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Quality Assurance 

Revision Date:  December 31, 2000 
 
LABORATORY QA/QC GUIDELINES 
 
1.0 INTRODUCTION 
 
This chapter specifies essential QA/QC activities to enable laboratories to achieve reproducible results on 
an ongoing basis.  The first part of Section E ‘Microbiological Examination’ discusses QA/QC as they 
pertain to microbiological methods. 
 
Guidelines alone cannot guarantee high quality results.  Common sense steps to avoid contamination, 
ongoing programs of staff training, and proactive method improvement procedures are also essential. 
 
All laboratories should regularly participate in cooperative inter-laboratory studies, and standard reference 
materials should be analyzed frequently, preferably on a blind or semi-blind basis.  Large laboratories 
should have a full time QA Officer. 
 
The procedures for determining method detection limits and for handling blank corrections are 
controversial.  Different procedures and calculation algorithms are being used by various laboratories.   
 
2.0 GENERAL GUIDELINES 
 
2.1 Quality Manual 
 
A Quality Manual shall be set up that documents all resources, policies and procedures making up the 
Quality System.  The Quality Manual is to include detailed descriptions of the topics outlined in this section 
and clearly define the responsibilities of management, supervisory staff, and laboratory staff with respect 
to the quality systems.  It shall be reviewed and updated regularly. 
 
2.2 Laboratory Record Keeping 
 
The laboratory record system shall be designed to ensure sample, analytical data, and analyst traceability, 
including dates and analysts’ initials or signatures.  Dated and signed material shall include forms, 
instrumental records and printouts, as well as notebooks. 
 
The sample numbering system of the laboratory must be designed to eliminate the possibility of a sample 
mix-up. 
 
The record storage system should be designed for easy retrieval.  A policy on the length of storage and 
disposal of records should be established. 
 
2.3 Sample History Requirements 
 
Documentation and procedures on sample history shall be maintained, including: 
 - sample collection 
 - field sample preparation 
 - chemical preservation 
 - sample containers 
 - holding times 
 - storage conditions 
 - condition of samples on receipt at laboratory 
 
Potential deficiencies in sample history requirements shall be monitored and noncompliance must be 
identified and any affected analytical data flagged. 
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a. Sample collection 
 
Documentation accompanying all samples should include a test requisition form, or should comply 
with chain of custody requirements.  
 

b. Sample containers 
 
Sample containers may be purchased pre-cleaned from commercial suppliers. Alternatively, 
sample containers may be cleaned and prepared by the laboratory using documented procedures.  
Contaminants or interferences in sample containers and preservatives should be monitored by the 
analysis of container blanks on a per-batch basis.  Results of this monitoring should be 
documented.  Container blanks may be prepared by leaching or rinsing containers with reagent 
water and performing analyses for the parameters of interest.  It is recommended that the 
monitoring of sample containers for cleanliness be focused on ‘low level’ studies; i.e., where 
analytical results are anticipated to be <10 times MDLs (e.g., trace metals, dioxins). 

 
c. Holding times 
 
 Refer to individual methods. 
 
d. Storage conditions 
 
 Temperatures of refrigerated and frozen storage facilities shall be monitored and recorded daily. 
 
e. Sample condition on receipt 
 

Inspect sample containers for damage; record and report temperature on receipt where 
appropriate.  Where critical, temperature limits should be established and maximum/minimum 
thermometers should accompany the samples to document compliance with the limits. 

 
2.4 Sample Pre-treatment 
 
Documentation on sample preparation and pre-treatment procedures shall be maintained, including: 
 
 - drying or removal of moisture. 
 - determination of moisture content. 
 - sub-sampling. 
 - preparation of geological samples including splitting, sieving, grinding, pulverizing. 
 - preparation of biological tissue samples. 
 - homogenization. 
 - filtration. 
 
Complete records shall be maintained to ensure that potential problems, including cross-contamination, 
are traceable. 
 
2.5 Test Methods, Existing 
 
An inventory of methods shall be maintained that will include: 
 
 - all current methods. 
 - all previous methods. 
 - date of transition. 
 
Test method and procedures documentation should include: 
 
 - analysis procedure in sufficient detail such that an experienced analyst, unfamiliar with the 

specific test procedure, should be able to perform the analysis. 
 - procedures for the preparation of reagent solutions and calibration standard solutions. 
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 - operating instructions for instrumentation, which are supplemental to the manufacturer 
operating manuals. 

 - requirement for quality control sample preparation and analysis. 
 - current quality control criteria (i.e., acceptable limits). 
 
Where data are kept on computer files, changes to methodology should be reflected by changes in related 
computer codes.  A system should be established to review methods and documentation on an annual 
basis; the system should include periodic re-validation of methods when warranted, such as when 
personnel or equipment are changed 
 
2.6  Test Methods, New   
 
Methods should be periodically reviewed to ensure that the most up-to-date methods are being used.  
Test methods that are new to the laboratory, methods that have been developed in-house, and changes 
and modifications to existing methods must be validated.  Validation should include determination of 
method detection limits, linear range, precision, recoveries, interference checks, and performance of 
equivalency testing where required. 
 
2.7 Equipment 
 
Equipment logs shall specify: 
 - manufacturer, model, serial number 
 - significant modifications 
 - repair and maintenance history 
 - calibration history 
 - performance history 
 
Routine maintenance should be performed according to manufacturers’ instructions and schedules. 
 
Log books or other records shall be kept which record daily operating, calibration, and setup parameters. 
 
Instrument operating procedures that supplement instructions given in the manufacturer’s operating 
manuals should be documented. 
 
2.8 Analyst Qualifications 
 
Records of qualifications and experience shall include: 
 - copy of current resume 
 - records of training in new laboratory operations 
 - records of attendance at technical meetings and seminars 
 - records of completion of relevant courses (including in-house courses, night school classes, 

and courses sponsored by instrument manufacturers) 
 
Initially, proficiency in the performance of an analysis new to the analyst should be demonstrated by the 
successful analysis of known samples, standards or certified material prior to the analyst being assigned 
routine analysis. 
 
Continuing proficiency may be monitored through the analysis of routine quality control samples, certified 
materials, and performance evaluation samples, and also by participation in interlaboratory studies and 
blind audits. 
 
2.9 Reagents and Standard Solutions 
 
All chemicals shall be reagent grade or better, and must meet specifications identified in the test methods.  
Procedures for the preparation of reagent solutions and calibration standard solutions shall be included as 
part of the applicable analysis method. 
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Establish and maintain logs that document the preparation of reagents and standard solutions specifying:   
 
 - supplier, grade, batch number. 
 - if applicable, details on drying, mixing, etc. 
 - record of all laboratory operations performed and record of weights and volumes. 
 - all calculations. 
 - identity of analyst preparing the reagent or standard solution. 
 
A file of certificates of standard solutions that have been obtained from commercial suppliers shall be 
kept. 
 
Prior to routine use, and periodically throughout its shelf life, performance of a reagent or standard shall 
be verified.  Compare performance of standard solutions by analysis of old and new solutions 
consecutively.  Set criteria for the response of new versus old standard solutions. 
 
All reagent solutions and standard solutions must be properly labelled.  Labels shall identify material, 
concentration, date prepared and expiry date.  Expiry dates will vary depending upon the solution and 
concentration.  A general guideline for concentrated stock standard solutions is an expiry date of one year. 
 
2.10 Reagent Water 
 
Reagent water shall comply with ASTM D 1193-77, Standard Specification for Reagent Water, Type I, 
Type II, or Type III, or Standard Methods 18th Edition (1992), Section 1080 Reagent-Grade Water, Type I 
or Type II. 
 
Reagent water must be free from chemical and microbiological substances that interfere with analytical 
methods.  The presence of contaminants may be monitored for each test by the analysis of blank reagent 
water with each batch of samples.  Microbiological evaluation may be performed by using a Total Plate 
Count. 
 
The conductivity of reagent water should be recorded daily. 
 
2.11 Gravimetric Measurement 
 
Accuracy of gravimetric measurements shall be ensured by referencing calibrations to class S or S-1 
weights.  Annual balance calibration and daily calibration checks are required and records must be kept. 
(“S” and “S-1” are terms defined in NIST (formerly NBS) Circular 547). 
 
2.12 Volumetric Measurement 
 
The use of class A glassware will ensure accuracy of volumetric measurement. 
 
Delivery volumes of automatic pipettes and diluters shall be checked on a routine basis and records of 
results maintained. 
 
2.13 Glassware Cleaning 
 
Up-to-date documentation shall be kept on all glassware cleaning procedures and requirements. 
 
The effectiveness of cleaning may be monitored by the analysis of blanks using randomly selected 
glassware. 
 
2.14 Contamination Control 
 
Effective separation between laboratory areas of incompatible activity must be ensured. 
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Tests in progress and other laboratory operations should not interfere with or lead to contamination of 
other tests in progress.  Scheduling of tests, and scheduling the use of fume hoods and other apparatus 
and facilities may be required. 
 
The identity of samples and the order in which samples are analyzed on each instrument must be 
recorded, so that problems such as cross-contamination may be identified. 
 
2.15 Calibration Practices 
 
The accuracy and stability of calibrations is established by setting requirements for the following, as 
appropriate: 
 
 - equivalent standard/sample reagent backgrounds 
 - sufficient number of standards 
 - low standards (less than ten times the detection limit) 
 - reagent blanks used to zero response 
 - appropriate curve fit 
 - internal standards 
 - normalization standards 
 - control and verification standards to verify accuracy and stability 
 - associated control limits and specified corrective action 
 
2.16 Quality Control Approaches 
 
Appropriate quality control techniques applied to each batch of samples shall be recorded and 
documented.  QC data must be made available to the client and it is encouraged that batch QC results be 
included in reports. 
 
The  type and number of quality control samples to be analyzed should be stated in the analysis method, 
or in a section in the overall Quality Manual. 
 
Quality Control samples include: 
 
 - method blanks to monitor possible contamination 
 - duplicates to monitor precision (both inter- and intra-laboratory) 
 - certified reference samples to monitor accuracy 
 - internal reference samples to monitor accuracy 
 - analyte spikes to monitor recoveries 
 - surrogate spikes to monitor recoveries 
 
Due to the diversity of tests and QC sample requirements, it is not possible to define overall requirements.  
However, based on an arbitrary sample batch size of ten samples, two examples (not recommendations) 
are: 
 
a. Analysis of pH of water: 
 
 QC approach: run one sample in duplicate per batch 
 
b. Analysis of copper in water: 
 
 QC approach: run one method blank per batch 
  run one sample in duplicate per batch 
  run one certified reference sample per batch 
  
 In general a level of QC in the range of 10-30% is considered appropriate. 
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2.17 Control Limits 
 
Control charts for QC samples should be established.  Control limits should be statistically based on data 
generated from QC samples in each laboratory.  Initially, control limits can be set using values from 
external sources including Standard Methods and USEPA. Commonly used limits are: ±2s for warning 
limits and ±3s for control limits. 
 
Corrective action must be taken when control limits are exceeded, and records of out-of-control events 
and actions taken must be maintained. 
 
2.18 Expression of Results in the Final Report 
 
It is good practice to report measurement uncertainty along with measurement results.  When 
measurement uncertainty is reported, it should be as the 95% confidence interval. 
 

Result ± 95% CI 
 
Many laboratories prefer to report results following the significant figures convention.  When that 
convention is employed, the previous estimates should be based on its 95% confidence interval where 
practical. 
 
Rounding of results should be deferred until the final calculation for reporting purposes.  The ability to 
store data, to one more significant figure than would normally be the case, is of benefit to those 
undertaking statistical studies of data and its provision is encouraged. 
 
The reporting convention of the analyte must be stated in unambiguous terms, but “+” and “-”symbols for 
ions need not be shown unless speciation has been effected.  For example: 
 
 Copper Cu 
 Nitrate as N 
 Ortho-phosphate as P 
 Silica SiO2 
 Sulfate SO4 
 
Units must also be expressed in unambiguous terms, for example: 
 
 mg/L µg/g (dry weight) % (w/v) 
  µg/g (wet weight) % (w/w) % (v/v) 
 
2.19 Guidelines for Analytical Parameters Determined by Calculation (Version: January 8, 2004) 
 
The BC Ministry of Water, Land and Air Protection has several numerical criteria that incorporate 
calculated parameters.  Calculated parameters are those that require mathematical operations to be 
performed on one or more measured parameter results in order to determine their value.  The most 
common examples, which are dealt with in this document, are parameters that are calculated by addition 
or subtraction from pre-requisite component results. 
 
This document outlines proposed general guidelines for calculating and reporting these calculated 
parameters.  These rules may be superceded by specific instructions within individual published BC 
WLAP laboratory methods. 
 
General Guidelines for All Calculated Parameters: 
 
1. For calculation purposes, use a value of zero for any component result that is reported as less than 

a detection limit. 
 
2. Wherever possible, calculations shall be done using raw, un-rounded results. 
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3. For parameters that involve both additions and subtractions, a combination of the rules for both 

addition and subtraction should be applied. 
 
4. Detection limits for both calculated and directly analyzed parameters (whether MDL’s, RDL’s, 

LOQ’s, or otherwise) should generally be provided to two significant digits. Analytical results should 
be provided to the same level of significance.  This prevents the introduction of rounding error that 
may be significant at low levels. 

 
5. These guidelines define procedures for calculation of Method Detection Limits (MDL’s).  Limits of 

Reporting (reported detection limits) may be higher, for example if based on Level of Quantitation 
(LOQ) or Practical Quantitation Limit (PQL). 

 
Examples of parameters for which these guidelines are applicable include: 
 
 Parameters Determined by Addition: 

• Total PAH’s, Total Light PAH’s and Total Heavy PAH’s. 
• Total Resin Acids. 
• Total Xylenes. 
• Total Trihalomethanes. 
• Total Nitrogen (as Total Kjeldahl Nitrogen plus Nitrate plus Nitrite). 

 
 Parameters Determined by Subtraction 

• Nitrate (when determined as “Nitrite/Nitrate” minus Nitrite). 
• Organic Nitrogen (as Total Kjeldahl Nitrogen minus Ammonia Nitrogen). 
• Chromium III (Total Chromium minus Chromium VI). 

 
Detection Limit Guidelines for Parameters Calculated by Addition 
 
A summed parameter is one that is obtained by summing two or more parameters that are analyzed 
independently. 
 
The Method Detection Limit for a Summed Parameter is calculated as follows: 
 

If Resultsummed  =  ( C1 + C2 + C3 …. ) 
 

MDL for Resultsummed  =  v  [ (MDL1)
2 + (MDL2)

2  + (MDL3)
2  + … ] 

 
Where: 
 
 Cx           =   Concentration of parameter X. 
 MDLx  = Method Detection Limit of parameter X. 

 
Detection Limit Guidelines for Parameters Calculated by Subtraction 
 
Special considerations are necessary to determine valid Detection Limits for parameters that are 
determined by subtraction.  When a result being subtracted approaches the magnitude of the result it is 
subtracted from, the difference is subject to a high degree of uncertainty due to the uncertainty in the 
original two results.  For subtracted parameters, an estimate of the uncertainty in the calculated result is 
the only reasonable measure of detection limit. 
 
Except where methods specifically define alternate procedures, the following guidelines are recommended 
to determine valid Detection Limits for Subtracted Parameters.  There are three different situations that 
require consideration: 
  
Where Resultsub  =  C1 – C2  ; 
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Case 1: C1 is reported as less than detection limit: 
 
Use the MDL of the larger result (C1) as the MDL for the subtracted parameter (Resultsub). (Resultsub) 
would be reported as < DL. 
 
Case 2: C2 is less than 1/3 the magnitude of C1: 
 
Use the MDL of the larger result (C1) as the MDL for the subtracted parameter (Resultsub).  In this 
situation, the uncertainty of the difference of the two results should be acceptably low, and will not 
dominate the question of whether or not the subtracted parameter has been detected or not. 
 
Case 3: C2 is greater than 1/3 the magnitude of C1: 
 
In this case, the subtracted result (Resultsub) may be subject to an unacceptably high degree of uncertainty 
due to the uncertainty in the component results (C1 and C2).  Where practical, it is recommended that the 
MDL for the subtracted parameter be determined by adding the uncertainties of the two results (in 
quadrature) as follows:  
 

Where Resultsub  =  C1 – C2 
 

MDL for Resultsub  =  v  [ (UC1)
2 + (UC2)

2 ] 
Where: 
 

UC1  = The laboratory’s expanded (95% confidence level) Measurement Uncertainty (MU) 
estimate for result C1 (i.e. MU for parameter 1 at concentration C). 

 
UC2  = The laboratory’s expanded (95% confidence level) Measurement Uncertainty (MU) 

estimate for result C2 (i.e. MU for parameter 2 at concentration C). 
 
Under Case 3, if the MDL calculated above is insufficient to meet a data requirement, then an 
alternative measurement technique utilizing a direct measurement of the parameter should be sought. 

 
Reference:   
 
These guidelines were developed by the BCELQAAC Technical Subcommittee, and were endorsed by the 
committee for inclusion in the BC Lab Manual on September 11, 2003. 
 
2.20 Performance Audits 
 
Where facilities permit, internal audits should be conducted.  Performance audits should incorporate blind 
or other samples in order to check functioning of laboratory QC procedures.  This action may be helpful if 
external audits are imposed.  Records of audit results and action taken should be kept. 
 
2.21 Inter-Lab Comparison Studies 
 
Participation in inter-laboratory comparison studies is recommended, as appropriate (e.g., BC EDQA 
program leading to registration or CAEAL program leading to certification).  Records of results and action 
taken should be kept. 
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3.0 PROTOCOL FOR SETTING METHOD DETECTION LIMITS 
 
3.1 Introduction 
 
Method Detection Limits (MDLs) are set at the 95% confidence level above zero (or the blank - see 
section 4.0).  For an infinite number of replications this is: 
 
 MDL = 2 x 1.645 * SDnear zero 
  = 3.29 x SDnear zero 
 
where SD near zero is standard deviation estimate made within a factor of 10 of the (expected) MDL. 
 
MDL for a smaller number of replicates is 
 
   MDL = 2 x t1, 0.05 x SDnear zero 
 
where t1, 0.05 = the one-tailed ‘t’ statistic at p = 0.05 (see Table 1). 
 
The standard deviation, SD, of a low level sample may be used to produce this estimate.  
 
 The sample used should have the following characteristics: 
 
 i) the sample must be stable 
 ii) it must have an analyte concentration that minimizes the overestimation of sigma-zero (σø), 

(the population standard deviation at zero) 
 iii) it must have an analyte concentration that is sufficient to produce a measured value that is 

statistically significant 
 
A concentration in the range of 1 to 3 times the anticipated MDL is recommended.  
 
The standard deviation used to estimate σø may be the within-batch standard deviations provided by 
duplicate or replicate samples carried through the sample processing steps, or the standard deviations of 
between-batch replicates.  
 
Calculation of standard deviations should be based on: 
 
  i)  blank corrected data, if appropriate, and 
 ii)  at least 7 observations of the analytical result (sample size n=7).  
 
The ‘t’ statistic is used to compensate for the tendency of small sample sizes to underestimate variability. 
 
3.2 Calculation of Standard Deviation 
 
The formulae used to calculate standard deviation, SD, are as follows: 
 
 Case 1.   duplicate analyses carried out in successive batches 
 
 SD  =              sqrt [ ∑ (x1 - x2)2 /2n ] 
 
  where n = number of pairs of data. 
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 Case 2.   replicate analysis carried out in a single batch 
 
 SD  =               sqrt [ ∑ (x - xi)2 /2n ] 
 
  where n = number of pairs of replicates. 
 
 
   Case 3.   replicate analysis carried out in successive batches 
                                                                              
 pooled  SD  =   sqrt [ { ∑ (v1 x s12) + (v2 x s22) +..... (vi x si2)} / (v1+v2+ ..... vi) ] 
 
  where v = degrees of freedom for each batch, 
  and    s = standard deviation for each batch. 
 
Examples of methods for estimating SD for MDL calculation: 
 
 1.  Replicate analysis of a bulk sample of the desired matrix known to be homogenous and 

stable. Sub-sampling of the bulk sample is performed and each sub-sample is carried through 
the entire preparative and analytical step.  Concentration is not to exceed 10 times the 
estimated MDL, but is preferred to be 1-3 times the estimated MDL.  Estimate SD using 
formula case 2 for single batch analysis, and formula case 3 for multiple batch analysis. 

 
 2. If a bulk sample is not available, prepare a composite sample in the concentration range 

required.  Continue as in 1. 
 
 3. If the above two are not possible, use duplicate analyses from several batches, adhering to 

the described concentration range.  Use formula in case 1 for estimation of SD. 
  
 4. If the above three are not available, use a spiked blank or clean matrix, to produce a large 

sample.  Take steps to assure the spike is homogenously distributed (e.g. mixing overnight). 
Spike to a concentration not greater than 10 times the estimated MDL.  Sub-sample this bulk 
spiked sample and carry each sample through all preparative and analytical steps.  Use 
formula case 2 to estimate SD. 

 
 5. If facilities do not allow preparation of a bulk spike sample, spike individual blank or clean 

matrix samples to a concentration as defined above.  Take steps to assure the spike is 
homogenously distributed (e.g. mixing overnight).  Continue as described above. 

 
 6. If no blank or clean matrix is available proceed as in 4 or 5 using pure de-ionized water as the 

matrix. 
 
 7.  For methods which employ continuous monitoring of a detector signal, 3 times the noise in the 

area of the analytical peak can be used if none of the above can be used.  This produces an 
estimate of instrument SD and does not take into account the contribution of preparative and 
matrix effects. 

 
3.3 Calculation of Method Detection Limits 
 
Section 3.2 demonstrates how method standards may be determined for three cases:  from pairs of 
duplicates, from replicates in same batch and for pooled standard deviations from replicates in successive 
batches. 
 
An example calculation of MDL is presented for each of these three cases: 
 
 EXAMPLE 1: MDL ESTIMATION FROM DUPLICATES 
 
 EXAMPLE 2: MDL ESTIMATION FROM REPLICATES IN SAME BATCH 
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 EXAMPLE 3: MDL ESTIMATION FROM POOLED STANDARD DEVIATIONS FROM 

REPLICATES IN SUCCESSIVE BATCHES 
 
These appear as Tables 2, 3 and 4 respectively.  For each example the data have been organized in a 
format convenient for spreadsheet calculation. 
 
3.4 Recorded Figures 
 
MDLs should be recorded to one non-zero figure.  Data used to estimate SD should be recorded to one or 
more additional figures, in order to reduce rounding errors in the SD estimate. 
 
3.5 Modifiers 
 
The MDL should be modified to describe how the data were obtained. 
 
Instrument Detection Limit (IDL)  -  the data for determining the MDL are derived using only the instrument 
steps of the analysis: e.g., a GC analysis of pesticide solutions where no extraction step is used in 
obtaining the MDL data, and only repeated injection of the analyte in solvent is done, would be an IDL. 
 
Method Detection Limit (MDL)  - the data for determination of MDL was obtained by carrying replicate 
samples individually through all preparative and analytical steps. 
 
MDL should be further defined to indicate the matrix to which it applies and matrix upon which it was 
determined. 
 
Examples are: 
 
 MDL soil  - method MDL intended for use with soil samples and determined on 

soil matrix. 
 MDL soil/water  - method MDL intended for use with soil samples BUT determined 

using water matrix. 
 MDL soil/calc  - MDL for soil calculated from the dilution factors of a water MDL. 
 
Additional modifiers could be used for plants, animal tissue, water dissolved, water total. It is necessary to 
accept different types of MDLs because, for example, there may be insufficient sample or no clean matrix 
to run method MDLs in all situations. 
 
3.6 Limit of Quantitation 
 
The limit of quantitation (LOQ) is less rigorously defined as 10 times SD (at MDL).  The LOQ is the 
concentration at which quantitative results are possible (precision approaches ± 30%).  At the MDL, on the 
other hand, the presence of the analyte is defined with certainty but its concentration cannot be defined 
(precision approaches ±100%). 
 
3.7 Confidence Interval Convention 
 
The MDL definition described here (and used by CAEAL) uses a factor of 2 x the one sided ‘t’ factor at p = 
0.05.  For an infinite sample size, this would be MDL = 3.29 x SD.  This is the sum of two distributions: one 
centered on 0 (zero) has a 5% risk of declaring a null quantity as a positive amount, while the other 
distribution, centered above 0, involves a 5% chance of declaring a measurement as 0, when in fact, it is 
real (see figure 1). 
 
The MDL definition given at the bottom of Tables 2,3 and 4 is the USEPA convention. This definition uses 
the one-sided ‘t’ factor for p = 0.01.   For an infinite sample size, this would set the MDL = 3 x SD.  This is 
derived from a single distribution, centered on 0 (zero) and having a 1% risk of declaring a null quantity as 
a positive amount. 
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The two MDLs, while derived from different theory, are in fact very close.  The USEPA derived MDLs 
include lower and upper limits; the CAEAL value always falls within those limits. 
 
3.8 Rules for Reporting Summed Parameters 
 
1. The DL of a Summed Parameter shall be equal to the sum of the DLs of all the component results 

that comprise the Summed Parameter. 
 
2. The reported numerical result for a Summed Parameter shall be equal to the numerical sum of 

the component results that comprise the Summed Parameter.  Any component result of “<DL”  
shall be treated as zero. 

 
3. Standard protocols for reporting and interpretation of low level results shall apply. 

eg: A summed result of 0.05 with a detection limit of 0.10 shall be reported and interpreted as 
<0.10.  A high degree of variability near the DL is to be expected. 

 
4. It is important that the detection limits for component parameters are reasonable estimates of the 

method detection limits (determined following the BC Ministry Laboratory Manual protocols). 
 
5. Wherever possible, summations shall be done using raw, un-rounded results. 
 
It should be noted that protocols described above follow a simplistic approach, and can under-estimate the 
total concentration of any summed parameter by up to 1 x the DL of the summed parameter (i.e. if all <DL 
component results were actually = DL).  This underestimation is deemed acceptable, since variability of up 
to ± 100% at the MDL is normal by definition. 
 
4.0 BLANKS 
 
While there are few situations where blank correction is appropriate, monitoring of blanks should be 
carried out for most samples and blanks should be controlled within defined limits for data to be 
acceptable. 
 
4.1 Documentation of Blanks 
 
Batch blank values shall be recorded on the analytical result sheet with each batch.  In addition, a 
tabulation of day-to-day blanks shall be maintained and kept current. It will include, at a minimum, 
analytical date, preparative and analytical operators’ initials, individual blank values, a reference to the 
long term blank and the date range over which it was determined, and any comments explaining unusual 
occurrences.  If possible a control chart of batch blanks will be maintained. 
 
4.2 Determination of Long Term Blank 
 
The long term blank should be estimated, on at least 2 separate occasions, from replicate blank matrices 
which have been processed through all the preparative and analytical steps applied to a regular sample.  It 
is suggested that 10 replicate blanks be processed on each occasion.  The long term blank value should 
be confirmed at least once each year. 
 
The average and standard deviations of blank readings should be calculated for each occasion. Pooled 
blank average and standard deviations should be calculated using the following formula (Taylor, 1987): 
 
Pooled Standard Deviation (σ)  =  

  sqrt  [ ∑ { (v1 x s21) + (v2 x s22) + ... + (vn x s2n) }  / (v1 + v2 +... vn) ]        (1) 

  where sn= standard deviation for nth case, 
   vn= degrees of freedom, usually = n - 1.  
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Test for outliers using the Grubbs test (Taylor, 1987). If outliers are present, remove them and re-calculate 
the average and standard deviation as above. 
 
4.3 Application 
 
Blank correction should be applied to every sample for which a reliable estimate of long term blank levels 
has been made (i.e., the blank is in statistical control).   
 
Blank correction should be applied to all samples where the batch method blank(s) exceeds the method 
detection limit (MDL), and is less than the long term blank control limits. 
 
Samples with concentrations greater than 20x the batch blank, need not be blank corrected (US EPA, 
1990). 
 
4.4 Evaluation of batch blanks 
 
If all batch blanks are <MDL, no blank correction is necessary. 
 
4.4.1  Where the long term average batch blank is known. 
 
 If all batch blanks are greater than the MDL and less than the control blank limit, all batch samples 

for that parameter should be corrected by subtracting the average batch blank. 
 
 The control blank limits will be set as the long term average method blank plus 1.64 times the 

standard deviation of the long term average blank. 
 
 If the long term average blank is <MDL, the control blank limits will be set as MDL plus 1.64 times 

the standard deviation of the long term average blank. 
 
 This control limit should include approximately 95% of the blank values that will occur. 
 
 If the estimate of the long term blank is based on <100 determinations, the appropriate ‘t 0.05’ 

value from the table of ‘t’ values is substituted for 1.64. 
 
 If any batch blank exceeds the long term blank control limit, the batch must be reprocessed. 
 
 If this is not possible due, for example, to insufficient sample, or instability of the sample, the 

parameter results can be blank corrected, but must be flagged in the report as having "High blank, 
subtraction made, accuracy of results may be compromised". 

 
 If multiple parameters are analyzed for the same sample preparation batch, and if more than 5% 

of the parameters exceed the blank control limits, the batch must be re-processed; e.g., for ICP 
total metals scans (33 elements), if more than 2 parameters have blank levels greater than blank 
control limits, the batch must be re-processed.  Otherwise the parameters greater than blank 
control limits can be reported with a flag stating "High blank for parameter XX, subtraction made, 
accuracy of results may be compromised". 
 
Criteria Concentration Action to take 
 
Batch blank = MDL no correction 
 
Batch blank > MDL blank correct 
 
Batch blank > long term blank control limit reprocess batch 
 
Sample concentration > 20 x batch blank no correction 
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4.4.2 Incorporation of batch blank into calibration curve 
 
 If the batch blank is part of the calibration curve, this effectively corrects for the blank provided the 

linearity of the calibration curve is not destroyed. 
 
 If the batch blank deviates from the linear best fit line, calculated excluding the blank, by greater 

than 50%, the batch blank is too high, and the batch must be re-processed. 
 
4.4.3 Situation where long term blank is not known: 
 
 If all batch blanks are <MDL, no blank subtraction is necessary. 
 
 If all batch blanks are greater than the MDL and less than 10X the MDL, all batch samples for that 

parameter may be corrected by subtracting the average batch blank. 
 
 If any batch blank exceeds 10 times the MDL, the batch must be reprocessed. 
 
 If this is not possible, due, for example, to insufficient sample, or instability of the sample, the 

parameter results can be blank corrected, but must be flagged in the report as having "High blank, 
subtraction made, accuracy of results may be compromised". 

 
4.4.4 Readable units 
 
 Where the batch blank fails the blank control limit test by = one readable unit, the batch blank 

shall be considered acceptable. 
 
4.5 Documentation of Blank QC 
 
Batch blank values are to be recorded on the analytical result sheet with each batch.  In addition, a 
tabulation of day to day blanks shall be maintained and kept current.  It will include, at a minimum, 
analysis date, preparative and analytical operators initials, individual blank values, a reference to the long 
term blank and the date range over which the long term blank was determined as well as any comments 
explaining unusual occurrences.  If possible a control chart for batch blanks is to be established and 
maintained. 
 
Analytical reports to clients must indicate whether or not data has been blank corrected.  In addition, the 
reports must indicate batch blank levels for the data, regardless of whether blank correction has been 
applied. 
 
4.6 Blank Correction Summary 
 
Blank correction is rarely appropriate when these rules are followed, since at high analyte concentrations 
the correction is insignificant and at low levels (near MDL), the blank, whether subtracted or not, merely 
increases the uncertainty of the value. 
 
5.0 QC FOR SMALL LABORATORIES 
 
While all laboratories are encouraged to implement a comprehensive QA program, it is recognized that 
small laboratories with limited resources may find it economically necessary to implement a less 
comprehensive program.    
 
This section is relevant only to small permittee laboratories that participate in the CAEAL laboratory 
proficiency-testing program and who have achieved a PE score greater than 70 for each applicable 
variable in the last four studies and who generally analyze only small batches of samples. 
 
A small batch is defined as less than 11 samples analyzed at one time as a group using a common blank, 
standards and duplicate data.  In cases where a laboratory receives only a few samples per day, and 
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sample stability or treatment permits, it is preferable that samples be stored and run as one small batch on 
a weekly basis.  If stability does not permit, the samples should be analyzed on a daily basis. 
 
5.1  Small Laboratory Quality Control Level 
 
a.   Group samples (e.g. colorimetric methods) 
 
 -   one method blank per batch 
 -   one duplicate sample per batch 
 -   one certified reference sample per batch (internal recovery control) 
 
b.   Individual sample  (e.g. NFR, pH, BOD, AOX) 
 
 - one blank daily 
 -  one duplicate per 10 samples (minimum 1 per week) 
 -  one certified reference sample or internally prepared recovery control per 10 samples 

(minimum 1 per week) 
 
5.2   Small Laboratory Quality Control Criteria 
 
a. Calibration control limits of ±2s as a warning limit and ±3s as a control limit are applicable for 

quality control standards for most variables. 
 
b. Method blanks 
 
 -   If the batch blank is ≤MDL, no blank subtraction is necessary. 
 -   If the batch blank exceeds the MDL, refer to sections 4.3 and 4.6 above. 
 
c. Duplicates for water and wastewater must be within the precision limits given in Table 1020:I  of 

Standard Methods, 18th Edition (1992). 
 
d. Internal recovery control must be within the precision limits given in Table 1020:I of Standard 

Methods 18th Edition (1992). 
 
6.0 REFERENCES 
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6.3 Blank Correction 
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U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste, Physical/Chemical 
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proficiency testing program.  M. Clark 2000 citation added to 
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TABLE 1: VALUES OF THE ONE-TAILED ‘t’ STATISTIC AT p=0.05, APPLIED TO THE 

STANDARD DEVIATION, SD, APPEAR IN THE FOLLOWING TABLE: 

 Degrees of Freedom t1, 0.05 
 
 7 1.90 
 8 1.86 
 9 1.83 
 10 1.81 
 15 1.75 
 20 1.73 
 25 1.71 
 30 1.70 
 40 1.68 
 60 1.67 
 infinity 1.64 
 

 
For case 1, duplicates, degrees of freedom  =  n, the number of pairs of duplicates, 
 
For case 2, replicates in same batch, degrees of freedom = n - 1, where n = the number of replicates, 
 
For case 3, pooled SD from replicates in successive batches, degrees of freedom = sum of v1 + v2 + 
... vi. 

 
 

       
TABLE 2: EXAMPLE 1:  MDL ESTIMATION FROM DUPLICATES     

       
MDL determination for Carbon in Soil Samples 

       
Parameter: Total Carbon, Leco  Matrix: Soil, sediment   
Sparcode: C--T    Units: µg/g   

     
Procedure Results for duplicates analyses of soil samples on different days were recorded.  
  All data are less than 10x the MDL.     
       

 Sample # result 1 result 2 difference difference^2  
 4486  4100 4600  500 250000  
 262  5200 5300  100   10000  
 25074  2600 2200  400 160000  
 25080  3500 3700  200   40000  
 25090  1600 1500  100   10000  
 25099  2000 2300  300   90000  
 26011  2100 2100       0            0  
       
 SD dup  = sqrt [difference^2/(2 x # of duplicates)] 200 
   
 MDL    = SD dup x 2 x t 0.05, t (df = 7)     
  = SD dup x 2 x 1.895     
  = 758    
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TABLE 3: EXAMPLE 2:  MDL ESTIMATION FROM REPLICATES IN SAME BATCH 
   

MDL determination for BTEX in soil samples  
      

Sparcode: BTEXF092 Matrix:  Soil  units: µg/g 
Instrument:  HP5890A/FID GC#5  Operator:  *** MDL listed = 1 
Prep.  Extract 5 g with Freon Date: 7-Jul-93   
       
5 g of sea sand was spiked to 10 µg/g with BTEX standard, mixed, sealed in  a purge & trap vial,  and retained 
for 2 days in freezer.  The samples were then individually processed.   m,p-Xylene was spiked at 20 ug/g.   
       

  Benzene Toluene m- & p-Xylene o-Xylene  
 8.978 8.936 18.182 9.130  
 8.280 8.340 16.980 8.560  
 7.578 7.654 16.282 8.250  
 5.732 6.184 14.076 7.230  
 5.428 5.662 12.960 6.682  
 8.924 8.864 18.074 9.088  
 6.434 6.602 14.308 7.276  
 8.668 8.494 17.244 8.642  
 6.624 6.896 15.318 7.804  
      

average 7.405 7.515 15.936 8.074   
std dev 1.389 1.221 1.867 0.873   
count 9 9 9 9   
MDL  5.1668 4.5407 6.9451 3.2464   

 
MDL  (1 sig fig) 5 5 7 3 

 
MDL (USEPA) 4 4 5 3 
=2.896 x SD 

 
LCL (USEPA) 2.9 2.5 3.9 1.8 
=0.72 x MDL 

 
UCL (USEPA) 6.6 5.8 8.9 4.2 
=1.65 x MDL      
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TABLE 4: EXAMPLE 3:  MDL ESTIMATION FROM POOLED STANDARD DEVIATIONS FROM 

REPLICATES IN SUCCESSIVE BATCHES   
 
Parameter: Cd-D Units: mg/L Instrument: Varian GFAA in ppb mode. 
            

Cd MDL for GFAA - attempt to achieve 0.1 ppb 
 
  Between day data.      
Date conc 1 conc 2 conc 3 conc 4  conc 5     
       
design 0.00000 0.00050 0.00240 0.00060 0.00120  
       
10-Sep 0.00002 0.00048 0.00238 0.00065 0.00116  
14-Sep -0.00001 0.00055 0.00256 0.00066 0.00126  
15-Sep 0.00000 0.00049 0.00242 0.00065 0.00124  
15-Sep -0.00002 0.00047 0.00242 0.00069 0.00138  
16-Sep -0.00001 0.00054 0.00252 0.00067 0.00136  
17-Sep 0.00000 0.00052 0.00234 0.00070 0.00124  
19-Sep 0.00000 0.00049 0.00249 0.00068 0.00119  
21-Sep -0.00001 0.00052 0.00247 0.00065 0.00120  
23-Sep -0.00001 0.00053 0.00247 0.00067 0.00122  
23-Sep 0.00001 0.00050 0.00235 0.00064 0.00121  
24-Sep -0.00002 0.00054 0.00246 0.00068 0.00128  
25-Sep -0.00001 0.00046 0.00255 0.00065 0.00127  
28-Sep 0.00000 0.00047 0.00242 0.00057   
30-Sep  0.00046 0.00238 0.00065   
  1-Oct  0.00040 0.00233 0.00068   
       
average -0.000005 0.000495 0.002437 0.000659 0.001251  
std dev 0.000011 0.000040 0.000074 0.000030 0.000066  
count 13 15 15 15 12  
MDL mg/L 0.000040 0.000141 0.000260 0.000107 0.000236  
MDL µg/L 0.040 0.141 0.260 0.107 0.236  
Based on  a single concentration.      
       
Design  >10x MDL >10x MDL  
Note: conc’ns. 3 & 5  are too high  & and not used to calculate MDL.   
      
Pooled sd 0.00003 with 40 df for blank, 0.0005, and QCB.   
The pooled standard deviation for other 3 concentrations is    
Pooled sd = sqrt[((n1-1) x sd1^2+(n2-1) x sd2^2 + (n4-1) x sd4^2) / ((n1-1) +(n2-1)+(n4-1)]   
MDL from pooled sd: 0.00010242     

 
MDL (CAEAL), µg/L (1 sig. fig.): 0.1 
         
USEPA MDL, µg/L 0.07 lower control limit  0.05; upper control limit  0.12  

 
Note: Pooling of standard deviations is appropriate over concentrations up to 10 x the MDL,   
 and over several days of data acquisition.    
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GLOSSARY OF STATISTICAL TERMS USED IN QUALITY ASSURANCE 
 
 
Accuracy - indicates the closeness of a measured value to a true value; combines bias and precision.  
Bias - consistent tendency of measured value to deviate, either positively or negatively, from a true value.  
Calibration check standard - standard, usually mid analytical range, used to monitor the validity of 

instrument calibration between periodic full recalibration. 
Confidence coefficient - the probability, expressed as a percentage, that a measurement result will reside 

in the confidence interval (between the confidence limits). 
Confidence interval - the set of possible values within which the true value will reside with a stated 

probability level. 
Confidence limit - upper or lower boundary values delineating the confidence interval. 
Detection limits - various limits are defined; in increasing order these are: 
Instrument detection limit (IDL) - the analyte concentration that produces a response five times greater 

than the signal/noise ratio of the instrument. This is similar to the “criterion of detection” which is 
defined as 1.645 times the standard deviation, s, of blank analyses. 

Lower limit of detection (LLD) - also called “detection limit” (DL) and “limit of detection” (LOD)- the analyte 
concentration in reagent water that produces an instrument response 2(1.645)s  above the mean 
of blank analyses.  This criterion sets the (maximum?) probability of both Type I and Type II errors 
at 5%. 

Method detection limit (MDL) - the analyte concentration that, when processed through the complete 
method, produces an instrument response with a 99% probability that it is non-blank.  

Limit of Quantitation (LOQ) - the analyte concentration that produces an instrument response sufficiently 
greater than the response by the blank that it can be measured within specified accuracy limits by 
competent laboratories in routine operation. Typically it is regarded as the analyte concentration 
that produces a response ten times greater than the standard deviation, s, of the reagent water 
blank signal. 

Duplicate - least case of replicates (two); in general, while any portion of the analytical protocol can be 
duplicated, the term duplicate is usually applied to duplicate samples, i.e, two samples taken at 
the same time from the same location. 

Internal standard - a pure compound different from, but similar enough to, the analyte, that, when added at 
a known concentration to the sample extract immediately prior to instrumental analysis, allows 
corrections due to instrument inefficiencies or vagaries. 

Laboratory control standard - a standard, optimally certified by an outside authority, used to measure 
method bias. 

Precision - gauge of the degree of agreement among replicate analyses of a sample, usually expressed 
as the standard deviation. 

Quality assessment  - procedure for determining the quality of laboratory data using internal and external 
quality control measures. 

Quality assurance - a system of laboratory operation that specifies the measures used to produce data of 
documented accuracy. 

Quality control - a set of procedures applied to an analytical methodology to demonstrate that the analysis 
is in control. 

Random error - the deviation experienced in any step of an analytical procedure that can be estimated by 
standard statistical techniques. 

Replicate - repeated operation of part of an analytical procedure.  Two or more (instrumental) analyses for 
the same analyte in a processed sample are termed replicate extract analyses. 

Significant figures – A convention of reporting numeric results where all digits in result are known without 
doubt, except for the right-most figure. 

Surrogate (or surrogate standard) - a pure compound different from, but similar enough to, the analyte 
that, when added at a known concentration to the sample prior to processing, provides a measure 
of the overall efficiency of the method (recovery). 

Type I error - also called alpha error, is the probability of deciding an analyte is present when it actually is 
absent. 

Type II error - also called beta error, is the probability of deciding an analyte is absent when it actually is 
present. 
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Revision Date:  December 31, 2000 

 

Acidity, Titrimetric 
 
Parameter Acidity pH 8.3 
 
Analytical Method Auto. potentiometric titration 
 
EMS Code a) Automated titration 0131 X310 
 b) Manual titration 0131 F044 
 
Introduction Acidity of a water is its quantitative capacity to react with a strong base to a 

designated pH.  The measurement provides an indication of corrosiveness 
which in turn can provide some insight into water quality. 

 
Method Summary The pH of the sample is determined and a measured amount of standard 

acid is added, as needed, to lower the pH to 4 or less.  Hydrogen peroxide is 
added, the solution boiled for several minutes, cooled and titrated to pH 8.3 
with standard base. The method measures the mineral acidity of the sample 
plus acidity from oxidation and hydrolysis of polyvalent cations, including salts 
of iron and aluminum. 

 
MDL Typical: 2 mg/L 
 Range: 2-1000 mg/L as CaCO3, on a 50mL sample 
 
Matrix Surface and wastewaters 
 
Interferences and 
Precautions Suspended matter present in the sample, or precipitates formed during the 

titration may cause sluggish electrode response.  (This is overcome by 
allowing 15-20 second pauses between titrant additions and drop by drop 
titrant additions near end point).  Chlorine should be neutralized with 
Na2S2O3. 

 
Sample Handling Plastic or glass (100mL) 
and Preservation Store cool, 4°C 
 
Stability M. H. T.:  72 hours 
 
Principle or pH meter suitable for electrometric titrations. 
Procedure 
 
Precision ± 10% on sample concentrations up to 1000 mg/L. 
 
Accuracy None listed. 
 
Quality Control Cool (boiled sample) to room temperature before titrating electrometrically 

with standard sodium hydroxide (0.02N) to pH 8.3. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 2310 B. 
 b) Methods for the Chemical Analysis of Water and Wastes,  EPA-

600/4-79-020, USEPA, Revised March 1983, Method 305.1. 
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Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 
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 Physical/Inorganic 
Revision Date:  December 31, 2000 

 
 

Alkalinity, Phenolphthalein, Titrimetric 
 
Parameter Phenolphthalein alkalinity (pH 8.3) 
 
Analytical Method Potentiometric titration 
 
EMS Code a) Automated titration 0101 X310 
 b) Manual titration      0101 1200 
 
Introduction Alkalinity of a water is its acid-neutralizing capacity. Phenolphthalein alkalinity 

is the term traditionally used for the quantity measured by titration to pH 8.3 
irrespective of the indicator, if any, used. For a treatise on alkalinity 
classification and calculation of stoichiometric relationships [a]. 

 
Method Summary An unaltered sample is titrated, using standard acid, to an electrometrically 

determined end point of pH 8.3. The sample must not be filtered, diluted, 
concentrated, or altered in any way. 

 
MDL Typical: 2 mg/L 
 Range:  for all alkalinity ranges 
 
Matrix Drinking, surface and saline waters.  Wastewaters. 
 
Interferences and 
Precautions Substances such as salts of weak organic and inorganic acids, present in 

large amounts, may cause interference in the electrometric pH 
measurements.  Oil and grease, by coating the pH electrode, may also 
interfere, causing sluggish response. 

 
Sample Handling Plastic or glass (100mL) 
and Preservation Store cool, 4°C 
 
Stability M. H. T.:  72 hours 
 
Principle or pH meter or electrometric titrator. 
Procedure 
 
Precision A standard deviation of ±1 mg CaCO3/L can be achieved (up to 500 mg/L). 
 
Accuracy None listed. 
 
Quality Control Standardize and calibrate pH meter according to instrument manufacturer's 

instructions.  If automatic temperature compensation is not provided, make 
titration at 25 ± 2°C.  (For <1000 mg CaCO3/L use 0.02 N titrant.  For >1000 
mg CaCO3/L use 0.1 N titrant). 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992    Method 2320 B. 

 b) Methods for Chemical Analysis of Water and Waste EPA-600/4-79-
020, USEPA, Revised March 1983.  Method 310.1 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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 Physical/Inorganic 
Revision Date:  December 31, 2000 

 
 

Alkalinity, Total, Titrimetric, pH 4.5 
 
Parameter Total alkalinity pH 4.5 
 
Analytical Method Potentiometric Titration 
 
EMS Code a)  Automated titration 0102 X310 
 b)  Manual titration      0102 1200 
 
Introduction Alkalinity of a water is its acid-neutralizing capacity.  It is primarily a function 

of carbonate, bicarbonate, and hydroxide content, although other contributing 
bases may be present. Alkalinity is expressed as calcium carbonate 
equivalent in milligrams per litre (mg CaCO3/L). 

 
Method Summary An unaltered sample is titrated, using standard acid, to an electrometrically 

determined end point of pH 4.5.  The sample must not be filtered, diluted, 
concentrated, or altered in any way. 

 
MDL Typical: 2 mg/L 
 Range:  for all alkalinity ranges 
  
Matrix Drinking, surface and saline waters, wastewaters. 
 
Interferences and 
Precautions Substances such as salts of weak organic and inorganic acids, present in 

large amounts, may cause interference in the electrometric pH 
measurements.  Oil and grease, by coating the pH electrode, may also 
interfere, causing sluggish response. 

 
Sample Handling Plastic or glass (100mL) 
and Preservation Store cool, 4°C 
 
Stability M. H. T.:  72 hours 
 
Principle or pH meter or electrometric titrator 
Procedure 
 
Precision A standard deviation of ±1 mg CaCO3/L can be achieved.  (up to 500 mg/L). 
 
Accuracy None listed. 
 
Quality Control Standardize and calibrate pH meter according to manufacturer's instructions. 

If automatic temperature compensation is not provided, make titration at 25 
±2°C.  (For <1000 mg CaCO3/L use 0.02 N titrant.  For >1000 mg CaCO3/L  
use 0.1 N titrant). 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992.  Method 2320 B. 

 b) Methods for Chemical Analysis of Water and Waste EPA-600/4-79-
020, USEPA, Revised March 1983. Method 310.1 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 
 

Biomass, Gravimetric, Fixed Weight (550°C) 
 
Parameter Biomass, (total fixed - 550°C) 
 
Analytical Method Gravimetric, ignition at 550°C 
 
EMS Code 0462 X485 
 
Introduction The biomass of aquatic biota can be estimated by various means. Direct 

methods include dry weight, ash-free dry weight and volume of living 
organisms; indirect methods include total organic carbon, adenosine 
triphosphate (ATP) and chlorophyll-a determinations. The dry weight 
gravimetric method has an advantage over the chlorophyll-a method in that 
the latter assumes an average ratio of chlorophyll-a to dry weight mass; this 
may not accurately represent the situation under study. The ash-free weight 
method has the added advantage of compensating for inorganic contribution. 

 
Method Summary A measured volume of sample is filtered through a 0.45 µm membrane filter 

or a pre-rinsed, dried and pre-weighed glass fibre filter.  The filter is rinsed, 
removed from the filtration apparatus and dried at 105°C to constant weight , 
cooled in a desiccator and weighed. The residue is next ignited at 550°C for 1 
hour, then cooled, rewetted to restore water of hydration of minerals, re-dried 
at 105°C to constant weight, cooled in a desiccator and reweighed. 

 
MDL 4 mg/L.  
 
Matrix Fresh and marine waters, wastewater. 
  
Interferences and 
Precautions The procedure is non-specific: organic detritus will contribute to the 

measured weight. 
 
Sample Handling Bottle:  0.5 to 4.5 L plastic, unfiltered. 
and Preservation  Preservation:  none.  Store frozen. 
 
Stability M. H. T.:  7 days. 
 
Principle or Aquatic biota are retained on a filter and the weight loss on ignition is  
Procedure attributed to the mass of biota present. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992.  Method 10200 I. 

 b) Methods for Chemical Analysis of Water and Waste EPA-600/4-79-
020, USEPA, Revised March 1983. Method 405.1 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 
 

Biomass, Gravimetric, Dry Weight (105°C) 
 
Parameter Biomass 
 
Analytical Method Gravimetric, dry weight at 105°C 
 
EMS Code a) units = mg/L 0460 X313 
 b) units = mg (EMS code to be defined on request) 
 c) units = mg/m3 (EMS code to be defined on request) 
 
Introduction The biomass of aquatic biota can be estimated by various  means. Direct 

methods include dry weight, ash-free dry weight and volume of living 
organisms; indirect methods include total organic carbon, adenosine tri-
phosphate (ATP) and chlorophyll-a determinations. The dry weight gravi-
metric method has an advantage over the chlorophyll-a method in that the 
latter assumes an average ratio of chlorophyll-a to dry weight mass; this may 
not accurately represent the situation under study. 

 
Method Summary A measured volume of sample is filtered through a 0.45 µm membrane filter 

or a pre-rinsed dried and pre-weighed glass fibre filter.  The filter is rinsed, 
removed from the filtration apparatus and dried at 105°C for 24 hours then 
cooled in a desiccator and reweighed. 

 
MDL 4 mg/L.  
 
Matrix Fresh and marine waters, wastewater 
 
Interferences and 
Precautions The procedure is non-specific: silt and organic detritus will contribute to the 

measured weight. 
 
Sample Handling Bottle:  0.5 to 4.5 L plastic or glass, unfiltered. 
and Preservation  Preservation:  none.  Store frozen. 
 
Stability M. H. T.:  7 days. 
 
Principle or Procedure Aquatic biota are retained on a filter and weighed. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th Edition, 1992. Method 10200 I. 
 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Biomass, Volatile Weight  
 
Parameter Volatile Biomass 
 
Analytical Method Calculation of Difference in Weights at 105°C and 550°C 
 
EMS Code a)  units = mg 0465 CAL9 
 b)  units = mg/L 0465 XCAL 
 c)  units = mg/m3 (EMS code to be defined on request) 
 
Introduction Volatile Biomass is the calculated difference between Biomass Fixed Weight 

(550°C) and Biomass Dry Weight (105°C). 
 
Method Summary Biomass, Gravimetric, Fixed Weight (550°C), and Biomass, Gravimetric, 

Dry Weight (105°C). 
 
MDL 4 mg/L.  
 
Matrix Fresh and marine waters, wastewater 
 
Interferences and 
Precautions The procedure is non-specific: silt and organic detritus will contribute to the 

measured weight. 
 
Sample Handling Bottle:  0.5 to 4.5 L plastic or glass, unfiltered. 
and Preservation  Preservation:  none.  Store frozen. 
 
Stability M. H. T.:  7 days. 
 
Principle or Aquatic biota are retained on a filter and weighed.  Difference in weights 
Procedure at 105°C and 550°C determined. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th Edition, 1992. Method 10200 I. 
 
Revision History February 14, 1994: Although method was in use, it was not included 

in the 1994 Laboratory Manual.  
 December 31, 2000:  Initial publication. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Carbon, Total Organic, (TOC) 
 
Parameter Total organic carbon 
 
Analytical Method a)  Organic carbon is connected to CO2 which is measured by infrared    

detector. 
 b) Organic carbon is converted first to CO2, then to methane, which is 

measured by flame ionization detector. 
 
EMS Code a) IR detection 0103 X067 
 b) Flame ionization detector 0103 X314 
 
Introduction Organic carbon in water and wastewater is contained in a variety of organic 

compounds in various oxidation states.  TOC analysis is independent of the 
oxidative state of the carbon molecule and a more specific measurement 
than either COD or BOD. 

 
Method Summary Organic carbon is converted to carbon dioxide (CO2) by catalytic combustion 

or wet chemical oxidation.  CO2 formed can be measured by infrared (IR) 
detector or converted to methane (CH4) and measured by flame ionization 
detector (FID). 

 
MDL Typical: 1.0 mg TOC/L 
 Range:  None listed. 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Carbonate and bicarbonate can interfere and must be removed or  

compensated for in the calculation.  This procedure is applicable only to 
homogeneous samples which can be injected reproducibly into the apparatus 
by syringe or pipette.  Applies to a TOC level above 1mg/L. 

 
Sample Handling Plastic or glass (25mL) 
and Preservation Cool, 4°C., add HCl or H2SO4 to pH <2 
 
Stability M. H. T.: 72 hours, unpreserved 
   28 days, preserved. 
 
Principle or Apparatus for total and dissolved organic carbon. 
Procedure 
 
Precision SD = ± 8.32mg TOC/L at 107mg TOC/L 
 
Accuracy As bias, + 1.08mg/L at 107mg TOC/L 
 
Quality Control Protect samples from sunlight and atmospheric oxygen.  For instrument 

calibration, the series of standards should encompass the expected 
concentration range of the samples.  The instrument manufacturer's 
instructions should be followed. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992. Method 5310 B. 

 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-
79-020, USEPA, Revised March 1983. Method 415.1. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
 

Revision Date: December 31, 2000 
 

Chemical Oxygen Demand (COD) 
 
Parameter Chemical oxygen demand 
 
Analytical Method a) K

2
Cr

2
O

7
  digestion; FAS titration (open reflux) 

 b) K
2
Cr

2
O

7
  digestion; FAS titration (closed reflux) 

 c) Closed reflux, colorimetric method 
 
EMS Code a) Open Reflux*, FAS titration 0116 X315 
 b) Closed Reflux*, FAS titration 0116 X525 
 c) Closed Reflux*, colorimetric 0116 X504 
  * without catalyst 

 
(Note: similar methods, but including use of a catalyst during digestion may 
require new EMS codes – to be defined upon request.) 

 
Introduction Chemical oxygen demand (COD) is used to estimate the oxygen demand 

placed on a receiving water by biota in the process of assimilating the 
organic matter contained in a waste. For a given waste, a relationship exists 
between COD, BOD and TOC. 

 
Method Summary Organic and oxidizable inorganic substances are oxidized by potassium 

dichromate in H2SO4 solution at reflux temperature for 2 hours.  Excess 
dichromate is titrated with standard ferrous ammonium sulfate (0.1M) using 
orthophenanthroline ferrous complex (ferroin) as indicator.  For the 
colorimetric procedure, the reduced dichromate may be measured at 600 
nm.  

 
MDL Typical: 5 mg O2/L 
 
Matrix Surface water and wastewater 
 
Interferences and 
Precautions Traces of organic material from glassware or the atmosphere may cause  

gross positive error.  Avoid inclusion of organic materials in distilled water for 
reagent preparation or sample dilution. 

 
Sample Handling Plastic or glass (250mL) 
and Preservation Store cool, 4°C., H2SO4 to pH <2 
 
Stability M. H. T.:  28 days 
 
Principle or Reflux apparatus 
Procedure 
 
Precision SD = ± 4.15 mg O2/L  at 12.3 mg O2/L 
 
Accuracy As bias, 0.3% at 12.3 mg O2/L 
 
Quality Control None listed. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992, Method 5220 B and Method 
5220 D. 

 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-
79-020, USEPA, Revised March 1983, Method  410.2. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 

Clarification added regarding use of catalysts 
during digestion 
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Physical/Inorganic 
 

Revision Date: December 31, 2000 
 

Chloride, Colorimetric, HgSCN 
 
Parameter Chloride, dissolved 
 
Analytical Method Automated colorimetric, mercuric thiocyanate 
 
EMS Code a) Filtered sample 1104 X316 
 b) Unfiltered sample (will be defined upon request) 
 
Introduction Chloride is one of the major inorganic anions in water and wastewater.  The 

level of chloride within a given sample may provide insight into corrosivity, 
taste problems, and agricultural limitations. 

 
Method Summary Thiocyanate ion (SCN) is liberated from mercuric thiocyanate through 

sequestration of mercury by chloride ion to form un-ionized mercuric chloride.  
Ferric nitrate reagent provides ferric ion which, with SCN, forms highly 
coloured ferric thiocyanate in a concentration proportional to the original 
chloride concentration.  The instrument range of 0.5 to 50 mg/L may be 
extended with sample dilution. 

 
MDL Typical: 0.5 mg/L 
  
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Bromide causes positive interference 
 
Sample Handling Plastic or glass (50mL) 
and Preservation No preservation required 
 
Stability M. H. T.:  28 days 
 
Principle or Auto analyzer.  480 nm filters.  15mm tubular flow cell. 
Procedure 
 
Precision Less than 5 % 
 
Accuracy None listed. 
 
Quality Control Where particulate matter is present, the sample must be filtered prior to the 

determination.  Alternatively, the sample may be centrifuged or a continuous 
filter may be incorporated into the sample line of the automated system. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500  Cl- E 
 b) Methods for Chemical Analysis of Water and Waste EPA-600/4-79-

020, USEPA, Revised March 1983. Method 325.2 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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       Physical/Inorganic 

Revision Date: December 31, 2000   
 

Chloride, Ion Chromatography 
 
Parameter Chloride, total 
 
Analytical Method Ion chromatography 
 
EMS Code a)  Unfiltered 0104 X044 
 b)  Filtered 1104 X044 
 
Introduction Chloride is one of the major inorganic anions in water and wastewater.  The 

level of chloride within a given sample may provide insight into corrosivity, 
taste problems, and agricultural limitations. 

 
Method Summary A small volume of sample, typically 2 to 3mL, is introduced into an ion 

chromatograph.  The anions of interest are separated and measured using a 
system comprised of a guard column, separator column, suppressor column 
and conductivity detector.  While samples usually are filtered, clear solutions 
may be unfiltered. 

 
MDL Typical: 0.02 mg/L 
 
Matrix Drinking and surface waters and mixed wastewater 
 
Interferences and 
Precautions Interference can be caused by substances with retention times similar to and 

overlapping those of the ion of interest.  Large amounts of an anion can 
interfere with peak resolution of an adjacent anion.  Method interference can 
be caused by reagent or equipment contamination. 

 
Sample Handling Plastic or glass (50mL).  No preservation required. 
and Preservation 
 
Stability M. H. T.:  28 days 
 
Principle or Procedure Ion chromatograph.  Guard, separator and suppressor columns, conductivity 

detector. 
 
Precision SD = ± 0.289mg/L at 10.0 mg Cl/L  (drinking water) 
 
Accuracy Recovery = 98.2% at 10.0mg Cl/L  (drinking water) 
 
Quality Control The laboratory should spike and analyze a minimum of 10% of all samples to 

monitor continuing lab performance.  Field and laboratory duplicates should 
be analyzed.  Measure retention times of standards. 

 
References a) EPA-600/4-84-017, Test Method Technical Addition to Methods for 

Chemical Analysis of Water and Wastes (EPA-600/4-79-020), USEPA, 
Revised March 1983, Method 300.0  

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition 1992,  Method 4500 Cl-F 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
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 December 31, 2000: SEAM codes replaced by EMS codes.  
Clarification note added regarding use of 
unfiltered samples. 
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Physical/Inorganic 
Revision Date:  December 31, 2000   

 

Chlorine, Total Residual, Iodometric 
 
Parameter Residual chlorine 
 
Analytical Method Iodometric titration, amperometric endpoint 
 
EMS Code 1016 X317 
 
Introduction The chlorination of water supplies and polluted waters serves primarily to 

destroy or deactivate disease-producing micro-organisms.  Chlorine residuals 
are thus monitored to assess taste/odour problems and microbial destruction 
effectiveness. 

 
Method Summary Iodometric back titration is best for wastewaters but is applicable to all types 

of waters.  (Chlorine and chloramines stoichiometrically liberate iodine from 
KI at pH 4 or less). 

 
MDL Range:  None listed. 
 
Matrix All types of waters, but especially wastewaters 
 
Interferences and 
Precautions Manganese, iron and nitrite interference is minimized by buffering to pH 4 

before adding KI.  High concentrations of organics may cause uncertainty of 
the endpoint.  Turbidity and colour make endpoint difficult to detect.  Practice 
runs with spikes may be necessary. 

 
Sample Handling Plastic or glass (200mL).  No preservation required 
and Preservation 
 
Stability Analyze immediately 
 
Principle or Microburet 0 - 2mL or 0 - 10mL is used.  Amperometric titrator 
Procedure 
 
Precision SD = ± 0.12mg Cl/L  at 3.51mg Cl/L  (river water) 
 
Accuracy % recovery = 107.7% at 0.84mg Cl/L  (river water) 
 
Quality Control Use chlorine free, chlorine-demand free distilled water for dilution. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500-Cl C. 
 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-

79-020, USEPA, Revised March 1983, Method 330.2 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000   

 

Chlorine, Total Residual, DPD Colorimetric 
 
Parameter Chlorine, total residual 
 
Analytical Method DPD colorimetric 
 
EMS Code 1016 X103 
 
Introduction The chlorination of water supplies and polluted waters serves primarily to 

destroy or deactivate disease-producing micro-organisms.  Chlorine residuals 
are thus monitored to assess taste/odour problems and microbial destruction 
effectiveness. The N,N-diethyl-p-phenylenediamine (DPD) colorimetric 
method is applicable to the matrices listed. 

 
Method Summary Liberated iodine reacts with DPD to produce a red solution which is 

measured spectrophotometrically. 
 
MDL Typical: 0.2 mg Cl2/L 
 Range:  0. 2-4.0 mg Cl2/L  
 
Matrix Natural and treated waters 
 
Interferences and 
Precautions Any oxidizing agents; these are usually present at insignificant concentrations 

compared to the residual chlorine.  Turbidity and colour will essentially 
prevent the colorimetric analysis.  Distilled water used for dilution should be 
checked for chlorine demand. 

 
Sample Handling Plastic or glass (200mL).  No preservation required. 
and Preservation 
 
Stability Analyze immediately 
 
Principle or Spectrophotometer.  515 nm.  Cells of light path 1 cm or longer. 
Procedure 
 
Precision SD = ± 27.6% at 0.66 mg Cl/L 
 
Accuracy Relative error = 15.6% at 0.66 mg Cl/L 
 
Quality Control None listed. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500-Cl2 D. 
 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-

79-020, USEPA, Revised March 1983, Method 330.5 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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       Physical/Inorganic 
Revision Date: December 31, 2000 

 

Chlorophyll-a  and Phaeophytin-a, UV-VIS 
With Lorenzen Calculations 
 
Parameter Chlorophyll-a; phaeophytin-a 
 
Analytical Method Ext, lor, vol, acid (chlorophyll-a) 
 Ext, lor, vol, acid (phaeophytin-a) 
 
EMS Code a) Chlorophyll-a 0143 X318 
 b) Phaeophytin-a 0146 X319 
 
Introduction Chlorophyll-a is used as an indicator of freshwater phytoplankton biomass. 

Phaeophytin-a is a degradation product of chlorophyll-a and is determined 
also.  The chlorophyll-a /phaeophytin-a ratio is an indicator of phytoplankton 
physiological condition. 

 
Method Summary Phytoplankton are separated from the water sample by filtration on a glass 

fibre filter.  The filters can be stored frozen if necessary.  Pigments are 
extracted from the algae with an aqueous magnesium carbonate/acetone 
solution and with some form of cell disruption.  The absorbance of the extract 
is determined before and after acidification.  The acid converts chlorophyll to 
phaeophytin by displacing the magnesium in the porphyrin ring. 

 
MDL 0.5 µg/L. 

The detection limit can vary with the volume of water filtered and the 
absorption cell path length.  Assuming a 1 litre water sample, a 15mL extract 
volume, a 1 cm absorption cell and a minimum absorbance value of 0.001, a 
limit of 0.02 µg/L chlorophyll plus phaeophytin is reasonable. 

 
Matrix Fresh water, marine water and, with some calculation changes, periphyton 

plates. 
 
Interferences and 
Precautions a) Protect samples and extracts from light to avoid degradation of the 

chlorophylls. 
 
 b) Glass fibre filters are preferred since the fibres assist in breaking the 

cells during grinding.  Membrane filters do not always dissolve 
completely in the acetone mixture and may also form a precipitate on 
acidification. 

 
 c) All glassware must be free from inorganic acids to prevent the 

conversion of chlorophyll-a to phaeophytin-a. 
 
 d) Organic acids are co-extracted with the chlorophyll and may acidify the 

extract, causing chlorophyll conversion.  The aqueous portion of the 
acetone/water mixture is saturated with magnesium carbonate to 
neutralize these acids.  The magnesium carbonate must be added as 
part of the extract mixture and not as particulate magnesium 
carbonate, since chlorophyll can adsorb to the particles and thus be 
removed from solution during centrifugation. 

 
  e) An accurate determination of chlorophyll depends on an accurate 

measurement of the absorbance of the extract and, using the literature 
value for the absorptivity of chlorophyll-a, calculating [b] the 
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concentration of chlorophyll-a.  The bandwidth of the chlorophyll 
absorption peak is narrow; therefore the instrument bandwidth must 
also be narrow.  A bandwidth of 0.5 - 2.0 nm is suitable.  At a spectral 
bandwidth of 20 nm, the chlorophyll-a concentration may be 
underestimated by as much as 40%. 

 
  f) If no standard is available, confirm that the absorption cell or cuvette 

allows all the light from the spectrometer through the extract.  Jacket 
and low volume cells, beam masks and/or focused beams can cause 
"beam clipping" which will prevent a true absorbance reading.  If an 
extract standard is available, then masked cells can be used since the 
readings are compared to the standard. 

 
 g) Acidify carefully to a final molarity of not more than 0.003M to prevent 

the conversion of certain accessory pigments to species that absorb at 
the same wavelength as phaeophytin-a. 

 
 h) After acidification, there is a slight wavelength shift from 664 nm to 665 

nm.  Check that these are indeed the peak maxima since the 
wavelength accuracy of the spectrometer may be unknown. 

 
 i) Subtracting the absorbance reading at 750 nm before and after 

acidification will compensate for turbidity. 
 
 k) The presence of chlorophyll-b will cause a slight under-estimation of 

chlorophyll-a and an over-estimation of phaeopigments except in open 
ocean water where chlorophyll-b is undetectable. 

 
 l) Other than standard precautions, this method presents no hazards. 
 
 
Sample Handling Collect at least 1 litre of sample. Preserve by: 
and Preservation 
 a) Storing water samples at 4°C in the dark. 
 
 b) Centrifuging the samples and freezing the algae collected. 
 
 c) Filtering the samples through a Whatman GF/C or equivalent glass 

fibre filter.  Remove as much water as possible from the filter to 
maintain the 90% acetone concentration in the extracting mixture.  Fold 
the glass fibre filter into a larger piece of cellulose filter paper, label with 
pencil (not ink) and, if the pH of the water is 7 or greater, store frozen in 
the dark.  If the pH is lower, extract as soon as possible. 

 
Stability Water samples stored at 4°C in the dark can be held up to 2 weeks.  Filters 

from waters with a pH >7 can be stored frozen in the dark for up to 3 weeks. 
 
Principle or Procedure Most spectrophotometric methods differ only in the procedure used to break 

the algae cells.  Tissue grinders, cell disrupters and ultrasonic baths are all 
documented.  For method details, see references [a] and [c]. 
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Precision Precision is dependent upon the efficiency of extraction and varies with the 
different types of algae.  Using sonic probe disruption, Daily, et al [d] quote a 
value of 100% ± 3% for the efficiency of recovery at relatively high levels of 
chlorophyll.  Environment Canada [c] found that replicate analysis (N=20) of a 
sample extract initially adjusted to near the 0.001 absorbance unit (AU) 
detection limit provided an average reading of 0.0008 AU with a standard 
deviation of 0.0001 AU. 

 
Accuracy The accuracy of this test cannot be determined since no "standard" 

chlorophyll-containing algae exist.  Extracts containing chlorophylls are 
available from EPA in Cincinnati. 

 
Quality Control Because of the lack of a SRM, QA/QC is limited to duplicates. 
 
References a) Standard Methods for the Examination of Water and Waste-water, 

APHA, AWWA, WEF,18th edition, 1992. Method 10200 H 
 b) C.J. Lorenzen, Limnol, Oceanos., Vol. 12, p. 343, (1967). 
 c) Environment Canada, Conservation and Protection, Pacific and Yukon 

Regional Laboratory Manual, Chlorophyll-a and Phaeophytin, V2.2, 
(1989). 

 d) R.J. Daley, C.B.J.  Gray, S.R.  Brown, J.  Fish.  Res.  Bd.  Can., 30, p. 
345 (1973). 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Colour, Single Wavelength 
 
Parameter Colour, single wavelength, dissolved 
 
Analytical Method Spectrophotometer - single wavelength (400nm) 
 
EMS Code a) No pH adjustment 1052 1320 
 b) pH adjusted to 7.6 1052 X497 
 
Introduction Colour in water may result from the presence of natural metallic ions, humus, 

peat materials, plankton, weeds, and industrial waste.  The single wavelength 
spectrophotometric colour procedure is a variation on the visual colour 
comparison procedure that provides an objective and more precise measure 
of sample colour.  The platinum-cobalt method of measuring colour is given 
as the standard method, the unit of colour being that produced by 1 mg/L 
platinum in the form of the chloroplatinate ion. The ration of cobalt to platinum 
may be varied to match the hue in special cases; the proportion given below 
is usually satisfactory to match the colour of natural waters. 

 
Method Summary Colour is determined by spectrophotometric comparison of the sample, at a 

specific wavelength, with known concentrations of coloured solutions. The 
sample is either adjusted to pH 7.6 (and the colour reported as such) or the 
pH of the sample is determined and reported as well. 

 
MDL Typical: 5 SWL units 
 
Matrix Water 
 
Interferences and 
Precautions Even a slight turbidity causes the apparent colour to be noticeably higher than  

the true colour; therefore it is necessary to remove turbidity before the true 
colour can be determined.  The colour value of water is extremely pH-
dependent, and invariably increases as the pH of the water is raised.  For this 
reason, when reporting colour, pH is also determined. 

 
Sample Handling Plastic or glass bottles 
and Preservation No preservation, store cool, 4°C 
 
Stability Make colour determination within a reasonable period because biological or 

physical changes during storage may affect colour. 
 
Procedure: 
Apparatus a) UV/VIS spectrophotometer 
 b) 5 cm cell 
 
Reagents a) Stock Platinum-cobalt standard (500 colour units): 
  Dissolve 0.249g K2PtCl2 and 0.200g CoCl2 . 6H2O, along with 20mL 

concentrated HCl in deionized water.  Dilute to 200mL in a volumetric 
flask. 
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 b) Working platinum-cobalt standards 
 
  1) 50 colour units:  Dilute stock standard 1:9 with deionized water. 
  2) 10 colour units:  Dilute stock standard 1:49 with deionized water. 
  
Procedure a) Calibrate the spectrophotometer using the two working standards at a 

wavelength of 400 nm, using a 5cm cell. 
 
 b) Using un-shaken sample, decant into the 5 cm cell, and record the 

value in colour units as generated by the spectorophotometer. 
 
  Note:  Some samples may require diluting 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 2120 A (for an 
overview on colour). 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:    SEAM codes replaced by EMS codes.  Out of 

print reference deleted. 
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Physical/Inorganic  
Revision Date: December 31, 2000 

 
Colour, TAC (Total Absorbance) 
 
Parameter Colour, Total Absorbance (TAC) 
 
Analytical Method Spectrophotometric - integrated absorbance  
 
EMS code 0024 XM14 
 
Purpose/Principle of 
Method The TAC Colour method was developed by the ministry to measure colour for  

a variety of water and effluents ranging from water that has colour derived 
from naturally occurring materials (leaves, bark, roots, humus, peat), and for 
highly coloured industrial effluent.  The procedure was invented by  

 Dr. M. Clark and developed by Dr. P. Horning. 
 
Scope Spectrophotometric measurement of the colour of water and is applicable to 

drinking, surface, and saline waters, domestic and industrial wastes.  The 
TAC colour of a sample adjusted to pH 7.6 is determined by measuring the 
integrated absorbance of the filtered sample between 400 and 700 nm on a 
spectrophotometer.  One unit of TAC colour may be defined as the colour 
produced by 2 mg/L platinum in the form of Chloroplatinate ion. 

 
Range 2 - 50 TAC units  (higher by dilution) 
 
Detection Limit 2 TAC units 
 
Incremental Units Nearest whole number reported as integer to three significant figures.  
 
Interferences Sample must be filtered to remove turbidity and possibility of bacterial 

degradation. 
 
Precision Authentic samples at levels of 5 and 10 TAC units have been found to yield 

coefficients of variation of 2.5 and 0.74% respectively.  TAC values are 
rounded to the nearest whole number.  Values are most accurate in the range 
between 2 and 50 TAC units, and samples are diluted if necessary to fall 
within this range. 

 
Sample Handling and 
Preservation Sample is collected in the field and submitted unfiltered and unpreserved. 

Sample should be kept at 4°C until filtered through a 0.45 um pore size filter 
in the laboratory.  After filtration sample is stable until analysis.  Minimum 
filtered volume required for analysis is 100 ml. 

 
Apparatus and  
Materials a)  Eight 50 ml volumetric flasks. 
 b) One 200 uL pipetter and yellow pipette tip. 
 c) Volumetric pipettes of 1, 2, 3, 4, 6, 8 and 10 ml. 
 d) 50 mL beakers. 
 e) Hewlet Packard 8452A UV/VIS diode array spectrophotometer or 

equivalent and HP 89531A MS-DOS operating software revision 
A.02.00 copyright 1989. 

 f) A 5 cm spectrophotometric quartz cell. 
 g) A pH meter and standard buffers of pH 7.0, 4.0 and 10.0. 
 h) Magentic stir bars. 
 i) Pipetting device. 
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 j) One 1 L volumetric flask. 
 
Reagents a) Stock TAC colour solution (250 TAC units): 
 Dissolve 1.246 grams potassium chloroplatinate, K2PtCL6 and 1.00 

gram cobaltous cholride, CoCL2  6H20, in deionized water (DI).  Slowly 
add 100 mL concentrated HCl and dilute to one litre with DI.  *Note: 
Potassium chloroplatinate is toxic.  Read MSDS before use.  Wear a 
dust mask, lab coat, gloves, and safety goggles when weighing.  
Advise co-workers in the immediate vicinity of the risk precautions.  
Use fume hood when working with concentrated HCl.  Read caution 
phrases on bottle before use.  Remember to add acid to water.  Store 
in fridge. 

 
 b) 0.1 N HCl (8.3 mL/L DI) 

 
c) 0.1 N NaOH (4 g/L DI) 

 
Analytical Procedures a) Allow TAC stock solution to warm to room temperature from fridge. 
 
 b) Label beakers with appropriate sample numbers and pour 

approximately 30 - 40 mL of sample into corresponding beaker. 
 
 c) Adjust pH of sample to pH 7.6 (7.4 - 7.8) using 0.1N HCl or 0.1 N 

NaOH.  If a precipitate forms, refilter using a 0.45 um filter.  Limit 
volume of fluid used to pH adjust to no more than 10% of total volume. 

 
 d) Label the 50 ml volumetric flasks with the concentrations shown below.  

Prepare standards from the stock solution (250 TAC units) as outlined 
in the table: 

 
Standard (TAC unit)  2 5 10 15 20   30   40   50 
Stock Solution 
Vol (mL)   0.4 1 2 3 4 6     8    10 
 
Pipette stock solution into flasks and bring up to volume with DI.  Mix 
well by inverting flask several times. 

 
 e) Ready the spectrophotometer as follows: 
  1) Turn on the spectrophotometer first.  The switch is at the left 

back. 
  2) Turn on the computer, monitor and printer. 
  3) From the “menu” screen select A) Biology Applications. 
  4) From the “Biology Applications” screen select A) HP 

Spectrophotometer. 
  5) From the “Top Level” screen select F2 Quantitation. 
  6) SelectF1 Analytical Wavelength.  Use arrow keys to select 

wavelength range and change it to a range of 400 to 700 nm. 
  7) Change F2 Reference Wavelength to a range of 702 to 750 nm. 
  8) Press F4 and select equation B CONC = k1*A +k0. 
  9) From F6 Option menu change the integration time to ten 

seconds and change averaging to ON. 
 
 f) Rinse the 5 cm spectrophotometer cell several times with DI.  Fill cell 

with DI and scan by pressing F8 Scan Blank.  This background blank 
will automatically be subtracted from the standards and the samples. 
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g) To set up the calibration curve, press F5 Calibration.  Scan standards 
in increasing concentrations by pressing F1 SCAN STD.  Rinse cell 
with a few millilitres of the standard before filling the cell, and rinse the 
cell two or three times between standards.  When done, press F7 
Evaluate to see the curve.  Then press F10 Exit to see the percent 
error of the calibration curve.  The maximum error allowed for any of 
the standards is ± 5%.  The standards must be remade and 
reevaluated if the error is > 5%. 

 
h) F10 Exit from calibration.  To begin reading samples press F7 Analysis.  

Rinse the cell with a few millilitres of the sample and then fill cell.  Place 
the cell in the spectrophotometer and press F1 Scan Sample.  If the 
TAC unit value of the sample is greater than 50, dilute the sample.  
Note the dilution factor and account for it when calculating the results.  
Rinse the cell with DI between samples.  Every tenth scan fill te cell 
with D1 and scan as though it were a sample.  This is a check on 
technique and clarity of te cell.  After reading all samples, obtain a hard 
copy (F9) of calibration curve and results.  The results given are in TAC 
units calculated from the standard curve.  Round off to te nearest whole 
number. 

 
Quality Control Reread 10% of samples.  Values should fall within 10% of original value.  

Record in QC/TAC book.  Reread samples if values differ > 10% between 
duplicates and inform supervisor. 

 
Documentation of QC a)  Record source and lot number of calibration materials. 
 b) Record absorbance values for the 10 and 40 TAC unit standards and 

plot 2 point control chart.  Values should not exceed 3 ± S.D. for run to 
proceed.  If values exceed limits, reexamine calibration materials and 
inform supervisor. 

 c) All QC data and method will be reviewed annually. 
 d) Analyst signs off hard copy of printout of run. 
 e) Maintenance log will be kept for spectrophotometer. 
 
Data Analysis TAC units are derived from area under the curve from 400 - 700 nm 

compared to standard curve. 
 
References a) Clesceri, L.S., Greenberg, A.E., and Trussel, R.R. (eds.) 1989.  

Standard Methods for the Examination of Water and Wastewater.  
“Section 2120 Colour.”  APHA-AWWA-WCPF.  17th ed. (General 
reference regarding colours.) 

 
Revision History February 14, 1994: Although method was in use, it was not included 

in the 1994 Laboratory Manual. 
 December 31, 2000: Republication; SEAM codes replaced by EMS 

codes. Out of print references deleted. 



B - 30 

Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Colour, True, Visual Comparison 
 
Parameter Colour, true 
 
Analytical Method Visual comparison method 
 
EMS Code a) Visual comparison to coloured solutions 0002 X321 
 b) Visual comparison to glass disks 0002 X152 
 
Introduction Colour in water may result from the presence of natural metallic ions, humus, 

peat materials, plankton, weeds, and industrial waste. 
 
Method Summary The sample is centrifuged or filtered to remove turbidity and colour is 

determined by visual comparison of the sample with known concentrations of 
coloured solutions.  Comparison also may be made with special glass colour 
disks if they have been properly calibrated.  The platinum-cobalt method of 
measuring colour is given as the standard method, the unit of colour being 
that produced by 1 mg/L platinum in the form of the chloroplatinate ion.  The 
ratio of cobalt to platinum may be varied to match the hue in special cases; 
the proportion given below is usually satisfactory to match the colour of 
natural waters. 

 
MDL Typical: 5 colour units 
 
Matrix Water 
 
Interferences and 
Precautions Even a slight turbidity causes the apparent colour to be noticeably higher than 

the true colour; therefore it is necessary to remove turbidity before the true 
colour can be approximated.  The colour value of water is extremely pH-
dependent, and invariably increases as the pH of the water is raised.  For this 
reason, when reporting colour, pH is also determined. 

 
Sample Handling Plastic or glass bottles 
and Preservation Store cool, 4°C 
 
Stability Make colour determinations within a reasonable period because biological or 

physical changes during storage may affect colour. 
 
Principle or  
Procedure: 
 
Apparatus a) Hellige Aqua Tester 
 
Reagents a) Stock platinum-cobalt standard (500 colour units): 
  Dissolve 0.249g K2PtCl2 and 0.200g CoCl2 . 6H2O, along with 20mL 

concentrated HCl in deionized water.  Dilute to 200mL in a volumetric 
flask. 

 
 b) Working platinum-cobalt standards: 
  a. 50 colour units:  Dilute stock standard 1:9 with deionized water. 
  b. 10 colour units:  Dilute stock standard 1:49 with deionized water. 
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Procedure a) Using un-shaken sample, decant into the Aqua Tester, and record the 
value in colour units as determined visually. 

 
  Note:  Some samples may require diluting. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992.  Method 2120 B. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

Conductivity, Specific 
 
Parameter Specific conductance 
 
Analytical Method Conductivity meter 
 
EMS Code a) Lab or Field (not in-situ)* 0011 X330 
 b) In-Situ 0011 XM00 
 *Note that Lab vs. Field is distinguished by the EMS Analytical Agency Code. 
 
Introduction Conductivity is a numerical expression of the ability of an aqueous solution to 

carry an electric current.  This ability depends on the presence of ions, their 
mobility, valence, relative concentration, and temperature of measurement.  
Note that terms “specific conductivity” and “specific conductance” may be 
used synonymously.  

 
Method Summary The conductivity of a sample is measured by use of a self-contained 

conductivity meter.  Field measurements with comparable instruments are 
reliable. 

 
MDL Typical: 1µS/cm 
 
Matrix Waters and wastewaters 
 
Interferences N/A 
and Precautions  
 
Sample Handling Plastic or glass (100mL).  Cool, 4°C 
and Preservation  
 
Stability M. H. T.:  28 days 
 
Principle  Wheatstone bridge or equivalent 
 
Precision SD = ± 7.55 at 100 µS/cm. 
 
Accuracy As bias, ± 2.0 µS/cm at 100 µmho/cm. 
 
Quality Control Instrument must be standardized with KCl solution before daily use. 

Conductivity cell must be kept clean.  Make temperature corrections, and 
report result at 25°C, if sample is not analyzed at 25°C. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 2510 B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983, Method 120.1 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:    SEAM codes replaced by EMS codes.  Units 

changed to SI.  Also clarifications note added 
regarding conductivity vs. conductance. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Cyanate, Ion Chromatography 
 
Parameter Cyanate 
 
Analytical Method Ion chromatographic analysis 
 
EMS Code Filtered sample CYAN X044 
 
Introduction Cyanate (OCN-) is a product of the alkaline chlorination process used to 

destroy cyanide and may be present in industrial waste streams. Cyanate is 
unstable at neutral or low pH. 

 
Method Summary A small volume of sample, typically 2 to 3mL, is introduced into an ion 

chromatograph.  The anions of interest are separated and measured using a 
system comprised of a guard column, separator column, suppressor column 
and conductivity detector. 

 
MDL Typical: 0.05 mg/L 
 Range:  0.05 to 2.0 mg OCN/L 
 
Matrix Fresh water and wastewaters 
 
Interferences and 
Precautions Interference can be caused by substances with retention times similar to and 

overlapping those of the ion of interest.  Large amounts of an anion can 
interfere with peak resolution of an adjacent anion.  Method interference can 
be caused by reagent or equipment contamination. Industrial waste may 
contain unknown interferences. 

 
Sample Handling Plastic or glass (50mL).  Add NaOH to pH >12. 
and Preservation 
 
Stability M. H. T.:  14 days 
 
Principle or Procedure Ion chromatograph.  Guard, separator and suppressor columns, conductivity 

detector. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control The laboratory should spike and analyze a minimum of 10% of all samples to 

monitor continuing lab performance.  Field and laboratory duplicates should 
be analyzed.  Measure retention times of standards. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4110 B. 
 b) EPA-600/4-84-017, Test Method Technical Addition to Methods for 

Chemical Analysis of Water and Wastes (EPA-600/4-79-020), USEPA, 
Revised March 1983, Method 300.0 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Cyanide Colour Development: Isonicotinic-Barbituric Acid 
Method 
 
Parameter Cyanide; strong acid dissociable 
 Cyanide; weak acid dissociable 
 
Analytical Method Isonicotinic - barbituric acid colorimetric 
 
EMS Code a)   SAD Cyanide (water), units = mg/L 0105 X323 
 b) WAD Cyanide (water), units = mg/L 0157 X323 
 c) SAD Cyanide (soils), units = µg/g 0105 X496 
 d) WAD Cyanide (soils), units = µg/g 0157 X496 
 
Introduction Simple cyanide may exist in solution or be liberated from complexes and 

collected in an alkaline trapping solution by more or less rigorous 
digestion/distillation procedures. This procedure allows the quantitation of the 
concentration of simple cyanide (NaCN), however produced, by means of a 
reliable, consistent colorimetric procedure. 

 
Method Summary An aliquot of the alkaline distillate from the analyst’s choice of digestion 

procedure is buffered to pH<8 and reacted with chloramine-T 
(CH3C6H4.SO2.N(Na)Cl.3H2O). Isonicotinic acid - barbituric acid solution is 
added and the absorbance of the solution is measured at the absorption 
maximum at 578 nm. 

 
MDL Detection limit is 0.01 mg CN/L based on the digestion of 500mL sample, 

100mL of distillate trapping solution and a 10mL aliquot of trapping solution 
taken for colour development. 

 
Matrix Water (Soils and sediments can be analyzed by suspension in the digestion 

solution; units = µg/g). 
 
Interferences and 
Precautions Most interfering substances are removed during the distillation process. Due 

to the toxicity of cyanide, care should be exercised in the manipulation of 
cyanide-containing samples. Process in a fume cabinet or other well 
ventilated area. Avoid contact with or ingestion of solutions; avoid inhalation 
of fumes. 

 
Sample Handling 1L plastic bottle;  add 10N NaOH to pH 12 
and Preservation 
 
Stability Preserved samples are stable indefinitely 
 
Principle  NaCN trapped in the alkaline distillate is buffered to pH<8 and  converted to 

CNCl (CAUTION :  CNCl is a toxic gas) by reaction with chloramine-T 
(CH3C6H4.SO2.N(Na)Cl.3H2O).  Addition of isonicotinic acid - barbituric acid 
solution produces a blue dye with an absorption maximum at 578 nm.  
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Procedure 
Apparatus a) Either a spectrophotometer or a colorimeter for use at 578 nm.  An 

autoanalyzer with 600 nm filter and 10mm tubular flow cell may also be 
used. 

 b) Vortex mixer 
 
Reagents a) Phosphate Buffer 1M:    
  Dissolve 138 g of sodium dihydrogen phosphate monohydrate 

(NaH2PO4.H2O) in one litre of distilled water.  Keep solution 
refrigerated. 

 
 b) Chloramine-T Solution:  Prepare Daily.   
  Dissolve 1.0 g chloramine-T (CH3C6H4SO2.N(Na)Cl.3H2O) in 

distilled/deionized water and dilute to 100mL. 
 
 c) Isonicotinic Acid - Barbituric Acid Solution:  Prepare Daily.   
  In 100mL of distilled water at 60° - 70°C dissolve 1.2 g NaOH, 2.0 g 

isonicotinic acid and 1.0 g of barbituric acid.   After cooling, carefully 
adjust pH to 8.5 with 1:9 acetic acid. 

 
 d) Stock Cyanide Solution (1000 ppm):  This stock should be 

standardized once a week (see note 1).  
  Dissolve 1.255 g KCN (desiccated) in 0.1 N NaOH and dilute to 500mL 

with 0.1 N NaOH. 
 
 e) Working Cyanide Solution (1mL = 1µg CN):  Prepare Daily.   
  Dilute 10.0mL stock (1000 ppm) cyanide solution to 100mL with 0.1N 

NaOH to produce the intermediate standard (100 µg/mL).  Then dilute 
1.00 mL of the 100 µg/mL solution to 100 mL with 0.1N NaOH  to 
produce the working standard (1.0 µg/mL).  (See note 2) 

 
 Notes: 
 1. Standardization of Stock CN Solution:   
  Titrate 10 mL stock CN solution with standard AgNO3 titrant, using 0.5 

mL of rhodanine indicator (20 mg p-dimethylamino-benzalrhodanine in 
100 mL acetone), to a salmon pink endpoint. 

 
        Calculation:  mg CN/L = (A-B) x 1000   
       10 
  Where: 
  A = mL standard AgNO3 required for stock CN solution. 
  B = mL standard AgNO3 required for blank (0.1N NaOH). 
 
  Refer to Standard Methods, 18th ed. (1992) pg. 4-24. 
 
 2. Adjustment of Concentration:  
  The working cyanide solution may not be exactly 1.0 µg/mL after 

dilutions.  Its value will depend upon  the concentration  of the stock CN 
solution, as determined by the outlined standardization procedure. 
Adjust the volume of stock solution taken for dilution to compensate. 
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Procedure a) Preparation of Standards:  
  Run a full set of standards with each set of samples to be processed 

that day.  Use 0.1N NaOH for dilution to 10 mL in a test tube. 
 
  Standard (µg) mL of 1.0 ppm STD    
 
  0 . 0 0 . 0 (Reagent Blank) 
  0 . 5 0 . 5 
  1 . 0 1 . 0 
  2 . 0 2 . 0 
  3 . 0 3 . 0 
  4 . 0 4 . 0 
 
 b) Sample Preparation:  
  Sample aliquots are chosen to yield a solution containing up to 4.0 µg 

CN.  Ideally 10 mL of the distillate should be dispensed in a test tube 
for colour development.  If a smaller aliquot is necessary, bulk aliquot 
up to 10 mL with 0.1 N NaOH. 

 
 c) Colour Development: 
  1. Dispense 2.0 mL of phosphate buffer into the standards and 

samples. Always add reagents to standards first to allow for early 
warning if reagents are not working. 

 
  2. Add 2.0 mL chloramine-T solution to each standard and sample 

using an automatic pipette.  Stir on vortex mixer and allow at 
least 2 minutes for the reaction to occur.  Allow a consistent 
reaction time for standards and samples. 

 
  3. Add 1.0 mL of the isonicotinic acid - barbituric acid solution, stir 

on vortex mixer and allow colour to develop for at least 60 
minutes. High concentrations may require up to two hours to 
develop completely. 

 
  4. Set up the calibration curve by zeroing with the reagent blank and 

calibrating with one of the standards (e.g. 2.0 µg).  Read and 
record the remaining standards’ absorbances and 
concentrations.  Use a light source of 578 nm. 

 
  5. Read the concentration of each sample. 
 
Calculations a)  For SAD- and WAD-Cyanides in water samples: 
 
  µg CN/mL  =              µg CN/aliq. x 100 mL                                
    colour aliq. (mL) x distillation aliq. (mL) 
 

Concentration as given by spectrophotometer or colorimeter is 
equivalent to µg/aliq. 
 
Detection limit is 0.01 ppm CN for a 500 mL sample, 100 mL distillation 
trap and a 10 mL colour aliquot. 
 

 b) For SAD- and WAD-cyanides in sediment samples: 
 
  Dry weight = Wet weight  X  (1-moisture fraction) 
 

e.g., for a 5g sample with a 30% moisture content;  dry weight = 5g  X 
(1-0.3) = 3.5g 
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µg CN/gram  =            µg CN/aliq. x 100 mL      
  dry wt. (g) x colour aliq. (mL) 

 
Detection limit is 0.30 µg/g CN for ~ 15 g sample distilled into 100mL 
and a 10mL aliquot taken for colour development. 
 

References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992.  

 b) See method 4500-CN for a general treatise.  Section E gives the 
pyridine-barbituric acid colorimetric procedure which is very similar. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual  
 December 31, 2000:  SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Cyanide; Strong Acid Dissociable (Hydrochloric Acid -
Hydroxylamine Hydrochloride Method) 
 
Parameter Cyanide; strong acid dissociable 
 
Analytical Method HCl-HH digestion; isonicotinic-barbituric acid colorimetric 
 
EMS Code a) AD cyanide (water), units = mg/L 0105 X324 
 b) D cyanide (soils), units = µg/g 0105 X494 
 
Introduction Cyanide-containing compounds occur throughout the environment and may 

be attributed to both natural and anthropogenic sources. Cyanide may be 
present in a variety of combinations with alkali alone (simple cyanides) and 
alkali with other metals (complex cyanides). Since the toxicity of cyanide to 
aquatic biota is related to the degree of dissociation of these complexes, 
analytical methods that distinguish between readily available and more stable 
forms of cyanide are appropriate. Strong acid dissociable cyanide is an 
estimation of total cyanide and includes the almost nondissociable as well as 
more readily dissociable complexes and simple cyanides.  

 
Method Summary The sample is subjected to a strong acid [hydrochloric acid - hydroxylamine 

hydrochloride (HCl-HH)] reflux digestion/ distillation. Hydrogen cyanide (HCN) 
is liberated from complex as well as simple cyanides and trapped in a weak 
NaOH solution.  An aliquot of this solution is then analyzed by a colorimetric 
technique. (See Cyanide Colour Development; Isonicotinic - Barbituric Acid 
Method.) 

 
MDL Typical: 0.05 mg CN/L 
 
Matrix Water (Soils and sediments can be analyzed by suspension in the digestion 

solution; units = µg/g). 
 
Interferences Most interfering substances are removed during the distillation process. 
 
Precautions Due to the toxicity of cyanide, care should be exercised in the manipulation of 

cyanide-containing samples. Process in a fume cabinet or other well 
ventilated area. Avoid contact with or ingestion of solutions; avoid inhalation 
of fumes. 

 
Sample Handling and 
Preservation If the sample was not preserved when taken, add NaOH to pH >10. Store at 

4°C. For samples containing high levels of sulfide, treat as follows: Pour 50 
mL of sample into a small beaker and add 2 mL CdCl2 solution. If precipitate 
appears, mix and let settle.  Decant and add more CdCl2 until no more 
precipitate is formed. From the quantity of CdCl2 solution required for 50 mL 
of sample, calculate the amount required for the whole sample and add to the 
sample container. 

 
Stability Preserved samples are stable indefinitely; however analysis within 7 days is 

recommended. 
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Procedure: 
 
Reagents for Distillation a) Hydrochloric acid - hydroxylamine hydrochloride reagent (HCl-HH) is 

prepared by dissolving 100 g NH2OH•HCl in 400mL of distilled water 
and 500 mL of conc. HCl and diluting to one litre with distilled water. 

 
 b) Sulfamic acid 
 
 c) NaOH, 0.2N 
 
 d) CdCl2 - Dissolve 15 g CdCl2 in 100 mL of deionized/distilled water. 
 
Reagents for  
Colorimetric Procedures a) Phosphate Buffer 1M: 
  Dissolve 138g of sodium dihydrogen  
  phosphate monohydrate (NaH2PO4 . H2O) in 1 litre of distilled water.  

Keep solution refrigerated. 
 
 b) Chloramine-T Solution:    Prepare Daily. 
 
  Dissolve 1g Chloramine-T in distilled water and dilute to 100mL. 
 
 c) Isonicotinic acid - Barbituric Acid Reagent - Prepare Daily. 
 
  In 1000 mL of distilled water at 60° - 70°C dissolve 1.2 g NaOH, 2.0 g 

isonicontinic acid and 1.0 g of barbituric acid.  After cooling, adjust pH 
to 8.5 with acetic acid. 

 
 d) Stock Cyanide Solution (1 mL = 1mg CN) - This stock solution should 

be standardized weekly. 
 
  Dissolve 1.8842 g NaCN in distilled water and dilute to 1000 mL.  

Adjust pH to at least 12 with NaOH.  Standardize as follows:  1.0 mL 
aliquot of stock solution in 100 mL of distilled water at pH 12, add 0.5 
mL of rhodamine indicator solution (20 mg p-
dimethylaminobenzalrhodanine in 100 mL acetone) and titrate with 
standard AgNO3 solution to a salmon-pink endpoint.  

 
  Note: Prepare a fresh stock solution when the concentration of the 

stock solution deteriorates to <900 mg/L. 
 
 e) Working Cyanide Solution (1mL = 1µg CN) - Prepare Daily. 
 
  Dilute 1 mL  (multiplied by 1/strength of stock solution in mg CN/mL) of 

stock solution in 1000 mL 0.1N NaOH solution. 
 
Procedure-HCI-HH  
Distillation a) Turn on the reflux condenser cooling water fully and add sample make- 

up water (dechlorinated tap or distilled water) to the 1L boiling flask. 
The volume of water depends on sample aliquot to be taken (Note 1).  
Insert the thistle tube and rinse the diffuser with distilled water. 

 
 b) Add 50 mL of 0.2N NaOH and ~1 mL of cadmium  chloride solution to 

the gas absorbing bottle as necessary (Note 2). Turn on  the vacuum, 
and insert the diffuser into the gas washing bottle. Adjust the vacuum to 
produce an air entry rate of 1 - 2 bubbles per second.  
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 c) Add 10 - 500 mL of sample, containing no more than 5 mg CN, to the 
boiling flask while under vacuum (Note 1).  Add 1 scoop of sulfamic 
acid under vacuum. 

 
 d) Add 25 mL of HCl-HH reagent through the thistle tube. 
 
 e) Heat digestion mixture to a controlled boil and maintain for 11/4 hours. 

Make sure samples are boiling, but not bumping over. Cooling water 
flow rate should be adjusted to maintain vapour condensation within the 
first half of the condenser. 

 
 f) Turn off heat.  After 5 minutes, add water to fill up the boiling flask.  

Turn up the vacuum to a maximum without creating an overflow in the 
gas washer. 

 
 g) Remove the gas washer and transfer contents, with rinsing, to a 100 

mL graduated cylinder. Rinse the diffusing system and the cold finger 
and add the rinsings to the graduated cylinder and bulk to 100 mL. 

 
 h) If CdCl2 was used and a precipitate or turbidity resulted, the solution 

should be filtered through Whatman 40 paper or be decanted after 
being allowed to settle. 

 
 Notes: 
 
 1. The volume of water added at this point depends on sample aliquot to 

be taken (total volume in the flask should be 700-800 mL prior to 
distillation). 

 
 2. Cadmium chloride is added to the gas washing bottles when samples 

are known or suspected to contain either sulphide, thiocyanate or 
thiosulfate. 

 
Procedure-Colorimetric 
Method a) Preparation of Standards  
  Run a full set of standards with each set. Use 0.1N NaOH for dilution. 
 
  Standard (µg) mL of 1.0 ppm STD 
 
  0 . 0 0 . 0  (Reagent Blank) 
  0 . 2 0 . 2 
  1 . 0 1 . 0 
  2 . 0 2 . 0  
  3 . 0 3 . 0  
  4 . 0 4 . 0 
 
 b) Preparation of Samples  

Sample aliquots are chosen to yield a solution containing up to 4.0 µg 
CN-.  

 
 c) Colour Development  
 
  1) Dispense 10.0mL each of standards and samples into 20mm x 

150mm disposable test tubes. 
 
  2) Add 2mL of phosphate buffer to standards and samples.  Always 

add reagents to standards first to allow early warning if reagents 
are not working. 
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  3) Add 0.2mL Chloramine-T solution using an automatic pipette.  

Stir on vortex mixer and allow at least 2.0 minutes for the 
reaction to occur. 

 
  4) Add 1.0mL of the isonicotinic acid - barbituric acid solution, stir 

on vortex mixer, allow colour to develop for at least 60 minutes;  
wait up to 2 hours for high concentrations. 

 
  5) Read at 600 nm against reagent blank. 
 
 d) Calculations  
 
  µg CN/mL =             µg CN/aliq. x 100 mL                           
               colour aliq. (mL) x distillation aliq. (mL) 
 

Detection limit is 0.005 ppm CN for a 500 mL sample distilled into 100 
mL and a 10 mL  aliquot taken for colour development. 

 
References a) Methods for Chemical Analysis of Water and Wastewater, EPA600/4-

79-020, USEPA, Revised March 1983.  Method 335.2 
 
 b) Standard Methods for the Examination of Water and Wastewater, 18th 

Edition, 1992.  Method 4500-CN E 
 
  Neither reference is specifically for the isonicotinic acid - barbituric acid 

colour procedure; both methods are for the pyridine - barbituric acid 
colour procedure which is similar. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
  



B - 42 

Physical/Inorganic 
Revision Date:  December 31, 2000 

 
Cyanide; Weak Acid Dissociable (Zinc Acetate Distillation) 
 
Parameter Cyanide; weak acid dissociable 
 
Analytical Method Zinc acetate dist.; isonicotinic - barbituric acid colorimetric 
 
EMS Code a) WAD Cyanide (water), units = mg/L 0157 X323 
 b) WAD Cyanide (soil), units = µg/g 0157 X496 
 
Introduction Cyanide may be present in a variety of combinations with alkali alone (simple 

cyanides) and alkali with other metals (complex cyanides). Since the toxicity 
of cyanide to aquatic biota is related to degree of dissociation of these 
complexes, analytical methods that distinguish between readily available and 
more stable forms of cyanide are appropriate. Weak acid dissociable cyanide 
appears to correlate well with cyanide amenable to chlorination.   

 
Method Summary In this procedure a weak acid [(CH3COO)2Zn.2H2O] reflux distillation is 

carried out to liberate hydrogen cyanide (HCN) from simple cyanides.  The 
resulting HCN is distilled from the digestion mixture and trapped in a weak 
NaOH solution.  This basic solution is then analyzed colorimetrically (See 
Cyanide -Colorimetric Isonicotinic-Barbituric Acid Method.) 

 
MDL Typical: 0.005 mg/L CN/L 
 
Matrix Water (Soils and sediments can be analyzed by suspension in the digestion 

solution; units = µg/g). 
 
Interferences and 
Precautions Most interfering substances are removed during the distillation process. Due 

to the toxicity of cyanide, care should be exercised in the manipulation of 
cyanide-containing samples. Process in a fume cabinet or other well 
ventilated area. Avoid contact with or ingestion of solutions; avoid inhalation 
of fumes. 

 
Sample Handling 1L plastic bottle; add 10N NaOH to pH 12 
and Preservation  
 
Stability Preserved samples are stable indefinitely, however, analysis within 7 days is 

recommended. 
 
Principle HCN is generated from simple cyanides and complex cyanides that 

dissociate under the conditions of the digestion process. The HCN is distilled 
into an alkaline trapping solution from which aliquots are taken for 
colorimetric analysis. 

 
Procedure 
 
Reagents for Distillation a) Acetic Acid (1 to 9): 
 
  Mix 1 volume glacial acetic acid with 9 volumes distilled water. 
 
 b) Acetate Buffer: 
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  Dissolve 410 g sodium acetate trihydrate (NaCH3COO . 3H2O) in 
500mL of distilled water.  Adjust pH to 4.5 by the addition of 1 to 9 
acetic acid. Bulk to one litre. 

 
 c) Zinc Acetate: 
 
  Dissolve 100g zinc acetate dihydrate [(CH3.COO)2 Zn  . 2H2O] in one 

litre of distilled water. 
 
Procedure a) Refer to the cyanide, strong acid dissociable, distillation  procedure. 

Follow steps 1, 2, 4, and 5.  (See Note 1). 
 
 b) Add 10 mL of acetate buffer and 10 mL of zinc acetate solution through 

the thistle tube and rinse with distilled water. 
 
 c) Continue as with the cyanide, strong acid dissociable, distillation 

procedure, from Step 7. 
 
 Note: 
 
 1. No CdCl2 is required for WAD-CN. 
 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500 -CN I. 
 
 
Revision History February 14, 1994:   Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Fluoride, Ion Selective Electrode 
 
Parameter Fluoride 
 
Analytical Method Ion selective electrode 
 
EMS Code 1106 X143 
 
Introduction The practice of fluoridation of water supplies is a contentious public health 

issue which has added to the importance of testing for fluoride. 
 
Method Summary Fluoride (F) is determined potentiometrically using a fluoride electrode in 

conjunction with a standard single junction sleeve type reference electrode 
and a pH meter. 

 
MDL Typical: 0.1 mg F/L. 
 Range:  0.1-1000 mg F/L 
 
Matrix Drinking, surface and saline waters.  Wastewater. 
 
Interferences and 
Precautions pH extremes interfere; sample pH should be between 5 and 9. Polyvalent 

cations of silicon, iron and aluminum interfere by forming complexes with 
fluoride. The degree of interference depends on complexing cations, 
concentration of fluoride and pH of sample. 

 
Sample Handling Plastic bottle, no preservation required 
and Preservation 
 
Stability M. H. T.:  28 days 
 
Principle or Procedure Selective ion meter with direct concentration scale for fluoride or pH meter 

with expanded mV scale. 
 
Precision SD = ± 0.03 at 0.85 mgF/L 
 
Accuracy Mean = 0.84 mg/L at 0.85 mgF/L 
 
Quality Control For industrial waste samples, the regular amount of buffer may not be 

adequate; check pH first.  If highly basic (pH > 9), add 1N HCl and adjust pH 
to 8.3.  [Electrodes must remain in the solution at least 3 minutes or until 
reading has stabilized (up to 5 minutes).] 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500-F C. 
 b) Methods for Chemical Analysis of Water and Wastes  EPA-600/4-

79-020, USEPA, Revised March 1983, Method 340.2 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Moisture Content 
 
Parameter Moisture content 
 
Analytical Method Homogenize, gravimetric 105°C 
 
EMS Code 0025 X233 
 
Introduction The moisture content of soils, sediments, sludge and plant tissue can vary 

significantly and, while the analysis is more appropriately performed on the 
sample ‘as received’, it affords a more consistent basis for interpretation of 
results if they are reported on a ‘dry weight’ basis.  

 
Method Summary The sample is homogenized, moisture is removed by heating and the residue 

is determined gravimetrically. 
 
MDL Typical:  0.1%  
 
Matrix Soil, sediment, sludge or plant tissue 
 
Interferences and 
Precautions Any volatile component of the sample will be lost on heating and calculated 

as moisture. 
  
Sample Handling Plastic or glass wide-mouth bottles, ‘Whirl-Pak®’ bags. 
and Preservation No preservation required; samples may be stored frozen. 
 
Stability M. H. T.:  indefinite if hard frozen 
 
Principle or Gravimetric, loss of weight on heating 
Procedure  
  
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References None listed. 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Organics 
Revision Date:  March 31, 2005 

 

Nitrilotriacetic Acid by Colourimetry - PBM 
 
Parameter Nitrilotriacetic Acid - NTA 
 
Analytical Method Zinc – Zincon Colourimetry 
 
Introduction Nitrilotriacetic acid (NTA) is used primarily in laundry detergents as a 

replacement for phosphates and in the treatment of boiler water to prevent 
accumulation of mineral scale. Concentrations in drinking-water usually do 
not exceed a few micrograms per litre. 

 
NTA is not metabolized in animals and is rapidly eliminated, although some 
may be briefly retained in bone. It is of low acute toxicity to animals, but it has 
been shown to produce kidney tumours in rodents following long-term 
exposure to high doses. IARC has placed NTA in Group 2B. It is not 
genotoxic, and the reported induction of tumours is believed to be due to 
cytotoxicity resulting from the chelation of divalent cations such as zinc and 
calcium in the urinary tract, leading to the development of hyperplasia and 
subsequently neoplasia. 

 
Method Summary This method is applicable to waters in the range of 0.05 – 5 mg/L NTA.  It is 

not applicable to salt waters.  In this method, zinc forms a coloured complex 
with 2-carboxy-2’-hydroxy-5’-sulfoformazylbenzene (Zincon) in a solution 
buffered to pH 9.2.  When NTA is added, the Zinc – Zincon complex is 
broken which reduces the absorbance in proportion to the amount of NTA 
present. 

 
This method is performance-based.   Laboratories may adopt alternative 
options to improve performance or efficiency provided that all stated 
performance requirements and prescribed (mandatory) elements are met. 

 
MDL and EMS Codes Analyte Approx. MDL (mg/L) EMS Code 
    
 Nitrilotriacetic acid 0.05  
    
Matrix Surface, ground and potable waters.  TCLP leachates can also be analyzed.  

Not applicable to saline waters. 
 
 
Interferences and  
Precautions Cations such as calcium, magnesium, zinc, copper, iron, and manganese 

complex with NTA and give a negative interference.  These ions must 
therefore be removed by batch treating samples with ion-exchange resin.  At 
concentrations higher than expected in typical river waters, only zinc, copper, 
and iron were not completely removed with ion-exchange treatment. 

 
Sample Handling  
and Preservation Glass or plastic bottles minimum 250 mL.  No Preservative is required. 
 
 
Stability Holding Time:   7 days 
 Storage:  4 ± 2 C 
 
Procedure Reagent and Standard Preparation:   
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 Reagent water.  Use deionized or distilled water.   
 
 Sodium hydroxide, 6N.  Dissolve 120 g NaOH in reagent water and dilute to 

500 mL.  
 
 Buffer.  Dissolve 31 g boric acid and 37 g potassium chloride in 800 mL 

reagent water.  Adjust pH to 9.2 with 6N NaOH.  Dilute to 1 L. 
 
 Hydrochloric acid, 2N.  Dilute 83 mL concentrated HCl to 500 mL with distilled 

water. 
 
 Zinc solution.  Dissolve 0.44 g ZnSO4

.7H2O in 100 mL 2N HCl and dilute to 1 
L with reagent water. 

 
 Sodium hydroxide, 1N.  Dissolve 4 g NaOH in reagent water and dilute to 100 

mL. 
 
 Zinc – Zincon solution.  Dissolve 0.0325 g Zincon (2-carboxy-2’-hydroxy-5’-

sulfoformazyl benzene) in 0.5 mL of 1N NaOH.  Add 75 mL of buffer.  While 
stirring, add 3.75 mL of Zinc solution and dilute to 250 mL with reagent water. 

 
 Ion-exchange resin.  Amberlite IR-120 (plus), Na+ form (or equivalent). 
 
 Standard Preparation 
 
 Stock NTA calibration solution.  Dissolve 1.000 g N(CH2COOH)3 in reagent 

water, add 0.1 g NaOH and make up to 1 L in a volumetric flask.  1.00 mL = 
1.00 mg NTA.  This stock solution may be stored for up to 2 years.   

 
 Prepare calibration standards from the stock NTA calibration solution as 

shown in Table 1.  Pipette the amounts shown into 100 mL volumetric flasks, 
then dilute to volume using reagent water.  These solutions must be prepared 
fresh for each run. 

 
 

Table 1 
NTA Calibration Standards 

 
Volume of Stock Calibration Standard 
Calibration Solution, Concentration 
 mL mg/L 
 
 0.0  0.0 
 0.04  0.4 
 0.1  1.0 
 0.2  2.0 
 0.3  3.0 
 0.5  5.0 

 
 QC Standard stock solution.  Using a different source from that used to 

prepare the stock calibration solution, dissolve 1.000 g N(CH2COOH)3 in 
reagent water and make up to 1 L in a volumetric flask.  1.00 mL = 1.00 mg 
NTA.  This stock may be stored for up to 2 years. 

 
 QC Standard solution, 2 mg/L.  Pipette 0.2 mL of the QC Standard stock 

solution into a 100 mL volumetric flask and dilute to volume with reagent 
water.  Prepare fresh for each run. 
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 Spiked Samples (Matrix Spikes).  To prepare spiked samples for QC 
purposes, pipette 1.5 mL of a sample and 1.5 mL of the 2 .0 mg/L calibration 
standard into a test tube and mix thoroughly. 

 
 Sample Preparation 
 
 Filter about 50 mL of well-mixed sample through a 0.45 µm membrane filter. 
 
 Procedure 
 
 Treat standards and blank in the same manner as filtered samples. 
 
 To a 25 mL sample in a 50 mL centrifuge tube add about 2.5 g ion-exchange 

resin.  Agitate sample for at least 15 minutes. 
 
 Filter through coarse filter paper to remove resin. Pipette 3.0 mL of filtrate 

into a 17 x 100 mm polypropylene test tube.  Add 5.0 mL Zinc – Zincon 
solution by pipette. 

 
 Using a Spectrophotometer, read absorbance against reagent water at 620 

nm in a 1 cm or 2 cm cell.  Record the absorbances of the calibration 
standards as given in the run layout in Table 4.  The difference between the 
absorbance for the calibration blank and the absorbance for the 1.0 mg/L 
calibration standard is used as an instrument sensitivity check.  Record this 
reading.  If the instrument sensitivity is acceptable (within limits based on 
historical data), continue running standards and samples according to the run 
layout.  If the instrument sensitivity is unacceptable, stop the run and take 
whatever corrective action is needed to bring sensitivity within the acceptable 
range before proceeding with analysis. 

 
 Establish the calibration curve relating the absorbances of the calibration 

standards to their concentrations.  A quadratic (second order) calibration 
should be used if the response relationship is non-linear.  Because NTA 
breaks the coloured complex which is being measured, increasing NTA 
concentration causes a decrease in absorbance. 

 
 In order for the calibration curve to be acceptable, each of the high level 

standards must lie within 15% of the curve and the low standard within 20% 
(For example, using the calibration curve, the calculated concentration for the 
5.0 mg/L standard must lie between 4.25 mg/L and 5.75 mg/L).  If this 
condition is not met, the entire calibration must be rerun. 

 
 The following sequence of calibration standards, QC, and samples is 

recommended:  
 

1 Cal Blank (0 µg/L) 
2 Cal Std 0.4 mg/L 
3 Cal Std 1.0 mg/L 
4 Cal Std 2.0 mg/L 
5 Cal Std 3.0 mg/L 
6 Cal Std 5.0 mg/L 
7 Lab Control Sample (LCS) 
8 Initial Calibration Blank, ICB 
9 Sample 1 
10 Sample 1 Duplicate 
11 Sample 1 Spiked (Matrix Spike) 
12 Sample 2 
13 Sample 3 
. . 
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. . 

. . 
30 Sample 20 
31 QC A, Continuing Calibration Verification (CCV) 
32 Continuing Calibration Blank CCB (CCB) 

 
 Calculations 
   
 Calculate sample and QC concentrations from the calibration curve using the 

measured absorbances.  Report values in mg/L as NTA. 
 
Performance  
Requirements Any analytical method options selected for this analysis must meet or exceed 

the performance requirements specified below. 
 
 Accuracy and Precision requirements apply to measures of long term method 

performance (averages and standard deviations). Achievement of these 
requirements is to be demonstrated during initial and ongoing method re-
validation studies.  They do not constitute acceptance criteria or Data Quality 
Objectives for individual Quality Control samples.  For Initial Validations, 
averages of at least 8 spikes or CRMs must be assessed (preferably taken 
from multiple analytical batches).  Ongoing Re-validations (performance 
reviews) should assess QC data encompassing longer timeframes (e.g. 6 
months to 1 year).  A minimum frequency of 2 years is recommended for 
Ongoing Re-validations of routinely performed tests. 

 
 Accuracy Requirement:  Laboratories must demonstrate method accuracy 

(measured as average recovery) of 85% to 115% or better for clean matrix 
spikes or certified reference materials at concentrations above ten times the 
MDL.  

 
 Precision Requirement:  Laboratories must demonstrate method precision 

equal to or better than 15% relative standard deviation for a minimum of 8 
clean matrix spikes at concentrations above ten times the MDL. 

 
 Sensitivity Requirement:  Where possible, the method should generate 

Method Detection Limits that are less than 1/5 of applicable numerical 
standards.  The method is not fit-for-purpose if an MDL exceeds a guideline, 
standard, or regulatory criteria against which it will be used for evaluation of 
compliance. 

 
Quality Control Summary of QC Requirements 
 
 QC Component Minimum Frequency Minimum Data Quality  
   Objectives* 
 Method Blank One per batch Less than reported DL 
 Lab Control Sample  
 or Ref. Material One per batch 80% to 120% or better 
 Lab Duplicates Approximately 5-10%   
  or one per batch 20% RPD 
 Matrix Spike (Optional) Approximately 5-10%  
  or one per batch 70% to 130% or better 
 Control Standard / Initial  
 Calibration Verification (ICV) One per batch 80% to 120% 
 Continuing Calibration  
 Verification (CCV) Every 20 samples  
  and end of run 80% to 120% 
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 Continuing Calibration  
 Blank (CCB) Every 20 samples  
  and end of run Less than reported MDL 
   

* Minimum DQOs apply to individual QC samples, not averages, and only at levels above 10x 
MDL.  If any DQOs are exceeded at a frequency of more than ~5%, the laboratory’s method 
should be reviewed in an attempt to improve its performance.  Laboratories should report 
qualified data when DQOs are not met, unless other evidence demonstrates that the quality of 
associated sample data has not been adversely affected.  

   
 Method Blank: Required. Minimum one per batch or as necessary to ensure 

contamination control. 
 
 Lab Duplicates: Required. Replicate all components of the test from start to 

finish.  Random duplicate selection at an approximate frequency of 5-10% is 
recommended.   

 
 Lab Control Sample:   Required.  Minimum one per batch.  The LCS is 

generally a clean matrix (water) spiked with analyte at a level above ten times 
MDL. 

 
 Control Standard / Initial Calibration Verification (ICV):  Required. A 

control standard from a source separate from the calibration standard must 
be analyzed to monitor calibration accuracy. 

 
 Continuing Calibration Verification (CCV):  Required.  Calibration 

standards (typically a mid-point standard) must be analyzed periodically 
throughout the instrument run to monitor calibration drift.  A control standard 
may serve the same purpose. 

 
 Continuing Calibration Blank (CCB):  Required.   
 
Prescribed Elements The following components of this method are mandatory: 
 
 a)  Use of the chemistry described above, including ion exchange 

pretreatment, is mandatory.  Volumes / ratios etc. may be modified.   
 
 b)    All QC and Calibration Criteria must be met.  
 
 Apart from these limitations, and provided performance requirements are 

met, laboratories may introduce modifications to this method in order to 
improve quality or efficiency.  Laboratories must disclose to their clients 
where modified or alternative methods are employed. 

 
References a)   U.S. EPA Methods for Chemical Analysis of Water and Wastes, 

Method 430.1 (1). 
 
Revision History March 31, 2005 First version published in BC Lab Manual. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Nitrogen, Ammonia, Automated Berthelot Colorimetric 
 
Parameter Nitrogen, ammonia 
 
Analytical Method Automated Berthelot colorimetric method 
 
EMS Code 1108 X326 
 
Introduction Ammonia is present naturally in surface and wastewaters.  It is produced 

largely by the hydrolysis of urea and by the deamination of organic 
nitrogen-containing compounds. 

 
Method Summary Alkaline phenol and hypochlorite react with ammonia to form indophenol blue 

that is proportional to ammonia concentration.  Sodium nitroprusside 
intensifies the blue colour thus formed. 

 
MDL Typical: 0.005 mg/L 
 Range:  0.005 to 2.0 mg NH3-N/L  
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Calcium and magnesium ions may be present in concentrations sufficient to 

cause precipitation problems during analysis.  Sample turbidity and colour 
may interfere with this method. 

 
Sample Handling Plastic or glass (400 mL).  Cool, 4°C. , H2SO4 to pH < 2. 
and Preservation 
 
Stability M. H. T.: 72 hours, unstabilized 
   28 days, stabilized. 
 
Principle or Procedure Autoanalyzer with spectrometer and 630-660 nm filters and 15mm or 50mm 

tubular flow cell.  A manual version of this method may also be employed. 
 
Precision SD = ± 0.005 at 4 concentrations (0.43 -1.41 mg NH3-N/L) 
 
Accuracy At concentrations 0.16 and 1.44, recoveries were 107% and 99% 

respectively. 
 
Quality Control All solutions must be made using ammonia-free water.  When saline waters 

are analyzed, synthetic ocean water is used to prepare standards. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992.  Method 4500- NH3  H. 
 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-

79-020, USEPA, Revised March 1983. Method 350.1 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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       Physical/Inorganic 
 Revision Date: December 31, 2000 

 

Nitrogen, Ammonia, Ion Selective Electrode 
 
Parameter Nitrogen, ammonia, dissolved 
  
Analytical Method Ion selective electrode 
 
EMS Code 1108 X143 
 
Introduction Ammonia is present naturally in surface and wastewaters.  It is produced 

largely by deamination of organic nitrogen-containing compounds and 
hydrolysis of urea. 

 
Method Summary The ammonia is determined potentiometrically using an ion selective ammonia 

electrode.  The NH3 electrode uses a hydrophobic gas-permeable membrane to 
separate the sample from NH4Cl internal solution. 

 
MDL Typical: 0.05 mg/L 
 Range: 0.05 to 1400 mg NH3-N/L 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Volatile amines act as a positive interference.  Mercury interferes by forming 

a complex with ammonia.  Thus the sample cannot be preserved with 
mercuric chloride. 

 
Sample Handling Plastic or glass (400 mL).  Cool, 4°C.  H2SO4 to pH <2. 
and Preservation 
 
Stability M. H. T.: 72 hours, unstabilized 
   28 days, stabilized 
 
Principle or Procedure pH meter with expanded mV scale or specific ion meter 
 
 
Precision SD = ± 0.038 at 1.00 mg NH3-N/L 
 
Accuracy Recoveries = 96 and 91% at 0.19 and 0.13 mg NH3-N/L 
 
Quality Control Distilled water must be ammonia free.  When analyzing saline waters, 

standards must be made up in synthetic ocean water.  See EPA Method 
350.1 for preparation directions. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500-NH3 G 
 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-

79-020, USEPA, Revised March 1983. Method 350.3 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 
Nitrogen, Nitrite 
 
Parameter Nitrite nitrogen, dissolved 
  
Analytical Method Automated colorimetric, diazotization 
 
EMS Code 1111 X327 
 
Introduction Nitrite is of concern for a number of reasons including the formation  of 

nitrosamines under acidic conditions. 
 
Method Summary The diazonium compound formed by diazotization of sulfanilamide by nitrite in 

water under acid conditions is coupled with N- (1-naphthyl)- ethylene-diamine 
dihydrochloride to produce a reddish-purple colour. 

 
MDL Typical: 0.005 mg N/L 
 Range:  0.005-1.0 mg NO2-N/L 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Highly coloured samples may give high results.  Strong oxidants or  

reductants readily affect nitrite concentrations.  High alkalinity (>600 mg/L) 
gives low results due to a pH shift. 

 
Sample Handling Plastic or glass (50 mL).  Cool, 4°C. 
and Preservation 
 
Stability M. H. T.:  48 hours 
 
Principle or Procedure Spectrophotometer at 540 nm with 1 cm or larger cells.  An auto-analyzer 

may also be employed. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Use distilled water free of nitrite and nitrate to prepare all reagents and 

standards.  If sample pH is >10 or total alkalinity is >600mg/L, adjust pH to 6 
with 1:3 HCl.  If necessary, filter sample through 0.45 µm filter using the first 
portion of the filtrate to rinse the filter flask. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500-N03 F 
 b) Methods for Chemical Analysis of Water and Wastes EPA 600/4-79-

020, USEPA, Revised March 1983. Method 354.1 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Nitrogen, NO3 + NO2, Automated Cadmium Reduction, 
Colorimetric 
 
Parameter Nitrogen, nitrate + nitrite 
 
Analytical Method Automated cadmium reduction, diazo. colorimetric 
 
EMS Code 1109 X328 
 
Introduction Total oxidized nitrogen is the sum of nitrate and nitrite.  Nitrite is of concern 

for a number of reasons including the formation of nitrosamines under acidic 
conditions. 

 
Method Summary A filtered sample is passed through a column containing granulated 

copper-cadmium to reduce nitrate to nitrite.  Any nitrite already present is 
unaffected. The nitrite is determined by diazotizing to form a highly coloured 
azo dye.  For the determination of nitrite alone, the reduction step is 
eliminated and nitrate can be determined by difference. 

 
MDL Typical:  0.02 mg N/L 
 Range:  0.02 to 10.0 mg(NO3/NO2)-N/L 
 
Matrix Surface and saline waters. Wastewater. 
 
Interferences and 
Precautions Build-up of suspended matter in reduction column restricts sample flow.  Low  

results may be found on samples with high concentrations of iron, copper or 
other metals, and samples with large concentrations of oil and grease will 
coat the surface of the cadmium. 

 
Sample Handling Plastic or glass (100 mL) 
and Preservation Cool, 4°C;  H2SO4 to pH < 2 
 
Stability M. H. T.: 72 hours, unstabilized 
   28 days, stabilized 
 
Principle or Procedure Autoanalyzer with 540 nm filters and 15 or 50mm tubular flow cell.  A manual 

version of this technique is also available. 
 
Precision SD = ± 0.176 mg N/L at 2.48 mg (NO3/N02)-N/L 
 
Accuracy As bias, -0.067 mg N/L at 2.48 mg (NO3/NO2)-N/L 
 
Quality Control Caution:  samples for reduction column must not be preserved with mercuric 

chloride.  When samples to be analyzed are saline waters, synthetic ocean 
water should be used in the preparation of standards. (See EPA Method 
350.1).  The range may be extended with sample dilution. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992. Method 4500-N03 F 

 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-
79-020, USEPA, Revised March 1983. Method 353.2 (353.3 for manual 
procedure). 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Nitrogen, NO3 + NO2, Manual Cadmium Reduction, Colorimetric 
 
Parameter Nitrogen, nitrate + nitrite 
 
Analytical Method Cadmium reduction, manual 
 
EMS Code 1109 X020 
 
Introduction Total oxidized nitrogen is the sum of nitrate and nitrite.  Nitrite is of concern 

for a number of reasons including the formation of nitrosamines under acidic 
conditions. 

 
Method Summary A filtered sample is passed through a column containing granulated 

copper-cadmium to reduce nitrate to nitrite.  The nitrite is determined by 
diazotizing to form a highly coloured azo dye. 

 
MDL Typical: 0.02 mg N/L 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Build-up of suspended matter in the reduction column restricts sample flow. 

Low results may be obtained on samples with high concentrations of iron, 
copper or other metals.  Samples with large amounts of oil and grease coat 
the surface of the cadmium, decreasing efficiency. 

 
Sample Handling Plastic or glass (100 mL) 
and Preservation Store cool, 4°C;  H2SO4 to pH <2 
 
Stability M. H. T.: 48 hours, unstabilized 
   28 days, stabilized 
 
Principle or Procedure Spectrophotometer at 540 nm with 1 cm or longer cells. 
 
Precision SD= ± 0.004 and 0.005 at 0.24 and 0.55 mg (NO3/NO2)-N/L. 
 
Accuracy Recoveries were 100 and 102% at 0.24 and 0.55 mg (NO3/NO2)N/L. 
 
Quality Control Caution:  samples for reduction must not be preserved with mercuric chloride. 

Carry out procedures for turbidity removal, oil and grease removal and add 
EDTA to eliminate high concentrations of metals interference.  The range 
may be extended with sample dilution. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500-N03-E. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983, Method 353.3  
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Nitrogen, Nitrate, Ion Chromatography 
 
Parameter Nitrate nitrogen, dissolved 
  
Analytical Method Ion chromatography 
 
EMS Code a)   filtered sample 1110 X044 
 b) unfiltered clear sample 0110 X044 
 
Introduction Nitrate generally occurs in trace quantities in surface water but may attain 

high levels in some groundwater.  It is an essential nutrient for many 
photosynthetic autotrophs and thus a concern at wastewater discharge 
points. 

 
Method Summary A small volume of sample, typically 2 to 3 mL, is introduced into an ion 

chromatograph.  The anions of interest are separated and measured using a 
system comprised of a guard column, separator column, suppressor column 
and conductivity detector. 

 
MDL Typical: 0.013 mg N/L 
 
Matrix Drinking and surface waters, mixed wastewater. 
 
Interferences and  
Precautions Interferences can be caused by substances with retention times similar to 

and overlapping those of the ion of interest.   Large amounts of an anion can 
interfere with peak resolution of an adjacent anion.  Method interference can 
be caused by reagent or equipment contamination. 

 
 NOTE:  Results are to be reported as N 
 
Sample Handling Plastic or glass 
and Preservation Store cool, 4°C 
 
Stability M. H. T.: 72 hours 
 
Principle or Procedure Ion chromatograph complete with guard, separator and suppressor columns 

and equipped with a conductivity detector.  
 
Precision SD = ± 0.365 mg/L at 31.0 mg NO3-N/L  (Drinking water) 
 
Accuracy Mean recovery = 100.7% at 31.0 mg NO3-N/L (Drinking water) 
 
Quality Control The laboratory should spike and analyze a minimum of 10 % of all samples to 

monitor continuing lab performance.  Field and laboratory duplicates should 
be analyzed.  Measure retention times of standards.  (Nitrate exhibits large 
changes in retention times). 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992, Method 4110. 

 b) EPA-600/4-84-017, Test Method Technical Addition to Methods for 
Chemical Analysis of Water and Wastes (EPA-600/4-79-020), USEPA, 
Revised March 1983 Method 300.0 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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      Physical/Inorganics - PBM 
Revision Date:  March 31, 2004 

 

Total and Dissolved Nitrogen (TN) by Combustion with 
Chemiluminescence Detection - PBM 
 
 
Parameter   Total Nitrogen as N (also known as Total Bound Nitrogen, TNb). 
 
Analytical Method  Oxidation of bound nitrogen components by thermal combustion with 

quantification of nitrogen by chemiluminescence detection.  This is a 
performance based method. 

 
Introduction   The method is applicable to the determination of total nitrogen in water, which 

includes free ammonia, ammonium, nitrite, nitrate and organic compounds 
capable of conversion to nitrogen oxides under oxidative conditions (e.g. 
proteins, peptides, nucleic acids, urea).  This method does not determine 
molecular Nitrogen (N2).   

 
   This method is superior to classical Total Kjeldahl Nitrogen methods in that 

certain refractory nitrogen containing organics not included in TKN are 
captured here.  Organic nitrogen can be determined by difference (TN minus 
ammonia, nitrite, and nitrate), but is subject to a high degree of uncertainty 
when the sum of ammonia, nitrite, and nitrate approaches the TN 
concentration. 

 
Method Summary  Combustible contents of an aqueous sample are decomposed at 

temperatures above 700oC (with a catalyst), or above 1100oC (catalyst 
optional) under oxidative conditions to quantitatively convert bound nitrogen 
into nitrogen oxides (NOx).  The NOx is then quantified using a 
chemiluminescence detector after reaction with ozone. 

 
    This method is performance-based.  The method may be optimized or 

modified provided that specified performance requirements are met and 
prescribed elements are followed. 

 
MDL and    Analyte    Approx. MDL  EMS Code 
EMS Code   Total Nitrogen   0.05 to 0.5 mg/L 
    Total Dissolved Nitrogen  0.05 to 0.5 mg/L 
 
Matrix    Fresh Water  
    Wastewater  
    Marine Water 
    Effluent 
 
Interferences and   
Precautions   Depending on the instrument used, interferences may arise from memory 

effects. These may occur either from samples or standard solutions with high 
amounts of bound nitrogen. 

 
    Potential problems may arise with samples containing high total organic 

carbon (TOC) concentrations.  The analysis of samples containing high TOC 
(e.g. > 100 mg/L) will lead to low biased results for nitrogen.  Samples with 
high TOC must be diluted to prevent this bias (or sample spikes may be 
conducted to verify adequate recovery). 
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    Moisture must be removed from combustion gases prior to detection to 
prevent quenching of the chemiluminescence detector. 

 
    The presence of HCl preservative in samples causes decreased detector 

response, so the use of matrix-matched calibration standards with respect to 
HCl is mandatory. 

 
    Not all organic nitrogen compounds are quantitatively converted to nitrogen 

oxides by the oxidation procedure used (i.e. azides).  Refer to Table 1 for 
typical combustion recovery rates of single compounds (ref. EN 12260).  
Method validation steps must include an evaluation of the recoveries of 
various nitrogen species. 

 
Due to increasing analytical uncertainties, this method cannot accurately 
determine Organic Nitrogen (by difference) when the sum of ammonia, 
nitrate, and nitrite approaches the Total Nitrogen concentration. 

 
Sample Handling    
And Preservation  When  sampling,  ensure  that  a  representative sample is obtained, and that 

the sample is not contaminated.  Refer to the BC field sampling method for 
further guidance. 

 
    Sample containers can be glass or plastic.  50-100mL polyethylene bottles 

are recommended if samples will be frozen. 
 
    Degradation of some forms of nitrogen may occur in some samples due to 

biological activity unless preservation steps are taken. 
 
    Samples should be cooled to 4°C or frozen as soon as possible after 

sampling. 
 
    If analysis cannot be completed within 72 hours, samples should either be 

frozen or acidified to < pH 2 with HCl.  
 
Stability   Holding Time – Unpreserved samples must be analyzed as soon as 

possible, at least within 72 hours from the time of sampling.  Freezing the 
sample extends the holding time to 14 days.  Preservation with HCl to <pH 2 
extends the holding time to up to a maximum of 28 days (ref: APHA), but 
analysis of preserved samples within 8 days is recommended. 

 
    Storage – Store at 4°C or frozen (recommended temperature –15 to –20°C). 
 
Procedure   Detailed instrumental procedures are not provided in this method, since they 

are specific to each individual total nitrogen analyzer.  Appropriate 
procedures and guidelines are described in ASTM method D 5176 – 91, 
European method EN 12260, German method DIN 38 409 (Part 27), or within 
the instrument manuals provided with the specific instrumentation used for 
the analysis.  Some general guidelines and recommendations are 
summarized below. 

 
    Working standards for this method should be prepared daily.  A mixture of 

Urea and Tris (hydroxymethyl)aminomethane (1:1 as mg/L N) is 
recommended as the reference standard for calibration. 

 
    Most references for this methodology recommend using an average of 

multiple replicate measurements for TN.  This practice is recommended as a 
means of improving the precision of the method, and as an additional quality 
control measure for the prevention of memory effects. 
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    Total Nitrogen should be reported in units of mg of Nitrogen per litre of water.  
If samples are filtered, results should be reported as Total Dissolved 
Nitrogen. 

 
Prescribed Elements Required elements of this method that may not be modified include the 

following: 
 
   Combustion temperature must equal or exceed 1100°C if no catalyst is used, 

or must equal or exceed 700°C if an appropriate catalyst is used. 
 
   Chemiluminescence detection is a requirement of this method. 
 
   Calibration standards must be matrix matched with samples (particularly with 

respect to the HCl preservative). 
 
   Samples with TOC values exceeding 100 mg/L must be diluted prior to TN 

analysis (or must be spiked to verify acceptable recovery). 
 
   Specified preservation options and maximum holding times are mandatory. 
 
   Samples for Total Dissolved Nitrogen must be filtered through a 0.45 µm filter 

prior to analysis, and prior to preservation if samples are preserved. 
 
   Requirements specified under the Quality Control section of this method are 

mandatory. 
 
Performance   
Requirements  Any analytical method options selected for this analysis must meet or exceed 

the performance requirements specified below.  Achievement of these 
requirements must be demonstrated during method validation. 

 
Accuracy    Any instrumental conditions selected must be able to achieve average 

recoveries of (100±15)% on clean matrix spikes of urea and nicotinic acid at 
concentrations above ten times the MDL.  The recoveries of other more 
refractory nitrogen compounds (e.g. EDTA, humic acid, and selected 
compounds from Table 1) must be investigated during method validation in 
order to optimize instrument conditions, and to verify that adequate 
recoveries are achieved for a wider range of nitrogen compounds. 

 
Precision   The method must generate precision equal to or better than 15% relative 

standard deviation for clean matrix spikes at concentrations above ten times 
the MDL.  Using averages of multiple sample readings improves the precision 
of the method. 

  
Sensitivity  
Requirement    None.  The method must be capable of achieving MDLs that meet the data 

quality objectives of the intended application. 
  
   The above values do not indicate routine control limits for QC samples, which 

are to be established independently by each laboratory (see Quality Control 
section). 
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Quality Control 
Method    Method Blanks:   Analyze  at  least  one  Method Blank with each sample 

batch. Blank results should be below reported detection limits, or data must 
be qualified.  A transportation blank may be carried along with the samples to 
check for contamination during handling. 

 
    Duplicates:  Sample duplicate analyses are recommended at a frequency of 

about 5-10%. 
 
    Spikes / Reference Materials:  At least one Clean Matrix Method Spike or 

Reference Material must be analyzed with each batch.  Recommended spike 
materials include nicotinic acid or urea. 

  
    Control Standard:  If the spike sample is prepared from a secondary source 

from calibration standards, it can also function as a Control Standard.  
Otherwise, a separate Control Standard is required. 

 
    Laboratories should establish suitable control limits and corrective actions for 

all Quality Control steps.  
 
Recovery Data   Table 1: Single Compound Recovery Rates for TN(b) (taken from EN 

12260). 
 

Test Substance Recovery (%) Test Concentration 
Range (mg/L) 

Ammonium sulfate 95 to 100 1 to 100 
Potassium nitrate 97 to 105 10 to 50 
Sodium nitrate 101 not specified 
Caffeine 98 not specified 
Glycine 95 to 99 10 
Urea 92 to 99 10 
Nicotinic acid 98 to 102 not specified 
Glutamic acid 97 not specified 
Thiocyanates 98 not specified 
Acetanilide 99 not specified 
1,6-Hexanediamine 96 to 101 10 to 50 
Nitrophenols 93 to 102 10 to 50 
Nitroanilines 91 to 100 10 to 50 
Arginine 94 to 106 10 to 50 
Sodium azide 54 not specified 
Benzonitrile 94 to 102 20 
Potassium 
hexacyanoferrate(III) 

99 10 

Potassium 
hexacyanoferrate(II) 

92 to 96 10 

Purine 95 to 101 20 
Calcium nitrate 99 to 102 10 
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References   ASTM D5176-91 (2003) – Total Chemically Bound Nitrogen in Water by 

Pyrolysis and Chemiluminescence Detection. 
 
    EN 12260 (2001) – Determination of Nitrogen – Determination of bound 

nitrogen (TNb) following oxidation to nitrogen oxides. 
 
    DIN 38 409 Part 27 (1992) – Determination of Total Bound Nitrogen (H27), 

German Standard Methods for the examination of water, waste water, and 
sludge. 

 
    J. H. Sharp et al, A direct instrument comparison for measurement of total 

dissolved nitrogen in seawater, Marine Chemistry 84 (2004) 181-193. 
 
    El-Sayed A. Badr et al, Determination of dissolved organic nitrogen in natural 

waters using high-temperature catalytic oxidation, Trends in Analytical 
Chemistry, Vol. 22, No. 11 (2003) 819-827. 

 
    Ammann A. A. et al, Simultaneous Determination of TOC and TNb in Surface 

and Wastewater by Optimised High Temperature Catalytic Combustion, Wat. 
Res. Vol. 34, No. 14 (2000) 3573-3579. 

 
    D. A. Bronk, M. W. Lomas, P. M. Glibert, K. J. Schukert and M. P. 

Sanderson, Total dissolved nitrogen analysis: comparisons between the 
persulfate, UV and high temperature oxidation methods, Marine Chemistry 69 
(2000) 163-178. 

 
    Eaton, A., Clesceri, L.s., Greenberg, A.E., (eds.) 1998.  Standard Methods for 

the Examination of Water and Wastewater.  Section 4500-N Nitrogen.  
APHA-AWWA-WPCF.  20th ed. 

 
Revision History  March 31, 2005:  First version published in BC Lab Manual. 
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   Physical/Inorganics - PBM 
 Revision Date: March 31, 2005 
 

Total and Dissolved Nitrogen by Persulphate Oxidation - PBM 
 
 
Parameter Total Nitrogen as N 
  
Analytical Method Alkaline persulphate oxidation followed by colourimetry 
 
Introduction Total nitrogen is the sum of most inorganic and organic forms of nitrogen, 

with the exception of molecular nitrogen (N2).  Total nitrogen includes free 
ammonia, ammonium, nitrite, nitrate, and all digestible forms of organic 
nitrogen (e.g. proteins, peptides, nucleic acids, urea).  Some refractory 
nitrogen containing compounds are poorly recovered.  The method is 
superior to the classical TKN in that certain refractory nitrogen containing 
organics that are not included in the TKN procedure are captured here. 

 
If ammonia, nitrate and nitrite are determined independently, organic nitrogen 
can be determined by difference, but is subject to a high degree of 
uncertainty when the sum of ammonia, nitrite, and nitrate approaches the TN 
concentration. 

 
Method Summary All digestible forms of nitrogen, both organic and inorganic, are converted to 

nitrate by alkaline persulphate oxidation.   
 

Nitrate is then determined by colourimetry.  The nitrate in a digested portion 
of the sample is quantitatively reduced to nitrite in a reductor column 
containing amalgamated cadmium filings.  The nitrite yielded by the reduction 
is then determined by diazotizing with sulfanilamide and coupling with N-(1-
naphthyl)-ethylenediamine to form an azo dye which is measured 
colourimetrically at 520 nm. 

 
This method is performance-based.   Laboratories may adopt alternative 
options to improve performance or efficiency provided that all stated 
performance requirements and prescribed (mandatory) elements are met. 

 
MDL and    Analyte    Approx. MDL  EMS Code 
EMS Code   Total Nitrogen   0.02 mg/L  F005 
    Total Dissolved Nitrogen  0.02 mg/L 
 
Matrix Potable water, effluents, wastewater, groundwater, surface water. 
 
Interferences and 
Precautions  If present in sufficient concentration Hg(II) and Cu(II) ions may interfere by 

forming complexes having absorption bands in the region of colour 
measurement. 

 
   Any colour associated with the sample matrix that absorbs in the 520 nm 

photometer range. 
 
   The persulphate digestion is not effective in water samples with high organic 

loading.  Matrix spikes using an organic nitrogen compound should be 
performed on samples that are suspected or known to have high organic 
loading (as indicated by historical records, by analysis for TOC, or by physical 
properties like turbidity, odour, or colour).  Dilution of samples before 
digestion improves recoveries.  Ammonia may be run simultaneously with TN 
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as a digestion efficiency check (detectable levels of NH3 indicate incomplete 
digestion). 

 
Due to increasing analytical uncertainties, this method cannot accurately 
determine Organic Nitrogen (by difference) when the sum of ammonia, 
nitrate, and nitrite approaches the Total Nitrogen concentration. 

 
Sample Handling and 
Preservation Glass or plastic bottles may be used. 

Samples should be stored at 4°C and may be unpreserved or preserved with 
H2SO4 to pH = 2. 
Samples requiring total dissolved nitrogen must be filtered through a 0.45 µm 
filter prior to analysis and prior to preservation if samples are preserved. 

 
Stability Holding Time:   3 days unpreserved 
               28 days preserved  (ref: APHA) 
 
Procedure Note: If water samples have been preserved with sulphuric acid, an 

aliquot must be neutralized to pH 6 - 8 before the addition of the 
digestion solution. 

 
10 mL samples (or 10 mL portions of diluted samples) are mixed with 5 mL of 
a 2% solution of potassium persulphate, K2S2O8 in 0.3% NaOH.  This reagent 
is reactive and is prepared fresh daily. The samples are autoclaved in sealed 
tubes at 100 - 110 C for 30 – 60 minutes (1 hour recommended).  The 
digestion converts most forms of nitrogen to nitrate. 
 
Samples are cooled and 1.0 ml of a borate buffer (1 M H3BO3 in 0.8% NaOH) 
added.  Mix by inverting at least twice.  Digestates are filtered if turbid. 
 
Samples are analyzed by colourimetry.  The nitrate in a digested portion of 
the sample is quantitatively reduced to nitrite in a reductor column containing 
amalgamated cadmium filings.  The nitrite yielded by the reduction is then 
determined by diazotizing with sulfanilamide and coupling with N-(1-
naphthyl)-ethylenediamine to form an azo dye which is measured 
colourimetrically at 520 nm. 
 
For samples suspected or known to have high organic loading, one of the 
following procedures must be employed: 
 
1. Conduct sample matrix spikes using an organic nitrogen compound to 

verify adequate digestion efficiency.  Samples with recoveries below 80% 
should be diluted and re-digested until recoveries are satisfactory (or data 
should be qualified). 

 
2. Conduct multiple digestions and analyses using serial dilution techniques 

until two dilutions agree within 15% (or data should be qualified). 
 

3. Analyze by an alternate method (e.g. TN by Combustion – 
Chemiluminescence). 

 
Refer to APHA Method 4500-N C for further information and guidance. 
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Performance 
Requirements   Any analytical method options selected for this analysis must meet or exceed 

the performance requirements specified below.   
 

Accuracy and Precision requirements apply to measures of long term method 
performance (averages and standard deviations).  They do not constitute 
acceptance criteria for individual QC samples (see Quality Control Section).  
Achievement of these requirements is to be demonstrated during initial and 
ongoing method validation studies.  For method validations, averages of at 
least 8 spikes or CRMs must be assessed (preferably taken from multiple 
analytical batches).  Ongoing re-validations or performance reviews should 
assess QC data encompassing longer timeframes (e.g. 6 months to 1 year).  
A minimum frequency of 2 years is recommended for Ongoing Re-validations 
of routine tests. 

 
    Accuracy Requirement:  Any instrumental conditions selected must be able 

to achieve average recoveries of (100±15)% on clean matrix spikes of urea 
and nicotinic acid at concentrations above ten times the MDL.  The 
recoveries of other more refractory nitrogen compounds (e.g. EDTA, humic 
acid, and selected compounds from Table 1) must be investigated during 
method validation in order to optimize digestion and analysis conditions, and 
to verify that adequate recoveries are achieved for a wider range of nitrogen 
compounds. 

 
    Precision Requirement:  The method must generate precision equal to or 

better than 15% relative standard deviation for clean matrix spikes of organic 
nitrogen compounds at concentrations above ten times the MDL.   

  
Sensitivity Requirement:  Where possible, the method should generate 
Method Detection Limits that are less than 1/5 of applicable numerical 
standards.  The method is not fit-for-purpose if an MDL exceeds a guideline, 
standard, or regulatory criteria against which it will be used for evaluation of 
compliance. 

 
Quality Control  

Summary of QC Requirements 
 
QC Component Minimum Frequency Minimum Data Quality 

Objectives* 
Method Blank One per batch Less than reported DL 
LCS  or Reference 
Material 

One per batch 85% - 115% 

Matrix Spikes Not Specified 80% - 120% 
Lab Duplicates One per batch = 15% RPD 
   
* Minimum DQOs apply to individual QC samples, not averages, and only at 
levels above 10x MDL.  If any DQOs are exceeded at a frequency of more 
than ~5%, the laboratory’s method should be reviewed in an attempt to 
improve its performance.  Laboratories should report qualified data when 
DQOs are not met, unless other evidence demonstrates that the quality of 
associated sample data has not been adversely affected.  

 
Method Blank: Required. Minimum one per batch or as necessary to ensure 
contamination control. 

 
Lab Duplicates: Required. Replicate all components of the test from start to 
finish.  Random duplicate selection at an approximate frequency of 5-10% is 
recommended.   
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Reference Material or Lab Control Sample:  Required.  Glutamic acid or 
nicotinic acid are recommended. 

 
Matrix Spikes:  Recommended, especially for samples which may have high 
organic loading.  Use an organic nitrogen spiking material.  EDTA, nicotinic 
acid, or urea are recommended. 

 
Prescribed  
Elements The following components of this method are mandatory: 
 

1. Specified Performance Requirements are mandatory. 
2. All QC requirements of this method must be met. 
3. The chemistry of the persulphate digestion must be conducted as 

described here, or as described within APHA Method 4500 - N C (i.e. 
reagents, digestion temperature).  Alternative amounts and volumes may 
be used if ratios remain the same. 

4. Sample handling and preservation must be conducted as described. 
5. Samples known or suspected to have high organic loadings must be 

treated as described. 
6. Apart from these limitations, and provided performance requirements are 

met, laboratories may introduce modifications to this method in order to 
improve quality or efficiency.  Laboratories must disclose to their clients 
where modified or alternative methods are employed. 

 
Colourimetry is specified for the determination of nitrate.  Any other 
recognized methods such as ion chromatography are equally acceptable 
provided performance requirements are  met. 

 
Recovery Data Representative single laboratory data for recovery of selected organic 

nitrogen compounds is indicated below. 
 

Compound Concentration 
(mg/L) 

Recovery 
(%) 

Relative 
Standard 

Deviation (%) 

Number 
of Data 
Points 

Glutamic 
Acid 

1.6 97.0 1.5 14 

Glutamic 
Acid 

0.4 93.0 6.0 14 

EDTA 1.5 97.2 3.3 12 
 
References  Analysis Method: 
 
  Nitrogen – Nitrate plus nitrite, Automated Cadmium reduction, colourimetric, 

Revised Dec 31 2000, BC Laboratory Methods Manual 
  

Digestion Method: 
 
  Eaton, A, Clesceri, L.S., Greenberg, A.E., (eds.) 1998.  Standard Methods for 

the Examination of Water and Wastewater. "Section    4500 N C. "  APHA-
AWWA-WPCF.  20th ed.  

 
Revision History March 31, 2005: First version published in BC Lab Manual 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Nitrogen, Total Kjeldahl, Automated Digestion and Colorimetric 
 
Parameter Nitrogen, total Kjeldahl (as N) 
 
Analytical Method Automated digestion & colorimetric 
 
EMS Code 0113 X329 
 
Introduction Total Kjeldahl nitrogen is defined as the sum of free ammonia and of organic 

nitrogen compounds, which are converted to ammonium sulfate under the 
conditions of digestion and represents organically bound nitrogen in the 
tri-negative oxidation state.  It does not include all organic nitrogen 
compounds. 

 
Method Summary The sample is automatically digested with a sulfuric acid solution containing a 

metal catalyst.  Organic nitrogen is converted to ammonium sulfate. 
 
MDL Typical: 0.05 mg N/L 
 Range:  0.05 to 2.0 mg N/L 
 
Matrix Surface and saline waters 
 
Interferences and 
Precautions Iron and chromium ions tend to catalyze while copper ions tend to inhibit the 

indophenol colour reaction. 
 
Sample Handling Plastic or glass (500 mL) 
and Preservation Cool, 4°C.  H2SO4 to pH < 2  
 
Stability M. H. T.: 72 hours, unstabilized 
   28 Days, stabilized 
 
Principle or Procedure Autoanalyzer with 660 nm filters and 10mm tubular flow cell. Manual 

adaptation of this method is also acceptable. 
 
Precision SD = ± 0.61 mg K-N/L at 2.18 mg K-N/L 
 
Accuracy As bias, -0.62 K-mg N/L at 2.18 mg K-N/L 
 
Quality Control All solutions must be made using ammonia-free water. 
 
References a) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983.  Method 351.1 
 b) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500-NH3 H (for the 
colorimetric procedure). 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Nitrogen, Total Kjeldahl, Block Digestion, Automated Berthelot 
Colorimetric 
 
Parameter Nitrogen, total Kjeldahl 
 
Analytical Method HgSO4 digestion, auto colorimetric (Berthelot method) 
 
EMS Code 0113 X325 
 
Introduction Technically, TKN is the sum of ammonia and organic nitrogen and represents 

organically bound nitrogen in the tri-negative oxidation state.  It does not 
include all organic nitrogen compounds. 

 
Method Summary The sample is heated in the presence of sulfuric acid, potassium sulfate and 

mercuric sulfate for 2.5 hours. The digest is cooled, diluted to 25 mL and 
placed on the autoanalyzer for NH3 determination.  

 
MDL Typical: 0.04 mg N/L 
 Range:  0.04 to 20 mg N/L  
 
Matrix Drinking, surface and wastewaters 
 
Interferences and 
Precautions The procedure converts nitrogen components of biological origin such as  

amino acids, proteins and peptides, to ammonia, but may not convert the 
nitrogenous compounds of some industrial wastes such as azides, nitro 
compounds, hydrazones, semicarbazones and some amines. 

 
Sample Handling Plastic or glass (500 mL) 
and Preservation Store cool, 4°C,  H2SO4 to pH <2 
 
Stability M. H. T.: 72 hours, unstabilized 
   28 days, stabilized 
 
Principle or Procedure Block digester and automated Berthelot colour procedure for ammonia 

(NH3). 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control All solutions must be made using ammonia-free water.  Use Teflon boiling 

stones.  The range may be extended with sample dilution. 
 
References a) Methods for Chemical Analysis of Water and Wastes, EPA-600/4 -

79-020, Revised March 1983, Method 351.2. 
 b) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992 . Method  4500-NH3 H (for the 
colorimetric procedure). 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes.  
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 
Oxygen, Dissolved (DO) 
 
Parameter Oxygen, dissolved 
 
Analytical Method Oxygen probe 
 
EMS Code 0014 XM01 
 
Introduction Dissolved oxygen levels in waters and wastewaters impinge on various 

activities within the water body.  This is a key test in pollution and waste 
treatment process control.  This probe method is recommended for those 
samples which contain materials which interfere with the modified Winkler 
procedure.  It is recommended for the monitoring of streams, lakes, outfalls, 
etc., to obtain a continuous record of DO. Dissolved oxygen probes are 
available from many instrument manufacturers. 

 
Method Summary Following the manufacturer’s instructions, the probe is calibrated against air 

or samples of known DO concentration. The samples are then measured for 
DO, again following all precautions recommended by the manufacturer to 
insure acceptable results. 

 
MDL Typical: 1mg O2/L  
 
Matrix Fresh water, marine water and wastewater 
 
Interferences and 
Precautions Membrane-covered electrode systems minimize the interferences often 

encountered with dropping mercury or rotating platinum electrodes. The 
sensing element is protected by an oxygen permeable membrane, which 
serves as a diffusion barrier against matrix interference problems.  

 
Sample Handling and 
Preservation Glass container only (both bottle and top).  For sample collection from  

shallow depths (less than 5 ft), use an APHA type sampler.  A Kemmerer 
type sampler is recommended for samples collected at depths >5 ft.  Fill 300 
mL bottle to overflowing to maintain water seal.  Store cool, 4°C. 

 
Stability M. H. T.: 30 minutes 
 
Principle or  
Procedure The diffusion current created by migration of oxygen through a permeable  

membrane is linearly proportional to the concentration of molecular oxygen in 
the sample. 

 
Precision and  
Accuracy An accuracy of  ± 0.1 mg DO/L and a precision of ± 0.05mg DO/L is 

attainable with most commercially available systems. 
 
Quality Control Record temperature at time of sampling 



B - 71 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th Edition, 1992. Method 4500-O G. 
 b) Methods for the Chemical Analysis of Water and Wastes, EPA-

600/4-79-020, USEPA, Revised March, 1983. Method 360.1 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

pH, Electrometric 
 
Parameter pH 
 
Analytical Method Automated electrometer 
 
EMS Code a) RIS probe, measurements made compensated to 25°C 0004 X330 
 b) RIS probe, measurements made at 25 ± .5°C 0004 XM30 
 c) LIS probe, compensated to 25°C 0004 5065 
 d) LIS probe, measurements made at 25 ± .5°C 0004 F072 
 e) Flow-through cell 0004 F073 
 f) RIS probe, in-situ measurements 0004 XMD0 
 g) RIS probe, in-situ measurements with data logger 0004 XM15 
 h) LIS probe, in-situ measurements 0004 F074 
 i) LIS probe, in-situ measurements with data logger 0004 F075  
 
Introduction Measurement of pH is one of the most basic tests used to assess water 

quality.  Technically, pH is the negative logarithm of the hydrogen ion activity 
(concentration) which affects practically all aspects of water supply and 
wastewater treatment. Its measurement thus provides insight into many 
aspects of water quality including corrosion properties and acid-base 
neutralization.  

 
Method Summary pH is determined electrometrically using a glass electrode with a reference 

electrode or a combination electrode. The sample is stirred during 
measurement; the sample is adjusted to 25°C, unless a temperature 
compensating pH electrode is used.  These common types of probes are 
regular ion strength (RIS), flow-through, and Iow ionic strength (LIS). 

 
MDL Typical: Report pH to nearest 0.1 unit 
 Range:  pH  0.1-14 
 
Matrix Fresh water, marine water and wastewater 
 
Interferences and Coating of the electrode with oily or particulate matter, temperature 
and Precautions effects, and sodium errors at pH levels >10 are interferences. 
 
Sample Handling Plastic or glass (25 mL).  No preservation, store cool, 4°C 
and Preservation 
 
Stability Analyze immediately; M. H. T.:  72 hours 
 
Principle or pH meter, laboratory or field model, magnetic stirrer and Teflon 
Procedure coated stirring bar. 
 
Precision ± 0.13 pH unit at 7.3 
 
Accuracy Limit of accuracy, ± 0.1 pH unit 
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Quality Control Calibrate with standard reference buffers at a minimum of two points that 
bracket the expected pH of the samples and are at least 3 pH units apart. 
Sample temperature should be within 2°C of buffers, if automatic temperature 
compensation is not provided. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500-H+ B. 
 b) Methods for Chemical Analysis of Water and Waste EPA-600/4-79-

020, USEPA, Revised March 1983. Method 150.1 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. Definition 

of   RIS and LIS added. 
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Physical/Inorganic 
Revision Date: November 21, 2002 

 

pH, Electrometric, Performance Based Method 
 
Parameter pH, Performance based method format (PBM) 
 
Method Codes to be defined on request 
And EMS Codes 
 
Analytical Method pH by Electrometric Measurement using Glass Electrode and pH by 

Electrometric Measurement Using a Low Ionic Strength (LIS) Glass Electrode 
 
Introduction Measuring the pH of an aqueous solution provides an indication of its acidic 

(pH<7) or basic (pH>7) tendency.  Most natural and effluent waters range 
between pH 6 and pH 9, but there are notable exceptions, such as mine 
drainage water and unbuffered rain water.  The pH value is an important 
water quality parameter for evaluating corrosive action and assessing water 
treatment practices that involve softening or disinfection procedures.  It is 
also used to assess the extent of pollution in precipitation. 

 
Method Summary The glass-electrode in combination with a reference potential provided by a 

saturated calomel electrode is used for pH measurement.  The active 
element of a glass electrode is a membrane of a special glass.  The 
membrane, on immersion in a sample, forms a partition between two liquids 
(electrode filling solution and the sample) of differing hydrogen ion 
concentration and a potential is produced between the two sides of the 
membrane that is proportional to the difference in pH between the liquids. 

 
Scope and Application This method is written in a performance based method (PBM) format.  A 

PBM includes both the mandatory and non-mandatory elements.  Provided 
the mandatory elements are met, laboratories have the flexibility to select 
analytical methods, procedures and instrumentation of their preference.  The 
most important of the mandatory elements are the data quality objectives 
(DQO) specified by the ministry and the criteria set out in this methodology.  
The laboratories have two key responsibilities.  The first is to have a detailed 
written operating procedure documenting how the method is carried out in 
their laboratory.  This must include the mandatory elements.  The second 
responsibility is to annually audit their method performance to ensure the 
DQO are met.  Laboratories should use a documented quality system 
conforming to ISO 17025 [g]. 

 
  NOTE:  The mandatory elements of this performance based method are 

specified in bold text. 
 
 The pH of samples should be measured using a pH meter with appropriate 

electrodes for the different sample types analysed.  This method is applicable 
to all waters between the range of 0 to 14 pH units.  The range will vary 
depending on the pH electrode of choice, instrumentation and method 
chosen.  For measurements of extreme pH (pH > 10 or pH <1), please see 
Apparatus d). 

 
 Where laboratories use modifications to this method, they must prove 

equivalency.  Indicator paper is not appropriate for measurement of 
sample pH. 
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Interferences a) Glass electrodes are generally not subject to interference due to the 
presence of turbidity, colour, oxidants, and reductants in aqueous 
solutions. 

 
 b) Carbon dioxide in air tends to alter the pH of waters, therefore, the pH 

of the sample should be measured as soon as possible after the 
container is first opened.  This effect will be increased by sample 
agitation, therefore sample stirring should not be excessive. 

 
 c) Some models of pH electrodes have systematic bias to very high pH 

samples.  This is known as the alkaline error.  The alkaline error is 
dependent on the type of electrode used. 

 
 d) High-salt samples (e.g., seawater or brines) can pose a problem due to 

a large and unknown liquid junction potential when the electrode 
system has been calibrated in 0.1M (or less) buffers; the use of suitable 
high-salt buffers will help to reduce this error [b]. 

 
 e) Low Ionic Strength (LIS) Samples - measurement difficulties are 

sometimes encountered for high purity waters ( i.e., with conductivity < 
10 µ/cm).  These difficulties include, slower electrode response, 
increased noise pickup, and drift due to CO2 absorption [b].  Such 
samples require special techniques (described in Procedure d)5) to 
calibrate by using Low Ionic Strength (LIS) Buffers and measured by 
the Low Ionic Strength Probe.  There is controversy in the literature 
versus stirring and not stirred [l,m].  In addition, it is highly 
recommended conductance measurements not be taken 
simultaneously when employing a LIS pH electrode due to the rapid 
flow of KCl into the sample will bias the conductance value.  
Measurement of conductance when using a LIS pH probe must be 
done separately. 

 
 f) Oil and grease or particulate matter may coat the pH electrode and 

interfere by hindering migration of electrons across the glass 
membrane, thus causing a sluggish response.  Coatings can usually be 
removed by gentle wiping, detergent washing, or clean the electrode 
with a solvent miscible with water, (e.g., acetone and then rinse 
carefully with Type 1 water).  Additional treatment may require cleaning 
with dilute HCl.  Follow the manufacturer’s electrode-cleaning 
procedures to refurbish/recondition the electrode. 

 
Note 1: Take all precautions not to scratch the electrode surface. 

 
 g) pH measurements are affected by temperature in two ways: 

mechanical effects that are caused by changes in the properties of the 
electrodes, and chemical effects caused by equilibrium changes.  
Choose an instrument which corrects for the change in electrode output 
at various temperatures.  For instruments that do not correct for 
chemical equilibrium effect (the change of pH inherent in the 
sample at various temperatures), always calibrate the electrode 
with pH buffers at a specified temperature and perform pH 
measurement at that temperature.  In addition, always record the 
temperature at which pH is measured.  This is critical especially when 
taking field pH measurements, temperature correction needs to be 
applied if pH measuring device does not have temperature 
compensation capabilities (Procedure e)(Field pH Measurements)).  
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 h) Sample carry over between samples is a common problem.  For very 
different pH samples measured with automated systems a single wash 
step between analyses may not be adequate.  Ensure adequate wash 
step(s) between sample measurements. 

 
 i) Some cations may compete against hydrogen ion for active sites on the 

glass membrane of the electrode if the water sample is high in ionic 
strength 

 
Definitions 
 
Certified Reference Material (CRM) -  A reference material, one or more of whose property values are 

certified by a technically valid procedure, accompanied by or 
traceable to a certificate or other documentation which is issued 
by a certifying body. 

 
Reference Material (RM) -   A material or substance, one or more properties of which are 

sufficiently well established to be used for the calibration of an 
apparatus, the assessment of a measurement method, or for 
assigning values to materials. 

 
Duplicate -  A quality control sample, often chosen randomly, from a batch of 

samples and undergoing separate, but identical sample 
preparation and analysis whose purpose is to monitor method 
precision and sample homogeneity. 

 
Method Blank -  A quality control sample that is free of the target parameter or 

analyte and contains only the reagents used and undergoes the 
same analysis procedure as the unknown sample.  The method 
blank is used to monitor possible contamination sources. 

 
pH -    pH is defined to be the negative logarithm of the hydrogen ion 

activity: 
 

pH = - log (aH
+) 

 
However, this definition cannot be rigorously applied in practice, 
because single ion activities such as aH

+ cannot be measured.  
Instead, International Union of Pure and Applied Chemistry 
(IUPAC) recommends the following operational definition of pH: 

 
pH = pHs    ±  (E - Es) F 
   2.3026 RT 

 
   where: E = electromotive force (emf as volts) of a 

pH cell with the electrode system 
immersed in the sample solution. 

    Es = emf obtained when the electrode 
system is immersed in a reference 
buffer solution. 

    F = Faraday constant (9.649 x 104 
coulomb/mole) 

    R = gas constant (8.3143 Joule / °K  mole) 
    T = absolute temperature, °K 
    pHs = assigned pH of NIST reference buffer, such 

that pHs represents the - log (aH+) as nearly as 
possible. 
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Liquid junction -  This potential exists between the filling solution in the reference 

electrode (e.g., potential saturated KCl) and the sample 
whenever these two solutions are different - it results from the 
inter-diffusion of ions in the two solutions.  Ideally the liquid 
junction potential is near zero and is stable; stability is particularly 
important for low conductivity waters (< 100 µS/cm).  Errors in pH 
measurement due to liquid junction potential variations are 
minimised by using buffers and samples at similar ionic strength 
(Interferences d) & e)).  

 
Sample Collection and 
Preservation a) Sampling must be done by qualified personnel, experienced in 

sampling procedures and working under standard documented 
operating conditions.  It is important that the sample be properly taken 
in a quality-controlled manner for submission to a laboratory and that 
the sample be representative of the area being sampled [s]. 

 
 b) Samples must be collected and stored such that degradation or 

alteration of the sample is minimized.  Collect the sample in a clean, 
polyethylene or glass container, taking care to fill it completely to 
exclude any air and tightly cap immediately after sampling.  The 
samples must be unpreserved and cooled at 4°C.  The sample 
should be examined as soon as possible, preferably within 2 hours, as 
any delay could cause a pH change due to ongoing chemical reactions 
in the water system.  It is recommended the holding time not exceed 24 
hours, and it is mandatory that the holding time not exceed 72 
hours from the time of sampling.  Results reported beyond 
holding times must be flagged as not reliable. 

 
  c) Samples must be clearly labeled with the date and time of sampling, 

location or source of the sample, type of sample (grab or composite), 
analysis required and the identity of the individual who collected the 
sample.  Labels must be filled out in indelible ink and fixed to the 
sample container such that they will not fall off when wet or during 
transport. 

 
Apparatus a) pH/ion meter capable of reading to 0.01 pH units, with a printer (not 

necessary but highly recommended).  Table 1 provides the most 
important characteristics of four typical pH meters commercially 
available (note that [a] defines the various pH meter types listed in 
Table 1).  Choice of electrodes will depend on the desired precision of 
measurement [a]. 

 
Table 1 Laboratory pH Meter 
 Type I Type II Type III Type IV 
Range - Normal 
            - Expanded 

0 to 14 0 to 14 
2 pH units 

0 to 14 
1.4 pH units 

0 to 14.000 

Scale Division 0.1 0.01 0.01 0.001 
Accuracy ±0.05 ±0.01 ±0.007 ±0.002 
Repeatability ±0.02 ±0.005 ±0.002 ±0.002 
Temperature Compensation 
     Manual or Automatic 
     Range °C 
     Smallest Graduation  °C 

 
Yes 
0 to 100 
2 

 
Yes 
0 to 100 
2 

 
Yes 
0 to 100 
2 

 
Yes 
0 to 100 
2 

Slope Compensator - Yes Yes Yes 
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b) Reference Electrode: consisting of a half cell that provides a constant 

electrode potential.  Commonly used are calomel and silver: silver-
chloride electrodes.  Either is available with several types of liquid 
junctions.  Asbestos fibre electrode junctions are not recommended for 
strongly basic solutions.  Follow the manufacturer’s recommendation 
on use and care of the reference electrode [c]. 

 
c) Glass electrode:  The sensor electrode is a bulb of special glass 

containing a fixed concentration of HCl or buffered chloride solution in 
contact with an internal reference electrode.  Several types of glass 
electrodes are available [c]. 

 
d) Combination electrodes incorporate the glass and reference electrodes 

into a single probe.  It is recommended a “low sodium error” electrode 
be employed for measuring pH over 10 because standard glass 
electrodes yield erroneously low values.  It is recommended that liquid 
membrane electrodes be employed for measuring pH below 1, since 
standard glass electrodes yield erroneously high values [c]. 

 
e) Temperature Sensor/probe for automatic temperature compensation (if 

available) with a sensitivity of at least 0.1 °C is highly recommended, 
otherwise results must be temperature corrected. 

 
Reagents a) Reference buffer solutions: commercially available buffers that are 

directly traceable to primary National Institute of Standards and 
Technology (NIST) standards are acceptable.  The following buffers 
are recommended: pH 4.00,  6.00, 7.00, 8.00, 10.00 (pH values at 25 
°C).  Expiry dates of reference solution are labelled on the bottle; do 
not use after the expiry date. 

 
b) For Low Ionic Strength electrodes, Orion Low Ionic Strength (LIS) 

Calibration Buffers and pH Ionic Strength Adjustor (ISA) are 
recommended. 

 
Procedure a) Selection of the Electrode Used 
 

It is imperative the analyst select the appropriate type of electrode 
to use for the types of samples they are measuring.  Most rivers, 
lake waters and precipitation (rain) samples in British Columbia are low 
ionic strength (LIS), and require the use of LIS electrodes, LIS buffers 
and LIS methods. 

 
b) Electrode Conditioning and Inspection 
 
 Follow manufacturer’s instructions for pH meter and for storage and 

preparation of electrodes for use.  Recommended solutions for short-
term storage of electrodes vary with type of electrode and 
manufacturer, but generally have a conductivity greater than 4,000 
µS/cm.  Type 1 water is a better substitute than distilled water.  pH 4 
buffer is best for the single glass electrode and saturated KCl is 
preferred for calomel and Ag/AgCl reference electrode.  Saturated KCl 
is preferred solution for a combination electrode.  pH meters and 
electrodes should be functionally tested before they are used in the 
field. 
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 1) Conditioning of Combined Electrode: 
 
  Follow manufacturer’s instructions for conditioning/reconditioning 

the electrode of choice. 
 

- Check for air bubbles.  Make sure that no air bubbles are 
trapped in the KCl crystals, and that no bubbles are present 
in the glass bulb and below the reference stems.  If so, 
release bubbles by gently tapping the electrode with a finger 
or by swinging it in circles. 

 
- Visually inspect to ensure glass membrane has not been 

damaged during storage or transport.  Replace probe if 
necessary. 

 
- If conditioning of the pH electrode does not produce 

satisfactory results, replace the electrode.  The lifetime of 
the electrode is dependent on the type of samples analysed.  
Typical electrode lifetimes range from 6 month to 1.5 years. 

 
  c) Electrode Calibration 
 
   Follow manufacturer’s instructions for pH meter instrument calibration. 

 
  Note 1: Temperature of calibration buffers/solutions and the samples 

should be the same (± 0.5°C) otherwise temperature correct 
especially when taking field pH measurements. 

 
   1) Print out data where practical or record the results. 
 

  d) pH Measurements 
 

   1) Follow manufacturer’s instructions for pH meter measurements. 
 

  2) Measurement of High Ionic Strength (HIS) Solutions: It is 
recommended that a sample cup of Type 1 water ready to be 
used to rinse the electrode, stirrer and temperature probe 
assembly, between samples.  Change the rinse water 
frequently to minimize contamination due to carryover.  
Sample carry over has resulted in major data loss. 

 
  3) Measurement of Low Ionic Strength Solutions: Perform 

calibration by using for example an Orion Ross Electrode (Model 
81 - 02) and Low Ionic Strength Buffers.  Transfer an aliquot of 
sample into a sample cup.  Add 400 ml of Orion pHisa Ionic 
Strength Adjuster [f].  Perform pH measurements. 

 
    Note 1. Do not wipe the electrode since contamination or 

polarisation may occur, gently dab. 
 
     2. Do not perform conductivity and pH measurement 

simultaneously on Low Ionic Strength samples since 
the diffusion of the reference electrode fill solution 
(KCl) into the low ionic strength sample and the 
addition of pHisa ionic strength adjuster, will both 
raise the conductivity. 
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  4) Store the electrode following the manufacturer’s instructions.  For 
most pH electrodes, immerse the electrode in pH 4 buffer 
solution with the KCL filling hole sealed. 

 
  5) For instruments capable of measuring both pH and conductance 

simultaneously, it is recommended that conductance be 
measured before pH to avoid error due to salt contamination 
(KCl) from the reference electrode. 

 
  e) Field pH Measurements 
 

1) Calibrate the instrument according to manufacturer’s 
instructions prior to use in the field.  Ideally the temperature 
of the calibration solutions (buffers) should be at the same 
temperature to that of the sample measured for pH.  This may 
not be possible, for example, when lake depth profiles are taken.  
The temperature in this case should be measured and pH values 
temperature corrected manually if the instrument does not have 
temperature compensation.  If it does have temperature 
compensation, the results should be checked. 

 
 Avoid subjecting the field instruments to extreme 

environmental conditions (e.g. do not leave instrument in full 
sun).  Allow the instrument to acclimatise to field conditions prior 
to field measurements. 

 
2) Glass electrodes used for pH measurements slowly age and lose 

sensitivity.  This can give quite erroneous results for LIS waters 
commonly in BC rivers and lakes.  Some electrodes may only 
have a life time of 3-4 months.  It is important to check for loss 
of electrode sensitivity.  This problem may not be noticed 
when using regular buffer solutions and therefore an extra 
step to check is required.  There are three ways to do this.  
First, to check instrument regularly from with laboratory 
instruments for a genuine water sample (e.g., not a buffered 
reference sample).  Second, check it against another field 
instrument.  Third, take a measurement of the pH prior and after 
the addition of KCl and the two results should be similar.  If 
electrode is not working properly see Procedure section d) pH 
Measurements. 

 
3) Electrode performance can also be determined by observing the 

time needed to attain a stable reading (constant pH value ±0.02 
pH units for a period of 1 minute).  The time required to attain 
stability should be less than 5 minutes for an operating electrode.  
If the electrode cannot attain these criterias, the electrode and/or 
KCl solution should be replaced. 

 
Method Performance a) When a two-point (or three point) calibration is performed using 

reference buffer solutions of pH 4.00 and pH 8.00, (or pH 4.00, 7.00 
and 10.00) the electrode sensitivity (slope) should be between 98 and 
102%; if it is outside the 100 ± 2 %, then re-calibrate with fresh buffers 
and/or check the electrode according to the manufacturer’s 
troubleshooting guidelines/operating instructions for the electrode.  A 
one point calibration is not acceptable. 

 
 b) The sensitivity of the analytical system collected over a five month 

period establishes (3 SD) control limits to monitor method sensitivity.  
Typical values obtained are listed in Appendix 1, Table 1. 
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 c) Method Blank: Analyse an aliquot of Type 1 deionized water to monitor 

contamination and background interference.  Typical method blank 
pH’s are listed in Appendix 1, Table 2 but will change depending on 
location and supply of domestic water. 

 
  While extremely pure water would have a pH of 7.0 at standard 

temperature and pressure, a bottle of water left open will slowly drop to 
pH 5.6 as atmospheric CO2 dissolves, forming H2CO3.  This also 
serves as a check to pH electrode performance. 

 
 d) Method Accuracy: Certified Reference Materials (CRM) or 

Reference Materials (RM) must be analyzed with every batch to 
check validity of test results, and the recovery of metals measured 
against the accepted or certified values.  Typical values obtained 
are listed in Appendix 1, Table 3. 

 
 e) Method Precision: Duplicates must be analyzed with every 

batch.  Precision is determined using Relative Percent Difference 
(RPD).  See Appendix 2 for algorithms.  Typical values obtained are 
listed in Appendix 1 Table 4 for Single Analyst and Appendix 1 Table 5 
for Multiple Analyst. 

 
 f) The calibration of the analytical system may be verified using in-house 

QA standard; data collected over several months establishes control 
limits (3 SD) to monitor method accuracy.  Typical values obtained are 
listed in Appendix 1 Table 6. 

 
 g) The ministry preferred Data Quality Objectives (DQO’s) are listed 

in Appendix 2, Table 1. 
 
Quality Control a) Before analyzing any samples, the laboratory must demonstrate 

that the selected analytical methods can provide valid data under 
practical conditions in the laboratory.  The laboratory should have 
in place a method validation process and data to demonstrate that 
validation has occurred and that the methods chosen can meet 
the data quality objectives. 

 
 b) Perform the appropriate two-point or three-point calibration not 

less than once a day, and preferably every 3 to 4 hours. 
 
 c) At minimum, for each batch of samples, randomly select one 

sample to be analysed in duplicate; also include a pH reference 
solution/standard and blank (that lies within the calibration range) 
as a check standard. 

 
 d) Quality control procedures are essential to ensure data quality and to 

monitor the accuracy and precision of the instrument. 
 
 e) Detail and document any non-conformances. 
 
 f) The uncertainty of the results, detection limits, selectivity of the 

analysis, and its robustness in the hands of different staff should be 
tested and documented.  Techniques used for validation include results 
obtained on certified or other reference materials, comparison of 
results with data obtained using other methods, inter-laboratory 
comparison data, systematic assessment of factors which could 
influence the results, and assessment of uncertainty based on 
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accuracy and precision.  The influence of instrumental, human and 
environmental factors should be considered. 

 
 g) Assess whether the method shows statistical control by 

considering: 
 
  -  the range of duplicate results, to monitor precision 
  - the measured pH of the check standard, to monitor  accuracy 
 
  If any parameter lies outside the established (3 SD) control limits 

OR if two consecutive parameters lie outside the (2 SD) warning 
limits, then re-calibration and/or an instrument check may be 
necessary.  Document any non-conformance and the action taken. 

 
Calculations and   The pH results are reported to the nearest 0.01 pH unit 
Data Processing  
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Reference Guide for Environment Canada Inspectors.  1st Edition ISBN 
0-662-23513-4, 1995. 

 
 r) US Environmental Protection Agency, Guide to Method Flexibility and 

Approval of EPA Water Methods, Office of Science and Technology 
and Office of Water, Washington, DC,  December 1996. 

 
 s) The Inspector’s Field Sampling Manual: a sampling manual and 

reference guide for Environment Canada inspectors.  1st Edition ISBN 
0-662-23513-4, 1995. 

 
 t) The Inspector’s Safety Guide: a field guide for Environment Canada 

inspectors.  1st Edition ISBN 0-662-23533-9, 1995. 
 
Revision History June 2000: Method Introduction 
 November 2002: Method incorporated into main Laboratory 

Manual: reformatted to match style of 2003 Lab 
Manual format. 
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Physical/Inorganics 
Revision Date:  March 31, 2005 

 

pH, Electrometric, Soil and Sediment – Prescriptive Method 
 
Parameter pH 
 
Analytical Method Electrometer 
 
Introduction Measurement of pH is one of the most common and crucial tests in standard 

soil analyses. Technically, pH is the negative logarithm of the hydrogen ion 
activity. Many soil chemical and biological reactions are controlled by the pH 
of the solution in equilibrium with the soil particle surfaces. 

 
Method Summary This method is not Performance Based.  All elements of the method must be 

followed as described. 
 
 A previously dried and sieved (2mm, mesh size 10) sample is diluted in 1:2 

ratio with reagent grade deionized water (higher ratios may be required for 
high organic content samples). Sample solution is mixed by mechanical 
techniques (e.g. by shaking on mechanical shaker or stirring with glass rod) 
for 30 minutes and let stand for approximately 1 hour.  The resulting 
supernatant is then measured using a combination electrode with a milli – volt 
meter. 

 
MDL and EMS Codes Analyte MDL / Range EMS Code 
  pH Range 0.1 – 14  
  
Matrix Soil, Sediment 
 
Interferences and  
Precautions Temperature effects and coating of the electrode with oily material are 

interferences. Samples with very low or very high pH may give incorrect 
readings.  Other interferences include those listed in the British Columbia 
Environmental Laboratory Manual method  “pH, Electrometric, Performance 
Based Method”. 

 
Sample Handling  
and Preservation Collect soil samples in suitable containers.  Polyethylene or Glass are 

recommended.  Samples must be unpreserved.  Store cool (4°C). 
 
Stability Holding Time:  Indefinite from time of sampling until start of leachate 

procedure.  Leachates should be analyzed within 2 hours of their preparation, 
and must be analyzed within 8 hours of preparation. 

 
Procedure Preparation of Soil Samples 
 
 Prior to leach procedure and measurement, samples are prepared as per BC 

MWLAP’s Strong Acid Leachable Metals (SALM) in Soil method.  Samples 
may be air dried or oven dried at =60 ± 5 °C. Friable materials should be 
disaggregated with gentle mechanical action prior to sieving through a 10 
mesh (2mm) sieve (do not use a mechanical grinder).  Where available, it is 
recommended that a minimum of 25 grams of sieved sample be obtained for 
this analysis.  As per the SALM method, it is permissible to omit the drying 
step and perform the sieving and water leach procedure on a wet sample.  In 
this case, the amount of water present in the sample should be taken into 
account (an estimate is acceptable) when determining the amount of 
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deionized water to be used in the water leach procedure such that the 
recommended ratio of water to soil is met. 

 
 Water Leach Procedure 
 
 To a sample of soil in a beaker or plastic cup (20 g are recommended), add 2 

mL of deionized water for each gram of dry soil and mix intermittently for a 
minimum of 30 minutes.  Allow the soil suspension to stand until most of the 
suspended solids settle (recommended time is 1 hour), or use filtration or 
centrifugation. 

 
 Samples high in organic content may absorb most or all of the reagent water 

when the standard 2:1 water:soil ratio is used.  If this occurs, increase the 
ratio of water to soil until sufficient supernatant is obtained for the pH 
measurement. 

 
 If the supernatant is multiphasic, decant the oily phase and measure the pH 

of the aqueous phase. 
 
 pH measurement 
 
 Refer to the BC Lab Manual method “pH, Electrometric, Performance Based 

Method” for guidance and requirements related to measurement of pH in the 
leachate.  A summary of the requirements of this method follows: 

 
 Electrode calibration must be performed at a minimum of 2 pH values using 

certified reference buffer solutions (e.g. traceable to the National Institute of 
Standards and Technology).  Buffers of pH 4 and 7 are recommended for 
calibration.  Measure the pH of the supernatant following the pH meter 
manufacturer’s instructions for pH measurements.  Immerse the electrode 
into the suspension.  Allow the reading to stabilize and record the value.  If 
the sample temperature differs by more than 2°C from the buffer solution, the 
measured pH values must be corrected for temperature. 

 
Quality Control Summary of QC Requirements 
 
 QC Component Minimum Frequency Minimum Data Quality 
    Objectives* 
 Method Blank Not applicable Not applicable 
 Reference Material (soil) Optional Not specified 
 Laboratory Duplicates Approximately 5-10% ± 0.20 pH units 
 
 * Laboratories should report qualified data when DQOs are not met. 
 
 Method Blank:  Not applicable to this test. 
 
 Reference Materials:  The use of soil RMs (e.g. in-house RMs) as control 

samples is recommended. 
 
 Laboratory Duplicates:  Required.  Replicate all components of the test 

from start to finish.  Random duplicate selection at an approximate frequency 
of 5-10% is recommended. 

 
 Refer to the British Columbia Lab Manual method “pH, Electrometric, 

Performance Based Method” for quality control requirements related to the 
measurement of pH in the soil leachate produced by this method. 

 
References  a) US EPA, Test Methods for Evaluating Solid Waste Physical / Chemical 

Methods (SW-846), Method 9045D, Soil and Waste pH, Rev. 4, August 
2002. 
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 b) Canadian Society of Soil Science, Soil Sampling and Methods of 
Analysis, 1993. 

 c) BC MWLAP, British Columbia Environmental Laboratory Manual for the 
Analysis of Water, Wastewater, Sediment, Biological Materials and 
Discrete Ambient Air Samples, 2003.   

 
Revision History March 31, 2005 First version published in BC Lab Manual. 
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Appendix 1 
 
 
 
Table 1: Method Sensitivity  
 

Reference pH N % Sensitivity 

Mean 

% Sensitivity 

Std Dev 

% Sensitivity 
CONTROL LIMITS 
Lower          Upper 

4.00 to 10.00 109 98.80 0.52 94.12           103.48 

 
  
 
Table 2: Method Blank 
 

 N Expected pH pH 
Units 

Measured pH pH 
Units 

Std. Dev. Control 
Limits 

Blank 316 N/A 6.16 0.17 ± 0.50 
      

Most data from the blanks run at Env. Canada (PESC) prior to May 1999. 
 
 
 
Table 3: Method Bias 
 

Certified value 
/ pH units 

N Measured pH 
   mean         Std. Dev. 

%  Bias Significant 
(95% CL) 

{a}  9.08 ±  0.20 3 9.031           0.011 - 0.54 No 
{b}  6.97 ± 0.03 6 6.922           0.005 -  0.69 No 
{c}  9.05 ± 0.20 5 9.022           0.021 - 0.31 No 

Most data from the certified reference solutions run at Env. Canada (PESC) prior to May 1999. 
 

{a}  pH standard by Environmental Resource Associates. Lot #9967. 
{b}  Low Ionic Strength pH buffers by Orion Research. Lot #YX1. 
{c}  pH standard by Environmental Resource Associates. Lot #9964. 
CL - Confidence Limit. 

 
 
Table 4: Single Analyst Method Precision 
 

Sample Type N pH Mean Std Dev % RSD 

Mine Effluent 5 7.53 0.012 0.16 
Sewage Effluent 5 3.57 0.140 3.91 
River Water 5 7.90 0.051 0.64 
Ground Water 5 8.16 0.009 0.11 

Most data from the samples run at Env. Canada (PESC) prior to May 1999. 
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Table 5: Single Analyst (Within-Run) Precision 
 

pH Analytical 
Range 

/ pH units 

No. of Sets of 
Duplicates 

%Mean 
Normalized 

Range 

Std. Dev. CONTROL LIMITS 
for Normalized Duplicate 

Range 

0 - 14 302 0.320 0.456 1.37 

Most data from the duplicates run at Env. Canada (PESC) prior to May 1999. 
 
 
Table 6: Control Sample Bias (Data Current to May 1999) 
 

Reference pH N % Recovery 

Mean 

% Recovery 

Std Dev 

% Recovery 
CONTROL LIMITS 
Lower          Upper 

4.00 to 10.00 315 100.06 0.278 99.11           101.43 
8.78 35 99.92 0.67 97.91           101.93 

 
 
 

Appendix 2 
 
 
Table 1: Ministry Preferred DQO’s 
 

Sample Type Range Bias (pH Units) Precision (pH Units) 
Effluent 0-14 0.1 ± 0.1    
Freshwater 0-14 0.05 ± 0.05 
Marine 0-14 0.05 ± 0.05 
Precipitation (rain) 0-14 0.01 ± 0.01 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Phosphorus, Orthophosphate - Dissolved 
 
Parameter Orthophosphate, dissolved as P 
 
Analytical Method Automated ascorbic acid reduced colorimetric 
 
EMS Code a)  Automated method 1118 X157 
 b) Manual method  (EMS code to be defined upon request) 
 
Introduction Phosphorus generally occurs in water as phosphates. The various 

classifications, orthophosphate, polyphosphates and organically bound 
phosphates, may occur in solution, in particulate detritus and in the bodies of 
aquatic organisms. Fertilizers and commercial cleaning preparations are 
major sources of phosphorus. This procedure measures the concentration of 
dissolved, reactive phosphorus present in the sample. 

 
Method Summary The sample is reacted with a mixture of ammonium molybdate and 

potassium antimonyl tartrate in acid solution. Ascorbic acid is then added to 
produce a blue coloured product with an absorbance maximum at 880 nm. 
The absorbance of the solution is measured and the phosphorus 
concentration is determined by comparison with standards treated in the 
same manner.  

 
MDL Typical:  0.003 mg P/L 
 Range:  0.003 - 1.0 mg P/L range 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions  High iron concentrations cause precipitation of phosphorus.  Sample 

turbiditymust be removed by filtration prior to analysis for orthophosphate. 
Salt error for samples with 5 to 20% salt is less than 1%, but baseline 
correction is required for marine samples that are compared with fresh water 
standards.  Arsenic concentrations > phosphorus concentration, may 
interfere. Glassware used in the storage and manipulation of samples for 
phosphate analysis should be washed in non-phosphate detergents and 
rinsed with hot dilute HCl and then several times with distilled/deionized 
water. 

 
Sample Handling and 
Preservation Acid washed plastic or glass bottle (50 mL required for analysis).  No 

preservation, store cool, 4°C. 
 
Stability M. H. T.: 2 days 
 
Principle Orthophosphate reacts with ammonium molybdate and potassium antimonyl 

tartrate to produce a heteropoly acid - phosphomolybdic acid - that is 
converted to an intensely coloured blue complex by reduction with  ascorbic 
acid. Absorbance at 880 nm is proportional to phosphorus concentration. 

 
Procedure Both manual and automated versions of the procedure exist. Either a 

spectrophotometer for use at 880 nm with a light path of 2.5 cm or longer, or 
an automated  analytical system incorporating a colorimeter with an 880 nm 
filter and 5 cm tubular flow cell is required. 
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Precision ±0.066 mg P/L at 0.30 mg orthophosphate P/L  
 
Accuracy As bias, -0.04 mg orthophosphate P/L at 0.30 mg P/L  
 
Quality Control Each batch should contain a 10% level each of blank and duplicate samples 

with a minimum of one each per batch.  
 
References a) Methods for the Chemical Analysis of Water and Wastes, EPA-

600/4-79-020, USEPA, Revised March 1983. Method 365.1 
(automated) and Methods 365.2 & 365.3 (manual). 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992.  Method 4500-P F 
(automated) and 4500-P E (manual). 

 
Revision History February 14, 1994:   Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Phosphorus, Total Phosphate 
 
Parameter Total phosphate as P 
 
Analytical Method Digestion, auto. ascorbic acid reduced colorimetric 
 
EMS Code a) Automated method P- - T X185 
 b) Manual method (EMS code to be defined upon request) 
 
Introduction Phosphorus generally occurs in water as phosphates. The various 

classifications, orthophosphate, polyphosphates and organically bound 
phosphates, may occur in solution, in particulate detritus and in the bodies of 
aquatic organisms. Fertilizers and commercial cleaning preparations are 
major sources of phosphorus. This procedure measures the total 
concentration of phosphate species present in the sample. 

 
Method Summary The unfiltered sample is acidified, potassium persulfate is added and the 

mixture is digested at elevated temperature and pressure in a steam 
autoclave. After digestion, the sample is reacted with a mixture of ammonium 
molybdate and potassium antimonyl tartrate in acid solution.  Ascorbic acid is 
then added to produce a blue coloured product with an absorbance maximum 
at 880 nm. The absorbance of the solution is measured  and the phosphorus 
concentration is determined by comparison with standards treated in the 
same manner.  

 
MDL Typical:  0.003 mg P/L 
 Range:  0.003 - 1.0 mg P/L range 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions High iron concentrations cause precipitation and loss of phosphorus.  Salt 

error for samples with 5 to 20% salt is less than 1%, but baseline correction is 
required for marine samples that are compared with fresh water standards. 
Arsenic concentrations > phosphorus concentration may interfere. Glassware 
used in the storage and manipulation of samples for phosphate analysis 
should be washed in non-phosphate detergents and rinsed with hot dilute HCl 
and then several times with distilled/deionized water. 

 
Sample Handling Glass  (50 mL) - acid washed 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 2 days 
 
Principle Acid-persulfate digestion converts condensed phosphates and organically 

bound phosphorus to reactive orthophosphate. Orthophosphate combines 
with ammonium molybdate and potassium antimonyl tartrate to produce a 
heteropoly acid - phosphomolybdic acid - that is converted to an intensely 
coloured blue complex by reduction with  ascorbic acid. Absorbance at 880 
nm is proportional to phosphorus concentration. 
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Procedure Both manual and automated versions of the colour development (post 
digestion) procedure exist. Either a spectrophotometer for use at 880 nm with 
a light path of 2.5 cm or longer, or an automated analytical system 
incorporating an 880 nm filter and 5 cm tubular flow cell is required.  

 
Precision ±0.066 mg P/L at 0.30 mg P/L  
 
Accuracy As bias, -0.04 mg P/L at 0.30 mg P/L  
 
Quality Control Each analytical batch should contain a 10% level each of blank, recovery 

(spiked blank or reference sample) and duplicate samples with a minimum of 
one each per batch.  

 
References a) Methods for the Chemical Analysis of Water and Wastes, EPA-

600/4-79-020, USEPA, Revised March 1983. Method 365.1 (also 365.4 
for the digestion procedure). 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992.  Method 4500-P F 
(automated)  and 4500-P E (manual). 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Phosphorus, Total Dissolved Phosphate 
 
Parameter Total dissolved phosphate as P 
 
Analytical Method Digestion, auto. ascorbic acid reduced colorimetric 
 
EMS Code a) Automated method for filtered samples P--D X158 
 b) Automated method for unfiltered clear solutions P--D X185 
 c) Manual method  (EMS code to be defined upon request) 
 
Introduction Phosphorus generally occurs in water as phosphates. The various 

classifications, orthophosphate, polyphosphates and organically bound 
phosphates, may occur in solution, in particulate detritus and in the bodies of 
aquatic organisms. Fertilizers and commercial cleaning preparations are 
major sources of phosphorus. This procedure measures the total 
concentration of dissolved phosphate species present in the sample. 

 
Method Summary The filtered sample is acidified, potassium persulfate is added and the 

mixture is digested at elevated temperature and pressure in a steam 
autoclave.  After digestion, the sample is reacted with a mixture of 
ammonium molybdate and potassium antimonyl tartrate in acid solution.  
Ascorbic acid is then added to produce a blue coloured product with an 
absorbance maximum at 880 nm. The absorbance of the solution is 
measured and the phosphorus concentration is determined by comparison 
with standards treated in the same manner.  

 
MDL Typical:  0.003 mg P/L 
 Range:  0.003 - 1.0 mg P/L range 
 
Matrix Drinking, Surface and Saline Waters.   Wastewater. 
 
Interferences and 
Precautions High iron concentrations cause precipitation of and loss of phosphorus.  Salt 

error for samples with 5 to 20% salt is less than 1%, but baseline correction is 
required for marine samples that are compared with fresh water standards.  
Arsenic concentrations > phosphorus concentration may interfere. Glassware 
used in the storage and manipulation of samples for phosphate analysis 
should be washed in non-phosphate detergents and rinsed with hot dilute HCl 
and then several times with distilled/ deionized water. 

 
Sample Handling Glass  (50 mL) - acid washed.  No preservation, store cool, 4°C. 
and Preservation 
 
Stability M. H. T.: 2 days 
 
Principle Acid-persulfate digestion converts condensed phosphates and organically 

bound phosphorus to reactive orthophosphate. Orthophosphate reacts with 
ammonium molybdate and potassium antimonyl tartrate to produce a 
heteropoly acid - phosphomolybdic acid - that is converted to an intensely 
coloured blue complex by reduction with  ascorbic acid.  Absorbance at 880 
nm is proportional to phosphorus concentration. 
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Procedure Both manual and automated versions of the colour development (post 
digestion) procedure exist. Either a spectrophotometer for use at 880 nm with 
a light path of 2.5 cm or longer, or an automated analytical system 
incorporating an 880 nm filter and 5cm tubular flow cell is required. 

 
Precision ±0.066 mg P/L at 0.30 mg P/L   
 
Accuracy As bias, -0.04 mg P/L at 0.30 mg P/L   
 
Quality Control Each analytical batch should contain a 10% level each of blank, recovery 

(spiked blank or reference sample) and duplicate samples with a minimum of 
one each per batch.  

 
References a) Methods for the Chemical Analysis of Water and Wastes, EPA-

600/4-79-020, USEPA, Revised March 1983. Method 365.1 (also 365.4 
for the digestion procedure). 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992.  Method 4500-P F 
(automated) and 4500-P E (manual). 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

Radium, Total or Dissolved 
 
Parameter Radium, total 
 Radium, dissolved 
 
Analytical Method BaSO4 co-precipitation, gross alpha scintillation 
 
EMS Code a)  Not filtered RA-T X331 
 b)  Filtered RA-D X331 
 
Introduction This method is applicable to the determination of alpha-emitting isotopes of 

radium. 
 
Method Summary Lead and barium carriers are added to the sample containing alkaline citrate, 

then sulfuric acid (H2SO4) is added and radium is co-precipitated with lead 
and barium as sulfates. The precipitate is filtered, rinsed with nitric acid 
(HNO3), redissolved in alkaline EDTA, and then reprecipitated as radium-
barium sulfate by adjustment of pH to 4.5. The precipitate is filtered and the 
radioactivity measured, after allowing time for generation of daughter 
products, with an alpha scintillation counter. 

 
MDL Typical: 0.01 Bq/L (with 500 mL sample) 
 
Matrix Fresh water, wastewater 
 
Interferences and 
Precautions Other alpha-emitters, such as Bi, Po and Th, will also be co-precipitated. The 

trans-uranium elements will not be co-precipitated if reducing conditions are 
avoided. 

 
Sample Handling Plastic or glass (500 mL) 
and Preservation Concentrated HNO3, 4 mL/L 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Due to the difference in half-lives of the nuclides in the series that includes  

the alpha-emitting Ra isotopes, these isotopes can be determined by the rate 
of ingrowth and decay of their daughter products in a coprecipitate with 
barium sulfate. 

 
Precision ± 28% at the 95% confidence level. 
 
Accuracy Recoveries ranged from 94.9% to 99.4% 
 
Quality Control See reference. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 7500-Ra B. 
 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Residue, Filterable (TDS), 0.45 µm 
 
Parameter Residue, filterable 
 
Analytical Method Gravimetric, 0.45 µm filter, 180°C 
 
EMS Code 0007 X026 
 
Introduction Filterable residue (FR), also referred to as total dissolved solids (TDS), 

represents the portion of the water that will pass through a filter of a 
particular size.  A pore size of 0.45 µm is generally considered the dividing 
line between microscopic particulate and dissolved material. The final result 
provides a measure of the dissolved mineralization in the water. 

 
Method Summary A well-mixed sample is filtered through a standard membrane filter.  A 

measured portion of the filtrate is evaporated in a preweighed evaporating 
vessel and dried to constant weight at 180°C.  The increase in dish weight 
represents the total dissolved solids.  (The filtrate from residue, non-filterable 
may be used.) 

 
MDL Typical:  4 mg/L 
 Range:  4 mg/L to 20, 000 mg/L  
 
Matrix Drinking, Surface and Saline Waters.  Wastewater. 
 
Interferences and 
Precautions Highly mineralized waters with considerable calcium, magnesium, chloride,  

and/or sulfate content may be hygroscopic and will require prolonged drying, 
desiccation and rapid weighing.  Samples with high concentrations of 
bicarbonates require prolonged drying. Too much residue in the evaporating 
dish will cause the residue to crust over and entrap water that may not be 
driven off during drying.  Limit total residue to 200 mg. 

 
Sample Handling Plastic or glass (100 mL) 
and Preservation Store cool, 4°C 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Membrane filter discs, 0.45 µm (Sartorius, Gelman, etc.).  
 
Precision ± 10% up to 250 mg/L 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992, Method 2540 C. 

 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-
79-020, USEPA, Revised March 1983, Method 160.1. 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

Residue, Filterable (TDS), 1.0 µm 
 
Parameter Residue, filterable 1.0 µm 
 
Analytical Method Gravimetric, 1.0 µm filter 
 
EMS Code 0007 X017 
 
Introduction Filterable residue (FR), also referred to as total dissolved solids (TDS), 

represents the portion of the that will pass through a filter of a particular size. 
The final result provides a measure of the dissolved mineralization in the 
water. 

 
Method Summary A well-mixed sample is filtered through a standard glass fibre filter.  A 

measured portion of the filtrate is evaporated in a preweighed evaporating 
vessel and dried to constant weight at 180°C.  The increase in dish weight 
represents the total dissolved solids.  (The filtrate from residue, non-filterable 
may be used.) 

 
MDL Typical: 4 mg/L 
 Range:  4 mg/L to 20,000 mg/L  
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Highly mineralized waters with considerable calcium, magnesium, chloride, 

and/or sulfate content may be hygroscopic and will require prolonged drying, 
desiccation and rapid weighing.  Samples with high concentrations of 
bicarbonates require prolonged drying. Too much residue in the evaporating 
dish will cause the residue to crust over and entrap water that may not be 
driven off during drying.  Limit total residue to 200 mg. 

 
Sample Handling Plastic or glass (100 mL) 
and Preservation Cool, 4°C 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Glass fibre filter discs, 1.0 µm (Whatman 934-AH, or equivalent). 
 
Precision ± 10% up to 250 mg/L 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 2540 C. 
 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-

79-020, USEPA, Revised March 1983, Method 160.1 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Residue, Nonfilterable (TSS) 
 
Parameter Residue, nonfilterable 
 
Analytical Method Gravimetric, whole bottle, 105°C 
 
EMS Code 0008 X332 
 
Introduction Nonfilterable residue, also referred to as total suspended solids (TSS), is the 

term applied to the material retained by a filter of standard pore size. 
 
Method Summary The entire sample is filtered, with rinsing, through a pre-weighed glass fibre 

filter, and the residue on the filter is dried to constant weight at 103°-105°C. 
The increase in weight of the filter is reported as nonfilterable residue.  The 
filtrate may be used for residue, filterable. 

 
MDL Typical: 4 mg/L 
 Range:  4 to 20,000 mg/L  
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Non-representative particulates such as leaves, sticks, fish and lumps of 

fecal matter should be excluded from the sample if it is determined that their 
inclusion is not desired in the final result. Samples high in dissolved solids, 
saline waters, brine, and some wastes may be subject to a positive 
interference.  Select filtering apparatus with care, so that washing of filter and 
dissolved solids in the filter minimizes this potential for interference. 

 
Sample Handling Whole bottle analyses - volume dependent on concentration 
and Preservation Store cool, 4°C 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Glass fibre filter discs (Whatman 934-AH, or equivalent).  Drying oven at 

103°-105°C. 
 
Precision ± 10% up to 250 mg/L 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 2540 D. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983, Method 160.2 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Residue, Settleable (Settleable Solids) 
 
Parameter Residue, settleable 
 
Analytical Method Imhoff cone, volumetric 
 
EMS Code 0023 1010 
 
Introduction Settleable residue, also referred to as settleable solids, is the term applied to 

particulate material that will settle out of suspension over an arbitrary time 
period. 

 
Method Summary A well mixed sample is introduced into a graduated Imhoff cone and allowed 

to stand for an hour (with gentle spinning of the cone at 45 minutes to 
minimize entrapped pockets of water). The volume of settled residue is 
recorded and reported as mL/L. 

 
MDL 0.2 mL/L.  
 Range:  0.2 to 40 mL/L (limit of Imhoff cone graduation).  
 
Matrix Surface and saline waters; domestic and industrial wastes. 
 
Interferences and 
Precautions Floating material, such as leaves and sticks, is not to be included.  Pockets of 

liquid may occur between large settled particles; the volume of these should 
be estimated and subtracted from the total.     

 
Sample Handling Bottle: 0.5 to 4.5L glass or plastic. 
and Preservation Preservation:  none.  Store cool, 4°C. 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Imhoff cone graduated from 0.2 to 40 mL and at 1 L.  
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control The procedure is not amenable to standard QA/QC techniques such as 

blanks, replicates and spikes. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 2540 F. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983, Method 160.5. 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision: December 31, 2000 

 

Residue, Total (TS) 
 
Parameter Residue, total 
 
Analytical Method Gravimetric, 180°C 
 
EMS Code 0005 X333 
 
Introduction Total residue, also referred to as total solids, is the term applied to the 

material residue left in the test vessel after evaporation of free water.  It 
includes both suspended and dissolved matter. 

 
Method Summary A well mixed sample is evaporated in a pre-weighed dish and dried to 

constant weight in the oven at 180°C.  The increase in weight over the empty 
dish represents the total solids.  Total solids is the sum of homogenous 
suspended and dissolved materials in a sample. 

 
MDL Typical: 10 mg/L 
 Range 10 mg/L to 20,000 mg/L 
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions Non-representative particulates such as leaves, sticks, fish and lumps of 

fecal matter should be excluded from the sample if it is determined that their 
inclusion is not desired in the final result. Floating oil and grease, if present, 
should be included in the sample and dispersed by a blender device before 
sub-sampling. 

 
Sample Handling Plastic or glass.  (100 mL) 
and Preservation Store cool, 4°C 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Drying oven at 180°C.  Porcelain or Pyrex evaporating dish (100 mL). 
 
Precision ± 6.0 mg/L at various concentrations 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition 1992, Method 2540 C. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983, Method 160.3 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Residue, Total, Fixed and Volatile  
 
Parameter Residue, total fixed 
 Residue, total volatile 
 
Analytical Method Gravimetric, ignition at 550°C (fixed) 
 Gravimetric, ignition at 550°C (volatile) 
 
EMS Code a)  fixed, units = mg/L 0006 1940 
 b)  fixed, units = µg/g 0006 X479 
 c)  volatile, units = mg/L 0032 1940 
 d) volatile, units = µg/g 0032 X479 
 
Introduction The loss of weight, on ignition at 550°C of residue from any of the various 

residue procedures, offers an approximation of the amount of organic matter 
present in that portion of the sample. The weight remaining is the fixed total, 
filterable or nonfilterable residue while the weight lost is the volatile 
counterpart. Volatile total residue is also referred to as volatile total solids. 

 
Method Summary Residue from determination of residue, total, is ignited to constant weight at 

550°C in a muffle furnace.  Usually, a 15 to 20 minute ignition is required.  
The ignited residue is cooled in a desiccator and weighed. The cycle of 
igniting, cooling, desiccating and weighing is repeated until a constant weight 
is attained.  The difference between the total residue and the fixed residue is 
the volatile residue. 

 
MDL Typical:  0.1 mg/L 
 Typical: 4 mg/L 
  
Matrix Sewage, sludge, waste, and sediments 
 
Interferences and 
Precautions A major source of error is failure to obtain a representative sample.  The test  

subject to errors due to loss of volatile organic matter prior to combustion, 
incomplete oxidation of certain complex organics and decomposition of 
mineral salts. 

 
Sample Handling 0.5 to 4.5 L plastic or glass bottle, unfiltered and 
and Preservation unpreserved.  Store cool (4°C). 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Organic matter is volatilized or combusted at 550°C. 
 
Precision SD = ± 11 mg/L at 170 mg/L volatile residue concentration. 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
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References a) Methods for the Chemical Analysis of Water and Wastes, EPA-
600/4-79-020, USEPA, Revised March 1983. Method 160.4 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992. Method 2540 E. 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Residue; Fixed and Volatile Filterable (VFR) 
 
Parameter Residue, volatile filterable 
 Residue, fixed filterable 
 
Analytical Method Loss on ignition at 550°C 
 Ash, 550°C 
 
EMS Code a) filterable, volatile, units = mg/L RF-F F012 
 b)  filterbale, fixed, units = µg/g VFR- F012 
 
Introduction The loss of weight, on ignition at 550°C of residue from any of the various 

residue procedures, offers an approximation of the amount of organic matter 
present in that portion of the sample. The weight remaining is the fixed total, 
filterable or nonfilterable residue while the weight lost is the volatile 
counterpart. Volatile filterable residue is also referred to as volatile dissolved 
solids. 

 
Method Summary Residue from determination of residue, filterable, is ignited to constant weight 

at 550°C in a muffle furnace.  Usually, a 15 to 20 minute ignition is required.  
The ignited residue is cooled in a desiccator and weighed. The cycle of 
igniting, cooling, desiccating and weighing is repeated until a constant weight 
is attained. 

 
MDL None listed. Range:  None listed. 
 
Matrix Sewage, sludge, waste, and sediments. 
 
Interferences and 
Precautions The test is subject to errors due to loss of volatile organic matter prior to 

combustion, incomplete oxidation of certain complex organics and 
decomposition of mineral salts. 

 
Sample Handling Plastic bottle (100 mL) No preservation.  Store cool (4°C). 
and Preservation 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Organic matter is volatilized or combusted at 550°C. 
 
Precision SD = ± 11 mg/L at 170 mg/L volatile residue concentration. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
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References a) Methods for the Chemical Analysis of Water and Wastes, EPA-
600/4-79-020, USEPA, Revised March 1983. Method 160.4 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992.  Method 2540 E. 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Residue; Fixed Nonfilterable (FNFR) and  
Volatile Nonfilterable (VNFR) 
 
Parameter Residue, fixed nonfilterable 
 Residue, volatile nonfilterable 
 
Analytical Method Gravimetric, 9cm Buchner, 550°C 
 
EMS Code a) FNFR  0009 1050 
 b) VNFR 0010 1050 
 
Introduction The loss of weight, on ignition at 550°C of residue from any of the various 

residue procedures, offers an approximation of the amount of organic matter 
present in that portion of the sample. The weight remaining is the fixed total, 
filterable or nonfilterable residue while the weight lost is the volatile 
counterpart. Volatile nonfilterable residue is also referred to as volatile 
suspended solids. 

 
Method Summary Residue from determination of residue, non-filterable, is ignited to constant 

weight at 550°C in a muffle furnace.  Usually, a 15 to 20 minute ignition is 
required.  The ignited residue is cooled in a desiccator and weighed. The 
cycle of igniting, cooling, desiccating and weighing is repeated until a 
constant weight is attained. 

 
MDL Typical: 1 mg/L 
 
Matrix Sewage, sludge, waste, and sediments. 
 
Interferences and 
Precautions A major source of error is failure to obtain a representative sample.  The test 

is subject to errors due to loss of volatile organic matter prior to combustion, 
incomplete oxidation of certain complex organics and decomposition of 
mineral salts. 

 
Sample Handling 0.5 to 4.5L plastic or glass bottle, unfiltered and unpreserved.  Store and 
Preservation cool (4°C). 
 
Stability  M. H. T.: 14 days 
 
Principle or Procedure Organic matter is volatilized or combusted at 550°C. 
 
Precision SD = ± 11 mg/L at 170 mg/L volatile residue concentration. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
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References a) Methods for the Chemical Analysis of Water and Wastes, EPA-
600/4-79-020, USEPA, EMSL, Revised March 1983. Method 160.4 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992. Method 2540 E. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes.  Title 

edited. 
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Physical/Inorganic 
Revision Date:  December 31, 2000 

 

Salinity 
 
Parameter Salinity by electrical conductivity 
 
Analytical Method Salinometer 
 
EMS Code 0130 1130 
 
Introduction Salinity is a measure of the mass of dissolved salts in a given quantity of 

solution. Due to difficulties associated with the gravimetric determination of 
solids, especially at higher concentrations, an indirect method is normally 
preferred. Electrical conductivity provides a convenient and precise approach. 

 
Method Summary The electrical conductance is measured using a conductivity bridge which 

has been calibrated with KCl solutions of known concentration. Salinity is 
determined by reference to the Practical Salinity Scale, 1978. 

 
MDL Not given. 
 Range:  4 - 40 g/kg 
 
Matrix Saline water and wastewater. 
 
Interferences and  
Precautions The method assumes that samples have the same relative chemical 

composition as seawater. Highly mineralized groundwater and samples with 
high or low pH may give misleading results. 

 
Sample Handling and 
Preservation 0.5 to 4.5  litre plastic bottle, unfiltered and unpreserved.  Store cool (4°C). 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure A seawater with a conductivity at 15°C equal to that of a KCl solution 

containing 32.4356 g in 1.00 kg of solution is defined as having a practical 
salinity of 35. 

 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control None listed. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 18th 

Ed.,  APHA, AWWA, WEF, 1992. Method 2520B. 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Inorganics 
Revision Date:  March 31, 2005 

 

Saturated Paste Extraction for Soils 
 
Parameter Water soluble salts (where saturated paste extraction is specified) 
 
Analytical Method Saturated Paste Soil Extraction 
 
Introduction This method was prepared for the British Columbia Ministry of Water, Land 

and Air Protection (BCMWLAP), specifically to assess the concentrations of 
sodium and chloride in soil samples.  However, it can also be used to assess 
other ionic components of concern in soil. 

 
 Soluble salts are removed from the soil sample using a saturated paste 

aqueous extraction.  Ionic components in the extract are determined using 
analytical techniques appropriate for water samples.   

 
 This method is applicable to soils, which are defined by Carter as the “minus 

10 mesh” fraction (<2mm).  It is not applicable to gravels or other samples 
where the particle size is predominantly >2mm.  

 
Method Summary This method involves adding a known quantity of deionized water to a soil 

sample until saturation is achieved.  The sample is allowed to stand for at 
least 4 hours and the aqueous extract is recovered for analysis.  

 
 This method is performance-based.  Alternate fixed extraction ratios may be 

employed for a given soil type at a given site if specified  requirements are 
met. 

 
MDL  Method Detection Limits (MDLs) are dependent on soil texture (saturation 

percentage), and on the techniques used for ionic determinations. 
   
Matrix Soil, Sediment, Solids 
 
Interferences The interferences encountered will differ depending on the analytical 

technique used to analyze ionic components in the extract.  Analysts should 
be aware of the limitations of each methodology. 

 
Sample Handling Use a clean polyethylene or glass container for sample collection.  Plastic 

bags are also suitable.  Store samples at room temperature.  Conduct 
extraction within 6 months of sample collection, or within the holding times for 
any required determinative tests. 

 
Apparatus Beakers with covers, glass or polyethylene; 
 Vacuum filtration apparatus; 
 Filters, cellulose or glass fiber are suitable; 
 Drying Oven; 
 Electronic Balance. 
 
Reagents Reagent water, distilled, deionized or equivalent. 
 
Applicability  The Standard Procedure described below is applicable to most soil samples, 

except for the following categories: 
 

• Samples that are predominantly gravels. 
• Samples that are over-saturated with water. 
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• Samples that are oily wastes. 
 
 Refer to modified procedures below for definitions and processing 

instructions for gravels and over-saturated samples.  This method is not 
applicable to oily wastes, where the oil content is such that a saturated paste 
cannot be formed.  

 
Standard Procedure 1)  Homogenize  the  complete  soil  sample,  including  any overlying 

water, then take a sub-sample of approximately 200 to 400 g of the wet 
soil.  Lesser amounts may be used if sufficient filtrate can be recovered 
for the required analyses.  Air or oven dry the soil at less than (60+/-
5)°C.   

 
  Note:  The 60°C maximum drying temperature is adopted from and  

consistent with the BC WLAP method for Strong Acid Leachable 
Metals. 

 
 2)   Use a mechanical grinder to grind the soil to pass through a 2mm 

screen.  The soil should not be subjected to sufficient force or abrasion 
to break up rocks, or the individual sand, silt, or clay particles.  Discard 
the >2mm fraction.   

 
  Note:  The drying and/or grinding steps may be omitted for samples 

that can readily be made to form a saturated paste without these steps.  
These steps are particularly important for samples with high clay 
content.  The sieving step may be omitted for samples that clearly have 
a minimal fraction >2mm. 

 
 3)   Weigh the soil into a container with a cover. Record the total weight of 

the container and soil sample. 
 
 4)   If the soil was not dried before weighing, determine soil moisture 

content on a separate soil aliquot. 
 
 5)   Add sufficient deionized water while mixing to saturate the soil sample.  

At saturation, the soil paste glistens, flows slightly when the container is 
tipped, and slides cleanly from a spatula.  A trench carved in the soil 
surface will readily close upon jarring the container. 

 
 6)   Allow the covered sample to stand for at least 4 hours and check to 

ensure the saturation criteria are still met.  If free water has 
accumulated on the surface, add a weighed amount of soil and remix.  
If the soil has stiffened or does not glisten, add deionized water and 
mix thoroughly.  After any additional water or soil is added, allow the 
sample to equilibrate for at least one hour to ensure that a satisfactory 
end-point has been attained.  Peat soils may require an overnight 
wetting period to obtain a definite endpoint for the saturated paste. 

 
 7)  Weigh the container and its contents.  Record the increase in weight, 

which corresponds to the amount of water added. 
 
 8)   Collect the extract using vacuum filtration until air passes through the 

filter.  Use a highly retentive filter paper (e.g. Whatman #5).  Turbid 
filtrates should be refiltered or centrifuged and decanted.  Alternatively, 
a filter press may be used. 
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 9)   Store extracts at 4°C.  For metals analyses only, preserve a portion of 
the extract with nitric acid to < pH2.  Analyze before the holding times 
which pertain to each determinative test. 

 
 10) Methods for determining ion concentrations in the liquid extract should 

be based on those listed in the BCMWLAP British Columbia 
Environmental Laboratory Manual or equivalent validated methods.  

 
Procedure For Gravels For  the  purposes of this method, gravels are defined as any sample with 

greater than a 50% component by weight of the >10 mesh fraction after 
disaggregation and sieving. 

 
 For gravel samples that meet this definition, use a fixed-ratio leach employing 

a 2:1 ratio of deionized water (mL) : dry soil sample (g). 
 
 Allow the covered sample to stand for at least 4 hours.  Then proceed to 

steps 8 through 10 of the Standard Procedure.  Centrifugation may 
alternatively be used for clarification of the leachate. 

 
 Reported ionic concentrations generated from this procedure should be 

clearly indicated as being derived from a gravel utilizing a 2:1 water leach.  
 
Procedure For  
Oversaturated Soils Analysis of  water  soluble  salts  in  soil  samples  which are received in an 

over-saturated condition (i.e. over-saturated with water)  are done using the  
filtrate  as received.  Proceed with steps 8 through 10 of the Standard 
Procedure to extract and process the leachate.  Centrifugation may 
alternatively be used for clarificaton of the leachate. 

 
 Reported ionic concentrations generated from this procedure should be 

clearly indicated as being derived from the overlying water from an over-
saturated soil. 

 
 Saturated paste ionic components are reported as mg/kg based on a dry 

sample weight.   
 
 Saturated Paste Ion Concentration (mg/kg dry weight) = C x (V1 + V2) 
                                           W  

 
 Where, 
  C = concentration of ionic component in saturated extract (mg/L) 
  V1 = volume of deionized water added to soil aliquot (L) 
  V2 = volume of soil moisture in soil aliquot, if any (L) 
  W = dry weight of soil aliquot (kg)   
 
Use of Alternative 
Methods Any analytical method options selected for this analysis must meet or exceed 

the  requirements specified in the BCMWLAP British Columbia Environmental 
Laboratory Manual, Section A - Laboratory Quality Assurance / Quality 
Control Guidelines.  Control limits for precision and accuracy of measurement 
are at the discretion of the laboratory.  

 
 There is provision within the framework of the BC CSR to allow for 

performance based measures in key areas. In the case of extraction of salts 
from soils, alternate procedures to the saturated paste extraction procedure 
may be employed.  
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 It is recognized that some investigators employ fixed ratio extractions of water 
to soil.  These can be more convenient to use, can yield higher extraction 
volumes, and in many cases reliable correlations may exist with the saturated 
paste extraction procedure for certain soil types.  

 
 It is required that alternate methods be confidently related to the saturated 

paste ion concentration on a site-specific and soil-type specific basis.  This 
requires that representative numbers and types of soil samples have been 
analyzed using the saturated paste technique and any alternate technique, 
and that a clearly defined mathematical relationship exists.     

 
 Those wishing to use alternate techniques to a saturated paste extract 

technique must demonstrate this relationship for each major soil type 
encountered at a given site.  As a minimum requirement, at least eight soil 
samples from each soil type at a given site must be analyzed as a basis for 
regression analysis.  Acceptable alternative methods must achieve a 
correlation with R2 > 0.98.   All equivalence study results must be well-
documented and retained by the laboratory and/or CSR practitioner for at 
least 5 years in the event of audit.  

  
 Once an acceptable correlation has been determined, the appropriate 

correction algorithm must be applied to all subsequent data for the site to 
convert ionic concentrations to their saturated paste equivalent values.    

 
 Laboratories must disclose to their clients, and CSR practitioners must 

disclose to the ministry where alternative extraction techniques to saturated 
paste have been employed. 

 
 
Quality Control Method Blanks: Analyze at least one with each sample batch.    
 Duplicates: Analyze at a frequency of approximately 10%, or one per batch.  
 Spikes: Not Required. 
 
References Carter, Martin R. (Editor), Soil Sampling and Methods of Analysis, Section 

18.2.2 Saturation Extract (Rhoades 1982), pp. 162-163, Lewis Publishers, 
Boca Raton, 1993. 

 
 Bright, Doug A., and Jan Addison. Derivation of Matrix Soil Standards for Salt 

Under the British Columbia Contaminated Sites Regulation. Report to the 
British Columbia Ministry of Water, Land and Air Protection, Ministry of 
Transportation and Highways, British Columbia Buildings Corporation and 
Canadian Association of Petroleum Producers, 2002. 

 
 Gartley, Karen L., Recommended Soluble Salts Tests.  Recommended Soil 

Testing Procedures for the Northeastern United States, 2nd edition, 
Northeastern Regional Publication No. 493, Agricultural Experiment Stations 
of Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, 
New Jersey, New York, Pennsylvania, Rhode Island, Vermont, and West 
Virginia, December 15, 1995. 

 
 Alberta Energy and Utilities Board.  Guide 50:  Drilling Waste Management, 

section 3, pp 3-5, October, 1996. 
 
 BC Ministry of Water, Land and Air Protection.  Strong Acid Leachable Metals 

in Soil – Performance Based Method.  British Columbia Environmental 
Laboratory Manual for the Analysis of Water, Wastewater, Sediment, 
Biological Materials and Discrete Air Samples, 2003 edition. 

 
Revision History First Revision  March 31, 2005 
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Inorganics 
Revision Date: March 31, 2005 

 
Sodium & Chloride in Soil by Saturated Paste Extraction  
 
Parameters Water Soluble Sodium (Na) EMS Code: 
 Water Soluble Chloride (Cl) EMS Code: 
 
Analytical Method Saturated paste soil extraction followed by ionic determination. 
 
Introduction This method was prepared for the British Columbia Ministry of Water, Land 

and Air Protection (BCMWLAP), specifically to assess the concentrations of 
sodium and chloride in soil samples.   

 
 Water soluble sodium and chloride are removed from the soil sample using a 

saturated paste aqueous extraction.  Sodium and chloride are determined 
using analytical techniques appropriate for water samples.   

 
Method Summary This method involves adding a known quantity of deionized water to a soil 

sample until saturation is achieved.  The sample is allowed to stand for at 
least 4 hours and the liquid extract is recovered for analysis.  Sodium and 
chloride concentrations in the liquid extract are determined through direct ion 
measurement techniques.  

 
 Supporting test methods are listed in the BCMWLAP British Columbia 

Environmental Laboratory Manual, and include: 
 

1) Saturated Paste Extraction for Soils 
2) Sodium, Section C 
3) Chloride, Section B 

 
 This method is performance-based.  Alternate methods for ionic 

determination may be employed if  specified requirements are met. 
 
MDL  Method Detection Limits (MDLs) are dependent on soil textures (saturation 

percentages), and on the techniques used for sodium and chloride 
determination in the liquid extract.   

   
Matrix Soil, Solids 
 
Interferences Refer to supporting test methods. The interferences encountered will differ 

depending on the analytical technique used to analyze ionic components in 
the extract.  Analysts should be aware of the limitations of each methodology. 

 
Sample Handling Refer to supporting test methods. 
 
Apparatus Refer to supporting test methods.  
 
Reagents Refer to supporting test methods. 
 
Procedure 1) Refer  to  the   BCMWLAP   British  Columbia  Environmental  

Laboratory Manual method for “Saturated Paste Extraction for Soils”. 
 
 2)  Methods for determining sodium and chloride concentration in the liquid 

extract should be based on those listed in the BCMWLAP British 
Columbia Environmental Laboratory Manual or equivalent validated 
methods.  Sodium may be determined by atomic adsorption 
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spectroscopy, or by atomic emission spectroscopy.  Chloride may be 
determined using ionic chromatography or by colourimetric techniques.  

 
Calculations Saturated paste ionic components (sodium and chloride) are reported as 

mg/kg  based on a dry sample weight.   
 
 Saturated Paste Ion Concentration (mg/kg dry weight) = C x (V1 + V2) 
                                           W  

 Where, 
  C = concentration of ionic component in saturated extract (mg/L) 
  V1 = volume of deionized water added to soil aliquot (L) 
  V2 = volume of soil moisture in soil aliquot, if any (L) 
  W = dry weight of soil aliquot  (kg)   
 
Use of Alternative 
Methods Any analytical method options selected for this analysis must meet or exceed 

the requirements specified in the BCMWLAP British Columbia Environmental 
Laboratory Manual, Section A - Laboratory Quality Assurance / Quality 
Control Guidelines.   Control limits for precision and accuracy of 
measurement are at the discretion of the laboratory.  

 
 There is provision within the framework of the BC CSR to allow for 

performance based measures in key areas. It is recognized that the literature 
contains a variety of predictive equations for the relationship between 
electrical conductivity and various salt ions in a saturated paste extract.  
Several jurisdictions also provide remediation guidelines based on measures 
of electrical conductivity.  When compared to direct analysis of sodium and 
chloride, measurement of electrical conductivity can be more convenient to 
use (especially in the field), less costly, and in many cases, good correlations 
exist for certain sites and soil types.  

 
 It is required that alternate methods such as electrical conductivity 

measurement be confidently related to direct ion measurement on a site-
specific and soil-type specific basis. This requires that extracts of 
representative numbers and types of soil samples at a given site be analyzed 
using direct ion measurement and electrical conductivity procedures, and that 
a clearly defined mathematical relationship exists.     

 
 Those wishing to use alternate techniques to a direct ion measurement must 

demonstrate this relationship for each major soil type encountered at a given 
site.  As a minimum requirement, at least eight soil samples from each soil 
type at a given site must be analyzed as a basis for regression analysis.  
Acceptable alternative methods must achieve a correlation with R2 > 0.98. All 
equivalence study results must be well-documented and retained by the 
laboratory and/or CSR practitioner for at least 5 years in the event of audit.  

 
 Once an acceptable correlation has been determined, the appropriate 

correction algorithm must be applied to all subsequent data for the site to 
convert ionic concentrations to their saturated paste equivalent values.    

 
 Laboratories must disclose to their clients, and CSR practitioners must 

disclose to the ministry where alternative extraction techniques to saturated 
paste have been employed. 

 
Quality Control Method Blanks: Analyze at least one with each sample batch.    
 Duplicates: Analyze at a frequency of approximately 10%, or one per batch.  
 Spikes or Reference Materials (Post-Prep): Analyze at least one per batch. 
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References Carter, Martin R. (Editor), Soil Sampling and Methods of Analysis, Section 
18.2.2 Saturation Extract (Rhoades 1982), pp. 162-163, Lewis Publishers, 
Boca Raton, 1993. 

 
 Bright, Doug A., and Jan Addison. Derivation of Matrix Soil Standards for Salt 

Under the British Columbia Contaminated Sites Regulation. Report to the 
British Columbia Ministry of Water, Land and Air Protection, Ministry of 
Transportation and Highways, British Columbia Buildings Corporation and 
Canadian Association of Petroleum Producers, 2002. 

 
Revision History First Revision  March 31, 2005 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 
Silica, Reactive, Heteropoly Blue 
 
Parameter Silica, reactive 
 
Analytical Method Automated ascorbic acid reduced heteropoly blue 
 
EMS Code 0120 X338 
 
Introduction Degradation of silicate rocks results in the presence of silica in natural waters 

as suspended particles or some form of ion.  Due to the tendency of silica to 
form scale, high levels are of concern in industrial applications. 

 
Method Summary Ammonium molybdate at pH 1.2 reacts with silica to form yellow 

molybdosilicic acid which is reduced by ascorbic acid to produce an intensely 
blue heteropoly acid.  The absorbance is read at 600 nm. 

 
MDL Typical:  0.5 mg SiO2/L  
 
Matrix Domestic and industrial wastewaters, natural water, and potable water 

supplies. 
 
Interferences and  
Precautions Avoid using glassware and use reagents low in silica.  Blanks must be run to 

correct for any silica introduced to the samples.  Tannin, large amounts of 
iron, colour, turbidity, sulfide and phosphate interfere.  Treatment with oxalic 
acid eliminates interference from phosphate and decreases the interference 
from tannin.  Photometric compensation may be used to cancel interferences 
from colour and turbidity. 

 
Sample Handling 0.5 to 4.5 L plastic bottle 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Autoanalyzer with silica manifold, 600 nm filter and 10mm tubular flow cell. A 

manual adaptation of this method is also acceptable. 
 
Precision & Accuracy Standard deviation  of ±14.3%, relative error of 7.8%, for a synthetic sample 

containing 5.0 mg SiO2/L, 10 mg Cl/L, 0.20 mg NH3-N/L, 1.0 mg NO3-N/L, 
1.5 mg organic N/L, and 10.0 mg PO4/L in  distilled water analyzed by 19 
laboratories. 

 
Quality Control Blanks, duplicates, and spikes are run with each set. 
 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500-Si F 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Physical/Inorganic 
Revision Date: December 31, 2000 

 

Silica, Reactive, Molybdosilicate 
 
Parameter Silica, reactive 
 
Analytical Method Automated molybdosilicate 
 
EMS Code 0120 X339 
 
Introduction Degradation of silicate rocks results in the presence of silica in natural waters 

as suspended particles or some form of ion.  Due to the tendency of silica to 
form scale, high levels are of concern in industrial applications. 

 
Method Summary Ammonium molybdate at pH 1.2 reacts with silica to form yellow 

molybdosilicic acid.  The absorbance is read at 410 nm. 
 
MDL Typical: 1 mg SiO2/L  
 
Matrix Domestic and industrial wastewaters, natural water, and potable water 

supplies. 
 
Interferences and 
Precautions Avoid using glassware and use reagents low in silica.  Blanks must be run to 

correct for any silica introduced to the samples.  Tannin, large amounts of 
iron, colour, turbidity, sulfide and phosphate interfere.  Treatment with oxalic 
acid eliminates interference from phosphate and decreases the interference 
from tannin.  Photometric compensation may be used to cancel interferences 
from colour and turbidity. 

 
Sample Handling 0.5 to 4.5 L plastic bottle 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Autoanalyzer with silica manifold, 410 nm filter and 10mm tubular flow cell.  A 

manual adaptation of this method is also acceptable. 
 
Precision & Accuracy Standard deviation of ±14.3%, relative error of 7.8%, for a synthetic sample 

containing 5.0 mg SiO2/L, 10 mg Cl/L, 0.20 mg NH3-N/L, 1.0 mg NO3-N/L, 
1.5 mg organic N/L, and 10.0 mg PO4/L in distilled water analyzed by 19 
laboratories. 

 
Quality Control Blanks, duplicates, and spikes are run with each set. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 4500-Si D 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Sulphate/Sulfate, Automated Colorimetric - MTB 
 
Parameter Sulfate dissolved (or Sulphate, dissolved) 
 
Analytical Method Automated methylthymol blue colorimetric 
 
EMS Code 1121 1400 
 
Introduction Sulfate, (SO42-), is a naturally occurring ion that may be present over a wide 

concentration range.  The oxidation of pyrite in acid mine drainage may 
contribute large amounts of SO42-. A concern with sulfate arises from the 
ability of sulfur bacteria to reduce sulfate to sulfide. 

 
Method Summary After being passed through a cation-exchange column, the sample is reacted 

with an alcohol solution of barium chloride and methylthymol blue (MTB) at 
pH 2.5-3.0 to form barium sulfate.  The pH of this solution is raised to 12.5-
13.0 so that the excess barium reacts with MTB.  The uncomplexed MTB is 
equivalent to the amount of sulfate present. 

 
MDL Typical: 0.5 mg/L 
 Range:  3-300 mg SO4/L or 0.5-30 mg SO4/L  
 
Matrix Drinking, surface and wastewaters 
 
Interferences and 
Precautions Multivalent cation interferences are eliminated by the ion exchange column. 

Samples with a pH below 2 should be neutralized since high acid elute 
concentrations cations from the ion exchange resin.  Filter or centrifuge turbid 
samples. 

 
Sample Handling Plastic or glass (50 mL) 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Autoanalyzer with sulfate manifold, 460 nm interference filters and 15 mm 

tubular flow cell. 
 
Precision SD  = ± 1.6 at mean concentration of 110 mg S04/L (26 samples) 
 
Accuracy Mean recovery = 102% on 24 surface and wastewater samples. 
 
Quality Control Analyze all working standards in duplicate at beginning of each run to develop 

a standard curve. 
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References a) Methods for the Chemical Analysis of Water and Wastes, EPA-
600/4-79-020, USEPA, Revised March 1983.  Method 375.2 

 b) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992. Method 4500-SO42- F. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. SEAM 

MDL       deleted.  Sulphate synonym added. 
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Sulphate/Sulfate, Gravimetric 
 
Parameter Sulfate, dissolved (or Sulphate, dissolved) 
 
Analytical Method Barium chloride gravimetric 
 
EMS Code 1121 X061 
 
Introduction Sulfate is widely distributed in nature and normally found in water as a result 

of degradation of sulfate-containing rock. 
 
Method Summary Sulfate is precipitated as barium sulfate (BaSO4) in HCl medium by the 

addition of barium chloride.  After the digestion period, the precipitate is 
filtered, washed with hot water until chloride free, ignited and weighed as 
BaSO4. 

 
MDL Typical: 1 mg SO4/L  
 
Matrix Drinking, surface and saline waters, wastewater. 
 
Interferences and 
Precautions High results may be obtained for samples containing suspended matter, 

nitrate, sulfite and silica.  Alkali metal sulfates frequently yield low results.  
This is especially true of alkali hydrogen sulfates.  Heavy  metals such as 
chromium and iron can interfere. Do not let the filter paper flame during the 
ashing of the precipitate. 

 
Sample Handling Plastic or glass (50 mL) 
and Preservation Cool, 4°C 
 
Stability M. H. T.:  28 days 
 
Principle or Procedure Steam bath.  Drying oven.  Muffle furnace.  Analytical balance.  Filter paper, 

ashless fine (Whatman 42 or equivalent). 
 
Precision SD = ± 4.7% at 259 mg SO4/L  (aqueous mix of 9 ions). 
 
Accuracy Relative error = 1.9% at 259 mg SO4/L (aq. mix of 9 ions). 
 
Quality Control None listed. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500-S04 C. 
 b) Methods for Chemical Analysis of Water and Wastes EPA-600/4-

79-020, USEPA, Revised March 1983.   Method 375.3 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes.  Sulphate 

synonym added. 
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Sulphate/Sulfate, Ion Chromatography 
 
Parameter Sulfate, dissolved (or Sulphate, dissolved) 
 
Analytical Method Ion chromatography 
 
EMS Code 1121 X044  
 
Introduction Sulfate is widely distributed in nature and normally found in water as a result 

of degradation of sulfate-containing rock. 
 
Method Summary A small volume of sample, typically 2 to 3 mL, is introduced into an ion 

chromatograph.  The anions of interest are separated and measured using a 
system comprised of a guard column, separator column, suppressor column 
and conductivity detector. 

 
MDL Typical: 0.02 mg SO4/L 
 Range: 1-100 mg SO4/L  
 
Matrix Drinking and surface waters.  Mixed wastewater. 
 
Interferences and 
Precautions Interferences can be caused by substances with retention times similar to 

and overlapping those of the ion of interest.  Large amounts of an anion can 
interfere with peak resolution of an adjacent anion.  Method interference can 
be caused by reagent or equipment contamination. 

 
Sample Handling Plastic or glass (50 mL) 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Ion chromatograph configured with guard, separator and suppressor columns 

and equipped with a conductivity detector.   
 
Precision SD = ± 1.47 mg/L at 98.5 mg SO4/L  (drinking water) 
 
Accuracy 104% at 98.5 mg SO4/L  (drinking water) 
 
Quality Control The laboratory should spike and analyze a minimum of 10% of all samples to 

monitor continuing lab performance.  Field and laboratory duplicates should 
be analyzed.  Measure retention times of standards.  Second order calibration 
may be required for sulphate above 100 mg SO4/L. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992. Method 4110. 

 b) EPA-600/4-84-017, Test Method, Technical Addition to Methods for 
Chemical Analysis of Water and Wastes (EPA-600/4-79-020), USEPA, 
Revised March 1983, Method 300.0 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. Sulphate 

synonym added. 
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Sulphate/Sulfate, Turbidimetric 
 
Parameter Sulfate, dissolved (or Sulphate, dissolved) 
 
Analytical Method Barium sulfate turbidimetric 
 
EMS Code 1121 X064 
 
Introduction Sulfate is widely distributed in nature and normally found in water as a result 

of degradation of sulfate-containing rock. 
 
Method Summary Sulfate ion is converted to a barium sulfate suspension under controlled 

conditions.  The resulting turbidity is determined using a nephelometer or 
spectrophotometer and compared to a curve prepared from standard sulfate 
solutions. 

 
MDL Typical:  1.0 mg S04/L 
 Range:  1-40 mg S04/L  
 
Matrix Drinking and surface waters, wastewater. 
 
Interferences and 
Precautions Suspended matter and colour interfere, although colour interference is less 

than for the colorimetric sulfate procedure.  Silica in concentrations over 500 
mg/L will interfere. 

 
Sample Handling Plastic or glass (50 mL) 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Nephelometer or spectrophotometer at 420 nm with a light path of 4-5 cm.  

An automated version of this technique is also available. 
 
Precision SD = ± 7.86 mg/L at 110 mg SO4/L 
 
Accuracy As bias, -3.3 mg/L at 110 mg SO4/L 
 
Quality Control Correct for sample colour and turbidity by running blanks from which barium 

chloride has been omitted.  Suitable for all ranges of sulfate, but use sample 
aliquot with not more than 40 mg SO4/L.  Above 50 mg/L the accuracy 
decreases and suspensions lose stability. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 4500-S04 E. 
 b) Methods for Chemical Analysis of Water and Wastes,  EPA-600/4-

79-020, USEPA, Revised March 1983 Method 375.4 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes.  Sulphate 

synonym added. 
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Sulphide/Sulfide by Silver/Sulfide Electrode 
 
Parameter Sulfide, total (or Sulphide, total) 
 
Analytical Method Silver/sulfide ion selective electrode 
 
EMS Code 0125 X340 
 
Introduction The presence of sulfide in water as hydrogen sulfide or bisulfide results in 

disagreeable tastes and odours.  Sulfide is often present in groundwater 
associated with sulfide rocks and ores and with hot springs.  In wastewaters, 
sulfide results from the decomposition of organic matter, from industrial 
wastes or from the bacterial reduction of sulfate.  In clean water, sulfide 
odour can be detected between 0.085 and 0.25 µg/L.  The Canadian Drinking 
Water Aesthetic Objective Guideline is 0.05 mg/L.  Fish hatcheries require a 
limit of 0.002 mg/L. 

 
Method Summary The silver/sulfide electrode includes a sensing element bonded into an epoxy 

body.  When this sensing element is in contact with a solution containing 
sulfide or silver ions, an electrode potential develops across the sensing 
element.  The sensing element will respond to both silver ions and sulfide 
ions but since both ions can not exist in solution together because of the 
extreme insolubility of silver sulfide, the electrode can be used to determine 
silver or sulfide.  The potential, measured against a constant reference 
potential, is proportional to the concentration of free sulfide (or silver) ions in 
solution. 

 
MDL Typical:  0.05 mg/L 
 Range:  Below 1 mg/L 
 
Matrix Fresh water, marine water, process waters and effluents. 
 
Interferences and 
Precautions a) Mercury will affect electrode response; however, in a sulfide sample, 

HgS and Hg2S are so insoluble that both mercury and sulfide will not 
usually be found in solution. 

 
 b) When analyzing standards, check previous millivolt readings for the 

same standard - there should be little or no change.  Samples 
suspected of containing no sulfide can be analyzed prior to 
standardization to see if there is any electrode response at all. 

 
 c) Stabilization time for the first measurement could be as long as 5 

minutes.  Subsequent measurements should not require such a long 
stabilization time. 

 
 d) If possible, determine low sulfide concentration samples first since the 

probe responds more quickly when changing from  a low concentration 
to a higher concentration. 

 
 e) Rinse the probe between readings with 0.1N NaOH then wipe dry.  Do 

not use deionized water. 
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Sample Handling and 
Preservation Collect at least 100 mL of sample in  a clean plastic bottle.  Minimize aeration 

during collection and fill the bottle to the top to prevent the volatilization and/or 
oxidation  of sulfides.  Samples are preserved with 2 mL 2N  Zn(CH3C00)2/L. 

 
Stability Sulfides are precipitated as ZnS which prevents volatilization and prevents 

further sulfide generation.  Preserved samples can be stored for up to 7 days. 
 
Principle or Procedure For method details, see references [a] and [b]. 
 
Precision Factors such as temperature, drift and noise affect precision.  With frequent 

calibration, direct electrode measurements are reproducible to ±4% to 5% [b]. 
 
Accuracy None listed. 
 
Quality Control Standard reference materials (SRM's) for sulfide are not available at this 

time. Match standards and samples as closely as possible to control 
variables such as temperature and pH. 

 
References a) Environment Canada, Conservation and Protection, Pacific and Yukon 

Region Laboratory Manual, Sulfides - Specific Ion Probe, Version 1.0, 
(1987). 

 b) Orion Research, Model 95-18 Silver/Sulfide Electrode Instruction 
Manual, Rev. B, (1991). 

 c) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th Edition, 1992.  Method 4500-S2-  A. 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes.  Sulphide   

synonym added. 
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Sulphide/Sulfide, Total, Iodometric 
 
Parameter Sulfide, total (or Sulphide, total) 
 
Analytical Method Iodometric titration 
 
EMS Code 0125 X031 
 
Introduction The presence of sulfide in water as hydrogen sulfide or bisulfide results in 

disagreeable tastes and odours.  Sulfide is often present in groundwater 
associated with sulfide rocks and ores and with hot springs.  In wastewaters, 
sulfide results from the decomposition of organic matter, from industrial 
wastes or from the bacterial reduction of sulfate.  In clean water, sulfide 
odour can be detected between 0.085 and 0.25 µg/L.  The Canadian Drinking 
Water Aesthetic Objective Guideline is 0.05 mg/L.  Fish hatcheries require a 
limit of 0.002 mg/L. 

 
Method Summary The sample is acidified and sparged with an inert gas. Hydrogen sulfide, thus 

liberated, is trapped in a zinc acetate solution. Excess iodine is added and 
back-titrated with standard sodium thiosulfate solution. Iodine consumed is 
equivalent to the trapped sulfide. 

 
MDL Typical:  0.5 mg/L 
 Range:  0.5 to 16 mg  S2-/L 
 
Matrix Fresh water, industrial and domestic wastewater 
 
Interferences and 
Precautions Any reducing substance is liable to interfere; however, most are removed by 

the sparging technique. 
 
Sample Handling and 
Preservation Plastic or glass (500 mL), preserved immediately with 1 mL 2N zinc acetate/ 

500mL sample. 
 
Stability M. H. T.: 7 days 
 
Principle or Procedure Acid dissociable sulfides are converted to H2S and sparged into a trapping 

medium where they are determined iodometrically. 
 
Precision Authentic samples at concentrations of 3.58 and 4.87 mg S2-/L gave 

respective coefficients of variation of 2.2 and 5.5%. 
 
Accuracy Relative error at a concentration of 5.21 mg/L was +6.5%. 
 
Quality Control The sodium thiosulfate should be standardized against commercially 

available potassium biniodate solution. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992. Method 4500-S2-. 

 b) Methods for Chemical Analysis of Water and Waste EPA-600/4-79-
020, USEPA, Revised March 1983. Method 376.1. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Out of 

print reference deleted.  Sulphide synonym 
added. 
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Surfactants, Anionic as MBAS 
 
Parameter Surfactants, anionic (methylene blue active) 
 
Analytical Method Methylene blue, colorimetric 
 
EMS Code 0122 X341 
 
Introduction Methylene blue active substances (MBAS) promote the extraction of 

methylene blue, a cationic dye, from an aqueous solution into an immiscible 
organic liquid. This occurs through ion-pair formation by the MBAS anion and 
the methylene blue cation.  The intensity of the resulting blue colour in the 
organic phase is a measure of MBAS.  Linear alkylbenzene sulfonate (LAS) 
is the most widely used anionic surfactant and is used to standardize the 
MBAS method. 

 
Method Summary The sample, made just acid to phenolphthalein and treated with an excess of 

methylene blue, is extracted three times with chloroform (CHCl3). The 
combined chloroform extracts are washed with acidic buffer solution, dried 
and made to volume for colorimetric measurement at 652 nm. 

 
MDL Typical:  0.025 mg MBAS/L as LAS 
 Range: 0.025 - 0.5 mg/L LAS 
 
Matrix Waters and wastewater 
 
Interferences and 
Precautions Positive interferences result from all other MBAS species present.  If a direct 

determination of any individual MBAS species, such as LAS, is sought, all 
others interfere.  Substances such as organic sulfonates, sulfates, 
carboxylates and phenols, and inorganic thiocyanates, cyanates, nitrates, and 
chlorides also may transfer more or less methylene blue into the chloroform 
phase.  Negative interferences can result from the presence of cationic 
surfactants and other cationic materials, such as amines, because they 
compete with the methylene blue in the formation of ion-pairs. Particulate 
matter may give negative interferences through absorption of MBAS. 
Because of the inherent properties of surfactants, special analytical 
precautions are necessary.  Foam on the sample surface indicates that the 
surfactants are distributed between the air phase and the associated bulk 
aqueous phase and surfactant concentration in the latter may be significantly 
depleted. 

 
 If foam has formed, let it subside by standing, or collapse it by other 

appropriate means, and remix the liquid phase before sampling.  Adsorption 
of surfactant from aqueous solutions onto the walls of the container, when 
concentrations below about 1 mg/L are present, may seriously deplete the 
bulk aqueous phase. Minimize adsorption errors, if necessary, by rinsing the 
container with the sample, and for anionic surfactants, by adding alkali 
phosphate (e.g., 0.03 N KH2PO4). 

 
Sample Handling Plastic or glass, 250mL to 4.5 L 
and Preservation Unfiltered, no preservation 
 
Stability M. H. T.: 28 days 
 



B - 129 

Principle or Procedure Anionic surfactants form ion-pairs with methylene blue which are extractable 
from aqueous solution into an immiscible organic solvent. Absorbance of the 
extraction solvent at 652 nm is proportional to the concentration of 
surfactants in the sample. 

 
Precision and Accuracy A synthetic sample containing 270 µg LAS/L in distilled water was analyzed in 

110 laboratories with a relative standard deviation of ±14.8% and a relative 
error of 10.6%.  A tap water sample to which was added 480 µg LAS/L was 
analyzed in 110 laboratories with a relative standard deviation of ±9.9% and a 
relative error of 1.3%.  A river water sample with 2.94 mg LAS/L added was 
analyzed in 110 laboratories with a relative standard deviation of ±9.1% and a 
relative error of 1.4%. 

 
Quality Control None listed. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA & WEF, 18th Edition, 1992, Method 5540 C. 
 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Surfactants, Sublation Extraction 
 
Parameter Surfactants 
 
Analytical Method Sublation extraction 
 
EMS Code 0122 X342 
 
Introduction Surfactants, which combine in a single molecule a strongly hydrophobic 

group with a strongly hydrophillic one, enter water and wastewaters mainly by 
discharge of aqueous wastes from household and industrial laundering and 
other cleansing operations.  Such molecules tend to congregate at the 
interfaces between the aqueous medium and the other phases of the system 
such as air, oily liquids, and particles, thus conferring properties such as 
foaming, emulsification and particle suspension. The sublation process 
isolates the surfactant, regardless of type, from dilute aqueous solution and 
yields a dried residue relatively free of nonsurfactant substances.  

 
Method Summary A stream of nitrogen is bubbled up through a vertical column containing the 

sample and an overlaying layer of ethyl acetate.  The surfactant is absorbed 
at the water - gas interfaces of the bubbles and is carried into the ethyl 
acetate layer.  The bubbles escape into the atmosphere leaving behind the 
surfactant dissolved in ethyl acetate.  The solvent is separated, dehydrated, 
and evaporated, leaving the surfactant as a residue suitable for methylene 
blue analysis, free of interferences. 

 
MDL Range:  Below 1 mg/L 
 
Matrix Waters and wastewaters 
 
Interferences and 
Precautions The sublation method is specific for surfactants, because any substance 

preferentially absorbed at the water-gas interface is by definition a surfactant.  
The sublation process separates only dissolved surfactants.  If particulate 
matter is present it holds back an equilibrium amount of absorbed surfactant. 

 
Sample Handling Plastic or glass (1 L) 
and Preservation No preservation required 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure The surfactant is absorbed at the water - gas interfaces of the nitrogen 

bubbles and is carried into the ethyl acetate layer.   
 
Precision ± 7.4 % (n = 100) 
 
Accuracy Average recovery 90 - 98% 
 
Quality Control None listed.  
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA & WEF, 18th Edition, 1992. Method 5540 B. 

 
Revision History February 14, 1994:   Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Tannin and Lignin 
 
Parameter Tannin and lignin 
 
Analytical Method Heteropoly acid 
 
EMS Code a) Manual 0123 X120 
 b)   Automated 0123 0951 
 
Introduction Lignin is a plant constituent that often is discharged as a waste during the 

manufacture of paper pulp.  Another plant constituent, tannin, may enter the 
water supply through the process of vegetable matter degradation or through 
the wastes of the tanning industry.  Tannin also is applied in the so-called 
internal treatment of boiler waters, where it reduces scale formation by 
causing the production of a more easily handled sludge. 

 
Method Summary Aliquots of sample are reacted with Folin phenol reagent (a mixture of 

tungstic and molybdic acids) and, after time for reaction, with carbonate 
solution.  The absorbance of the developed colour is measured at 700 nm 
using a spectro-photometer equipped with 1 cm cells. It should be 
emphasized that the reaction is not specific for lignin or tannin. 

 
MDL Typical: Approximately 0.025 mg/L for phenol and tannic acid and 0.1 mg/L 
 for lignin with a 1-cm-path-length spectrophotometer. 
 Range: 0.1 mg/L - 9 mg/L  
 
Matrix Waters and wastewaters 
 
Interferences and 
Precautions Other substances able to reduce Folin phenol reagent will produce a false 

positive response.  Organic chemicals known to interfere include 
hydroxylated aromatics, proteins, humic substances, nucleic acid bases, 
fructose, and amines. Inorganic substances known to interfere include iron 
(II), manganese (II), nitrite, cyanide, bisulfite, sulfite, sulfide, hydrazine, and 
hydroxylamine hydrochloride.  Both 2 mg ferrous iron/L and 125mg sodium 
sulfite/L individually produce a colour equivalent to 1 mg tannic acid/L.  If the 
identity of the compound in the water sample is not known, use phenol and 
report results as "substances reducing Folin phenol reagent" in mg phenol/L. 
Interpret such results with caution. 

 
Sample Handling Plastic or glass (50 mL) 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Aromatic hydroxyl groups in lignin and tannin react with Folin phenol reagent  

(tungstophosphoric and molybdophosphoric acids) to produce a blue colour 
suitable for estimation of concentrations up to at least 9 mg/L. 

 
Precision ± 7% for 0.1 mg/L 
 
Accuracy Recovery = 107% 
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Quality Control None listed. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th Edition, 1992. Method 5550 B. 
 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Thiocyanate, Ion Chromatography 
 
Parameter Thiocyanate 
 
Analytical Method Ion chromatographic analysis 
 
EMS Code THIO X044 
 
Introduction Thiocyanate (SCN-) is of concern because, when wastewater containing it is 

chlorinated, highly toxic cyanogen chloride is produced.  
 
Method Summary A small volume of sample, typically 2 to 3 mL, is introduced into an ion 

chromatograph.  The anions of interest are separated and measured using a 
system comprised of a guard column, separator column, suppressor column 
and conductivity detector. 

 
MDL Typical:  0.05 mg SCN-/L 
 Range:   0.05 to 2.0 mg SCN-/L 
 
Matrix Fresh water and wastewaters 
 
Interferences and 
Precautions Interference can be caused by substances with retention times similar to and 

overlapping those of the ion of interest.  Large amounts of an anion can 
interfere with peak resolution of an adjacent anion.  Method interference can 
be caused by reagent or equipment contamination. Industrial waste may 
contain unknown interferences. 

 
Sample Handling Plastic or glass (50 mL) 
and Preservation Add NaOH to pH >12 
 
Stability M. H. T.: 14 days 
 
Principle or Procedure Ion chromatograph.  Guard, separator and suppressor columns, conductivity 

detector. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control The laboratory should spike and analyze a minimum of 10% of all samples to 

monitor continuing lab performance.  Field and laboratory duplicates should 
be analyzed.  Measure retention times of standards. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992. Method 4110 B (for the 
general ion chromatographic technique -not specifically for 
thiocyanate). 

 b) EPA-600/4-84-017, Test Method Technical Addition to Methods for 
Chemical Analysis of Water and Wastes (EPA-600/4-79-020), USEPA, 
Revised March 1983, Method 300.0 (for the general ion 
chromatographic technique -not specifically for thiocyanate). 

 
Revision History February 14, 1994:    Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Turbidity, Nephelometric 
 
Parameter Turbidity 
 
Analytical Method Nephelometric 
 
EMS Code 0015 1140 
 
Introduction Turbidity measurements within water provide insight into its clarity.  Turbidity 

is normally caused by suspended matter such as clay, plankton or silt. 
 
Method Summary The light, scattered at right angles to the incident light by the sample under 

defined conditions, is measured in a nephelometer and compared with the 
effect produced by a standard reference suspension.  The higher the intensity 
of scattered light, the higher the turbidity. 

 
MDL Typical:  0.1 Nephelometric turbidity unit (NTU) 
 Range:  0 to 40 NTU  
 
Matrix Drinking, surface and saline waters 
 
Interferences and  
Precautions Presence of floating debris and coarse sediments which settle out rapidly will 

give low readings.  Fine air bubbles will affect results in a positive manner.  
The presence of true colour, or dissolved substances which absorb light, will 
result in low turbidities. 

 
Sample Handling Plastic or glass (100 mL) 
and Preservation No preservation, store cool, 4°C 
 
Stability M. H. T.: 28 days 
 
Principle or Procedure Nephelometer (with light source) and one or more photoelectric detectors. 
 
Precision SD = ± 0.60 and 1.2 units at NTU levels of 26 and 75. 
 
Accuracy None listed. 
 
Quality Control Use turbidity-free water for blanks and dilution.  Sample tubes must be clear, 

colourless glass.  
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. Method 2130 B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

79-020, USEPA, Revised March 1983. Method 180.1 
 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. 
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Appendix 1 
 
 
Table 1: Method Sensitivity  
 

Reference pH N % Sensitivity 

Mean 

% Sensitivity 

Std Dev 

% Sensivitiy 
CONTROL LIMITS 
Lower          Upper 

4.00 to 10.00 109 98.80 0.52 94.12           103.48 

 
  
Table 2: Method Blank 
 

 N Expected pH pH 
Units 

Measured pH pH 
Units 

Std. Dev. Control 
Limits 

Blank 316 N/A 6.16 0.17 ± 0.50 
      

Most data from the blanks run at Env. Canada (PESC) prior to May 1999. 
 
 
Table 3: Method Bias 
 

Certified value 
/ pH units 

N Measured pH 
   mean         Std. Dev. 

%  Bias Significant 
(95% CL) 

{a}   9.08 ±  0.20 3 9.031           0.011 - 0.54 No 
{b}   6.97 ± 0.03 6 6.922           0.005 -  0.69 No 
{c}   9.05 ± 0.20 5 9.022           0.021 - 0.31 No 

Most data from the certified reference solutions run at Env. Canada (PESC) prior to May 1999. 
{a}  pH standard by Environmental Resource Associates. Lot #9967. 
{b}  Low Ionic Strength pH buffers by Orion Research. Lot #YX1. 
{c}  pH standard by Environmental Resource Associates. Lot #9964. 
CL - Confidence Limit. 
 
Table 4: Single Analyst Method Precision 
 

Sample Type N pH Mean Std Dev % RSD 

Mine Effluent 5 7.53 0.012 0.16 
Sewage Effluent 5 3.57 0.140 3.91 
River Water 5 7.90 0.051 0.64 
Ground Water 5 8.16 0.009 0.11 

Most data from the samples run at Env. Canada (PESC) prior to May 1999. 
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Table 5: Single Analyst (Within-Run) Precision 
 

pH Analytical 
Range 

/ pH units 

No. of Sets of 
Duplicates 

%Mean 
Normalized 

Range 

Std. Dev. CONTROL LIMITS 
for Normalized Duplicate 

Range 

0 - 14 302 0.320 0.456 1.37 

Most data from the duplicates run at Env. Canada (PESC) prior to May 1999. 
 
 
Table 6: Control Sample Bias (Data Current to May 1999) 
 

Reference pH N % Recovery 

Mean 

% Recovery 

Std Dev 

% Recovery 
CONTROL LIMITS 
Lower          Upper 

4.00 to 10.00 315 100.06 0.278 99.11           101.43 
8.78 35 99.92 0.67 97.91           101.93 
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Appendix 2 
 
 
Table 1: Ministry Preferred DQO’s 
 

Sample Type Range Bias (pH Units) Precision (pH Units) 
Effluent 0-14 0.1 ± 0.1 
Freshwater 0-14 0.05 ± 0.05 
Marine 0-14 0.05 ± 0.05 
Precipitation (rain) 0-14 0.01 ± 0.01 
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Metals 
Revision Date:  December 31, 2000 

 
INTRODUCTION 
 
The following sections are divided into various topics including: 
 
 1.0 Sample Preparation 
 
 2.0  Instrumental Analysis 
 
 3.0 Specific Elemental Conditions 
 
The intent of these methods is not to exclude other techniques but, rather, to provide information on the 
most commonly used protocols.  Other acceptable techniques are encouraged providing equivalent or 
better performance can be established. 
 
The routine methods proposed in the manual include various atomic spectroscopy techniques.  Not all 
elements have been covered for each technique even though it may be practical to use that method.  For 
instance, ICP is well suited for the analysis of calcium although only atomic absorption is described in the 
element specific section.  Refer to the ICP section 2.4 for a list of capabilities and the associated detection 
levels. 
 
Additionally, not all elements are represented in this manual at this time.  Future revisions will likely include 
these methods as well as any updated information available. 
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Metals 
Revision Date:  December 31, 2000 

 
1.0   SAMPLE PREPARATION 
 
Introduction 
Environmental samples submitted to a laboratory for metals analyses are subject to a variety of special 
handling needs and precautions.  The following serves to alert the analyst to most of the common 
concerns encountered.  Refer to the QA/QC section for additional information. 
 
Sample Contamination 
Due to the abundance and mobility of many metals, caution must always be taken to eliminate potential 
contamination sources.  This includes all materials that contact the samples, exposure to dust and fumes 
and reagents used in the preservation, preparation and analysis procedures.  All procedures must be 
reviewed and appropriate measures taken to address these concerns.  Concurrent analysis of method 
blanks must be carried out to monitor contamination. 
 
Sample Homogeneity 
The ability to obtain a representative subsample for analysis is one of the most important steps in the 
measurement process.  The analyst must always ensure that samples are properly homogenized and 
subsampled prior to analysis.  If a unique physical property prohibits this, the analyst must note this 
information and alert others of this concern. 
 
Unique Characteristics 
Many samples contain physical or chemical attributes that can affect the performance of the analysis 
method used.  Since most analytical protocols do not address unusual sample characteristics, the analyst 
must occasionally make modifications to procedures.  These modifications must be validated through 
appropriate method validation procedure. 
 
Sample/Extract Stability 
The stability of metals must be considered before, during and after sample preparation.  Losses of some 
volatile elements could occur during drying and heating operations.  In addition, chemical and physical 
changes such as precipitation, absorption, adsorption, oxidation, etc., should be considered at all times. 
As a general rule, samples should be prepared and analyzed as soon as practical after submission to the 
laboratory.  Guidelines such as the “EPA Holding Times” exist for many parameters indicating typical 
stability of elements in solution. 
 
1.1  Aqueous Samples 
 
1.1.1 Nitric Acid Digestion For Water Samples 
 
Sample Type:  Fresh Water  
 Waste Water 
 
Container: Polyethylene bottle - 0.5 L or 0.25 L (acid washed) 
 
Field Preparation:  02 Unfiltered: field adds 4 mL conc HNO3 per litre. 
 03 Unfiltered: lab adds 4 mL conc HNO3 per litre. 
 
Principle of Method: The water sample is digested with nitric acid to solubilize the solid matter and 

to remove the organics by oxidation and volatilization. The sample is then 
introduced into the ICP or the graphite furnace atomic absorption 
spectrophotometer. The atomic emission or absorption (depending on 
method) corresponding to each element is measured. 
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Heavy Metals Analysis: The digested samples may be analyzed by one of the following  
 procedures:  
 a) Flame Atomic Absorption (Flame - AA) is used for high level screening. 

This method yields adequate quantitative results for some elements, 
e.g. K, Cd, and Pb. 

 b) Inductively Coupled Argon Plasma Spectrograph (variously ICP or 
ICAP) is a broad scope technique but needs to be backed up by GFAA 
for low levels. 

 c) Graphite Furnace AA (GFAA) is used for low concentrations, especially 
for Cu, Pb and Cd. 

 d) Hydride Vapour Generation AA (HVGAA) is used as an alternative to 
GFAA for As and Se. 

 e) Cold Vapour AA (CVAA) is used for analysis of mercury in view of its 
volatility. 

 f) Inductively Coupled Argon Plasma/Mass Spectrometer (ICP/MS) may 
be used as an alternative to GFAA. 

 
Apparatus:  a) Hot plate 
 b) Glassware 
 
Reagents:  a) conc. HNO3 analytical grade. 
 
Procedure: a) Measure 100 mL sample with a graduated cylinder into a 125 mL 

erlenmeyer flask, rinse cylinder with a small amount of deionized water 
and add to the flask. 

 b) Add 2 mL conc. HNO3 to each sample and heat on hot plate until 5 - 10 
mL remains. 

 c) Remove from heat and wash down sides with deionized water 
 d) Bulk to 100 mL with deionized water in a 100 mL volumetric flask 
 
  Run one duplicate for every 20 samples, two digested blanks and 

internal quality control standards (spikes or reference materials) with 
each batch. 

  
  This digestion procedure is not to be used for samples with turbidity 

greater than 70 NTU. 
 
1.1.2 Nitric Acid Digestion For Turbid Water Samples 
 (Turbidity greater than 70 NTU) 
 
Sample Type:  Fresh Water  
 Waste Water 
 
Container:  Polyethylene bottle - 0.5 L or 0.25 L (acid washed)  
 
Field Preparation:  02 Unfiltered: field adds 4 mL conc HNO3 per litre. 
 03 Unfiltered: lab adds 4 mL conc HNO3 per litre 
 
Principle of Method:  The water sample is digested with nitric and hydrochloric acids to solubilize 

the solid matter and to remove the organics by oxidation and volatilization. 
The sample is then introduced into the ICP or the graphite furnace atomic 
absorption spectrophotometer. The atomic emission or absorption 
(depending on method) corresponding to each element is measured. 

 
Interference:  The recoveries of silver are suspect by this method since silver chloride is 

insoluble. 
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Heavy Metals Analysis: The digested samples may be analyzed by one of the following procedures: 
 a) Flame Atomic Absorption (Flame - AA) is used for high level screening. 

This method yields adequate quantitative results for some elements, 
e.g. K, Cd, and Pb. 

 b) Inductively Coupled Argon Plasma Spectrograph (variously ICP or 
ICAP) is a broad scope technique but needs to be backed up by GFAA 
for low levels. 

 c) Graphite Furnace AA (GFAA) is used for low concentrations, especially 
for Cu, Pb and Cd. 

 d) Hydride Vapour Generation AA (HVGAA) is used as an alternative to 
GFAA for As and Se. 

 e) Cold Vapour AA (CVAA) is used for analysis of mercury in view of its 
volatility. 

 f) Inductively Coupled Argon Plasma/Mass Spectrometer (ICP/MS) may 
be used as an alternative to GFAA. 

 
Apparatus:  a) Hot plate 
 b) Glassware 
 
Reagents:  a) conc. HNO3 analytical grade  
 b) 1:1 HCl analytical grade 
 
Procedure: a) Measure 100 mL sample with a graduated cylinder into a 125 mL 

erlenmeyer flask, rinse cylinder with a small amount of deionized water 
and add to the flask. 

 b) Add 3 mL conc HNO3 to each sample and heat on hot plate to almost 
dryness. 

 c) Add another 3 mL conc. HNO3 and again heat to almost dryness. 
 d) Add 2 mL 1:1 HCl to each sample. Remove from hotplate and wash 

down sides with deionized water.  
 e) Bulk to 100 mL with deionized water in a 100 mL volumetric flask. 
 
  Run one duplicate for every 20 samples, two digested blanks and 

internal quality control standards (spikes or reference materials) with 
each batch. 

 
1.1.3 Total Mercury Digestion  
 
Sample Type: Fresh Water 
 Wastewater 
 Marine Water 
 
Container: Containers are glass with a tightly fitting lid, or Teflon. 
 
Preservation: Unfiltered-field:   add 4 mL HNO3 (see section 2.1.6) per litre or 20% (w/v) 

K2Cr2O7 in 1:1 HNO3, 2mL/L 
 Unfiltered-lab:   add 4 mL HNO3 (see section 2.1.6) per litre or 20% (w/v) 

K2Cr207 in 1:1 HNO3, 2mL/L 
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Principle of Method: The water sample undergoes a strongly oxidizing digestion to dissolve all the 
mercury, break down organics and eliminate any sulfide present in the 
sample. 

 The sample is then introduced to: 
 a)   CVAAS 
 
Apparatus:  (see section 2.1.5) 
 a) Water Bath -minimum temperature requirement: 95°C 
 b) Fume hood 
 c) Glassware -300 mL BOD bottles (or equivalent) 
 
Reagents: a) Deionized distilled water 
 b) Sulfuric acid (H2SO4), concentrated, reagent grade 
 c) Nitric acid (HNO3), concentrated, reagent grade 
 d) Potassium permanganate (KMnO4), 5% w/v, mercury-free 
 e) Potassium persulfate (K2S2O8), 5% w/v, reagent grade 
 f) Sodium chloride-hydroxylamine sulfate, 12% w/v, reagent grade 
 
Procedure 
Sample Preparation: Samples are prepared in batches (25-35) dictated by the size of the water 

bath accommodating the glassware containing the samples. 
 
 Each batch encompasses: 
 a) Sample replicates - 10% of samples in duplicate, minimum of one 

duplicate per batch. 
 b) Quality control samples - 5% of samples, minimum of one per batch - 

containing elements of known concentrations. 
 c) Two reagent blanks - 5% of samples, not to exceed two per batch and 

minimum of one per batch. 
 d) Calibration standards, minimum of three per batch, bracketing the 

expected concentration of the samples. 
 
 All are subjected to the same reagents and treatment for digestion as follows: 
 a) Pipette 100 mL of sample, or an aliquot diluted to 100 mL, into a 300 

mL BOD bottle. 
 b) Add 5 mL concentrated H2SO4, 2.5 mL of concentrated HNO3, and 15 

mL 5% KMnO4 solution to each bottle.  Mix well after each addition. 
 c) Ensure purple color persists for at least 15 minutes.  If not, add 

additional portions of 5% KMnO4 solution, mixing well after each 
addition, until the purple color persists for longer than 15 minutes. 

  1. Add 8 mL 5% K2S2O8 solution to each bottle. 
  2. Heat bottles in a 95°C water bath for 2 hours. 
  3. Allow the samples to cool.   
 d) Add 6 mL 12% sodium chloride-hydroxylamine sulfate to reduce 

excess KMnO4. 
  1. Proceed immediately to analyze the solution. 
 
Instrumental Analysis: The sample is now prepared for analysis by CVAAS.  See the specific 

instrumental analysis section (section 2.3) for details. 
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1.2 Non-Aqueous Samples 
 
1.2.1 Strong Acid Leachable Metals (SALM) in Soil – Performance Based Method (PBM) 
 
 
Analytical Method: Nitric – Hydrochloric digestion, Instrumental analysis 
 
Introduction and  
Explanatory Notes: This method was prepared for the B.C. Ministry of Environment, Lands and 

Parks (BCMELP), specifically for analyses dealing with metals in soils for use 
under the   Waste Management Act, Contaminated Sites Regulation (CSR).  
It has been suggested that it could be used as an appropriate method for 
other BCMELP regulatory purposes, and for similar initiatives in other 
jurisdictions.  However it may not be suitable for certain study or project 
requirements. 

 
 The Contaminated Sites Regulation includes “Water” and “Soil” as “Matrix 

Types” but “Soil” is only broadly defined (CSR, section 1).  After consultation 
with BCMELP representatives it was decided that Carter’s definition of “Soil” 
(reference 16), as being “minus 10 mesh” material, would be used for this 
method.  Due to concerns with sub-sampling variance, it was decided that the 
minimum representative “minus 10 mesh” sample size taken for digestion be 
one gram of dry sample. 

 
 It was noted that a variety of digestion apparatus and digestion procedures 

were being used.  After review, it was decided to use an “open-beaker 
digestion”, a mixture of  nitric acid and hydrochloric acid, and standardized 
digestion time and temperature.  Laboratories are allowed some flexibility 
regarding apparatus and heating methods while limited variations in acid 
mixture composition, digestion time and temperature are permitted if method 
equivalency is proven.  The inclusion of all undigested material in the final 
diluted extract was permitted to accommodate the use of calibrated digestion 
tubes. 

 
 Results of analyses of Certified Reference Materials using the common 

mixed acid digestion procedures indicate that barium, chromium, nickel, and 
vanadium are often incompletely recovered.  For example barium typically 
yields recoveries ranging from 5% to 25%.  Other “heavy metals: (e.g. 
copper, cadmium, lead, zinc, etc.) yield recoveries generally between 90 and 
100% for most samples.  The toxicological significance of the low recoveries 
seen using this method for barium, chromium, nickel, and vanadium obtained 
using “open beaker mixed acid digestion” is  relatively inconsequential.  The 
aim of this method is not necessarily to achieve “better recoveries” but rather 
to ensure consistent results between laboratories over the long term. 

 
 Regarding pressurized closed vessel microwave digestion, this technology 

has been specifically excluded from the Version 1.0 method for two reasons.  
First, recoveries for barium, chromium, nickel, and vanadium are consistently 
and significantly higher than those seen using “open beaker mixed acid 
digestion” procedures.  Second, the use of the minimum one gram sample 
size may not be technically feasible for many closed vessel microwave 
systems. 

 
Method Summary: Samples are dried at 60°C and sieved using a 2 mm (10 mesh) sieve.  Solid 

samples are digested with the combination of nitric and hydrochloric acids 
with a 1:1 ratio of acids.  For environmental purposes, strong acid leaches 
are used routinely since they have the advantage of speed, low cost, and 
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superior reproducibility.  All metals trapped within the refractory matrix are 
unlikely to have environmental consequences.  Instrumental analysis of 
extracts produced using this digestion method can be performed by a variety 
of techniques.  

 
Scope and Application: This method is written in a performance based method (PBM) format.  A 

PBM includes both mandatory and non-mandatory elements.  Provided that 
the mandatory elements are met, laboratories have the flexibility to select 
analytical methods, procedures and instrumentation of their preference.  The 
most important of the mandatory elements are the data quality objectives 
(DQO’s) specified by the ministry and the criteria set out in this methodology. 
Laboratories using this method have two key responsibilities.  The first is to 
have a detailed written operating procedure documenting how the method is 
carried out in their laboratory.  This must include the mandatory elements.  
The second responsibility is to audit annually their method performance to 
ensure that the data quality objectives are met.  Laboratories should use a 
documented quality system conforming to ISO 17025 [2]. 

 
  NOTE:  The mandatory elements of this performance based method are 

specified in bold text. 
 
  PBM Strong Acid Leachable Metals in Soils provides the sample preparation 

and digestion methodology for analysis of metals, including mercury, and 
other elements such as barium, phosphorus and sulphur.  The selection of 
analytical methods for a client or program specification includes: availability of 
accepted or standard methods, required method detection limits (MDL), turn 
around time, sample type, available technology, operator expertise and 
economy.  Additional analytical issues include the analytes to be measured, 
expected concentrations and potential interferences using this method.  
Metals can be detected and quantified from parts per million (µg/g) to parts 
per trillion (pg/g) levels depending on the method and instrumentation used 
for analysis.  The strong acid leach results in a partial to complete extraction 
of target elements.  All results must be reported on a dry weight basis. 

 
    Where laboratories use modifications to this method, they must prove 

equivalency (as described in the Method Equivalency Section). 
 
Method Limitation: a) Aluminum, barium, chromium, iron, manganese, nickel, vanadium and 

other refractory elements, are known to have low recovery by the this 
procedure [14]. 

 
 b) Preliminary studies have shown that antimony (Sb) and tin (Sn) may 

degrade over time once the extract has been diluted in the presence of 
the soil.  Once the soil has been removed from the digestate, Sb and 
Sn appear to be more stable. 

 
 c) This method is not applicable to hexavalent chromium. 
 
 d) Samples high in organic matter (e.g. humus, peat) may yield lower 

recoveries of Strong Acid Leachable Metals. 
 
 e) Samples with high petroleum or non-petroleum hydrocarbon content 

(“Oil & Grease”) may require specialized sample pre-treatment or 
different digestion procedures. 

 
 f) Sulphur determination by this test method is not ‘elemental sulphur’ 

analyzed by acetone extraction followed by colorimetric analysis. 
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Significance and Use: The impacts of metals in soils range from beneficial, to troublesome, to 

dangerously toxic in the environment. This method allows for the 
determination of metals in soils so as to monitor contamination in the 
environment.  Laboratories throughout the country use different methods for 
the chemical analysis of soils.  These differences include analysing different 
grain size fractions, and using different acid digestion methods.  As a result, 
the heavy metal data produced in different laboratories may be incomparable 
and unverifiable [9].  This PBM specifies mandatory sample preparation 
steps, drying temperature, sieve size and digestion procedures, so that 
laboratories will have comparable and verifiable results, specifically for those 
dealing with metals in soils under the Province of British Columbia’s Waste 
Management Act, Contaminated Sites Regulations (CSR) [12]. 

 
Definitions: Certified Reference Material (CRM) - A reference material, one or more of 

whose property values are certified by a technically valid procedure, 
accompanied by or traceable to a certificate or other documentation which is 
issued by a certifying body. 

 
 Reference Material (RM) - A material or substance, one or more properties of 

which are sufficiently well established to be used for the calibration of an 
apparatus, the assessment of a measurement method, or for assigning 
values to materials. 

 
 Duplicate - a quality control sample, often chosen randomly, from a batch of 

samples and undergoing separate, but identical sample preparation and 
analysis whose purpose is to monitor method precision and sample 
homogeneity. 

 
 Method Blank - a quality control sample that is free of the target parameter or 

analyte and contains only the reagents used and undergoes the same 
analysis procedure as the unknown sample.  The method blank is used to 
monitor possible contamination sources. 

 
 Soils – the minus 10 mesh fraction and as defined by the Contaminated Sites 

Regulation 
 
 Strong Acid Leachable Metals (SALM) - dissolves nearly all the “heavy metal” 

in solids including arsenic, cadmium, cobalt, copper, lead, mercury, selenium, 
silver and zinc, but does not dissolve all silicates minerals.  Elements that are 
not recovered completely by this strong acid leachable digestion may include: 
antimony, barium, beryllium, chromium, iron, manganese, molybdenum, 
nickel, silver, thallium, tin, titanium and vanadium. 

 
 Refractory Elements – Substances that resist attack by ordinary laboratory 

acids; brought into solution by high temperature processes such as: fusion 
with a flux, acid digestion under pressure greater than one atmosphere, acid 
digestion with hydrofluoric and/perchloric acids or any combination of these 
techniques. 

 
 Total Acid Digestable Metals (TADM) - completely dissolves the silicate 

minerals, so that recoveries are complete.  Acids used in TADM digestion 
include perchloric and hydrofluoric acid.  TADM analyses are not part of this 
procedure. 
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 Total Metals - the phrase “Total Metals” as used by the British Columbia 
Ministry of Environment, Lands and Parks (BCMELP) CSR refers to this 
procedure and not the TADM procedure. 

 
Sample Collection  
and Preservation: a) Sampling should be done by qualified personnel, experienced in 

sampling procedures and working under standard documented 
operating conditions.  It is important that the sample be properly taken 
in a quality-controlled manner for submission to a laboratory and that 
the sample be representative of the area being sampled [7]. 

 
 b) Samples must be collected and stored such that degradation or 

alteration of the sample is minimized.  Collect the sample in a clean 
polyethylene or glass container, and tightly cap immediately after 
sampling.  It is recommended that glass containers be used, 
particularly if mercury analysis is required on the samples.  Samples 
can be frozen or stored at 4°C.  The holding time prior to digestion 
must not exceed 28 days for mercury and 6 months for all other 
metals (from the time of sampling prior to digestion).  Results 
reported for samples digested beyond holding times must be 
flagged. 

 
  c) Samples must be clearly labeled with the date and time of sampling, 

location or source of the sample, type of sample (grab or composite), 
analysis required and the identity of the individual who collected the 
sample.  Labels must be filled out in indelible ink and fixed to the 
sample container such that they will not fall off when wet or during 
transport. 

 
Interferences: a) The interferences encountered will differ depending on the instrumental 

method used to analyze the extracts.  These interferences should be 
clearly outlined in the analysis procedure.  Analysts should be aware of 
the limitations to the instrumentation and methodologies used for the 
analysis of metals in solids. 

 
 b) High concentrations of acids may cause physical interferences in 

instrumental analyses. 
 
Method Performance: a) Method detection limits (MDL) must be determined statistically 

using the formulas outlined in Appendix 2. 
 
 b) Method Blanks must be analyzed with each batch to monitor 

contamination and background interferences. 
 
 c) Method Accuracy: Certified Reference Materials (CRM) or 

Reference Materials (RM) must be analyzed with every batch to 
check validity of test results, and the recovery of metals measured 
against the certified or accepted values. 

 
 d) Method Precision: Duplicates must be analyzed with every 

batch.  Precision is determined using Relative Percent Difference 
(RPD).  See Appendix 2 for formulas. 

 
 e) Laboratory MDL should be at least five times lower than the applicable 

regulatory limits, (where possible, given the most economical and best 
technology currently available).  For example, if the regulatory limit is 
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100  micrograms per gram (ug/g), the laboratory MDL must be not be 
greater than 20 ug/g;  current technology may only allow laboratories to 
achieve a 50 ug/g MDL.  Current Province of British Columbia CSR 
Regulatory Limits are listed in Appendix 3, Table 1. 

 
Safety: Nitric and hydrochloric acid must not be premixed; they should be added 

individually to each sample vessel.  Mixtures of nitric and hydrochloric acid 
must not be stored in closed containers.  

  
Apparatus: a) Apparatus required for the preparation and digestion of samples and 

analysis will vary depending on the method and instrumentation of 
choice. 

 
 b) It is mandatory to use a 2 mm (or a “10 mesh”) sieve.  It is 

recommended that a stainless steel screen/sieve with all tin solder be 
used.  Sieves must not be constructed of brass or contain tin lead 
solder.  Polypropylene or nylon sieves may also be used.  

 
 c) The heat for digestion must be supplied by a heat source capable 

of maintaining a temperature of 90 ± 5°C. 
 
 d) Digestion vessels must be capable of supporting reflux action.  

The vessel design must be such that the sample must be 
completely covered by the digestion acid mixture at all times. 

 
Reagents: a) Nitric acid, HNO3 (concentrated). 
 
 b) Hydrochloric acid, HCl (concentrated). 
 
   Note 1:  The laboratory is responsible for using the appropriate grade 

of acid; reagent grade as a minimum. 
 
   Note 2:  Hydrofluoric, perchloric and sulphuric acids must not to 

be used. 
 
 c) Laboratory grade water : Water free of substances that interfere 

with the analytical method; equivalent to Type 1 water as set out 
in the current edition of Standard Methods (APHA). 

 
Procedure: The samples are digested and prepared using the following procedures. The 

mandatory elements of this method are specified in bold text. 
 
 a) Sample Homogenization and Sub-Sampling 
 
  1. Inspect the sample and record any unusual or significant 

characteristics (e.g. lead shot pellets, metal turnings, 
screws, etc). 

 
  2. Remove any obviously foreign material such as vegetation. 
 
  3. If the sample has separated into visually obvious layers 

(e.g., water/marine water, organic and sediment phases), the 
entire sample must be homogenized prior to sub-sampling.  
The aqueous phase must not be decanted. 
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   Note: Special project requirements may involve alternative 
procedures such as decanting of the aqueous fraction.  When 
these non-standard procedures have deviated from the 
prescribed method, the results must be clearly flagged. 

 
  4.  Homogenize the entire sample by vigorous stirring using a non-

contaminated spatula. If it is not possible to homogenize the 
sample in the container it was received in, the sample can be 
transferred to a larger non-contaminating container prior to 
homogenization. Clean the spatula and mixing container 
between samples. 

 
  5. Where moisture determination is required, a separate sub-

sample must be taken prior to drying and sieving; otherwise 
proceed to Procedure Section 2. 

 
 b) Sample Preparation - Drying 
 
  1. Dry sample to be analyzed at a temperature of 60 ± 5°C to a 

constant weight.  For drying temperatures other than 60 ± 5°C, a 
note should accompany the results. Freeze drying of samples is 
acceptable. 

 
  Note: Sample drying temperature must not exceed 60°C to 

minimize volatilization of certain analytes such as mercury 
[14]. 

 
 2. Drying may not be necessary, as sample may be dry, and in 

some instances, the laboratory may wish to (and be able to) 
sieve a “moist” undried sample.  Results must be reported on a 
dry weight basis. 

 
 c) Sample Preparation - Sieving 
 
  1. Sieve each sample through a 2 mm (“10 mesh”) sieve.  DO 

NOT grind samples to pass through this sieve/screen size. It 
is suggested that “easily friable materials” (dried clay clods, 
disintegrating rock, etc.) should be included “by being subjected 
to some sort of gentle mechanical action (rolling, etc.)” prior to 
screening.  Dis-aggregation of sample is permissible prior to 
sieving. 

 
  2. Where available, it is recommended that a minimum of 25 grams 

of sieved sample be obtained for analysis. 
 
  3. Discard the “greater than 2 mm” fraction. 
 
  4. Field sampling personnel may pre-screen the samples in the 

field. 
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 d) Sample Digestion Procedure 
 
  1. Weigh a minimum of 1.00 grams of dry sample, into a vessel 

capable of refluxing, such as a covered beaker or digestion tube.  
Include method blanks, duplicates and at least one reference 
material per batch of samples. Weight must be recorded to ± 
0.05 grams.  

 
   Note 1: In cases where one gram of sieved sample is not 

available it is permissible to perform the analysis as described 
but a note must accompany the results. 

 
   Note 2:  It is permissible to use more than one gram of sample 

for digestion but the acid to sample ratio must be maintained as 
stated in 2 (below), and the sample must be covered by the acid 
mixture at all times. 

 
  2. Add equal volumes of concentrated nitric and concentrated 

hydrochloric acid.  The minimum acid volumes required are 2.5 
mL of concentrated nitric acid and 2.5 mL of concentrated 
hydrochloric acid.  The acid ratio (by volume) should be one part 
nitric acid to one part hydrochloric acid.  In addition the minimum 
acid to sample ratio must be a minimum of 5 mL of acid for every 
gram of dry sample.  Sample must be fully covered by the 
acid mixture. 

 
   Note:  It is permissible to use more than 5 mL of acid mixture per 

one gram of dry sample. 
 
  3. Swirl acid and sample to mix gently.  Allow the sample to sit 

at room temperature for at least one hour before heating. 
 
  4. Digest samples for two hours ± 15 minutes at a temperature of 

90 ± 5°C at atmospheric pressure. A hotblock or waterbath are 
the preferred methods of heating.  The heat for digestion must 
be supplied by a heat source capable of maintaining a 
temperature of 90 ± 5°C. 

 
  5. Dilute the entire sample with laboratory grade water to the 

volume required for the analysis.  The dilution volume will depend 
on the analysis technique, the detection limit, and the elements 
being analysed.  Typical final dilution volumes will be 25 mL, 50 
mL, or 100 mL.  Include all undigested solid material as part of 
the final diluted volume.  Sample extracts should not be stored in 
glass. 

 
  6. When tin and antimony analyses are required, the sample 

extracts must be centrifuged or filtered within 4 hours of 
dilution to separate the digestate from the particulates.  This 
must be done to minimize tin and antimony losses.  The 
decanted or filtered digestates must be analyzed within 7 
days. 

 
  7. Analyze the final extract using appropriate analytical techniques 

and report the results on a dry weight basis. 
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  8. Report any anomalies observed during the digestion and 
analysis. 

 
Quality Control: a) Before analyzing any samples, the laboratory must demonstrate 

that the selected analytical methods can provide valid data under 
practical conditions in the laboratory.  The laboratory should have 
in place a method validation process and data to demonstrate that 
validation has occurred and that the methods chosen can meet 
the data quality objectives. 

 
 b) Quality control procedures are essential to ensure data quality and to 

monitor the accuracy and precision of the instrument. 
 
 c) Detail and document any non-conformances. 
 
 d) The uncertainty of the results, detection limits, selectivity of the 

analysis, and its robustness in the hands of different staff should be 
tested and documented.  Techniques used for validation include results 
obtained on certified or other reference materials, comparison of 
results with data obtained using other methods, interlaboratory 
comparison data, systematic assessment of factors which could 
influence the results, and assessment of uncertainty based on 
accuracy and precision.  The influence of instrumental, human and 
environmental factors should be considered. 

 
 e) Assess whether the method shows statistical control by 

considering: 
 
  1. the range of duplicate results, to monitor precision 
  2. the measured check standards, reference materials, and 

control standards ( to monitor bias). 
 
  If any parameter lies outside of the established (2σ) control limits 

for the CSR Regulated elements, or (3σ) control limits for the non 
CSR Regulated elements OR  if two consecutive data points for a 
parameter lie outside of the (1σ) warning limits, for the CSR 
Regulated elements and (2σ) warning limits for the non CSR 
Regulated elements, then re-calibration and/or an instrument 
check may be necessary.  Document any non-conformance and 
the action taken. 

 
 
Calculation and Reporting: 
 
Report results on a dry weight basis 
 
 Concentration of analyte 
 in sample (µg/g) =  A (ug/mL) x sample volume (mL) x dilution factor 
   dry weight of sample used (g) 
 

where A = analyte concentration as determined by the instrument of choice 
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Method Equivalency Procedure 
 
1. Use of Alternative Methods 
 

This method contains several prescribed and required elements that may not be modified. 
 
Modification or omission is not permitted to anything described within the method text as 
“required” or preceded by the word “must”.  In this procedure, as noted above, all mandatory 
elements are specified in bold text. 

 
All of the prescribed requirements of the method are summarized in section 1.1 below. 

 
1.1 Prescribed Elements 

 
Laboratories that report data for regulatory purposes may not alter any method conditions listed in 
this section without prior written permission by BCMELP: 
 
1.1.1 Every laboratory that uses this method, whether modified or not, must validate the method 

to meet Appendix 5 Data Quality Objectives (DQO’s). 
 
1.1.2 Maximum holding time for samples prior to digestion is 6 months for all metals except 

mercury, which is 28 days.  Where holding times are exceeded, data must be flagged. 
 
1.1.3 The Sample Homogenization and Sub-Sampling procedure must be followed as 

described in PROCEDURE - Section (a). 
 
1.1.4 Certain elements of Sample Preparation - Drying must be followed as described in 

PROCEDURE - Section (b). 
 
1.1.5 Certain elements of Sample Preparation - Sieving Steps must be followed as described in 

PROCEDURE - Section (c). 
 
1.1.6 Certain elements of Sample Digestion Procedure must be followed as described in 

PROCEDURE - Section (d) as follows: 
 

1.1.6.1 The amount of sample digested must not be less than 1 gram dry weight, 
except in special cases as described in section (d)1 Note 1.  

 
1.1.6.2  Only nitric & hydrochloric acids can be used for the sample digestion 

(hydrofluoric, perchloric and sulphuric acids are not allowed). 
 
1.1.6.3 The minimum acid to sample ratio must be 5:1. Use a minimum of 5 mL of 

concentrated acid for every 1 gram of dry sample.  The sample to be digested 
must be fully covered by the total volume of acid mixture added.  

 
1.1.6.4 Sample heating/digestion must be carried out at atmospheric pressure.  
 

1.1.7 Certain elements of the Calculations and Reporting Procedure must be followed: 
 

1.1.7.1 Final data must be reported on a dry weight basis. 
 

2. Performance Based Method Changes 
 
This is a Performance Based Method.  Unless prohibited in section 1.1 (above) or elsewhere, 
modifications to this method are permitted, provided that the laboratory possesses adequate 
documentation to demonstrate an equivalent level of performance.  Laboratories that modify 
this method must achieve all specified Quality Control requirements, and must maintain on 
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file the Standard Operating Procedures which thoroughly describe any revised or alternate 
methods which are used at any time following the initial adoption of this method by 
BCMELP.  This information must be available in the event of audit by BCMELP. 

 
2.1 Modifications Where Equivalence-Testing is Required 

 
Except where expressly disallowed in section 1.1 or elsewhere, changes to the following 
components of this method are permitted, but only if the laboratory has conducted and 
documented a rigorous test for equivalence to this reference method: 

 
2.1.1 PROCEDURE - Section (d) - Sample Digestion Procedure 

 
2.1.1.1 The acid ratio may be changed from the 1:1 nitric acid/hydrochloric acid ratio as 

stated in the procedure.  However, the acid ratio must not exceed a 3:1 ratio of 
either acid (i.e. 3:1 nitric acid/hydrochloric acid or 3:1 hydrochloric acid/nitric 
acid).  

 
2.1.1.2 The use of concentrated nitric and hydrochloric acids may be changed to allow 

the use of diluted acids.  A minimum of 5 mL concentrated acid per one gram 
of sample must be used. 

 
2.1.1.3 The digestion time may be changed. 
 
2.1.1.4 The digestion temperature may be changed. 
 
2.1.1.5 Digestion procedures may be changed due to advances in technology (e.g. 

open vessel microwave assisted digestion). 
 
An equivalence test for modifications to Section (d) of the PROCEDURE, involves a 
comparison of results from the modified method with results from the reference method 
for several appropriately selected samples, with all BC CSR-listed metals analyzed. 

 
3. Evaluation Procedure  

 
3.1 Two evaluations must be performed, an Accuracy Evaluation, using Certified Reference 

Materials, and a Precision Evaluation using both Certified Reference Materials and 
Authentic Field Samples. 

 
3.1.1 Accuracy Evaluation: 

Analyze at least two soil/sediment Certified Reference Materials (CRM).  Each CRM 
must be digested and analyzed in triplicate (at minimum) by both this reference 
method and by the modified method.  Samples must include the following: 
 
-  NIST 2711. 
-  CANMET TILL -1 
 
Other CRM’s  that may be used for equivalency testing in the future may include: 
 
- NIST 2704 (terrestrial soil) 
- NRC MESS-3 (marine sediment) 
- NRC PACS-2 (contaminated marine sediment) 
 
Note: Required QC Acceptance Criteria have not been developed for these CRM’s. 
 
The mean results of each element of each sample must meet the Appendix 5, Table 
1 and Table 2 “Required QC Acceptance Criteria”. 
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Note1: Failure of an individual element or elements under this stage of the equivalency 
test would not disqualify the Modified Procedure, but it would disqualify the individual 
element(s).  Those elements not meeting this criteria are not to be reported if the Modified 
Procedure is used for client sample analysis.  Failure under this section would disqualify 
the element even though the evaluation under “Precision Evaluation” might pass. 
 
Note2: Laboratories may wish to validate and use a modified test method that includes 
only some, but not all elements in the CSR list.  For example, projects requiring only the 
analysis of copper might use a validated modified procedure that uses only a one hour 
digestion time; other elements in the CSR list may not show equivalence using the 
modified procedure.  Under these circumstances, the laboratory must ensure that the 
modified test method is used only for the validated elements. 
 

 3.1.2. Precision Evaluation: 
Prepare (sieve), digest and analyze at least five unspiked field samples.  Each 
sample must be digested and analyzed in triplicate (at minimum) by both this 
reference method and the modified method.  Samples must include: 
 
- One or more clay samples. 
- Two or more heavy metal contaminated soil or sediment samples. 
- One or more hydrocarbon contaminated soils 
- All CSR-listed metals must be present in at least one of the five samples at 

greater than five times the lab’s reported detection limit (where possible).  
 
For the “Precision Evaluation”, use the data generated from both CRM and authentic 
samples as described in sections 3.1.1 and 3.1.2.  Compare the mean results for each 
element in each sample generated by the two methods.  For each element, except 
where both means are less than 5 times the lab’s commonly reported method 
detection limit for the analyte, one of the following must be satisfied: 
 
3.1.2.1 The means for each element in each method must differ by less than 

20% relative percent difference (RPD) at greater than five times the 
MDL, where relative percent difference of X1 and X2 is defined as: 

 
RPD =               X1 - X2             x 100% 
         Mean (X1, X2) 

 
or, 
 
3.1.2.2 The difference between the means for each method must not be 

statistically significant at the 95% confidence level, using a test for 
significance of the difference of two means, as described by John Keenan 
Taylor [13].  This test is summarized in Appendix 6. 

 
3.1.2.3 The precision validation will typically generate seven data pairs for each 

element. The maximum number of precision validation failures per 
element is limited to two. 

 
3.2.1 If results for one or more samples do not meet one of the above criteria, additional 

replicates of the same samples may be analyzed, with the tests applied to the larger 
populations.  If necessary, either the Dixon or Grubbs outlier tests may be used to discard 
outlier data points [13]. 

 
3.2.2 If elements are not detected in authentic samples or certified reference materials, then 

these elements would be considered a conditional pass. 
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3.2.3 For all methods that include modifications that require equivalence testing, a 
detailed report that demonstrates equivalence to the reference method using the 
above procedure must be available to clients or to BCMELP on request. 
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Appendix 1 
 

Table 1: EMS Codes for Inductive Coupled Plasma Atomic Emission 
Spectrometry (ICP-AES)  

 
Parameter Parameter Code Method Code Using a Sieve Size of 10 (<2 mm) 

Aluminium AL-T FS01 
Antimony SB-T FS01 
Arsenic AS-T FS01 
Boron B—T FS01 
Barium BA-T FS01 
Beryllium BE-T FS01 
Cadmium CD-T FS01 
Calcium CA-T FS01 
Chromium CR-T FS01 
Cobalt CO-T FS01 
Copper CU-T FS01 
Iron FE-T FS01 
Lead PB-T FS01 
Magnesium MG-T FS01 
Manganese MN-T FS01 
Molybdenum MO-T FS01 
Nickel NI-T FS01 
Phosphorus P—T FS01 
Potassium K—T FS01 
Selenium SE-T FS01 
Silicon SI-T FS01 
Silver AG-T FS01 
Sodium NA-T FS01 
Strontium SR-T FS01 
Sulphur S—T FS01 
Thallium TL-T FS01 
Tin SN-T FS01 
Titanium TI-T FS01 
Uranium U—T FS01 
Vanadium V—T FS01 
Zinc ZN-T FS01 
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 Appendix 2 
 
 

1. The Method Detection Limit (MDL) is set at the 95% confidence level above zero (or the blank) 
and is calculated as follows: 

 
  MDL = 2*t1, 0.05 * St Dev near zero 
 
  t1, 0.05 * = the one tailed “t” statistic at p=0.05 
 

where, t  =  Student’s t value for a 95% confidence level and a standard 
deviation estimate with n-1 degrees of freedom.   t = 1.943 for 
seven replicates. 

 
Std. Dev.near zero   = Standard deviation of the replicate analyses. 
 

 
2. Percent Recovery is calculated as follows: 
 
  % Recovery  = measured value x 100% 
        certified value 
 
 
3. Percent Relative Standard Deviation is calculated as follows: 
 
  % Relative Standard Deviation (%RSD) = Standard Deviation x 100% 
              Obtained Value 
 
 
4. Relative Percent Difference (RPD) is calculated as follows: 
 
   RPD =               X1 - X2             x 100% 
      Mean (X1,X2) 
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Appendix 3 
 

 
Table 1: Range of Soil Standards For BC Contaminated Sites Regulations 

(CSR) 
 

Parameter Agriculture 
(AL) 

in (ug/g) 

Urban Park 
(PL) 

in (ug/g) 

Residential 
(RL) 

in (ug/g) 

Commercial 
(CL) 

in (ug/g) 

Industrial 
(IL) 

in (ug/g) 

Antimony 20 20 20 40 40 

Arsenic 15 - 100 15 - 100 15 - 100 15 - 300 15 - 150 

Barium 750 500 500 2,000 2,000 

Beryllium 4 4 4 8 8 

Boron 2     

Cadmium 1.5 - 4,500 1.5 - 4,000 1.5 - 4,000 1.5 - 4,000 1.5 - 4,000 

Chromium 9 - 750 60 - 250 60 - 250 60 - 800 60 - 800 

Cobalt 40 50 50 300 300 

Copper 40 - 350,000 90 - 350,000 90 - 350,000 90 - 350,000 90 - 350,000 

Lead 100 - 100,000 100 - 100,000 100 - 100,000 100 - 100,000 100 - 100,000 

Mercury 0.8 2 2 10 10 

Molybdenum 5 10 10 40 40 

Nickel 150 100 100 500 500 

Selenium 2 3 3 10 10 

Silver 20 20 20 40 40 

Sulphur 500     

Thallium 2     

Tin 5 50 50 300 300 

Vanadium 200 200 200   

Zinc 150 - 150,000 150 - 15,000 150 - 15,000 150 - 15,000 150 - 15,000 
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Appendix 4 
 
Table 1: Certified and Non-certified Values for NIST 2711 
 

Parameter Element Certified Value (ug/g) 
Aluminum Al Yes 6.53 ± 0.09 wt. % 
Antimony Sb Yes 19.4 ± 1.8 
Arsenic As Yes 105 ± 8 
Barium Ba Yes 726 ± 38 
Cadmium Cd Yes 41.70 ± 0.25 
Calcium Ca Yes 2.88 ± 0.08 wt. % 
Chromium Cr No 47 
Cobalt Co No 10 
Copper Cu Yes 114 ± 2 
Iron Fe Yes 2.89 ± 0.06 wt. % 
Lead Pb Yes 1162 ± 31 
Magnesium Mg Yes 1.05 ± 0.03 wt. % 
Manganese Mn Yes 638 ± 28 
Mercury Hg Yes 6.25 ± 0.19 
Molybdenum Mo No 1.6 
Nickel Ni Yes 20.6 ± 1.1 
Phosphorus P Yes 0.086 ± 0.007 wt. % 
Potassium K Yes 2.45 ± 0.08 wt. % 
Selenium Se Yes 1.52 ± 0.14 
Silicon Si Yes 30.44 ± 0.19 wt. % 
Silver Ag Yes 4.63 ± 0.39 
Sodium Na Yes 1.14 ± 0.03 wt. % 
Strontium Sr Yes 245.3 ± 0.7 
Sulphur S Yes 0.042 ± 0.001 wt. % 
Thallium Tl Yes 2.47 ± 0.15 
Titanium Ti Yes 0.306 ± 0.023 wt. % 
Uranium U No 2.6 
Vanadium V Yes 81.6 ± 2.9 
Zinc Zn Yes 350.4  ± 4.8 
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Appendix 4  (Continued) 
 
Table 2: Certified and Non-certified Values for CANMET TILL –1 
 

Parameter Element Total 
(ug/g) 

Conc 
Acid 

(ug/g) 

Dilute 
Acid 

(ug/g) 

EPA 
3050 

(ug/g) 

EPA 
3051 

(ug/g) 
Aluminum Al 7.25% -  18,883 18,050 
Antimony Sb 7.8 -    
Arsenic As 18 13    
Barium Ba 702 84  84.3 77.8 
Beryllium Be 2.4 -  1.1 <0.2 
Cadmium Cd  <0.2  <0.33 <0.35 
Calcium Ca 1.94% -  4145 3817 
Chromium Cr 65 30  29.3 29.3 
Cobalt Co 18 12 12 11.7 12.3 
Copper Cu 47 48 49 44.0 44.8 
Iron Fe 4.81% 3.1% 3.4% 29167 37,900 
Lead Pb 22 12 14 24.0 <10.0 
Magnesium Mg 1.30% -  6,250 6,990 
Manganese Mn 1,420 950 1,020 1,060 1,060 
Mercury Hg - 92 ppb    
Molybdenum Mo 2 <2 1 8.7 <2.5 
Nickel Ni 24 18 17 14.0 18.7 
Phosphorus P 930 -  914 834 
Potassium K 1.84% -  1,188 640 
Silver Ag - 0.2 <0.2   
Sodium Na 2.01% -  530 575 
Strontium Sr 291 -    
Sulphur S <0.05% -    
Titanium Ti 5,990 -    
Uranium U 2.2 -    
Vanadium V 99 48  89 70 
Zinc Zn 98 70 71 65.2 69.8 

 
Total - Total metals    Conc Acid - concentrated HNO3 and HCl 
Dilute Acid - dilute HNO3 and HCl 
USEPA 3050 - Method digestion - ICP-AES Analysis 
USEPA 3051 - Method digestion (microwave) - ICP-AES Analysis 
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Appendix 5 
 
Table 1: Required QC Acceptance Criteria (DQO’s)for NIST 2711 
 

Parameter Element CSR Regulated Minimum 
(ug/g) 

Maximum 
(ug/g) 

Aluminum Al No 11,000 23,000 
Antimony Sb Yes 15* 23* 
Arsenic As Yes 83 110 
Boron B Yes   
Barium Ba Yes 170 220 
Beryllium Be Yes 0.61 1.35 
Cadmium Cd Yes 32 47 
Calcium Ca No 16,000 26,000 
Chromium Cr Yes 16 27 
Cobalt Co Yes 6.3 10.1 
Copper Cu Yes 89 130 
Iron Fe No 16,000 28,000 
Lead Pb Yes 890 1,400 
Magnesium Mg No 6,076 9,114 
Manganese Mn No 410 614 
Mercury Hg Yes 5.3 7.2 
Molybdenum Mo Yes 0.5 2.7 
Nickel Ni Yes 8.4 24 
Phosphorus P No 510 860 
Potassium K No   
Selenium Se Yes 1.2* 1.8* 
Silicon Si No   
Silver Ag Yes 2.4 5.6 
Sodium Na No   
Strontium Sr No 33 49 
Sulphur S No 203 655 
Tin Sn Yes 2.0* 3.0* 
Titanium Ti No 238 356 
Uranium U No   
Vanadium V Yes 32 55 
Zinc Zn Yes 290 350 

 
 

* Certified values for NIST and recommended tolerances (± 20%), values in µg/g
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Appendix 5 (continued) 
 
Table 2: Required QC Acceptance Criteria(DQO’s)for CANMET TILL-1 
 

Parameter Element CSR Regulated Minimum 
(ug/g) 

Maximum 
(ug/g) 

Aluminum Al No 14,000 21,000 
Antimony Sb Yes 6.2* 9.4* 
Arsenic As Yes 10 19 
Boron B Yes   
Barium Ba Yes 62 101 

Beryllium Be Yes 0.25 0.73 

Cadmium Cd Yes 0.01 0.65 
Calcium Ca No 2,100 4,400 
Chromium Cr Yes 22 34 
Cobalt Co Yes 8.4 17 
Copper Cu Yes 36 54 
Iron Fe No 23,000 43,000 
Lead Pb Yes 7.8 20.5 
Magnesium Mg No 4,629 6,943 
Manganese Mn No 870 1,310 
Mercury Hg Yes 0.03 0.16 
Molybdenum Mo Yes 0.1  1.8 
Nickel Ni Yes 8.9 26.9 
Phosphorus P No 600 990 
Potassium K No 321 873 
Selenium Se Yes   
Silicon Si No   
Silver Ag Yes 0.01 0.43 
Sodium Na No 143 527 
Strontium Sr No 8 12 
Sulphur S No 96 292 
Tin Sn Yes   
Titanium Ti No 570 860 
Uranium U No   
Vanadium V Yes 33 73 
Zinc Zn Yes 55 80 

 
 

*Provisional Values for Till-1 and recommended tolerances (±20%), values in µg/g 
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Appendix 6 
 

Test for Determining the Significance of the Difference of Two Means 
 
The following is a summary of a two-tailed test for determining whether two means are significantly 
different (at the 95% confidence level).  Two cases are described in John Keenan Taylor’s Statistical 
Techniques for Data Analysis [13].  The case where the standard deviations of the two populations differ is 
summarized below.  An alternative test, for where the standard deviations of the two populations do not 
significantly differ, is summarized in the reference text and may also be used. 
 
This test is one of two options given in Method Equivalency section 1.2.1.(e)(ii) for determining the 
equivalence of any two data sets produced by the reference method and a modified method. 
 
Step 1: Calculate the variances (V) for the respective means for data sets A and B: 
 

    V
A
 = s

A

2
 / n

A    V
B
 = s

B

2
 / n

B
 

 
where: s = the estimate of the standard deviation (in units of sample concentration, 

not %RSD) 
   n = the number of independent data points 
 
 
Step 2: Calculate the effective number of degrees of freedom, f, to be used for selecting t when 

calculating U: 
 
              f   =          (V

A
 + V

B
)

2
         

       V
A

2
    +    V

B

2
   

      (n-1)      (n-1) 
 

Round the calculated value for f to the nearest integer.  Values below 10 are typical for 
smaller data sets. 

 
Step 3: Calculate U, the uncertainty in the difference of the means: 
                           

              U ?    =  t √(VA + VB) 

 
where: t =  the student’s t-variate for a 2-tailed data set, at 95% confidence and f degrees of 

freedom.  
 

Step 4: If the difference between the means is less than U the uncertainty in the difference of the 
means, then there is no evidence that the two data sets are significantly different at the 
95% confidence level. 

 
1.2.2 Digestion Of Solids For Metals Analysis: Aqua Regia Digestion 
 
Application:  The methods summarized here apply to the analysis of sediments, soils, 

sludges and similar materials. This method is not appropriate for 
Contaminated Sites (CSR) soil analysis. 

 
Method Principle: For "Heavy Metal" parameters a sample must be thoroughly mixed prior to 

acid digestion and analysis. 
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Matrix: Soils 
Solids 
(Marine) Sediment 

 
Heavy Metals Analysis: An aqua regia (nitric/hydrochloric acid) digestion is performed either on an 

undried "as received" sample (results reported as ug/g - wet) or on a dried 
sample (results reported as ug/g). The digested samples may be analyzed by 
one of the following procedures: 

 a) Flame Atomic Absorption (Flame AA) is used for high level screening. 
This method yields adequate quantitative results for some elements, 
e.g. K, Cd, and Pb. 

 b) Inductively Coupled Argon Plasma Spectrograph (variously ICP or 
ICAP) is a broad scope technique but needs to be backed up by GFAA 
for low levels. 

 c) Graphite Furnace AA (GFAA) is used for low concentrations, especially 
for Cu, Pb and Cd. 

 d) Hydride Vapour Generation AA (HVGAA) is used as an alternative to 
GFAA for As and Se. 

 e) Cold Vapour AA (CVAA) is used for analysis of mercury in view of its 
volatility. 

 f) Inductively Coupled Argon Plasma/Mass Spectrometer (ICP/MS) may 
be used as an alternative to GFAA. 

 
Quality Control: Multiple digestion blanks a minimum of two are prepared with each batch of 

samples. Some or all samples, depending upon project requirements, are 
digested and analyzed in duplicate. Marine Sediment Certified Reference 
Materials are digested and analyzed concurrently, other geological reference 
materials are available and can be used as alternatives. It should be noted 
that certain elements (i.e. barium, chromium and molybdenum) are often 
associated with the silicate matrix of sediment samples. Due to this 
circumstance the recoveries are often low when compared to the certified 
values using the described "nitric/hydrochloric" digestion scheme. From an 
environmental stand point, this generally is not a major issue since the more 
readily available metals (ie arsenic, cadmium, copper, lead, mercury and 
zinc) are typically those of most concern. These available elements also 
generally show a 90+ percent recovery in all reference materials analysed. 
Note that no correction values are applied where specific elements have 
shown low recoveries. 

 
Sample Containers: Plastic or glass containers with tight fitting lids. Special cleaning is generally 

not necessary if new containers are used. 
 
Reagents:  a) "Trace Metal" grade nitric acid. 
 b) "Trace Metal" grade hydrochloric acid. 
 c) Ultrapure water. 
 
Apparatus:  a) 250 or 400 mL pyrex beakers with watchglass cover (note 1) 
 b) Analytical balance (0.0001 g accuracy) 
 c) Hot plate 
 d) 50, 100, 200 mL volumetric flasks (note 2) 
 e) Polypropylene bottles 

Note 1 - All glass should be acid washed with "trace metal" nitric acid 
Note 2 - Class A and acid washed 

Sample Preparation  
Digestion Procedures: Sample material can consist of relatively uniform fine granular material or 

material that can be described as non-homogeneous. The non-homogeneous 
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material can include slimes, fines, sand, gravel, rocks, wood chips, paint 
chips, organic material, shell fragments, and other material. 

 
 A specific referenced procedure for sample preparation has not been 

identified. The guideline is that thorough mixing to provide a homogenous 
sample is required. Most digestions require an undried sample size of at least 
five grams. 

  
 A tentative homogenation procedure is as follows:  
 - remove all sample material from container.  
 - place all material into a clean large glass plate or mixing bowl  
 - hand mix with the aid of an inert mixing device (i.e. wooden or plastic 

spoon).  
 - store mixed material in original sample bottle.  
 
Digestion Procedure: a) Sample preparation 
 
 b) Moisture Determination 
  A moisture value calculated gravimetrically after drying an aliquot at 

105°C is performed on a representative portion of the sample. This 
value is used for calculations of results from a wet to dry weight basis. 

 
 c) Digestion 
  1. Weigh mixed sample into an acid washed 250 mL beaker. 

Generally a 15g undried aliquot of material is used, but in cases 
of limited sample size a lower weight may be used. Record all 
weights to the nearest 3rd decimal (i.e. 16.025g). 

  2. Add 10 mL nitric acid and 20 mL hydrochloric acid. Cover with 
watch glass. Allow any reaction to subside. 

  3. Place on hot plate and heat gently until brown fumes disappear 
and volume is reduced to approximately 10 mL. If heavy brown 
fumes are still being produced a further 5 mL nitric acid may be 
added and digested further, until complete. 
NOTE: If samples "hop or bump" reduce the heat of the hot plate 
or move the samples to a cooler position on the plate and 
continue digestion. 

  4. Cool solutions and bulk to volume in volumetric flasks (100 mL 
for most samples). Transfer to plastic bottles to proceed with 
instrumental analysis. 

 
Instrument Analysis:  Analysis is performed by Flame AA, ICP, GFAA, HVGAA, CVAA or ICP/MS. 

Conditions and procedures are described in the respective methods. 
 
Calculations: Final results for all elements are calculated as follows: 
 
 Final Results (mg/g) = Conc. of Element in digest sol'n (mg/mL) x vol. of 

digest sol'n (mL) P Dry Weight (g)  
 
Quality Control:  a) Blanks: A minimum of two reagent blanks are run with each batch. 
 b) Duplicates: Frequency depends on contract/client requirements. Unless 

otherwise specified a 10% duplication rate (minimum of one) is used 
for each batch. 

 c) Certified Reference Materials: At least one per batch, preferably two 
per set. Choose reference materials which match the sample matrix as 
closely as possible. 
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Safety Notes:  a) Care should be taken in handling the samples as some may be from 
heavily contaminated sites and thus may contain toxic compounds or 
be biologically active. 

 
References: a) "Manual on Soil Sampling and Methods of Analysis", Canadian Society 

of Soil Science, 2nd Edition, 1978. 
 b) "Procedures for Handling and Chemical Analysis of Sediment and 

Water Samples", U.S. EPA/Corps of Engineers, May 1981. This 
manual provides information on digestion and analysis procedures. 
Digestion procedures include HCl-HNO3, HNO3-H202, HF-HCl04-
HNO3 digestions. The focus is on environmental analysis. 

 c) "Test Methods for Evaluating Solids Waste, Volume 1A", U.S. EPA, 
Third Edition, Nov. 1986. The focus is on environmental analysis). The 
main method #3050 includes Nitric Acid-Hydrogen Peroxide-
Hydrochloric Acid Digestion and a variety of analysis methods. 

 d) ASTM Methods, various sections. 
 e) "A Manual on Analytical Methods Used by the Canadian Mining 

Industry", Canadian Mineral Analysts, (two volumes). 
 
1.2.3 Digestion Of Solids For Metals Analysis: Perchloric Digestion 
 
Application:  The methods summarized here apply to the analysis of sediments, soils, 

sludges and similar materials. This method is not appropriate for 
Contaminated Sites (CSR) soil analysis. 

 
Container:  Glass or plastic container, wide mouth preferred. 
 
Principle of Method: The sample is dried, ground to pass 100 mesh, and digested with a nitric-

perchloric acid mixture to solubilize the solid matter and to remove the 
organic material by oxidation and volatilization. The sample is then analysed 
for the element(s) of interest.  

 
Matrix:  Soils 

Solids 
(Marine) Sediment 

 
Heavy Metals Analysis The digested samples may be analyzed by one of the following  
 procedures:  
 a) Flame Atomic Absorption (Flame - AA) is used for high level screening. 

This method yields adequate quantitative results for some elements, 
e.g. K, Cd, and Pb. 

 b) Inductively Coupled Argon Plasma Spectrograph (variously ICP or 
ICAP) is a broad scope technique but needs to be backed up by GFAA 
for low levels. 

 c) Graphite Furnace AA (GFAA) is used for low concentrations, especially 
for Cu, Pb and Cd. 

 d) Hydride Vapour Generation AA (HVGAA) is used as an alternative to 
GFAA for As and Se. 

 e) Cold Vapour AA (CVAA) is used for analysis of mercury in view of its 
volatility. 

 f) Inductively Coupled Argon Plasma/Mass Spectrometer (ICP/MS) may 
be used as an alternative to GFAA. 

 
Interferences:  Not available 
 
Apparatus:  a) Glassware 
 b) Digest block 
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Reagents:  a) Nitric Acid (HNO3), concentrated, analytical grade. 
 b) Perchloric Acid (HClO4), 70%, analytical grade. 
 
Procedure: Notes:  
 a) Soil and Sediment - All samples are dried at 60·C (maximum) and 

ground to pass 0.15 mm sieve (100 mesh). 
 b) Digestion should be carried out in a fumehood designed for use with 

perchloric acid. 
 c) Weights and volumes are specified for a 75 mL digestion tube. If using 

a smaller tube, eg. 40 or 50 mL, reduce sample size and reagent 
volumes proportionally.  

 
  1. Weigh 0.75 g of sample to the nearest 0.1 mg into a 75 mL 

digestion tube.  
  2. Add 2 mL conc. HNO3. More acid may be needed for some 

samples.  
  3. Heat in block digester at 100 - 150°C until brown fumes are 

eliminated. Remove and cool. 
  4. Add 3.75 mL HClO4, 70%.  
  5. Heat in block at 220 - 250°C until dense white fumes are present. 

Remove and cool. Digestate should be light yellow to colourless.  
  6. Dilute to 75 mL mark with deionized water. Filter soils and 

sediments through Whatman #42 filter paper and plant tissue 
through Whatman #41 filter paper. Store filtered digestate in 250 
mL polyethylene bottles.  

 
Quality Control:  a) Blanks: A minimum of two reagent blanks are run with each batch. 
 b) Duplicates: Frequency depends on contract/client requirements. Unless 

otherwise specified a 10% duplication rate (minimum of one) is used 
for each batch. 

 d) Certified Reference Materials: At least one per batch, preferably two 
per set. Choose reference materials which match the sample matrix as 
closely as possible. 

 
1.2.4 Digestion of  Biota (Tissues, Vegetation) 
 
Sample Preparation Samples can be processed wet or dry, and can follow a number of 

processing schemes which may include: 
 a) dissection - isolation of target tissue; ie, liver, muscle (animal), root 

systems (plants), etc. 
 b) drying and lipid removal. 
 c) homogenizing and sub-sampling. 
 
 The specifics of the processing scheme will depend on a number of variables 

which may include intended use of data generated, nature of samples to be 
analyzed, the specific list of elements to be determined and requirements of 
applicable regulation.   

 
Analytical Method: ICP-AES, HVICP-AES, FAAS, CVAAS, GFAAS and HVAAS. 
 
Introduction: The trend in biological sampling is to choose a species of plant or animal 

which can be used as an indicator of human-induced environmental impact.  
To the analyst this may involve the determination of a number of heavy 
metals in, for example, one single small clam, leaves, or sections or organs 
of mammals, fish, or invertebrates. 
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Method Summary: There are two main ashing techniques to decompose biota samples.  The 
oldest and simplest method is dry ashing, carried out by heating the tissue in 
a muffle furnace at 400-800°C in the presence of air.  This technique can 
lead to a variable loss of many elements, including, Hg, B, Pb, Zn, Cd, Ca, In, 
Tl, As, Sb, Fe, Cr, and Cu.  The addition of fluxes reduces these losses in 
many cases, but increases the risk of contaminating the samples with the 
elements of interest.  Wet ashing (acid digestion) techniques employing liquid 
reagents which are most often applied to biological samples.  Relatively low 
temperatures are used to achieve decomposition so that losses through 
volatilization, adsorption and reaction with vessel materials are limited to only 
a few elements.  For this reason, substances, which are particularly difficult to 
decompose are occasionally not completely solubilized, or require such a 
large amount of reagent that the blank values exceed permissible limits.  
Other reagents which may be used are; nitric acid alone or in combination 
with hydrogen peroxide or perchloric acid. 

 
Matrix: Plant tissue and animal tissue 
 
Interferences and  
Precautions: Note:  Standard laboratory safety precautions must be followed. 
 
 Volatile chlorides such as Hg+2, Sb+3 and Se+4 tend to be lost from HCl 

solutions; in contrast, Cr+3 tends to be lost from perchloric acid solutions at 
temperatures above 150°C through the formation of chromyl chloride 
(CrO2Cl2).  As+3, Sn+2, Ru and Os can be volatilized when samples are 
fumed with perchloric or sulfuric acid.  When metals are dissolved in non-
oxidizing acids, As and Sb may escape as hydrides. 

 
 Some vegetation contains silicates which may not fully dissolve unless a 

small amount of HF is used. 
 
Sample Handling and  
Preservation: For all biota the best preservation technique is to freeze the sample.  Freeze-

thaw cycles must be avoided to prevent the loss of interstitial and intercellular 
fluids. 

 
Apparatus, Materials  
and Reagents: See References.  
 
Quality Control: Many biological reference materials (RMs) are available.  The RM and 

sample matrixes should be matched as closely as possible. 
 
Revision History: February 14, 1994: Publication in 1994 Laboratory Manual. 
 March 1997: Additional digestion procedures published in 

Supplement #1. Nitric acid digestion procedure 
formats from 1994 Laboratory Manual replaced by 2 
nitric acid digestion procedures from 1997 
Supplement. Also metals in soils/sediment 
procedure from 1994 Laboratory Manual deleted and 
replaced by both Aqua Regia digestion (preferred) 
and perchloric digestion procedures from the 1997 
Supplement. 

 December 31, 2000: SEAM codes removed.  Container restriction for 
mercury samples added.  Minor editing.  
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2.0 INSTRUMENTAL ANALYSIS 
 
2.1 Atomic Absorption – Direct Flame and Graphite Furnace Methods  
 
2.1.1  Introduction 
 
Metals in solution may be readily determined by atomic absorption spectroscopy.  The method is simple, 
rapid, and applicable to a large number of metals in drinking, surface, and saline waters, and domestic 
and industrial wastes.  While drinking waters free of particulate matter may be analyzed directly, domestic 
and industrial wastes require processing to solubilize suspended material.  Sludge, sediments and other 
solid samples may also be analyzed after proper pretreatment. 
 
Detection limits, sensitivity and optimum concentration  ranges of the metals will vary with the various 
makes and models of atomic absorption spectrometers.  The data shown in Table C-1, however, provide 
some indication of the actual concentration ranges measurable by direct aspiration and furnace 
techniques.  In the majority of instances the concentration range shown in the table under direct aspiration 
may be extended much lower with scale expansion and, conversely, extended upwards by using a less 
sensitive wavelength or by rotating the burner head.  Detection limits by direct aspiration may also be 
extended through concentration of the sample and/or through solvent extraction techniques. Lower 
concentrations may also be determined using furnace techniques.  The concentration ranges given in 
Table C-1 are somewhat dependent on equipment, such as the type of spectrometer and furnace 
accessory, the energy source and the degree of electrical expansion of the output signal.  When using 
furnace techniques, however, the analyst should be cautioned as to possible chemical reactions occurring 
at elevated temperatures which may result in either suppression or enhancement of the analysis element. 
To ensure valid data with furnace techniques, the analyst must examine each matrix for interference 
effects and, if detected, treat accordingly using either successive dilution, matrix modification or method of 
standard additions. 
 
Where direct aspiration atomic absorption techniques do not provide adequate sensitivity, in addition to 
the furnace procedure, reference is made to specialized procedures such as the gaseous hydride method 
for arsenic and selenium, the cold vapour technique for mercury, and the chelation-extraction procedure 
for selected metals.  Reference to approved colorimetric methods is also made. 
 
Atomic spectroscopy procedures are provided as the methods of choice; however, other instrumental 
methods have also been shown to be capable of producing precise and accurate analytical data.  These 
instrumental techniques include mass spectroscopy, X-ray fluorescence, neutron activation, and anodic 
stripping, to name but a few.  The above mentioned techniques are presently considered as alternate test 
procedures providing they meet or exceed individual performance requirements. 
 
2.1.2 Method Summary 
 
In direct aspiration atomic absorption spectroscopy a sample is aspirated and atomized in a flame.  A light 
beam from a hollow cathode lamp, whose cathode is made of the element to be determined, is directed 
through the flame into a monochromator, and onto a detector that measures the amount of light absorbed. 
Absorption depends upon the presence of free unexcited ground state atoms in the flame.  Since the 
wavelength of the light beam is characteristic of only the metal being determined, the light energy 
absorbed by the flame is a measure of the concentration of that metal in the sample.  This principle is the 
basis of atomic absorption spectroscopy.  It should be noted that alternate light sources include 
electrodeless discharge or “Super” lamps. 
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TABLE C-1 
Atomic Absorption Concentration Ranges(1) 

 
  

Direct Aspiration 
 

Furnace Procedure (4,5) 

 

 
 
Metal 

Detection 
Limit 
mg/L 

 
Sensitivity* 
mg/L 

Optimum 
Concentration Range 
mg/L 

Detection 
Limit 
mg/L 

Optimum 
Concentration Range 
mg/L 

Aluminum 0.1 1 5 50 0.003 0.02 0.2 
Antimony 0.2 0.5 1 40 0.003 0.02 0.3 
Arsenic (2) 0.0001  0.0005 0.02 0.001 0.005 0.1 
Barium (p) 0.1 0.4 1 20 0.002 0.01 0.2 
Beryllium 0.005 0.025 0.05 2 0.0002 0.001 0.03 
Cadmium 0.005 0.025 0.05 2 0.0001 0.0005 0.01 
Calcium 0.01 0.08 0.2 7    
Chromium 0.05 0.25 0.5 10 0.001 0.005 0.1 
Cobalt 0.05 0.2 0.5 5 0.001 0.005 0.1 
Copper 0.02 0.1 0.2 5 0.001 0.005 0.1 
Gold 0.1 0.25 0.5 20 0.001 0.005 0.1 
Iridium (p) 3 8 20 500 0.030 0.1 1.5 
Iron 0.03 0.12 0.3 5 0.001 0.001 0.1 
Lead 0.1 0.5 1 20 0.001 0.005 0.1 
Magnesium 0.001 0.007 0.02 0.5    
Manganese 0.01 0.05 0.1 3 0.0002 0.001 0.03 
Mercury (3) 0.0002  0.0002 0.01    
Molybdenum (p) 0.1 0.4 1 40 0.001 0.003 0.06 
Nickel (p) 0.03 0.15 0.3 5 0.001 0.005 0.1 
Osmium 0.3 1 2 100 0.020 0.05 0.5 
Palladium 0.1 0.25 0.5 15 0.005 0.02 0.4 
Platinum (p) 0.2 2 5 75 0.020 0.1 2 
Potassium 0.01 0.04 0.1 2    
Rhenium (p) 5 15 50 1000 0.20 0.5 5 
Rhodium (p) 0.05 0.3 1 30 0.005 0.02 0.4 
Ruthenium 0.2 0.5 1 50 0.020 0.1 2 
Selenium (2) 0.0005  0.001 0.02 0.002 0.005 0.1 
Silver 0.01 0.06 0.1 4 0.0002 0.001 0.025 
Sodium 0.002 0.015 0.03 1    
Thallium 0.1 0.5 1 20 0.001 0.005 0.1 
Tin 0.5 5 10 300 0.005 0.02 0.3 
Titanium (p) 0.5 2 5 100 0.010 0.05 0.5 
Vanadium (p) 0.2 0.8 2 100 0.005 0.01 0.2 
Zinc 0.005 0.02 0.05 1 0.00005 0.0002 0.004 

 
 

(1) The concentrations shown are not contrived values and should be obtainable with any satisfactory 
atomic absorption spectrophotometer. 

(2) Gaseous hydride method. 
(3) Cold vapour technique. 
(4) For furnace sensitivity values consult instrument operating manual. 
(5) The listed furnace values are those expected when using a 20 µL injection and normal gas flow except 

in the case of arsenic and selenium where gas interrupt is used.  The symbol (p) indicates the use of 
pyrolytic graphite with the furnace procedure. 

 * The concentration in milligrams of metal per litre that produces an absorption of 1%. 
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Although methods have been reported for the analysis of solids by atomic absorption spectroscopy 
(Spectrochim Acta, 24B 53, 1969) the technique generally is limited to metals in solution or solubilized 
through some form of sample processing. 
 

(i) Preliminary treatment of wastewater and/or industrial effluents is usually necessary because 
of the complexity and variability of the sample matrix.  Suspended material must be subjected 
to a solubilization process before analysis.  This process may vary because of the metals to 
be determined and the nature of the sample being analyzed.  When the breakdown of organic 
material is required, the process should include a wet digestion with nitric acid. 

 
(ii) In those instances where complete characterization of a sample is desired, the suspended 

material must be analyzed separately.  This may be accomplished by filtration and acid 
digestion of the suspended material.  Metallic constituents in this suspended matter  will then 
contribute to the total concentrations present.  The sample should be filtered as soon as 
possible after collection and the filtrate acidified immediately. 

 
(iii) The total sample may also be treated with acid without prior filtration to measure what may be 

termed “total recoverable” concentrations. 
 
When using the furnace technique in conjunction with an atomic absorption spectrometer, a 
representative aliquot of a sample is placed in the graphite tube in the furnace, evaporated to dryness, 
charred and atomized.  As a greater percentage of available analyte atoms are vaporized and dissociated 
for absorption in the tube technique than in the flame technique, the use of small sample volumes or 
detection of low concentrations of elements is possible.  The principle is essentially the same as with 
direct aspiration atomic absorption except a furnace, rather than a flame, is used to atomize the sample. 
Radiation from a given excited element is passed through the vapour containing ground state atoms of 
that element.  The intensity of the transmitted radiation decreases in proportion to the amount of the 
ground state element in the vapour. 
 
The metal atoms to be measured are placed in the beam of radiation by increasing the temperature of the 
furnace, thereby causing the injected specimen to be volatilized.  A monochromator isolates the 
characteristic radiation from the hollow cathode lamp and a photosensitive device measures the 
attenuated transmitted radiation. 
 
2.1.3 Definition of Terms 
 
Optimum Concentration Range:  A range, defined by limits expressed in concentration, below which 
scale expansion must be used and above which curve correction should be considered.  This range will 
vary with the sensitivity of the instrument and the operating conditions employed. 
 
Detection Limit:  Detection limits can be expressed as either an instrumental or method parameter.  The 
limiting factor of the former using acid water standards would be the signal-to-noise ratio and degree of 
scale expansion used; the latter would be more affected by the sample matrix and preparation procedure 
used.  The Scientific Apparatus Makers Association (SAMA) has approved the following definition for 
detection limit:  that concentration of an element which would yield an absorbance equal to twice the 
standard deviation of a series of measurements of a solution, the concentration of which is distinctly 
detectable above, but close to, blank absorbance measurement.  The detection limit values listed in Table 
C-I and on the individual analysis sheets are to be considered minimum working limits achievable with the 
procedures given in this manual.  These values may differ from the optimum detection limit values 
reported by the various instrument manufacturers. 
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2.1.4 Interferences 
 
2.1.4.1 Direct Aspiration   
 
The most troublesome type of interference in atomic absorption spectroscopy is usually termed “chemical” 
and is caused by lack of absorption of atoms bound in molecular combination in the flame. This 
phenomenon can occur when the flame is not sufficiently hot to dissociate the molecule, as in the case of 
phosphate interference with magnesium, or because the dissociated atom is immediately oxidized to a 
compound that will not dissociate further at the temperature of the flame.  The addition of lanthanum will 
overcome the phosphate interference in magnesium, calcium and barium determinations.  Similarly, silica 
interference in the determination of manganese can be eliminated by the addition of calcium. Chemical 
interferences may also be eliminated by separating the metal from the interfering material. While 
competing agents are primarily employed to increase the sensitivity of the analysis, they may also be used 
to eliminate or reduce interferences. 
 
The presence of high dissolved solids in the sample may result in an interference from non-atomic 
absorbance such as light scattering.  If background correction is not available, a non-absorbing 
wavelength should be checked.  Preferably, samples containing high levels of  dissolved solids should be 
extracted. 
 
Ionization interferences occur where the flame temperature is sufficiently high to generate the removal of 
an electron from a neutral atom, giving a positively charged ion.  This type of interference can generally be 
controlled by the addition, to both standard and sample solutions, of a large excess of any easily ionized 
element. 
 
Although quite rare, spectral interference can occur when an absorbing wavelength of an element present 
in the sample but not being determined falls within the width of the absorption line of the element of 
interest.  The results of the determination will then be erroneously high, due to the contribution of the 
interfering element to the atomic absorption signal.  Also, interference can occur when resonant energy 
from another element in a multi-element lamp or a metal impurity in the lamp cathode falls within the 
bandpass of the slit setting and that metal is present in the sample.  This type of interference may 
sometimes be reduced by narrowing the slit width. 
 
2.1.4.2  Flameless Atomization   
 
Although the problem of oxide formation is greatly reduced with furnace procedures because atomization 
occurs in an inert atmosphere, the technique is still subject to chemical and matrix interferences.  The 
composition of the sample matrix can have a major effect on the analysis.  Those effects must be 
determined and taken into consideration in the analysis of each different matrix encountered.  To help 
verify the absence of matrix or chemical interference use the following serial dilution procedure.  Withdraw 
from the sample two equal aliquots and dilute to the same predetermined volume.  (The dilution volume 
should be based on the analysis of the undiluted sample.  Preferably, the dilution should then be 1:4 while 
keeping in mind the optimum concentration range of the analysis.  Under no circumstances should the 
dilution be less than 1:1).  The diluted aliquots should then be analyzed and the results, multiplied by the 
dilution factor, should be compared to the original determination.  Agreement of the results (within ± 10%) 
indicates the absence of interference.  Comparison of the actual signal from the spike to the expected 
response from the analyte in an aqueous standard should help confirm the finding from the dilution 
analysis.  Those samples which indicate the presence of an interferent should be treated in one or more of 
the following ways: 

 
a) The samples should be successively diluted and reanalyzed to determine if the interference 

can be eliminated. 
 
b) The matrix of the sample should be modified in the furnace.  Examples are the addition of 

ammonium nitrate to remove alkali chlorides, ammonium phosphate to retain cadmium, and 
nickel nitrate for arsenic and selenium analyses.  Platinum or palladium is a proven matrix 
modifier for many furnace elements.  The mixing of hydrogen with the inert purge gas has also 
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been used to suppress chemical interference.  The hydrogen acts as a reducing agent and 
aids in molecular dissociation. 

 
c) Analyze the sample by method of standard additions while noting the precautions and 

limitations of its use. 
 

Gases generated in the furnace during atomization may have molecular absorption bands encompassing 
the analytical wavelength.  When this occurs, either the use of background correction or choosing an 
alternate wavelength outside the absorption band should eliminate this interference.  Non-specific broad 
band absorption interference can also be compensated for with background correction. 
 
Continuum background correction cannot correct for all types of background interference.  When the 
background interference cannot be compensated for, chemically remove the analyte or use an alternate 
form of background correction;  e.g. Zeeman background correction. 

 
Interference from a smoke-producing sample matrix can sometimes be reduced by extending the charring 
time at a higher temperature or utilizing an ashing cycle in the presence of air.  Care must be taken, 
however, to prevent loss of the analyte. 
 
Samples containing large amounts of organic materials should be oxidized by conventional acid digestion 
prior to being placed in the furnace.  In this way broad band absorption will be minimized. 
 
From anion interference studies in the graphite furnace it is generally accepted that nitrate is the preferred 
anion.  Therefore nitric acid is preferable for any digestion or solubilization step.  If another acid in addition 
to HNO3 is required, a minimum amount should be used.  This applies particularly to hydrochloric and, to 
a lesser extent, sulfuric and phosphoric acids. 
 
Carbide formation resulting from the chemical environment of the furnace has been observed with certain 
elements that form carbides at high temperatures.  Molybdenum may be cited as an example.  When this 
takes place, the metal will be released very slowly from the carbide as atomization continues.  For 
molybdenum, the analyst may be required to atomize for 30 seconds or more before the signal returns to 
baseline levels.  This problem is greatly reduced and the sensitivity increased with the use of 
pyrolytically-coated graphite.  Ionization interferences have  not been reported to date with furnace 
techniques.  For comments on spectral interference see section 2.1.4.1. 

 
Contamination of the sample can be a major source of error because of the extreme sensitivities achieved 
with the furnace.  The sample preparation work area should be kept scrupulously clean.  All glassware 
should be cleaned as directed in part 2.1.5 of this manual.  It is very important that special attention be 
given to reagent blanks in both analysis and the correction of analytical results.  Lastly, pyrolytic graphite, 
because of the production process and handling, can become contaminated.  As many as five or possibly 
ten high temperature burns may be required to clean the tube before use. 
 
2.1.5 Apparatus 
 
1. Atomic Absorption Spectrometer:  Single or dual channel, single or double-beam instrument 

having a grating monochromator, photomultiplier detector, adjustable slits, a wavelength range of 
190 to 800 nm, and provision for interfacing with a strip chart recorder or computer work station. 

 
2. Burner:  The burner recommended by the particular instrument manufacturer should be used.  For 

certain elements a nitrous oxide burner is required. 
 
3. Hollow cathode lamps:  Single element lamps are preferred but multi-element lamps may be 

used. Electrodeless discharge lamps or “super” lamps may also be used when available. 
4. Graphite furnace:  Any furnace device capable of reaching the specified temperatures is 

satisfactory. 
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5. Strip chart recorder:  A recorder is strongly recommended for furnace work so that there will be 

permanent record and any problems with the analysis such as drift, incomplete atomization, 
losses during charring,  changes in sensitivity, etc., can be easily recognized. 

 
6. Pressure-reducing valves:  The supplies of fuel and oxidant shall be maintained at pressures 

somewhat higher than the controlled operating pressure of the instrument by suitable valves. 
 
7. Containers:  All glassware, linear polyethylene, polypropylene or Teflon containers, including 

sample bottles, should be washed with detergent then rinsed with tap water, 1:1 nitric acid, tap 
water, 1:1 hydrochloric acid, tap water, and deionized distilled water, in that order. 

 
2.1.6 Reagents 
 
1. Type II water (ASTM D1193):  Use Type II water for the preparation of all reagents and calibration 

standards and as dilution water. 
 
2. Concentrated nitric acid (HNO3):  Use a spectrograde acid certified for AA use.  Prepare a 1:1 

dilution with Type II water by adding the concentrated acid to an equal volume of water. 
 
3. Hydrochloric acid (HCl, 1:1):  Use a spectrograde acid certified for AA use.  Prepare a 1:1 dilution 

with Type II water by adding the concentrated acid to an equal volume of water. 
 
4. Fuel and oxidant:  Commercial grade acetylene is generally acceptable.  Air may be supplied from 

a compressed air line, a laboratory compressor, or a cylinder of compressed air.  Reagent grade 
nitrous oxide is also required for certain determinations.  Standard, commercially available argon 
and nitrogen are required for furnace work. 

 
5. Stock standard metal solutions:  Stock standard solutions are prepared from high purity metals, 

oxides, or nonhygroscopic reagent-grade salts using Type II water and redistilled nitric or 
hydrochloric acids.  (See individual methods for specific instructions.)  Sulfuric or phosphoric acids 
should be avoided as they produce an adverse effect on many elements.  The stock solutions are 
prepared at concentrations of 1,000mg of  the metal per litre.  Commercially available standard 
solutions may also be used.  Where the sample viscosity, surface tension, and components 
cannot be accurately matched with standards, the method of standard addition (MSA) may be 
used.  This method has been described in detail in section 2.1.7. 

 
6. Calibration standards:  For those instruments which do not read out directly in concentration, a 

calibration curve is prepared to cover the appropriate concentration range.  Usually, this means 
the preparation of standards which produce an absorbance of 0.0 to 0.7.  Calibration standards 
are prepared by diluting the stock metal solutions at the time of analysis.  For best results, 
calibration standards should be prepared fresh each time a batch of samples is analyzed.  
Prepare a blank and at least three calibration standards in graduated amounts in the appropriate 
range of the linear part of the curve.  The calibration standards should be prepared using the 
same type of acid or combination of acids and at the same concentration as will be found in the 
samples following processing. Beginning with the blank and working toward the highest standard, 
aspirate the solutions and record the readings.  Repeat the operation with both the calibration 
standards and the samples a sufficient number of times to secure a reliable average reading for 
each solution.  Calibration standards for furnace procedures should be prepared as described on 
the individual sheets for that metal or as described in a specific instrument manual. 
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2.1.7 Preparation of a Standard Addition Plot 
 
In this method, equal volumes of sample are added to a deionized distilled water blank and to three 
standards containing different known amounts of the test element.  The volume of the blank and the 
standards must be the same.  The absorbance of each solution is determined and then plotted on the 
vertical axis of a graph, with the concentrations of the known standards plotted on the horizontal axis. 
When the resulting line is extrapolated back to zero absorbance, the point of interception of the abscissa 
is the concentration of the unknown.  The abscissa on the left of the ordinate is scaled the same as on the 
right side, but in the opposite direction from the ordinate.  An example of a plot so obtained is shown in 
Fig. 1. 

 
 
 
 
 
 

Zero

Absorbance

Absorbance

Concentration

 
 

Figure 1.  Standard Addition Plot 
 
Conc. of sample Addn 0 Addn 1 Addn 2 Addn 3 
 No Addn Addn of 50% Addn of 100% Addn of 150% 
  of Expected of Expected of Expected 
    Amount Amount Amount 
 
 
 
 

The method of standard additions can be very useful; however, for the results to be valid the following 
limitations must be taken into consideration: 
 
1. The absorbance plot of sample and standards must be linear over the concentration range of 

concern. For best results the slope of the plot should be the same as the slope of the aqueous 
standard curve. If the slope is significantly different (more than 20%) caution should be exercised. 

 
2. The effect of the interference should not vary as the ratio of analyte concentration to sample 

matrix changes and the standard addition should respond in a similar manner to the analyte. 
 
3. The determination must be free of spectral interference and corrected for non-specific 

background interference. 
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2.1.8 General Procedure for Analysis by Atomic Absorption 
 
2.1.8.1 Direct Aspiration   
 
Differences between the various makes and models of satisfactory atomic absorption spectrometers 
prevent the formulation of detailed instructions applicable to every instrument.  The analyst should follow 
the manufacturer’s operating instructions for the particular instrument.  In general, after choosing the 
proper hollow cathode lamp for the analysis, the lamp should be allowed to warm up for a minimum of 15 
minutes unless operated in a double beam mode.  During this period, align the instrument, position the 
monochromator at the correct wavelength, select the proper monochromator slit width, and adjust the 
hollow cathode current according to the manufacturer’s recommendation. Subsequently, light the flame 
and regulate the flow of fuel and oxidant, adjust the burner and nebulizer flow rate for maximum percent 
absorption and stability, and balance the photometer.  Run a series of standards of the element under 
analysis and construct a calibration curve by plotting the concentrations of the standards against the 
absorbance.  For those instruments which read directly in concentration set the curve corrector to read out 
the proper concentration.  Aspirate the samples and determine the concentrations either directly, or from 
the calibration curve.  Standards must be run each time a sample or series of samples are run. 
 
Calculation - Direct determination of liquid samples:  
Read the metal value in mg/L from the calibration curve or directly from the readout system of the 
instrument. 
 

1. If dilution of sample was required:  
 
 mg  metal/L in sample =  A  ( C+B ) / C  
       
 where: A = mg/L of metal in diluted sample from calibration curve 
   B = mL of deionized water used for dilution 
   C = mL of sample aliquot 
 
2.   For samples containing particulates:   
 

 mg  metal/L in sample = A  ( V / C ) 
   
 where: A = mg/L of metal in processed sample from calibration curve 
   V = final volume of the processed sample in mL 
   C = mL of sample aliquot processed 

 
3.   For solid samples:  report all concentrations as mg/kg dry weight: 
 
 Dry sample: 
 
 mg metal/kg sample =  A x V 
     D 
 
 where: A = mg/L of metal in processed sample from calibration curve  
  V = final volume of the processed sample in mL 
  D = weight of dry sample in gram 
 
 Wet sample: 
 
 mg  metal/kg sample =   A x V 
    W x P 
 
 where: A = mg/L of metal in processed sample from calibration curve  
  V = final volume of the processed sample in mL 
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  W = weight of wet sample in grams 
  P = % solids in wet sample 

 
2.1.8.2 Furnace Procedure   
 
Furnace devices (flameless atomization) are a most useful means of extending detection limits.  Because 
of the differences between various makes and models of satisfactory instruments, no detailed operating 
instructions can be given for each instrument.  Instead, the analyst should follow the instructions provided 
by the manufacturer of the particular instrument.  In addition, the following points may be helpful. 
 
1. Background correction is important when using flameless atomization, especially below 350nm. 

Certain samples, when atomized, may absorb or scatter light from the lamp.  This can be caused 
by the presence of gaseous molecular species, salt particles, or smoke in the sample beam.  If no 
correction is made, sample  absorbance will be greater than it should be, and the analytical result 
will be erroneously high.  Zeeman background correction is effective in overcoming composition 
or structured background interferences.  It is particularly useful when analyzing for As in the 
presence of Al and when analyzing for Se in the presence of Fe. 

 
2. Memory effects occur when the analyte is not totally volatilized during atomization.  This condition 

depends on several factors:  volatility of the element and its chemical form, whether pyrolytic 
graphite is used, the rate of atomization, and furnace design.  This situation is detected through 
blank burns. The tube should be cleaned by operating the furnace at full power for the required 
time period, as needed, at regular intervals during the series of determinations. 

 
3. Inject a measured microliter aliquot of sample into the furnace and atomize.  If the concentration 

found is greater than the highest standard, the sample should be diluted in the same acid matrix 
and reanalyzed.  The use of multiple injections can improve accuracy and help detect furnace 
pipetting errors. 

 
4. To verify the absence of interference, follow the serial dilution procedure given in section 2.1.4.2. 
 
5. A check standard should be run after approximately every 10 sample injections.  Standards are 

run in part to monitor the life and performance of the graphite tube.  Lack of reproducibility or 
significant change in the signal for the standard indicates that the tube should be replaced.  Tube 
life depends on sample matrix and atomization temperature.  A conservative estimate would be 
that a tube will last at least 50 firings.  A pyrolytic coating will extend that estimated life by a factor 
of three. 

 
Calculation:   Read the metal value in µg/L from the calibration curve or directly from the 

readout system of the instrument. 
 

1. If different size furnace injection volumes are used for samples and standards: 
 

µg  metal/L of sample = Z ( S/U ) 
            
where: Z  =  µg/L of metal read from calibration curve or readout system 
  S  =  µL of standard injected into furnace for calibration curve 
  U  =  µL of sample injected for analysis 

 
2. If dilution of sample was required but sample injection volume is the same as for 

the standard:  
 
µg  metal/L of sample = Z ( C+B ) / C    
     
where:  Z  =  µg/L of metal in diluted aliquot from calibration curve 
  B  =  mL of deionized distilled water used for dilution 
  C  =  mL of sample aliquot 
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3. For sample containing particulates:  
 
µg  metal/L of sample  = Z ( V / C ) 

 
where: Z  =  µg/L of metal in processed sample from calibration curve  
  V  =  final volume of processed sample in mL 
  C  =  mL of sample aliquot processed 
 
4. For solid samples:  Report all concentration as mg/kg dry weight 
 
Dry sample:  
   
mg  metal /kg sample = ( Z x V/ 1000 )  / D 
   
where:  Z  =  µg/L of metal in processed sample from calibration curve 
   V  =  final volume of processed sample in mL 
   D  =  weight of dry sample in grams 
   
Wet sample:  
 
mg  metal/kg sample  = ( Z x V/ 1000 )  / (WxP) 
 
where:  Z  =  µg/L of metal in processed sample from calibration curve 
   V  =  final volume of processed sample in mL 
   W =  weight of wet sample in grams 
   P  =  % solids in wet sample 

 
2.1.9 Quality Control for Water Analysis 
 

1. Minimum Requirements 
 (i) All quality control data should be maintained and available for easy reference or 

inspection. 
 
 (ii) An unknown performance sample (when available) must be analyzed once per 

year for the metals measured.  Results must be within the control limits 
established by good laboratory practice.  If problems arise, they should be 
corrected, and a follow-up performance sample should be analyzed. 

 
2. Minimum Daily Control 
 (i) After a calibration curve composed of a minimum of a reagent blank and three 

standards has been prepared subsequent calibration curves must be verified by 
use of at least a reagent blank and one standard at or near the median 
concentration level (MCL).  Daily checks must be within ±10 percent of original 
curve. 

 
 (ii) If 20 or more samples per day are analyzed, the working standard curve must be 

verified by running an additional standard at or near the MCL every 20 samples.  
Checks must be within ±10 percent of original curve. 
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3. Optional Requirements 
 (i) A current service contract should be in effect on balances and the atomic 

absorption spectrometer. 
 
 (ii) Class S  weights should be available to make periodic checks on balances. 
 
 (iii) Chemicals should be dated upon receipt and replaced as needed or before shelf 

life has been exceeded. 
 
 (iv) A known reference sample (when available) should be analyzed once per quarter 

for the metals measured.  The measured value should be within the control limits 
established by good laboratory practice. 

 
 (v) At least one duplicate sample should be run every 10 samples, or with each set of 

samples, to verify precision of the method.  Checks should be within the control 
limit established by good laboratory practice. 

 
 (vi) Standard deviation should be obtained and documented for all measurements 

being conducted. 
 
 (vii) Quality control charts or a tabulation of mean and standard deviation should be 

used to document validity of data on a daily basis. 
 

2.2 Hydride Vapour Generation Sample Introduction (HVAAS/HVICP) 
 
2.2.1 Introduction 
 
The determination of small traces of a number of metallic hydride-forming elements (especially As, Sb, 
Se) has been of importance in toxicology for many years.  In many fields of industry, in geochemistry and 
in metallurgy, the trace determination of these elements is also of importance. 
 
It is generally agreed that, because of its simplicity and specificity, atomic absorption spectroscopy or 
atomic emission spectroscopy, together with a hydride generation sample introduction system, best meets 
the requirements for the economical determination of trace concentrations of these elements.  [1] 
 
2.2.2 Method Summary 
 
Hydride vapour generation sample introduction systems utilize a chemical reduction to form a volatile 
hydride with the metal of interest.  This volatile hydride is then swept into either a heated reaction cell, or 
directly into the plasma of an ICP, where the metal of interest is freed from the hydride.   
 
Standard FAAS (heated reaction cell) or ICP is then carried out on the volatile metallic species.  [1] 
 
See Section 2.1 and 2.4 for details on FAAS and ICP. 
 
2.2.3 Interferences 
 
The following metals, compounds and conditions may interfere: 

- easily reduced metals; ie, copper, silver, mercury, etc. 
- high concentrations of transition metals (>200 mg/L) 
- oxidizing agents remaining following sample digestion; ie, oxides of nitrogen.  [2] 
- oxidation state of element:  sample may require a pre-treatment prior to analysis using a 

reducing agent such as potassium iodide (KI). 
 



C-46 

2.2.4 General Procedure 
 
Sodium borohydride solution is used as the reductant for the determination of metallic hydride-forming 
elements.  Sodium borohydride liberates hydrogen on contact with acids.  The reaction mechanisms 
involved in the reduction of metal ions are complicated and almost certainly take place via the formation of 
intermediate radicals.  The following equation represents a simplification of the reduction and free volatile 
metal forming mechanism: 
 

Mn+ + nBH4- ---> MHn (gas) + H2 (gas) + n/2 B2H6 
 
MHn + heat (900-1000°C) ---> M 
 
M is a metallic element which forms a volatile hydride (ie, arsenic, bismuth, antimony, selenium, tin, 
tellurium, etc). 
 
The sample solution is first treated to convert the metal of interest to ionic form in acidic solution. 
Reductant is then dispensed into the sample solution where it reacts with liberated hydrogen.  A 
carrier gas (eg, argon) flushes the hydride into a heated reaction cell or directly into the plasma of 
an ICP  where it is decomposed and the absorption or emission of the metal is measured.  Where a 
reaction cell is used, it is heated to between 900°C and 1000°C.  [1] 

 
2.3 Cold Vapour Generation Sample Introduction (CVAAS) 
 
2.3.1 Introduction 
 
The determination of small traces of mercury has been of importance in toxicology for many years.  In 
many fields of industry, in geochemistry and in metallurgy, the trace determination of this element is also 
of importance. 
 
It is generally agreed that, because of its simplicity and specificity, atomic absorption spectroscopy, 
together with a cold vapour generation sample introduction system, best meets the requirements for the 
economical determination of trace concentrations of mercury. [1] 
 
2.3.2 Method Summary 
 
Cold vapour generation sample introduction systems utilize a chemical reduction to form a volatile metal 
species.  This volatile species is then swept into a cell positioned in the path of a standard AAS. 
Concentration is then determined at a specific wavelength. [1] 
 
2.3.3 Interferences and Precautions 
 
Any produced vapour which absorbs at the same wavelength as the metal of interest will interfere.(3) 
 
2.3.4 General Procedure 
 
Stannous chloride is used as the reductant for the determination of room temperature volatile metallic 
elements (ie, mercury).  Stannous chloride reduces the metal of interest to its elemental form.   
 
The reaction mechanisms involved in the reduction of metal ions are complicated and almost certainly 
take place via the formation of intermediate radicals.  The following equation represents a simplification of 
the reduction and volatilization of mercury: 

 
                    Hg2+ + Sn2+ ---> Hg (gas) + Sn4+ 
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The sample is first treated to convert mercury to ionic form in acidic solution.  Reductant (usually tin) is 
then dispensed into the sample solution to produce volatile elemental mercury.  A carrier gas (eg,  
 
argon) flushes the volatile mercury into a cell positioned in the light path of an AAS and concentration is 
determined by standard AAS technique. [1] 
 
2.4 Inductively Coupled Plasma – Atomic Emission Spectrometry (ICP-AES) 
 
2.4.1 Introduction 
 
ICP-AES is a rapid multi-element technique which is capable of the simultaneous determination of major, 
minor, and trace elements in solution.  Reference 1 is recommended as an excellent source of information 
on this topic.  Some advantages of this technique includes: 
 
1. A large linear dynamic range of 5 to 6 decades for each analytical line which permits both trace 

and major elements to be analyzed in the same sample dilution. 
2. The low sample volume (5 to 20 mL) required for the simultaneous determination of up to 70 

elements (depending on the instrument). 
3. A low susceptibility to chemical and matrix interferences. 
4. The versatility to add a hydride generator, ultrasonic nebulizer, graphite furnace or laser ablation 

system to increase sensitivity even further. 
 
Some disadvantages include: 
 
1. A high initial instrument cost. 
2. A high initial investment in data handling software. 
3. Clogging of some pneumatic nebulizer systems. 
4. Spectral interferences - (see interference section 2.1.4). 
 
2.4.2 Method Summary 
 
Atomic emission spectrometry (AES), atomic absorption spectrometry (AAS), and atomic fluorescence 
spectrometry (AFS) all measure atomic spectra in the ultra violet, visible, and near infrared region of the 
electromagnetic spectrum.  All three methods must atomize the sample prior to excitation and 
measurement.  In AES, the inductively coupled plasma (ICP) provides the energy for atomization and 
excitation.  The method is applicable to aqueous samples and to digests of sediments, soils, and biota. 
 
2.4.3 Detection Limits 
 
The Detection Limit (DL) is a statistical figure of merit.  It can be defined as the smallest signal equal to 2 -
6 times the standard deviation of the background signal and, in deionized water, this definition gives a fair 
estimation of the instrument DL.  Errors associated with Inter Element Correction (IEC) factors are thought 
to be in the order of ±5% [2, 3] although Millward and Kluckner [4] found that ±2.5% is probably more 
likely.  The EDL (Effective Detection Limit) can then be calculated as follows: 

 
   EDL = (d

2
 + ∑(0.05t)

2
) 

1/2
 

 
where d = 3 times standard deviation of base noise 
  t  = concentration of interfering element times the IEC factor 
 

Experience indicates that as the matrix becomes more complex, the EDL rises.  The above calculation, 
although not perfect, quantitates to some extent what is observed in practice.   In any event, the method of 
determining EDLs should accompany any data generated by any analytical technique. 
 



C-48 

Table C-2 indicates the detection power of ICP-AES for an argon ICP operated with a pneumatic nebulizer 
1.  The detection limits are on a 2 times standard deviation basis.  These DLs can vary by a factor of 10 or 
more depending on: 
 
 1. Source - 27 MHz vs 40 MHz 
 2. Nebulizer - pneumatic vs ultrasonic vs hydride 
 3. Operating Conditions - compromise vs optimal 
 4. Differences in spectral bandwidth 
 5. Prominent line chosen  
 6. Concomitants - pure water vs sediment digests 
 
 

Table C-2 
 
 
Element 

 Detection 
Limit 
µg/L 
 

 
Element 

 Detection 
Limit 
µg/L 

 
Element 

 Detection 
Limit 
µg/L 

Aluminum Al 10-30 Indium In 30-100 Ruthenium Ru 30-100 
Antimony Sb 30-100 Iridium Ir 30-100 Scandium Sc 3-10 
Arsenic As 30-100 Iron Fe 3-10 Selenium Se 30-10 
Barium Ba  3-10 Lanthanum La 10-30 Silicon Si 30-100 
Beryllium Be 3 Lead Pb 30-100 Silver Ag 3-10 
Bismuth Bi 30-100 Lithium Li 3-10 Sodium Na 10-30 
Boron B 3 Lutetium Lu 3-10 Strontium Sr 3-10 
Cadmium Cd 10-30 Magnesium Mg 3-10 Tantalum Ta 10-30 
Calcium Ca 10-30 Manganese Mn 3 Tellurium Te 100-300 
Carbon C 30-100 Mercury Hg 30-100 Terbium Tb 30-100 
Cerium Ce 30-100 Molybdenum Mo 3-10 Thallium Tl 30-100 
Chromium Cr 3-10 Neodymium Nd 30-100 Thorium Th 30-100 
Cobalt Co 3-10 Nickel Ni 10-30 Thulium Tm 3-10 
Copper Cu 3-10 Niobium Nb 30-100 Tin Sn 30-100 
Dysprosium Dy 10-30 Osmium Os 3 Titanium Ti 3-10 
Erbium Er 10-30 Palladium Pd 30-100 Tungsten W 30-100 
Europium Eu 3-10 Phosphorus P 30-100 Uranium U 100-300 
Gadolinium Gd 10-30 Platinum  Pt 30-100 Vanadium V 3-10 
Gallium Ga 30-100 Potassium K 30-300 Ytterbium Yb 3-10 
Germanium Ge 30-100 Praseodymium Pr 30-100 Yttrium Y 3-10 
Gold Au 10-30 Rhenium Re 10-30 Zinc Zn 3-10 
Hafnium Hf 10-30 Rhodium Rh 30-100 Zirconium Zr 10-30 
Holmium Ho 3-10       
 
 
 
2.4.4 Interferences and Precautions 
 
1. Physical 
 Samples containing high concentrations of acids and/or dissolved solids will affect surface tension 

and hence sample uptake, droplet size distribution, and aerosol transport to the plasma.  High 
dissolved solids can also cause salt build-up at the tip of some pneumatic nebulizers.  Sample 
uptake variations due to viscosity differences can be controlled with a peristaltic pump.  Salt build-
up can be controlled by wetting the argon prior to nebulization, using a tip washer, or diluting the 
sample. Changes in droplet size distribution cannot be compensated for as easily, other than 
matching the standard and sample matrix, which is difficult if the sample matrix is unknown. 

 
2.  Chemical [5] 
  Chemical interferences include molecular compound formation, ionization effects, and solute 

vaporization effects.  Normally, these effects are not significant with the ICP technique.  If 
observed, they can be minimized by careful selection of operating conditions (incident power, 
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viewing height, nebulizer argon flow, etc.), by buffering of the sample, by matrix matching, and by 
internal standard procedures.  Chemical interferences are highly dependent on matrix type and 
the specific analyte element. 

 
3. Spectral 
 ICP-AES suffers more from spectral interferences and less from chemical interferences than 

FAAS where the opposite is true.  Spectral interferences classify as [1]: 
 -  Stray light 
 -  Continua and line wings contributed by the constituents of the sample 
 -  Spectral lines and molecular bands contributed by the discharge atmosphere and the solvent 
 -  Spectral lines and molecular bands contributed by the constituents of the sample 
 
 The effect of the above interferences is background enhancement which can be categorized as: 
 -  Simple or “flat” background 
 -  Sloping background 
 -  Direct line overlap 
 -  Complex line overlap 
 
 All of the background changes can be corrected to some degree by measuring the background 

off-peak then subtracting the value(s) from the peak and/or subtracting empirically calculated 
inter-element corrections.  This topic is broad and complex but there are many excellent texts and 
papers which cover spectral interferences in ICP-AES.  For instance, EPA method 200.7 gives 
suggested background correction positions for a number of specified analysis lines.  The ICP 
spectroscopist must carefully choose background correction positions for their particular 
instrument and analysis requirements. 

 
2.4.5 General  Procedure 
 
1. Aerosol Production 

Nebulizers are the weak point in ICP, and are at the root of many ICP problems.   The function of 
the nebulizer is to convert the solution to a fine, uniform aerosol.  The aerosol will consist of 
droplets with a range of sizes but most of the aerosol mass should be in the smaller size range. 

 
Pneumatic nebulizers are common and can be divided into two types - concentric (e.g. Meinhard) 
and Cross-flow (eg. MAX).  Grid nebulizers (e.g. Hildebrand) are becoming more common.  
Special nebulizers are available such as the Babington (e.g. GMK) for samples containing high 
concentrations of dissolved solids and the Fritted Disc for LC-ICP-AES applications. 

 
Ultrasonic nebulizers have been introduced commercially in the last few years.  Their efficiency at 
producing an aerosol is typically 10 times the efficiency of the pneumatic nebulizers.  Because of 
the increase in material reaching the plasma, detection limits for many elements exceed 
pneumatic nebulizer detection limits by a factor of 10.  However, the upper concentration range for 
these elements is decreased by a factor of 10. 

 
The solution to be analyzed is either fed to the nebulizer by a pump or is pulled through as a result 
of reduced pressure at the nozzle (Venturi effect). 

 
As for AAS, electrothermal atomizers can be connected to ICP.  These devices can be metal 
(boat or filament) or graphite (yarn, rod or furnace). 

 
2. Spray Chambers 

The aerosol which is produced by the nebulizer consists of various size droplets.  The function of 
the spray chamber is to sort out the larger droplets and allow the finer droplets through to the 
plasma.  A major part of the primary aerosol is lost to chamber surfaces - in the order of 98 - 
99.5% [1]. 
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The most common spray chamber is the dual concentric or Scott chamber.  Cyclone chambers 
are starting to become popular.  These sort droplets by imparting a spiral motion to the aerosol so 
that the larger droplets strike the wall of the chamber preferentially. 

 
3. Torches 

The most critical component of the ICP assembly is the torch and although there are many 
different designs, the torch type in most common use for argon plasmas is the three concentric 
tube “Fassel” torch. Over the years the Fassel torch has been refined to reflect the following 
performance requirements [1]: 

 1. Easy ignition of the plasma. 
 2. Continuous, stable plasma generation with a minimum influence of the injected sample, 

primarily the absence of risks of extinguishing the plasma and formation of deposits in the 
torch. 

 3. A sufficiently high sample flow through the plasma tunnel to the observation zone. 
 4. An optimum sample heating efficiency by a long residence time of the sample in the plasma. 
 5. A low gas consumption rate. 
 6. Minimal power requirements to reduce size and cost of the RF power supply. 
 

The torch is placed in a water-cooled induction coil of an RF generator.  Two or three gas flows 
are introduced into the tubes of the torch and the flowing gas is made electrically conductive by 
Tesla sparks.   

 
The RF current through the coil generates oscillating magnetic fields which induce electric 
currents in the conducting gas, which in turn heats up due to resistance and forms the plasma.  
The aerosol from the nebulizer/spray chamber is introduced into the centre of the plasma where it 
becomes volatilized and atomized.  The resulting spectral lines are separated and their intensity 
measured by the spectrometer. 

 
4.   Spectrometer Systems 

Spectral information from the ICP can be separated in two different ways.  Sequential 
spectrometers employ a monochrometer and various drive systems (Sine Bar, Direct, Magnetic, 
Encoding) under computer control to scan the spectrum, stopping at lines of interest.  Scan rate 
and integration time at each selected line can be varied.  Various peak-finding methods (Single, 
Moving Window, Peak Area Fitting, Side Line Indexing) are used to ensure the requested peak is 
presented to the detector.  Flexibility is the main advantage of sequential spectrometers. 

 
Simultaneous or Direct Reading Spectrometers are commonly based on concave grating mounts: 
Rowland Circle, Paschen-Runge or Seya-Namioka or on an Echelle mount.  Line selection must 
precede the purchase of the instrument, keeping in mind that, due to physical limitations, line 
selection compromises may be necessary.  Speed is the main advantage of simultaneous 
spectrometers. 

 
Characteristics of the ideal spectrometer system for ICP-AES are as follows [1]: 

 
 1. Record all spectral information simultaneously. 
 2. Rapid signal acquisition and recovery. 
 3. Provide high contrast (high resolution, low stray light). 
 4. Possess a wide dynamic range - at least 106. 
 5. Provide accurate, precise wavelength identification and selection for analysis. 
 6. Highly stable, insensitive to environmental changes (temperature, humidity, vibration). 
 7. Provide means to identify and correct for interferences including displaying spectra for 

operator. 
 8. Measure and subtract background. 
 9. Provide a permanent record of spectra and analysis results. 
 10. Computerized operation:  control, readout, storage, data manipulation, statistical analysis, 

report generation. 
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5.   Method Validation  
Method validation must be performed initially and whenever instrumental modifications are 
incorporated. Method validation checks include determination of precision, accuracy, detection 
limit, calibration curve linearity, and analytical range. 

 
As these items are easily measured it is recommended that they be monitored on a regular basis.  
For example, measurement of precision and detection limit could be monitored weekly, or daily if 
desired. 

 
It should be noted that the responses of some ICP emission lines are not linear.  Where the use 
of an alternate analysis line is not possible (e.g. in a fixed - channel instrument).  Computer curve 
correction may be employed.  Curvature of some lines is sensitive to operating conditions; the 
validity of computer curve correction should be confirmed by regular analysis of QC solutions. 

 
The extent of the upper range of each ICP channel must be known; detector and measurement 
electronic parameters will limit the upper analysis range.  Detectors may “saturate”, for some 
elements at concentrations under 50 mg/L. 

 
6.   Long Term Stability of ICP Conditions 

It is desirable to ensure that inter-element correction factors, line curvature, analytical ranges, and 
other parameters remain constant.  This may be done by setting the ratio of the intensities of an 
“atom” line and an “ion” line to a constant value.  This is usually accomplished by aspirating a 
solution containing the two elements of interest and adjusting the nebulizer argon flow rate using a 
mass flow controller until the desired intensities are observed. [6, 7] 

 
7.   Daily Instrument Calibration 

Most ICP standardization schemes employ “two-point” calibration using a “blank” or “zero” solution 
and a single “high-level” concentration for each element.  The “high-level” points range generally 
from 0.5 to 100 mg/L, although 1.0 to 10.0 mg/L levels are typical. 

 
Since an ICP may analyze over thirty elements simultaneously, it is important to monitor the 
integrity of the mixed calibration solutions, since element concentrations may vary due to 
contamination or precipitation.  A hardcopy of instrument responses for each element should be 
produced and examined daily.  Also, analysis of calibration verification solutions should be carried 
out prior to sample analysis by analyzing a check standard prepared independently from the 
calibration solutions.  Acceptance criteria for the verification standard should be within 
approximately 5% of the “real” value. 

 
It is also important to monitor the stability of calibration over the “long term” by analyzing a check 
or calibration standard after every 10 samples.  This not only monitors instrument stability but 
ensures that other factors such as nebulizer clogging do not go undetected. 

 
2.4.6 Precision 
 
Precision represents the reproducibility of measurement and is usually expressed in terms of percent 
relative standard deviation (RSD).  At the detection limit (DL) the RSD will be higher than at levels above 
the DL.  For example when the DL is set at: 
 
 2 times standard deviation - RSD is 50% 
 3 times standard deviation - RSD is 33% 
 5 times standard deviation - RSD is 10% 
 
At levels equalling a few hundred times the DL, short term precision of 0.5 - 2% can be obtained 
depending on [1]:  
 
 - nebulizer 
 - ICP system 
 - spectrometer 
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 - analyte 
 - sample type 
 - definition of “short term” 
 - “enthusiasm” of the analyst 
 
2.4.7 Accuracy 
 
Accuracy or agreement between measured and “true” value can best be determined using Standard 
Reference Materials (SRM’s ). 
 
2.4.8 Quality Control 
 
To ensure accuracy and precision, quality control blanks, duplicates, spikes, and certified reference 
materials must be incorporated into the analysis scheme.  It should be noted that a wide variety of certified 
reference materials for water, geologicals, and biological materials are available at levels suitable for ICP 
analysis. 
 
2.4.9 References 
 
1. P. W. J. M. Boumans, Ed., Inductively Coupled Plasma Emission Spectroscopy, Parts I and II, 

Chemical Analysis 90.  John Wiley & Sons Pub., (1987). 
 
2. M. Thompson & J. N. Walsh, Ed., Handbook of Inductively Coupled Plasma Spectrometry, 2nd 
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4. Christopher G. Millward & Paul D. Kluckner, JAAS, Vol. 6, Feb., (1991). 
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6. Botto, R.I., Long-term Stability of Spectral Interference Calibrations for Inductively Coupled 

Plasma Atomic Emission Spectrometry, Analytical Chemistry, 54:1654 (1982). 
 
7. Methods for Chemical Analysis of Water and Wastes, EPA-600, 4-79-020, March, 1983, Method 

200.7. 
 
8. Instructions - MHS-20 Mercury/Hydride System, Publication 338-A2-M 294/12.79.  Bodenseewerk 

Perkin-Elmer & Co. GMBH/Uberlingen. 1979. 
 
9. Test Methods for Evaluating Solid Wastes - Physical/Chemical Methods.  Publication #SW-846 

Revision 0.  United States Environmental Protection Agency, Washington, DC.  3rd edition, 1986. 
 
10. Test Methods for Evaluating Solid Wastes - Physical/Chemical Methods (Revised). Publication 

#SW-846 Revision 1.  United States Environmental Protection Agency, Washington, DC.  3rd 
edition 1990. 

 
11. Instructions - MHS-20 Mercury/Hydride System, Publication 338-A2-M 294/12.79.  Bodenseewerk 

Perkin-Elmer & Co.  GMBH/UBERLINGEN. 1979. 
 
12. Test Methods for Evaluating Solid Wastes - Physical/Chemical Methods (Revised).  Publication 

#SW-846 Revision 1.  United States Environmental Protection Agency, Washington, DC.  3rd 
edition, 1990. 
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2.4.10 Revision History 
 
  February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes removed. Minor editing. 
 
 
2.5 Metal Analysis of Solids by ICP 
 
Parameter  Metals  
 
Analytical Method  D+G; acid digestion; ICP  
 
Introduction  Inductively Coupled Argon Plasma - Atomic Emission Spectrometry (ICP) is a 

rapid multi-element scanning technique for the analysis of elements including 
metals. This analysis is applicable to a large list of elements within the 
periodic table but for the purposes of this method, 25 of the more commonly 
analyzed metals will be targeted.  

 
Method Summary  The soil or sediment sample is initially homogenized to ensure representative 

sub-aliquots will be digested and analyzed. An accurate weight of soil is acid 
digested and the resulting digestate is analyzed for metals by ICP. 

 
MDL Target Element  Detection Limit (ug/g) 
 

Aluminum 10 
Antimony 10 
Arsenic 30 
Barium 0.1 
Beryllium 1 
Boron 0.5 
Cadmium 5 
Calcium 1 
Chromium 2 
Cobalt 1 
Copper 1 
Iron 2 
Lead 10 
Magnesium 0.1 
Manganese 0.2 
Molybdenum 4 
Nickel 2 
Phosphorus 20 
Silver 2 
Sodium 5 
Strontium 0.1 
Tin 5 
Titanium 0.3 
Vanadium 0.5 
Zinc 1 

 
 Detection Limits have been derived by multiplying (weight / volume) factors by 

the estimated instrument detection limits in solution. These limits are only 
given as guidelines and are dependant on the specific instrument 
configuration.  
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Matrix  Soil 
Solids 
(Marine) Sediments  

 
Interferences and Not available 
Precautions 
 
Sample Handling Container - Acid Washed Polyethylene Bottle 
and Preservation Digested soils are already in an acid medium and require no extra 

preservation chemicals. 
  
Stability  Metallic elements in acid digested soil samples have a holding time of six 

months.  
 
Instrumentation/ Refer to Specific Instrument Operations Manuals, EPA Method 6010A 
Calibration and  
Analysis Procedures 
 
Precision  Refer to EPA Method 6010A and Section 2.5.6 of the ICP-AES method in the 

B.C. Laboratory Manual for further explanations.  
 
Accuracy  Refer to EPA Method 6010A and Section 2.5.7 of the ICP-AES method in the 

B.C. Laboratory Manual for further explanations.  
 
Quality Control  For each analytical batch include a minimum of the following:  
 a) Two method blanks   
 b)  10% Duplication (minimum of one) 
 c)  One Standard Reference Material 
 
References  a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992 Section 3120 B.  
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-79-

020, March 1983, Method 200.7  
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication # SW-846 Revision 1. United States 
Environmental Protection Agency, Washington, DC. 3rd Edition, 1990. 
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Revision Date:  December 31, 2000 
3.0   SPECIFIC ELEMENTAL CONDITIONS 
  
 
 Note:  FA = Field acidified LA= Lab acidified 
  FF = Field filtered LF= Lab filtered 
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Metals 
Revision Date:  December 31, 2000 

 
ALUMINUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Aluminum, total 
 Aluminum, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Al-T  X073 
 LA: HNO3: AA (total) Al-T  X351 
 FF, FA: HNO3: AA (dissolved) Al-D  X203 
 LF, LA: HNO3: AA (dissolved) Al-D  X085 
  
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.1 mg/L 
 Range: 0.1-50.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water 
  
Interferences and 
Precautions See section 2.1.4  of the AA methods section of this manual.  Ionization 

should be controlled by the addition of potassium chloride to a level of 0.1%.  
The Al signal can be enhanced by the presence of Fe, Ti, fluoroborate and 
acetic acid. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Al Hollow cathode Lamp 
Parameters Wavelength:  309.3 nm (primary); 396.2 nm (alternate) 
 Type of Flame:  nitrous oxide-acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
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Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

ANTIMONY (Atomic Absorption - Direct Aspiration) 
 
Parameter Antimony, total 
 Antimony, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Sb-T  X073  
 LA: HNO3: AA (total) Sb-T  X351 
 FF, FA: HNO3: AA (dissolved) Sb-D  X203 
 LF, LA: HNO3:AA (dissolved) Sb-D  X085 
  
Introduction Antimony and its compounds have been reported to cause dermatitis, 

keratitis, conjunctivitis and nasal septal ulceration by contact, fumes, or dust. 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.2 mg/L 
 Range: 0.20-40.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, waste water and marine water. 
  
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  A decrease in 

absorption occurs with increasing acid concentration.  To avoid this effect, 
matrix-match the acid concentration of the samples and standards. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument  Source:  Sb EDL or hollow cathode lamp   
Parameters Wavelength:  217.6 nm (primary) 
 Type of Flame: air/acetylene 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

ANTIMONY (Atomic Absorption - Gaseous Hydride) 
 
Parameter Antimony,  total 
 Antimony, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section, and section 2.2 the hydride AA 

method section. 
 
EMS Code FA: HNO3: HVAAS (total) Sb-T  X289   
 LA: HNO3: HVAAS (total) Sb-T  X354  
 FA: HCl: HVAAS (total) Sb-T  X345 
 LA: HCl: HVAAS (total) Sb-T  X355  
 FF, FA: HNO3: HVAAS (dissolved) Sb-D  X202 
 LF, LA: HNO3: HVAAS (dissolved) Sb-D  X359 
 FF, FA: HCl: HVAAS (dissolved) Sb-D  X348 
 LF, LA: HCl: HVAAS (dissolved) Sb-D  X360 
 
Introduction Antimony and its compounds have been reported to cause dermatitis, keratitis, 

conjunctivitis, and nasal septal ulceration by contact, fumes, or dust. 
 
Method Summary Antimony is converted to a gaseous hydride and analyzed by atomization in a 

heated quartz tube.  Conversion to hydrides allows antimony to be detected 
with greater sensitivity. 

 
MDL Given an aqueous sample free of interferences, the instrumental performance 

characteristics are: 
 MDL: 0.0001 mg/L 
 Range: 0.0001-0.010 mg/L 

See Table C-1 in section 2.1, the AA methods section, for additional 
information. 

 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.2.3 in the hydride AA section of this manual. 
and Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Sb EDL or hollow cathode lamp 
Parameters Wavelength:  217.6 nm 
 Background Correction:  not required 
 
Apparatus, Materials See section 2.2 and section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, APHA, 

AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical Methods 

(Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

ANTIMONY (Atomic Absorption - Graphite Furnace) 
 
Parameter Antimony, total 
 Antimony, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Sb-T  X072 
 LA: HNO3: GFAA (total) Sb-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Sb-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Sb-D  X357 
 
Introduction Antimony and its compounds have been reported to cause dermatitis, 

keratitis, conjunctivitis and nasal septal ulceration by contact, fumes, or dust. 
 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatization of organics and other matrix components, and finally, atomization 
of the analyte into the light path of the spectrometer.  The absorption of light, 
at a wavelength specific to the element being analyzed, is measured and the 
concentration of the analyte is determined by comparison with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL:  0.003 mg/L 
 Range: 0.003-0.30 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information.  
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA Methods section of this manual.  High lead 

concentration may cause a measurable spectral interference on the 217.6 nm 
line.  If this interference is expected, the secondary wavelength should be 
employed or Zeeman background correction used. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument  Source:  Sb EDL or hollow cathode lamp 
Parameters Wavelength:  217.6 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

ANTIMONY (Atomic Emission - Inductively Coupled Argon 
Plasma {ICAP}) 
 
Parameter Antimony, total 
 Antimony, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES method section. 
 
EMS Code FA: HNO3: ICAP (total) Sb-T  X349 
 LA: HNO3: ICAP (total) Sb-T  X352 
 FF, FA: HNO3: ICAP (dissolved) Sb-D  X350 
 LF, LA: HNO3: ICAP (dissolved) Sb-D  X356 
 
Introduction Antimony and its compounds have been reported to cause dermatitis, 

keratitis, conjunctivitis, and nasal septal ulceration by contact, fumes, or dust. 
 
Method Summary Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K). 
The highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest can be monitored either 
simultaneously or sequentially. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.05 mg/L 
 Range: 0.05-1000 mg/L 

See Table C-2 in section 2.4, the ICP method section, for additional 
information. 

 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.4.4, the ICP-AES section of this manual. 
and Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength:  206.8 nm 
Parameters Background Correction:  recommended 
 
Apparatus, Materials See section 2.4, the ICP-AES methods section in this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
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Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3120B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

ARSENIC (Atomic Absorption - Direct Aspiration) 
 
Parameter Arsenic, total 
 Arsenic, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) As-T  X073 
 LA: HNO3: AA (total) As-T  X351 
 FF, FA: HNO3: AA (dissolved) As-D  X203 
 LF, LA: HNO3: AA (dissolved) As-D  X085 
 
Introduction The determination of trace amounts of arsenic in water and wastewater is 

crucial because it is a highly toxic material.  The main sources of arsenic 
contamination in water and wastewater are coal, petroleum, detergents, and 
pesticides. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.20 mg/L 
 Range: 0.2-100mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA Methods section of this manual.  Background 

interferences occur with the use of both the air-acetylene and the nitrous 
oxide-acetylene flames, but particularly with the air-acetylene flame, where at 
least 60% of the light energy is absorbed.  The nitrous oxide-acetylene flame 
may be preferred due to its reduced background interferences, although 
sensitivity is also decreased.  Background correction should be used with 
both flames, and will improve the signal to noise ratio. 

 
A sample with high total salt content (greater than 1%) will produce apparent 
absorption at the 193.7 nm arsenic line, even when the metal is absent.  It is 
therefore necessary to check readings for background absorption.  A suitable 
line for this purpose is the non-absorbing mercury line at 194.2 nm. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  As EDL or hollow cathode lamp 
Parameters Wavelength:  193.7 nm 
 Type of flame:  air/acetylene 
 Background correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.   
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Metals 
Revision Date:  December 31, 2000 

 

ARSENIC (Atomic Absorption - Gaseous Hydride) 
 
Parameter Arsenic, total 
 Arsenic, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section, and section 2.2, the hydride AA 

method section. 
 
EMS Code FA: HNO3: HVAAS (total) As-T  X289 
 LA: HNO3: HVAAS (total) As-T  X354   
 FA: HCl: HVAAS (total) As-T  X345   
 LA: HCl: HVAAS (total) As-T  X355  
 FF, FA: HNO3: HVAAS (dissolved) As-D  X202 
 LF, LA: HNO3: HVAAS (dissolved) As-D  X359 
 FF, FA: HCl: HVAAS (dissolved) As-D  X348  
 LF, LA: HCl: HVAAS (dissolved) As-D  X360 
 
Introduction The determination of trace amounts of arsenic in water and wastewater is 

crucial because it is a highly toxic material.  The main sources of arsenic 
contamination in water and wastewater are coal, petroleum, detergents, and 
pesticides. 

 
Method Summary Arsenic is converted to a gaseous hydride and analyzed by atomization in a 

heated quartz tube.  Conversion to hydrides allows Arsenic to be detected 
with greater sensitivity. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0002 mg/L 
 Range: 0.0002-0.020 mg/L 
 See Table C-1 in section 2.1, the AA method section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.2.3 of the hydride AA methods section of this manual.  High 

concentrations of chromium, cobalt, copper, mercury, molybdenum, nickel, 
and silver can cause analytical interferences. 

 
Traces of nitric acid left following the sample work-up can result in analytical 
interferences. 

 
Elemental arsenic and many of its compounds are volatile; therefore, certain 
samples may be subject to losses of arsenic during sample preparation. 

 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
Instrument Source:  As EDL or hollow cathode lamp 
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Parameters Wavelength:  193.7 nm 
 Background Correction:  not required 
 
Apparatus, Materials See section 2.2.3 and section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) B.C. Ministry of Environment, Laboratory Manual p. 97, 1989. 
 b) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

ARSENIC  
(Atomic Emission - Inductively Coupled Argon Plasma {ICAP}) 
 
Parameter Arsenic, total 
 Arsenic, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES method section. 
 
EMS Code FA: HNO3: ICAP (total) As-T  X349  
 LA: HNO3: ICAP (total) As-T  X352 
 FF, FA: HNO3: ICAP (dissolved) As-D  X350 
 LF, LA: HNO3: ICAP (dissolved) As-D  X356 
 
Introduction  The determination of trace amounts of arsenic in water and wastewater is 

crucial because it is a highly toxic material.  The main sources of arsenic 
contamination in water and wastewater are coal, petroleum, detergents, and 
pesticides. 

 
Method Summary Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K).  
This highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest can be monitored either 
simultaneously or sequentially.  

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.050 mg/L 
 Range: 0.05-1000 mg/L 
 See Table C-2 in section 2.4, the ICP method section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.4.4 of the ICP-AES section of this manual. 
and Precautions 
 
Sample Handling  See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength:  193.8 nm (primary) 
Parameters Background Correction:  recommended 
  
Apparatus, Materials See section 2.4 of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Method for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method  3120 B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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           Metals 

        Revision Date: November 2002 
 

ARSENIC ANALYSIS OF SOLIDS BY HVGAA 
 
Parameter  As-T - Arsenic Total 
 
Sample Preparation Nitric-perchloric acid digestion  
 
Analytical Method N/P Digestion: Hydride Generation 
 Atomic Absorption Spectrophotometry 
 
EMS Codes AS-T 1194 HYDRIDE ATOM. ABSORPTION SPEC 
     
Method Summary  The sample undergoes a nitric-perchloric acid hydrochloric acid digestion to 

break down all organically bound arsenic. The digestate is diluted 1:1 with 
50% HCl. This solution is mixed with sodium borohydride which releases the 
volatile hydride of arsenic. The hydride is separated from the the aqueous 
solution and introduced to a flame heated quartz absorption cell. Atomic 
absorption is measured at 193.77 nm. 

 
MDL  0.2 µg/g 
 
Matrix  Soil 

Solids 
(Marine) Sediments 

 
Stability  Digested samples are stable for 6 months. 
 
Procedure a) Digest Block 
Apparatus b) Glassware 
 
Instrumentation A system consisting of:  
 a) peristaltic pump   
 b) hydride generator, (mixing coils and phase separator)  
 c) Quartz absorption cell   
 d) Atomic absorption spectrophotometer  
 
Reagents Digest: 
  a) Hydrochloric Acid (HCl) conc., analytical grade.  
 b) Potassium persulfate solution, 4%: Dissolve 40 g of potassium 

persulfate, analytical grade K2S2O8, in DI and dilute to 1 litre.  
 
 Analysis: 
 a) Sodium Borohydride solution, 1.5%: Dissolve 15 g of NaBH4, analytical 

grade, and 1 g NaOH, analytical grade in 1 litre of deionized water. 
Filter through Whatman #41 filter paper. 

 
Standards a) Stock Arsenic Calibration standards, 1000 mg/L; available 

commercially, or:  
1) 1000 mg/L As can be prepared by dissolving 1.320 g Arsenic 

Trioxide, As2O3, analytical grade, in 10 mL deionized water 
containing 4g NaOH, dilute to 500 mL with DI, adjust pH to 
slightly acidic with HCl and dilute to 1 litre with DI. 
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 b) Prepare 10 mg/L stock As. Dilute 5 mL of 1000 mg/L As to 500 mL with 
DI. Prepare 1 mg/L stock As, dilute 10 mL of 10 mg/L stock solution to 
100 mL with DI.  

 
 c) Prepare 1 litre of working standards: 0.005, 0.010, 0.025, 0.040 and 

0.050 mg/L As by diluting 0.5, 1.0, 2.5, 4.0 and 5 mLs and 10 mLs of 1 
mg/L stock and 10 mLs of 10 mg/L stock to 1 litre with DI. 

 
Procedure  See "Digestion of Soils for metals Analysis". 
 
Instrumental Analysis  a) Set up the Atomic Absorption Spectrophotometer according to the 

operating instructions. 
 
 b) Install Arsenic electrodeless discharge lamp (EDL) and allow to warm 

up for at least 30 minutes. 
 
Calculations  Absorbances are read from the instrument and electronically captured into a 

Data Collection software package where concentration is calculated based on 
Beers Law. 

 
Hydride Generation a) Sample Tubing: black/purple; flowrate: 6.8 mL/min. 
System b) NaBH4 Tubing: black/black; flowrate: 0.8 mL/min. 
 c) Pump speed: maximum 11 RPM 
 d) Argon flowrate: 0.5 LPM 
 
 
Diagram of Hydride Generation System: 
 

 
 
 
Precision Synthetic samples at concentrations of 3 and 10 mg/L As gave coefficients of 

variation of 2% and 2% respectively. 
 
Accuracy To be determined 
 
Quality Control  a) Arsenic Quality Control Stock Solutions, 1000 mg/L. This solutions is to 

be obtained from an alternate supplier than the calibration stock.  
 
 b) QCA for As: Solution containing 0.035 mg/L.  
 
 c) QCB for As: Solution containing 0.005 mg/L.  
 
 d) QC sample QH: 0.020 mg/L As.  
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References  a) Standard Methods for the Examination of Water and Wastewater, 17th 
Edition, 1989. Section 3114; p. 3-43 to 3-53. 

 
Revision History: March 1997:  Published in Supplement Manual #1 
 November 2002:  EMS code assigned 
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Metals 
        Revision Date: November 2002 

 
ARSENIC, CADMIUM AND LEAD IN SOLIDS BY GFAA 
 
Parameter Arsenic, Cadmium and Lead 
  
Sample Preparation See Section 1.0 for sample preparation 
 
Analytical Method  Analysis of acid digested geological samples for metals by atomic absorption 

spectrophotometry with a graphite furnace attachment. 

 

EMS Code EMS codes to be defined on request 

Method Summary  Analyte is electro-thermally heated to dry, char and then atomize within the 
confines of a graphitic carbon tube. Absorbance is measured at the 
atomization stage. Because the atom cloud generated at the atomization 
stage is confined, relatively small quantities of analyte are required to 
produce a significant signal level thus permitting the detection of picogram 
levels of metals in various samples. Background correction is performed to 
negate the effect of changing matrices. 

 
Compounds Determined  Element  Detection Limit (µg/g) 
and Detection Limits  Arsenic   0.5 
  Cadmium   0.05 
  Lead   0.5 
 
 Detection limits have been calculated by multiplying the determined solution 

detection limits by a common weight to volume factor. 
 
Matrix  Soil 

Solids 
(Marine) Sediments 

 
Stability and Sample 
Storage Soil digestates are stored in acid washed polypropylene bottles. Metals are 

considered to be stable in solution for six months at room temperature. 
 
Reagents a) Ultrapure water 
 b) "Trace Metal" grade nitric acid 
 c) "Trace Metal" grade hydrochloric acid 
 d) "Trace Metals grade hydrogen peroxide 
 e) "Ultrapure" nitric acid. Seastar or equivalent 
 f) Palladium (Granular) Aldrich 20,399-8 or equivalent 
 g) Nickel Solution, 1000 mg/L, Certified Atomic Absorption Standard 

Solution, obtained from Fisher Scientific or other suitable supplier. 
 
 Note: Palladium and Nickel are used as matrix modifiers in specific analyses. 

Please refer to specific instrumental analysis techniques for instructions 
on uses of matrix modifiers. 
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Preparation of Graphite Note: Please see specific instrument operation manual for procedures 
Furnace AA Calibration  in preparing calibration standard solutions. 
Standard Solutions    
 
Apparatus  Atomic Absorption Spectrophotometer equipped with a graphite furnace 

atomizer attachment. Please refer to specific instrument manufacturers' for 
other peripheral devices required for correct instrument set-up. 

 
Examples are PC's, printers 
 EDL or Super Lamp Power Supplies 
 Auto-samplers 

Hollow Cathode Lamps 
 Hollow Cathode Super Lamps 
 Electrodless Discharge Lamps (EDL) 
 
 Other required items include but are not limited to the following:  
 Graphite Tubes 
 Graphite electrodes 
 Micropipette with disposal tips1000 mL, 250 mL, 100 mL Volumetric Flasks 

for dilutions (note1) 
 50 mL, 25 mL, 10 mL, 5 mL, 1 mL, 0.5 mL pipettes for dilutions (note 1) 
 50 mL graduated cylinder 
  
 Disposal sample cups for systems with autosamplers 
 
 Note 1: All glassware should be Class A and acid washed prior to use. 
 
Analysis Procedure  Refer to specific instrument operations manuals for set-up and analysis 

procedures. 
 
Quality Control Section  
Analysis of Soils a) Digestion Blanks 
 b) Duplicates: If sample size permits, at a minimum frequency of 10% 
 c) Certified Reference Materials: If available, an SRM is run which 

matches the sample matrix type. 
  Available Certified Reference Materials include:  Environmental 

Sediments: National Institute of Standards & Technology (NIST) 1646a 
Estuarine Sediment National Research Council of Canada Estuarine 
Sediments: MESS-1, BCSS-1, PACS-1 

 
Daily Instrument  
Checks Several graphite furnaces have built in QC checks. These include but are  
  not limited to: 
 
 a) Monitoring of calibration curve - at regular intervals the calibration is 

checked automatically. If the standard changes by over 20% from the 
previous calibration the run is stopped. 

 
 b) When two or more replicates are run for each sample, the sample will 

be repeated if the % RSD is over 20%. If the % RSD is still over 20% 
the sample will be flagged. 

 
 c) Internal Spiking - The instrument will make its own spike by adding a 

preset quantity of standard solution to a sample. If the spike recovery is 
not within the range of 80 to 120 % recovery, the spike is flagged. 
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Safety Notes  a) These instruments use high voltage in their operation. Unplug 
instrument or take other appropriate precautions when servicing. 

 b) Many of the reagents used in analysis techniques are hazardous. Use 
in accordance with guidelines set out in the MSDS for each compound. 

 
 c) Heat, vapors and fumes generated by furnace methods can be 

hazardous, toxic, or otherwise injurious to personnel. 
  ALWAYS switch the exhaust fan on BEFORE operating the graphite 

tube atomizer. 
 
 d) Hazardous ultraviolet radiation can be emitted by the atomizer, hollow 

cathode super lamps and electrodeless discharge lamps. This radiation 
can cause serious damage to the eyes. 

 
  ALWAYS wear safety glasses manufactured to an approved standard 

and which are certified or otherwise warranted to protect the eyes from 
ultraviolet radiation. 

 
 e) When the graphite tube automizer is operating, the magnet, atomizer 

chimney and immediate surrounds can present heat hazards which can 
result in burns to personnel. 

 
Never touch the magnet, atomizer chimney or the atomizer assembly 
while the graphite tube atomizer is operating. Wear protective gloves 
when working near the magnet. 

 
 f) The magnet produces a variable field of 8000 gauss RMS at mains 

frequency in the workhead during the read stage. 
 

To avoid interference with heart pacemakers or magnetic storage 
media, keep them at least 300 mm from the magnet. 

 
 g) The graphite tube atomizer gas supply system is designed for use with 

inert gases and air. The system is not designed for use with pure 
hydrogen. 

 
  NEVER use pure hydrogen with the graphite tube atomizer since this 

could result in leakage and potentially explosive accumulation of 
hydrogen. 

  You may, however, use a proprietary, prepackaged mixture of 95% 
argon and 5% hydrogen. 

 
  NEVER attempt to create your own mixture of hydrogen and inert gas 

through the GTA system. 
 
Method Sources  a) Analytical Methods for Atomic Absorption Spectroscopy - Perkin Elmer 

(1976)  
 b) Analytical Methods Using the HGA Graphite Furnace - Perkin Elmer 

(1975)  
 c) Analytical Methods for Zeeman Graphite Tube Atomizer - Varian (1986)  
 d) Advanced Furnace Training Manual  
 e) Atomic Absorption Newsletter (Various Issues)  
  Varian Instruments at Work (Various Issues) 
 
Revision History: March 1997;  Published in Manual Supplement #1 
 November 2002.  Method adopted from Supplement #1 
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  Metals 
Revision Date:  December 31, 2000 

 

BARIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Barium, total 
 Barium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Ba-T X073 
 LA: HNO3: AA (total) Ba-T X351 
 FF, FA: HNO3: AA (dissolved) Ba-D X203 
 LF, LA: HNO3: AA (dissolved) Ba-D X085 
 
Introduction Barium is found mainly as barite, BaSO4, and witherite, BaCO3, both of 

which are highly insoluble salts. 
 
 Barium therefore, usually occurs only in trace amounts in water. Appreciable 

levels in water supplies are indicative of undesirable industrial waste 
pollution.  Ingestion of high doses of barium can be fatal. 

 
 Canadian Drinking Water Guidelines stipulates 1mg/L as the IMAC (interim 

maximum acceptable concentration). 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.1 mg/L 
 Range: 0.1-20.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  Control 

ionization by addition of 0.1% or more potassium chloride to standards and 
samples.  Use nitrous oxide-acetylene to eliminate or reduce interferences 
and increase sensitivity.  Potential background absorption from calcium is 
possible when using the 553.6 nm line. 

 
Sample Handling See section 1.0, the sample preparation section. 
and Preservation  
 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  Ba hollow cathode lamp 
Parameters Wavelength:  553.6 nm 
 Type of Flame:  nitrous oxide/acetylene 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

BARIUM (Atomic Absorption - Graphite Furnace) 
 
Parameter Barium, total 
 Barium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code X072 FA: HNO3: GFAA (total) Ba-T  X072 
 X179 LA: HNO3: GFAA (total) Ba-T  X179 
 X116 FF, FA: HNO3: GFAA (dissolved) Ba-D  X116 
 X357 LF, LA: HNO3: GFAA (dissolved) Ba-D  X357 
 
Introduction Barium is found mainly as barite, BaSO4, and witherite, BaCO3, both of 

which are highly insoluble salts.  Barium therefore, usually occurs only in 
trace amounts in water.  Appreciable levels in water supplies are indicative of 
undesirable industrial waste pollution.  Ingestion of high doses of barium can 
be fatal. 

 
 Canadian Drinking Water Guidelines stipulates 1 mg/L as the IMAC (interim 

maximum acceptable concentration). 
 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
concentration of the analyte is determined by comparison with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.002 mg/L 
 Range: 0.002-0.200 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions Interferences in electrothermal analysis will be more pronounced than those 

in flame atomic absorption, and are due mainly to molecular absorption, 
chemical and matrix effects.  Control of interferences can be achieved by the 
use of deuterium, tungsten halide or Zeeman effect background correction.  
In some cases matrix modifiers are used to minimize or eliminate 
interferences.   

 
 Off the wall atomization is recommended for Barium analysis.    Memory 

effect problems are frequently encountered with this analysis.  See also 
section 2.1.4 of the AA methods section of this manual. 
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Sample Handling and See section 1.0, the sample preparation section. 
Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Ba hollow cathode lamp 
Parameters Wavelength:  553.6 nm 
 Background Correction:  recommended 
 
Apparatus, Materials  See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

CADMIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Cadmium, total 
 Cadmium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Cd-T  X073 
 LA: HNO3: AA (total) Cd-T  X351 
 FF, FA: HNO3: AA (dissolved) Cd-D  X203 
 LF, LA: HNO3: AA (dissolved) Cd-D  X085 
 
Introduction Cadmium is toxic to virtually every system in the animal body, whether 

ingested, injected, or inhaled.  Histological changes have been observed in 
the kidneys, liver, gastrointestinal tract, heart, testes, pancreas, bones and 
blood vessels.  Cadmium in man has a tenacious retention time in the body 
with a long half-life estimated at 16-33 years. 

 
 The Canadian drinking water guideline for cadmium is 0.005 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.0003 mg/L. 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.005 mg/L 
 Range: 0.005-2.00 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual. Coexisting 

elements causing relatively large interferences are Ca, Si, and Ti. 
 
Sample Handling See section 1.0 the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Cd hollow cathode lamp 
Parameters Wavelength:  228.8 nm 
 Type of Flame:  air/acetylene 
 Background Correction:  recommended 
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Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9 QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Method 3500-Cd. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 213.1. 
 c) Trace Elements in Human and Animal Nutrition, Eric J. Underwood, 4th 

edition, Academic Press, 1977. 
 
 d) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date: November 2002 

 
BORON, HOT WATER SOLUBLE 
 
Parameter Boron, Hot Water Soluble 
 
Sample Preparation Soil air dried, soil – water mix  water extracted 
 
Analytical Method  Hot Water Extraction followed by ICP-AES or colorimetric determination 
 
EMS Codes To be assigned on request 
 
Introduction  Boron is a plant micronutrient essential for healthy growth and crop yield. 

Small amounts are required while concentrations of available Boron above 2 
u/g may begin to affect sensitive crops. Typically, Boron becomes less 
available with increasing soil pH and is easily leached from soils at low pH. 

 
Method Summary Hot water soluble Boron is an operationally defined technique used to 

estimate the concentration of Boron available for plant uptake. Boron is 
extracted from air-dried soil by boiling a 2:1 water:soil mixture for 5 minutes, 
the extract is filtered and Boron determined using ICP-AES or a colorimetric 
method. 

 
MDL MDL is dependent on the method of determination. An MDL of 0.1 ug/g 

should be attainable by ICP-AES.  
    
Matrix Although designed for soils the method may also be applicable to solids and 

sludges. 
 
Interferences If a colourimetric determination is used charcoal may be added to the sample 

prior to boiling to produce a colourless extract. Boron may be present in 
reagent water from glass distillation equipment or picked up from borosilicate 
glassware. 

 
Sample Handling Samples should be collected in glass or plastic containers. Samples should 

be air-dried and screened to 2mm (10 mesh) prior to extraction. 
 
Stability Although no reference specific to hot water soluble Boron was found holding 

time is nominally 6 months as for metals.  
 
Apparatus Refer to method references 
 
Reagents Refer to method references 
 
Extraction Extraction procedure is described in “Soil Sampling and Methods of Analysis” 

Carter. 1993. (Procedure 12.2.2) Weigh 25 grams of air-dried sub 2mm 
sample into a beaker. If a colourimetric finish is to be used, add 0.4 grams of 
charcoal or just enough to produce a colourless filtrate. Add 50 ml. of Boron 
free reagent water, cover with a watchglass and bring to a boil for 5 minutes 
on a hot plate. After cooling adjust volume with reagent water to compensate 
for loss of water during boiling. Filter extract and store in plastic containers 
prior to determination of Boron. Please note that glassware should be 
washed with 1:1 HCl prior to use. 
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Determination Boron may be determined in the filtered extract by any of the methods 
described in Carter or other soil testing manuals providing they meet the 
following performance requirements. 

 
Performance  
Requirements The following performance requirements are to be demonstrated during 

validation of the method. These do not constitute acceptance requirements 
for routine Quality Control samples.  Accuracy: The method must recover 80-
120% of a clean matrix (ie clean sand) spike at above 10 times the MDL. 
Precision: The method must produce a Relative Standard Deviation of 15% 
or less on replicate clean matrix spikes at 20 times the MDL.  Sensitivity: An 
MDL of 0.4 ug/g is required for CSR work, 

 
Quality Control a)  Method Blank, carry at least on method blank through the procedure. 
 b)  Replicates, analyze at between 5-10% of the samples in 

duplicate.(minimum of 1 duplicate per batch) 
 c)  Matrix Spikes, analyze at least one clean matrix spike per batch.  
 
References             a)  Soil Sampling and Methods of Analysis. 1993. Canadian Society of Soil 

Science. Martin Carter, Editor. 
 b) Manual on Soil Sampling and methods of Analysis. 1978. Canada Soil 

Survey     Committee. J.A. McKeague, Editor. 
 
Revision History   December 2002  Method developed by BCLQAAC Technical 

Committee 
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Metals 
Revision Date:  December 31, 2000 

 

CADMIUM (Atomic Absorption - Graphite Furnace) 
 
Parameter Cadmium, total 
 Cadmium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Cd-T  X072 
 LA: HNO3: GFAA (total) Cd-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Cd-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Cd-D  X357 
 
Introduction Cadmium is toxic to virtually every system in the animal body, whether 

ingested, injected, or inhaled.  Histological changes have been observed in 
the kidneys, liver, gastrointestinal tract, heart, testes, pancreas, bones and 
blood vessels.  Cadmium in man has a tenacious retention time in the body 
with a long half-life estimated at 16-33 years. 

 
 The Canadian drinking water guideline for cadmium is 0.005 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.0003 mg/L. 
 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0001 mg/L 
 Range: 0.0001-0.010 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  Matrix modifiers 

for interference removal are given by Standard Methods as: 
 NH4H2PO4 & Mg(NO3)2 
 (NH4)2HPO4 & Mg(NO3)2 
 (NH4)2SO4, HNO3, (NH4)2S2O8 
 Mg(NO3)2 
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Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Cd hollow cathode lamp 
Parameters Wavelength:  228.8 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3113. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 213.2. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

CADMIUM  
(Atomic Emission - Inductively Coupled Argon Plasma {ICAP}) 
 
Parameter Cadmium, total 
 Cadmium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES method section. 
 
EMS Code FA: HNO3: ICAP (total) Cd-T  X349 
 LA: HNO3: ICAP (total) Cd-T  X352 
 FF, FA: HNO3: ICAP (dissolved) Cd-D  X350 
 LF, LA: HNO3: ICAP (dissolved) Cd-D  X356 
 
Introduction Cadmium is toxic to virtually every system in the animal body, whether 

ingested, injected, or inhaled.  Histological changes have been observed in 
the kidneys, liver, gastrointestinal tract, heart, testes, pancreas, bones and 
blood vessels.  Cadmium in man has a tenacious retention time in the body 
with a half-life estimated at 16-33 years. 

 
 The Canadian drinking water guideline for cadmium is 0.005 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.0003 mg/L. 
 
Method Summary Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K).  
The highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest it can be monitored either 
simultaneously or sequentially. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.010 mg/L 
 Range: 0.010-100 mg/L 

See Table C-2 in section 2.4, the ICP-AES method section, for additional 
information. 

 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.4.4 of the ICP-AES method section of this manual. 
and Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength:  228.8 nm 
Parameters Background Correction:  recommended 
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Apparatus, Materials See section 2.4, the ICP-AES methods section of this manual. 
and Reagents  
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3120 B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 200.7. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 
CALCIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Calcium, total 
 Calcium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3:  AA (total) Ca-T  X073 
 LA: HNO3: AA (total) Ca-T  X351 
 FF, FA: HNO3: AA (dissolved) Ca-D  X203 
 LF, LA: HNO3: AA (dissolved) Ca-D  X085 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.01 mg/L 
 Range: 0.01-5.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions See section 2.1.4  of the AA methods section of this manual.    Ionization can 

occur in an air-acetylene flame and can be controlled by the addition of 
potassium chloride to a level of 0.1%.  Elements that form stable oxides (Al, 
Be, P, Si, Ti, V, Zr) will reduce calcium sensitivity.  These can be controlled 
by the addition 0.1-1.0% lanthanum or strontium. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to  pH <2 has a hold time of 6 

months. 
 
Instrument Source:  Ca Hollow cathode Lamp 
Parameters Wavelength:  422.7 nm (primary); 239.9 nm (alternate) 
 Type of Flame:  air/acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

CHROMIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Chromium, total 
 Chromium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code X073 FA: HNO3: AA (total) Cr-T  X073 
 X351 LA: HNO3: AA (total) Cr-T  X351 
 X203 FF, FA: HNO3: AA (dissolved) Cr-D  X203 
 X085 LF, LA: HNO3: AA (dissolved) Cr-D  X085 
 
Introduction Chromium is an essential element and is necessary for glucose metabolism, 

lipid metabolism, protein synthesis, growth and longevity. Simple chromium 
salts are poorly absorbed in animals and man, to the extent of 1-3%.  
Hexavalent chromium is much more toxic than the trivalent form. 

 
 The Canadian drinking water guideline for chromium is 0.05mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.04 mg/L. 
 
Method Summary Aqueous solution of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.050 mg/L 
 Range: 0.050-10.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual. Coexisting 

elements causing relatively large interferences are Fe and Ni. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Cr hollow cathode lamp 
Parameters Wavelength:  357.9 nm 
 Type of Flame:  air/acetylene 
 Background Correction:  recommended 
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Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Method 3111 B, 3111C. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 218.1. 
 c) Trace Elements in Human and Animal Nutrition, Eric J. Underwood, 4th 

edition, Academic Press, 1977. 
 d)  Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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CHROMIUM (Atomic Absorption - Graphite Furnace) 
 
Parameter Chromium, total 
 Chromium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Cr-T  X072 
 LA: HNO3: GFAA (total) Cr-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Cr-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Cr-D  X357 
 
Introduction Chromium is an essential element and is necessary for glucose metabolism, 

lipid metabolism, protein synthesis, growth and longevity. Simple chromium 
salts are poorly absorbed in animal and man, to the extent of 1-3%.  
Hexavalent chromium is much more toxic than the trivalent form. 

 
 The Canadian drinking water guideline for chromium is 0.05 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.04 mg/L. 
 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.100 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  Matrix modifiers 

for interference removal are given by Standard Methods as:  
    Mg(NO3)2 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  Cr hollow cathode lamp 
Parameters Wavelength:  357.9 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3113. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 218.2. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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CHROMIUM  
(Atomic Emission - Inductively Coupled Argon Plasma {ICAP}) 
 
Parameter Chromium, total 
 Chromium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES method section. 
 
EMS Code FA: HNO3: ICAP (total) Cr-T  X349 
 LA: HNO3: ICAP (total) Cr-T  X352 
 FF, FA: HNO3: ICAP (dissolved) Cr-D  X350 
 LF, LA: HNO3: ICAP (dissolved) Cr-D  X356 
 
Introduction Chromium is an essential element and is necessary for glucose metabolism, 

lipid metabolism, protein synthesis, growth and longevity, Simple chromium 
salts are poorly absorbed in animals and man, to the extent of 1-3%.  
Hexavalent chromium is much more toxic than the trivalent form. 

 
 The Canadian drinking water guideline for chromium is 0.05 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.04 mg/L. 
 
Method Summary Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K).  
The highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest can be monitored either 
simultaneously or sequentially. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.010 mg/L 
 Range: 0.010-100.0 mg/L 
 See Table C-2 in section 2.4, the ICP method section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.4.4 of the ICP section of this manual. 
and Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength:  205.5 nm 
Parameters Background Correction:  recommended 
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Apparatus, Materials See section 2.4 of the ICP methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3120B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 200.7. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added. 
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HEXAVALENT CHROMIUM IN SOLIDS BY ALKALINE DIGESTION, 
PBM 
 
Parameter  Hexavalent Chromium, Performance Based (PBM) 
 
Sample Handling  Samples should be collected in glass or plastic containers.  Samples should 
Preservation  be collected using devices that do not contain stainless steel.  Samples 

should be stored field-moist at 4º C.  
 
Analytical Method  Alkaline extraction – Colorimetric or IC determination 
 
EMS Codes To be assigned on request 
 
Introduction  This procedure is applicable to the determination of hexavalent chromium in 

solid samples (soils, sediments, sludges, etc.).  The analysis portion of this 
method is performance based.   

 
Chromium can exist in nine different oxidation states, but trivalent (III) and 
hexavalent (VI) are the most common in the environment.  Cr(III) is the most 
thermodynamically stable species under ambient redox conditions.  
Complexed Cr(III) occurs naturally and is ubiquitous in the environment.  The 
principal source of Cr(VI) in the environment is anthropogenic pollution.  
Cr(VI) has an affinity to react with organic matter and other reducing 
substances.  Cr(III) solids are practically insoluble in water at pH >4, and do 
not tend to leach from a soil matrix into groundwaters.  At pH > 8.5, Cr(VI) 
solids are highly soluble and completely mobile, and can readily leach from 
soils into groundwater systems.   

 
The group of Cr(VI) compounds as a whole have been classified as 
“carcinogenic to humans” by the Government of Canada. 

 
Method Summary  Soluble, adsorbed, and precipitated forms of Cr(VI) are extracted from field-

moist solids using a NaOH / Na2CO3  alkaline digestion procedure.  
Magnesium chloride in phosphate buffer is added to prevent oxidation to 
Cr(III).  The digestate is filtered through a 0.45µm membrane filter prior to 
acidification to a target pH range (dependent upon the analytical method 
used).  The filtered digestate is analyzed by UV-VIS colorimetry, by Ion 
Chromatography with colourimetric detection, by ICP-MS coupled with an 
appropriate separatory technique, or by any analytical speciation technique 
for Cr(VI) that has been approved by the US EPA. 

 
MDL  MDL is dependent on analytical technique and on instrument parameters.  

For a 2.5 g dry weight sample free from interference digested into 50 mL and 
analyzed by UV-VIS colorimetry, an MDL of 0.5 mg/kg is achievable.   

 
Matrix  Soil 

Sediment 
Sludges 
Solid wastes 
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Interferences and  
Precautions Concentrations  of  hexavalent  molybdenum  or mercury  of >200  mg/L in 

the leachate can interfere with the UV-VIS colourimetric determination, as 
can Vanadium when present at levels above ten times the Cr(VI) 
concentration.  

 
Reduction of Cr(VI) to Cr(III) can occur in the presence of reducing species in 
an acidic medium.  Laboratories are not normally expected to determine the 
reducing or oxidizing tendency of samples except by special request (see 
Method 3060A, section 3.1, Interferences).[a]  

 
For Ion Chromatography determinations, overloading the analytical column 
with high concentrations of anionic species, especially chloride and sulphate, 
will cause a loss of Cr(VI). 

 
Stability  Digest samples within 30 days of sample collection.  Analyze digestate within 

7 days of preparation. 
 
Apparatus  Refer to applicable method references. 
 
Reagents  Refer to applicable method references. 
 
Digestion     
Procedure Follow the procedure described in US EPA SW846 Method 3060A (Dec, 

1996 or newer).  Add magnesium chloride in phosphate buffer to all samples 
to prevent oxidation of Cr(VI). 

 
Modifications to the chemistry (including temperature) of the digestion 
procedure are not permitted. 

 
Method 3060A specifies the use of continuous stirring throughout the 
digestion process.  Periodic manual stirring (before heating, and 
approximately every 20 minutes throughout the digestion process) is deemed 
to be equivalent (in combination with the natural mixing of convection), and 
may be substituted without further investigation.  Other physical and 
procedural changes may be adopted only after rigorous demonstration of 
equivalence. 

 
Analytical Follow  the  principles  described  in one of the following analytical methods to 
Options quantify Cr(VI) in the digestate and in the extracted sample. 
 
 a) APHA Method 3500-Cr B.  Colorimetric Method, 1998 or later. 
 
 b) APHA Method 3500-Cr C.  Ion Chromatographic Method, 1998 or later. 
 
 c) EPA Method 1636.  Determination of Hexavalent Chromium by Ion 

Chromatography, January 1996 or later. 
 
 d) EPA SW-846 Method 7195, Chromium, Hexavalent (Coprecipitation), 

September, 1986 or later. 
 
 e) EPA SW-846 Method 7196A, Chromium, Hexavalent (Colorimetric), 

July 1992 or later. 
 
 f) EPA SW-846 Method 7197, Chromium, Hexavalent (Chelation / 

Extraction), September, 1986 or later. 
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 g) EPA SW-846, Method 7198, Chromium, Hexavalent (Differential Pulse 

Polarography), September, 1986 or later. 
 

ICP-MS with an appropriate separatory technique (i.e. IC, HPLC, or CE) may 
also be used.  This technique must be validated as equivalent to one of the 
above techniques prior to use. 

 
Digestates may be screened using an appropriate analytical technique for 
total chromium, provided that calibration standards are fully matrix-matched, 
and that all applicable QC samples are successfully analyzed in this way also.  
Any samples with positive hits on the screen technique must then be 
analyzed for hexavalent chromium by one of the above speciation 
techniques. 

 
Report results as mg/kg on a dry weight basis. 

 
Performance Any  analytical  method  selected  for  this  analysis  must  meet or exceed  
Requirements the performance requirements specified below.  Achievement of these 

requirements is to be demonstrated during method validation.  These 
requirements are not to be confused with acceptance criteria for routine 
Quality Control samples: 

 
Accuracy  
Requirement The method must recover CrVI at between 75-125%, on average, for method 

spikes on a clean sediment or clean soil matrix, at concentrations above 
twenty times the method detection limit. 

  
Precision  
Requirement The method must generate precision equal to or better than 15% relative 

standard deviation for homogeneous reference materials and/or for method 
spikes on a clean sediment or clean soil matrix, at concentrations above 
twenty times the method detection limit. 

 
Selectivity  
Requirement   Except where screening of digestates for total chromium is acceptable, one 

of the speciation techniques specified under the Analytical Options section of 
this method must be used. 

 
Sensitivity  
Requirement  The method must be capable of achieving an MDL of 0.5 mg/kg, or must 

meet appropriate guideline or criteria levels.  
 
Quality Control a) Analyze at least one Method Blank with each sample batch. 
 
 b) Approximately 5 to 10% of samples, with a minimum of one per 

extraction batch, should be split by the laboratory and analyzed as 
laboratory duplicates. 

 
 c) At least one Reference Material (if available) or one pre-digestion 

Method Spike into a clean solid matrix (i.e. clean sand) must be 
analyzed with each batch.   Spike preparation instructions are provided 
in EPA Method 3060A.  Prepare the Method Spike with a 1:1 mixture of 
soluble and insoluble Cr(VI) salts (e.g. PbCrO4 and K2Cr2O7).  If 
recovery problems are experienced, perform separate Method Spikes 
with soluble and insoluble Cr(VI) salts to help identify the cause of the 
problem. 
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 d) Sample Matrix Spikes, as described in Method 3060A, are 

recommended for specific projects where it is desirable to know 
whether a sample matrix can support Cr(VI) species.  Reducing sample 
matrices (e.g. anoxic sediments, clays) tend to reduce Cr(VI) species 
to Cr(III), causing low spike recoveries.  Method 3060A provides advice 
for interpreting low Sample Matrix Spike recoveries. 

 
 Note: The Quality Control acceptance criteria specified within Method 3060A 

are recommended as general guidelines, but are not requirements of 
this method.  Laboratories should establish internal QC acceptance 
criteria that maintain statistical control of the method, and which are 
consistent with Data Quality Objectives. 

 
References a) Test  Methods  for  Evaluating  Solid Wastes   –    Physical / Chemical 

Methods, SW-846, 3rd Edition, Method 3060A, Alkaline Digestion for 
Hexavalent Chromium, December 1996,  Final Update III.  United 
States Environmental Protection Agency, Washington, D.C. 

 b) Standard  Methods  for  the  Examination  of  Water and  Wastewater, 
APHA, AWWA, WPCF, 20th edition, 1998. Method 3500 - Cr B, 
Colorimetric Method. 

 c) Standard  Methods  for  the  Examination  of  Water and  Wastewater, 
APHA, AWWA, WPCF, 20th edition, 1998. Method 3500 - Cr C, Ion 
Chromatographic Method. 

 d) Test  Methods  for  Evaluating  Solid Wastes   –    Physical / Chemical 
Methods, SW-846, 3rd Edition, Method 7195, Chromium, Hexavalent 
(Coprecipitation), September 1986,  Final Update III.  United States 
Environmental Protection Agency, Washington, D.C. 

 e) Test  Methods  for  Evaluating  Solid Wastes   –    Physical / Chemical 
Methods, SW-846, 3rd Edition, Method 7196A, Chromium, Hexavalent 
(Colorimetric), July 1992,  Final Update III.  United States 
Environmental Protection Agency, Washington, D.C. 

 f)  Test  Methods  for  Evaluating  Solid Wastes   –    Physical / Chemical 
Methods, SW-846, 3rd Edition, Method 7197, Chromium, Hexavalent 
(Chelation / Extraction), September 1986,  Final Update III.  United 
States Environmental Protection Agency, Washington, D.C. 

 g) Test  Methods  for  Evaluating  Solid Wastes   –    Physical / Chemical 
Methods, SW-846, 3rd Edition, Method 7198, Chromium, Hexavalent 
(Differential Pulse Polarography), September 1986,  Final Update III.  
United States Environmental Protection Agency, Washington, D.C. 

 h) Canadian Soil Quality Guidelines for the Protection of Environmental 
and Human Health, Chromium, 1999, Canadian Council of Ministers of 
the Environment.  

 
Revision History December 2002;  method developed by BCLQAAC Technical Sub-

Committee, superceding the method published 
in Supplement #1.  
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Metals 
     Revision History: May 9, 2003 

 
TRIVALENT CHROMIUM IN SOLIDS BY CALCULATION 
 
Parameter  Trivalent Chromium 
 
Sample Handling  Refer to individual techniques for total and hexavalent chromium 
Preservation 
 
Analytical Method  Calculation: SALM-digestable total chromium minus chromium (VI) 
 
EMS Codes To be assigned on request  
 
Introduction  This procedure is applicable to the determination of trivalent chromium in 

solid samples (soils, sediments, sludges, etc.). 
 

Chromium can exist in nine different oxidation states, but trivalent (III) and 
hexavalent (VI) are the most common in the environment.  Cr(III) is the most 
thermodynamically stable species under ambient redox conditions.  
Complexed Cr(III) occurs naturally and is ubiquitous in the environment.  The 
principal source of Cr(VI) in the environment is anthropogenic pollution.  
Cr(VI) has an affinity to react with organic matter and other reducing 
substances.  Cr(III) solids are practically insoluble in water at pH > 4, and do 
not tend to leach from a soil matrix into groundwaters.  At pH > 8.5, Cr(VI) 
solids are highly soluble and completely mobile, and can readily leach from 
soils into groundwater systems.   

 
Direct determination of Cr(III) requires complex speciation work.  However, 
Cr(III) concentrations can be conservatively approximated by subtracting 
measured Cr(VI) concentrations from measured total chromium 
concentrations in the same sample.  Note that this method requires the use 
of the BC Strong Acid Leachable Metals (SALM) method for determination of 
total chromium, so the resulting Cr(III) concentration reflects only those 
species liberated by this digestion procedure. 

 
Cr(III) is considered to be an essential trace element in animal and human 
nutrition.  The Government of Canada has determined that Cr(III) compounds 
are “unclassifiable with respect to carcinogenicity in humans”.   

 
Method Summary  Chrome(III) is determined by difference of Total Chromium (Cr-T) and 

hexavalent chromium (Total Chromium by SALM method minus Hexavalent 
Chromium by Alkaline Digestion). 

 
MDL  When the Cr(VI) concentration in a sample is less than or equal to one-third 

of the Total Chromium concentration, the MDL for calculated Cr(III) is equal 
to the MDL for the Cr-T result.   

 
However, as the relative proportion of Cr(VI) in the sample increases, the 
uncertainty (and therefore the MDL) in the calculated Cr(III) concentration 
increases exponentially  with the relative proportion of Cr(VI) in the sample.  
Refer to the Calculation Procedure for guidance on how to determine the 
MDL for situations where the Cr(VI) value exceeds one-third of the Cr-T 
value.   
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Matrix  Soil 
Sediment 
Sludges 
Solid wastes 

 
Interferences and  
Precautions  Refer to  individual  analytical  techniques for total and hexavalent chromium. 
 

In samples where chromium (VI) species dominate, the calculated result for 
Cr(III) is subject to high uncertainty (and therefore high detection limits) due 
to the propagation of the uncertainties of the total chromium and Cr(VI) 
analytical results.  This is not normally problematic from a regulatory point of 
view because guidelines for Cr(VI) will be exceeded before the variability of 
the Cr(III) result becomes an issue.  

 
Stability  Refer to individual analytical techniques for total and hexavalent chromium. 
 
Calculation Analyze  the  sample for total chromium using the  BC  Strong Acid 

Leachable 
 
Procedure Metals (SALM) digestion procedure and an appropriate analytical technique 

for chromium (e.g. ICP-OES or AAS). 
  

Analyze the sample for hexavalent chromium using the BC Method for 
Hexavalent Chromium in Solids by Alkaline Digestion. 

 
Subtract the hexavalent chromium result from the total chromium result to 
approximate the concentration of trivalent chromium. 

 
If the Cr(VI) concentration is less than or equal to one-third of the Cr-T 
concentration, then the MDL for the Cr-T result may be used as the MDL for 
the Cr(III) result. 

 
If the Cr(VI) concentration exceeds one-third of the Cr-T concentration, then 
the MDL for the Cr(III) result is calculated as follows: 

 
MDLCr(III) = v [ (UT-Cr )

2 + (UCr(VI))
2 ] 

 
UT-Cr and UCr(VI) represent the analytical uncertainties (at the 95% confidence 
level) of the results for Cr-T and Cr(VI).  Laboratories are referred to the 
Eurachem/CITAC Guide "Quantifying Uncertainty in Analytical Measurement,” 
and to CAEAL’s “Policy on Uncertainty of Measurement in Environmental 
Testing” for more information on the estimation of analytical uncertainty. 

  
Reported detection limits should be no less than the appropriate MDL.  If the 
MDL exceeds the relevant action limit, then this method is inappropriate, and 
a direct determination of Cr(III) may be necessary. 

 
Report results as mg/kg on a dry weight basis. 

  
Precision and  Precision and accuracy for Cr(III) by calculation is a function of the precision 
Accuracy and accuracy of the Cr-T and Cr(VI) results for a given sample, and a 

function of the relative magnitude of the Cr(VI) result versus the total 
chromium result. 
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Quality Control  Perform calculations to determine Cr(III) concentration on all relevant QC 
samples for which total and hexavalent chromium data is available. 

 
References 1. Test  Methods  for  Evaluating  Solid Wastes   –   Physical / Chemical 

Methods, SW-846, 3rd Edition, Method 3060A, Alkaline Digestion for 
Hexavalent Chromium, December 1996,  Final Update III.  United States 
Environmental Protection Agency, Washington, D.C. 

 
 2. Standard  Methods  for  the  Examination  of  Water and  Wastewater, 

APHA, AWWA, WPCF, 20th edition, 1998. Method 3500 - Cr B, 
Colorimetric Method. 

 
 3. Test  Methods  for  Evaluating  Solid Wastes   –   Physical / Chemical 

Methods, SW-846, 3rd Edition, Method 7196A, Chromium, Hexavalent 
(Colorimetric), July 1992,  Final Update III.  United States Environmental 
Protection Agency, Washington, D.C. 

 
 4. Standard  Methods  for  the  Examination  of  Water and  Wastewater, 

APHA, AWWA, WPCF, 20th edition, 1998. Method 3500 - Cr C, Ion 
Chromatographic Method. 

 
 5. Canadian Soil Quality Guidelines for the Protection of Environmental 

andHuman Health, Chromium, 1999, Canadian Council of Ministers of 
the Environment. 

 
 6. CSR Analytical Method 8, “Strong Acid Leachable Metals (SALM) in Soil”, 

Version 1.0, February, 2001, British Columbia Ministry of Environment, 
Lands and Parks. 

 
 7. “Hexavalent Chromium in Solids by Alkaline Digestion”, Version 1.0, 

December 2, 2001, British Columbia Ministry of Water, Land and Air 
Protection. 

 
 8. Eurachem / CITAC Guide, "Quantifying Uncertainty in Analytical 

Measurement," Second Edition (QUAM:2000.P1).  Editors SLR Ellison, M 
Rosslein, A Williams. 

 
 9. “CAEAL Policy on Uncertainty of Measurement in Environmental 

Testing,” Revision 1.4. 
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COBALT (Atomic Absorption - Direct Aspiration) 
 
Parameter Cobalt, total 
 Cobalt, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Co-T  X073 
 LA: HNO3: AA (total) Co-T  X351 
 FF, FA: HNO3: AA (dissolved) Co-D  X203 
 LF, LA: HNO3: AA (dissolved) Co-D  X085 
 
Introduction Cobalt appears to be essential to life, and plays an important part in 

vegetation and animal nutrition.  Natural waters usually contain less than 
0.010 mg/L of cobalt. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.05 mg/L 
 Range: 0.05-5.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4  of the AA methods section of this manual.  Excesses of 

other transition metals may slightly depress the response of cobalt. Matrix 
matching or the method of standard additions is recommended. 

 
Sample Handling  See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument  Source:  Co hollow cathode lamp 
Parameters Wavelength:  240.7 nm 
 Type of flame:  air/acetylene 
 Background correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992 Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added. 
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COBALT (Atomic Absorption - Graphite Furnace) 
 
Parameter Cobalt, total 
 Cobalt, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Co-T  X072 
 LA: HNO3: GFAA (total) Co-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Co-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Co-D  X357 
 
Introduction Cobalt appears to be essential to life, and plays an important part in 

vegetation and animal nutrition.  Natural waters usually contain less than 
0.010 mg/L of cobalt. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.100 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA  methods section of this manual.  Excess chloride 

may interfere.  Verification by standard additions may be necessary to ensure 
that this interference is absent. 

 
Sample Handling See section 1.0, the sample preparation section of the manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time  of 6 

months. 
 
Instrument Source:  Co hollow cathode lamp 
Parameters Wavelength:  240.7 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3113B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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COPPER (Atomic Absorption - Direct Aspiration) 
 
Parameter Copper, total 
 Copper, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Cu-T  X073 
 LA: HNO3: AA (total) Cu-T  X351 
 FF, FA: HNO3: AA (dissolved) Cu-D  X203 
 LF, LA: HNO3: AA (dissolved) Cu-D  X085 
 
Introduction Copper is an essential element in man and animal.  Both excesses and 

deficiencies of this metal can occur.  In soft water areas, corrosion of copper 
water pipes can increase the daily intake of copper. 

 
 The Canadian drinking water guideline for copper is 1 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.002 mg/L. 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.020 mg/L 
 Range: 0.020-5.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  Coexisting 

elements causing relatively large interferences are Al, Si, and Ti. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Cu hollow cathode lamp 
Parameters Wavelength:  324.7 nm 
 Type of Flame:  air/acetylene 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Method 3500-Cu. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983 Method 220.1. 
 c) Trace Elements in Human and Animal Nutrition, Eric J. Underwood, 4th 

edition, Academic Press, 1977. 
 d)  (Revised). Publication #SW-846 Revision 1.  United States 

Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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COPPER (Atomic Absorption - Graphite Furnace) 
 
Parameter Copper, total 
 Copper, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Cu-T  X072 
 LA: HNO3: GFAA (total) Cu-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Cu-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Cu-D  X357 
 
Introduction Copper is an essential element in man and animal.  Both excesses and 

deficiencies of this metal can occur.  In soft water areas, corrosion of copper 
water pipes can increase the daily intake of copper. 

 
 The Canadian drinking water guideline for copper is 1 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.002 mg/L. 
 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
colatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.100 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  Matrix modifiers 

for interference removal are given by Standard Methods as: NH4NO3, 
ascorbic acid. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Cu hollow cathode lamp 
Parameter Wavelength: 324.7 nm 
 Background Correction:  recommended 
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Apparatus, Materials See section 2.1 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3113. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 220.2. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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COPPER (Atomic Emission - Inductively Coupled Plasma {ICAP}) 
 
Parameter Copper, total 
 Copper, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES method section. 
 
EMS Code FA: HNO3: ICAP (total) Cu-T  X349 
 LA: HNO3: ICAP (total) Cu-T  X352 
 FF, FA: HNO3: ICAP (dissolved) Cu-D  X350 
 LF, LA: HNO3: ICAP (dissolved) Cu-D  X356 
 
Introduction Copper is an essential element in man and animal.  Both excesses and 

deficiencies of this metal can occur.  In soft water areas, corrosion of copper 
water pipes can increase the daily intake of copper. 

 
 The Canadian drinking water guideline for copper is 1 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.002 mg/L. 
 
Method Summary  Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K).  
The highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest can be monitored either 
simultaneously or sequentially. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.005 mg/L 
 Range: 0.005-1000.0 mg/L 
 See Table C-2 in section 2.4, the ICP method section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.4.4 of the ICP methods section of this manual. 
and Precautions  
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength:  324.7 nm 
Parameter Background Correction:  recommended 
 
Apparatus, Materials See section 2.4 of the ICP-AES methods section of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3120 B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 200.7. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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IRON (Atomic Absorption - Direct Aspiration) 
 
Parameter Iron, total 
 Iron, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Fe-T  X073 
 LA: HNO3: AA (total) Fe-T  X351 
 FF, FA: HNO3: AA (dissolved) Fe-D  X203 
 LF, LA: HNO3: AA (dissolved) Fe-D  X085 
 
Introduction Iron is an essential trace element for plants and animals, but is an 

undesirable constituent of water supplies if present at appreciable 
concentrations. 

 
 Iron has a deleterious effect on the taste of potable water and produces 

objectionable stains, therefore the Canadian drinking water guideline is set at 
a maximum limit of 0.3 mg iron/L.  (aesthetic objective - not health related).  
Major sources of pollution include mine drainage and industrial waste. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized. The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.03 mg/L 
 Range: 0.03-5.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and  
Precautions See section 2.1.4 of the AA methods section of this manual.  Cobalt,  copper 

and nickel can cause a reduction in sensitivity.  A very lean, hot flame can aid 
in minimizing these interferences.  Treat standards and samples with 0.2% 
calcium chloride to eliminate silicon depression of the iron signal.  A nitrous 
oxide-acetylene flame reduces or eliminates most interferences but 
sensitivity will be markedly reduced. 

 
Sample Handling See section 1.0, the sample preparation section. 
and Preservation  
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument  Source: Fe hollow cathode lamp 
Parameters Wavelength: 248.3 nm 
 Type of Flame: air/acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/AC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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IRON (Atomic Absorption - Graphite Furnace) 
 
Parameter Iron, total 
 Iron, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Fe-T  X072 
 LA: HNO3: GFAA (total) Fe-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Fe-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Fe-D  X357 
 
Introduction Iron is an essential trace element for plants and animals, but is an 

undesirable constituent of water supplies if present in appreciable 
concentrations. 

 
 Iron has a deleterious effect on the taste of potable water and pruduces 

objectionable stains, therefore the Canadian drinking water guideline is set at 
a maximum limit of 0.3 mg iron/L.  (aesthetic objective - not health related).  
Major sources of pollution include mine drainage and industrial waste. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.10 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences  
and Precautions See section 2.1.4 of the AA methods section of this manual.  Due to the 

extreme sensitivity of the method and presence of iron as a trace 
contaminant in dust, plastics, glassware, acids and other reagents, 
appropriate blanks must be included to allow for correction of results. 
Platform atomization is recommended for iron analysis.  New platforms and 
tubes might require repeated firing at high temperature to reduce background 
signal to acceptable levels. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
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Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 
months. 

 
Instrument Source:  Fe hollow cathode lamp 
Parameters Wavelength:  248.3 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Method for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3113B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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LEAD (Atomic Absorption - Direct Aspiration) 
 
Parameter Lead, total 
 Lead, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Pb-T  X073 
 LA: HNO3: AA (total) Pb-T  X351 
 FF, FA: HNO3: AA (dissolved) Pb-D  X203 
 LF, LA: HNO3: AA (dissolved) Pb-D  X085 
 
Introduction Lead is a highly toxic cumulative poison in man and animals.  Chronic lead 

poisoning is characterized particularly by neurological defects, renal tubular 
dysfunction and anemia.  Children will absorb 50% of ingested lead; adults 
absorb 10%.  In children, even low lead levels have been linked to learning 
disabilities and behaviour problems. 

 
 The Canadian drinking water guideline for lead is 0.01 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.004 mg/L. 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.10 mg/L 
 Range: 0.10-20.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.1.4 of the AA methods section of this manual. 
and Precautions Coexisting elements causing relatively large interferences are Fe and Ti. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Pb hollow cathode lamp 
Parameters Wavelength:  283.3 nm 
 Type of Flame:  air/acetylene 
 Background Correction:  recommended 
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Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Method 3500-Pb. 
 b) Method for Chemical Analysis of Water and Wastes EPA-600 4-

79-020, March 1983, Method 239.1. 
 c) Trace Elements in Human and Animal Nutrition, Eric J. Underwood, 4th 

edition, Academic Press, 1977. 
 d) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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LEAD (Atomic Absorption - Graphite Furnace) 
 
Parameter Lead, total 
 Lead, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Pb-T  X072 
 LA: HNO3: GFAA (total) Pb-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Pb-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Pb-D  X357 
 
Introduction Lead is a highly toxic cumulative poison in man and animals.  Chronic lead 

poisoning is characterized particularly by neurological defects, renal tubular 
dysfunction and anemia.  Children will absorb 50% of ingested lead; adults 
absorb 10%.  In children, even low lead levels have been linked to learning 
disabilities and behaviour problems. 

 
 The Canadian drinking water guideline for lead is 0.01 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.004 mg/L. 
 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.100 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences  
and Precautions See section 2.1.4 of the AA methods section of this manual.  Matrix modifiers 

for interference removal are given by Standard Methods as: 
 NH4H2PO4, (NH4)2HPO4 
 Mg(NO3)2, NH4NO3 
 ascorbic acid, oxalic acid 
 phosphoric acid, HNO3, LaCl, (NH4)EDTA 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
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Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Pb hollow cathode lamp 
Parameters Wavelength:  283.3 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of the AA methods section of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3113. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 239.2. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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LEAD  
(Atomic Emission - Inductively Coupled Argon Plasma {ICAP}) 
 
Parameter Lead, total 
 Lead, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES methods section. 
 
EMS Code FA: HNO3: ICAP (total) Pb-T  X349 
 LA: HNO3: ICAP (total) Pb-T  X352 
 FF, FA: HNO3: ICAP (dissolved) Pb-D  X350 
 LF, LA: HNO3: ICAP (dissolved) Pb-D  X356 
 
Introduction Lead is a highly toxic cumulative poison in man and animals.  Chronic lead 

poisoning is characterized particularly by neurological defects, renal tubular 
dysfunction and anemia.  Children will absorb 50% of ingested lead; adults 
absorb 10%.  In children, even low lead levels have been linked to learning 
disabilities and behaviour problems. 

 
 The Canadian drinking water guideline for lead is 0.01 mg/L.  The limit 

indicated in Water Criteria for Salmonid Hatcheries is 0.004 mg/L. 
 
Method Summary Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K).  
The highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest can be monitored either 
simultaneously or sequentially. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.050 mg/L 
 Range: 0.050-500.0 mg/L 
 See Table C-2 in section 2.4, the ICP method section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.4.4 of the ICP methods section of this manual.  
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength:  220.3 nm 
Parameters Background Correction:  recommended 



C-124 

 
Apparatus, Materials See section 2.4 of the ICP methods section of  
and Reagents this manual. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Section 3120 B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600 4-

79-020, March 1983, Method 200.7. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date: December 2002 

 
LEAD IN SOLIDS BY FLAME AA 
 
Parameter  Lead (Pb) 
 
Sample Preparation See Section 1.2 for sample preparation 
 
EMS CODES EMS CODES ASSIGNED ON REQUEST 
 
Analytical Method US EPA Method 7420 Atomic Absorption, Direct Aspiration  
 
Introduction  Lead is a highly toxic, cumulative poison in man and animals. Chronic lead 

poisoning is often characterized by central nervous system disorders.  
 
Method Summary  The soil or sediment sample is initially homogenized to ensure representative 

sub-aliquots will be analyzed. An accurate weight of soil is acid digested and 
the resulting digestate is analyzed for lead content by direct aspiration into a 
standard atomic absorption spectrophotometer.  

 
General Operating Element Wavelength Slit  Lamp Current Detection Limit 
Conditions / Lead  283.3 nm * 0.7 nm 8 mA 1.0 µg/g  
Detection Limits  
 * The wavelength provided is the primary one used, alternatively the 217.0 

nm line may be used.  
 
Matrix  Soil 

Solids 
(Marine) Sediments  

 
Source  Lead Hollow Cathode Lamp  
 
Type of Flame  Air / Acetylene  
 
Background Correction Required 
 
Interferences  The most common type of interferences is "chemical" and is caused by lack 

of absorption of atoms bound in molecular combination in the flame. The 
addition of chemicals such as lanthanum can reduce this effect. The 
presence of high dissolved solids (a common case in digested soils) may 
result in light scattering. Background correction should aid in the elimination 
of this problem. Refer to instrument operations manual, EPA Method 7420, 
and B.C. Laboratory Manual Section 2.1.4.1 in the Laboratory Manual for 
other sources and corrective measures.  

 
Sample Handling Container - acid washed polyethylene bottle 
and Preservation  Digested soils are already in an acid medium and require no extra  

preservation chemicals.  
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Stability  Lead in digested soil samples have a holding time of six month.  
 
Instrument  Direct flame atomic absorption spectrophotometer with background correct 

system.  
 
Calibration /  Refer to instrument operations manual for set-up and analysis 
Analysis Procedures  techniques.  
 
Precision  Refer to EPA Method 7420.  
 
Accuracy  Refer to EPA Method 7420.  
 
Quality Control a) Confirm calibration by analyzing a separate sourced calibration 

verification standard. 
 b) Blanks, Reference Materials and Duplicates prepared with each 

digestion batch must meet predetermined QA/QC requirements  
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 17th edition, 1989 Method 3500-Pb.  
 b)    Test Methods for Evaluating Solid Wastes - Physical/Chemical Methods 

(Revised). Publication # SW-846 Revision 1. United States 
Environmental Protection Agency, Washington, DC. 3rd Edition, 1990. 
Method 7420. 

 
Revision History December 2002  Method adopted from Supplement #1 Manual, 

EMS Codes assigned 
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Metals 
Revision Date:  December 31, 2000 

 

MAGNESIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Magnesium, total 
 Magnesium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Mg-T  X073 
 LA: HNO3: AA (total) Mg-T  X351 
 FF, FA: HNO3: AA (dissolved) Mg-D  X203 
 LF, LA: HNO3: AA (dissolved) Mg-D  X085 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.50 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions See section 2.1.4  of the AA methods section of this manual.   Ionization can 

occur in an air-acetylene flame and can be controlled by the addition of 
potassium chloride to a level of 0.1%.  Elements that form stable oxides (Al, 
Be, P, Si, Ti, V, Zr) will reduce magnesium sensitivity. These can be 
controlled by the addition 0.1-1.0% lanthanum or strontium. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Mg Hollow cathode Lamp 
Parameters Wavelength:  285.2 nm (primary); 202.6 nm (alternate) 
 Type of Flame:  air/acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

MANGANESE (Atomic Absorption - Direct Aspiration) 
 
Parameter Manganese, total 
 Manganese, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Mn-T  X073 
 LA: HNO3: AA (total) Mn-T  X351 
 FF, FA: HNO3: AA (dissolved) Mn-D  X203 
 LF, LA: HNO3: AA (dissolved) Mn-D  X085 
 
Introduction Manganese occurs naturally as salts and minerals in nature.  Major 

manganese containing substances are pyrolusite (MnO2), rhodochrosite 
(MnCO3) and rhodonite. 

 
 Manganese is a vital micronutrient for plants and animals, but can be toxic 

when very large doses are ingested.  The objective for drinking water 
supplies is <0.05 mg/L.  This relatively low limit is not due to toxicological 
consideration but rather due to the staining effect of manganese on laundry 
and plumbing fixtures.  Discharges known to contain manganese are 
domestic and industrial effluents. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.01 mg/L 
 Range: 0.01-3.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions Silicon has a suppressing  effect on the manganese signal.  This interference 

can be controlled by the addition of 2000 ppm CaCl2.   
 See also section 2.1.4 of the AA methods section of this manual. 
 
Sample Handling  See section 1.0, the sample preparation section of this manual. 
and Preservation  
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  Mn hollow cathode lamp 
Parameters Wavelength:  279.5 nm 
 Type of flame:  Air/Acetylene 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References 1. Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 
 2. Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

MANGANESE (Atomic Absorption - Graphite Furnace) 
 
Parameter Manganese, total 
 Manganese, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Mn-T  X072 
 LA: HNO3: GFAA (total) Mn-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Mn-D X116 
 LF, LA: HNO3: GFAA (dissolved) Mn-D X357 
 
Introduction Manganese occurs naturally as salts and minerals.  Major manganese 

containing substances are pyrolusite (MnO2), rhodochrosite (MnCO3) and 
rhodonite. 

 
 Manganese is a vital micronutrient for plants and animals, but can be toxic 

when very large doses are ingested.  The objective for drinking water 
supplies is <0.05 mg/L.  This relatively low limit is not due to toxicological 
consideration but rather due to the staining effect of manganese on laundry 
and plumbing fixtures.  Discharges known to contain manganese are 
domestic and industrial effluents. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer. The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0002 mg/L 
 Range: 0.0002-0.030 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and  See section 2.1.4 of the AA methods section of this manual. 
Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  Mn hollow cathode lamp 
Parameters Wavelength:  279.5 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9 QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3113B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

MERCURY (Atomic Absorption - Cold Vapour) 
 
Parameter Mercury, total 
 Mercury, dissolved 
 
Sample Preparation See section 1.0 the sample preparation section. 
 
Analytical Method See section 2.1,the AA methods section, and section 2.3, the cold vapour 

methods section. 
 
EMS Code FA: HNO3/K2Cr2O7: CVAA (total) Hg-T  X346 
 LA: HNO3/K2Cr2O7: CVAA (total) Hg-T  X353 
 FF, FA: HNO3/K2Cr2O7: CVAA (dissolved)  Hg-D  X347 
 LF, LA: HNO3/K2Cr2O7: CVAA (dissolved)  Hg-D  X358 
 
Introduction The determination of small traces of mercury has been of  importance in 

toxicology for many years. In geochemistry,  metallurgy and many industries, 
the trace determination of this element is also of importance. Because of its 
simplicity and specificity, atomic absorption spectroscopy, with a cold vapour 
generation sample introduction system, best meets the requirements for the 
economical determination of trace concentrations of mercury. 

 
Method Summary Mercury is converted to its ionic form in solution.  This ionic mercury is 

reduced to its elemental state and swept from solution into a cell positioned in 
the light path of a standard AAS.  The concentration of mercury in solution is 
determined using conventional AAS techniques. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.00005 mg/L 
 Range: 0.00005 - 0.001 mg/L  
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences a) specific volatile material which absorbs at 253.7 nm, 
and Precautions b) sulfide 
 c) copper 
 d) chlorides and free chlorine.  
 
Sample Handling See Section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 28 

days.  Preservation using a solution of nitric acid and potassium dichromate 
has been reported to increase mercury stability in some instances. 

 
Instrument Source: Hg vapour lamp or electrodeless discharge lamp (EDL) 
Parameters Wavelength: 253.7 nm 
 Background Correction: not required 
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Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Accuracy None listed. 
 
Precision None listed. 
 
Quality Control See Section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. 
 b) Instructions - MHS-20 Mercury/Hydride System, Publication 338-A2-M 

294/12.79.  Bodenseewerk Perkin-Elmer & Co. GMBH/Uberlingen. 
1979. 

 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 
Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision: December 2002 

 
MERCURY IN SOLIDS BY SEMI-AUTOMATED COLD VAPOUR 
ATOMIC ABSORPTION (CVAA) 
 
Parameter  Hg-T - Mercury Total  
 
Sample Handling Not available 
and Preservation 
 
Analytical Method  Aqua Regia digestion; CVAA  
 
EMS Codes 
 
Introduction  This method is applicable to the quantitative determination of mercury in soil.  
 
Summary  Organomercury compounds are oxidized via Aqua regia/KMnO4 digestion. 

The mercury compounds are then reduced to elemental mercury. A stream of 
synthetic air introduced into the system passes through a reference cell and 
then, after sparging the elemental mercury, passes through the sample cell. 
Absorbance is measured at 253.7nm against the reference as a function of 
the mercury concentration.  

 
MDL  0.05 µg/g  
 
Matrix  Soil 

Sediments 
Solids  

 
Interferences and 
Precautions a) Samples containing high chloride may interfere due to the liberation of 

free chlorine which absorbs at 253.7nm. Additional permanganate must 
be compensated by excess hydroxylamine sulphate-sodium chloride to 
avoid this positive interference.  

 b) Certain volatile organic material which absorbs at 253.7nm will also 
interfere. If this is suspected, run the sample without the addition of 
reagents to determine if this type of interference is present.  

 
Stability  Not available  
 
Procedure  
Apparatus  a) Water Bath with alcohol thermometer able to read to 100°C.  
 b) Compressed Air with a 2 stage regulator and an adjustable valve able 

to deliver between 50 and 500cc/min.  
 c) An automated system consisting of: 

1) sampler, 
2) proportioning pump, 
3) manifold, 
4) Phase separating reaction tube 
5) UV Monitor equipped with 30cm flow cell and 253.7 nm lamp and 
6) data collection 

 
Reagents a) Hydrochloric Acid (HCl) - Concentrated (Nondetectable Mercury 

Content).  
 b) Nitric Acid (HNO3) - Concentrated (Non-detectable Mercury Content).  
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 c) Potassium Permanganate (KMnO4), 1.2% Dissolve 23.1g KMnO4 into 
DI and adjust volume to 2L.  

 d) Aqua Regia, 50% - To 100mL DI, add 25mL conc. HCl and 75mL 
HNO3.  

 e) Hydroxylamine Sulphate-Sodium Chloride, 12% - Dissolve 120g 
Hydroxylamine Sulphate and 120g Sodium Chloride (NaCl) into DI and 
adjust volume to 1L.  

 f) Stannous Chloride, 10% - Dissolve 100g SnCl2 into 100mL 
concentrated HCl. Warm to dissolve and add to a 1L flask containing 
approximately 800mL DI and adjust volume to 1L.  

 g) Instrument Background Solution - 60mL concentrated HNO3 to 2L DI.  
 h) Potassium Dichromate (K2Cr2O7), 10% - 100g K2Cr2O7 to 1L DI.  
 i) Stock Mercury Solution, 100mg/L Hg - Dissolve 0.1678g of phenyl 

mercuric acetate in 1L flask of 1% H2SO4. Store at 4°C in an amber 
glass bottle.  

 j) Intermediate Mercury Solution, 500µg/L Hg - Pipet 5mL of the stock 
Mercury solution in a 1L flask of 5mL H2SO4, 5mL 10% K2Cr2O7 and 
adjust volume to 1L with DI. Store at 4°C in an amber glass bottle.  

 k) Working Mercury Standards, 1.0mg/L, 0.50mg/L, 0.25mg/L, 0.05mg/L, 
and 0.00mg/L Hg - Pipet 5.0, 3.0, 2.0, 1.0, and 0.5mL of the 
Intermediate Mercury solution in a 100mL flask of 0.5mL H2SO4, 0.5mL 
10% K2Cr2O7 and adjust volume to 100mL with DI.  

 
Procedure  Digestion Procedure:  
 a) Accurately weigh and record 0.1g of air dried (60°C) and ground soil 

into a 50mL falcon tube. For standards, accurately pipet 100µL of 
standards into each tube for the 5 standards.  

 b) Add 5mL of 50% Aqua Regia and mix.  
 c) Place in a water bath preheated @ 95°C for 2 minutes.  
 d) Remove samples, allow to cool for 5-10 minutes and add 32mL of 

1.2% KMnO4. Cap and gently mix. If sample fails to maintain a 
permanganate colour after the addition of the digestion solution, add 
5% KMnO4 in 3mL increments until the colour remains constant.  

 e) Place in a water bath preheated @ 95°C for 30 minutes.  
 f) Remove samples, allow to cool for 5-10 minutes and add 3mL of 12% 

hydroxylamine sulphate-sodium chloride. If extra KMnO4 was added, 
add an appropriate addition of hydroxylamine sulphate-sodium chloride 
and adjust for this at time of analysis. Cap and gently mix until clear.  

 g) Allow elemental mercury vapour to enter sample call of AAS  
 h) Record absorbance on recording device and calculate mercury 

concentration by comparison to calibration standards prepared and 
analyzed concurrently.  

 
Calibration  According to manufacturer's specifications.  
 
Precision  Standard reference material NBS 2704 and NRCC Best1 at concentrations of 

1.47 µg/g Hg and 0.092 µg/g gave coefficients of variation of 7% and 8% 
respectively.  

 
Accuracy  Standard reference material NBS 2704 and NRCC Best1 at concentrations of 

1.47 µg/g Hg and 0.092 µg/g gave recoveries of 98% and 100% respectively.  
 
Quality Control  a) Run QCA/QCB daily, run Duplicates 1 in 10, run blanks 1 in 10, run 

blank spikes 1 in 10. The acceptable levels should be as follows; 
QCA±10%, QCB±15%, duplicate±20%, and blank spikes±20%. Also 
run NBS 2704 and NRCC Best1 (see acceptance range from 
Certificate). 
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 b) Monitor baseline drift, sensitivity drift, and carryover. Automatic 

correcting of these will be done by the Labtronic Data System. 
 
References  a) Environmental Protection Agency. Method For Determination of 

Mercury. Cincinnati, Ohio. Method 7471 (1992). 
 
Revision History March 1997:  Method Published in Manual Supplement #1 
 December 2002:  Method adopted from Supplement #1  
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Metals 
Revision Date:  December 31, 2000 

 

MOLYBDENUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Molybdenum, total 
 Molybdenum, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Mo-T  X073 
 LA: HNO3: AA (total) Mo-T  X351 
 FF, FA: HNO3: AA (dissolved) Mo-D  X203 
 LF, LA: HNO3: AA (dissolved) Mo-D  X085 
 
Introduction Molybdenum is found in the soil and is an important trace element for the 

growth of grasses and vegetables.  Its uses include pigments for printing, 
inks, alloying agent in steels and cast iron, high temperature alloys, tool 
steels, catalysts, solid lubricants, and special batteries. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.1 mg/L 
 Range: 0.1 - 40.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  Interferences in 

an air/acetylene flame from Ca, Sr, SO4, and Fe are severe.  These 
interferences are greatly reduced in the nitrous oxide flame and by making 
the samples and standards 1,000 mg/L in aluminum. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Mo Hollow cathode Lamp. 
Parameters Wavelength:  313.3 nm 
 Type of flame:  nitrous oxide/Acetylene 
 Background correction:  recommended 
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Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References  a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

MOLYBDENUM (Atomic Absorption - Graphite Furnace) 
 
Parameter Molybdenum, total 
 Molybdenum, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Mo-T  X072 
 LA: HNO3: GFAA (total) Mo-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Mo-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Mo-D  X357 
 
Introduction Molybdenum is found in the soil and is an important trace element for the 

growth of grasses and vegetables.  Its uses include pigments for printing, 
inks, alloying agent in steels and cast iron, high temperature alloys, tool 
steels, catalysts, solid lubricants, and special batteries. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001 - 0.06 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences See section 2.1.4 of the AA methods section of this manual. 
and Precautions  
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Mo Hollow cathode Lamp. 
 
Parameters Wavelength:  313.3 nm 
 Background correction:  recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References  a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

NICKEL (Atomic Absorption - Direct Aspiration) 
 
Parameter Nickel, total 
 Nickel, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Ni-T  X073 
 LA: HNO3: AA (total) Ni-T  X351 
 FF, FA: HNO3: AA (dissolved) Ni-D  X203 
 LF, LA: HNO3: AA (dissolved) Ni-D  X085 
 
Introduction Nickel’s principal ores are of two types; sulfide and oxide.  Its uses include 

electroplated protective coatings, alloys (low-alloy steels, stainless steel, 
copper and brass, permanent magnets, electrical resistance alloys), 
electroformed coatings, alkaline storage batteries, fuel cell electrodes, and as 
a catalyst. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.04 mg/L 
 Range: 0.04-5.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions  See section 2.1.4 of the AA methods section of this manual.  High 

concentrations of iron, cobalt, or chromium may interfere, requiring either 
matrix matching or use of a nitrousoxide-acetylene flame. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Ni Hollow cathode Lamp 
Parameters Wavelength:  232.0 nm (primary); 352.4 nm (alternate) 
 Type of Flame:  air/acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.   
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Metals 
Revision Date:  December 31, 2000 

 

NICKEL (Atomic Absorption - Graphite Furnace) 
 
Parameter Nickel, total 
 Nickel, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Ni-T  X072  
 LA: HNO3: GFAA (total) Ni-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Ni-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Ni-D  X357 
 
Introduction Nickel’s principle ores are of two types:  sulfide and oxide.  Its uses include 

electroplated protective coatings, alloys  (low-alloy steels, stainless steel, 
copper and brass, permanent magnets, electrical resistance alloys), 
electroformed coatings, alkaline storage batteries, fuel cell electrodes and as 
a catalyst. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.001 mg/L 
 Range: 0.001-0.100 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.1.4 of the AA methods section of this manual. 
and Precautions  
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation  
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Ni hollow cathode lamp 
Parameters Wavelength:  232.0 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
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Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Method for the Examination of Water and Wastewater APHA, 

AWWA, WEF, 18th edition, 1992, Method 3113B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

POTASSIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Potassium, total 
 Potassium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) K-TX073 
 LA: HNO3: AA (total) K-TX351 
 FF, FA: HNO3: AA (dissolved) K-DX203 
 LF, LA: HNO3: AA (dissolved) K-DX085 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.01 mg/L 
 Range: 0.01-2.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual. Ionization should 

be controlled by the addition of lanthanum chloride to a level of 0.1%. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  K hollow cathode lamp 
Parameters Wavelength:  766.5 nm (primary); 404.4 nm (alternate) 
 Type of Flame:  air/acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
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References a) Standard Methods for the Examination of Water and Wastewater 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Sample 

matrix added.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

SELENIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Selenium, total 
 Selenium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Se-TX073 
 LA: HNO3: AA (total) Se-TX351 
 FF, FA: HNO3: AA (dissolved) Se-DX203 
 LF, LA: HNO3: AA (dissolved) Se-DX085 
 
Introduction The toxicity of selenium is similar to that of arsenic.  It has also been cited as 

a potential carcinogen.  The presence of selenium in water usually indicates 
industrial pollution. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.20 mg/L 
 Range: 0.20-20 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual.  The air-

acetylene flame absorbs or scatters more than 50% of the radiation from the 
light source at the 196.0 nm selenium line.  Due to this effect, a background 
corrector should be used to improve the signal-to-noise ratio.  Flame 
absorption is reduced with the use of the nitrous oxide-acetylene flame, 
although sensitivity is reduced. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Se EDL or hollow cathode lamp 
Parameters Wavelength:  196.0 nm 
 Type of Flame: air/acetylene 
 Background Correction:  recommended 
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Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added.  Sample 
matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

SELENIUM (Atomic Absorption - Graphite Furnace) 
 
Parameter Selenium, total 
 Selenium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total)  Se-T  X072  
 LA: HNO3: GFAA (total) Se-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Se-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Se-D  X357 
 
Introduction The toxicity of selenium is similar to that of arsenic.  It has also been cited as 

a potential carcinogen.  The presence of selenium in water usually indicates 
industrial pollution. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

  
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.002 mg/L 
 Range: 0.002-0.100 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4 of the AA methods section of this manual. Elemental 

selenium and many of its compounds are volatile; therefore, samples may be 
subject to losses of selenium during sample preparation. Spike samples and 
relevant standard reference materials should be processed to determine if 
the chosen dissolution method is appropriate. Likewise, caution must be 
employed during the selection of temperatures and times for the dry and char 
(ash) cycles.  A nickel nitrate solution must be added to all digestates prior to 
analysis to minimize volatilization losses during drying and ashing. 

 
 In addition to the normal interferences experienced during graphite furnace 

analysis, selenium analysis can suffer from severe nonspecific absorption 
and light scattering caused by matrix components during atomization. 
Selenium analysis is particularly susceptible to these problems because of its 
low analytical wavelength (196.0 nm).  Simultaneous background correction 
is required to avoid erroneously high results.  High iron levels can give 
overcorrection with deuterium background.  Zeeman background correction 
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can be useful in this situation.  If the analyte is not completely volatilized and 
removed from the furnace during atomization, memory effects will occur.  If 
this situation is detected, the tube should be cleaned by operating the furnace 
at full power at regular intervals in the analytical scheme.  Selenium analysis 
suffers interference from chlorides (>800 mg/L) and sulfate (>200 mg/L).  
The addition of nickel nitrate, such that the final concentration is 1% nickel, 
will lessen this interference. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Se EDL or hollow cathode lamp 
Parameters Wavelength:  196.0 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

SELENIUM (Atomic Absorption - Gaseous Hydride) 
 
Parameter Selenium, total 
 Selenium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section, and section 2.2 the hydride AA 

method section. 
 
EMS Code FA: HNO3: HVAAS (total) Se-T  X289   
 LA: HNO3: HVAAS (total) Se-T  X354   
 FA: HCl: HVAAS (total) Se-T  X345   
 LA: HCl: HVAAS (total) Se-T  X355   
 FF, FA: HNO3: HVAAS (dissolved) Se-D  X202 
 LF, LA: HNO3: HVAAS (dissolved) Se-D  X359 
 FF, FA: HCl: HVAAS (dissolved) Se-D  X348 
 LF, LA: HCl: HVAAS (dissolved) Se-D X360 
 
Introduction The toxicity of selenium is similar to that of arsenic.  It has also been cited as 

a potential carcinogen.  The presence of selenium in water usually indicates 
industrial pollution. 

 
Method Summary Selenium is converted to a gaseous hydride and analyzed by atomization in a 

heated quartz tube.  Conversion to hydride allows selenium to be detected 
with greater sensitivity. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0005 mg/L 
 Range: 0.0005-0.020 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences   
and Precautions See section 2.2, the hydride AA methods section of this manual. High 

concentrations of chromium, cobalt, copper, mercury, molybdenum, nickel, 
and silver can cause analytical interferences.  Traces of nitric acid left 
following the sample work-up can result in analytical interferences.  Elemental 
selenium and many of its compounds are volatile; therefore, certain samples 
may be subject to losses of selenium during sample preparation. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  Se EDL or hollow cathode lamp 
Parameters Wavelength:  196.0 nm 
 Background Correction:  not required 
 
Apparatus, Materials See section 2.2, the hydride AA methods section in this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

SELENIUM  
(Atomic Emission - Inductively Coupled Argon Plasma {ICAP}) 
 
Parameter Selenium, total 
 Selenium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.4, the ICP-AES method section. 
 
EMS Code FA: HNO3: ICAP (total) Se-T  X349 
 LA: HNO3: ICAP (total) Se-T  X352 
 FF, FA: HNO3: ICAP (dissolved) Se-D  X350 
 LF, LA: HNO3: ICAP (dissolved) Se-D  X356 
 
Introduction The toxicity of selenium is similar to that of arsenic.  It has also been cited as 

a potential carcinogen.  The presence of selenium in water usually indicates 
industrial pollution. 

 
Method Summary Aqueous solutions of metals are converted to aerosols in the nebulizer of the 

ICP and injected directly into a high temperature plasma (6000 to 8000°K).  
This highly efficient ionization produces ionic emission spectra and 
wavelengths specific to the elements of interest can be monitored either 
simultaneously or sequentially. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.050 mg/L 
 Range: 0.05-1000 mg/L 
 See Table C-2 in section 2.4, the ICP-AES method section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.4,  the ICP-AES section of this manual. 
and Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Wavelength: 196.0 nm (primary) 
Parameters Background Correction: recommended 
 
 
Apparatus, Materials See section 2.4,  of the ICP-AES methods section in this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
 



C-156 

Metals 
Revision Date:  December 31, 2000 

 

SILVER (Atomic Absorption - Direct Aspiration) 
 
Parameter Silver, total 
 Silver, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Ag-T  X073 
 LA: HNO3: AA (total) Ag-T  X351 
 FF, FA: HNO3: AA (dissolved) Ag-D  X203 
 LF, LA: HNO3: AA (dissolved) Ag-D  X085 
 
Introduction Uses of silver include photographic chemicals, lining vats and other 

equipment for chemical reaction vessels, water distillation, mirrors, electric 
conductors, sterilants, water purification, special batteries, solar cells, table 
cutlery, jewellery and dental amalgams. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.01 mg/L 
 Range: 0.01 - 4 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4  of the AA methods section of this manual. Background 

correction is required because nonspecific absorption and light scattering 
may occur at the analytical wavelength. 

 
 Silver nitrate solutions are light-sensitive and have a tendency to plate out on 

container walls.  Therefore silver standards should be stored in brown bottles.  
Dilutions of the stock/standard should be discarded after use, as 
concentrations below 10 mg/L are not stable over a long period of time. 

 
 Silver chloride is insoluble; therefore, hydrochloric acid should be avoided 

unless the silver is already in solution as a chloride complex. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
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Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 
months. 

 Silver nitrate (AgNO3) is light sensitive and known to plate out on container 
walls.  Therefore, minimize the sample exposure to light or store the samples 
in brown bottles. 

 
Instrument Source:  Ag hollow cathode lamp 
Parameters Wavelength:  328.1 nm 
 Type of Flame: air/acetylene 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References  a) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

82-055, December 1982, Method 272.1. 
 b) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

SILVER (Atomic Absorption - Graphite Furnace) 
 
Parameter Silver, total 
 Silver, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Ag-T  X072 
 LA: HNO3: GFAA (total) Ag-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Ag-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Ag-D  X357 
 
Introduction Uses of silver include photographic chemicals, lining vats and other 

equipment for chemical reaction vessels, water distillation, mirrors, electric 
conductors, sterilants, water purification, special batteries, solar cells, table 
cutlery, jewellery and dental amalgams. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0002 mg/L 
 Range: 0.0002-0.005 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions  See section 2.1.4 of the AA methods section of this manual. Background 

correction is required because nonspecific absorption and light scattering 
may occur at the analytical wavelength. 

 
 Silver nitrate solutions are light-sensitive and have a tendency to plate out on 

container walls.  Therefore silver standards should be stored in brown bottles.  
Dilutions of the stock/standard should be discarded after use, as 
concentrations below 10 mg/L are not stable over a long period of time. 

 
 Silver chloride is insoluble; therefore, hydrochloric acid should be avoided 

unless the silver is already in solution as a chloride complex. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
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Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 
months. 

 
 Silver nitrate (AgNO3) is light sensitive and known to plate out on container 

walls.  Therefore, minimize the sample exposure to light or store the samples 
in brown bottles. 

 
Instrument Source:  Ag hollow cathode lamp 
Parameters Wavelength:  328.1 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3113B. 
 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-

82-055,December 1982, Method 272.2. 
 c) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

SODIUM (Atomic Absorption - Direct Aspiration) 
 
Parameter Sodium, total 
 Sodium, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Na-T  X073 
 LA: HNO3: AA (total) Na-T  X351 
 FF, FA: HNO3: AA (dissolved) Na-D  X203 
 LF, LA: HNO3: AA (dissolved) Na-D  X085 
 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.  The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.002 mg/L 
 Range: 0.002-1.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
  
Interferences and 
Precautions See section 2.1.4  of the AA methods section of this manual.   Ionization 

should be controlled by the addition of potassium chloride to a level of 0.1%. 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Na Hollow cathode Lamp 
Parameters Wavelength:  589.0 nm (primary); 330.2 nm (alternate) 
 Type of Flame:  air/acetylene 
 Background Correction: recommended 
 
Apparatus, Materials See sections 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
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References a) Standard Methods for the Examination of Water and Wastewater 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

TIN (Atomic Absorption - Direct Aspiration) 
 
Parameter Tin, total 
 Tin, dissolved 
 
Sample Preparation See section 1.0, the Sample Preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Sn-T  X073 
 LA: HNO3: AA (total) Sn-T  X351 
 FF, FA: HNO3: AA (dissolved) Sn-D  X203 
 LF, LA: HNO3: AA (dissolved) Sn-D  X085 
 
Introduction Tin is usually present in trace levels in natural waters.  The pure metal is 

relatively non-toxic; however some organo-tin complexes (i.e., tributyltin) are 
known to be acutely toxic.  Tributyltin is commonly used as an antifouling 
agent for marine paints. 

 
Method Summary Aqueous sample solutions and calibration standards are aspirated into a 

flame and atomized.  The absorption of light, at a wavelength specific to tin, is 
measured and the concentration of the analyte is determined by comparison 
to the calibration standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.5 mg/L 
 Range: 0.5 mg/L - 300 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences See section 2.1.4 of the AAS methods section of this manual. 
and Precautions 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source: Sn EDL or hollow cathode lamp 
Parameters Wavelength: 286.3 nm 
 Type of Flame: Nitrous oxide/Acetylene  
 Background Correction: recommended 
 
Apparatus, Material See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
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Accuracy None listed. 
 
Quality Control See Section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd edition  1990. 

 c) Analytical Methods For Atomic Absorption Spectrophotometry, 
Published by The Perkin-Elmer Corporation. Norwalk, Connecticut, 
U.S.A.. January 1982. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Metals 
Revision Date:  December 31, 2000 

 

TIN (Atomic Absorption - Gaseous Hydride) 
 
Parameter Tin, total 
 Tin, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section and 2.2, the hydride AA method 

section of this manual.  
 
EMS Code FA: HNO3: HVAAS (total) Sn-T  X289 
 LA: HNO3: HVAAS (total) Sn-T  X354 
 FA: HCl: HVAAS (total) Sn-T  X345 
 LA: HCl: HVAAS (total) Sn-T  X355 
 FF, FA: HNO3: HVAAS (dissolved) Sn-D  X202 
 LF, LA: HNO3: HVAAS (dissolved) Sn-D  X359 
 FF, FA: HCl: HVAAS (dissolved) Sn-D  X348 
 LF, LA: HCl: HVAAS (dissolved) Sn-D  X360 
 
Introduction Tin is usually present in trace levels in natural waters.  The pure metal is 

relatively non-toxic; however some organo-tin complexes (i.e., tributyltin) are 
known to be acutely toxic.  Tributyltin is commonly used as an antifouling 
agent for marine paints. 

 
Method Summary Hydride vapour generation sample introduction systems utilize a chemical 

reduction to reduce and form a volatile hydride with tin.  This volatile hydride 
is then swept into a heated quartz cell where the tin is freed from the hydride.  
Standard AAS (heated reaction cell) is then carried out on the volatile metallic 
species. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0005 mg/L  
 Range: 0.0005 - 0.200 mg/L  
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences • easily reduced metals - i.e., copper, silver, mercury, etc. 
and Precautions • high concentrations of transition metals (>200 mg/L), 
 • oxidizing agents remaining following sample digestion - i.e., oxides of 

nitrogen.  (USEPA, 1986) 
 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source: Sn EDL or hollow cathode lamp 
Parameters Wavelength: 286.3 nm 
 Background Correction: not required 
 
Apparatus, Material See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See Section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Instructions - MHS-20 Mercury/Hydride System, Publication 338-A2-M 

294/12.79.  Bodenseewerk Perkin-Elmer & Co. GMBH/UBERLINGEN. 
1979. 

 b) Analytical Methods For Atomic Absorption Spectrophotometry, 
Published The Perkin-Elmer Corporation. Norwalk, Connecticut, 
U.S.A.. January 1982. 

 c)  Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WPCF, 18th edition, 1992. 

 d) Test Methods for Evaluating Solid Wastes - Physical/Chemical 
Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
 



C-166 

Metals 
Revision Date: December 31, 2000 

 

URANIUM, TOTAL OR DISSOLVED 
 
Parameter Uranium, total 
 Uranium, dissolved 
  
Analytical Method Laser-induced fluorescence 
 HNO3 digestion, laser-induced fluorescence 
 
EMS Code a) Dissolved U--D X343 
 b)  Total U--T X344 
 
Introduction Most sources  of drinking water, especially groundwaters, contain dissolved 

carbonates and bicarbonates that are capable of complexing with uranium 
and keeping it in solution. 

 
Method Summary Uranyl ion (UO22+), complexed with pyrophosphate, is excited at 337 nm 

with a pulsed nitrogen laser and the resulting fluorescence at 494, 516 or 540 
nm is monitored.  The method of standard additions is used to minimize 
interferences from matrix effects. 

 
MDL Typical:  0.0002 mg/L for uranium, total 
   0.0001 mg/L for uranium, dissolved  
 
Matrix Fresh water 
 
Interferences and 
Precautions  Many of the common cations (Ca, Na, K etc.) interfere at normal 

concentration levels; however, the interference is minimized by the standard 
addition technique.   Interference from fluorescing organic material is avoided 
by instituting a delay in measurement to allow the short-lived organic 
fluorescence to subside. 

 
Sample Handling Plastic or glass bottle, sample acidified in the field with 4mL 
and Preservation  concentrated HNO3/L 
 
Stability M. H. T.: 14 days 
 
Principle or  
Procedure  The uranyl ion, when excited at 337 nm, releases energy at 494, 516 and 540 

nm. The Scintrex® laser fluorescence analyzer provides a convenient means 
of analysis. 

  
Precision Authentic samples at concentrations of 3.9 and 30.4 µg/L gave coefficients of 

variation of 5.5% and 4.0% respectively. 
 
Accuracy ±3% at 30 µg/L level 
 
Quality Control The laser intensity (without a cuvette installed) should be recorded each time 

a set of analyses is run to monitor laser performance. The slope of the 
standard addition plot for the sample should be within 20% of the slope 
attained for the standards and blanks; failure indicates excessive 
interference and necessitates re-analysis after dilution of the sample. 
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References None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000:   SEAM codes replaced by EMS codes. Out of 

print reference deleted.  Sample matrix added. 
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ZINC (Atomic Absorption - Direct Aspiration) 
 
Parameter Zinc, total 
 Zinc, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: AA (total) Zn-T  X073  
 LA: HNO3: AA (total) Zn-T  X351 
 FF, FA, HNO3: AA (dissolved) Zn-D  X203  
 LF, LA: HNO3: AA (dissolved) Zn-D  X085 
 
Introduction Zinc is an essential trace element for human growth.  It  imparts a bitter taste 

to drinking water at concentrations above 5 mg/L.  Zinc occurs in nature as 
the sulfide and is often associated with sulfides of other heavy metals.  
Common sources of zinc are contaminated industrial waste and deteriorated 
galvanized steel.  It is toxic to aquatic life at a relatively low concentration, 
depending on water hardness. 

 
Method Summary Aqueous solutions of metals are aspirated into a flame and atomized.The 

absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards.  

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.005 mg/L 
 Range: 0.005-1.0 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions No significant interferences.  Possible enhancement or depression of 

absorbance signal for samples containing high levels of dissolved solids. Use 
deuterium background correction if warranted.  See also section 2.1.4 of the 
AA methods section of this manual. 

 
Sample Handling See section 1.0, the sample preparation section.  
and Preservation  
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
 
Instrument Source:  Zn hollow cathode lamp 
Parameters Wavelength:  213.9 nm 
 Type of Flame;  air/acetylene 
 Background Correction:  recommended 
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Apparatus, Materials See section 2.1.5 and 2.1.6  of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3111 B/D. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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ZINC (Atomic Absorption - Graphite Furnace) 
 
Parameter Zinc, total 
 Zinc, dissolved 
 
Sample Preparation See section 1.0, the sample preparation section. 
 
Analytical Method See section 2.1, the AA methods section. 
 
EMS Code FA: HNO3: GFAA (total) Zn-T  X072 
 LA: HNO3: GFAA (total) Zn-T  X179 
 FF, FA: HNO3: GFAA (dissolved) Zn-D  X116 
 LF, LA: HNO3: GFAA (dissolved) Zn-D  X357 
 
Introduction Zinc is an essential trace element for human growth.  It imparts a bitter taste 

to drinking water at concentrations above 5 mg/L.  Zinc occurs in nature as 
the sulfide and is often associated with sulfides of other heavy metals.  
Common sources of zinc are contaminated industrial waste and deteriorated 
galvanized steel.  It is toxic to aquatic life at a relatively low concentration, 
depending on water hardness. 

 
Method Summary A discrete sample volume is introduced into the graphite sample boat which 

is heated in stages to accommodate drying of the solution, charring and 
volatilization of organics and other matrix components, and finally, 
atomization of the analyte into the light path of the spectrometer.  The 
absorption of light, at a wavelength specific to the element being analyzed, is 
measured and the concentration of the analyte is determined by comparison 
with standards. 

 
MDL Given an aqueous sample free of interferences, the instrumental 

performance characteristics are: 
 MDL: 0.0002 mg/L 
 Range: 0.0002-0.004 mg/L 
 See Table C-1 in section 2.1, the AA methods section, for additional 

information. 
 
Matrix Water, wastewater, marine water. 
 
Interferences and 
Precautions See section 2.1.4, of the AA methods section of this manual.  Due to the 

extreme sensitivity of the method and presence of zinc as a trace 
contaminant in dust, plastics, glassware, acids and other reagents, any 
manipulation or treatment of samples must be duplicated in the form of 
appropriate blanks to allow for correction of results.  Platform atomization is 
recommended for zinc analysis. 

 
Sample Handling See section 1.0, the sample preparation section of this manual. 
and Preservation 
 
Stability An aqueous solution preserved with nitric acid to pH <2, has a hold time of 6 

months. 
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Instrument Source:  Zn hollow cathode lamp 
Parameters Wavelength:  213.9 nm 
 Background Correction:  recommended 
 
Apparatus, Materials See section 2.1.5 and 2.1.6 of this manual. 
and Reagents 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control See section 2.1.9, QA/QC Guidelines in this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992, Method 3113B. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1.  United States 
Environmental Protection Agency, Washington, DC.  3rd Edition 1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
  December 31, 2000: SEAM codes replaced 

by EMS codes.  Sample matrix added. 
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Organics 
 Revision Date:  December 31, 2000 

 

Acid Extractable Herbicides in Water 
 
Parameter Acid extractable herbicide scan. 
 
Analytical Method Acid extraction, methylation, GC/ECD. 
 
Introduction The acid extractable herbicides are a group of eleven compounds which 

include chlorinated phenols, phenolic and carboxylic acid herbicides.  If the 
compounds are present as alkyl esters (e.g. 2,4-DB), they will not be 
determined by this procedure. 

 
Summary An acidified water sample is extracted with dichloromethane.  The raw extract 

is concentrated and the phenols and acids are reacted with diazomethane, or 
other suitable derivatizing agent, to produce the corresponding derivatives.  If 
required, the extracts are subjected to Florisil column chromatography and 
divided into different fractions. The derivatives are analyzed by electron 
capture gas liquid chromatography. 

 
MDL    
 Parameter EMS Code mg/L 
 
 Pentachlorophenol P022 P008  0.0001 
 Tetrachlorophenols (sum) T020 P008     - 
 Trichlorophenols (sum) T021 P008     - 
 2,3,4,5-Tetrachlorophenol (to be defined on request) 0.0002 
 2,3,4,6-Tetrachlorophenol    “  0.0002 
 Dicamba   “  0.0001 
 2,4,5-T   “  0.0001 
 Triclopyr   “  0.0001 
 2,4,5-TP   “  0.0001 
 2,4-D    “  0.0002 
 Dichlorprop   “  0.0002 
 Dinoseb   “  0.0002 
 Picloram   “  0.0002 
 
Matrix Fresh  water  
 Wastewater  
 Marine water  
 
Interferences and 
Precautions Any organic compound that responds to an electron capture detector may 

interfere in the gas chromatography step of the analytical procedure. If 
interfering co-extractives are encountered, a Florisil clean-up step may be 
incorporated into the procedure.  The presence of a compound of interest 
may be confirmed by analysis on a second chromatography column of 
different polarity. 

 
Sample Handling and 
Preservation  Bottle - amber glass, narrow mouth, 0.5 L, acetone rinsed and heat treated at 

350°C. 
 Preservation  -  unfiltered, add 4 mL of 36N H2S04/L in field. 
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Stability Holding time - extract sample within 14 days of sampling, analyze within 40 
days. Storage - 4°C until analyzed. 

 
Procedure: 
Apparatus a) Separatory funnels, 500 mL. 
  b) Graduated cylinders, 12 mL. 
  c) Round bottom flasks, 250 mL. 

d) Glass chromatography columns, 9 mm ID x 300 mm with a 200 mL 
reservoir. 

  e) Diazomethane generator. 
  f) Glass filtering funnels, 75 mm diameter. 
 
Reagents a) Solvents, glass distilled, pesticide grade. 
  1) Dichloromethane. 
  2) Iso-octane. 
  3) Petroleum ether. 
  4) Ethyl acetate. 
  b) Sulfuric acid, 36 N, extracted with a suitable organic solvent prior to 

use. 
  c) N-Nitrosomethylurea for diazomethane generation. 
  d) Sodium hydroxide, 10% weight to volume, aqueous solution. 
  e) Acidified sodium sulfate, anhydrous, heat treated. 
  f) Florisil, PR grade, heat  treated at 650°C and deactivated with 1% 

deionized water. 
  g) Acidified glass wool, solvent rinsed and heat treated at 300°C. 
 
Procedure a) Recovery  Control:  A 250 mL water sample is spiked with 0.100 mL of 

the 1 mg/L intermediate herbicide standard to give a concentration of 
0.0004 mg/L. 

 b) For samples that have not been treated with an acid, add 1 mL of 36 N 
sulfuric acid to a 250 mL sample. 

 c) Extract a 250 mL sample three times with 60 mL of dichloromethane 
each time. 

 d) Filter the dichloromethane extracts through anhydrous sodium sulfate, 
supported in a glass funnel by glass wool, into a 250 mL round bottom 
flask. 

 d) Evaporate the combined extracts to about 2 mL using a rotary 
evaporator with the bath set at 40°C. 

 f) Methylate the extract with diazomethane until a definite yellow colour 
persists. 

 g) Allow the reaction to proceed for one-half hour. 
 h) Add 2 mL of iso-octane to each flask and evaporate the 

dichloromethane using a rotary evaporator. 
 i) Transfer to a graduated cylinder and make up to 5.0 mL with 

iso-octane. 
j) Analyze by electron capture gas chromatography. 
k) If samples contain interfering material, prepare a column containing 10 

g of 1% deactivated Florisil topped by a 2 cm layer of anhydrous 
sodium sulfate and elute as follows: 

  1) Fraction 1:  150 mL of petroleum ether.  This fraction contains 
PCP and TtCP. 

2) Fraction 2:  100 mL of 2% ethyl acetate in petroleum ether. This 
fraction contains:  Dicamba, Dichlorprop, Dinoseb, Triclopyr, 2,4-
D, 2,4,5-T, and 2,4,5-TP (Silvex). 

  3) Fraction 3:  100 mL of 20% ethyl acetate in petroleum ether.  
This fraction contains Picloram. 
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l) Add 2-3 mL of iso-octane and concentrate the eluate to 2-3 mL, 
transfer to a graduated cylinder and make up to 5.0 mL. 

m) Analyze by electron capture gas liquid chromatography. 
 

Precision None listed. 
 
Accuracy None listed. 
 
Quality Control One method blank per analytical batch, or 1 in 14. 
 Recovery Control:  A 250 mL water sample is spiked with 0.100 mL of 1 mg/L 

intermediate standard containing all compounds of interest. 
 
References None listed. 
 
Revision History February 14, 1994:      Publication in 1994 Laboratory Manual. 
 December 31, 2000:    EAM codes replaced by EMS codes.  Out of print 

reference deleted. 
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Organics 
Revision Date:  December 31, 2000 

 

Adsorbable Organic Halides in Water 
 
Parameter Adsorbable Organic Halides. 
 
Analytical Method Carbon adsorption; TOX analyzer. 
 
EMS Code AOX- X311 
 
Introduction This procedure measures organically bound halides (chlorides, bromides and 

iodides) as their chloride equivalent. Fluorides are not included. Since the 
amounts of organically bound bromides and iodides are small relative to 
chloride, expression of results as chloride is generally valid. 

 
Summary An appropriate sample aliquot is passed through two granular activated 

carbon (GAC) columns in series where the organo-halides are adsorbed. The 
columns are then rinsed with 0.8M potassium nitrate solution to remove 
inorganic halides. The columns are combusted individually and the halo-acids 
thus generated are collected and measured in a microcoulometric cell. 

 
MDL 0.01 mg/L  (10 µg/L) 
  
Matrix Fresh water  
 Wastewater  
 Marine water  
 
Interferences and 
Precautions Test a 10 mL portion of sample for residual chlorine by adding a few crystals 

of potassium iodide (KI) and five drops of 1% starch solution. If a blue colour 
is produced, residual chlorine is present. Add sufficient 0.1M Na2SO3 to 
discharge the blue colour. Add a proportionate amount of sodium sulfite 
solution to the sample bottle. (This procedure is most properly done in the 
field, at the time of sampling, to preclude the generation of additional organo-
chlorine compounds during shipping and holding.)  

 
Sample Handling 
and Preservation Bottle: amber glass, 0.5 L, narrow mouth, Teflon or aluminum foil lined cap, 

acetone rinsed and heat treated at 350°C. 
 Preservation: unfiltered, air excluded, add HN03 to pH 1.5 to 2.0 and, if 

required, sufficient 0.1M sodium sulfite to remove residual chlorine. 
 
Stability Holding time:  analyze sample within 14 days of sampling. 
 Storage:  4°C until analyzed. 
 
Procedure: 
Apparatus a) MC-3 TOX Analyzer. 
 b) AD-3 TOX Adsorption Module. 
 c) Carbon Plus Industries (CPI) packed GAC column adapters. 
 d) Volumetric flasks, 100mL. 
 e) Syringes, Hamilton Model 801, 10µL and 50µL. 
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Reagents a) Carbon dioxide (CO2) gas: 99.99% purity grade. 
 b) Oxygen (O2) gas: 99.99% purity grade. 
 c) Acetic acid, 70% aqueous solution: Dilute 7 parts glacial acetic acid, 

analytical reagent (A.R.) grade, with 3 parts deionized water. 
 d) 1,000 µg/mL (ppm) inorganic chloride standard: Dissolve 0.1648 g 

NaCl, A.R. grade, in 1.0 L deionized water. 
 e) Nitrate wash solution (0.08N KNO3): Dissolve 8.2 g KNO3, A.R. grade, 

in 1.0 L deionized water. 
 f) Nitric acid: HNO3 concentrated, A.R. grade. 
 g) Sodium sulfite (Na2SO3) 0.1M: Dissolve 12.5 g Na2SO3, A.R. grade, 

in 1.0 L deionized water. 
 h) Sample dilution water: Deionized water, pH adjusted to 1.5 -  2.0 with 

concentrated nitric acid. 
 i) Organohalide standard (1000 µg Cl-/mL), recovery check solution: 

Dissolve 0.186 g 2,4,6-trichlorophenol, A.R. grade, in 100 mL 
methanol, A.R. grade.  

 j) Adsorption columns: Carbon Plus Industries (CPI) packed granular 
activated carbon (GAC) columns. 

 k) Starch indicator solution: 1% aqueous. 
l) Potassium Iodide (KI): crystals, A.R. grade. 
 

Procedure a) Low Level, Receiving Water Samples:  Pipet 100 mL of preserved 
sample directly into the sample reservoir of the absorption unit. Run the 
sample through two carbon columns in series and rinse with 4 mL of 
0.08N KNO3. Analyze each column separately. The upper column 
should be analyzed first, followed by the lower column. If the AOX 
content of the second (lower) column exceeds 10% of that found in the 
first column, dilute the sample and reanalyze. 

 
 b) Wastewaters and Pulp Mill Effluents: Prepare a 100-200 times dilution 

of the preserved sample, taking at least 5 mL of sample for the first 
dilution. The dilution water used should be adjusted to pH 1.5 - 2.0. 
Total volume of the final dilution should be 100 mL. Transfer the final 
dilution volume to the sample reservoir of the absorption unit and run 
the sample through two carbon columns in series and rinse with 4 mL 
0.08N KNO3. Analyze each carbon column separately. The upper 
column should be analyzed first, followed by the lower column. If the 
AOX content of the second (lower) column exceeds 10% of that found 
in the first column, dilute the sample further and reanalyze. 

 
Blanks a) Nitrate Wash Blank:  Analyze, separately, two carbon columns washed, 

in series, with 4 mL of 0.08N KNO3. The nitrate wash blank value 
should be less than 0.700 µg Cl- /40 mg carbon column. The values of 
the individual columns should be within 20% of each other. The 
average result of the two columns is the nitrate wash blank value. Two 
blanks should be run per week. 

 
 b) Dilution Water Blank:  Analyze, separately, two carbon columns 

washed, in series, with 100 mL of dilution water and rinsed with  4 mL 
of 0.08N KNO3. The dilution water blank should be prepared in the 
same manner as the samples to be analyzed, (i.e., if 0.1 mL of 0.1M 
Na2SO3 has been added to the samples, it should also be added to the 
blank). The dilution water blank value should be less than 1.00 µg Cl-
/40 mg carbon column. All subsequent dilution water blanks should be 
within 10% of the original. The average result of the individual carbon 
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columns is the dilution water blank value. Two dilution water blanks 
should be run per day. 

 
Calculations The formula for calculating the AOX content of the sample is: 
               
  C4    =  ( C1 + C2 - 2C3 ) / V 
 
 where: C4 = AOX content of the sample in µg Cl -/L 

   C1 = AOX content of 1st carbon column (µg Cl -) 

   C2 = AOX content of 2nd carbon column (µg Cl -) 

   C3 = AOX content of blank column (µg Cl -) 
   V   = Volume of sample used (L), times dilution. 
 
Precision None listed. 
 
Accuracy None listed.  
 
Quality Control a) Granular Activated Carbon (GAC) Quality:  Use Carbon Plus Industries 

(CPI) packed GAC columns. Analyze the carbon from one column 
twice weekly. The apparent halogen content should be less than 0.700 
µg Cl-/40 mg GAC. 

 
 b) Cell Performance Check:  Flush titration cell at least twice with 70% 

acetic acid and fill. Inject 5 µL of inorganic Cl- standard. The integrated 
reading at the end of the 5 minute run should be 5.00 µg ±5%. One cell 
performance check should be performed at the beginning of each day 
and each time the cell is flushed and refilled. (Recovery criterion: 95 - 
105 %). 

 
 c) Direct Injection of Standards:  Combust 40 mg GAC in the boat in the 

furnace. At the end of the run, spike the burnt carbon with 5 µL of 1.00 
µg Cl-/µL 2,4,6-trichloro-phenol standard. Push “START” and switch to 
“INT”. At the end of the run, (10 minutes), the reading should be 5.00 
µg ± 5%. (Recovery criterion: 95 - 105 %). 

 
 d)  Spike Recovery:   Spike a 100 mL aliquot of dilution water or a sample 

with 10 µL of 1.00 µg Cl-/µL 2,4,6-trichlorophenol standard and analyze 
as a regular sample.  Run one spike per day.  Calculated concentration 
should be 100 µg Cl-/L. (Recovery criterion: 90 - 110 %). 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th Edition, 1992. Method 5320: Dissolved 
Organic Halogen. 

 b) USEPA Method 9020; Total Organic Halides (TOX), Revision O, 
September 1986. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Out of 

print references deleted.  Manufacturers name 
deleted. 
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Organics 
Revision Date:  December 31, 2000 

 

Base-Neutral and Acid Semi-Volatile Extractables in Water 
 
Parameter Base-neutral and acid extractables 
 
Analytical Method Extraction, GC/ECD. 
 
EMS Code (EMS code will be assigned upon request) 
 
Introduction This analysis is specific for the class of compounds called base- neutral and 

acid semi-volatile extractables (BNAs). For simplicity this method will target 
the following compounds: 

 
 Acenaphthene Acenaphthylene 
 Anthracene Benz(a)anthracene 
 Benzo(a)pyrene Benzo(b)fluoranthene 
 Benzo(g,h,i)perylene Benzo(k)fluoranthene 
 2-Chloronaphthalene Chrysene 
 Dibenz(a,h)anthracene Fluoranthene 
 Fluorene Indeno(1,2,3-cd)pyrene 
 Naphthalene Phenanthrene 
 Pyrene 
 
 Benzylbutylphthalate Bis(2-ethylhexyl)phthalate 
 Di-n-butylphthalate 4-Bromophenyl phenyl ether 
 4-Chlorophenyl phenyl ether Bis(2-chloroethyl)ether   
 Bis(2-chloroisopropyl)ether 2,4-Dinitrotoluene  
 Bis(2-chloroethoxy)methane 2,6-Dinitrotoluene 
 Nitrobenzene N-Nitrosodi-n-propylamine 
 N-Nitrosodiphenylamine 
 
 4-Chloro-3-methylphenol 2-Chlorophenol 
 2,4-Dichlorophenol 2,4-Dimethylphenol 
 2,4-Dinitrophenol 2-Methyl-4,6-dinitrophenol 
 2-Nitrophenol 4-Nitrophenol 
 Pentachlorophenol Phenol 
 2,4,6-Trichlorophenol Tetrachlorophenol(s) 
 
Summary The sample is placed in a separatory funnel, the pH of the sample is 

adjusted to alkaline and then acidic conditions, and extracted each time with 
dichloromethane to selectively remove compounds (EPA METHOD 3510A). 
The final extracts (basic and acidic) can be combined or run separately using 
the following procedures:  

 
 - Capillary Column Gas Chromatography with Mass Spectrometry 

Detection (EPA METHOD 8270B) 
 - Specific techniques can be used, see "Principle or Procedure". 
 
MDL Actual MDL will vary depending on the instrument sensitivity and matrix 

effects. 
 Note: The following detection limits were obtained from the Ontario  
 Regulation 695/88 under the Environmental Protection Act "Effluent 

Monitoring - General". 



D - 9 

 
 PARAMETER GROUP  
 MISA 19 Standards in Reagent Water 
 Acenaphthene  1.3 
 Acenaphthylene  1.4 
 Anthracene  1.2 
 Benz(a)anthracene  0.5 
 Benzo(a)pyrene  0.6 
 Benzo(b)fluoranthene  0.7 
 Benzo(g,h,i)perylene  0.7 
 Benzo(k)fluoranthene  0.7 
 2-Chloronaphthalene  1.8 
 Chrysene  0.3 
 Dibenz(a,h)anthracene  1.3 
 Fluoranthene  0.4 
 Fluorene  1.7 
 Indeno(1,2,3-cd)pyrene  1.3 
 Naphthalene  1.6 
 Phenanthrene  0.4 
 Pyrene  0.4 
 
 Benzylbutylphthalate  0.6 
 Bis(2-ethylhexyl)phthalate  2.2 
 Di-n-butylphthalate  3.8 
 4-Bromophenyl phenyl ether  0.3 
 4-Chlorophenyl phenyl ether  0.9 
 Bis(2-chloroisopropyl)ether  2.2 
 Bis(2-chloroethyl)ether  4.4 
 2,4-Dinitrotoluene  0.8 
 2,6-Dinitrotoluene  0.7 
 Bis(2-chloroethoxy)methane  3.5 
 Nitrobenzene  * 
 N-Nitrosodi-n-propylamine  3.1 
 N-Nitrosodiphenylamine  14 
 
 4-Chloro-3-methylphenol  1.5 
 2-Chlorophenol  3.7 
 2,4-Dichlorophenol  1.7 
 2,4-Dimethylphenol  7.3 
 2,4-Dinitrophenol  4.2 
 2-Methyl-4,6-dinitrophenol  24. 
 2-Nitrophenol  * 
 4-Nitrophenol  1.4 
 Pentachlorophenol  1.3 
 Phenol  2.4 
 2,4,6-Trichlorophenol  1.3 
 Tetrachlorophenol(s)  1.6 
 
 * was not determined in study. 
 
Matrix Fresh water   
 Wastewater   
 Marine water  
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Interferences and 
Precautions Analysis of method blanks will identify interferences from glassware, solvent, 

reagents, etc.  Interfering co-extractants  will vary depending on the sample 
matrix, source, and method of detection. The clean-up procedure will 
eliminate many of  these, but unique samples may require additional work, or 
be subject to higher detection limits. Certain compounds are very light 
sensitive and samples should be collected in amber glass containers and 
protected from direct light. 

 
Sample Handling 
Preservation Bottle  -  1 litre amber glass, with Teflon or foil lined lid. 
 Preservation  -  80 milligrams of sodium thiosulfate per litre if residual 

chlorine is present; store cool (4°C) in amber glass or foil-wrapped jars from 
time of collection to extraction.  Collect a representative sample in a wide 
mouth glass  bottle that has been rinsed with solvent and oven-dried. Do not 
rinse bottle with sample. If duplication is required, a separate one litre sample 
must be provided. 

 
Stability Holding time  -  extract within 7 days of collection. Analyze within 40 days of 

extraction. 
 
Principle or See EPA Methods: 
Procedure  Extraction  - 625 3510A 
 
  Analysis - 625 8270B  (GC/MS) 
     - 604 8040    (GC/ECD) 
     - 607 8090   (GC/NPD) 
     - 608 8080   (GC/ECD) 
 
Precision See appropriate method for data 
 
Accuracy See appropriate method for data. 
 
Quality Control Samples  -  (batch size 1 to 15 samples). 
 1 method blank per analytical batch. 
 1 sample duplicate if available; if not, an instrument duplicate per analytical 

batch. 
 1 reagent spike per analytical batch. 
 Note:  - instrument or solvent blanks should be run after samples that 

contain high concentrations of analytes. 
 -  surrogate standard recoveries should be reported. 
 
References a) EPA (1986) Test Methods for Evaluating Solid Waste, Physical/ 

Chemical Methods, U.S. Environmental Protection Agency, SW-846, 
3rd Ed. (November 1986). 

 b) EPA (1984) Federal Register, Part VIII, Guidelines Establishing Test 
Procedures for The Analysis of Pollutants Under the Clean Water Act. 
U.S. Environmental Protection Agency, 40 CFR Part 136 (October 
26,1984). 

 c) Ontario Regulation 695/88 under the Environmental Protection Act 
"Effluent Monitoring - General" 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: Republication. Note neither SEAM nor EMS 

codes had been assigned. 
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Organics 
Revision Date:  December 31, 2000 

 

Benzene, Toluene, Ethylbenzene and Xylenes (BTEX) in Water 
 
Parameter Benzene 
 Ethylbenzene 
 Toluene 
 Xylenes 
 
Analytical Method Purge and Trap/GCMS  
 
EMS Code Benzene  B020 X384 
 Toluene  T001 X384 
 Ethylbenzene  B021 X384 
 Xylene  X001 X384 
 O-Xylene  X002 X384 
 m-Xylene plus p-Xylene X003 X384 
 
Introduction This method is applicable to the qualitative and quantitative determination of 

BTEX, a subset of volatile organic compounds (VOCs), in water samples. 
 
Summary The sample is analyzed by purge and trap gas chromatography with detection 

by mass spectrometry.  The procedure involves purging the volatile 
compounds from the sample with an inert gas, and trapping them on a solid 
sorbent.  When purging of the sample is complete, the trap is heated and the 
compounds are transferred to the gas chromatographic column.  Analysis is 
then accomplished by separation of the components by gas chromatography 
with detection by mass spectrometry. 

          
MDL Benzene 0.5  µg/L 
 Toluene 0.5  µg/L 
 Ethylbenzene 0.5  µg/L 
 Xylenes 0.5  µg/L 
 
Matrix Fresh Water  
 Wastewater  
 Marine Water  
 Sludge 
 
Interferences and 
Precautions Proper sample containers should be used at all times to reduce loss of 

components by evaporation.  Samples can be contaminated by diffusion of 
some volatile organic compounds through the septum. Samples should be 
stored to reduce the possibility of contamination.  A transportation blank, 
prepared from reagent water and carried through the sampling and handling 
protocol, serves as a check on contamination from external sources.  
Contamination of the analytical system can occur if low level samples are 
analyzed after high level samples.  Frequent bakeout of the analytical system 
and analysis of reagent water should be performed in these circumstances to 
ensure a contamination-free system. 

 
Sample Handling Container  -  volatile vial with Teflon-lined septum 
and Preservation Preservation  -  HCl to pH < 2 or 0.1% Cu SO4 
 Do not rinse the vial with sample.  Collect the sample with as little aeration as 

possible, filling the vial to just overflowing.  Cap the vial and ensure no 
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bubbles are present. Samples should be collected in duplicate to allow for a 
second analysis if dilution is required. 

 
Stability Holding Time  -  analyze within 14 days of sampling 
 Storage  -  store at 4°C until analyzed 
 
Principle or 
Procedure See Method 624, Purgeables, EPA 40 CFR Ch. 1 (7-1-90 Edition), SW 846, 

EPA 5030/8240 or 8260 or 8021, EPA 524. 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control A transportation blank may be carried along with the samples to check for 

contamination during handling. 
 
 If a second analysis is required for dilution purposes, a second sample 

container which has not been opened should be used. 
 One method Blank and Spike should be performed per analytical batch or 1 

in 14. 
 
References a) Code of Federal Regulations, Title 40, Chapter 1 (Environmental 

Protection Agency), Part 136, App. A, Method 624 - Purgeables, July 1, 
1990. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 
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Organics 
        Revision Date: November 14, 2002 

 

Biochemical Oxygen Demand (BOD), Performance Based Format 
(PBM) 
 
Parameter: Biochemical Oxygen Demand - PBM 
 
Method Codes  
And EMS Codes 
 

Parameter Seed Added Nitrogen 
Inhibitor 

EMS Code 

Total BOD No No 0115 X482 
Total BOD, Seeded Yes No 0115 X483 
Carbonaceous BOD No Yes 0115 X410 
Carbonaceous BOD, Seeded Yes Yes 0115 X013 
  
Analytical Method 5-day BOD, 20°C 
 
Introduction This method is applicable to raw water supplies, treated industrial or 

municipal effluents, and receiving waters.  The oxygen uptake after 5 days of 
incubation at a test temperature of 20 °C is widely recognized as the standard 
BOD in many countries.  BOD values are used for determining the relative 
oxygen requirements of municipal and industrial waste waters.  The test is 
widely employed to measure waste loading and to provide an indirect and 
non-specific measure of the amount of biodegradable organic material 
(carbonaceous demand) in a given sample.  BOD also includes oxygen used 
to oxidize inorganic material such as sulphides and ferrous iron.   

 
Method Summary The biochemical oxygen demand (BOD) is an empirical bioassay-type 

procedure that measures the dissolved oxygen (DO) consumed by microbial 
life while it assimilates and oxidises the organic matter present during the test 
period.  Test conditions are incubation for five days in the dark at 20 °C.  A 
polarographic membrane electrode calibrated in water saturated air or 
calibrated against a sample of known dissolved oxygen (DO) determined by 
the Winkler method is used to acquire all dissolved oxygen measurements.  
Alternatively DO may be measured by a modified winkler titration).  
Comparison of the dissolved oxygen content of the sample at the beginning 
and the end of the incubation period provides a measure of the biochemical 
demand.  The method used to determine BOD depends upon the nature of 
the sample. 

 
Note: The mandatory elements are specified in bold text. 
 
Definitions 
 
 Biochemical Oxygen Demand (BOD) is primarily a measure of the amount of 

oxygen used by micro-organisms during the aerobic decomposition of organic 
material.  However, it also includes chemical oxidation of inorganics such as 
sulphides and ferrous iron.  It is an index of the biodegradable organic 
substances present. 
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 Unseeded Biochemical Oxygen Demand:  A sample of water is incubated in 
the dark for 5 days at 20°C ± 1°C without seeding applied. Measurement 
includes both carbonaceous and nitrogenous oxygen demand. 

 
 Seeded BOD: A sample of water is incubated in the dark for 5 days at 20°C ± 

1°C with seeding applied.  Measurement includes both carbonaceous and 
nitrogenous oxygen demand. 

 
 Carbonaceous Biochemical Oxygen Demand is a measure of the amount of 

oxygen used by micro-organism during the aerobic decomposition of organic 
material when a chemical nitrogen inhibitor is used to eliminate the 
nitrogenous demand.  Sample is not seeded in this test. 

 
 Seeded Carbonaceous Biochemical Oxygen Demand with nitrogen inhibitor 

and seed applications. 
 
 Nitrogenous Oxygen Demand: is a measure of the amount of oxygen used to 

oxidize reduced forms of nitrogen unless their oxidation is prevented by an 
inhibitor. 

 
MDL A nominal detection limit of 5 mg/L reflects the requirement for a minimum 

Dissolved Oxygen (DO) depletion of 2 mg/L to ensure reliable results.  A 
suitable dilution factor establishes the working range (e.g., 5 - 120 mg/L BOD 
is a typical working range for sewage effluents). 

 
Matrix Municipal and Industrial Wastewaters 
 
 
Sample handling  
and Preservation a) Sampling must be done by qualified personnel, experienced in 

sampling procedures and working under standard documented 
operating conditions.  It is important that the sample be properly 
taken in a quality-controlled manner for submission to a laboratory and 
that the sample be representative of the area being sampled. 

 
 b) Samples must be collected and stored such that degradation or 

alteration of the sample is minimized.  Collect the sample in a clean, 
polyethylene or glass bottle, taking care to fill it completely to exclude 
any air and tightly cap immediately.  The samples must be 
unpreserved and cooled at 4°C.  The sample should be examined as 
soon as possible, as any delay could cause a BOD changes due to 
ongoing chemical reactions in the water system.  The recommended 
holding time not greater than 24 hours, and it is mandatory that the 
holding time not exceed the 72 hours from the time of sampling.  
Results reported beyond holding times must be flagged as not 
reliable. 

   
 c) It is generally acceptable to use high-density polyethylene (HDPE) 

containers as they are less expensive than glass and are less likely to 
break, especially if samples are inadvertently frozen.  Glass bottles are 
also acceptable. Sample bottles should preferably be new and unused 
and should be purchased as certified clean.  Both new and washed 
reused bottles must be proofed by a documented cleaning 
procedure with a bottle lot number control system.  If bottles are 
reused, cleanliness must be demonstrated by the use of blanks.  
Frequency of field blanks must be increased to at least 5% of all 
samples if cleaned reused bottles are utilized. 
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 d) Samples must be clearly labelled with the date and time of 

sampling, location or source of the sample, whether the sample is 
a grab or composite, analysis required and the identity of the 
individual who collected the sample.  Labels must be filled out in 
indelible ink and fixed to the sample container such that they will 
not fall off when wet or during transport. 

 
 e) When a sample could be considered as evidence in an investigation, 

chain of custody procedures are required to demonstrate that samples 
have not been tampered with at any point in handling or shipping and 
that the individuals in charge of the samples can be identified at every 
stage in the sampling and analysis. 

 
Interferences a) Oil and grease interfere with DO measurements if they are present in 

sufficient quantity to coat the probe’s Teflon membrane.  Pre-diluting 
the sample and replacing the membrane should improve performance. 

 
 b) Chemical reducing agents such as ferrous iron (II), sulphite, and 

sulphide can exert an immediate DO demand that is not biological in 
nature; wait 15 minutes before acquiring the initial DO reading. 

 
 c) Any biodegradable substances in the dilution water may contribute to 

the measured sample BOD.  The DO depletion of a satisfactory dilution 
water blank should not exceed 0.2 mg O2/L [a]. 

 
 d) Pre-dilute samples containing appreciable quantity of suspended 

solids to ensure that the final concentration of solids in the BOD 
bottle is less than 10 mg/L if necessary.  

 
 e) The absence of toxic materials must be established before BOD 

results can be considered valid. This is accomplished by 
comparing BOD values for several dilutions – if toxins are present 
then the BOD value tends to increase with dilution until the toxic 
effect is diluted out. 

 
 f) Residual chlorine is an example of a toxic substance which must 

be removed prior to the test (Procedure d)3 & d)3)i). 
 
 g) Samples taken from waste streams at chemical pulping plants may 

contain high concentration of sulphite ion.  This is a reducing agent and 
will scavenge for oxygen.  The sample will have an immediate oxygen 
demand, therefore, samples must be tested for the presence of 
reducing agent (procedure d)3 & d)3)ii)). 

 
 h) Samples will have to be also tested for the presence of reducing 

agents, such as sulphide ions.  
   
 i) Many synthetic organic components in industrial waste waters are not 

bio-degradable without the seeding procedure because of either a toxic 
effect or a deficiency or absence of appropriate micro-organisms. 

 
 j) The contribution of the seed culture to the measured oxygen 

uptake must be removed to obtain the sample BOD; this seed 
correction can introduce error when the oxygen uptake reaction for 
micro-organisms in the seed controls differs from that in the seeded 
sample (this may occur when the chemical characteristics of the 
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sample do not match those of the seed stock).  Seed correction should 
be carefully applied only after considering its potential effect on data 
interpretation [c]. 

 
 k) Certain organic substances, for example, cellulose, are difficult for 

bacteria to break down.  Hence, cellulose may exert a low BOD for a 
long period, i.e., 5 days. 

 
 l) Oxygen super-saturation will cause oxygen loss during incubation.  

Shake a ½ full bottle of the sample to achieve an oxygen saturation 
(around 9.17 mg/L at 20 °C). 

 
 m) The temperature of the dilution water should be 20 °C ± 1 °C.  Aeration 

rate should be slow at room temperature.  Water should not 
supersaturate if left standing 30 minutes after aeration to reach 
equilibrium. 

 
 n) Samples which have an extreme pH must be neutralised.  The pH 

of the sample should be adjusted to between 6.5 and 7.5 with 1 N 
H2SO4 or 1 N NaOH. 

 
 o) An incubator should be thermostatically controlled at 20 ± 1 °C.  All light 

should be excluded to prevent formation of DO by algae in the sample. 
 
 p) A number of factors, for example, soluble versus particulate organics, 

settleable and floatable solids, oxidation of reduced iron and sulphur 
compounds, or lack of mixing may affect the accuracy and precision of 
BOD measurements.  Presently, there is no way to include adjustments 
or corrections to account for the effect of these factors. 

 
 q) Sample properties, dilution water quality, seed characteristics, and 

dilution technique can introduce considerable variation in BOD test 
measurements.  Several factors must be closely controlled to eliminate 
any extraneous variation.  In general, test variation is smallest for 
unseeded samples and sample aliquot ≥ 15 mL (15 mL in a 300 mL 
BOD bottle, i.e., 5% dilution).  As sample volume becomes smaller, test 
variation is usually greater, because of the greater errors associated 
with measuring and transferring small volumes and the improbabilityof 
obtaining representative samples with each transfer. 

 
Method Performance The following method performance criteria are mandatory and must be 

demonstrated before and during analysis. 
 
 a) The Method Detection Limit (MDL) is set at the 95% confidence 

level above zero (or the blank) is 5.0 mg/L. 
 
 MDL  =  2 * t .95 * Std. Dev.near zero  
 
 where,  t =  Student’s t value for a 95% confidence level 

and a standard deviation estimate with n-1 degrees of freedom. 
 
 Std. Dev.near zero   = Standard deviation of the replicate analyses. 
 
 
 b) Method Blanks: Analyse two aliquots of dilution water as a rough 

check on quality of unseeded dilution water and cleanliness of 
incubation bottles.  If the oxygen depletion of a candidate water 
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exceeds 0.2 mg/L obtain a satisfactory water by improving purification 
or check glassware cleaning procedure.  Typical values obtained are 
listed in Table 1. 

 
Table 1  Method Blank 

 
 N Acceptable BOD 

mg/L  
Mean Measured BOD 

mg/L 
Std. Dev. Control Limits 

Blank 24 < 10.0 0.17 0.11 ±  0.33 
 

c) Glucose-Glutamic Acid Check:  Because the BOD test is a bioassay its 
results can be influenced greatly by the presence of toxicants or by use 
of a poor seeding material.  Some sewage seeds are relatively inactive.  
Low results are always obtained with such seeds and waters.  
Routinely, it is necessary to check dilution water quality, seed 
effectiveness, and analytical technique by making BOD 
measurements on pure organic compounds and samples with 
known additions.  Thus, the purpose of the glucose-glutamic acid 
check is not intended to serve as a measure of the accuracy of the 
BOD test.  For BOD determinations, in general, use a mixture of 150 
mg glucose/L and 150 mg glutamic acid/L as a “standard” check 
solution (BOD 300 mg/L).  Glucose has an exceptionally high and 
variable oxidation rate but when it is used with glutamic acid, the 
oxidation rate is stabilised and is similar to that obtained with many 
municipal wastes. 

 
For the 300-mg/L mixed primary standard, the average 5 day BOD 
would be 198 mg/L with a standard deviation of 30.5 mg/L [a].  Typical 
values obtained are listed in Table 3. 

 
Table 3 Glucose-Glutamic Acid Check 

 
Organic Compound N Mean mg/L Std. Dev. Control Limits 
Glucose-Glutamic Acid 56 184 26.30 ± 78.89 

Most data from the Glucose Glutamic Acid tests run at Env. Canada prior to June 1999. 
 

d) Method Bias: The results of regular interlaboratory studies and certified 
reference solutions provide an indication of method bias at 95% 
confidence level; typical results obtained using seeded samples 
appears in Table 4 and Table 5. 

 
Table 4 Single Analyst Method Bias 
 

Reference Value 
(mg/L) 

N Measured BOD 
    Mean        Std Dev 

% Bias Significant 
(95% CL) 

12 ± 6  4 14             0.8 + 16.7 Yes 

29 ± 10 4 37             2.6 +27.6 Yes 

54 ± 17 4 61             2.6 +13.0 No 

Most data from the interlaboratory studies run at Env. Canada Lab prior to June 1999. 
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Table 5 Single Analyst Method Bias 
 

Reference 
Samples 

Certified 
Value mg/L 

Performance 
Acceptance Limits 

N Mean    Std   
              Dev. 

Within 
Advisory 
Range 

Control 
Limits 

ERA 9972 {a} 94.0 63.0 - 114 12 87.3         4.9 Yes ± 15 
ERA 9975 {b} 58.6 39.3 - 70.9 8 55.1         4.6 Yes ± 13.8 
ERA 9976 {c} 31.1 20.8 - 37.6 8 29.0         1.5 Yes ± 4.4 

Most data from the reference materials run at Env Canada Lab prior to June 1999. 
 

{a}  BOD standard by Environmental Resource Associates. Lot # 9972. 
{b}  BOD standard by Environmental Resource Associates. Lot # 9975. 
{c}  BOD standard by Environmental Resource Associates. Lot # 9976. 

 
 

e) Method Precision: Reproducibility data obtained from duplicate 
measurements of unseeded samples have been used to set control 
limits (3 SD) in order to monitor procedure variability for unseeded 
samples.  Typical values obtained are listed in Table 5. 

 
 

Table 6 Single Analyst (Within-Run) Precision - Data current to July 1998 
 

BOD  
Analytical Range 

(mg/L) 

Number of 
Duplicate 

Pairs 

Mean 
Normalised 

Range 

Std Dev Control Limit for 
Normalised Duplicate 

Range 

5 - 6,200+ 102 0.146 0.129 0.387 

 Most data from duplicates run at Env. Canada lab prior to 1999. 
 

f) Mandatory Method Data Quality Objectives (DQO’s) are listed in 
Table 7 

 
 Table 7   Mandatory Method DQO’s 
 

Sample Type MDL (mg/L) Bias Precision 
Effluent 10 15% ± 15% 
Freshwater 10 15% ± 15% 
Marine 10 15% ± 15% 

*Bias and precision will increase as you approach the MDL. 
*Tabulated DQO’s do not apply for samples where results are less than three times the 
MDL (i.e., <30mg/L). 

 
Reagents a) Record all the weights and volumes of chemicals used in preparation of 

reagent or standard on “Reagent / Standard Preparation Log.” 
 
  b) Type 1 Water - reagent grade water that has <10 coliform unit/mL of 

bacteria, Resistance >10 megaohm-cm at 25 °C, Conductance < 0.1 
µmhos/cm at 25 °C and SiO2 <0.05 mg/L, particulate matter filtered 
using 0.22 µm filters and organic contaminants removed using 
activated carbon. 

 
  c) Phosphate Buffer Solution:  Dissolve 8.5 g KH2PO4, 21.75 g K2HPO4, 

33.4 g Na2HPO4.7H2O, and 1.7 g NH4Cl in about 500 mL of Type 1 
water and dilute to one litre.  The pH should be 7.2.  Discard reagent if 
there is sign of biological growth in the stock bottle. 
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  d) Magnesium Sulphate Solution:  Dissolve 22.5 g MgSO4.7H2O in Type 1 

water and dilute to one litre.  Discard reagent if there is sign of 
biological growth in the stock bottle. 

 
  e) Calcium Chloride Solution:  Dissolve 27.5 g anhydrous CaCl2 in Type 1 

water and dilute to one litre.  Discard reagent if there is sign of 
biological growth in the stock bottle. 

 
  f) Ferric Chloride Solution:  Dissolve 0.25 g FeCl3 . 6H2O in Type 1 water 

and dilute to one litre.  Discard reagent if there is sign of biological 
growth in the stock bottle. 

 
  g) Dilution water:  To 5 gallon carboy of Type 1 water, add one mL each of 

the phosphate buffer, magnesium sulphate, calcium chloride and ferric 
chloride solutions for each litre of water used.  Aerate the water so as 
to saturate it with oxygen.  Prepare this solution fresh daily.  
Alternatively one can use HACH BOD nutrient buffer pillows instead. 

 
 h) HACH BOD nutrient buffer pillows (cat. # 14863-98 & # 14862-98).  

Each big pillow prepares 19 litres and small pillow prepares 6 litres of 
dilution water that consist of a phosphate buffer plus mineral nutrients.  
Prepare fresh daily. 

 
 i) Seeding Materials: 
 
  1) Seeding material is routinely obtained by using the supernatant 

liquor from domestic sewage which has been stored at 20 °C for 
24 to 36 hours. 

 
  2) In special cases (e.g. Industrial wastewater), acclimatised seed 

may be necessary. 
 
  3) Polyseed BOD Inoculum (by Polybac Corporation; EPA 

accepted), containing a dry blend of microbial cultures free of 
nitrifying organisms.  Upon re-hydration each capsule provides 
500 mL of seed material.  Prepare fresh daily. 

 
  4) Bioseedtm BOD5 Seed Inoculum (by International Chemicals Ltd., 

EPR approved).  Re-hydration of one Bioseed capsule provides a 
1000 mL seed material.  Prepare fresh daily. 

 
 j) HACH Nitrogen Inhibitor, Formula 2533 TM - Contains 2-chloro-6 

(trichloromethyl) pyridine(N-Serve), coated on an inert substrate.  “Two 
shots” or 0.16 gm per 300 mL sample (use the dispenser cap) inhibits 
nitrogenous oxygen demand in the BOD test.  Do not use past expiry 
date on the bottle. 

 
 k) Glucose-Glutamic Acid (G+Gac, 300 mg/L) Solution: Dry reagent-grade 

glucose and glutamic acid at 103 °C for one hour and cool for one hour.  
Add 150 mg of glucose and 150 mg of glutamic acid to Type 1 water, 
adjust pH to around 7 and dilute to 1 litre; this solution serves as a 
check standard to verify seed effectiveness and measurement 
technique.  Based upon interlaboratory studies the solution should 
provide a mean BOD5 value of 180 mg/L [b] to 198 mg/L [a].  When the 
colour of glucose powder turns off white, replace the glucose.  Prepare 
solution fresh weekly. 
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 Note: If pH of Glucose-Glutamic Acid Solution is not adjusted to neutral pH, 

the recovery would be low. 
 
 l) Standard BOD check solution:  Dissolve 0.18 g anhydrous potassium 

biphthalate KHC8H4O4 to one litre of deionized water and adjust to 
about pH 7.0.  Determine the 5 day BOD of this seeded solution.  If 
the BOD value of the check is outside the range of 150 ± 10 mg/L, 
reject any determinations made with the seed and dilution water and 
seek the cause of the problem.  Prepare this check solution daily. 

 
 m) Sulphuric Acid, 1 N: Slowly and while stirring, add 28 mL conc. 

sulphuric acid to Type 1 water.  Dilute to 1 litre.  Prepare solution as 
required. 

 
 n) Sodium Hydroxide, 1 N: Dissolve 40 g sodium hydroxide in Type 1 

water.  Dilute to 1 litre.  Prepare solution as required. 
 
 o) Sodium Sulphite Solution, 0.025 N: Dissolve 1.575 g Na2SO3 in 1000 

mL Type 1 water.  This solution is not stable; prepare fresh daily. 
 
 p) Sodium Hypochlorite, 1%:  Dilute 4-6 % NaOCl 5 times. 
 
 q) Commercial Starch Indicator Solution. 
 
 
Procedure a) Preparation of Dilution Water and Seed Material 
 
   1) Dilution water:  To 5 gallon carboy of Type 1 water, add one mL 

each of the phosphate buffer, magnesium sulphate, calcium 
chloride and ferric chloride solutions for each litre of water used.  
Aerate the water so as to saturate it with oxygen.  Prepare this 
solution fresh daily.  Alternatively one can use HACH BOD 
nutrient buffer pillows instead. 

 
  2) Estimate the amount of dilution water need for blanks, seeds, 

control QCs and samples.  Add one HACH BOD nutrient buffer 
big pillow to 19 litres or one small pillow to 6 litres of Type 1 
water.  Prepare fresh daily. 

 
  3) Aerate the dilution water with organic-free air until the solution is 

saturated at room temperature (about half an hour).  The dilution 
water can be stored for 24 hours at room temperature.  Let 
water stand for 30 minutes before use after aeration. 

 
  4) Seeding material is routinely obtained by using the supernatant 

liquor from domestic sewage which has been stored at 20 °C for 
24 to 36 hours. 

 
  5) In special cases (e.g. Industrial wastewater), acclimatised seed 

may be necessary or, 
 
  6) To prepare the seed material add the contents of one Polyseed 

capsule to 500 mL or one Bioseedtm capsule to 1 litre of aerated 
dilution water.  Stir and aerate the solution for two hours before 
use, and continue to do so while withdrawing seed aliquot.  
Prepare fresh daily. 
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 b) Calibration of Membrane Electrode 
 
  1) calibrate the oxygen probe as per the manufacturer’s standard 

operating procedure and recalibrate every two hours during use.
  

 
 c) Measurements 
 
  1) The dilution water blanks, seed controls, and each sample must 

first be measured for Initial dissolved oxygen 
 
  2) Prepare Blanks, Seed Control and QC check bottles: 2 dilution 

water blanks without seeding (300mL), 2-3 Polyseed/domestic 
sewage at 10 ml, 15 & 25 Mls, 1 Reference Material – ERA 
seeded and 2 Glucose-Glutamic acid (300mg) seeded. 

 
 d) Sample Pre-treatment 
 
  1) Sample temperature adjustment: Allow samples to warm at 

ambient room temperature to 20 ± 1 °C before making dilutions 
to ensure that the test sample is not supersaturated with 
Dissolved Oxygen (DO) at 20 °C. 

 
  2) Sample pH adjustment: Measure pH of samples.  Neutralise 

samples containing acidity or caustic alkalinity to 
approximately pH 7 with H2SO4 (1 N) or NaOH (1 N) using a 
pH meter.  Do not dilute the sample by more than 0.5%. 

 
  3) Samples containing residual chlorine compounds or 

reducing substances: Test for presence of residual chlorine.  
Take 100 mL portion of neutralised sample.  Add 2 mL of 1+1 
acetic acid, 2 mL 10% potassium iodide (KI) , 1 mL of starch.  
If the sample turns blue, it indicates the presence of 
oxidising agent (like chlorine).  If the sample remains clear, 
it indicates the presence of reducing agent.  See Figure 1 on 
the following page. 

 
  i)  Removal of residual chlorine.  If residual chlorine is 

present, de-chlorinate sample and seed the dilution 
water.  Destroy chlorine residual by adding 0.025 N 
sodium thiosulphite (Na2S2O3) solution. Determine 
required volume of Na2S2O3 solution on the 100 mL 
portion of sample (in Section 4.3) by titrating with 
Na2S2O3 solution to the starch-iodine end point 
(colourless) for residual chlorine.  Add to the neutralized 
sample the relative volume of Na2S2O3 solution 
determined by the above test, mix.  Allow 10 to 20 
minutes for reaction time and then check the sample for 
residual chlorine again. 

 
   Note:  Excess Na2S2O3 exerts an oxygen demand 

and reacts slowly with certain organic chloramine 
compounds that may be present in chlorinated samples. 

 
  ii) Removal of reducing agent.  If sample contains reducing 

agent, it will exert an oxygen demand.  Determine 
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required volume of bleach solution on the 100 mL 
portion of sample by titrating with 1% Sodium 
Hypochlorite solution just to turn blue.  Add a drop of 
Na2S2O3 to make the solution to turn clear again.  Add to 
the neutralised sample the relative volume of NaOCl 
solution determined by the above test, mix, and after 10 
to 20 minutes, check sample for presence of reducing 
agent again. 

 
  Note:    Always seed chlorinate/dechlorinated samples. 
 
  FIGURE 1 - Sample Pre-treatment Flow Chart For Chlorine Residuals 
 

 
 4) Samples supersaturated with oxygen: This situation may occur 

during winter or during algae blooms.  The dissolved oxygen 
content must be reduced to saturation (9.17 mg/L at 20 °C) 
by vigorous shaking of partly filled sample container. 

 
 e) Pre-dilution is recommended if the waste is strong enough that a 5% 

dilution (i.e., 15 mL in a 300 mL BOD bottle) will yield a residual DO < 1 
mg/L.  This step can also ensure that the final concentration of total 
solids in the BOD bottle does not exceed 10 mg/L. 

 
  1) Dilution Technique: 
 
  i) Dilutions that result in a residual DO of at least 1 mg/L and a 

DO uptake of at least 2 mg/L after 5 day incubation produce 
the most reliable results.  Make at least three different 
dilutions of a prepared sample in duplicate or preferably in 
triplicate with dilution water to obtain DO uptake within range.  
A more rapid analysis, such as COD, may be correlated 
approximately with BOD and serve as a guide in selecting 
dilution (always, COD > BOD).  In the absence of prior 
knowledge, use the following dilutions: 0.0 to 1.0% for strong 
industrial wastes, 1 to 5% for raw and settled wastewater, 5 

 
100 mL Sample 

↓  
+ 2 mL 1+1 acetic acid 

+ 2 mL 10% KI 
+ 1 mL Starch 

/  \ 
  (presence of oxidizing agent)  (presence of reducing agent)  
    blue     clear 
    ↓          ↓ 
   + Na2S2O3     + NaOCl 
    ↓    clear         ↓ blue 

   + NaOCl     + Na2S2O3 
    ↓          ↓ 
      just turn blue    just turn clear 
 



D - 23 

to 25% for biologically treated effluent, and 25 to 100% for 
polluted river waters. 

 
  ii) Prepare dilutions either in volumetric flasks, and then 

transfer to BOD bottles, or prepare directly in BOD bottles.  
For dilutions greater than 5:300 make a primary dilution in 
appropriate volumetric flasks before making final dilution in 
the bottle.  For dilution prepared directly in BOD bottles: Use 
a wide-tip volumetric pipette or a graduated measuring 
cylinder, add the desired sample volume to individual BOD 
bottles of known capacity (300 mL). 

 
  iii) Seed all samples that are chlorinated (d)3)i) or 

dechlorinated (d)3)ii). Also seed samples that lack the 
micro-organisms necessary for oxidation of organic 
materials, samples that contain very few micro-
organisms, and samples containing other toxic 
substances (e.g. plating waste).  If a substance in the 
original sample is toxic, dilution may reduce its concentration 
to below the toxic level.  Apply pre-dilution and seed the 
samples, 5 mL of Polyseed or 3 mL of Bioseed material is 
usually adequate per bottle.  The DO uptake due to the 
seed material is subtracted from the total DO uptake to 
obtain the sample BOD. 

 
  iv) Samples that call for nitrification add 0.16 g or 2 shots of 

Nitrification Inhibitor Formula 2533 TM into the bottle.  
Alternatively, add the nitrogen inhibitor to the dilution 
water in the carboy. 

 
  v) Fill bottles by siphoning with enough dilution water so that 

insertion of stoppers will displace all air leaving no bubbles, 
avoid entrainment of air while filling up the bottles, and 
overflow so that water seal is maintained.  Use polyethylene 
caps to reduce evaporation of the water seal during 
incubation. 

 
 f) The Determination of initial DO Values 
 
  1) Determine initial DO on the bottles; with stirring the reading 

should stabilise within 60 seconds.  Stopper tightly, water-seal.  
Place plastic cap over flare mouth of bottle and incubate for 5 
days at 20°C in the dark. 

 
  2) Rinse DO electrode with Type 1 water between determinations to 

prevent cross-contamination of samples. 
 
  3) For those using Winkler method, titrate one of the bottles to 

determine initial DO value. 
 
 g) Determination of Final DO Values (5 Days after measurement of Initial 

DO) 
 
  1) After five days measure the DO remaining in the dilution water 

blanks, the check standards, and the sample dilutions. 
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  2) The DO depletion, the final Total BOD5/Total Seeded 
BOD5S/Total Carbonaceous BOD5/Total Seeded Carbonaceous 
BOD5, and the average are calculated as the measurements 
proceed; various flags may appear to indicate an error or to give 
more information about the sample bottle the program 
documentation explains the flags that may occur. 

 
  3) When all DO measurements are completed, a daily batch report 

may be generated. 
 
Calculations The sample BOD is calculated as follows: 
 
  BOD5 = Depletion5 - Seedcompavg 
         Dilution/100 
 
  where: Depletion5 =  initial DO - final DO at 5 days 

     Dilution =  % aliquot in bottle 
     Seedcompavg =  average seed correction 

 
   The seed correction based on anyone dilution is given by: 
 
    Seedcompdil  = seed depl5 - R 
 
  where: Seed depl5 =  initial DO - final DO for the seed dilution 
 

  R =     Quantity of seed material added to diluted sample 
 Quantity of innoculant in seed control dilution 

 
 The results are entered into the lab database and rounded off to a maximum 

of 3 significant figures above the detection limit. 
 
 
Quality Control a) Before analyzing any samples, the laboratory must demonstrate 

that the selected analytical methods can provide valid data under 
practical conditions in the laboratory.  The laboratory should have 
in place a method validation process and data to demonstrate that 
validation has occurred and that the methods chosen can meet 
the data quality objectives. 

 
 b) Include two dilution water blanks in each batch.  The blanks 

should show an average depletion ≤ 0.2 mg/L; if they do not, this 
may be due to either a probe calibration problem or poor-quality 
dilution water.  Re-calibrate and/or identify the contamination 
problem - repeat the batch if necessary.  Document any corrective 
action taken.  

 
 c) Include at least one check standard (Glucose+Glutamic acid or 

Potassium Biphthalate) and a certified reference material) in each 
batch; the measured BOD should lie within the advisory range 
(usually ± 3σ) or control limits.  If they do not, this may be due to 
either a probe calibration problem or poor-quality dilution water.  
Re-calibrate and/or identify the contamination problem - repeat 
the batch if necessary.  Document any corrective action taken.  

 
 d) At minimum, for each batch of 10 samples, randomly select one 

sample to be analysed in duplicate; also include a pH reference 
solution / standard and blank for every 20 samples (that lies 
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within the calibration range) as a check standard.  If the range of 
the duplicate samples exceeds the warning limits, the results are 
rejected and the analysis should be repeated.  Document any 
corrective action taken.  

 
 e) The uncertainty of the results, detection limits, selectivity of the 

analysis, and its robustness in the hands of different staff should be 
tested and documented.  Techniques used for validation include results 
obtained on certified or other reference materials, comparison of 
results with data obtained using other methods, interlaboratory 
comparison data, systematic assessment of factors which could 
influence the results, and assessment of uncertainty based on 
accuracy and precision.  The influence of instrumental, human and 
environmental factors should be considered. 

 
 f) Assess whether the method shows statistical control by 

considering: 
 

• the range of duplicate results, to monitor  precision 
• the measured BOD of the check standards, to monitor  

accuracy 
 
  If any parameter lies outside of the established (3σ) control limits  

OR  if two consecutive parameters lie outside of the (2σ) warning 
limits, then re-calibration and/or an instrument check may be 
necessary.  Document any non-conformance and the action taken.  
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Organics 
Revision Date:  December 31, 2000 

 

Chlorinated Phenols in Water 
 
Parameter Chlorinated Phenol Package 
 
Analytical Method Acid extraction, methylation, GC/ECD. 
 
Introduction The chlorinated phenols are a group of compounds which include 

pentachlorophenol, tetrachlorophenols and trichlorophenols. 
 
Summary An acidified water sample is extracted with dichloromethane.  The raw extract 

is concentrated and the phenols are reacted with diazomethane, or other 
derivatizing agent, to produce suitable derivatives.  If required, the  extracts 
are subjected to Florisil column chromatography before being analyzed by 
electron capture gas liquid chromatography. 

 
MDL & EMS Codes Parameter EMS Code  MDL(mg/L)  
 
 Pentachlorophenol P022 P008 0.0001 
 Tetrachlorophenols* T020 P008 0.0002 
 Trichlorophenols† T021 P008 0.0002 
 
 * including 2,3,4,5-, 2,3,4,6- and 2,3,5,6- tetrachlorophenol 
 † including 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- and    
  3,4,5-trichlorophenols. 
 
Matrix Fresh water  
 Wastewater  
 Marine water  
 
Interferences and 
Precautions Any organic compound that responds to an electron capture detector may 

interfere in the gas chromatography step of the analytical method.  If 
interfering co-extractives are present or likely, then a Florisil clean-up step is 
incorporated into the procedure.  The presence of a target compound may be 
confirmed by analysis on a dissimilar column. 

 
Sample Handling and 
Preservation Bottle  -  amber glass, narrow mouth, 0.5 L, acetone rinsed and heat treated 

at 350°C. 
 Preservation  -  unfiltered, add 4 mL of 36N H2SO4/L in field. 
 
Stability Holding time  -  extract sample within 14 days of sampling, analyze within 40 

days. 
 Storage  -  4°C until analyzed. 
 
Procedure: None listed. 
 
Apparatus a) Separatory funnels, 500 mL. 
  b) Graduated cylinders, 12 mL. 
  c) Round bottom flasks, 250 mL. 
  d) Glass chromatography columns, 9 mm ID x 300 mm with a 200 mL 

reservoir. 
  e) Diazomethane generator (or alternate derivatizing device). 
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  f) Glass filtering funnels, 75 mm diameter. 
 
Reagents a) Solvents, glass distilled, pesticide grade. 
  1) Dichloromethane. 
  2) Iso-octane. 
  3) Petroleum ether. 
  4) Ethyl acetate. 
  b) Sulfuric acid, 36 N, extracted with a suitable organic solvent prior to 

use. 
  c) N-Nitrosomethylurea for diazomethane generation (other derivatizing 

reagents are available). 
  d) Sodium hydroxide, 10% weight to volume, aqueous solution. 
  e) Sodium sulfate, anhydrous, heat treated. 
  f) Florisil, PR grade, heat treated at 650°C and deactivated with 1% 

(weight to weight) deionized water. 
  g) Glass wool, solvent rinsed and heat treated at 300°C. 
 
Procedure a) Recovery Control:  A 250 mL water sample is spiked with 0.100 mL of 

the 1 mg/L intermediate phenol solution to give a concentration of 
0.0004 mg/L. 

  b) For samples that have not been treated with an acid, add 1 mL of 36N 
sulfuric acid to a 250 mL sample. 

  c) Extract a 250 mL sample three times with 60 mL of dichloromethane 
each time. 

  d) Filter the dichloromethane extracts through anhydrous sodium sulfate 
supported in a glass funnel by glass wool into a 250 mL round bottom 
flask. 

  e) Evaporate the combined extracts to about 2 mL using a rotary 
evaporator with the bath set at 40°C. 

  f) Methylate the extract with diazomethane until a definite yellow colour 
persists. 

  g) Allow the reaction to proceed for one-half hour. 
  h) Add 2 mL of iso-octane to each flask and evaporate the 

dichloromethane using a rotary evaporator. 
  i) Transfer to a graduated cylinder and make up to 5.0 mL with 

iso-octane. 
   j)  Analyze by electron capture gas chromatography. 
   k)  If samples contain interfering material, prepare a column containing 10 

g of 1% deactivated Florisil topped by a 2 cm layer of anhydrous 
sodium sulfate. 

  1)  Fraction 1:  150 mL of petroleum ether.  This fraction contains the 
methylated chlorophenols. 

  l) Add 2-3 mL of iso-octane and concentrate the eluate to 2-3 mL, 
transfer to a graduated cylinder and make up to 5.0 mL. 

  m) Analyze by electron capture gas liquid chromatography. 
 
Precision  None listed.  
 
Accuracy  None listed. 
 
Quality Control Blanks:  One method blank per batch or 1 in  14. 
  Replicates:  Duplicate one sample per batch or 1 in 14. 
  Recovery Control:  A 250 mL water sample is spiked with 0.100 mL of the 

1.00 mg/L intermediate standard solution containing all target compounds. 
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References  None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date: November 2002 

 

Chlorophenols in Water by GC/MS/SIM 
 
Parameter Trichlorophenol, 2,4,6- 

Trichlorophenol, 2,3,6- 
Trichlorophenol, 2,4,5- 
Trichlorophenol, 2,3,5- 
Trichlorophenol, 3,4,5- 
Trichlorophenol, 2,3,4- 
Total Trichlorophenols  
Tetrachlorophenol, 2,3,4,5- 
Tetrachlorophenol, 2,3,4,6- 
Total Tetrachlorophenols  

 Pentachlorophenol 
 
EMS Codes 
 
Analytical Method Acid extraction, methylation, GC/MS/SIM 
 
Introduction This method is applicable to the quantitative determination of chlorophenols 

in water.  
 
Summary  An acidified water sample is extracted with dichloromethane. The raw extract 

is concentrated and the phenols are reacted with diazomethane to produce 
corresponding methylated derivatives. The derivatives are analyzed by 
capillary gas liquid chromatography with a mass selective detector. If 
required, the extracts are cleaned by Florisil column chromatography prior to 
gas liquid chromatography. 

 
MDL Chlorophenols mg/L 
  

Trichlorophenol, 2,4,6- 0.0001 
Trichlorophenol, 2,3,6- 0.0001 
Trichlorophenol, 2,4,5- 0.0001 
Trichlorophenol, 2,3,5- 0.0001 
Trichlorophenol, 3,4,5- 0.0001 
Trichlorophenol, 2,3,4- 0.0001 
Total Trichlorophenols 0.0001 
  
Tetrachlorophenol, 2,3,4,5- 0.0001 
Tetrachlorophenol, 2,3,4,6- 0.0001 
Total Tetrachlorophenol 0.0001 
  
Pentachlorophenol 0.0001 
 

Matrix Fresh Water 
Wastewater 
Saline Water 

 
Interferences and 
Precautions a) Interferences may be caused by contaminants in solvents, reagents, 

glassware, and other sample processing hardware that lead to artifacts 
and/or elevated baselines. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the 
conditions of the analysis.  
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 b) Matrix interferences by contaminants that could be co-extracted from 

the sample are minimized with the GC/MS approach. The extent of the 
matrix interferences will vary from source to source. 

 
Sample Handling and 
Preservation Water samples should be collected in hydrocarbon clean 500 mL amber 

glass bottles and stored at 4°C. Minimum required volume is 500 mL. 
 Preservation: 2 mL/L conc. HCl. 
 
Stability Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days. 
 Storage: store at 4°C until analyzed. 
 
Procedure 
Apparatus a) Separatory funnels, 500 mL 
 b) Round bottom flasks, 250 mL, 500 mL 
 c) Glass filter funnels 
 d) Glass columns 1.4 cm x 30 cm with 150 mL reservoir 
 e) Pipettes, 2 mL 
 f) Rotary evaporator 
 g) Graduated centrifuge tubes with ground glass stoppers, 15 mL 
 h) Polytron homogeniser 
 i) Waring blender, stainless steel 
 j) Diazomethane generator 
 k) Erlenmeyer flasks, 250 mL 
 l) Apparatus for agitating 250 mL erlenmeyer flasks 
 m) Buchner funnels 
 n) Whatman #41 filter paper 
 
Reagents a) Solvents, distilled in glass or Pesticide grade 
  1) Dichloromethane 
  2) Acetone 
  3) Isooctane 
  4) Hexane 
  5) Petroleum Ether 
  6) Ethyl Acetate 
  7) Diethyl Ether 
 b) Granular sodium sulphate, anhydrous, reagent grade, heat treated at 

600° C for 6 hr. 
 c) Florisil, PR Grade, heat treated at 650° C for six hours, deactivated 

with 1% water. 
 d) Glass wool, heat treated at 300° C. 
 e) Sulfuric acid, 36N. 
 f) N-Nitrosomethylurea for diazomethane generation 
 g) Sodium hydroxide, 10% weight to volume, aqueous solution 
 h) Extracting solvent: dichloromethane: methanol (2:1) v/v containing 1% 

sulfuric acid 
 i) Acidic sodium sulfate. 
 j) Dibromophenol, tribromophenol, and pentabromoanisole. 
 
Procedure a) Pour 250 mL of sample into a 500 mL separatory funnel. Add 50 µL of 

20 ppm surrogate (Dibromophenol) and 1.0 mL of 36N sulfuric acid. 
 b) Extract the sample three times with 60 mL of dichloromethane each 

time. 
 c) Filter the dichloromethane extracts through anhydrous acidic sodium 

sulfate supported in a glass funnel by glass wool into a 250 mL round 
bottom flask. 
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 d) Add about 23 mL of isooctane and concentrate the combined extracts 
to about 5.0 mL on a rotary evaporator  

 e) Spike extract with 50 µL of 10 ppm surrogate (Tribromophenol). 
 

WARNING: Methylation work must be carried out in a fumehood with 
proper ventilation 

  
 f) Methylate with diazomethane as follows: 
  1) In the bottom of a glass impinger place 10 mL of 10% sodium 

hydroxide 
  2) Add 50 to 100 mg of N-nitrosomethylurea (about the size of a pea). 
  3) Reconnect the impinger and bubble a stream of nitrogen through it 

The exit of the impinger should have a long pipette attached. The 
end of the pipette is submerged under the solvent. 

  4) Continue bubbling until the extract turns a dark yellow(about three 
minutes). Remove from the generator and allow to sit in a fume 
hood for a minimum of thirty minutes. 

 g) Remove excess diazomethane by bubbling a gentle stream of nitrogen 
through the extract. 

 h) Add 2-3 mL of isooctane to the round bottom flask and evaporate the 
dichloromethane using a rotary evaporator. 

 i) Place glass wool at the outlet of a glass column (1.4 x 30 cm) and add 
about 1 cm of heat treated sodium sulfate. 

 j) Add 10 g of prepared 1% Florisil to the column. Wash down the column 
with approximately 50 mL of petroleum ether. When the solvent is 
about 4-5 cm above the Florisil add 1 cm of heat treated sodium 
sulfate. 

 
Note: Maintain the solvent level above the sodium sulfate. 

 
 k) Pipette the raw extract onto the column. Carefully rinse the walls of the 

column with small amounts of the solvent to ensure that the sample is 
quantitatively transferred to the top of the Florisil. 

 l) Add 200 mL of petroleum ether to the column and collect the eluate in 
a 250 mL round bottom flask. 

 m) Add 2 mL of isooctane and concentrate to 23 mL on a rotary 
evaporator. Do not allow the solution to go to dryness. 

 n) Transfer to a 15 mL graduated centrifuge tubes and blow down to 1mL 
with prepurified nitrogen. 

 o) Spike with 50 µL of 20 ppm anthracened10 and analyze by GC/MS. 
 
Instrument Conditions  

Instrument HP 5890 gas chromatograph with HP 5970 mass 
selective detector 

Column DB1701, 30 m x 0.25 mm i.d., 0.025 µm film 
thickness  

Carrier gas Helium  

Scan mode Selected ion monitoring (SIM)  

Scan rate 1 scan/sec (minimum)  

Head pressure 25 psi  

Injector temperature 250°C  

Injection volume 1 µL  

Injection mode Splitless, 1 minute  

Initial temperature 70°C  

Initial time 2 min  
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Temperature program 25°C/min to 130°C, then 
2°C/min to 220°C, then 
10°C/min to 280°C  

Final Hold 10 min  
 
 GC/MS Calibration a) To each prepared calibration standard mixture add a known constant 

amount of the internal standard (anthracene-d10) to yield a resulting 
concentration of 1 µg/mL. One of the calibration standards should be at 
a concentration near, but above, the minimum detection limit (MDL) 
and the other concentrations should correspond to the expected range 
of concentrations found in real samples or should define the working 
range of the GC system. 

 
 b) Analyze a constant amount (usually 1 µL) of each calibration standard 

and tabulate the area for each pesticide and internal standard, and 
calculate the relative response factor (RRF) for each using the 
following equation: 

 
  RRF = (Ax Cis) / (Ais Cx) 
 
  where: 

 
  Ax = Area of the chlorophenol to be measured  
  Cx = Concentration of the chlorophenol, (ng/µL)  
  Ais = Area of the internal standard  
  Cis = Concentration of the internal standard, (ng/µL) 
 
 
 c) If the RRF value over the working range is a constant (< 20% RSD), 

the RRF can be assumed to be invariant and the average RRF can be 
used for calculations. 

 
 d) The working calibration curve or RRF must be verified on each working 

day by measurement of one or more calibration standards. If the RRF 
for any parameter varies from the original RRF by more than 20%, the 
test must be repeated using a fresh calibration standard. Alternatively, 
a new calibration curve must be prepared. 

 
 e) The retention times for each compound in each calibration run should 

agree within 0.1 relative retention time units of the nearest internal 
standard. 

 
 Daily One Point Initial Calibration Check 
 
 At the beginning of each work day, a daily one-point calibration check is 

performed by reevaluating the midscale calibration standard. This is the 
same check that is applied during the initial calibration, but one instead of 
three working standards is evaluated.  

 
 Analyze the one working standard under the same conditions the initial 

calibration curve was evaluated. Analyze 2 µL of the mid-scale calibration 
standard and obtain the RRF. Calculate the percent difference between the 
current RRF and average RRF using the following equation:  
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 % Difference = (RRFc RRFi) / RRFi x 100  
 
 where:  
 
 RRFi =  Average relative response factor from initial calibration using 

midscale standard  
 
 RRFc = Relative response factor from current verification check using 

midscale standard 
 
 If the percent difference for the midscale level is greater than 10%, the 

laboratory should consider this a warning limit. If the percent difference for 
the midscale standard is less than 20%, the current calibration is assumed to 
be valid. If the criterion is not met (>20%), then corrective action MUST be 
taken. This check must be met before analysis begins. If no source of the 
problem can be determined after corrective action has been taken, a new 
threepoint calibration MUST be generated. This criterion MUST be met 
before sample analysis begins. 

 
12-Hour Calibration  
Verification A calibration standard at midlevel concentration containing selected 

pesticides must be performed every twelve continuous hours of analysis. 
Compare the RRF every 12-hours with the average RRF from the initial 
calibration. If the % difference for RRF is less than 20%, then the GC system 
is operative within initial calibration values. If the criterion is not met (>20% 
difference), then the source of the problem must be determined and a new 
three-point curve MUST be generated.  

 
Calculations: Concentration of chlorophenolx = (Ax/Ais) x (W is/RRFx) / Wt  
 
 where:  
 
 Ax = Area of chlorophenolx, of the chlorophenol to be measured.  
 Ais = Area of internal standard 

W is = Amount of internal standard added to the final extract  
RRFx = Relative response factor of chlorophenolx from a calibration run  
Wt = Initial sample weight or volume 

 
Precision RSD 38% at 0.4 µg/L and 5% at 0.002 µg/L  
 
Accuracy 95% at 0.4 µg/L 
 
Quality Control  
Method Blank  
Analysis: Analyze at a frequency of one per sample extraction. Blanks should contain 

no more than method detection limit (MDL) levels. Sample data are not 
corrected for blanks. If positives are detected at >5% of sample values, the 
samples should be repeated.  

 
Method Spike: Analyze at a frequency of one in 14 or one per batch, whichever is more 

frequent. 800 mL of water sample is spiked with a known concentration of 
chlorophenol. The spike level should relate to the sample concentration as 
close as possible. If this is not possible then the spike level should be at a 
concentration five or ten times the minimum detection limit. Calculate the % 
recovery as follows: 
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% recovery = [(sample + spike) - (sample only)] x 100 

  [spiked amount]   
 
 Allowed recoveries are: 40-130%. Samples for which the spike is outside the 

limit are to be reinjected. If it fails again, repeat the batch. 
  
Laboratory Duplicate: Analyze at a frequency of one in 14 or one per batch, which ever is more 

frequent. The relative percent difference for the compounds detected is 
calculated as follows: 

 
% difference = [sample 1] - [sample 2] x 100 

  [average of 1 & 2]   
 

Allowed difference: < 30% ( if both samples are greater than 5 times the 
MDC).  
Replicates outside the limits are required to be repeated. 
 
Surrogates: 
Acceptable surrogate recoveries:  
  40-130% for dibromophenol  
  65-130% for tribromophenol  
 

References Not available 
 
Revision Dates November 2002  Method adopted from Supplement Manual #1, 

EMS Codes assigned 
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Organics 
Revision Date: November 2002 

 

Chlorinated Phenols in Solids by GC/ECD 
 
Parameter Chlorinated Phenols 
 Pentachlorophenol 

2,3,4,5-Tetrachlorophenol 
2,3,4,6-Tetrachlorophenol 
2,3,5,6-Tetrachlorophenol 
2,3,4-Trichlorophenol 
2,3,5-Trichlorophenol 
2,3,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
3,4,5-Trichlorophenol  

 
EMS Codes 
 
Analytical Method Solvent Extraction, Acetylation, GC/ECD 
 
Introduction This procedure is suitable for the qualitative and quantitative determination of 

tri-, tetra, and penta-chlorinated phenols in solid matrices. Tetra- and penta-
chlorophenol were commonly used as wood preservatives until the late 
1970's. They are still in limited use today. Chlorophenols may also be formed 
as a by-product of the chlorine bleaching of wood pulp. 

 
Summary The samples are extracted with acidified acetone. This extract is cleaned up 

using an acid-base partition technique. The final hexane extract is reduced in 
volume and the phenolic compounds are derivatized prior to analysis. The 
final extracts are analysed using capillary column gas chromatography with 
electron capture detection (GC/ECD). 

 
MDL  The following detection limits are based on the analysis of samples 

containing low levels of interferences. Actual detection limits will vary 
depending on instrument sensitivity and matrix effects. 

 
Analyte Detection Limit (ug/g) 
Pentachlorophenol 0.02 
2,3,4,5-Tetrachlorophenol 0.02 
2,3,4,6-Tetrachlorophenol 0.02 
2,3,5,6-Tetrachlorophenol 0.02 
2,3,4-Trichlorophenol 0.02 
2,3,5-Trichlorophenol 0.02 
2,3,6-Trichlorophenol 0.02 
2,4,5-Trichlorophenol 0.02 
2,4,6-Trichlorophenol 0.02 
3,4,5-Trichlorophenol 0.02 

 
Matrix Soil (Marine) 
  Sediment Solids (Concrete, Wood Chips, etc.) 
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Interferences and 
Precautions Any co-extracted compound that produces a response on an electron capture 

detector is a potential interference. Samples that contain naturally occurring 
polar compounds may produce emulsions during any of the extraction or 
back extraction steps. The acetates formed during the derivatization step are 
not stable. Derivatized extracts must be analysed within 24 hours of 
preparation. 

 
Sample Handling and Container: wide mouth glass jar 
Preservation Preservation: 4 degrees Celsius 
 
Stability Holding time: extract sample within 14 days of collection. Underivatized 

extracts must be analysed within 40 days. Derivatized extracts must be 
analysed within 24 hours. 

 
Principal or 
Procedure a) Extraction (Adapted from EPA SW-846, Method 3500) 
  1) Weigh a representative sub-sample into a clean, solvent rinsed 

extraction tube. 
  2) Using a mechanical shaker, extract the sample three times with 

acetone that has been acidified to pH <2 with phosphoric acid. 
Collect extracts in a separatory funnel. 

  3) To the acetone extract add an excess of contaminant free water. 
  4) Extract the aqueous solution with hexane. Discard the aqueous 

layer. 
 
 b) Clean-up (Adapted from EPA SW-846, Method 3650) 
  1) Back-extract the hexane extract with water that has been made 

alkaline to pH >12 with sodium or potassium hydroxide. Discard 
the hexane layer.  

  2) Acidify the aqueous extract to pH <2 with phosphoric acid.  
  3) Extract the acidified water once again with hexane.  
 
 c) Derivatization: Derivatizing phenolic compounds significantly improves 

their chromatography. A number of different derivatization techniques 
may be used. The procedure below describes acetylation.  

  1) Reduce the final hexane extract in volume to 1 or 2 millilitres.  
  2) Treat a portion of the final extract with acetic anhydride and 

trimethylamine to acetylate the chlorinated phenols.  
  3) Remove residual acetylation reagents from the extract using 1M 

potassium dihydrogen phosphate buffer solution.  
 
 d) Analysis (Adapted from EPA SW-846, method 8000A)  
  1) Analyse the derivatized extracts using a capillary column gas 

chromatograph equipped with an electron capture detector.  
  2) Confirmation of the target compounds may be required if the 

sample extract contains interferences. Confirmation may be 
carried out by chromatographing the extract on a column 
containing a different stationary phase.  

 
Precision Not available  
 
Accuracy  Not available  
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Quality Control a) Tribromophenol is added to the samples prior to extraction as a 
surrogate standard.  

 b) One method blank per analytical batch (10-20 samples).  
 c) One method spike or reference material per analytical batch (10-20 

samples). 
 d) One laboratory replicate per every 10 samples. 
 
References  a) EPA (1986) Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Ed., November 1986. 

Revision Dates: November 2002  Method adopted from Manual Supplement #1, 
EMS Codes Assigned 
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Organics 

Revision Date: November 2002 

 

Chlorophenols in Solids by GC/MSD/SIM 
 
Parameter 2,4,6-Trichlorophenol 
 2,3,6-Trichlorophenol 
 2,4,5-Trichlorophenol 

2,3,5-Trichlorophenol 
3,4,5-Trichlorophenol 

 2,3,4-Trichlorophenol 
 Total Trichlorophenols 
 2,3,4,5-Tetrachlorophenol 

2,3,4,6-Tetrachlorophenol 
Total Tetrachlorophenols 

 Pentachlorophenol 
 
EMS Codes 
 
Analytical Method Acid soil extraction, methylation, florisil, GC/MSD/SIM 
  
Introduction This method is applicable to the quantitative determination of chlorophenols 

in soil. 
 
Summary The sample is extracted with a mixture of dichloromethane, methanol and 

sulfuric acid. The acidic components are then reextracted into 
dichloromethane under acidic conditions. The raw extract is cleaned up by 
Florisil column chromatography, concentrated and treated with 
diazomethane. The corresponding derivatives are analyzed by GC/MS. 

 
MDL  Chlorophenols   µg/g 
 

2,4,6-Trichlorophenol 0.005 

2,3,6-Trichlorophenol 0.005 

2,4,5-Trichlorophenol 0.005 

2,3,5-Trichlorophenol 0.005 

3,4,5-Trichlorophenol 0.005 

2,3,4-Trichlorophenol 0.005 

Total Trichlorophenols 0.005 

  

2,3,4,5-Tetrachlorophenol 0.005 

2,3,4,6-Tetrachlorophenol 0.005 

Total Tetrachlorophenol 0.005 

  

Pentachlorophenol 0.005 
 
Matrix Soil (Marine) 
 Sediment Solids (Concrete, Wood chips, etc.) 
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Interferences and 
Precautions a) Interferences may be caused by contaminants in solvents, reagents, 

glassware, and other sample processing hardware that lead to artifacts 
and/or elevated baselines. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the 
conditions of the analysis. 

 
  Matrix interferences by contaminants that could be coextracted from 

the sample are minimized with the GC/MS approach. The extent of the 
matrix interferences will vary from source to source. 

 
Sample Handling and 
Preservation Soil samples should be collected in hydrocarbon clean 0.5 litre wide mouth 

amber glass jars and stored in a freezer at -10° C. Minimum required sample 
size is 10 g however, preferred sample size is 50 g. 

 
Stability Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days.  
 Storage: store at 4°C until analyzed.  
 
Procedure 
Apparatus a) Separatory funnels, 500 mL 
 b) Round bottom flasks, 250 mL, 500 mL  
 c) Glass filter funnels  
 d) Glass columns 1.4 cm x 30 cm with 150 mL reservoir 
 e) Pipettes, 2 mL 
 f) Rotary evaporator 
 g) Graduated centrifuge tubes with ground grass stoppers, 15 mL 
 h) Polytron homogenizer 
 i) Waring blender, stainless steel 
 j) Diazomethane generator 
 k) Erlenmeyer flasks, 250 mL 
 l) Apparatus for agitating 250 mL erlenmeyer flasks 
 m) Buchner funnels 
 n) Whatman #41 filter paper 
 
Reagents a) An automated system consisting of: 
  1) Dichloromethane 
  2) Acetone 
  3) Isooctane 
  4) Hexane 
  5) Petroleum Ether 
  6) Ethyl Acetate 
  7) Diethyl Etherdata collection 
 
 b) Granular sodium sulphate, anhydrous, reagent grade, heat treated at 

600°C for 6 hr. 
 
 c) Florisil, PR Grade, heat treated at 650 °C for six hours, deactivated 

with 1% water. 
 
 d) Glass wool, heat treated at 300 °C.  
 
 e) Sulfuric acid, 36N, ACS grade. 
 
 f) N-Nitrosomethylurea for diazomethane generation  
 
 g) Sodium hydroxide, 10% weight to volume, aqueous solution  
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 h) Extracting solvent: dichloromethane: methanol (2:1) v/v containing 1% 

sulfuric acid  
 
 i) Acidic sodium sulfate: Prepared by placing about 1 litre of sodium 

sulfate granules in 1 litre of acetone to which 7 mL of concentrated 
sulfuric acid has been added. Mix and let stand for 1 hour. Filter and 
dry for 2 hours in fume hood.  

 
 j) Dibromophenol, tribromophenol, and pentabromoanisole.  
 
Procedure a) Weigh 10.0 g of sample into a 250 mL erlenmeyer flask. 
 
 b) Add 50 µL of 20 ppm surrogate (Dibromophenol) and 150 mL of 

extracting solvent. Let soak with agitation for one hour. 
 
 c) Filter through a Buchner funnel with Whatman #41 filter paper.  
 
 d) Wash sample with 2 x 50 mL of extracting solvent. 
 
 e) Transfer the filtrate and washings to a 500 mL separatory funnel 

containing 100 mL deionized water. 
 
 f) Shake the separatory funnel well and drain the organic layer through 

acidic sodium sulfate into a 500 mL round bottomed flask. 
 
 g) Re-extract the aqueous layer with 2 x 50 mL of dichloromethane. Add 

the dichloromethane to the round bottomed flask. 
 
 h) Add about 2-3 mL of isooctane and concentrate the combined extracts 

to 5.0 mL on a rotary evaporator  
 
 i) Spike extract with 50 µL of 10 ppm surrogate (Tribromophenol) 
 

Note: perform following methylation in fume hood. 
 
 j) Methylate with diazomethane as follows: 
  1) In the bottom of a glass impinger place 10 mL of 10% sodium 

hydroxide 
  2) Add 50 to 100 mg of N-nitrosomethylurea (about the size of a 

pea). 
  3) Reconnect the impinger and bubble a stream of nitrogen through 

it. The exit of the impinger should have a long pipette attached. 
The end of the pipette is submerged under the solvent. 

  4) Continue bubbling until the extract turns a dark yellow (about 
three minutes). Remove from the generator and allow to sit in a 
fume hood for a minimum of thirty minutes.  

 
 k) Remove excess diazomethane by bubbling a gentle stream of nitrogen 

through the extract.  
 
 l) Add 23 mL of isooctane to the round bottom flask and evaporate the 

dichloromethane using a rotary evaporator. 
 
 m) Place glass wool at the outlet of a glass column (1.4 x 30 cm) and add 

about 1 cm of heat treated sodium sulfate. 
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 n) Add 10 g of prepared 1% Florisil to the column Wash down the column 
with approximately 50 mL of petroleum ether. When the solvent is 
about 45 cm above the Florisil add 1 cm of heat treated sodium sulfate.  
Note: Maintain the solvent level above the sodium sulfate.  

 
 o) Pipette the raw extract onto the column. Carefully rinse the walls of the 

column with small amounts of the solvent to ensure that the sample is 
quantitatively transferred to the top of the Florisil.  

 
 p) Add 200 mL of petroleum ether to the column and collect the eluate in 

a 250 mL round bottom flask. 
 
 q) Add 2 mL of isooctane and concentrate to 23 mL on a rotary 

evaporator. Do not allow the solution to go to dryness. 
 
 r) Transfer to a 15 mL graduated centrifuge tubes and blow down to 1 mL 

with prepurified nitrogen.  
 
 s) Spike with 50 µL of 20 ppm anthracene-d10 and analyze by GC/MS. 
 
Instrument Conditions 
 

Instrument HP 5890 gas chromatograph with HP 5970 mass selective 
detector 

Column DB1701, 30 m x 0.25 mm i.d., 0.025 µm film thickness 

Carrier gas Helium 

Scan mode Selected ion monitoring (SIM) 

Scan rate 1 scan/sec (minimum) 

Head pressure 25 psi 

Injector temperature 250°C 

Injection volume 1 µL 

Injection mode Splitless, 1 minute 

Initial temperature 70°C 

Initial time 2 min 

Temperature program 25°C/min to 130°C, then 2°C/min to 220°C, then 10°C/min to 
280°C 

Final Hold 10 min 

  
GC/MS Calibration a) To each prepared calibration standard mixture add a known constant 

amount of the internal standard (anthracene-d10) to yield a resulting 
concentration of 1 µg/mL. One of the calibration standards should be at 
a concentration near, but above, the minimum detection limit (MDL) 
and the other concentrations should correspond to the expected range 
of concentrations found in real samples or should define the working 
range of the GC system. 

 
 b) Analyze a constant amount (usually 1 µL) of each calibration standard 

and tabulate the area for each chlorophenol and internal standard, and 
calculate the relative response factor (RRF) for each using the 
following equation: 
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RRF = (Ax-Cis) / (Ais-Cx) 

 
where: 
 

  Ax = Area of the chlorophenol to be measured  
  Cx = Concentration of the chlorophenol, (ng/µL)  
  Ais = Area of the internal standard  
  Cis = Concentration of the internal standard, (ng/µL) 
 
 c) If the RRF value over the working range is a constant (< 20% RSD), 

the RRF can be assumed to be invariant and the average RRF can be 
used for calculations. 

 
 d) The working calibration curve or RRF must be verified on each working 

day by measurement of one or more calibration standards. If the RRF 
for any parameter varies from the initial calibration RRF by more than 
20%, the test must be repeated using a fresh calibration standard. 
Alternatively, a new calibration curve must be prepared. 

 
 e) The retention times for each compound in each calibration run should 

agree within 0.1 relative retention time units of the nearest internal 
standard. 

 
  Daily One Point Calibration Check 
 
  At the beginning of each work day, a daily onepoint calibration check is 

performed by reevaluating the midscale calibration standard.  This is 
the same check that is applied during the initial calibration, but one 
instead of three working standards is evaluated. Analyze the one 
working standard under the same conditions the initial calibration curve 
was evaluated. Analyze 2 µL of the midscale calibration standard and 
obtain the RRF. Calculate the percent difference between the current 
RRF and average RRF using the following equation: 

 
  % Difference = (RRFc-RRFi) / RRFi x 100 
 
  where:  
 
  RRFi = Average relative response factor from initial calibration 

using midscale standard 
 
  RRFc =  Relative response factor from current verification check 

using midscale standard 
 
  If the percent difference for the midscale level is greater than 10%, the 

laboratory should consider this a warning limit. If the percent difference 
for the midscale standard is less than 20%, the current calibration is 
assumed to be valid. If the criterion is not met (>20%), then corrective 
action MUST be taken. This check must be met before analysis begins. 
If no source of the problem can be determined after corrective action 
has been taken, a new threepoint calibration MUST be generated. This 
criterion MUST be met before sample analysis begins. 
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12 - Hour Calibration  
Verification  A calibration standard at midlevel concentration containing selected 

chlorophenols must be performed every twelve continuous hours of analysis. 
Compare the RRF every 12-hours with the average RRF from the initial 
calibration. If the % difference for RRF is less than 20%, then the GC system 
is operative within initial calibration values. If the criterion is not met (>20% 
difference), then the source of the problem must be determined and a new 
threepoint curve MUST be generated.  

 
Calculations  Concentration of chlorophenolx = (Ax/Ais) x (W is/RRFx) / Wt  
 
 where:  
 
 Ax = Area of chlorophenolx, the chlorophenol to be  measured. 
 Ais = Area of internal standard 
 W is  =  Amount of internal standard added to the final extract 
 RRFx =  Relative response factor of chlorophenolx from a  calibration run 
 Wt  =  Initial sample weight or volume  
 
Precision To be determined 
 
Accuracy To be determined  
 
Quality Control  
Method Blank  
Analysis Analyze at a frequency of one per sample extraction. Blanks should contain 

no more than method detection limit (MDL) levels. Sample data are not 
corrected for blanks. If positives are detected at >5% of sample values, the 
samples should be repeated.  

 
Method Spike  Analyze at a frequency of one in 14 or one per batch, whichever is more 

frequent. 10 g of sample is spiked with a known concentration of 
chlorophenol. The spike level should relate to the sample concentration as 
closely as possible. If this is not possible then the spike level should be at a 
concentration five or ten times the minimum detection limit. Calculate the % 
recovery as follows: 

 
% recovery = [(sample + spike)-(sample only)] x 100 

  [spiked amount]   
 
 Allowed recoveries are: 40-130%. Samples for which the spike is outside the 

limit are to be reinjected. If it fails again, repeat the batch.  
 
Laboratory Duplicate Analyze at a frequency of one in 14 or one per batch, which ever is more 

frequent. The relative percent difference for the compounds detected is 
calculated as follows: 

 
% difference = [sample 1] - [sample 2] x 100 

  [average of 1 & 2]   
 
 Allowed difference: < 30% ( if both samples are greater than 5 times the 

MDL).  
 Replicates outside the limits are required to be repeated.  
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 Surrogates:  
 Acceptable surrogate recoveries:  
 40 - 130% for dibromophenol 
 65 - 130% for tribromophenol  
 
References Not Available 
 
Revision Dates November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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Organics 
Revision Date: November 2002 

 

Chlorinated and Non-Chlorinated Phenols in Solids by Soxhlet, 
Acetylation, GC/MS 
 
Parameter Chlorinated and Non-Chlorinated Phenols.  
 
EMS Codes 
 
Analytical Method Soxhlet Extraction, Acetylation, GC/MS 
 
Introduction  This procedure is suitable for the qualitative and quantitative determination of 

a selected group of phenolic compounds. The complete list can be found in 
the MDL section. The soxhlet procedure provides a more rigorous extraction 
than conventional mechanical shaking procedures. 

 
Summary The samples are extracted with dichloromethane on a soxhlet apparatus. The 

dichloromethane extract is reduced in volume and the phenolic compounds 
are derivatized prior to analysis. The final extracts are analysed using 
capillary column gas chromatography with mass spectrometric detection 
(GC/MS). 

 
MDL The following detection limits are based on the analysis of samples 

containing low levels of interferences. Actual detection limits will vary 
depending on instrument sensitivity and matrix effects.  

 
Analyte Detection Limit (ug/g) 

  

Pentachlorophenol 0.02 

    

2,3,4,5-tetrachlorophenol 0.02 

2,3,4,6-tetrachlorophenol 0.02 

2,3,5,6-tetrachlorophenol 0.02 

    

2,3,4-trichlorophenol 0.02 

2,3,5-trichlorophenol 0.02 

2,3,6-trichlorophenol 0.02 

2,4,5-trichlorophenol 0.02 

2,4,6-trichlorophenol 0.02 

3,4,5-trichlorophenol 0.02 

    

2,3-dichlorophenol 0.02 

2,4-dichlorophenol 0.02 

2,5-dichlorophenol 0.02 

2,6-dichlorophenol 0.02 

3,4-dichlorophenol 0.02 
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3,5-dichlorophenol 0.02 

2-chlorophenol 0.02 

3-chlorophenol 0.02 

4-chlorophenol 0.02 

    

2,4-dimethylphenol 0.05 

    

ortho-cresol 0.05 

meta-cresol 0.05 

para-cresol 0.05 

    

phenol 0.05 
 
Matrix Soil (Marine) 
 Sediment Solids (Concrete, Wood Chips, etc.)  
 
Interferences and 
Precautions The phenol, cresols, and mono-substituted phenolic compounds are volatile. 

Losses of these analytes may occur during the solvent reduction step.  The 
acetates of 2,4-dichlorophenol and 2,5-dichlorophenol may co-elute 
depending on the analytical system being used. The acetates formed during 
the derivatization step are not stable. Derivatized extracts must be analysed 
within 24 hours of preparation. 

 
Sample Handling Container: wide mouth glass jar 
and Preservation Preservation: 4 degrees celsius  
 
Stability Holding time: extract sample within 14 days of collection. Underivatized 

extracts must be analysed within 40 days. Derivatized extracts must be 
analysed within 24 hours.  

 
Principal or 
Procedure a) Extraction (Adapted from EPA SW-846, Method 3500)  
  1) Mix a representative sub-sample with anhydrous sodium sulfate. 

Place the mixture into an extraction thimble.  
  2) Soxhlet extract the sample with dichloromethane for at least 12 

hours.  
  3) Reduce the dichloromethane extract in volume to 1 or 2 

millilitres.  
 
 b) Derivatization: The derivatization of phenolic compound significantly 

improves their chromatography. A number of derivatization techniques 
may be used. The procedure below describes actylation.  

  1) Treat a portion of the final extract with acetic anhydride and 
trimethylamine to acetylate the chlorinated phenols.  

  2) Remove residual acetylation reagents from the extract using 1M 
potassium dihydrogen phosphate buffer solution.  

 
 c) Analysis (Adapted from EPA SW-846, method 8270B)  
  1) Analyse the derivatized extracts using a capillary column gas  

chromatograph equipped with an mass spectrometric detector. 
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Precision Not available  
 
Accuracy  Not available  
 
Quality Control  a) Tribromophenol is added to the samples prior to extraction as a 

surrogate standard. 
 b) One method blank per analytical batch (10-20 samples). 
 c) One method spike or reference material per analytical batch (10-20 

samples). 
 d) One laboratory replicate per every 10 samples. 
  

References a) EPA (1986) Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Ed., November 1986. 

Revision Dates: November 2002.  Method adopted from Manual Supplement #1. 
EMS Codes assigned. 
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Organics 
Revision Date: November 2002 

 

Chlorinated Phenols in Solids by Soxhlet, Methylation, GC/ECD 
 
Parameter Trichlorophenols, Tetrachlorophenols and Pentachlorophenol 
 
Analytical Method US EPA Method 3540 Soxhlet Extraction 
 US EPA Method 3620 Florisil Cleanup 
 US EPA Method 8040 Phenols by Gas Chromatography 
 
EMS Codes: 
 
Introduction This analysis is applicable to chlorinated phenols. While pentachlorophenol is 

of primary interest for its use as a wood preservative, the total 
trichlorophenols and tetrachlorophenols are also reported.  

 
Method Summary  The soil or sediment is initially homogenized, and a sub-sample taken for the 

determination for the moisture content. A known amount of soil is mixed with 
a drying agent and soxhlet extracted with dichloromethane for 16 hours. The 
extract is concentrated and the phenols derivatized to their respective methyl 
anisoles. The extract is then submitted to florisil cleanup. Final extracts are 
analysed by GC/ECD. Final results are calculated using the internal standard 
method. 

 
MDL Target Compound      Detection Limit (ug/g) 

Trichlorophenols* 0.01 

2,3,4-trichlorophenol 0.02 

2,3,5-trichlorophenol 0.02 

2,3,6-trichlorophenol 0.02 

2,4,5-trichlorophenol 0.02 

2,4,6-trichlorophenol 0.02 

3,4,5-trichlorophenol 0.02 

  

Tetrachlorophenols† 0.005 

2,3,4,5-tetrachlorophenol 0.02 

2,3,4,6-tetrachlorophenol 0.02 

2,3,5,6-tetrachlorophenol 0.02 

  

Pentachlorophenol 0.005 
 
Matrix Soil (Marine) 
 Sediment Solids (concrete, wood chips, etc.) 
 
Interferences and 
Precautions Interfering co-extractive compounds will vary with sample matrix. While the 

cleanup step eliminates many interferences, certain compounds such as 
PCBs and phthalate esters may interfere if present in the sample. Molecular 
sulfur will also interfere.  Certain tetrachlorophenol isomers co-elute on the 
columns listed in this procedure (2,3,4,5 & 2,3,4,6). 
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Sample Handling Container - pre-cleaned glass jar, Teflon or foil-lined cap. 
and Preservation Samples should be stored in the dark at 4°C and care should be taken during 

extract concentration to avoid losses of trichlorophenols. 
 
Stability Holding time - extract within seven days of sampling and analyse within 40 

days after extraction.  
 
Procedure 
Appartus a) Mixing Bowls (glass or aluminum foil) 
 b) Analytical and Top-Loading Balance 
 c) Drying Oven: use at 105°C 
 d) Soxhlet Extraction Apparatus 
 e) Flat Bed Shaker 
 f) Rotary Evaporator 
 g) Kuderna-Danish (KD) apparatus 
 h) N-Evap Apparatus 
 i) GC Vials 
 j) Chromatography Columns 
 k) Graduated Test Tubes 
 l) GC/ECD System 
 
Reagents a) Solvents: distilled in glass grade 
  - Dichloromethane (DCM) 
  - Hexane 
  - Diethyl Ether  
 b) Sodium Sulfate, Anhydrous 
 c) Concentrated Sulfuric Acid 
 d) Florisil: 2% (wt/wt) deactivated 
 
Procedure a) Rinse glassware with DCM prior to use (acid washing is also advised). 
 b) Transfer the entire sample into a mixing bowl and homogenize the soil 

sample well. 
 c) Determine the moisture content by adding 5-10 grams of sample into a 

pre-weighed dish. Dry overnight at 105°C. Reweigh the dried soil and 
calculate the moisture.  

 d) Recovery Control: 
  For each set of samples, prepare the following: 
  - one Method Blank (use a chlorophenol free soil) 
  - one Duplicate Sample 
  - one Spike (add known amount of chlorophenols to a chlorophenol 

free soil)  
 e) Using a top-loading balance, weigh 10-30 g of sample. Add a small 

amount (0.5 mL) of concentrated sulfuric acid. Mix sample with enough 
anhydrous sodium sulfate to create a free flowing mixture. Some 
samples may require grinding with a mortar and pestle. Add sample to 
a soxhlet thimble, and place thimble in the soxhlet extractor (or place 
sample in extractor on a plug of sodium sulfate and glass wool). 

 f) Add appropriate amount of surrogate (2,4,6-tribromophenol) solution to 
each sample. 

 g) Add 250-300 mL of DCM to a 500 mL boiling flask and add boiling 
chips. Connect the flask, soxhlet and condenser. 

 f) Ensure the cooling water is running through the condenser. Turn the 
heaters on. Extract samples for 16 hours. 

  Note:  alternate methods of extraction include: 
  - Flat-bed Shaker Table 
  - Microwave Assisted Extraction 
  - Ultrasonic Probe Extraction 
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  Internal laboratory validation of these methods should be performed 
before use. 

 g) Allow extracts to cool to room temperature. Rinse soxhlet apparatus 
with DCM. 

 h) Concentrate the extract to 5-10 mL using KD apparatus or rotary 
evaporation, and to 1 mL using gentle stream of nitrogen or air, 
exchanging the solvent to hexane. 

 i) Derivatize the phenols by adding 1 mL of diazomethane in diethyl ether 
(add additional amount if yellow color does not persist). Refer to the 
following diazomethane preparation method and safety notes. Allow the 
extracts to stand at room temperature for 30 minutes. 

 j) Using gentle stream of nitrogen or air, concentrate the derivatized 
extract to 1 mL, exchanging the solvent to hexane. 

 k) Prepare a florisil (2% deactivated) mini-column by adding florisil to a 
height of seven centimeters in a pasteur pipette plugged with glass 
wool, and top with about 0.5 cm of anhydrous sodium sulfate. Rinse the 
column with 5 mL hexane and discard. Quantitatively transfer the 
extract to the florisil column. Elute with 9 mL of 6% DCM, collecting the 
eluant in a graduated test tube. 

 l) Using a gentle stream of nitrogen or air, evaporate the extract to 1.0 
mL, exchanging solvent to hexane. 

 m) Add appropriate amount of internal standard solution, make up to 2.0 
mL with hexane, transfer to GC vial and proceed with instrumental 
analysis. 

 n) Analyse extracts using GC/ECD. Use dual capillary columns which 
exhibit different retention characteristics (eg. J&W DB-5 & DB-1701) to 
confirm all peaks.  

 o) Calculate final results on a dry weight basis, using the internal standard 
method. All isomers listed above are determined in the test, and the 
trichlorophenol and tetrachlorophenol isomers summed to obtain the 
totals. Results are usually not adjusted for surrogate recovery.  

 
Diazomethane  
Safety Notes a) Diazomethane is a known carcinogen, and can be explosive under 

certain conditions (high concentrations in the gaseous form).  Although 
diazomethane is a gas at room temperature, it is soluble in diethyl ether 
and can be handled safely when dissolved in an ether solution. When 
preparing diazomethane, wear solvent resistant gloves, and prepare in 
a fume hood with most of the doors closed to ensure adequate flow. 
Alert other lab staff to the preparation of diazomethane. 

 b) Check the diethyl ether for peroxides before use by adding 4 mL diethyl 
ether to 4 mL 10% potassium iodide and mixing well. Wait for 3-5 
minutes and observe the ether layer. If the ether turns cloudy, 
peroxides are present and they must be destroyed before use. 

 c) Diethyl ether is extremely flammable. Use only in a fume hood and 
keep away from any sources of ignition. 

  Note that the generation apparatus is a closed system and if used 
properly, poses no threat of exposure. 

 
Diazomethane Generation 
From Diazald a) Start the water bath to reach a temperature of 65 °C. Fill the double 

walled condenser with dry ice, then add acetone slowly until the 
coldfinger is about 3/4 full. Add additional dry ice if needed. Stir to form 
a slushy mixture. 

 b) Add 10 mL ethyl alcohol (95% min. purity) and a solution of potassium 
hydroxide (5 g) dissolved in water (8 mL), to the lower reaction vessel. 

 c) Attach the round bottom flask below the condenser. Cool the flask in a 
salt/ice bath (33g NaCl/100g ice). 
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 d) Fill the vapour trap with diethyl ether and place the hose into it. 
 e) Fill the separatory funnel with a solution of Diazald (5.0 g) dissolved in 

diethyl ether (45 mL). 
 f) Install the separatory funnel and warm the lower reaction flask in the 

hot water bath. 
 g) Add the Diazald/diethyl ether mixture slowly over the period of about 20 

minutes. The rate of addition should not exceed the capacity of 
distillation, ensuring full condensing of the diazomethane produced. 

 h) When all the Diazald solution has been added, wait for the reaction to 
subside. Place about 10 mL of diethyl ether in the separatory funnel, 
and drain slowly, continuing the distillation until the distillate is 
colourless. 

 i) The above reaction will produce about 40 mL of diazomethane in 
diethyl ether solution. Additional amounts can be produced by using 
multiples of the quantities described, and increasing the amounts of 
solvents employed accordingly.  

 j) Use silica gel or acetic acid for disposal and/or spill clean up, as it 
rapidly reacts with diazomethane. 

 
Precision Refer to EPA Method 8040  
 
Accuracy Refer to EPA Method 8040  
 
Quality Control For each analytical batch (not greater than 14 samples) include the following: 
 a) one method blank 
 b) one duplicate 
 c) one spike 
 
  Add to each sample:  
 a) Surrogate Compounds 
  - 2,4,6-tribromophenol 
 b) Internal Standard Compounds 

- tetrabromobenzene 
 
Safety Notes a) Diazomethane is a carcinogen. Use caution at all times when 

generating and handling diazomethane. See additional safety notes 
with the diazomethane generation procedure. 

 b) Use caution when handling solvents. Some are flammable and others 
are suspect carcinogens. Read material safety data sheets (MSDS) 
before using solvents. 

 c) While the toxicity of the analytes may not be known, each compound 
should be treated as potentially hazardous. 

 
References and Method 
Sources a) EPA (1986) Test Methods for Evaluating Solid Waste, Physical/ 

Chemical Methods, U.S. Environmental Protection Agency, SW-846, 
3rd Ed. (November, 1986). 

 
Revision Dates  November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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 Organics 
Revision Date:  December 31, 2000 

 

Didecyldimethylammonium Chloride (DDAC) in Aqueous Samples 
 
Parameter  Didecyldimethylammonium chloride. 
 
Analytical Method Extraction, GC/NPD. 
 
EMS Code DDAC X364 
 
Introduction Didecyldimethylammonium chloride is a quaternary alkylammonium 

compound (QAC) that has gained acceptance as an anti-sapstain chemical in 
preference to compounds with greater toxicity to aquatic biota such as 
chlorophenols (or chlorophenates), copper-8-quinolinolate and 2-(thiocyano-
methylthio)-benzothiazole (TCMTB). The analysis of QACs by gas 
chromatography involves pyrolytic conversion (in the heated injection port) to 
tertiary amines which are readily chromatographed and detected.  Use of a 
nitrogen-phosphorus detector enhances analytical specificity. 

  
Summary  Samples are treated in the field with hydrochloric acid. Both sacrificial and 

surrogate quaternary ammonium compounds are added and the acidified 
sample is extracted with dichloro-methane. The extract is concentrated, a 
performance standard is added and the extract is made to final volume for 
analysis by gas chromatography using a nitrogen-phosphorus specific 
detector (NPD). 

 
MDL  Typical:  0.025 mg/L 
 
Matrix  Fresh water  
  Wastewater  
  Marine water  
 
Interferences and 
Precautions Any compound that co-extracts, co-elutes under the analytical conditions and 

causes a response on the nitrogen-phosphorus detector may interfere. The 
use of a sacrificial quaternary alkylammonium compound is advised due to 
the tendency for DDAC to adsorb onto glass surfaces (especially rough or 
scratched surfaces) during the analysis. 

 
Sample Handling Sample container:  Amber glass bottle, 0.5L or larger with a Teflon-lined cap. 
and Preservation Preservation: 2mL 6N HCl per L sample. 
   
Stability  Holding time  -  Acidified samples stored in amber glass bottles for up to 

three weeks showed negligible degradation. 
  Storage  -  Store acidified at 4°C until analyzed. 
 
Principle or 
Procedure  DDAC is isolated from the sample matrix by liquid/liquid extraction using 

dichloromethane under acidic conditions. The concentrated extract is 
analyzed by capillary column gas chromatography with a nitrogen- 
phosphorus detector, utilizing the fact that DDAC quantitatively degrades to 
didecyldimethylamine in the heated injection port.  

 
Precision  Synthetic samples spiked at 0.100 mg/L had a COV of 1.1% 
  Authentic samples spiked at 0.100 mg/L had a COV of 3.8% 
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Accuracy  Synthetic samples spiked at 0.100 mg/L; 
   average recovery = 99% 
  Authentic samples spiked at 0.100 mg/l; 
   average recovery = 110% 
 
Quality Control Blanks  -  1 per batch (10%) 
  Spikes  -  1 per batch (10%) 
  Surrogate  -  25 µg Didodecyldimethylammonium chloride added to each 

sample. 
  Performance standard  -  Cetyltrimethylammonium chloride added at a 

concentration of 5.0 µg/mL in the final extract. 
 
References  None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date:  December 31, 2000 

 

3-Iodo-2-propenyl-n-butylcarbamate (IPBC) in Aqueous Samples 
 
Parameter  (3-Iodo-2-propenyl-n-butylcarbamate) 
 
Analytical Method Extraction, GC/NPD. 
 
EMS Code IPBC X364 
 
Introduction The anti-sapstain formulation, NP-1™, contains two active ingredients: 

3-iodo-2-propenyl-n-butylcarbamate (IPBC) and didecyldimethylammonium 
chloride (DDAC). This formulation has gained acceptance as an alternative to 
traditional anti-sapstain compounds such as chlorophenols (or 
chlorophenates), 2-(thiocyanomethylthio)benzo-thiazole (TCMTB) and 
copper-8-quinolinolate (Cu-8). This methodology provides a means of 
analyzing for the IPBC ingredient of NP-1™, independently of DDAC.  

 
Summary Samples are treated in the field with hydrochloric acid. The acidified samples 

are extracted with dichloromethane and the extracts concentrated. 
Quinaldine is added as a performance standard and, after being made to final 
volume in n-hexane, the extracts are analyzed by capillary column gas 
chromatography with a nitrogen-phosphorus detector. 

 
MDL 0.025 mg/L 
 
Matrix Fresh water  
 Wastewater  
 Marine water  
 
Interferences and 
Precautions  Any compound that co-extracts, co-elutes under the analytical conditions and 

produces a response on the nitrogen- phosphorus detector may interfere.  
 
Sample Handling Sample container  -  Polyethylene bottle, 0.5 L or larger. 
and Preservation Preservation  -  2 mL 6N HCl per litre of sample (added in the 
  field). 
 
Stability Holding time  -  maximum storage time is 2 weeks. 
 Storage  -  store samples at 4° C until analyzed. 
 
Principle or 
Procedure IPBC is isolated from the sample matrix by liquid/liquid extraction using 

dichloromethane under acidic conditions.  The concentrated extract is 
analyzed by capillary column gas chromatography with a nitrogen- 
phosphorus detector that responds to the carbamate nitrogen. Alternately, an 
electron capture detector can be used to monitor the iodine present in the 
compound of interest. 

 
Precision Synthetic samples spiked at 0.050 mg/L; COV = 2.8% 
 
 Authentic samples spiked at 0.050 mg/L; COV = 5.1% 
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Accuracy Synthetic samples spiked at 0.050 mg/L; 
  average recovery = 97% 
 
 Authentic samples spiked at 0.050 mg/L; 
  average recovery = 84% 
 
Quality Control Blanks:  1 per batch (1 in 14). 
 Replicates:  1 duplicate per batch (1in 14). 
 Recovery control:  1 spike per batch (1 in 14). 
 Performance standard:  Quinaldine added at a concentration of 2.5 µg/mL in 

the final extract. 
 
References None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date:  December 31, 2000 

 

2-(Thiocyanomethylthio)-benzothiazole (TCMTB) in Aqueous 
Samples 
 
Parameter Thiocyanomethylthio)-benzothiazole 
 
Analytical Method Extraction, HPLC/UV. 
 
EMS Code TCMB X382 
 
Introduction The use of chlorophenols (or chlorophenates) as anti-sapstain chemicals fell 

into disfavour due to their environmental persistence and because of the 
toxicity of byproducts of their manufacture (dioxins etc.).  As a result of  this 
concern, several compounds have been proposed as less harmful 
alternatives. One such compound is 2-(thiocyanomethylthio)- benzothiazole 
(TCMTB). However, TCMTB is quite toxic to aquatic biota and a sensitive 
and specific means of analyzing for TCMTB is required. High performance 
liquid chromatography (HPLC) with UV absorbance detection provides a 
convenient technique. 

 
Summary Samples are screened for high levels of TCMTB by direct injection onto a 

reverse phase column in a high performance liquid chromatograph (HPLC). 
Samples containing low concentrations of TCMTB are extracted with 
dichloromethane and the extracts analyzed by HPLC after concentration and 
solvent exchange. If necessary, the extracts can be purified by Florisil column 
chromatography prior to analysis in order to reduce interferences. 

 
MDL Direct injection: 0.02 mg/L 
 Extraction procedure: 0.001 mg/L 
 
Matrix Fresh water  
 Wastewater  
 
Interferences and 
Precautions Any compound that co-extracts, co-elutes under the analytical conditions and 

absorbs at 280 nm will interfere. 
  
Sample Handling and 
Preservation Sample container  -  Amber glass bottle, 0.5 L or larger, heat treated (300°C),  

aluminum foil-lined screw cap.  Preservation  - Dilute 1:1 with acetonitrile; this 
precludes extraction and attainment of a 0.001 mg/L MDL. Unpreserved 
samples should be analyzed within 36 hours of sampling. 

 
Stability Holding time  -  For samples diluted with acetonitrile, the 
 maximum storage time is 3 weeks. Unpreserved samples 
 should be analyzed within 36 hours of sampling. 
 Storage  -  store samples at 4°C until analyzed. 
 
Principle or 
Procedure TCMTB can be chromatographed on a reverse phase octadecylsilane (ODS) 

high performance liquid chromatographic column using a water-acetonitrile 
gradient elution system.  TCMTB exhibits a strong absorbance at 280 nm and 
concentration vs absorbance is linear over the analytical range.  To lower the 
method detection limit (MDL), TCMTB is isolated from the sample matrix by 



D - 57 

liquid/liquid extraction using dichloro-methane.  The concentrated extract may 
be purified by open tube Florisil chromatography after exchange to a 
hydrocarbon solvent.  The purified extract is evaporated and the residue is 
redissolved in acetonitrile-water for analysis.  

 
Precision Direct Injection: 
  Authentic samples spiked at 0.100 and 0.400 mg/L; 
  avg COV = 6.6% 
 Extraction Procedure: 
  Authentic samples spiked at 0.010 and 0.001 mg/L; 
  avg COV = 3.7% 
 
Accuracy Direct Injection: 
  Authentic samples spiked at 0.100 and 0.400 mg/L; 
  avg recovery = 101% 
 Extraction Procedure: 
  Authentic samples spiked at 0.010 and 0.001 mg/L; 
  avg recovery = 97% 
 
Quality Control Blanks: 1 per batch (10%) 
 Spikes: 1 per batch (10%) 
 
References None listed. 
 
Revision History March 1990: Method Development for 2-(Thiocyanomethylthio) -

benzothiazole (TCMTB), Prepared by British 
Columbia Research Corporation for the Data 
Standards Group, British Columbia Ministry of 
Environment, Vancouver, B.C.  

 February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of print 

reference deleted. 
    



D - 58 

Organics 
 Revision Date:  December 31, 2000 

 
Glyphosate and AMPA 
 
Parameter Glyphosate 
 AMPA 
 
Analytical Method Derivatization, extraction, HPLC/UV-VIS 
 
EMS Code Glyphosate G001 X365 
 AMPA A001 X365 
 
Introduction This method is for the determination of the herbicide glyphosate and its 

derivative, aminomethylphosphonic acid (AMPA). 
 
Summary An aliquot of the water sample is reacted with dinitrofluoro-benzene (DNFB) 

to form derivatives of glyphosate and AMPA.  Interferences are removed from 
the reaction mixture by extraction with dichloromethane.  A subsequent 
extraction with iso-butanol removes the derivatives.  The derivatives are then 
back-extracted into a borax solution in preparation for analysis by high 
performance liquid chromatography. 

 
MDL Glyphosate  -  0.005 mg/L 
 AMPA  -  0.005  mg/L 
 
Matrix Fresh water  
 Wastewater  
 
Interferences and No known interferences for water samples. 
Precautions  
 
Sample Handling Bottle:  0.5 L amber glass, narrow mouth, Teflon-lined cap 
and Preservation Preservation:  none required 
 
Stability Holding time:  analyze within 30 days 
 Storage:  store at 4°C until analyzed 
 
Principle or See Reference 1, p. 188-190 
Procedure 
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Blanks: 1 blank per batch or 1 in 14. 
 Replicates: 1 duplicate per batch or 1 in 14. 
 Recovery control:  1 spike per batch or 1 in 14. 
 
References None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date: December 31, 2000 

 

Lipid Content 
 
Parameter Lipid (fat) content. 
 
Analytical Method Extraction, gravimetric. 
 
EMS Code a) units = µg/g LIPI X232 
 b) units = % LIPI X269 
 
Introduction Many pesticides are lipophilic, therefore it is often of interest to express 

results on a ‘concentration in lipid’ basis.  This requires determination of the 
lipid content. 

 
Summary Lipid material is extracted from the tissue with a suitable solvent, the solvent 

is removed by heating and the residue is determined gravimetrically. 
 
MDL 0.1% . 
 
Matrix Animal tissue. 
 
Interferences None listed. 
and Precautions  
 
Sample Handling Plastic or glass wide-mouth bottles, Whirl-Pak® bags. 
and Preservation No preservation required; samples may be stored frozen. 
 
Stability M. H. T. = indefinite if hard frozen. 
 
Principle or Lipid material is soluble in organic solvents.  
Procedure  
  
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Analytical balances used for this procedure should be serviced and calibrated 

on a regular schedule. An instrument log should be kept. 
 
References None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  
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Organics 
Revision Date: November 2002 

 

Monocyclic Aromatic Hydrocarbons (BETX) in Water by Dynamic 
Headspace and GC/PID/FID 
 
Parameter BETX- 
 Benzene 
 Ethylbenzene 
 Toluene 
 m+p-Xylene 
 o-Xylene  
EMS Code 
 
Analytical Method Dynamic Headspace - GC/PID/FID.  
 
Introduction This method is applicable to the quantitative and qualitative analysis of BETX 

in water. BETX are prominent components of gasoline and their presence in 
water is usually an indication of gasoline contamination.  

 
Summary An aliquot of a water sample is sealed in an airtight vial. The vial is then 

heated to a predetermined temperature for a given period of time. After the 
sample has equilibrated, a portion of the headspace vapour above the 
sample is introduced onto a gas chromatograph equipped a suitable capillary 
column and photoionization (PID) and flame ionization detectors (FID) placed 
in series. 

 
MDL The following detection limits are based on analysis of water samples 

containing low levels of interfering hydrocarbons. 
 

Analyte Detection Limit (ug/L) 

  

Benzene 0.5 

Toluene 0.5 

Ethylbenzene 0.5 

m+p-Xylenes 0.5 

o-Xylenes 0.5 
 
Matrix Fresh Water (FW) 
 Waste Water (WW) 
 Marine Water (MW) 
 Sludge 
 
Interferences and 
Precautions The presence of co-eluting aliphatic hydrocarbons may interfere with the 

quantification of BETX. It may be necessary to increase the detection limit for 
the individual analytes to avoid reporting false positive results in these cases.  
The analytical system may become contaminated by high level samples. 
Carry-over may produce false positive results.  Photoionization detectors 
have a limited linear range. Samples may require dilution prior to analysis to 
bring them into the linear working range of the detector.  Because of the 
volatility of the BETX components, care must be taken to ensure minimal 
exposure of the samples to open air. 
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Sample Handling and 
Preservation Container: 40 ml water sampling (purge and trap) vial with teflon lined cap. 

Samples should always be collected in duplicate.  
 Preservation: Hydrochloric Acid to pH < 2 ; or 0.1% Copper Sulphate.  

Collect the sample so that absolutely no bubbles or headspace are present in 
the sample container.  

 Samples must be stored at 4 degrees celsius at all times during transport and 
storage.  
Samples may become contaminated if stored in the presence of gasoline, 
gasoline vapour, or automotive exhaust. 

 
Stability Samples must be analysed within 7 days of collection.   BETX are extremely 

volatile. The sample must remain tightly sealed and at 4 degrees celsius at all 
times prior to analysis. Once a vial has been opened for analysis, the sample 
in that vial should not be analysed again. Samples should therefore be 
collected in duplicate. 

 
Principal or  
Procedure a) Preparation of Calibration Standards. 
  1) Prepare a number of clean headspace vials by filling each to 

approximately half full with identical measured amounts of 
contaminant free water. Seal the headspace vials using septa 
lined with teflon. 

  2) Prepare a concentrated solution of BETX in Methanol. The 
concentration of this solution should be chosen so that the  final 
concentration of methanol in the most concentrated working 
standard does not exceed 2%. 

  3) Prepare a reies of calibration standards by adding appropriate 
amounts of the concentrated BETX solution prepared in (a)2) to 
each of the headspace vials prepared in (a)1). The range of 
concentrations prepared will depend on the linearity of the 
analytical system being used. The most concentrated calibration 
standard should not exceed the linear working range of the 
analytical system. 

 
 b) Preparation of Samples. 
  1) Transfer a measured amount of water sample to a clean 

headspace vial. The amount of sample used should be identical 
to the final volume of the calibration standards. 

  2) For samples containing concentrations of BETX that exceed the 
linear range of the analytical system, transfer a smaller aliquot of 
sample to the headspace vial and dilute to volume with 
contaminant free water. The final volume in the headspace vials 
must be identical for all samples analysed. 

  
 c) Analysis of Samples. 
  1) Allow samples and calibration standards to equilibrate at 85 

degrees celsius for at least 45 minutes. 
  2) Transfer between 0.5 and 2.0 cubic centimetres of the 

headspace above the sample onto a gas chromatograph 
equipped with an appropriate capillary column and 
photoionization and flame ionization detectors placed in series. 
The headspace may be transferred using a gas tight syringe, or 
using an automated headspace sampling system. 
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  3) Photoionization detectors are selective for aromatic compounds. 
Flame ionization detectors are non selective. BETX  are 
quantified from the PID signal. The FID signal can be used for 
confirmation by differentiating aliphatic hydrocarbons from 
aromatic hydrocarbons. 

 
Precision Not available 
 
Accuracy  Not available 
 
Quality Control a) Surrogate Standards (3-Fluorotoluene and 1,4 Difluorobenzene) are 

added to all samples, standards, and quality control samples prior to 
the equilibration step. 

 b) One method blank is analysed for every analytical batch (12-24 
samples). 

 c) One laboratory replicate is analysed for every 12 samples. 
 d) One method spike or standard reference material is analysed for every 

analytical batch (12-24 samples). 
 
References a) EPA (1986) Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, US Environmental Protection agency, 
SW-846, 3rd Ed. (November 1986). 

 
Revision Dates: November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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Organics 
Revision date: November 2002 

 

Monocyclic Aromatic Hydrocarbons (BETX) in Solids by Dynamic 
Headspace and GC/PID/FID 
 
Parameter BETX - 
 Benzene, 
 Ethylbenzene, 
 Toluene, and 
 m+p-Xylene 
 o-Xylene 
EMS Code 
 
Analytical Method Dynamic Headspace - GC/PID/FID. 
 
Introduction This method is applicable to the quantitative and qualitative analysis of BETX 

in solids. BETX are prominent components of gasoline and their presence is 
usually an indication of gasoline contamination. 

 
Summary Samples are extracted with methanol. A portion of the extract is transferred to 

a headspace vial. Water is added to the vial and the vial is sealed. The vial is 
then heated to a predetermined temperature for a given period of time. After 
the sample has equilibrated, a portion of the headspace vapour above the 
sample is introduced onto a gas chromatograph equipped a suitable capillary 
column and photoionization (PID) and flame ionization detectors (FID) placed 
in series. 

 
MDL The following detection limits are based on analysis of samples containing 

low levels of interfering hydrocarbons. 
 

Analyte Detection Limit (µg/g) 

  

Benzene 0.5 

Toluene 0.5 

Ethylbenzene 0.5 

m+p-Xylene 0.5 

o-Xylene 0.5 
 
Matrix Soil (Marine) 
 Sediment Solids (concrete, wood chips, etc.) 
 
Interferences and 
Precautions The presence of co-eluting aliphatic hydrocarbons may interfere with the 

quantification of BETX. It may be necessary to increase the detection limit for 
the individual analytes to avoid reporting false positive results in these cases.  

 The analytical system may become contaminated by high level samples. 
Carry-over may produce false positive results.  Photoionization detectors 
have a limited linear range. Samples may require dilution prior to analysis to 
bring them into the linear working range of the detector.  Because of the 
volatility of the BETX components, care must be taken to ensure minimal 
exposure of the samples to open air.  
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Sample Handling Container: wide mouth glass jar with teflon lined lid. 
and Preservation Preservation: 4 degrees celsius. 
 Collect the sample so that minimal headspace is present in the sample 

container. 
Samples must be stored at 4 degrees celsius at all times during transport and 
storage.  
Samples may become contaminated if stored in the presence of gasoline, 
gasoline vapour, or automotive exhaust. 

 
Stability Samples must be analysed within 7 days of collection.  BETX are extremely 

volatile. The sample must remain tightly sealed and at 4 degrees celsius at all 
times prior to analysis. Once a sub-sample has been removed from a 
container, losses of volatiles will occur due to the headspace in that 
container. 

 
Principle 
Procedure a) Preparation of Calibration Standards. 
  1) Prepare a number of clean headspace vials by filling each to 

approximately half full with identical measured amounts of 
contaminant free water. Seal the headspace vials using septa 
lined with teflon. 

  2) Prepare a concentrated solution of BETX in Methanol. The 
concentration of this solution should be chosen so that the final 
concentration of methanol in the most concentrated working 
standard does not exceed 20%. 

  3) Prepare a series of calibration standards by adding appropriate 
amounts of the concentrated BETX solution prepared in (a)2) to 
each of the headspace vials prepared in (a)1). The range of 
concentrations prepared will depend on the linearity of the 
analytical system being used. The most concentrated calibration 
standard should not exceed the linear working range of the 
analytical system. 

  4) Add pure methanol to each of the calibration standards so that 
the final concentration of methanol in the standards is 20%. 

 
 b) Extraction. 
  1) Weigh a representative sub-sample into a 40 millilitre (purge and 

trap) vial. Add a measured amount of methanol to the vial and 
seal it. 

  2) Vortex the contents of the vial for one minute. 
  3) Leave the sample to extract for two hours. 
  4) Decant a portion of the methanol extract into a scintillation vial. 
 
 c) Preparation of samples. 
  1) Prepare a number of headspace vials as described in (a)1). 
  2) Add a portion of the methanol extract prepared in (b) to the 

headspace vials prepared in (c)1) so that the final concentration 
of methanol in solution is 20%. 

  3) For samples containing concentrations of BETX that exceed the 
linear range of the analytical system, transfer a smaller aliquot of 
methanol extract to the headspace vial. Add pure methanol to all 
of the sample vials so that the total concentration of methanol in 
solution is 20% for all of the samples. The total volume in the 
headspace vials must be identical for all samples analysed. 
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 d) Analysis 
  1) Allow samples and calibration standards to equilibrate at 85 

degrees celsius for at least 45 minutes. 
  2) Transfer between 0.5 and 2.0 cubic centimetres of the 

headspace above the sample onto a gas chromatograph 
equipped with an appropriate capillary column and 
photoionization and flame ionization detectors placed in series. 
The headspace may be transferred using a gas tight syringe, or 
using an automated headspace sampling system. 

  3) Photoionization detectors are selective for aromatic compounds. 
Flame ionization detectors are non selective. BETX are 
quantified from the PID signal. The FID signal can be used for 
confirmation by differentiating aliphatic hydrocarbons from 
aromatic hydrocarbons. 

 
Precision Not Available 
 
Accuracy Not Available 
 
Quality Control a) Surrogate Standards (3-Fluorotoluene and 1,4 Difluorobenzene) are 

added to all samples, standards, and quality control samples prior to 
extraction. 

 b) One method blank is analysed for every analytical batch (12-24 
samples). 

 c) One laboratory replicate is analysed for every 12 samples. 
 d) One method spike or standard reference material is analysed for every 

analytical batch (12-24 samples). 
 
References a) EPA (1986) Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, U.S. Environmental Protection agency, 
SW-846, 3rd Ed. (November 1986). 

 
Revision Date November 2002.  Method adopted from Manual Supplement #1. 

EMS Code assigned. 
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Organics 

Revision Date: November 2002 
 

Monocyclic Aromatic Hydrocarbons (BETX) in Water by Purge 
and Trap GC/MS or GC/PID 
 
Parameter BETX - 
 Benzene, 
 Ethylbenzene, 
 Toluene, and 
 m+p-Xylene 
 o-Xylene 
 
EMS Codes 
 
Analytical Method Purge & Trap GC/MS Purge & Trap GC/PID  
 
 
Introduction This method is applicable to the quantitative determination of benzene, 

toluene, ethylbenzene and xylenes in water. 
 
Summary An inert gas is bubbled through a 5 mL water sample contained in a specially-

designed purging chamber at ambient temperature. The purgeables are 
efficiently transferred from the aqueous phase to the vapour phase. The 
vapour is swept through a sorbent trap where the purgeables are trapped. 
After purging is completed, the trap is heated and volatiles are transferred to 
a second narrow-bore trap. The second trap is heated and backflushed with 
the inert gas to desorb the purgeables onto a gas chromatographic column. 
The gas chromatograph is temperature programmed to separate the 
purgeables which are then detected with a mass spectrometer or 
photoionisation detector. 

 
MDL Parameter - GC/MS   mg/L 

  

Benzene 0.0003 

Ethylbenzene 0.0002 

Toluene 0.0003 

m+p-Xylene 0.0006 

o-Xylene 0.0003 
  
 

Parameter - PID mg/L 

  

Benzene 0.0005 

Ethylbenzene 0.0005 

Toluene 0.0005 

m+p-Xylene 0.0005 

o-Xylene 0.0005 
 
Matrix Fresh water  
 Wastewater 
 Saline Water 
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Interferences and 
Precautions The presence of co-eluting aliphatic hydorcarbons may interfere with the 

quantification of BETX. It may be necessary to increase the detection limit for 
the individual analytes to avoid reporting false positive results in these cases.  

 The analytical system may become contaminated by high level samples. 
Carry-over may produce false positive results.  Because of the volatility of the 
BETX components, care must be taken to ensure minimal exposure of the 
samples to open air. 

 
Sample Handling and 
Preservation Water samples should be received in a 43 mL amber glass vials with a teflon 

lined septum cap. Sample bottles should be filled to overflowing so that when 
capped, no headspace is trapped. Samples should be submitted in duplicate. 
The samples are stored at 4° C. 

 
Stability Samples must be analysed within 7 days of collection. BETX are extremely 

volatile. The sample must remain tightly sealed and at 4 degrees celsius at all 
times prior to analysis. Once a sub-sample has been removed from a 
container, losses of volatiles will occur due to the headspace in that 
container. 

 
Procedure Instrument Tuning - GC/MS: 
 a) Inject 50 ng of BFB (bromofluorobenzene) into every sample. 
 b) Check the abundance criteria of the BFB in the midrange standard at 

the beginning and as part of each calibration. 
 

m/z Ion Abundance Criteria 

50 8-40% of base peak 

75 30-60% of base peak 

95 base peak 

96 5-9% of base peak 

173 <2% of mass 174 

174 50%-120% of base peak 

175 4-9% of mass 174 

176 93%-101% of mass 174 

177 5-9% of mass 176 
 
 c) The tune must meet abundance criteria before proceeding to samples. 
 d) Criteria must be met once every twelve hours of continuous operation. 
 
 GC Conditions: 
 Column: Rtx-Volatiles, 30m x 0.32 mm i.d., 1.5 µm film thickness  
 (Restek Corp.) or 
 DB624 or 
 HP-VOC 
 
 MSD Conditions: 
 Source: 70 eV  

 
Scan Mode: Full scan, 35-260 amu  
  
Scan Rate: >1 scan/second  
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 Initial Calibration: 
A three point calibration (10, 20, 40 ug/L or 50, 100, 200 total ng) or a five 
point (10, 15, 20, 30, 40 ug/L or 50, 75, 100, 150, 200 total ng) is performed.  

 
 a) Calculate the %RSD (Relative Standard Deviation) for the list of target 

compounds. They must be less than ±30%. 
 b) Calculate the Relative Response Factors (RRF) for the list of target 

compounds. They must all be > 0.30. 
 
  RRF =  
 

area of the analyte standard conc. of the internal std. 
area of the internal standard x conc. of the analyte standard 

 
  c) Repeat the injection if any criteria is not met. 
 
 Continuing Calibration: 

A single point calibration at 20 µg/L is performed if the condition described 
above is met. It must be performed at least every 12 hours, if the 20 µg/L 
standard has drifted more than 25%. 
 

 a) Calculate the RRF for the list of target compounds. They must all be > 
0.30. 

 b) Calculate % difference of RRF of the list of target compounds between 
single & multipoint (mean value) calibration. They must be <25%. If 
>25% repeat injection. If fails again, do full calibration. 

 
 % Difference = 
 

average RRF (initial calibration) - RRF (current calibration) 
average RRF (initial calibration) x 100 

 
Precision Relative standard deviation was 5% at a concentration of 2.9 ug/L using PID 

detector.  
 
Accuracy  Not available  
 
Quality Control  Method Blank Analysis:  
 Analyzed 1 every 12 hours or 1 per sample batch. Blanks should not contain 

>MDL of any compound, except benzene and toluene, are acceptable up to 5 
x MDL. Results are tabulated and control charts of absolute area counts are 
plotted for toluene and benzene. All sample data are reported corrected for 
blanks.  

 
 Internal Standards: 
 The internal standard (IS) is 1,4-Difluorobenzene. Every sample, standard, 

method blank and matrix spike sample is spiked with 50 ng of IS before 
injection. Check retention time (RT) of each compound; must be within ±30 
seconds between runs. If >30 seconds the system has to be inspected for 
malfunction and correction made as required.  

 
 Surrogate Standards: 
 Surrogate volatiles are d8-toluene, BFB and d4-1,2-dichloroethane. For PID 

analysis, only BFB is used. Every sample, standard, method blank and matrix 
spike sample is spiked with 50 ng of each compound. NO DEVIATION OF 
CONCENTRATION IS ALLOWED. 
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 Calculate the recovery of each surrogate: 
  

= quantity determined by analysis x 100 
% Surrogate Recovery 

 quantity added to sample   
 
 Acceptable % surrogate recoveries for water are: 
 

compound acceptable limits 
d8-toluene 88-110 
BFB 86-115 
d4-DCA 76-114 

 
 Check calculations and reanalyse if recoveries are outside these limits. 

Surrogate recoveries are reported with sample results.  
 
 Matrix Spike: 
 Analyse on a frequency of 1 in 20 or 1 per sample batch. Spike a duplicate 

sample with 16 µL of the 50 µg/L working standard (800 ng of each 
compound). If insufficient sample remains, spike blank DI water. Calculate 
matrix spike % recoveries for each compound.  

 
matrix spike = spike sample result - sample result  x 100% 

% recovery  spike added from spiking mix   
 
 Acceptable % surrogate recoveries for water are: 
 

Compound % recovery 
  
toluene 76 - 125 
benzene 76 - 127 
ethylbenzene 70 - 130 
xylenes 70 - 130 
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 Duplicates: 
 For duplicate analyses, calculate Relative % Difference (RPD)  
  

RPD = first sample value - duplicate sample value x 100 

  (first sample value + duplicate sample value)/2   
 

RPD = difference of duplicate sample values x 100 

  average of duplicate sample values   
 
 Acceptable RPDs for water are: 
 

Compound % recovery 
  
toluene ±25 
benzene ±25 
ethylbenzene ±30 
xylenes ±30 

 
Data outside these limits DO NOT require reanalysis, but should be noted as 
part of a QA report. 

 
References a) EPA SW846, Method 8260A, EPA SW846, Method 8020A 
 
Revision Date November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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Organics 
Revision Date: November 2002 

 

Monocyclic Aromatic Hydrocarbons (BETX) in Solids by Purge 
and Trap GC/MS 
 
Parameter BETX - 
 Benzene, 
 Ethylbenzene, 
 Toluene, and 
 m+p-Xylene 
 o-Xylene 
 
EMS Code 
 
Analytical Method Methanol extraction - Purge and Trap - GC/MS. 
 
Introduction This method is applicable to the quantitative and qualitative analysis of BETX 

in solids. BETX are prominent components of gasoline and their presence is 
usually an indication of gasoline contamination. This procedure may also be 
used to determine halogenated volatile organic compounds (VOC) in solids. 

 
Summary BETX are extracted from the sample using a purge and trap technique. 

Samples with difficult matrices, or samples with elevated levels of BETX are 
first extracted with methanol. The methanol extract is extracted using a purge 
and trap technique, or injected directly onto a gas chromatograph. Purge and 
trap involves purging the volatile BETX from the sample with an inert gas, 
and trapping them on a solid sorbent trap. The trap is then heated and the 
BETX are directed onto a gas chromatograph equpped with a suitable 
capillary column and a mass spectrometric detector (GC/MS). Results are 
determined using internal standard calibration. 

 
MDL The following detection limits are based on analysis of samples containing 

low levels of interfering hydrocarbons. 
 

Analyte Direct Purge & Trap Detection 
Limit (µg/g) 

Methanol Extraction Detection 
Limit (µg/g) 

   

Benzene 0.01 0.1 

Toluene 0.01 0.1 

Ethylbenzene 0.01 0.1 

m+p-Xylene 0.01 0.1 

o-Xylene 0.01 0.1 
 
Matrix Soil (Marine) 
 Sediment Solids (concrete, wood chips, etc.) 
 
Interferences and 
Precautions The presence of co-eluting aliphatic hydrocarbons may interfere with the 

quantification of BETX. It may be necessary to increase the detection limit for 
the individual analytes to avoid reporting false positive results in these cases. 
The analytical system may become contaminated by high level samples. 
Carry-over may produce false positive results. Because of the volatility of the 
BETX components, care must be taken to ensure minimal exposure of the 
samples to open air. 
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Sample Handling Container : wide mouth glass jar with teflon lined lid. 
and Preservation Preservation : 4 degrees celsius. 
 Collect the sample so that minimal headspace is present in the sample 

container.  Samples must be stored at 4 degrees celsius at all times during 
transport and storage. Samples may become contaminated if stored in the 
presence of gasoline, gasoline vapour, or automotive exhaust. 

 
Stability Samples must be analysed within 7 days of collection. 
 BETX are extremely volatile. The sample must remain tightly sealed and at 4 

degrees celsius at all times prior to analysis. Once a sub-sample has been 
removed from a container, losses of volatiles will occur due to the headspace 
in that container. 

 
Principle or 
Procedure a) Methanol Extraction. 
  1) Weigh a representative sub-sample into a 40 millilitre (purge and 

trap) vial. Add a measured amount of methanol to the vial and 
seal it. 

  2) Vortex the contents of the vial for one minute. 
  3) Leave the sample to extract for two hours. 
  4) Decant a portion of the methanol extract into a scintillation vial. 
 
 b) Purge and Trap Procedure. 
  1) This procedure is described in detail in EPA SW-846 

[a] Method 5030A. 
 
 c) Analysis. 
  1) This procedure is described in detail in EPA, 40 CFR Part 136 [b] 

Method 624. 
 
Precision Not Available 
 
Accuracy Not Available 
 
Quality Control a) Surrogate standards (4-bromofluorobenzene, d5-chlorobenzene, 

fluorobenzene) are added to the samples prior to the purge and trap 
procedure. 

 b) Internal standards (bromochloromethane, 1,4-difluorobenzene, 
d6benzene, d8-toluene, d10-ethylbenzene, d4-1,2-dichlorobenzene) 
are added to the samples prior to the purge and trap procedure. 

 c) One method blank is analysed per analytical batch (10-20 samples). 
 d) One method spike or reference material is analysed per analytical 

batch (10-20 samples). 
 e) One laboratory replicate is analysed per every 10 samples. 
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References a) EPA (1986) Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Ed. (November 1986). 

 b) EPA (1984) Federal Register, Part VIII, Guidelines Establishing Test 
Procedures for the Analysis of Pollutants Under the Clean Water Act. 
U.S. Environmental Protection Agency, 40 CFR Part 136 (October 26, 
1984). 

 
Revision Date: November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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Organics 
Revision Date:  December 31, 2000 

 

Hydrocarbons, Total Extractable (Dichloromethane), in Water, by 
Gas Chromatography (GC) 
 
Parameter Total extractable hydrocarbons. 
 
Analytical Method Dichloromethane extraction, GC/FID. 
 
EMS Code H-TE X366 
 
Introduction This method detects extractable hydrocarbon  material in the n-C10 to n-C30 

range in water. The method provides several advantages over “Total 
Extractable Hydrocarbons by Infrared Detection” and “Oil and Grease in 
Water” in that: i) volatile hydrocarbons are included; ii) the chromatographic 
procedure can be used to fingerprint the type of contamination; iii) the 
detector response is linear over the hydrocarbon range being tested. There 
are some disadvantages: i) compounds with low volatility will not be detected; 
ii) loss of volatile components is possible if solvent reduction is required.  

 
Summary The sample is extracted with dichloromethane in a separatory funnel. The 

extract is dried, then reduced to a known volume. The final extract is then 
analyzed with capillary column gas chromatography with flame ionization 
detection. The results are determined by obtaining the total area under the 
chromato-graphic curve between n-C10 and n-C30, then quantifying by  
external calibration. 

 
MDL The detection limit is dependent upon the final volume.   A one litre sample 

extracted to 2.0 mL final volume provides a detection limit of 1.0 mg/L . 
  
Matrix Fresh water  
 Wastewater  
 Marine water 
 
Interferences and 
Precautions Loss of the light fraction may occur during the extraction or solvent reduction 

steps. Compounds in the n-C28 to n-C40+ range will give corresponding low 
recoveries, especially branched chain compounds. Naturally occurring 
organic material will give elevated results. A solvent instrumental blank 
should be run after high samples to reduce carry over.  The choice of the 
reference standard e.g., (gasoline, diesel, or motor oil ) will cause variance in 
the calculated data. The test is not suited for the quantification of gasoline-
contaminated waters. 

 
Sample Handling Container  -  1 or 0.5 litre glass bottle 
and Preservation Preservation - 3 mL/L of conc. HCl to pH <2 (to inhibit 
 bacterial degradation) 
 
 Collect a representative sample in a wide mouth glass bottle that has been 

rinsed with solvent and oven dried. Do not rinse bottle with sample. If 
duplication is required, a separate sample is needed.  It is reScommended 
that  the entire sample be extracted, with rinsing of container, to ensure that 
material adhering to the sample container is included. 
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Stability Holding Time  -  extract within seven days of collection, 
 analyze within 30 days  
 Storage - store at 4°C until analyzed. 
 
Principle or See Reference [a], method 3510A and 8100 
Procedure  
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Samples: batch size 1 to 15 samples. 
 Blanks: 1 method blank per analytical batch. 
 Replication: 1 sample duplicate if available; if not, an 
  instrument duplicate per analytical batch. 
 Recovery control: 1 reagent spike per analytical batch. 
 
 Note: solvent or instrument blanks should be run following 
 samples containing high concentrations of hydrocarbons 
 
Initial Instrument  
Set-Up The following procedure should be followed to ensure optimum 

chromatography performance. 
 
 • An instrument check standard of equal portions of decane, eicosane, 

and triacontane (n-C10, n-C20, and n-C30 respectively) should be 
prepared at a concentration of 10 to 100 µg/mL.   

 • The mixture should be analyzed 10 times using the appropriate GC 
conditions. The average area ratio of the three compounds should 
meet the following criteria: 

 
   n-C10 peak area should be greater than 80% of n-C20 
   n-C30 peak area should be greater than 60% of n-C20 
 
 Note:  Insertion of silanized glass wool into the injection port liner will greatly 

increase response of the heavier molecular weight hydrocarbons. 
 
References a) EPA (1986) Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Ed., November 1986. 

 b) EPA (1984) Federal Register, Part VIII, Guidelines Establishing Test 
Procedures for The Analysis of Pollutants Under the Clean Water Act. 
U.S. Environmental Protection Agency, 40 CFR Part 136, October 
26,1984. 

 c) State of Oregon, Department of Environmental Quality, Laboratories 
and Applied Research , Organic Section ,"Total Petroleum 
Hydrocarbons Analytical Methods", OAR 340-122-350, 11 December 
90. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Note that 

Freon extraction methods now deleted. 
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 PBM/Hydrocarbons 
Revision Date:  December 31, 2000 

 

Volatile Hydrocarbons in Water by GC/FID 
 
 
Parameters Volatile Hydrocarbons(nC6-nC10)  in water 
  
Analyte Symbols Analyte Symbol EMS Code 
and EMS Codes VHW6-10  VHC-  F083 
  
Analytical Method Purge and Trap - Gas Chromatography with Flame Ionization Detection 

(GC/FID). 
 
Units mg/L 
 
Introduction This method measures the collective concentration of Volatile Hydrocarbons 

(VHW) in water.  Volatile Hydrocarbons (VH) are quantitated against m-xylene 
and 1,2,4-trimethylbenzene.  VHW6-10 measures hydrocarbons that elute 
between n-hexane and n-decane, roughly equivalent to a boiling point range 
of 69 °C to 174 °C.  

 
 Volatile Hydrocarbons (VHW6-10) is the precursor to the calculation of Volatile 

Petroleum Hydrocarbons (VPH).  Specified Monocyclic Aromatic 
Hydrocarbon (MAH) results are subtracted from VH concentrations to arrive 
at VPH, using the procedure outlined in the British Columbia Ministry of 
Environment, Lands and Parks (BCMELP) method “Calculation of Volatile 
Petroleum Hydrocarbons in Solids and Waters”. 

 
 The Volatile Hydrocarbons (VH) method is normally used in conjunction with 

the BCMELP Extractable Petroleum Hydrocarbons (EPH) method.  Together, 
these methods can generate quantitative values for the concentration of most 
petroleum products.  Note that the correlation of these results with the actual 
concentration of petroleum product in a sample (i.e. accuracy) may be less 
than would be achieved for single compound analyses. 

 
 Petroleum products that are predominantly captured with the VH parameter 

are those whose primary components are within the boiling point range of 
nC6 through nC10 (e.g. VH captures the majority of most unweathered 
gasolines, mineral spirits, and paint thinners).  Petroleum products that are 
predominantly captured with the EPH parameters are those whose primary 
components are within the boiling point range of nC10 through nC32 (e.g. 
EPH captures the majority of most diesel fuels, lubricating oils, greases, 
hydraulic oils, waxes). Many petroleum products contain components within 
both the VH and EPH parameter ranges (e.g. kerosenes, jet fuel, and 
weathered gasolines). Petroleum products that contain a substantial 
proportion of hydrocarbons with boiling points greater than nC32 will not be 
accurately quantitated by either of the VH or EPH methods. 

 
 In addition to quantitative numerical results, this method generates FID 

chromatograms that can sometimes be used to characterize the type of 
petroleum hydrocarbon mixture present in the sample. 

 
 This method contains numerous prescribed (required) elements, but it is 

otherwise a Performance Based Method (PBM).  Prescriptive elements are 
included where necessary to maintain consistency of VH results among 
laboratories.  British Columbia Ministry of Water, Land and Air Protection 
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encourages method innovations and supports the performance based 
methods approach, but recognizes that the application of performance based 
methods to method-defined aggregate parameters like Volatile Hydrocarbons 
is somewhat limited. 

 
 Every laboratory that uses this method, or a modified version of this method, 

to report VHW6-10 or VPH data to BCWLAP must perform an in-house 
validation of the method as described in the Method Validation section. 

 
 The GC/FID analysis portion of this method is not intended to quantitate 

individual target compounds (i.e. MAHs).  GC/MS is strongly recommended 
for quantitation of target compounds, although FID may be more appropriate 
in cases where sample concentrations exceed the GC/MS calibration range 
and where interferences are not evident.   

 
 A dual column GC system with both FID and MS detectors is strongly 

recommended for this method, so that VH can be determined simultaneously 
along with targeted MAH parameters like BTEX, styrene, and naphthalene.  
Analyzing VH and MAHs from the same sample aliquot reduces the impact of 
sub-sampling variability on the final VPH result. 

 
 A slightly higher degree of relative response bias is normally experienced with 

Purge and Trap than with Direct Injection (the VH solids analytical technique).  
Purge and Trap was selected over Direct Injection for water samples to 
achieve the sensitivity needed to meet BCMELP criteria.   

 
Method Summary Volatile organic compounds are purged from water samples with helium, 

adsorbed onto a sorbent trap, and then thermally desorbed to a capillary 
column gas chromatograph equipped with a flame ionization detector. 

  
Matrix Fresh Water 
 Waste Water 
 Marine Water 
 
Interferences and  
Precautions Contaminants present in solvents, reagents and sample processing hardware 

may cause interferences or yield artifacts.  All of these must be monitored 
and demonstrated to be free of interferences under the conditions of the 
analysis by the routine analysis of method blanks. 

 
 This method does not differentiate naturally occurring hydrocarbons from 

petroleum based hydrocarbons, nor does it differentiate hydrocarbons from 
complex organics. 

 
 This method requires the analysis of a representative sub-sample of the total 

contents of each sample container, including (where possible) any 
hydrocarbons which may be present as solids or adsorbed to solids within the 
sample container, but excluding any hydrocarbons which may be adsorbed to 
the surface of the sample container. 

 
 Contamination by carryover from the GC or the Purge and Trap system can 

occur whenever high-level and low-level samples are sequentially analyzed.  
If possible, when an unusually concentrated sample is analyzed, it should be 
followed by an Instrument Blank to check for system cleanliness. 
Alternatively, low-level samples that follow such high level samples must be 
re-analyzed if carryover is suspected. 
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 Any component of the purge gas flow path within the Purge and Trap system 
can be subject to contamination, and may sometimes require bake-out and/or 
replacement. 

 
Excessive methanol decreases purge efficiency, can prevent resolution of 
hexane from the solvent peak, and may cause difficulties with the adsorptive 
trap and with chromatography.  Do not add more than a total of 100 uL of 
methanol to any sample or calibration standard, and ensure that all samples 
and calibration standards are closely matrix matched with respect to 
methanol concentration. 
 

 The purging efficiency of aqueous solutions is influenced by pH and ionic 
strength.  Therefore, all samples and calibration standards must be matrix 
matched with respect to preservatives. 

 
Health and Safety  
Precautions The toxicity and carcinogenicity of chemicals used in this method have not 

been precisely defined. Treat all chemicals used in this method as a potential 
health hazard.  To ensure your personal safety and the safety of co-workers, 
read and understand the Material Safety Data Sheets (MSDS) for all 
chemicals used. 

 
Sample Collection and 
Preservation Collect samples in 40 mL glass screw-cap vials with Teflon-lined silicone 

septa.  To prevent cross-contamination, it is recommended that only new 
septa be used.   Collect samples with zero headspace.  

 
 Preserve all samples using one of the following procedures: 
 a) Add 2 drops of 50% HCl or 50% H2SO4 to each 40mL vial (to a pH of ~ 

2), or 
 b) Add  0.5 mL of 10% by weight Cu2SO4.5H2O (aq) to each 40 mL vial. 
 
 The acid preservation technique is referenced to US EPA (1) and (3).  The 

Copper Sulfate preservation technique is referenced to CPPI (2).  For 
samples that will also be analyzed for chlorinated volatile organic compounds, 
additional preservation with ascorbic acid or sodium thiosulphate may be 
necessary if residual chlorine is likely to be present.  For further details, refer 
to US EPA (3) Method 524.2.  

 
 Store samples away from direct sunlight at (4 ± 2)°C in an area free from 

organic solvent vapors. 
 
 Maximum holding time prior to analysis is 7 days after sampling.  Where 

holding times are exceeded, data must be qualified. 
 
 At least two replicate samples should be taken for each sample location.  

This allows the laboratory to analyze Field Replicates as desired, and/or to re-
analyze any sample if confirmation is required. 

 
 Sampling staff are referred to the British Columbia Field Sampling Manual (4) 

for additional sample collection guidelines. 
  
Apparatus Glassware and Support Equipment 
 Glass sparge vessels (5 mL fritted spargers recommended) 
 Micro-syringes 
 5 mL glass syringe with wide-bore entry port (not a syringe with a needle) 
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 Purge and Trap Device 
 The purge and trap device consists of a sample purging chamber, an 

adsorbent trap, and a mechanism for thermal desorption.  Several complete 
systems are commercially available. Recommended specifications for the 
components of the system are outlined below.  Alterations from these 
recommendations are permitted, but can influence the relative responses of 
VH components, and may cause a failure of the Instrument Performance 
Check acceptance criteria. 

 
 Purging Chamber  
 The purging chamber should be designed to accept 5-20 mL samples with a 

water column at least 3 cm deep.  Helium purge gas should pass through the 
water column as finely divided bubbles with a diameter of less than 3 mm at 
their origin.  Fritted glass sparge cells are recommended.  Needle spargers 
are permitted if an acceptable relative response of nC10 is achieved in 
Instrument Performance Checks.  Increasing the purge flow and/or purge 
time will increase the nC10 relative response.  

 
 Adsorbent Trap 

The recommended adsorbent trap contains 10 cm of Carbopack B, 6 cm of 
Carboxen 1,000 and 1 cm of Carboxen 1001, packed in 1/8" outside diameter 
stainless steel tubing (e.g. Supelco VOCARB 3000 K trap).  The Carboxen 
molecular sieve material contained in this trap is not necessary for the 
analysis of VH components, but permits the simultaneous analysis of 
gaseous VOCs.  This trap may be baked at temperatures up to 270°C, and is 
relatively hydrophobic.  Condition the trap prior to use as recommended by 
the manufacturer. 
     

 Purge and Trap - GC Interface 
 A direct-split interface between the purge and trap device and the GC is 

recommended. This permits adequate gas flows (15-20 mL) for thermal 
desorption of the trap, and dramatically reduces chromatographic 
interferences caused by trapped water.  Sharp chromatographic peaks for all 
VOC components may be achieved without cryogenic focusing.   

 
 Gas Chromatograph (GC) 
 A temperature programmable capillary gas chromatograph is required. A 

heated split inlet is recommended for the GC - Purge and Trap interface.   
 
 It is strongly recommended that the GC be configured as a single inlet, dual 

detector, dual column system, with FID and MS as the detectors.  This 
configuration permits the simultaneous analysis of VH by FID, and of BTEX 
and other VOCs by GC/MS.  See the Purge and Trap Conditions section and 
the Gas Chromatograph Conditions section for further details.  

 
 The data station must be capable of storing and reintegrating 

chromatographic data and must allow integration of peak areas using a 
forced baseline projection. 

 
 Detector 
 A Flame Ionization Detector (FID) is required for the quantitation of VHW6-10.  

FID is the most universal detector for petroleum products, generating nearly 
equivalent response by weight or concentration for most hydrocarbons.   

 
 Use of a dual column GC system equipped with both Mass Spectrometric and 

Flame Ionization Detectors is strongly recommended, as described in the 
Purge and Trap Conditions section and the Gas Chromatograph Conditions 
section. 
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 Chromatographic Column 
 The reference column for this method is a 30 meter, 0.53mm internal 

diameter capillary column with a 1.5 um coating of 100% dimethyl siloxane 
(e.g. DB-1, HP-1, RTX-1 or equivalent).  The stationary phase type may not 
be modified. 

 
 With a dual column GC/MS-FID configuration, any appropriate GC column 

may be used for the simultaneous analysis of target analytes by GC/MS, but 
a column of 30 meters in length and 0.25 mm internal diameter is 
recommended to achieve a reasonable division of flow between the two 
columns using a single GC head pressure.  Refer to the Gas Chromatograph 
Conditions section for further details. 

   
Reagents and  Reagents 
Standards  Acetone (2-propanone)  
 Methanol - Purge and Trap grade 
 Organic-free reagent water - Refer to US EPA (3) Method 524.2, section 

7.2.2. 
 Preservatives – one of the following is required: 
 - Hydrochloric acid (HCl), diluted 1:1 with reagent water 
 - Sulfuric acid (H2SO4), diluted 1:1 with reagent water 
 - 10% Copper Sulfate (CuSO4.5H2O) by weight in reagent water 
  
 Calibration Standard Stock Solution 
 Prepare a Calibration Standard Stock Solution in methanol containing 5,000 

µg/mL of each of hexane (nC6), octane (nC8), decane (nC10), benzene, 
toluene, ethylbenzene, meta-xylene, ortho-xylene, and 1,2,4-
trimethylbenzene. This mixture may be purchased commercially or prepared 
from neat standards.  Warm the solution and mix well before use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C. 

  
 Calibration Standard 
 Prepare a 50 µg/mL Calibration Standard in methanol by diluting the 5,000 

µg/mL stock standard.  Warm the solution and mix well before use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C.  

 
 Add 10 uL of this solution to 5 mL of reagent water to create a 0.100 µg/mL 

Calibration Standard.  
 
Note:  The concentration and/or amounts above may not be applicable if 
sample volumes or GC split ratios are varied from those specified in this 
method. 

 
 Control Standard Stock Solution 
 Prepare a Control Standard Stock Solution containing 5,000 µg/mL meta-

xylene and 5,000 µg/mL 1,2,4-trimethylbenzene in methanol.  This solution 
may also contain other target analytes, and may be purchased commercially 
or prepared from neat compounds.  It must be prepared from a different 
source than the Calibration Standard (both standards may originate from the 
same neat compound source, but they must not be prepared from the same 
intermediate solutions).  Store refrigerated at (4 ± 4)°C. 

 
 Control Standard 
 Prepare a 250 µg/mL Control Standard by diluting the 5,000 µg/mL Control 

Standard Stock Solution in methanol.  Add 10 uL of this solution to 5 mL of 
reagent water to create a 0.500 µg/mL Control Standard. 



D - 81 

 
Note:  The concentration and/or amounts above may not be applicable if 
sample volumes or GC split ratios are varied from those specified in this 
method. 
 

 Gasoline Stock Solution 
 Prepare a 50,000 µg/mL stock solution of unleaded gasoline in methanol.  

Prepare the solution by weight (e.g. weigh 0.250g gasoline into a 5.00 mL 
volumetric flask, or use a syringe to dispense an appropriate volume of 
gasoline with consideration of its density).  Any unweathered, fresh source of 
gasoline is acceptable.  Warm the solution and mix well prior to use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C. 

 
 Note: The 50,000 µg/mL concentration above can be referred to as the 

“product concentration” of the solution, where the product is in this case 
gasoline.  It is important to note that the product concentration of the solution 
is not equivalent to its VHW6-10 concentration. 

 
 Detection Limit Check Standard Solution 
 Dilute the 50,000 µg/mL Gasoline Stock Solution to prepare a Detection Limit 

(DL) Check Standard Solution in methanol.  Prepare the solution at a 
concentration that permits addition of 10 – 20 uL of solution to an aqueous 
sample to achieve an aqueous concentration that is approximately equal to 
the Reporting Detection Limit for VHW6-10. This standard is required for Initial 
Calibration QC (Detection Limit Check section).  Warm the solution and mix 
well prior to use to ensure complete dissolution of all components. Store 
refrigerated at (4 ± 4)°C. 

 
 Refer to the Determination of DL Check Standrad Concentration and VHW6-10 

Target section under Method Validation for the procedure to determine an 
appropriate concentration for this solution. 

  
Gasoline Method Spike Solution 
If Gasoline Method Spikes will be analyzed (see the Gasoline Method Spike 
section), prepare a Gasoline Method Spike Solution at a suitable 
concentration by diluting the Gasoline Stock Solution into methanol.  
Concentrations ranging from 50 - 5,000 µg/mL of gasoline may be 
appropriate, depending on the desired Method Spike concentrations.  Select 
a spike solution concentration such that 10uL of the Gasoline Method Spike 
Solution can be added directly to the sparge vessel.  Warm the solution and 
mix well prior to use to ensure complete dissolution of all components.  Store 
refrigerated at (4 ± 4)°C. 
 

Quality Control (QC) Table I-21 summarizes all the required and recommended calibration and QC 
components of this method. Each of these components is described in detail 
in this section. 
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Table I-21: Summary of VHW QC and Calibration Requirements and Recommendations 
 
QC Component Minimum 

Frequency 
Minimum Acceptance Criterion 

Instrument Performance QC   
Instrument Performance Check Every 12 hours, 

 and at end of  
analysis batch if 
 >6 hrs from  
previous check. 

Relative response ratios must be 
0.6-1.4 for all components 
 

Calibration QC and Verification   

Control Standard 1/analysis batch Within 15% of expected  
concentration 

Detection Limit Check Standard 1/analysis batch 50 – 150% of VH target 

Ongoing Verification of Calibration Every 12 hours,  
and at end of  
analysis batch if  
>6 hrs from  
previous check. 

Within 25% of previous std & 
Within 35% of initial calibration 
(in continuing calibration mode). 

Method QC   

Method Blank 1/preparation  
batch 

< reported detection limit 

Gasoline Method Spike Not required None 

Laboratory and Field Sample  
Replicates 

Not required None 

Surrogate Compounds Not required None 

 
 
 General QC Requirements 
 Each laboratory that uses this method is required to follow a formal, internally 

documented Quality System, as outlined in CAN/CSA-Z753 (5).  Required 
and recommended QC elements are described within this section. 

 
Samples are prepared in a set that is referred to as a preparation batch, and 
are analyzed by Purge and Trap - GC in a set that is referred to as an 
analysis batch.  In many cases preparation and analysis are conducted 
together as a single operation, in which case both batches will be identical. 
 

 If any of the specified acceptance criteria for Instrument Performance QC, 
Initial Calibration QC, or Method QC cannot be met for the analysis of a given 
sample, then the data reported for that sample must be appropriately 
qualified. 

 
Instrument  Instrument Performance Check 
Performance QC REQUIRED – Perform this check whenever a Calibration Standard or 

Verification Standard is analyzed.  See the Ongoing Verification of Calibration 
(Verification Standards) section for required frequency. 

  
 The Calibration Standard is used for initial calibration (see Initial Calibration 

section) and for ongoing verification of calibration (see the Ongoing 
Verification of Calibration (Verification Standards) section).  In addition, it is 
used for the Instrument Performance Check to do the following: 
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 a) Measure and control relative response ratios of specified VH 
components, 

 b) Determine retention time windows for VH integration ranges, 
  c) Confirm resolution of hexane (nC6) from the solvent peak. 
 
 One essential purpose of the Instrument Performance Check is to ensure 

that the GC/FID response factors of VH components throughout its boiling 
point range are roughly equal.  If excessive relative bias exists among VH 
components due to differences in their polarity, mass, boiling point, or 
chemical composition, then calculated results will be biased, and 
interlaboratory inconsistency will result. 

 
 For each component of the Calibration Standard, determine the relative 

response ratio (by peak area) against the appropriate reference compound.  
Compare the peak areas of hexane (nC6), octane (nC8), benzene, toluene, 
and ethylbenzene against meta-xylene. Compare the peak areas of decane 
(nC10) and o-xylene against 1,2,4-trimethylbenzene. For all compounds 
within the mixture, these ratios should normally fall between 0.70 and 1.30. 
Acceptance criteria for relative response ratios are 0.6 – 1.4 for all 
components of the Instrument Performance Check.  If any relative response 
ratio fails these acceptance criteria, associated sample data is suspect and 
corrective action is required. Loss of response of any of the compounds in 
the mixture may indicate that GC maintenance is necessary. 

 
Initial Calibration QC Instrument blank 
 Not applicable.  See Method Blank. 
 
 Control Standard  
 REQUIRED - minimum 1 per analysis batch of no more than 100 samples. 
 
 Analyze a Control Standard (see the Control Standards section) containing 

meta-xylene and 1,2,4-trimethylbenzene, which has been prepared from a 
different source than the Calibration Standard.  The Control Standard is used 
to confirm the integrity of the calibration standard, and to verify calibration 
linearity if single-point calibration is used. Where possible, the Control 
Standard should be traceable to national chemical metrology standards.   

 
 If single-point calibration is used, the concentration of the Control Standard 

must differ from the concentration of the Calibration Standard by at least a 
factor of five. 

  
 Note:  At concentrations above ~50-100 ng on-column, chromatographic 

peak shapes may be distorted due to column phase overload, but FID 
responses are not normally affected. 

 
 If the calculated concentration of meta-xylene or 1,2,4-trimethylbenzene in 

the Control Standard varies by more than 15% from the expected target, then 
the calibration is suspect.  Discrepancies must be corrected before any 
sample results for the analysis batch may be reported.  Correction may 
require any or all of: 

 a) Re-analysis of Control Standard and/or Calibration Standard. 
 b) Re-preparation and re-analysis of Control Standard and/or Calibration 

Standard. 
 c) GC maintenance (if discrepancy is due to calibration non-linearity). 
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 Detection Limit Check 
 REQUIRED - minimum 1 per analysis batch of no more than 100 samples.  

The sensitivity of the GC system at the Reporting Detection Limit must be 
verified regularly using a low level gasoline solution. 

 
 Analyze a Detection Limit Check Standard that contains VHW6-10 at a 

concentration that is approximately equivalent to the VHW6-10 Reporting 
Detection Limit for the method (see the Detection Limit Check Standard 
Solution section). 

 
 The procedure for determining the target concentration for this standard is 

described under Method Validation in the Determination of DL Check 
Standrad Concentration and VHW6-10 Target section.  Acceptable 
performance for the Detection Limit Check Standard is between 50 - 150 % 
of the VHW6-10 target (calculated as described in the Determination of DL 
Check Standrad Concentration and VHW6-10 Target section).  Data reports 
must be qualified if this acceptance criterion is not met for the analysis batch 
in which the samples were run. 

 
Method QC Method QC samples are carried through all stages of sample preparation and 

measurement. They are intended to measure average method performance 
over time, and to control method performance under a statistical process 
control model. 

 
 Method Blank  
 REQUIRED - minimum 1 per preparation batch of no more than 50 samples.  

Prepare a Method Blank using reagent water.  Extract and analyze as 
described in the Sample Preparation Procedure section and the GC Analysis-
Purge and Trap section. 

 
 If a Method Blank result is above a Reported Detection Limit for a sample 

within a preparation batch, the data report for that sample must be qualified 
(increasing the Reported Detection Limit of affected sample results to a level 
above that of the Method Blank result(s) is acceptable). 

 
 Method Performance Check Spike  
 Not applicable.  A Method Performance Check Spike for water samples by 

purge and trap would be prepared, analyzed, and interpreted exactly as an 
Instrument Performance Check (see the Instrument Performance Check 
section). 

 
 Gasoline Method Spike  
 OPTIONAL.  Prepare a Gasoline Method Spike by fortifying reagent water 

with an accurate volume of a Gasoline Method Spike Solution in methanol 
(see the Gasoline Method Spike Solution section). Spikes may be prepared 
at any reasonable concentration, depending on the objective.  

 
 Determine the target for VHW6-10 by analyzing several replicates of the 

Gasoline Method Spike Solution prepared in water at the selected spike 
concentration.   

 
 A Gasoline Method Spike prepared in this way normally provides information 

about method precision, but not about method bias (accuracy).  This is partly 
because the purge and trap process defines the VHW6-10 parameter for water 
samples, and partly because any losses incurred during the purge and trap 
process will also affect the measurement of “targets” (i.e. it is normal to 
achieve 100% recovery, on average, for Gasoline Method Spikes where the 
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targets are determined experimentally).  Acceptance criteria are at the 
discretion of the laboratory.   

 
 Laboratory Sample Replicates and Field Sample Replicates / Splits 
 RECOMMENDED - Frequency at the discretion of the laboratory and/or the 

end user of the data.  Replicate samples by this method may be either 
Laboratory Sample Replicates or Field Sample Replicates/Splits (4), 
depending on whether the sub-samples originate from the same or different 
sample containers.  No generic acceptance criteria are specified, since the 
source of variability may be shared among the sampling process, the 
laboratory method, and the samples themselves. 

 
 Surrogate Compounds* 
 OPTIONAL.  The use of one or more Surrogate Compounds for VH is at the 

discretion of the laboratory.  Surrogates that elute outside the VH retention 
time range are recommended so that they do not need to be subtracted from 
integrated VH peak areas. 

 
 Note that sample interferences will often preclude the accurate measurement 

of any surrogate by FID.  Do not report a recovery where a Surrogate 
Compound cannot be accurately measured due to a co-eluting interference 
(report “n/a”). 

 
 *Surrogate Compounds have chemical characteristics similar to those of analytes, but provide 

analytical response that is distinct from analytes.  They are added to samples prior to sample 
preparation.  Surrogate percent recovery measurements are used as Method QC to estimate 
sample preparation losses and matrix effects.  They are only useful when not subject to 
measurement interferences. 

 
Sample Preparation  
Procedure All field samples, calibration standards, and QC samples must be matrix 

matched (including preservatives). 
 
 Prepare calibration standards directly in the sparge vessels.  To 5 mL of 

reagent water, add the same amount and type of preservative as was added 
to samples.  Then add 10.0 uL of the 50 µg/mL calibration standard in 
methanol using a 10 uL syringe, with the tip of the syringe needle below the 
surface of the water. 

 
 Use a 5 mL syringe with wide-bore entry port to measure (5.0 ± 0.1) mL of 

sample into a sparge vessel (ensure the sample is not exposed to strong 
vacuum in the syringe).  If the sample is suspected to contain high levels of 
volatile organics, less sample may be used, with the total volume made to 5 
mL with reagent water. 

 
 Dispense all samples as quickly as possible, without allowing them to warm 

to room temperature (Note: the density of water changes by only 0.16% 
between 0 and 20°C). 

 
 Prepare appropriate and required Method QC samples in sparge vessels as 

described in the Method QC section.  Use 5 mL of reagent water for the 
Method Blank, Calibration Standards, and Gasoline Method Spike samples. 

 
 If desired, add an appropriate amount of Surrogate Compound solution in 

methanol directly to each sparge vessel (refer to the Surrogate Compound 
section). 
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 The total volume of added methanol must be the same for all samples and 
standards, to within ± 20 uL, and the total amount of methanol in any sample 
or calibration standard must not exceed 100 uL. 

 
GC Analysis Procedure Purge and Trap  
 Place the sparge vessel with prepared sample onto the autosampler or 

purging device and initiate the purge and trap process.  The sample is purged 
with helium and volatile compounds are trapped on a sorbent trap.  When 
purging is complete, the sorbent trap is heated and the compounds are 
thermally desorbed to the gas chromatograph. 

 
 Purge and Trap Conditions 
 Sparge vessel type: 5 mL fritted glass (recommended) 
 Trap type: Supelco VOCARB 3000 K trap (recommended) 
 Purge gas: helium (ultra high purity) 
 Purge gas flow rate: 40 mL / minute 
 Trap temp at purge: 40°C 
 Purge time: 11 minutes 
 Dry purge time: 5 minutes 
 Desorb temperature: 250°C 
 Desorb time: 6 minutes 
 Bake temperature: 260°C 
 Bake time: 4 minutes  
 Valve & Line temps: 150-200°C 
 
 Gas Chromatograph Conditions 
 GC conditions are described for a single inlet, dual column GC-MS/FID 

system, as recommended in the Purge and Trap Device section: 
Carrier Gas: Helium (from Purge & Trap desorb output) 
Head pressure: 9.0 psi @ 40°C (with column dimensions as specified) 
 
FID column: DB-1, 30 m, 0.53 mm id, 1.5 um phase 
FID column flow: 15 mL/minute @ 9.0 psi & 40°C (88 cm/sec linear velocity) 
 
MS column: DB-1, 30m, 0.25 mm, 1.5 um phase (suggested) 
MS column flow: 1.2 mL/minute @ 9.0 psi & 40°C (39 cm/sec linear velocity) 
 
Constant flow: recommended (set to be constant for FID column) 
Injector temp: 200°C 
Injection mode: split (connect P&T desorb exit to GC injection port inlet) 
GC liner type: 2 mm id splitless liner, no glass wool 
Initial inlet purge: ON 
FID temperature: 250°C 
 
 
Oven program: Initial Temp 40°C (hold 4.0 minutes) 
 5°C /min to 140°C (no hold) 
 25°C/min to 220°C (hold 2.0 minutes) 
 
FID gas flows: as recommended by manufacturer 
 
 Note:  Split ratio is defined as [(total desorb flow):(column flow)] for each 

column that is configured as described. On a Hewlett Packard 5890 or 6890 
GC, total desorb flow equals the combined column flows plus any flows out 
the injection port split vent and septum purge vent.  Total purge and trap 
desorb flow must be greater than the combined column flows (as determined 
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by head pressure and GC temperature set-points), or the GC will not maintain 
head pressure. 

 
 Initial Calibration 
 Analyze a 0.100 µg/mL Calibration Standard at the beginning of each new 

analytical batch (see the Calibration Standards section).   
 
 Note:  This concentration may not be applicable if sample volumes or GC 

split ratios are varied significantly from those specified in this method. 
 
 Calibration is by single or multi-point external standard technique, using 

meta-xylene and 1,2,4-trimethylbenzene. 
  
 A continuing calibration is recommended (i.e. reslope the calibration with 

each Verification Standard).  Changes in response between standards must 
be monitored and controlled (see the Ongoing Verification of Calibration 
(Verification Standards) section). 

 
 Linear calibration must be used for this method.  Either single or multi-point 

calibrations are acceptable, due to the linear response of GC/FID systems.  If 
single-point calibration is used, linearity must be verified using a Control 
Standard with a concentration that differs from the Calibration Standard 
concentration by at least a factor of five (see the Control Standard section). 

 
 For each analysis batch, verify that the GC – Purge and Trap system is 

performing adequately by conducting all checks specified in the Instrument 
Performance QC section (see the Instrument Performance QC section), 
ensuring that all specified acceptance criteria are met. 

 
 For each analysis batch, verify that the initial calibration is adequate by 

performing all tests specified in the Initial Calibration QC section, ensuring 
that all specified acceptance criteria are met. 

 
 Calculate the Calibration Factors (CFs) for meta-xylene and 1,2,4-

trimethylbenzene in the Calibration Standard using the equation below.  The 
Calibration Factors are based on the total weight of analyte in the sparge 
vessel: 

 
 CFm-Xylene in µg-1  =   Area of meta-xylene peak  
     meta-xylene amount (µg in sparge vessel) 
 
 CF1,2,4-Trimethylbenzene in µg-1 =    Area of 1,2,4-trimethylbenzene peak                  
           1,2,4-trimethylbenzene amount (µg in sparge vessel) 
 
 Ongoing Verification of Calibration (Verification Standards) 
 After initial calibration, the Calibration Factors (CFm-Xylene and CF1,2,4-

Trimethylbenznene) must be verified, at minimum, after every 12 hours of 
continuous operation.  The calibration must also be verified at the end of 
each analysis batch if more than 6 hours has passed since the previous 
verification.   

  
 Use a Calibration Standard as a Verification Standard (see the Calibration 

Standards section). 
 
 Under a continuing calibration mode, if either Calibration Factor changes by 

more than 25% from the previous standard, or by more than 35% from the 
initial calibration standard, then corrective action must be taken, and samples 
analyzed after the last acceptable standard must be re-run.   
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 Alternatively, an initial calibration may be used for as long as both Calibration 

Factors remain within 15% of their initial values.  If this criterion is exceeded, 
the calibration may be updated using the Verification Standard Calibration 
Factors, but only if the continuing calibration acceptance criteria specified 
above are satisfied.   

 
 See the Instrument Performance Check section for Instrument Performance 

QC requirements that must be satisfied with each Calibration Standard and 
Verification Standard. 

 
 Integration of Total Areas for VHW6-10 
 The Volatile Hydrocarbons parameter is defined to include all GC/FID peaks 

eluting between hexane (nC6) and decane (nC10). VHW6-10 is quantitated by 
summing the results for two sub-ranges within the nC6-nC10 range.  The first 
VH sub-range falls between the retention times of hexane and ortho-xylene. 
The second VH sub-range falls between the retention times of ortho-xylene 
and decane.  Each sub-range is integrated and quantitated separately, and 
VHW6-10 is the calculated by summing the two results. 

  
 Note:  Calculating VH using two sub-ranges reduces the impact of relative 

response biases which exist between higher and lower volatility VH 
components in most purge and trap systems. 

  
 Determine the total integrated peak area of each VH sub-range, where: 

a) The VHW(6-oX) range begins at the apex of the nC6 peak and ends at the 
apex of the o-xylene peak.  

b) The VHW(oX-10) range begins at the apex of the o-xylene peak and ends at 
the apex of the nC10 peak. 

 
 Retention times of the marker compounds must be updated or verified with 

each analysis batch, and should be established using marker compound 
concentrations that do not overload the liquid phase of the GC column. 

 
 Peak integration must include all peaks, whether resolved or not, that are 

above the chromatographic baseline, as established by instrument blanks 
within the analysis batch.   

 
 Automated software integrations of VH areas must be visually verified, and 

must be manually corrected where potential error may exceed 1-2%. 
 
Calculations VHW6-10 is the sum of the calculated concentrations for VHW(6-oX) and VHW(oX-

10). VHW(6-oX) is quantitated against the meta-xylene calibration standard. 
VHW(oX-10) is quantitated against the 1,2,4-trimethylbenzene calibration 
standard.  

 
 If any VH-range Surrogate Compounds are added to samples, the 

contribution to VH of those Surrogates must be subtracted from calculated 
VH results.  Because Surrogate Compounds frequently experience FID 
interference, it is most practical to subtract the actual spiked concentrations 
of Surrogate Compounds from calculated VH concentrations.  No Surrogate 
Compounds within the VH-range should be added such that their 
concentration exceeds the Reporting Detection Limit for VHW6-10.   
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 Use the following equations to calculate VHW6-10: 
 
  VHW6-10 (µg/mL) = VHW(6-oX) (µg/mL ) + VHW(oX-10) (µg/mL)  -  Actual Surrogate 

Conc* (µg/mL) 
 
 *  Only Surrogates (if any) that elute within the VHW6-10 range are subtracted. 
 
 VHW(6-oX) (µg/mL)  =       A(6-oX)  /  (CFm-Xylene  x  Vol) 
 
 VHW(oX-10) (µg/mL) =       A(oX-10)  / (CF1,2,4-Trimethylbenzene  x  Vol) 
 
 where:  
 
 A(6-oX) =  Total area between nC6 and ortho-xylene for the sample  
  chromatogram. 
 A(oX-10) =  Total area between ortho-xylene and nC10 for the sample  
  chromatogram. 
 CFm-Xylene   =  Calibration Factor for meta-xylene standard (µg-1) 
 CF1,2,4-Trimethylbenzene =  Calibration Factor for 1,2,4-trimethylbenzene standard 

(µg-1) 
 Vol   =   Volume of sample purged (mL) 
 
 When reporting to BCMELP, report VHW6-10 results for water samples in units 

of µg/L (ppb).  Multiply µg/mL (ppm) results (as calculated above) by 1,000 to 
convert results to units of µg/L. 

 
 Diluting High Level Samples 
 Where sample results exceed the linear working range of the GC-FID 

system, they must be diluted and re-analyzed at a more appropriate 
concentration.  Note that over-dilution of samples can introduce significant 
error to VH results.  Diluted samples should be prepared such that their 
VHW6-10 areas fall within the linear working range of the GC-FID system, as 
determined in the Establishing Instrument Calibration Working Range and 
Estimated IDLs section. 

 
  Where samples are diluted prior to analysis, Reporting Detection Limits must 

be increased accordingly. 
 
Method Validation Initial Method Validation requirements as outlined below must be completed 

before this method may be used to generate VHW6-10 results for unknown 
samples. 

 
 Initial Verification of Relative Response Requirements 
 Before proceeding with further validation steps, verify that the method meets 

the relative response equivalency requirements of the method by performing 
the Instrument Performance Check (see the Instrument Performance Check 
section). 

 
 Calculation of Actual VHW Concentrations of a Petroleum Reference 

Solution 
 This procedure describes how to calculate the Actual VHW6-10 Concentrations 

for aqueous solutions of petroleum products where only the total 
weight/volume concentration of the petroleum product in the water is explicitly 
known.  Actual VHW6-10 concentrations of a petroleum product solution can 
only be measured experimentally, whereas the concentration of the 
petroleum product in the water is simply determined by dividing the weight of 
product by the volume of water in which it is prepared. 
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 Actual VHW6-10 Concentrations are required within this method for the 
following purposes: 

 
 a) determination of GC/FID linear range for VHW (i.e. calibration range), 
 b) determination of VHW Instrument Detection Limits (IDLs),  
 c) preparation of Detection Limit Check Standards and Method Spike 

Solutions,  
 d) calculation of VHW targets for DL Check Standards and Method Spike 

Solutions.   
 
 Use the following procedure to calculate the Actual VHW6-10 Concentration of 

an aqueous petroleum product solution: 
 

a) Prepare the petroleum product in aqueous solution at a concentration 
at least 20x greater than the estimated Instrument Detection Limits for  
VHW6-10 (see the Establishing Instrument Calibration Working Range 
and Estimated IDLs section).  A petroleum product concentration of at 
least 5 µg/mL in water is recommended for this purpose. 

 
b) Perform replicate analyses of the aqueous petroleum product solution 

prepared in (i) using the instrumental conditions specified within this 
method.  A minimum of 7 replicates is recommended.   Do not dilute 
the solution prior to analysis.  Determine the average measured 
concentration of VHW6-10 using the calculations specified in the 
Calculations section.  In the example below, the measured  VHW6-10 
concentration is denoted as [VHW6-10,measured], where the square 
brackets denote concentration.  Percent Relative Standard Deviations 
(%RSDs) of these values may also be determined, and may be useful 
to set statistical warning and control limits for some applications. 

 
 c) Calculate the percentage that the VHW6-10 range represents of the total 

petroleum product concentration.  Example (for a given source of 
gasoline): 

 
 %VHW6-10 in gasoline  =   100%  x      [VHW6-10,measured]   /  [Gasolinegrav] 
 
 where: 
 
 [   ] =  symbol for concentration 
 [VHW6-10, measured] =  measured [VHW6-10] of a solution of gasoline 

in water. 
 [Gasolinegrav]  =  actual [Gasoline] in weight of gasoline / 

volume  water for the same solution. 
 Units =  same for both concentrations (e.g. µg/mL). 
 
 Note: The percentage of VHW6-10 in gasoline is considerably less than 

100% (typically about 50%) because not all components of gasoline fall 
within the nC6 - nC10 boiling point range. 

 
d) To calculate the Actual VHW6-10 Concentrations of other concentrations 

of the same product, use the VHW6-10 percentage relative to the total 
petroleum product concentration as follows (the gasoline example is 
continued): 
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 Actual VHW6-10 conc. in gasoline = (%VHW6-10 in gasoline) / 100%  x 
[Gasolinegrav]  

     
 where: 
 [Gasolinegrav] = the conc. of gasoline (in wt. gasoline / volume water) of 

any solution. 
 
 Establishing Instrument Calibration Working Range and Estimated IDLs  
 Establish the linear working range of the GC/FID system for VHW6-10 using a 

series of dilutions of the 50,000 µg/mL Gasoline Stock Solution into water.  
Analyze gasoline solutions at concentrations ranging from below the 
estimated Instrument Detection Limit to above the estimated maximum 
calibration concentration in approximately 2-fold increments.  The following 
aqueous concentrations are recommended as an approximate guide: 0.02, 
0.05, 0.1, 0.5, 1, 2, 5, 10, 25, 50, and 100 µg/mL of the gasoline solution.  
Calculate VHW6-10 results for each solution using the procedure described in 
the Calculations section.  These are referred to below as Calculated VHW6-10 
Results. 

 
 Follow the procedure in the Calculation of Actual VHW Concentrations of a 

Petroleum Reference Solution section to calculate the Actual VHW6-10 
Concentrations for all of the above solutions. 

 
 Make a plot of Calculated VHW6-10 Results (y-axis) versus Actual VHW6-10 

Concentrations (x-axis), and determine the linear working range of VHW6-10. 
 
 Instrument accuracy for VHW6-10 is measured as Calculated VHW6-10 Results / 

Actual VHW6-10 Concentrations.  As VHW6-10 concentration approaches the 
Instrument Detection Limit (IDL), instrument accuracy decreases because the 
less abundant components of the petroleum hydrocarbon blend (e.g. 
gasoline) cease to be detected.  For the purposes of this method, the 
Instrument Detection Limit for the VHW6-10 parameter is defined as the lowest 
VHW6-10 concentration at which instrument accuracy consistently falls within 
the range of 70-130%. However, a gasoline chromatogram at the IDL must 
still resemble chromatograms of higher concentrations.  At the IDL, any 
chromatographic peak that normally comprises more than 5% of total VHW6-10 
area must still be visible as a distinct peak; this requirement takes 
precedence over the 70-130% accuracy requirement. 

  
 The IDL is expressed in units of Actual VHW6-10 Concentration. 
 
 Establishing Method Detection Limits 
 Determine the Method Detection Limits (MDLs) at the 95% confidence level 

for VHW6-10, using the procedure outlined in the British Columbia 
Environmental Laboratory Manual (7). This method requires the use of the 
procedure described below, which is one of several generic approaches 
described in the BC Environmental Laboratory Manual.  

 
 Select a concentration for method spikes of gasoline into water of between 

one and three times the estimated IDL for VHW6-10  (as determined in the 
Establishing Instrument Calibration Working Range and Estimated IDLs 
section).  Prepare and analyze at least 7 method spikes at this concentration.  
Use a Gasoline Method Spike Solution to prepare these method spikes (see 
the Gasoline Method Spike Solution section). 

 
 Calculate the Method Detection Limit (MDL) at the 95% confidence level for 

VHW6-10 using the calculations described in the BC Environmental Laboratory 
Manual (7).   
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 Average recoveries of the MDL Method Spikes for VHW6-10 must be between 

60-140%, where recovery is defined as calculated VHW6-10 result / target 
VHW6-10 concentration, as determined in the Calculation of Actual VHW 
Concentrations of a Petroleum Reference Solution section.  If this condition is 
not met, repeat the MDL determination at a higher spike level.  

 
 Reporting Detection Limits 
 A Reporting Detection Limit is defined as the detection limit for an analytical 

parameter that is reported to a client or end-user of the data.  Reporting 
Detection Limits for VHW6-10 must be greater than or equal to the Method 
Detection Limits (at the 95% confidence level) that were experimentally 
determined in-house using the procedure described in the Establishing 
Method Detection Limits section. 

 
 Ensure that calculated Method Detection Limits and Reporting Detection 

Limits are below any regulatory criteria values or regulatory standards 
specified by BCMELP or other applicable regulatory body.  For BC 
requirements, refer to BCMELP method “Calculation of Volatile Petroleum 
Hydrocarbons in Solids or Water” (July, 99). 

 
 Determination of DL Check Standard Concentration and VHW6-10 Target 
 Use the procedure that follows to select a suitable aqueous concentration of 

gasoline for the DL Check Standard.  This procedure involves the conversion 
of gasoline product concentration units to (and from) VHW6-10 concentration 
units (in aqueous solution).  

 
 Results from the Calculation of Actual VHW Concentrations of a Petroleum 

Reference Solution section and the Establishing Instrument Calibration 
Working Range and Estimated IDLs section may initially be used for step (a), 
but this determination should be repeated if the source of the gasoline 
changes: 

 
a) Calculate the percentage of the total gasoline concentration that VHW6-

10 represents, using the procedure described in the Calculation of 
Actual VHW Concentrations of a Petroleum Reference Solution section.  
Typically, VHW6-10 represents about 50% of the total gasoline 
concentration.  This percentage is less than 100% because not all 
components of gasoline fall within the nC6 - nC10 boiling point range. 

 
b) Determine the concentration of gasoline in water that corresponds to 

the VHW6-10 Reporting Detection Limit.  Use the calculated percentage 
from (a) to calculate this gasoline concentration: 

 
 [Gasoline in water] equiv. to VHW6-10 DL =   
 
 100 x  (Reporting DL for VHW6-10)  / (%VHW6-10 in Gasoline) 
 
 where: 
 
 [Gasoline] and VHW6-10 Reporting DLs must be in the same units (e.g. 

µg/mL of water). 
 
 Select a concentration for the Detection Limit Check Standard that is 

approximately equal to the concentration determined above.  Prepare a 
Detection Limit Standard Solution (see the Gasoline Method Spike 
Solution section) at a concentration such that adding 10 – 20 uL of it to 
a reagent water sample will produce a Detection Limit Standard at the 
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selected concentration. The DL Check Standard can then be used to 
verify that the Reporting Detection Limit for VHW6-10 remains valid. 

 
 Example:  For a Reporting Detection Limit of 100 µg/L VHW6-10 with a 

sample size of 5 mL, add 10 uL of a 100 µg/mL solution of gasoline to 
5 mL of reagent water to achieve a 200 µg/L aqueous concentration of 
gasoline in the check standard.  If the proportion of VHW6-10 in the 
gasoline is 50%, then the aqueous concentration of VHW6-10 in the 
Detection Limit Check Standard will be 100 µg/mL. 

 
c) Calculate the target for VHW6-10 in the Detection Limit Check Standard 

by multiplying the concentration selected in (b) by the VHW6-10 
percentage from (a).   

 
 Target for VHW6-10  =  
 
 (DL Std. gasoline concentration in water) x (%VHW6-10 in gasoline) 

 
Accuracy and Precision For a limited period of time, individual laboratories may assess their accuracy 

and/or precision for this method by analyzing replicates of the 1998 BCMELP 
Hydrocarbon Round Robin samples, and comparing results against single 
laboratory and interlaboratory consensus values. This is not a formal 
requirement for the validation of this method, but is strongly recommended. 

 
 Alternatively, multiple method spikes of an appropriate petroleum product 

(unweathered gasoline is recommended) may be used to assess the method, 
although less information can be derived about accuracy without 
interlaboratory consensus data.  Better measures of overall method bias and 
accuracy are obtained from analysis of BCMELP Interlaboratory Study 
samples, and from Instrument Performance Checks.  

 
 Determine Method Spike targets using Actual VHW Concentrations of the 

spike solution by following the procedure outlined in the Calculation of Actual 
VHW Concentrations of a Petroleum Reference Solution section. 

 
Method Performance  
Data Method performance data is presented for selected Reference Samples and 

for required QC components of the method.  This data was compiled from the 
1998 BCMELP Petroleum Hydrocarbon Round Robin Study, and from the 
Single Laboratory Validation Study, which was performed at the same time.  
Method Detection Limit data from the single laboratory data are also 
presented. 

 
 The single laboratory data presented here was generated using a needle 

sparger with 20 mL sample volumes, and using a purge flow of 60 mL / 
minute.  Otherwise, all instrument conditions were as described in the 
Sample Preparation Procedure section and the GC Analysis-Purge and Trap 
section.  

 
 VHW Instrument Performance Check Data 
 Multiple laboratory (Round Robin) data and single laboratory data for 

Instrument Performance Checks are presented in Table I-22.  These samples 
were analyzed as described in the Instrument Performance Check section.  
Note that for purge and trap, instrument performance is equivalent to method 
performance. 
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Table I-22:  VHw Instrument / Method Performance Check Data 
 
 Round Robin Results Single Lab Results 
       
Relative Response (n) Mean % RSD (n) Mean % RSD 
Hexane (nC6)1 5 0.96 25.8% 7 0.98 0.3% 
Benzene1 5 1.09 9.4% 7 1.09 0.1% 
Toluene1 5 1.04 4.9% 7 1.05 0.1% 
Octane (nC8)1 5 0.90 25.1% 7 0.98 0.0% 
Ethylbenzene1 5 0.99 4.1% 7 1.01 0.0% 
m,p-Xylene1 5 1.00 n/a 7 1.00 n/a 
o-Xylene2 4 1.08 6.4% 7 0.96 0.0% 
1,2,4-Trimethylbenzene2 5 1.00 n/a 7 1.00 n/a 
Decane (nC10)2 4 0.76 24.0% 7 0.86 0.3% 

 
 
  Method Detection Limit Data 
 The Method Detection Limit data reported in Table I-23 was obtained from 

the 1998 Single Laboratory Validation Study, and was generated as 
described in the Establishing Method Detection Limits section.  The VHW 
target was determined by analysis of a higher concentration of the same 
spike solution.  Please note that the data presented demonstrates an 
achievable MDL; each laboratory must determine the MDL that applies to 
their individual circumstances.  

 
 

  
Table I-23:  VHW Method Detection Limits (Single Laboratory Data) 

Units = µg/L #1 #2 #3 #4 #5 #6 #7 #8 Mean Std. 
Dev. 

Target Mean MDL 

VHW6-10 24 36 29 31 31 32 29 30 30.3 3.4 25.0 121% 13 

 
 VHW Gasoline Method Spike Data 
 Multiple laboratory (Round Robin) data and single laboratory data for 

Gasoline Method Spikes are presented in Tables I-24 and I-25.  These 
samples were analyzed as described in the Gasoline Method Spike section. 
Two different concentrations of gasoline spikes were performed, at 2,000 
µg/L and 10,000 µg/L of gasoline in reagent water.  MAH and calculated 
VPHW results are also presented for the same samples. 

 
 

                                                      
1  Relative response calculated against m,p-Xylene. 
2  Relative response calculated against 1,2,4-Trimethybenzene. 
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Table I-24:  VHw Low Level Method Spike Data 
 
 Round Robin Results Single Lab Results 
       
VH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
VHW6-oXylene  5 892 27.3% 8 864 5.0% 
VHWoXylene-10 5 117 42.9% 8 169 4.7% 
VHW6-10 5 1010 25.6% 8 1033 4.7% 
VPHw 4 880 26.7% 8 806 6.0% 
       
MAH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
Benzene 6 17.1 13.5% 8 15.4 0.8% 
Toluene 6 90.0 19.6% 8 107 3.0% 
Octane (nC8) 6 21.4 18.7% 8 20.5 1.6% 
Ethylbenzene 6 72.9 37.6% 8 60.2 2.3% 
m,p-Xylene 6 25.4 15.7% 8 23.7 1.7% 
o-Xylene 4 1.08 6.4% 7 0.96 0.0% 

 
 
 

Table I-25:  VHw High Level Method Spike Data 
 
 Round Robin Results Single Lab Results 
       
VH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
VHW6-oXylene  5 4688 29.2% 8 4259 2.2% 
VHWoXylene-10 5 725 39.9% 8 1072 1.0% 
VHW6-10 5 5412 25.4% 8 5330 1.8% 
VPHw 3 3817 16.1% 8 4195 2.1% 
       
MAH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
Benzene 4 84.6 18.4% 8 76.8 0.8% 
Toluene 4 466 17.5% 8 536 3.0% 
Ethylbenzene 4 103 27.9% 8 102 1.6% 
m,p-Xylene 4 323 27.7% 8 301 2.3% 
o-Xylene 4 121 24.8% 8 119 1.7% 

 
 
Use of Alternative  This method contains several prescribed and required elements that may not 
Methods be modified.  These requirements are necessary due to the nature of 

method-defined aggregate parameters like Volatile Hydrocarbons, where 
many components are calculated against single calibration reference 
standards. This method has been specifically designed to minimize the 
relative bias among responses of common VH components, and among 
VHW6-10 results generated by different laboratories.     

 
 Modification or omission is not permitted to anything described within the 

method text as “required” or preceded by the word “must”.  Most of the 
prescribed requirements of the method are summarized in the Prescribed 
Elements section. 
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Prescribed Elements Laboratories that report data for regulatory purposes may not alter any 

method conditions listed in this section without prior written permission from 
BCMELP: 

 
 a) Every laboratory that uses this method, whether modified or not, must 

validate the method (as used) following the protocols described in the 
Method Validation section. 

 
 b) “REQUIRED” QC elements from the Quality Control section must be 

completed as specified, and must pass all specified acceptance 
criteria, or sample data must be qualified. 

 
 c) All samples must be preserved using one of the preservation 

techniques specified in the Sample Collection and Preservation 
section.  All field samples, calibration standards, and QC samples must 
be matrix matched prior to analysis. 

 
 d) Maximum holding time prior to Purge & Trap analysis is 7 days after 

sampling.  Where holding times are exceeded, data must be qualified.  
 
 e) Purge and Trap is the required sample extraction / introduction 

mechanism.  
 
 f) The amount of methanol must be equivalent among samples and 

calibration standards, to within 20 uL.  The total amount of methanol in 
any sample or calibration standard must not exceed 100 uL. 

 
 g) If single-point calibration is used, linearity must be verified using a 

Control Standard with a concentration that differs from the Calibration 
Standard concentration by at least a factor of five (see the Control 
Standard section). 

 
 h) Gas Chromatography with Flame Ionization Detection is required for 

measurement of VHW.  
 
 i) GC column must be a capillary column. 
 
 j) GC column stationary phase must be 100% dimethyl siloxane (e.g. DB-

1, HP-1, RTX-1 or equivalent). 
 
 k) Meta-xylene (or meta and para-xylenes) and 1,2,4,-trimethylbenzene 

must be used as the calibration standards for VHW6-10.  
 
 l) Calibration stability must be monitored as described in the Ongoing 

Verification of Calibration (Verification Standards) section. 
 
 m) VHW6-10 method detection limits and reporting limits must be based on 

unweathered gasoline (see the Establishing Method Detection Limits 
section). 

 
Performance Based  
Method Changes This is a Performance Based Method.  Unless prohibited in the Prescribed 

Elements section or elsewhere, modifications to this method are permitted, 
provided that the laboratory possesses adequate documentation to 
demonstrate an equivalent or superior level of performance.  Laboratories 
that modify this method must achieve all specified Quality Control 
requirements, and must maintain on file the Standard Operating Procedures 
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that thoroughly describe any revised or alternate methods used at any time 
following the initial adoption of this method by BCMELP. This information 
must be available in the event of audit by BCMELP. 

 
 Pay particular attention to the results of Instrument Performance Checks (see 

the Instrument Performance Check section), since these checks are 
designed to identify potential sources of instrument and method biases.  Any 
modified method that cannot achieve the performance requirements of this 
QC check is not equivalent to the reference method. 

 
 Modifications Where Equivalence Testing is Not Required 
 Except where expressly disallowed in the Prescribed Elements section or 

elsewhere, changes to the following components of this method are permitted 
if all specified quality control requirements of the method are achieved: 

 
a) Apparatus  
b) Reagents and Standards  
c) Sample Preparation Procedure  
d) Purge and Trap Conditions  
e) Gas Chromatograph Conditions  
 

 The required QC elements contained within this method are deemed 
sufficient to identify potential biases introduced by permitted modifications 
within these sections. 

 
 Modifications Where Equivalence Testing is Required 
 None.  Substantial modifications to this method are not permitted.  Minor 

modifications to the method are permitted, and are covered under the 
Modifications Where Equivalence Testing is Not Required section. 
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Disclaimer Mention of trade names or commercial products does not constitute 

endorsement by the British Columbia Ministry of Environment, Lands and 
Parks. 
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PBM/Hydrocarbons 
Revision Date:  December 31, 2000 

 

Volatile Hydrocarbons in Solids by GC/FID 
 
Parameters Volatile Hydrocarbons(nC6-nC10)  in solids 
  
Analyte Symbols Analyte Symbol EMS Code 
and EMS Codes VHS6-10 VHC-  F084 
  
Analytical Method Methanol Extraction - Gas Chromatography with Flame Ionization Detection 

(GC/FID). 
 
Units µg/g 
 
Introduction This method measures the collective concentration of Volatile Hydrocarbons 

in solids (VHS).  Volatile Hydrocarbons (VH) are quantitated against meta-
xylene and 1,2,4-trimethybenzene.  VHS6-10 measures hydrocarbons that elute 
between n-hexane and n-decane, roughly equivalent to a boiling point range 
of 69 °C to 174 °C.  

 
 Volatile Hydrocarbons (VHS6-10) is the precursor to the calculation of Volatile 

Petroleum Hydrocarbons (VPH).  Specified Monocyclic Aromatic 
Hydrocarbon (MAH) results are subtracted from VH concentrations to arrive 
at VPH, using the procedure outlined in the British Columbia Ministry of 
Environment, Lands and Parks (BCMELP) method “Calculation of Volatile 
Petroleum Hydrocarbons in Solids and Waters”. 

 
 The Volatile Hydrocarbons (VH) method is normally used in conjunction with 

the BCMELP Extractable Petroleum Hydrocarbons (EPH) method.  Together, 
these methods can generate quantitative values for the concentration of most 
petroleum products. Note that the correlation of these results with the actual 
concentration of petroleum product in a sample (i.e. accuracy) may be less 
than would be achieved for single compound analyses. 

 
 Petroleum products that are predominantly captured with the VH parameter 

are those whose primary components are within the boiling point range of 
nC6 through nC10 (e.g. VH captures the majority of most unweathered 
gasolines, mineral spirits, and paint thinners).  Petroleum products that are 
predominantly captured with the EPH parameters are those whose primary 
components are within the boiling point range of nC10 through nC32 (e.g. 
EPH captures the majority of most diesel fuels, lubricating oils, greases, 
hydraulic oils, waxes).  Many petroleum products contain components within 
both the VH and EPH parameter ranges (e.g. kerosenes, jet fuel, and 
weathered gasolines).  Petroleum products that contain a substantial 
proportion of hydrocarbons with boiling points greater than nC32 will not be 
accurately quantitated by either of the VH or EPH methods. 

 In addition to quantitative numerical results, this method generates FID 
chromatograms that can sometimes be used to characterize the type of 
petroleum hydrocarbon mixture present in the sample. 

 
 This method contains numerous prescribed (required) elements, but it is 

otherwise a Performance Based Method (PBM).  Prescriptive elements are 
included where necessary to maintain consistency of VH results among 
laboratories.  British Columbia Ministry of Environment, Lands and Parks 
encourages method innovations and supports the performance based 
methods approach, but recognizes that the application of performance based 
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methods to method-defined aggregate parameters like Volatile Hydrocarbons 
is somewhat limited. 

 
 Every laboratory that uses this method, or a modified version of this method, 

to report VHS6-10 or VPH data to BCMELP must perform an in-house 
validation of the method as described in the Method Validation section. 

 
 The GC/FID analysis portion of this method is not intended to quantitate 

individual target compounds (i.e. MAHs).  However, the methanol extract 
produced by this method can and should be used for the analysis of targeted 
MAHs by selective detector (GC/MS is strongly recommended). 

 
Method Summary Wet solids samples are extracted with methanol using a mechanical shaker.  

Extracts are directly analyzed by capillary column gas chromatography with 
flame ionization detection. 

 
Matrix Soil 
 Sediment 
 Marine Sediment 
 
Interferences and  
Precautions Contaminants present in solvents, reagents and sample processing hardware 

may cause interferences or yield artifacts.  All of these must be monitored 
and demonstrated to be free of interferences under the conditions of the 
analysis by the routine analysis of method blanks. 

 
 This method does not differentiate naturally occurring hydrocarbons from 

petroleum based hydrocarbons, nor does it differentiate hydrocarbons from 
complex organics.   

 
 Where the proportion of water in a methanol extract exceeds 20-25%, the 

solubility of non-polar organics in the extract is diminished (especially when 
refrigerated).  Therefore, use a 2:1 ratio of methanol : wet solids for samples 
with moisture contents of less than approximately 50%, and use a 3:1 ratio of 
methanol : wet solids for samples with moisture contents of greater than 
approximately 50% (see the Sample Preparation section). 

 
 Detection limits may be elevated for samples with moisture contents 

exceeding approximately 50%. 
 
 Some highly contaminated samples do not mix well with methanol, and would 

therefore be poorly extracted by methanol (e.g. oil soaked soils/sediments).  
For such samples, acetone must be substituted as the extraction solvent (see 
the Sample Preparation section – Solvent Substitution Requirement). 

 
 Contamination by GC carryover can occur whenever high-level and low-level 

samples are sequentially analyzed.  If possible, when an unusually 
concentrated sample is analyzed, it should be followed by an Instrument 
Blank to check for system cleanliness.  Alternatively, low-level samples that 
follow such high level samples must be re-analyzed if carryover above 
Reporting Detection Limits is suspected. 
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Health and Safety  
Precautions The toxicity and carcinogenicity of chemicals used in this method have not 

been precisely defined. Treat all chemicals used in this method as a potential 
health hazard.  To ensure your personal safety and the safety of co-workers, 
read and understand the Material Safety Data Sheets (MSDS) for all 
chemicals used. 

 
Sample Collection and 
Preservation Collect samples with minimal headspace in glass wide-mouth jars with 

Teflon-lined lids.  No chemical preservation is recommended.  Store samples 
away from direct sunlight at (4 ± 2)°C in an area free from organic solvent 
vapors.  

 
Maximum holding time prior to extraction is 7 days after sampling.  Maximum 
holding time for refrigerated extracts is 40 days.  Where holding times are 
exceeded, data must be qualified. 
 

 Sampling staff are referred to the British Columbia Field Sampling Manual (1) 
for additional sample collection guidelines. 

 
Apparatus Glassware and Support Equipment 
 Extraction tubes (e.g. 50 mL centrifuge tubes with caps and Teflon-lined lids) 
 
 Mechanical shaker device 
 Micro-syringes 
 Balance (sensitive to at least 0.01 grams) 
 
 Gas Chromatograph (GC) 
 A temperature programmable capillary gas chromatograph is required.  A 

heated splitless or on-column inlet is recommended.  The data station must 
be capable of storing and reintegrating chromatographic data and must allow 
integration of peak areas using a forced baseline projection. 

 
 Detector 
 A Flame Ionization Detector (FID) is required for the quantitation of VHS6-10.  

FID is the most universal detector for petroleum products, generating nearly 
equivalent response by weight or concentration for most hydrocarbons. 

 
 Sample Introduction Mechanism 
 An autosampler capable of making 1 to 2 uL splitless or on-column injections 

is strongly recommended. 
  
 Chromatographic Column 
 The reference column for this method is a 30 meter, 0.53 mm internal 

diameter capillary column with a 1.5 um coating of 100% dimethyl siloxane 
(e.g. DB-1, HP-1, RTX-1 or equivalent).  The stationary phase type must not 
be modified. 

 
Reagents and  Reagents 
Standards  Acetone (2-propanone) 
 Methanol - Purge and Trap grade 
 Organic-free  reagent  water – Refer  to US EPA (2) Method  524.2, section  

7.2.2. 
 Clean soil/sediment matrix (e.g. Ocean Construction Sakrete “Play Sand”)*.   
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 *Note: Prior to using this material within sample batches, analyze a Method 
Blank to ensure it does not introduce detectable levels of VH.  Oven bake 
before use if necessary. 

 
 Calibration Standard Stock Solution 
 Prepare a Calibration Standard Stock Solution in methanol containing 5,000 

µg/mL of each of hexane (nC6), octane (nC8), decane (nC10), benzene, 
toluene, ethylbenzene, meta-xylene, ortho-xylene, and 1,2,4-
trimethylbenzene. This mixture may be purchased commercially or prepared 
from neat standards.  Warm the solution and mix well before use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C. 

 
 Calibration Standard 
 Prepare a 50 µg/mL Calibration Standard in methanol by diluting the 5,000 

µg/mL stock standard.  Warm the solution and mix well before use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C.  

 
 Control Standard Stock Solution 
 Prepare a Control Standard Stock Solution containing 5,000 µg/mL meta-

xylene and 5,000 µg/mL 1,2,4-trimethylbenzene in methanol.  This solution 
may also contain other target analytes, and may be purchased commercially 
or prepared from neat compounds.  It must be prepared from a different 
source than the Calibration Standard (both standards may originate from the 
same neat compound source, but they must not be prepared from the same 
intermediate solutions).  Store refrigerated at (4 ± 4)°C. 

 
 Control Standard 
 Prepare a 250 µg/mL Control Standard by diluting the 5,000 µg/mL Control 

Standard Stock Solution in methanol. 
 
 Gasoline Stock Solution 
 Prepare a 50,000 µg/mL stock solution of unleaded gasoline in methanol.  

Prepare the solution by weight (e.g. weigh 0.250g gasoline into a 5.00 mL 
volumetric flask, or use a syringe to dispense an appropriate volume of 
gasoline with consideration of its density).  Any unweathered, fresh source of 
gasoline is acceptable.  Warm the solution and mix well prior to use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C. 

 
 Note: The 50,000 µg/mL concentration above can be referred to as the 

“product concentration” of the solution, where the product is in this case 
gasoline.  It is important to note that the product concentration of the solution 
is not equivalent to its VHS6-10 concentration. 

 
 Detection Limit Check Standard 
 Dilute the 50,000 µg/mL Gasoline Stock Solution to prepare a Detection Limit 

(DL) Check Standard in methanol.  Prepare the standard at a concentration 
that is approximately equal to the extract concentration that corresponds to 
the Reporting Detection Limit for VHS6-10.  This standard is required for Initial 
Calibration QC (see the Detection Limit Check section).  Warm the solution 
and mix well prior to use to ensure complete dissolution of all components.  
Store refrigerated at (4 ± 4)°C. 
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 Refer to the Determination of DL Check Standard Concentration and VHS6-10 
Target section under Method Validation for the procedure to determine an 
appropriate concentration for this solution. 

 
 Gasoline Method Spike Solution 
 If Gasoline Method Spikes will be analyzed (see the Gasoline Method Spike 

section), it will normally be appropriate to use the 50,000 µg/mL Gasoline 
Stock Solution in methanol as the spiking solution.  If necessary, dilutions of 
this solution may be prepared in methanol or acetone. Warm the solution and 
mix well prior to use to ensure complete dissolution of all components.  Store 
refrigerated at (4 ± 4)°C. 

 
Quality Control (QC) Table I-14 summarizes all the required and recommended calibration and QC 

components of this method. Each of these components is described in detail 
in this section. 

 
 

Table I-14: Summary of VHS QC and Calibration Requirements and Recommendations 
 
QC Component Minimum 

Frequency 
Minimum Acceptance Criterion 

Instrument Performance QC   
 

Instrument Performance Check Every 12 hours, 
and at end of 
analysis batch 
if >6 hrs from 
previous check.  

Relative response ratios must be: 
0.6-1.4 for nC6 and nC10, 
0.7-1.3 for all other components 
 
 

Calibration QC and Verification   

Instrument blank 1/analysis batch None 

Control Standard 1/analysis batch Within 15% of expected  
concentration 

Detection Limit Check Standard 1/analysis batch 50 – 150% of VH target 

Ongoing Verification of  
Calibration 

Every 12 hours, 
 and at end of 
 analysis batch  
if >6 hrs from 
 previous check. 

Within 25% of previous std & 
Within 35% of initial calibration, 
(in continuing calibration mode). 

Method QC   

Method Blank 1/preparation 
 batch 

< reported detection limit 

Method Performance Check  
Spike 

1/preparation  
batch 

Average recovery for each 
 component must be 80-120% 
 

Gasoline Method Spike Not required None 

Laboratory and Field Sample  
Replicates 

Not required None 

Surrogate Compounds Not required None 

 
  
 
 General QC Requirements 
 Each laboratory that uses this method is required to follow a formal, internally 

documented Quality System, as outlined in CAN/CSA-Z753 (3).  Required 
and recommended QC elements are described within this section. 
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 Samples are prepared in a set that is referred to as a preparation batch, and 

are analyzed by GC in a set that is referred to as an analysis batch.  
 
 If any of the specified acceptance criteria for Instrument Performance QC, 

Initial Calibration QC, or Method QC cannot be met for the analysis of a given 
sample, then the data reported for that sample must be appropriately 
qualified. 

 
Instrument  Instrument Performance Check 
Performance QC REQUIRED – Perform this check whenever a Calibration Standard or 

Verification Standard is analyzed.  See the Ongoing Verification of Calibration 
(Verification Standards) section for required frequency. 

  
 The 50 µg/mL Calibration Standard is used for initial calibration (see the Initial 

Calibration section) and for ongoing verification of calibration (section the 
Ongoing Verification of Calibration (Verification Standards) section).  In 
addition, it is used for the Instrument Performance Check to do the following: 

  
 a) Measure and control relative response ratios of specified VH 

components, 
 b) Determine retention time windows for VH integration ranges, 
  c) Confirm resolution of hexane (nC6) from the solvent peak. 
 
 One essential purpose of the Instrument Performance Check is to ensure 

that the GC/FID response factors of VH components throughout its boiling 
point range are roughly equal.  If excessive relative bias exists among VH 
components due to differences in their polarity, mass, boiling point, or 
chemical composition, then calculated results will be biased, and 
interlaboratory inconsistency will result. 

 
 For each component of the Calibration Standard, determine the relative 

response ratio (by peak area) against the appropriate reference compound.  
Compare the peak areas of hexane (nC6), octane (nC8), benzene, toluene, 
and ethylbenzene against meta-xylene. Compare the peak areas of decane 
(nC10) and o-xylene against 1,2,4-trimethylbenzene. For all compounds 
within the mixture, these ratios should normally fall between 0.80 and 1.20.  
Acceptance criteria for relative response ratios are 0.6 – 1.4 for nC6 and 
nC10, and 0.7 – 1.3 for all other components of the Instrument Performance 
Check.  If any relative response ratio fails these acceptance criteria, 
associated sample data is suspect and corrective action is required. Loss of 
response of any of the compounds in the mixture may indicate that GC 
maintenance is necessary. 

 
Initial Calibration QC Instrument blank 
 REQUIRED - minimum 1 per analysis batch of no more than 100 samples.  

Inject a methanol solvent blank to the GC system to establish the 
chromatographic baseline.  All GC parameters must be identical to those of 
samples run in the same analysis batch. 

 
 Control Standard   
 REQUIRED - minimum 1 per analysis batch of no more than 100 samples.   
 

Analyze a Control Standard (see the Control Standard section) containing 
meta-xylene and 1,2,4-trimethylbenzene, which has been prepared from a 
different source than the Calibration Standard.  The Control Standard is used 
to confirm the integrity of the calibration standard, and to verify calibration 
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linearity if single-point calibration is used. Where possible, the Control 
Standard should be traceable to national chemical metrology standards.   
 

 If single-point calibration is used, the concentration of the Control Standard 
must differ from the concentration of the Calibration Standard by at least a 
factor of five. 

  
 Note:  At concentrations above ~ 50-100 µg/mL, chromatographic peak 

shapes may be distorted due to column phase overload, but FID responses 
are not normally affected. 

 
 If the calculated concentration of meta-xylene or 1,2,4-trimethylbenzene in 

the Control Standard varies by more than 15% from the expected target, then 
the calibration is suspect.  Discrepancies must be corrected before any 
sample results for the analysis batch may be reported.  Correction may 
require any or all of: 

 
a) Re-analysis of Control Standard and/or Calibration Standard. 
b) Re-preparation and re-analysis of Control Standard and/or Calibration 

Standard. 
c) GC maintenance (if discrepancy is due to calibration non-linearity). 
 

 Detection Limit Check 
 REQUIRED - minimum 1 per analysis batch of no more than 100 samples.  

The sensitivity of the GC system at the Reporting Detection Limit must be 
verified regularly using a low level solution of gasoline. 

 
 Analyze a Detection Limit Check Standard that contains VHS6-10 at a 

concentration that is approximately equivalent to the VHS6-10 Reporting 
Detection Limit for the method (see the Detection Limit Check Standard 
section). 

 
 The procedure for determining the target concentration for this standard is 

described under Method Validation in the Determination of DL Check 
Standard Concentration and VHS6-10 Target section.  Acceptable performance 
for the Detection Limit Check Standard is between 50 - 150 % of the VHS6-10 

target (calculated as described in the Determination of DL Check Standard 
Concentration and VHS6-10 Target section).  Data reports must be qualified if 
this acceptance criterion is not met for the analysis batch in which the 
samples were run. 

 
Method QC Method QC samples are carried through all stages of sample preparation and 

measurement. They are intended to measure average method performance 
over time, and to control method performance under a statistical process 
control model. 

 
 Method Blank  
 REQUIRED - minimum 1 per preparation batch of no more than 50 samples.  

Prepare a Method Blank using a clean soil/sediment matrix.  Extract and 
analyze as described in sections 12 and the GC Analysis Procedure section. 

 
 If a Method Blank result is above a Reported Detection Limit for a sample 

within a preparation batch, the data report for that sample must be qualified (it 
may be acceptable to increase the Reported Detection Limit of affected 
sample results to a level above that of the Method Blank result). 
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 Method Performance Check Spike  
 REQUIRED - minimum 1 per preparation batch of no more than 50 samples.  

Prepare a Method Performance Check Spike by fortifying a clean 
soil/sediment matrix (containing 20% moisture) with the Calibration Standard 
Stock Solution at a concentration of 100 µg/g. 

 
 Spike 160 uL of the 5,000 µg/mL Calibration Standard Stock Solution into 

8.0g of clean sand and 2.0 mL of reagent water.  Extract and analyze as 
described in sections 12 and the GC Analysis Procedure section. 

 
 Calculate the spike recovery of each component of the mixture by 

quantitation against the appropriate component of the Calibration Standard 
(i.e. calculate benzene against benzene).  Spike recoveries must normally be 
between 80% and 120% for all components.  Where recoveries fall 
significantly outside this range with unknown cause, or with known cause that 
may impact samples, then samples from the same preparation batch must be 
repeated, or their data reports must be qualified. 

 
 Gasoline Method Spike  
 OPTIONAL.  Prepare a Gasoline Method Spike by fortifying a clean 

sediment/soil matrix (containing approximately 20% water) with an accurate 
volume of the Gasoline Method Spike Solution (see the Gasoline Method 
Spike Solution section).  Extract and analyze as described in sections 12 and 
the GC Analysis Procedure section.  Spikes may be prepared at any 
reasonable concentration, depending on the objective. 

  
 Determine the target for VHS6-10 by directly analyzing several replicates of the 

Gasoline Method Spike Solution diluted to a concentration that equals the 
amount of gasoline spiked (in µg) divided by the final extract volume for the 
spike (i.e. the volume of methanol plus volume of water). 

 
 A Gasoline Method Spike prepared in this way provides information about 

method precision and about method bias (accuracy), where bias is in this 
case a measure of losses associated with the extraction process.  
Acceptance criteria are at the discretion of the laboratory. 

 
 Laboratory Sample Replicates and Field Sample Replicates / Splits 
 RECOMMENDED - Frequency at the discretion of the laboratory and/or the 

end user of the data.  Replicate samples by this method may be either 
Laboratory Sample Replicates or Field Sample Replicates/Splits (4), 
depending on whether the sub-samples originate from the same or different 
sample containers.  No generic acceptance criteria are specified, since the 
source of variability may be shared among the sampling process, the 
laboratory method, and the samples themselves. 

 
 Surrogate Compounds*  
 OPTIONAL.  The use of one or more Surrogate Compounds for VH is at the 

discretion of the laboratory.  Surrogates that elute outside the VH retention 
time range are recommended so that they do not need to be subtracted from 
integrated VH peak areas. 
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 Note that sample interferences will often preclude the accurate measurement 
of any surrogate by FID.  Do not report a recovery where a Surrogate 
Compound cannot be accurately measured due to a co-eluting interference 
(report “n/a”). 

 *Surrogate Compounds have chemical characteristics similar to those of analytes, but provide 
analytical response that is distinct from analytes.  They are added to samples prior to sample 
preparation.  Surrogate percent recovery measurements are used as Method QC to estimate 
sample preparation losses and matrix effects.  They are only useful when not subject to 
measurement interferences. 

 
Sample Preparation  
Procedure This extraction procedure is required for the analysis of both VHS6-10 and 

targeted MAH parameters (i.e. BTEX).  The same extract must normally be 
used to analyze all of these parameters. 

 
 Where possible, mix sediment samples in their sample containers prior to 

sub-sampling.  For samples that cannot be easily mixed, take a 
representative sub-sample by combining portions of sample taken from top to 
bottom at several locations in the container.  To prevent losses of volatiles, 
sub-sampling must be done quickly, and samples must not be allowed to 
warm to room temperature (do not leave any sample un-refrigerated for more 
than 10 minutes).   

 
 Accurately weigh an appropriate amount of wet solids sample into an 

extraction tube. For samples with less than approximately 50% moisture, use 
approximately 10 g of wet sample.  To reduce sub-sampling variability, no 
less than 5 grams (wet weight) may be used, except where limited by 
available sample.  

 
 Note: If the moisture determination has not been completed in advance of 

the VH extraction process, estimate the moisture content for the purpose of 
determining the amount of sediment to extract.   

 
 For samples with less than approximately 50% moisture, use a 2:1 ratio of 

methanol volume (in mL) to wet weight of solids (in grams).  For samples with 
moisture contents of greater than approximately 50% (e.g. sludge samples), 
use a 3:1 ratio of methanol to wet solids. 

 
 Once a sub-sample is taken, add methanol to the sample as quickly as 

possible to prevent evaporative losses.  It is strongly recommended that this 
process be performed serially, so that methanol is added to one sample 
before the next is sub-sampled and weighed. 

 
 Take an aliquot of each sample to perform an accurate moisture 

determination on the sample. Prepare appropriate and required Method QC 
samples as described in the Method QC section.  Use 10 g of a clean, dry 
soil/sediment matrix for the Method Blank.  Use 8.0 g of a clean soil/sediment 
matrix plus 2.0 mL of reagent water for the Method Performance Check 
Spike and Gasoline Method Spike samples (this simulates samples of 20% 
moisture). 

 
 Surrogates may be required for MAH analyses, and are recommended for the 

analysis of VHS (see the Surrogate Compound section).  Where applicable, 
add an appropriate amount of Surrogate Compound solution in methanol 
directly to the sample in the extraction tube. 

 



D - 108 

 Immediately after the Surrogate Compound solution is dispensed, add the 
appropriate amount of methanol to the extraction tube.  For 10 gram samples 
with less than approximately 50% moisture, add exactly 20.0 mL of purge and 
trap grade methanol. 
 
Solvent Substitution Requirement:  Some highly contaminated samples do 
not mix well with methanol, and would therefore be poorly extracted by 
methanol (e.g. oil soaked soils/sediments).  Such samples result in a 2-phase 
methanol extract, with distinct oil droplets sticking to the walls of the 
extraction vessel.  Use acetone as the extraction solvent for samples where 
this occurs. Acetone extracts may be diluted in methanol and analyzed 
against a methanol Calibration Standard, or may be analyzed without dilution 
using a Calibration Standard prepared in acetone. 
 

 Cap the extraction tube and shake for 1 hour on a mechanical shaker. 
 
 Let suspended solids settle by gravity or use a centrifuge.  Transfer all or a 

portion of the extract to a vial for refrigerated storage.  Store remaining 
extract at (4 ± 4)°C for at least 40 days in case re-analysis is required. 

 
 Caution:  Refrigerated extracts must be warmed to room temperature and 

mixed gently before use or before sub-sampling (non-polar aliphatic sample 
components may be insoluble in methanol at cold temperatures). 

 
 Dispense aliquots of sample extract into GC autosampler vials for both MAH 

and VH analyses. 
  
 Analyze target MAH compounds using a method approved by BCMELP (e.g. 

GC/MS).  The analysis procedure for VHS6-10 is described in the GC Analysis 
Procedure section. 

 
GC Analysis Procedure Gas Chromatograph Conditions 

Column:  DB-1, 30 m, 0.53 mm id, 1.5 um phase 
Carrier Gas:  Helium 
Head pressure:  5.0 psi @ 36°C (with column dimensions as 

specified) 
Column flow:  7.5 mL/min (50 cm/sec linear velocity) 
Constant flow:  recommended 
Injector temp:  200°C 
Injection solvent: methanol 
Injection volume: 1 uL (higher volumes tend to cause GC 

backflash) 
Injection mode: splitless or on-column 
GC liner type:  4mm id splitless liner with silanized glass wool 
Initial inlet purge: OFF 
Inlet purge on time: 0.3 minutes 
FID temperature: 250°C 
Oven program: Initial Temp 36°C (hold 3.0 minutes) 
 5°C /min to 150°C (no hold) 
 15°C/min to 240°C (hold 6.0 minutes) 
FID gas flows:  as recommended by manufacturer 
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 Initial Calibration 
 Analyze a 50 µg/mL Calibration Standard at the beginning of each new 

analytical batch (see the Calibration Standard section).   
 
 Calibration is by single or multi-point external standard technique, using 

meta-xylene and 1,2,4-trimethylbenzene.   
 
 A continuing calibration is recommended (i.e. reslope the calibration with 

each Verification Standard).  Changes in response between standards must 
be monitored and controlled (see the Ongoing Verification of Calibration 
(Verification Standards) section). 

 
 Linear calibration must be used for this method.  Either single or multi-point 

calibrations are acceptable, due to the linear response of GC/FID systems.  If 
single-point calibration is used, linearity must be verified using a Control 
Standard with a concentration that differs from the Calibration Standard 
concentration by at least a factor of five (see the Control Standard section). 

 
 For each analysis batch, verify that the GC system is performing adequately 

by conducting all checks specified in the Instrument Performance QC section 
(see the Instrument Performance QC section), ensuring that all specified 
acceptance criteria are met. 

 
 For each analysis batch, verify that the initial calibration is adequate by 

performing all tests specified in the Initial Calibration QC section (see the 
Initial Calibration QC section), ensuring that all specified acceptance criteria 
are met. 

 
 Calculate the Calibration Factors (CFs) for meta-xylene and 1,2,4-

trimethylbenzene in the Calibration Standard using the equation below.  The 
Calibration Factors are based on the concentration of analyte in the solution 
that is injected onto the GC: 

 
  CFm-Xylene in mL/µg  =      Area of meta-xylene peak                
        meta-xylene concentration (µg/mL in methanol) 
 
 CF1,2,4-Trimethylbenzene in mL/µg =      Area of 1,2,4-trimethylbenzene peak            
          1,2,4-trimethylbenzene concentration (µg/mL in methanol) 
 
 Ongoing Verification of Calibration (Verification Standards) 
 After initial calibration, the Calibration Factors (CFm-Xylene and CF1,2,4-

Trimethylbenznene) must be verified, at minimum, after every 12 hours of 
continuous operation.  The calibration must also be verified at the end of 
each analysis batch if more than 6 hours has passed since the previous 
verification.   

  
 Use a Calibration Standard as a Verification Standard (see the Calibration 

Standard section). 
 
 Under a continuing calibration mode, if either Calibration Factor changes by 

more than 25% from the previous standard, or by more than 35% from the 
initial calibration standard, then corrective action must be taken, and samples 
analyzed after the last acceptable standard must be re-run.   
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 Alternatively, an initial calibration may be used for as long as both Calibration 
Factors remain within 15% of their initial values.  If this criterion is exceeded, 
the calibration may be updated using the Verification Standard Calibration 
Factors, but only if the continuing calibration acceptance criteria specified 
above are satisfied.   

 
 See the Instrument Performance Check section for Instrument Performance 

QC requirements that must be satisfied with each Calibration Standard and 
Verification Standard. 

 
 Integration of Total Areas for VHS6-10 
 The Volatile Hydrocarbons parameter is defined to include all GC/FID peaks 

eluting between hexane (nC6) and decane (nC10). VHS6-10 is quantitated by 
summing the results for two sub-ranges within the nC6-nC10 range.  The first 
VH sub-range falls between the retention times of hexane and ortho-xylene. 
The second VH sub-range falls between the retention times of ortho-xylene 
and decane.  Each sub-range is integrated and quantitated separately, and 
VHS6-10 is the calculated by summing the two results. 

  
 Note:  Calculating VH using two sub-ranges reduces the impact of relative 

response biases which may exist between higher and lower volatility VH 
components in some instrument systems.  The two-range calculation 
mechanism was intended to simplify the development of purge and trap 
methods that may be equivalent to the direct injection method described 
here. 

 
 Determine the total integrated peak area of each VH sub-range, where: 
 

a) The VHS(6-oX) range begins at the apex of the nC6 peak and ends at the 
apex of the o-xylene peak. 

b) The VHS(oX-10) range begins at the apex of the o-xylene peak and ends 
at the apex of the nC10 peak. 

 
Retention times of the marker compounds must be updated or verified with 
each analysis batch, and should be established using marker compound 
concentrations that do not overload the liquid phase of the GC column. 
 

 Peak integration must include all peaks, whether resolved or not, that are 
above the chromatographic baseline, as established by instrument blanks 
within the analysis batch.   

 
 Automated software integrations of VH areas must be visually verified, and 

must be manually corrected where potential error may exceed 1-2%. 
 
Calculations VHS6-10 is the sum of the calculated concentrations for VHS(6-oX) and VHS(oX-10). 

VHS(6-oX) is quantitated against the meta-xylene calibration standard. VHS(oX-10) 
is quantitated against the 1,2,4-trimethylbenzene calibration standard.  

 
 If any VH-range Surrogate Compounds are added to samples, the 

contribution to VH of those Surrogates must be subtracted from calculated 
VH results.  Because Surrogate Compounds frequently experience FID 
interference, it is most practical to subtract the actual spiked concentrations 
of Surrogate Compounds from calculated VH concentrations.  No Surrogate 
Compounds within the VH-range should be added such that their 
concentration exceeds the Reporting Detection Limit for VHS6-10. 
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 Use the following equations to calculate VHS6-10: 
 
  VHS6-10 (µg/g) = VHS(6-oX) (µg/g )  + VHS(oX-10) (µg/g)  -  Actual Surrogate Conc* 

(µg/g) 
 
 *  Only Surrogates (if any) that elute within the VHS6-10 range are subtracted. 
 
 VHS(6-oX) (µg/g)  =         (A(6-oX)  x  TEV  x  Dil) / (CFm-Xylene  x  DryWt) 
 
 VHS(oX-10) (µg/g) =         (A(oX-10)  x  TEV  x  Dil) / (CF1,2,4-Trimethylbenzene  x  

DryWt) 
 
 where:  
  
 A(6-oX) =   Total area between nC6 and ortho-xylene for the sample  
    chromatogram. 
 A(oX-10) = Total area between ortho-xylene and nC10 for the  
    sample chromatogram. 
 CFm-Xylene   = Calibration Factor for meta-xylene standard (mL/µg) 
 CF1,2,4-Trimethylbenzene= Calibration Factor for 1,2,4-trimethylbenzene standard  
    (mL/µg) 
 TEV  = Total Extract Volume, including sample moisture (mL).   

  e.g.:  For a 10.0 g sample of 20.0% moisture extracted 
with 20.0 mL Methanol, TEV = 22.0 mL*. 

 Dil   =   Dilution factor of sample extract (unitless) 
 DryWt =   Dry weight of sample extracted (g) 
 

* Calculate TEV using the approximation: [(water volume) + (methanol 
volume) = (total extract volume)] 
 

 When reporting to BCMELP, report VHS6-10 results for solids samples in units 
of µg/g (ppm). 

  
 Diluting High Level Sample Extracts 
 Where sample results exceed the linear working range of the GC/FID 

system, they must be diluted and re-analyzed at a more appropriate extract 
concentration.  Note that over-dilution of extracts can introduce significant 
error to VH results.  Diluted extracts should be prepared such that their VHS6-

10 areas fall within the linear working range of the GC/FID system, as 
determined in the Establishing Instrument Calibration Working Range and 
Estimated IDLs section. 

 
 Where sample extracts are diluted prior to analysis, or where less than one-

half the normal amount of sample is extracted, Reporting Detection Limits 
must be increased accordingly. 

 
Method Validation Initial Method Validation requirements as outlined below must be completed 

before this method may be used to generate VHS6-10 results for unknown 
samples. 

 
 Initial Verification of Relative Response Requirements 
 Before proceeding with further validation steps, verify that the method meets 

the relative response equivalency requirements of the method by performing 
the Instrument Performance Check (see the Instrument Performance Check 
section) and the Method Performance Check Spike (see the Method 
Performance Check Spike section). 
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 Calculation of Actual VHS Concentrations of a Petroleum Reference 

Solution 
 This procedure describes how to calculate the Actual VHS6-10 Concentrations 

for solutions of petroleum products where only the total weight/volume 
concentration of the petroleum product is explicitly known.  Actual VHS6-10 
concentrations of a petroleum product solution can only be measured 
experimentally, whereas the concentration of the petroleum product in the 
solution is simply determined by dividing the weight of product by the volume 
of solvent in which it is prepared. 

 
 Actual VHS6-10 Concentrations are required within this method for the 

following purposes: 
 

a) determination of GC/FID linear range for VHS6-10 (i.e. calibration range), 
b) determination of VHS6-10 Instrument Detection Limits (IDLs),  
c) preparation of DL Check Standards and Method Spike Solutions,  
d) calculation of VHS targets for DL Check Standards and Method Spike 

Solutions. 
 
 Use the following procedure to calculate the Actual VHS6-10 Concentration of a 

petroleum product solution: 
 
 a) Prepare the petroleum product solution at a concentration at least 20x 

greater than the estimated Instrument Detection Limits for VHS6-10 (see 
the Establishing Instrument Calibration Working Range and Estimated 
IDLs section).  A petroleum product concentration of at least 5,000 
µg/mL is recommended for this purpose.  This concentration is referred 
to in the example below as [Gasolinegrav]. 

 
 b) Perform replicate analyses of the petroleum product solution prepared 

in (a) using the instrumental conditions specified within this method.  A 
minimum of 7 replicates is recommended.  Do not dilute the solution 
prior to analysis. Determine the average measured concentration of 
VHS6-10 using the calculations specified in the Calculations section.  In 
the example below, the measured VHS6-10 concentration is denoted as  
[VHS6-10,measured], where the square brackets denote concentration.  
Percent Relative Standard Deviations (%RSDs) of these values may 
also be determined, and may be useful to set statistical warning and 
control limits for some applications. 

 
 c) Calculate the percentage that the VHS6-10 range represents of the total 

petroleum product concentration.  Example (for a given source of 
gasoline): 

 
 %VHS6-10 in gasoline  =   100%  x      [VHS6-10,measured]   /   [Gasolinegrav] 
 
 where: 
 
 [   ] =  symbol for concentration 
 [VHS6-10, measured]  =  measured [VHS6-10] of a solution of gasoline 

in methanol. 
 [Gasolinegrav] =  actual [Gasoline] in wt of gasoline / volume 

methanol for the same solution. 
 Units =  same for both concentrations (e.g. µg/mL). 
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 Note: The percentage of VHS6-10 in gasoline is considerably less than 100% 

(typically about 50%) because not all components of gasoline fall within 
the nC6 - nC10 boiling point range. 

 
 d) To calculate the Actual VHS6-10 Concentrations of other concentrations 

of the same product, use the VHS6-10 percentage relative to the total 
petroleum product concentration as follows (the gasoline example is 
continued): 

 
 Actual VHS6-10 conc. in Gasoline  = (%VHS6-10 in Gasoline)  / 100% x  [Gasolinegrav]  
    
  where: 
 

  [Gasolinegrav]  =    the conc. of Gasoline (in wt. Gasoline / volume 
methanol) of any solution. 

 
 Establishing Instrument Calibration Working Range and Estimated IDLs  
 Establish the linear working range of the GC/FID system for VHS6-10 using a 

series of dilutions of the 50,000 µg/mL Gasoline Stock Solution prepared in 
methanol.  Analyze Gasoline solutions at concentrations ranging from below 
the estimated Instrument Detection Limit to above the estimated maximum 
calibration concentration in approximately 2-fold increments. The following 
solution concentrations are recommended as an approximate guide: 25, 50, 
100, 200, 500, 1,000, 2,500, 5,000, 10,000, 20,000, and 50,000 µg/mL of 
gasoline.  Calculate VHS6-10 results for each solution using the procedure 
described in the Calculations section.  These are referred to below as 
Calculated VHS6-10 Results. 

 
 Follow the procedure in the Calculation of Actual VHS Concentration of a 

Petroleum Reference Solution section to calculate the Actual VHS6-10 
Concentrations for all of the above solutions. 

 
 Make a plot of Calculated VHS6-10 Results (y-axis) versus Actual VHS6-10 

Concentrations (x-axis), and determine the linear working range of VHS6-10. 
 
 Instrument accuracy for VHS6-10 is measured as Calculated VHS6-10 Results / 

Actual VHS6-10 Concentrations.  As VHS6-10 concentration approaches the 
Instrument Detection Limit (IDL), instrument accuracy decreases because the 
less abundant components of the petroleum hydrocarbon blend (e.g. 
gasoline) cease to be detected.  For the purposes of this method, the 
Instrument Detection Limit for the VHS6-10 parameter is defined as the lowest 
VHS6-10 concentration at which instrument accuracy consistently falls within 
the range of 70-130%. However, a gasoline chromatogram at the IDL must 
still resemble chromatograms of higher concentrations.  At the IDL, any 
chromatographic peak that normally comprises more than 5% of total VHS6-10 
area must still be visible as a distinct peak; this requirement takes 
precedence over the 70-130% accuracy requirement. 

  
 The IDL is expressed in units of Actual VHS6-10 Concentration. 
 
 Establishing Method Detection Limits 
 Determine the Method Detection Limits (MDLs) at the 95% confidence level 

for VHS6-10, using the procedure outlined in the British Columbia 
Environmental Laboratory Manual (5). This method requires the use of the 
procedure described below, which is one of several generic approaches 
described in the BC Environmental Laboratory Manual.  
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 Consider the normal total extract volume produced by this method (including 
sample moisture), and select a concentration for method spikes of gasoline 
into a clean sediment/soil matrix (of 20% moisture) that should result in 
extracts with concentrations of between one and three times the estimated 
IDL for VHS6-10 (as determined in the Establishing Instrument Calibration 
Working Range and Estimated IDLs section).  Prepare, extract, and analyze 
at least 7 method spikes at this concentration.  Use a Gasoline Method Spike 
Solution to prepare these method spikes (see the Gasoline Method Spike 
Solution section). 

 
 Calculate the Method Detection Limit (MDL) at the 95% confidence level for 

VHS6-10 using the calculations described in the BC Environmental Laboratory 
Manual (5).   

 
 Average recoveries of the MDL Method Spikes for VHS6-10 must be between 

60 -140%, where recovery is defined as calculated VHS6-10 result / target 
VHS6-10 concentration, as determined in the Calculation of Actual VHS 
Concentration of a Petroleum Reference Solution section.  If this condition is 
not met, repeat the MDL determination at a higher spike level.  

 
 Reporting Detection Limits 
 A Reporting Detection Limit is defined as the detection limit for an analytical 

parameter that is reported to a client or end-user of the data.  Reporting 
Detection Limits for VHS6-10 must be greater than or equal to the Method 
Detection Limits (at the 95% confidence level) that were experimentally 
determined in-house using the procedure described in the Establishing 
Method Detection Limits section. 

 
 Ensure that calculated Method Detection Limits and Reporting Detection 

Limits are below any regulatory criteria values or regulatory standards 
specified by BCMELP or other applicable regulatory body.  For BC 
requirements, refer to BCMELP method “Calculation of Volatile Petroleum 
Hydrocarbons in Solids or Water” (July, 99). 

  
 Determination of DL Check Standard Concentration and VHS6-10 Target 
 Use the procedure that follows to select a suitable concentration of gasoline 

in methanol for the DL Check Standard.  This procedure involves two 
separate conversions of units:  

 
a) Gasoline product concentration units must be converted to (and from) 

VHS6-10 concentration units.  
b) Sample concentration units (e.g. µg/g of solids) must be converted to 

sample extract concentration units (e.g. µg/mL of methanol). 
 

 Results from the Calculation of Actual VHS Concentration of a Petroleum 
Reference Solution section and the Establishing Instrument Calibration 
Working Range and Estimated IDLs section may initially be used for step (a), 
but this determination should be repeated if the source of the gasoline 
changes: 

 
 a) Calculate the percentage of the total gasoline concentration that VHS6-

10 represents, using the procedure described in the Calculation of 
Actual VHS Concentration of a Petroleum Reference Solution section.  
Typically, VHS6-10 represents about 50% of the total gasoline 
concentration, because not all components of gasoline fall within the 
nC6 - nC10 boiling point range. 
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 b) Determine the concentration of gasoline in methanol that corresponds 
to the VHS6-10 Reporting Detection Limit.  Use the calculated percentage 
from (a) to calculate this gasoline concentration.  The normal sample 
volume extracted, an “average” sample moisture content, and the 
normal methanol extract volume are all required to convert method 
units to the equivalent solution concentration units.  Use an average 
sample moisture content of 20% for calculation purposes: 

  
  [Gasoline] equiv. to VHS6-10 DL = 
 
 100 x   (Reporting DL for VHS6-10) / (%VHS6-10 in Gasoline)  x   Avg. Sample Dry Weight / Avg. Total Extract 

Volume 
 
  where:  
 
  Units for [Gasoline]   = ppm (µg/mL of methanol) 
  Units for Reporting DL for VHS6-10  =  ppm (e.g. µg/g dry weight of 

sample) 
  Units for Sample Weight  =  grams (dry weight) 
  Units for Total Extract Volume  =  mL 
 
  For 20% moisture, 10 wet gram sample weights, and 20 mL Methanol 

volumes: 
 
  Average Dry Sample Weight = 8.0 grams 
  Average Total Extract Volume = 22.0 mL   
 
  Select a concentration for the Gasoline DL Check Standard that is 

approximately equal to the concentration determined above.  The DL 
Check Standard can then be routinely used to verify that the Reporting 
Detection Limit for VHS6-10 remains valid. 

 
 c) Calculate the target for VHS6-10 in the Detection Limit Check Standard 

by multiplying the concentration selected in (b) by the VHS6-10 
percentage from (a).   

 
  Target for VHS6-10  = (DL Std. gasoline concentration in methanol) x 

(%VHS6-10 in gasoline) 
 
Accuracy and Precision For a limited period of time, individual laboratories may assess their accuracy 

and/or precision for this method by analyzing replicates of the 1998 BCMELP 
Hydrocarbon Round Robin samples, and comparing results against single 
laboratory and interlaboratory consensus values. This is not a formal 
requirement for the validation of this method, but is strongly recommended. 

 
 Alternatively, multiple method spikes of an appropriate petroleum product 

(unweathered gasoline is recommended) may be used to assess the method, 
although less information can be derived about accuracy without 
interlaboratory consensus data.  “Accuracy” data gathered from method 
spikes is limited to a measure of percent recovery (i.e. a measure of 
extraction losses). Better measures of overall method bias and accuracy are 
obtained from analysis of BCMELP Interlaboratory Study samples, and from 
Method Performance Check Spikes. 
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 Determine Method Spike targets using Actual VHS6-10 Concentrations of the 
spike solution by following the procedure outlined in section the Calculation of 
Actual VHS Concentration of a Petroleum Reference Solution section. 

 
Method Performance  
Data Method performance data is presented for selected Reference Samples and 

for required QC components of the method.  This data was compiled from the 
1998 BCMELP Petroleum Hydrocarbon Round Robin Study, and from the 
Single Laboratory Validation Study, which was performed at the same time 
using the same Reference Samples.  Method Detection Limit data from the 
single laboratory data are also presented. 

 
 The single laboratory data presented here was generated using the 

instrument conditions described in the GC Analysis Procedure section. 
 
 Please note:  For the Round Robin data, results are presented for two 

methods: Direct Injection (DI) and Purge and Trap (P&T).  Only the Direct 
Injection results directly measure the performance of this method.  Purge and 
Trap is an alternative procedure, which may only be used if equivalence to 
Direct Injection is demonstrated.  The Purge and Trap results are included 
here for comparison only. 

  
 Instrument Performance Check Data 
 Multiple laboratory (Round Robin) data and single laboratory data for 

Instrument Performance Checks are presented in Table I-15.  Direct Injection 
data was analyzed as described in the Instrument Performance Check 
section.  Purge and Trap Round Robin results are presented for 
comparison purposes only.  

 
 Method Performance Check Spike Data 
 Multiple laboratory (Round Robin) data and single laboratory data for Method 

Performance Check Spikes are presented in Table I-16.  Direct Injection data 
was analyzed as described in the Method Performance Check Spike section.  
Purge and Trap Round Robin results are presented for comparison 
purposes only.  

 
Table I-15:  VHS Instrument Performance Check Data 
 1998 BCMELP Round Robin Results Single Lab Results 
 Direct Injection Purge & Trap Direct Injection 
          
Relative Response (n) Mean % RSD (n) Mean % RSD (n) Mean % RSD 
Hexane (nC6)3 4 0.78 9.0% 2 1.10 28.1% 9 0.81 0.7% 
Benzene1 5 1.00 4.9% 2 1.14 11.1% 9 1.01 0.5% 
Toluene1 5 0.99 3.5% 2 1.07 6.5% 9 1.00 0.2% 
Octane (nC8) 1 5 0.91 2.7% 2 0.97 11.2% 9 0.91 0.4% 
Ethylbenzene1 5 0.99 3.1% 2 1.02 2.4% 9 0.99 0.0% 
m,p-Xylene1 5 1.00 n/a 2 1.00 n/a 9 1.00 n/a 
o-Xylene2 5 1.07 2.6% 2 1.12 5.5% 9 1.02 0.2% 
1,2,4-Trimethylbenzene4 5 1.00 n/a 2 1.00 n/a 9 1.00 n/a 
Decane (nC10)2 5 0.89 4.3% 2 0.78 10.0% 9 0.96 0.3% 

 

                                                      
3  Relative response calculated against m,p-Xylene. 
4  Relative response calculated against 1,2,4-Trimethybenzene. 
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Table I-16:  VHS Method Performance Check Spike Data 
 
 1998 BCMELP Round Robin Results Single Lab Results 
 Direct Injection Purge & Trap Direct Injection 
          
Spike Recovery (%) (n) Mean % RSD (n) Mean % RSD (n) Mean % RSD 
Hexane (nC6) 4 102% 4.7% 2 97.3% 8.6% 8 88.0% 10.4% 
Benzene 5 104% 4.1% 2 104% 5.3% 8 101% 7.0% 
Toluene 5 105% 5.9% 2 102% 0.1% 8 100% 5.8% 
Octane (nC8) 5 103% 4.8% 2 103% 3.1% 8 97.5% 8.1% 
Ethylbenzene 5 106% 3.9% 2 100% 3.5% 8 100% 5.3% 
m,p-Xylene 5 106% 4.0% 2 103% 0.2% 8 100% 5.4% 
o-Xylene 5 106% 4.2% 2 102% 0.9% 8 101% 5.9% 
1,2,4-Trimethylbenzene 5 109% 3.5% 2 105% 3.6% 8 103% 6.7% 
Decane (nC10) 5 105% 4.9% 2 110% 4.8% 8 98.3% 7.2% 

 
 
 Method Detection Limited Data 
 The Method Detection Limit data reported in Table I-17 was obtained from 

the 1998 Single Laboratory Validation Study, and was generated as 
described in the Establishing Method Detection Limits section. The VHS 
target was determined by direct analysis of the spike solution.  Please note 
that the data presented demonstrates an achievable MDL; each laboratory 
must determine the MDL that applies to their individual circumstances.  

 
 

Table I-17:  VHS Method Detection Limits (Single Laboratory Data) 
 
Units = 
mg/kg 

#1 #2 #3 #4 #5 #6 #7 #8 #9 Mean Std. 
Dev. 

Target Mean 
Recovery 

MDL 

VHS6-10 37.7 31.3 31.3 31.1 28.6 30.6 32.6 31.1 30.7 31.7 2.5 30.0 106 % 9.3 
 

 
 
 VHS Gasoline Method Spike Data 
 Multiple laboratory (Round Robin) data and single laboratory data for 

Gasoline Method Spikes are presented in Tables I-18 to I-20.  Three different 
concentrations of gasoline spikes were performed, at 250 mg/kg, 1,250 
mg/kg, and 7,180 mg/kg of gasoline in clean sand.  Direct Injection data was 
analyzed as described in the Gasoline Method Spike section.  For all 
samples, 10 grams of a clean sand matrix was wetted with 2 mL of reagent 
water prior to the addition of a gasoline spike solution.  MAH and calculated 
VPHS results are also presented for the same samples.  Purge and Trap 
Round Robin results are presented for comparison purposes only.  
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Table I-18:  VHS Gasoline Method Spike Data (250 mg/kg gasoline) 
 
 1998 BCMELP Round Robin Results Single Lab Results 
 Direct Injection Purge & Trap Direct Injection 
          
VH Results (mg/kg) (n) Mean % RSD (n) Mean %RSD (n) Mean %RSD 
VHS6-oXylene  5 95.7 22.6% 2 147 44.2% 8 111 5.5% 
VHSoXylene-10 5 15.5 15.3% 2 15.3 17.9% 8 18.6 8.4% 
VHS6-10 5 111 21.5% 2 163 38.3% 8 129 5.6% 
VPHs 4 87.3 26.0% 2 138 37.4% 8 93.3 7.6% 
          
 Combined Data Direct Injection 
MAH Results (mg/kg) (n) Mean % RSD (n) Mean %RSD 
Benzene 7 2.2 25.9% 8 2.6 3.2% 
Toluene 7 11.2 31.5% 8 15.8 3.1% 
Ethylbenzene 7 2.7 26.8% 8 3.4 2.1% 
m,p-Xylene 7 8.9 26.4% 8 10.3 3.1% 
o-Xylene 6 3.3 24.1% 8 4.0 2.7% 
Styrene 9 < n/a 8 <0.01 n/a 

 
 
 

Table I-19:  VHS Gasoline Method Spike Data (1,250 mg/kg gasoline) 
 
 1998 BCMELP Round Robin Results Single Lab Results 
 Direct Injection Purge & Trap Direct Injection 
          
VH Results (mg/kg) (n) Mean %RSD (n) Mean % RSD (n) Mean %RSD 
VHS6-oXylene  5 449 10.5% 2 710 53.6% 6 554 4.5% 
VHSoXylene-10 5 88.9 7.1% 2 87.3 25.4% 6 100 4.6% 
VHS6-10 5 538 9.1% 2 797 50.4% 6 654 4.2% 
VPHs 4 422 16.5% 2 699 51.7% 6 468 5.6% 
          
 Combined Data Direct Injection 
MAH Results (mg/kg) (n) Mean % RSD (n) Mean % RSD 
Benzene 7 8.9 35.5% 6 12.6 1.6% 
Toluene 7 46.3 24.7% 6 81.0 1.3% 
Ethylbenzene 7 11.5 32.1% 6 17.9 2.0% 
m,p-Xylene 7 37.3 25.6% 6 53.4 2.2% 
o-Xylene 6 13.9 29.3% 6 20.9 1.4% 
Styrene 8 < n/a 6 <0.05 n/a 
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Table I-20:  VHS Gasoline Method Spike Data (7,180 mg/kg gasoline) 
 
 Single Lab Results 
 Direct Injection 
    
VH Results (mg/kg) (n) Mean %RSD 
VHS6-oXylene  8 3101 0.7% 
VHSoXylene-10 8 517 2.1% 
VHS6-10 8 3618 0.7% 
VPHs 8 2493 1.4% 
    
MAH Results (mg/kg) (n) Mean % RSD 
Benzene 8 81.0 1.2% 
Toluene 8 494 1.5% 
Ethylbenzene 8 106 2.3% 
m,p-Xylene 8 319 2.2% 
o-Xylene 8 125 2.6% 
Styrene 8 <0.25 n/a 

 
 
Use of Alternative  
Methods This method contains several prescribed and required elements that may not 

be modified.  These requirements are necessary due to the nature of 
method-defined aggregate parameters like Volatile Hydrocarbons, where 
many components are calculated against single calibration reference 
standards. This method has been specifically designed to minimize the 
relative bias among responses of common VH components, and among 
VHS6-10 results generated by different laboratories.     

 
 Modification or omission is not permitted to anything described within the 

method text as “required” or preceded by the word “must”.  Most of the 
prescribed requirements of the method are summarized in the Prescribed 
Elements section. 

 
Prescribed Elements Laboratories that report data for regulatory purposes may not alter any 

method conditions listed in this section without prior written permission from 
BCMELP: 
 
a) Every laboratory that uses this method, whether modified or not, must 

validate the method (as used) following the protocols described in the 
Method Validation section. 

 
b) “REQUIRED” QC elements from the Quality Control section must be 

completed as specified, and must pass all specified acceptance 
criteria, or sample data must be qualified. 

 
c) Maximum holding time prior to extraction is 7 days after sampling.  

Maximum holding time for refrigerated extracts is 40 days.  Where 
holding times are exceeded, data must be qualified. 

 
d) Pre-extraction “drying” of samples using anhydrous salts like sodium 

sulphate or magnesium sulphate is prohibited due to losses of volatile 
organics that would result. 
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e) Methanol extraction is required (except for samples that form 2 liquid 
phases with methanol, where acetone must be used – see the Sample 
Preparation section). 

 
f) Wherever possible, the same sediment extract must be used for the 

analysis of both VHS6-10 and targeted MAH compounds (i.e. BTEX), so 
that sub-sampling variability does not affect the calculated VPH result.  
Although situations may arise where this is not possible, it must be the 
normal procedure. 

 
g) The ratio of methanol : wet weight of solids being extracted must 

always be at least 2:1. 
 
h) The normal amount of sample extracted must not be less than 5 grams 

wet weight (see the Sample Preparation section). 
 
i) The water content in sample extracts (due to sample moisture) must 

never exceed 25%. 
 
j) Gas Chromatography with Flame Ionization Detection is required for  

VHS6-10. 
 
k) GC column must be a capillary column. 
 
l) GC column stationary phase must be 100% dimethyl siloxane (e.g. DB-

1, HP-1, RTX-1 or equivalent). 
 
m) Meta-xylene (or meta and para xylenes) and 1,2,4-trimethylbenzene 

must be used as the  calibration  standards  for VHS6-10. 
 
n) GC calibration standard must be prepared in the same solvent as 

sample extracts, unless equivalence (within 2%) can be demonstrated 
for component responses and retention times of Instrument 
Performance Checks in alternative solvents. 

 
o) If single-point calibration is used, linearity must be verified using a 

Control Standard with a concentration that differs from the Calibration 
Standard concentration by at least a factor of five (see the Control 
Standard section). 

 
p) Calibration stability must be monitored as described in section the 

Ongoing Verification of Calibration (Verification Standards) section. 
 
q) VHS6-10 method detection limits and reporting limits must be based on 

unweathered gasoline (see the Establishing Method Detection Limits 
section).   

 
Performance Based  
Method Changes This is a Performance Based Method.  Unless prohibited in the Prescribed  

Elements section or elsewhere, modifications to this method are permitted, 
provided that the laboratory possesses adequate documentation to 
demonstrate an equivalent or superior level of performance.  Laboratories 
that modify this method must achieve all specified Quality Control 
requirements, and must maintain on file the Standard Operating Procedures 
that thoroughly describe any revised or alternate methods used at any time 
following the initial adoption of this method by BCMELP. This information 
must be available in the event of audit by BCMELP. 
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 Pay particular attention to the results of Instrument Performance Checks (the 
Instrument Performance Check section) and Method Performance Check 
Spikes (the Method Performance Check Spike section), since both of these 
checks are designed to identify potential sources of instrument and method 
biases.  Any modified method that cannot achieve the performance 
requirements of these QC checks is not equivalent to the reference method. 

 
 Modifications Where Equivalence Testing is Not Required 
 Except where expressly disallowed in the Prescribed Elements section or 

elsewhere, changes to the following components of this method are permitted 
if all specified quality control requirements of the method are achieved: 

 
a) Apparatus  
b) Reagents and Standards  
c) Gas Chromatograph Conditions  
 

 The required QC elements contained within this method are deemed 
sufficient to identify potential biases introduced by permitted modifications 
within these sections. 

 
 Modifications Where Equivalence Testing is Required  
 Except where expressly disallowed in the Prescribed Elements section or 

elsewhere, changes to the following components of this method are 
permitted, but only if the laboratory has conducted and documented a 
rigorous test for equivalence to the reference method: 

 
 a) Sample Preparation Procedure (see appropriate section) 
 
 An equivalence test for Sample Preparation (extraction) Procedure 

modifications to this method involves a comparison of results from the 
modified method with results from the reference method for several 
appropriately selected samples.  Tests for bias (mean accuracy) and 
precision are required.   

 
 For any method that includes a modification that requires equivalence 

testing, a detailed report that demonstrates equivalence to the 
reference method by the procedure described below must be available 
to clients and to BCMELP on request. 

 
 Test for Bias of Modified Methods 

Compare results from the modified method with results from the reference 
method for several appropriately selected samples.  Both of the following 
sample types must be investigated: 
 
a) At least five unspiked field samples.  Each sample must contain 

VHS6-10 at ≥ 3 times the laboratory’s routinely reported detection limit (≥ 
5 times DL recommended).  Each sample must be analyzed in triplicate 
(at minimum) by both the reference method and the modified method.  
Samples must include: 

 - one or more clay samples 
 - one or more peat samples 
 - one or more soil or sediment samples 
 - one or more samples with >40% moisture 
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b) At least one set of gasoline spikes into clean matrix samples or 
field samples.  Each spiked sample set must be analyzed in triplicate 
(at minimum) by both the reference method and the modified method. 
Spike concentrations must correspond to at least five times the 
laboratory’s routinely reported detection limit. 

 
Note: While available, 1998 BCMELP Round Robin Study sample 
spike solutions (or samples evaluated under future Round Robin 
Studies) may be analyzed to satisfy this component of the equivalency 
test. 

 
 For both (a) and (b) above, compare the means obtained for each sample by 

the reference method and the modified method.  For each sample, one of the 
following must be satisfied: 

  
 a) The means for each method must differ by less than 15% relative 

percent difference (RPD), where relative percent difference of X1 and 
X2 is defined as: 

 
       RPD = (X1 – X2) / mean(X1, X2) x 100% 
 or, 
 
 b) The difference between the means for each method must not be 

statistically significant at the 95% confidence level, using a test for 
significance of the difference of two means, as described by John 
Keenan Taylor [h].   

 
 If results for one or more samples do not meet one of the above criteria, 

additional replicates of the same samples may be analyzed, with the tests 
applied to the larger populations.  If necessary, either the Dixon or Grubbs 
outlier tests may be used to discard outlier datapoints [h]. 

   
 If 1998 BCMELP Round Robin spike samples are used for (b) above, then 

the results for the modified method may be compared against the Single 
Laboratory Results (the Method Performance Data section) or against in-
house results generated by the reference method.  Note that comparison 
against the Round Robin Results in the Method Performance Data section is 
not sufficient to demonstrate method equivalence, due to the small sample 
population of that study (n=5).  Sample results from future Round Robin 
studies may be used for equivalency comparisons where the study population 
is six or greater [h]. 

 
 Test for Precision of Modified Methods 
 Modified methods must demonstrate a reasonable level of precision on 

homogeneous samples (e.g. Method Spikes or Reference Materials).  
Analyze a minimum of 8 replicates of at least one Gasoline Method Spike or 
Reference Material that contains VHS6-10 at ≥ 3 times the laboratory’s routine 
Reporting Detection Limit (≥ 5 times DL recommended). 

 
 Replicates may be either “within-run” or “between-run”.  Within-run replicates 

normally demonstrate better precision. 
 
 Where necessary, outlier data points may be discarded if they satisfy either 

the Dixon or Grubbs outlier tests [h]. 
 
 For VHS6-10, the modified method must demonstrate a precision of ≤ 20% 

relative standard deviation. 
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Appendix I 
 

Test for Determining the Significance of the Difference of Two Means 
 
The following is a summary of a two-tailed test for determining whether two means are significantly 
different (at the 95% confidence level).  Two cases are described in John Keenan Taylor’s Statistical 
Techniques for Data Analysis (7).  The case where the standard deviations of the two populations differ is 
summarized below.  An alternative test, for where the standard deviations of the two populations do not 
significantly differ, is summarized in the reference text and may also be used. 
 
This test is one of two options given in section 18.2.2.1 for determining the equivalence of any two 
datasets produced by the reference method and a modified method.   
 
 
Step 1:  Calculate the variance (V) for the respective means for datasets A and B: 
 
    VA = sA

2 / nA    VB = sB
2 / nB 

 
  where: s = the estimate of the standard deviation (in units of sample concentration, not 
%RSD) 
   n = the number of independent data points 
 
 
Step 2: Calculate the effective number of degrees of freedom, f, to be used for selecting t when 

calculating U∆: 
               f   =          (VA + VB)2         
        VA

2    +    VB
2   

       (n-1)      (n-1) 
 
Round the calculated value for f to the nearest integer.  Values below 10 are typical for 
smaller datasets. 

 
Step 3:  Calculate U∆, the uncertainty in the difference of the means: 
 
              U∆   =   t √ (VA + VB) 
 
  where: t = the student’s t-variate for a 2-tailed dataset, at 95% confidence and f degrees 

of freedom. 
 
 
Step 4: If the difference between the means is less than U∆, the uncertainty in the difference of the 

means, then there is no evidence that the two datasets are significantly different at the 
95% confidence level. 
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PBM/Hydrocarbons 
Revision Date:  December 31, 2000 

 

Calculation of Volatile Petroleum Hydrocarbons in Solids or 
Water (VPH) 
 
Parameters Volatile Petroleum Hydrocarbons in water 
 Volatile Petroleum Hydrocarbons in solids 
  
Analyte Symbols Analyte Symbol EMS Code 
and EMS Codes VPHW VPH-  F099 
 VPHS VPH-  F100 
 
Analytical Methods Refer to the following VPH precursor methods: 
 
 Volatile Hydrocarbons in Water by GC-FID  
 
 Monocyclic Aromatic Hydrocarbons (BTEX) in Water by Purge and Trap 

GC/MS or GC/PID (Non-PBM section of manual) 
 
 Monocyclic Aromatic Hydrocarbons (BTEX) in Water by Dynamic Headspace 

and GC/PID/FID (Non-PBM section of manual) 
 
 Volatile Hydrocarbons in Solids by GC-FID  
 
 Monocyclic Aromatic Hydrocarbons (BTEX) in Solids by Purge and Trap 

GC/MS (Non-PBM section of manual) 
 
 Monocyclic Aromatic Hydrocarbons (BTEX) in Solids by Dynamic Headspace  

and GC/PID/FID (Non-PBM section of manual) 
 
Units water = mg/L 
 solids = µg/g 
 
Introduction Volatile Petroleum Hydrocarbons are calculated using the results from 

selected methods as listed above.  The calculation procedure for VPH 
requires that both Volatile Hydrocarbons (VH) and Monocyclic Aromatic 
Hydrocarbons (MAHs, including BTEX and styrene) be analyzed using 
methodologies which have been approved by the Director.   

 
 Selected MAHs are subtracted from VH results to produce VPH values.  

These MAHs are excluded from VPH because they are regulated directly 
under the British Columbia (BC) Contaminated Site Regulations (CSR).  
MAHs excluded from VPH for waters are listed in Schedule 6 of the CSR.  
MAHs excluded from VPH for soils are listed in Schedules 4 and 5 of the 
CSR.  The Procedure section lists the MAHs to be excluded from both waters 
and soils. 

 
 Approval to subtract additional target compounds that are not listed in the 

CSR schedules is at the discretion of the Director of Waste Management. 
 
 Wherever possible, laboratories must use the same sample extract (for 

sediments) or the same sample aliquot (for waters) to determine both VH and 
BTEX.  This minimizes the potential error in the final VPH result that could 
otherwise occur due to normal analytical variability. 
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Procedure Subtract the total applicable MAHs from the VH6-10 result: 
 
 VPH = VH6-10  -  Σ MAHs from CSR schedule(s) within VH6-10 range 
 
 To calculate VPHW, subtract the individual results for benzene, toluene, 

ethylbenzene, ortho-xylene, meta-xylene, and para-xylene from the VHW6-10 
concentration obtained by the approved VH GC/FID method.  

 
 To calculate VPHS, subtract the individual results for benzene, toluene, 

ethylbenzene, ortho-xylene, styrene, meta-xylene, and para-xylene from the 
VHS6-10 result obtained by the approved VH GC/FID method.  

 
 It is strongly recommended that all MAH results be analyzed by GC/MS. 

Less selective detectors like Photo-Ionization Detectors (PIDs) or Flame 
Ionization Detectors (FIDs) are far more susceptible to interferences, but may 
be used where appropriate, e.g.: 

 
a) field testing (see below). 
b) analysis of samples where no interferences are apparent (i.e. all target 

analyte peaks are baseline-resolved, Gaussian in shape, and elute 
within expected retention time windows). 

c) analysis of commercial/industrial samples where interferences do not 
prevent an evaluation of whether or not regulatory standards are 
exceeded. 

 
 Regardless of the GC detector used, wherever suspected interferences 

prevent the positive identification and/or accurate quantitation of MAH 
compounds, results must be reported as “<DL”, with detection limits elevated 
to reflect the maximum amount of each compound that may be present 
(Note: If a non-GC/MS detector is used and the reported detection limit 
exceeds a regulatory standard value, then re-analysis by GC/MS is required). 

 
 Treat any MAH results reported as less than detection limit as Zero (no 

subtraction). 
 
 Report results to BCMELP in units of µg/g dry weight for solids, and in units of 

µg/L for waters. 
 
Maximum Reporting 
Detection Limits This section lists the Maximum Permitted Reporting Detection limits for VPH  

in soil and water.  Higher detection limits may be reported to BCMELP by 
laboratories or permittees under special circumstances, but acceptance of 
these results is at the discretion of the Director. 

 
Analyte  Maximum Reporting DL 
VPHS  100 µg/g (dry weight) 
VPHW  100 µg/L 

 
 Normal Reporting Detection Limits for VPH must not be less than the 

Reporting Detection Limit for VH6-10.  Validation procedures for VH detection 
limits are described in the appropriate VH method. 
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Revision History March 1997: Initial publication of Version 1.0 for Volatile 
Petroleum 

  Hydrocarbons in Water. 
 1998 - 1999: Revision of method by ASL under contract to 

MELP and with advice from the BCLQAAC 
Technical Committee. 

 July 1999: Finalization of present method based on results 
of a vetting round robin. 

 December 31, 2000: Method incorporated into main Laboratory 
Manual; reformatting to match style of Lab 
Manual; EMS codes and units added; phrase 
‘Analyte Code’ changed to ‘Analyte Symbol’.  
Mandatory tests made bold. Former methods 
superseded. 
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PBM/Hydrocarbons 
Revision Date:  December 31, 2000 

 

Extractable Petroleum Hydrocarbons (EPH) in Water by GC/FID 
 
 
Parameters Extractable Petroleum Hydrocarbons(nC10-nC19) in water 
 Extractable Petroleum Hydrocarbons(nC19-nC32) in water 
 
Analyte Symbols Analyte Symbol EMS Code 
and EMS Codes EPHW10-19 LEPH  F065 
 EPHW19-32 HEPH  F065 
      
 (Note that the above EMS codes are for precursor and results are not 

corrected for PAHs.) 
 
Analytical Method DCM liquid-liquid extraction - Gas Chromatography with Flame Ionization 

Detection (GC/FID). 
 
Introduction This method measures the collective concentration of Extractable Petroleum 

Hydrocarbons (EPH) in water (EPHW).  Extractable Petroleum Hydrocarbons 
(EPH) are divided into two boiling point ranges, each quantitated against 
eicosane (nC20).  EPHW10-19 measures hydrocarbons that elute between n-
decane and n-nonadecane, roughly equivalent to a boiling point range of 
174°C to 330°C.  EPHW19-32 measures hydrocarbons that elute between n-
nonadecane and n-dotriacontane, roughly equivalent to a boiling point range 
of 330°C to 467°C. 

 
 The two Extractable Petroleum Hydrocarbons (EPH) parameters are the 

precursors to the calculation of Light and Heavy Extractable Petroleum 
Hydrocarbons (LEPH and HEPH).  Specified Polycyclic Aromatic 
Hydrocarbon (PAH) results are subtracted from EPH concentrations to arrive 
at LEPH and HEPH, using the procedure outlined in the British Columbia 
Ministry of Environment, Lands and Parks (BCMELP) method “Calculation of 
Light and Heavy Extractable Petroleum Hydrocarbons in Solids and Waters”. 

 
 The Extractable Petroleum Hydrocarbons (EPH) method is normally used in 

conjunction with the BCMELP Volatile Hydrocarbons (VH) method.  Together, 
these methods can generate quantitative values for the concentration of most 
petroleum products.  Note that the correlation of these results with the actual 
concentration of petroleum product in a sample (i.e. accuracy) may be less 
than would be achieved for single compound analyses. 

 
 Petroleum products that are predominantly captured with the VH parameter 

are those whose primary components are within the boiling point range of 
nC6 through nC10 (e.g. VH captures the majority of most unweathered 
gasolines, mineral spirits, and paint thinners).  Petroleum products that are 
predominantly captured with the EPH parameters are those whose primary 
components are within the boiling point range of nC10 through nC32 (e.g. 
EPH captures the majority of most diesel fuels, lubricating oils, greases, 
hydraulic oils, waxes).  Many petroleum products contain components within 
both the VH and EPH parameter ranges (e.g. kerosenes, jet fuel, and 
weathered gasolines).  Petroleum products that contain a substantial 
proportion of hydrocarbons with boiling points greater than nC32 will not be 
accurately quantitated by either of the VH or EPH methods. 
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 In addition to quantitative numerical results, this method generates FID 
chromatograms that can sometimes be used to characterize the type of 
petroleum hydrocarbon mixture present in the sample. 

 
 This method contains numerous prescribed (required) elements, but it is 

otherwise a Performance Based Method (PBM).  Prescriptive elements are 
included where necessary to maintain consistency of EPH results among 
laboratories.  British Columbia Ministry of Environment, Lands and Parks 
encourages method innovations and supports the performance based 
methods approach, but recognizes that the application of performance based 
methods to method-defined aggregate parameters like Extractable Petroleum 
Hydrocarbons is somewhat limited. 

 
 Every laboratory that uses this method, or a modified version of this 

method, to report EPH, LEPH, or HEPH data to BCMELP must perform 
an in-house validation of the method as described in the Method 
Validation section. 

 
 This method is not intended to quantitate individual target compounds (i.e. 

PAHs). 
 
Units mg/L 
 
Method Summary Water samples are extracted with dichloromethane (DCM) in a separatory 

funnel.  Extracts are dried, concentrated, and analyzed by capillary column 
gas chromatography with flame ionization detection. 

 
Matrix Fresh Water 
 Waste Water 
 Marine Water 
 
Interferences and 
Precautions Contaminants present in solvents, reagents and sample processing hardware 

may cause interferences or yield artifacts.  All of solvents, reagents and 
hardware must be monitored and demonstrated to be free of 
interferences under the conditions of the analysis by the routine 
analysis of method blanks. 

 
 This method does not differentiate naturally occurring hydrocarbons from 

petroleum based hydrocarbons, nor does it differentiate hydrocarbons from 
complex organics.  If further information concerning the chemical composition 
of sample components is required, a silica gel procedure can be used to 
fractionate EPH into aliphatic and aromatic components.  This procedure can 
remove some naturally occurring organic components like humic acids.  
Refer to BCMELP Method “Aliphatic/Aromatic Fractionation of Extractable 
Petroleum Hydrocarbons in Solids and Waters” (Pending). 

 
 This method requires the analysis of the total contents of each sample 

container, including any hydrocarbons which may be present as solids (or 
adsorbed to solids) within the sample container, and including any 
hydrocarbons which may be adsorbed to the surface of the sample container. 
Contamination by GC carryover can occur whenever high-level and low-level 
samples are sequentially analyzed.  If possible, when an unusually 
concentrated sample is analyzed, it should be followed by an Instrument 
Blank to check for system cleanliness.  Alternatively, low-level samples that 
follow such high level samples must be re-analyzed if carryover above 
Reporting Detection Limits is suspected. 



D - 131 

 
Health and Safety 
Precautions The toxicity and carcinogenicity of chemicals used in this method have not 

been precisely defined. Treat all chemicals used in this method as a 
potential health hazard.  To ensure your personal safety and the safety 
of co-workers, read and understand the Material Safety Data Sheets 
(MSDS) for all chemicals used. 

 
Sample Collection and 
Preservation  Collect samples in 500 mL amber glass bottles with Teflon-lined lids.  No 

chemical preservation is required.  Store samples at (4 ± 2)°C. 
 
 Maximum holding time prior to extraction is 7 days after sampling.  

Maximum holding time for refrigerated extracts is 40 days.  Where 
holding times are exceeded, data must be qualified. 

 
 Because this method analyzes the total contents of each sample container, 

two 500 mL samples should be taken for each sample location.  This allows 
the laboratory to analyze Field Replicates [a] or Field Splits [a] as desired, 
and/or to re-analyze any sample if confirmation is required. 

 
 Where possible, groundwater samples should contain no visible solids.  

Sampling staff are referred to the British Columbia Field Sampling Manual [b] 
to minimize suspended solids in collected water samples. 

 
Apparatus Glassware and Support Equipment 

1 L Separatory funnels 
500 mL or 1 L Graduated cylinder 
Kuderna-Danish Concentrator system (or rotary evaporator) 
250 mL Kuderna-Danish (KD) flasks (or round bottom flasks) 
Nitrogen Blowdown System 
Micro-syringes 
Glass extract vials and GC autosampler vials with Teflon-lined lids 

 
 Gas Chromatograph (GC) 
 A temperature programmable capillary gas chromatograph is required.  

A heated splitless or on-column inlet is recommended.  The data station 
must be capable of storing and reintegrating chromatographic data and 
must allow integration of peak areas using a forced baseline projection. 

 
 Detector 
 A Flame Ionization Detector (FID) is required for the quantitation of 

EPHW10-19 and EPHW19-32. FID is the most universal detector for petroleum 
products, generating nearly equivalent response by weight or concentration 
for most hydrocarbons.  

 
 Sample Introduction Mechanism 
 An autosampler capable of making 1 to 2 uL splitless or on-column injections 

is strongly recommended. 
 
 Chromatographic Column 
 The reference column for this method is a 30 meter, 0.32 mm internal 

diameter capillary column with a 0.25 um coating of 100% dimethyl siloxane 
(e.g. DB-1, HP-1, RTX-1 or equivalent).  The stationary phase type may not 
be modified. 
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Reagents Reagents 
and Standards  Acetone (2-propanone) 

Dichloromethane (DCM) 
Sodium sulphate, Anhydrous 
Iso-octane (2,2,4-trimethyl-pentane) 
Organic free reagent water 

 
 Calibration Standard Stock Solution 
 Prepare a Calibration Standard Stock Solution in DCM containing 1,000 

µg/mL of each of decane (nC10), dodecane (nC12), hexadecane (nC16), 
nonadecane (nC19), eicosane (nC20), dotriacontane (nC32), naphthalene, 
phenanthrene, and pyrene.  This mixture may be purchased commercially or 
prepared from neat standards.  Ensure all components are fully dissolved 
before use.  Warm the solution and/or place in an ultrasonic bath if necessary 
to re-dissolve any precipitated components.  Store refrigerated at (4 ± 4)°C. 

 
 Calibration Standard 
 Prepare a 50 µg/mL Calibration Standard in iso-octane by diluting the 1,000 

µg/mL stock standard.  Warm the solution and mix well before use to ensure 
complete dissolution of all components.  Store refrigerated at (4 ± 4)°C.  

 
 Control Standard Stock Solution 
 Prepare a Control Standard Stock Solution containing 5,000 µg/mL of 

eicosane (nC20) in iso-octane.  This solution may also contain other target 
analytes, and may be purchased commercially or prepared from neat 
compounds.  It must be prepared from a different source than the 
Calibration Standard (both standards may originate from the same neat 
compound source, but they must not be prepared from the same 
intermediate solutions).  Store refrigerated at (4 ± 4)°C. 

 
 Control Standard 
 Prepare a 250 µg/mL Control Standard by diluting the 5,000 µg/mL Control 

Standard Stock Solution in iso-octane. 
 
 Diesel / Motor Oil Stock Solution 
 Prepare a 100,000 µg/mL stock solution of 1:1 diesel (fuel #2) : motor oil 

(non-synthetic 10W30) by combining 50,000 µg/mL of each product in iso-
octane.  Prepare the solution by weight (e.g. weigh 0.250g diesel plus 0.250g 
motor oil into a 5.00 mL volumetric flask).  Any unweathered, fresh source of 
these products is acceptable.  Store refrigerated at (4 ±?4)°C. 

 
 Note: The 100,000 µg/mL concentration above can be referred to as the 

“product concentration” of the solution, where the product is in this case a 
diesel/motor oil mixture.  It is important to note that the product concentration 
of the solution is not equivalent to its total EPHW concentration (i.e. EPHW10-19  

+ EPHW19-32). 
 
 Detection Limit Check Standard 
 Dilute the 100,000 µg/mL Diesel / Motor Oil Stock Solution to prepare a 

Detection Limit (DL) Check Standard in iso-octane.  Prepare the standard at 
a concentration that is approximately equal to the extract concentrations that 
correspond to the Reporting Detection Limits for each of EPHW10-19 and 
EPHW19-32.  This standard is required for Initial Calibration QC (see the 
Detection Limit section).  Store refrigerated at (4 ± 4)°C. 
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 Refer to the Detemination of DL Check Standard Concentration and EPH 
Targets section under Method Validation for the procedure to determine an 
appropriate concentration for this solution. 

 
 Diesel / Motor Oil Method Spike Solution 
 If Diesel/Motor Oil Method Spikes will be analyzed (see the Diesel/Motor Oil 

Method Spike section), prepare a Diesel/Motor Oil Method Spike Solution at a 
suitable concentration by diluting the Diesel/Motor Oil Stock Solution into iso-
octane.  Concentrations ranging from 1,000 - 20,000 µg/mL of diesel/motor 
oil may be appropriate, depending on the desired Method Spike 
concentrations.  Store refrigerated at (4 ± 4)°C. 

 
Quality Control (QC) Table I-7 summarizes all the required and recommended calibration and QC 

components of this method. Each of these components is described in detail 
in this section. 

 
Table I-7: Summary of EPHW QC and Calibration Requirements and 
Recommendations 
 
QC Component Minimum 

Frequency 
Minimum Acceptance 
Criterion 

Instrument Performance QC   

Instrument Performance Check Every 12 hours, and 
at end of analysis 
batch if >6 hrs from 
previous check. 

Relative response ratios must be 
0.7-1.3 for all components 

Calibration QC and Verification   

Instrument blank 1/analysis batch None 

Control Standard 1/analysis batch Within 15% of expected 
concentration 

Detection Limit Check Standard 1/analysis batch 50 – 150% of EPH targets 

Ongoing Verification of Calibration Every 12 hours, and 
at end of analysis 
batch if >6 hrs from 
previous check. 

Within 25% of previous std & 
Within 35% of initial calibration, 
(in continuing calibration mode). 

Method QC   

Method Blank 1/preparation batch < reported detection limit 

Method Performance Check Spike 1/preparation batch Average recoveries must be: 
65-120% for nC10, nC12, 
naphthalene, 
80-120% for all other 
components. 
 

Diesel / Motor Oil Method Spike Not required None 

Laboratory and Field Sample 
Replicates 

Not required None 

Surrogate Compounds Not required None 
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General QC  
Requirements Each laboratory that uses this method is required to follow a formal, 

internally documented Quality System, as outlined in CAN/CSA-Z753 [3].  
Required and recommended QC elements are described within this section. 

 
 Samples are prepared in a set that is referred to as a preparation batch, and 

are analyzed by GC in a set that is referred to as an analysis batch.  
 
 If any of the specified acceptance criteria for Instrument Performance 

QC, Initial Calibration QC, or Method QC cannot be met for the analysis 
of a given sample, then the data reported for that sample must be 
appropriately qualified. 

 
 QC requirements are described for each of the EPHW10-19 and EPHW19-32 

parameters.  If this method is used to report only one of these parameters, 
then only those QC criteria that are relevant to that parameter need be 
satisfied. 

 
Instrument  Instrument Performance Check 
Performance QC REQUIRED – Perform this check whenever a Calibration Standard or 

Verification Standard is analyzed.  See the Ongoing Verification of 
Calibration section for required frequency. 

  
 The 50 µg/mL Calibration Standard is used for initial calibration (Initial 

Calibration section) and for ongoing verification of calibration (see Ongoing 
Verification of Calibration section).  In addition, it is used for the Instrument 
Performance Check to do the following: 

 
 a) Measure and control relative response ratios of specified EPH 

components, 
  b)   Determine retention time windows for EPH integration ranges, 
 c)   Confirm resolution of decane (nC10) from the solvent peak. 
 
 One essential purpose of the Instrument Performance Check is to ensure 

that the GC/FID response factors of EPH components throughout its boiling 
point range are roughly equal.  If excessive relative bias exists among EPH 
components due to differences in their polarity, mass, boiling point, or 
chemical composition, then calculated results will be biased, and 
interlaboratory inconsistency will result. 

 
 For each component of the Calibration Standard, determine the relative 

response ratio (by peak area) against eicosane (nC20).  For all compounds 
within the mixture, these ratios should normally fall between 0.80 and 1.20. 
Acceptance criteria for relative response ratios are 0.7 – 1.3 for all 
components of the Instrument Performance Check. If any relative response 
ratio fails these acceptance criteria, associated sample data is suspect 
and corrective action is required. Loss of response of any of the 
compounds in the mixture may indicate that GC maintenance is necessary. 

 
Initial Calibration QC Instrument blank 
 REQUIRED - minimum 1 per analysis batch of no more than 100 

samples.  Inject an iso-octane solvent blank to the GC system to 
establish the chromatographic baseline. All GC parameters must be 
identical to those of samples run in the same analysis batch. 
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Control Standard  REQUIRED - minimum 1 per analysis batch of no more than 100 
samples.   

 
 Analyze a Control Standard (see the Control Standard section) 

containing eicosane (nC20), which has been prepared from a different 
source than the Calibration Standard.  The Control Standard is used to 
confirm the integrity of the calibration standard, and to verify calibration 
linearity if single-point calibration is used. Where possible, the Control 
Standard should be traceable to national chemical metrology standards.   

 
 If single-point calibration is used, the concentration of the Control 

Standard must differ from the concentration of the Calibration Standard 
by at least a factor of five. 

  
 Note:  At concentrations above ~ 50-100 µg/mL, chromatographic peak 

shapes may be distorted due to column phase overload, but FID responses 
are not normally affected. 

 
 If the calculated concentration of eicosane in the Control Standard 

varies by more than 15% from the expected target, then the calibration 
is suspect.  Discrepancies must be corrected before any sample results 
for the analysis batch may be reported.  Correction may require any or 
all of: 

 
 a) Re-analysis of Control Standard and/or Calibration Standard. 
 b) Re-preparation and re-analysis of Control Standard and/or Calibration 

Standard. 
 c) GC maintenance (if discrepancy is due to calibration non-linearity). 
 
 Detection Limit Check   
 REQUIRED - minimum 1 per analysis batch of no more than 100 

samples.  The sensitivity of the GC system at the Reporting Detection 
Limit must be verified regularly using a low level solution of diesel / 
motor oil. 

 
 Analyze a Detection Limit Check Standard that contains both EPHW10-19 and 

EPHW19-32 at concentrations that are approximately equivalent to the EPHW10-

19 and EPHW19-32 Reporting Detection Limits for the method (see the Detection 
Limit Check Standard section). 

 
 The procedure for determining the target concentrations for this standard is 

described under Method Validation in the Determination of DL Check 
Standard Concentration and EPH Target section.  Acceptable performance 
for the Detection Limit Check Standard is between 50 - 150 % of the 
EPHW10-19 and EPHW19-32 targets (calculated as described in the 
Determination of DL Check Standard Concentration and EPH Targets 
section).  Data reports must be qualified if this acceptance criterion is 
not met for the analysis batch in which the samples were run. 

 
Method QC Method QC samples are carried through all stages of sample preparation and 

measurement. They are intended to measure average method performance 
over time, and to control method performance under a statistical process 
control model. 
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 Method Blank  
 REQUIRED - minimum 1 per preparation batch of no more than 50 

samples.  Prepare a Method Blank using reagent water.  If a Method 
Blank result is above a Reported Detection Limit for a sample within a 
preparation batch, the data report for that sample must be qualified (it 
may be acceptable to increase the Reported Detection Limit of affected 
sample results to a level above that of the Method Blank result). 

 
 Method Performance Check Spike  
 REQUIRED - minimum 1 per preparation batch of no more than 50 

samples.  Prepare a Method Performance Check Spike by fortifying 
reagent water with the Calibration Standard Stock Solution, at a 
concentration of 0.10 µg/mL of each component. 

 
 Spike 50 uL of the 1,000 µg/mL Calibration Standard Stock Solution into 

approximately 1 mL of acetone, and quantitatively transfer the acetone 
solution to 500 mL of reagent water.  Extract and analyze as described in the 
Sample Preparation Procedure and GC Analysis Procedure sections. 

 
 Calculate the spike recovery of each component of the mixture by 

quantitation against the appropriate component of the Calibration Standard 
(i.e. calculate naphthalene against naphthalene).  Spike recoveries must 
normally be between 65% and 120% for decane, dodecane, and 
naphthalene, and between 80% and 120% for all other components of 
the Method Performance Check Spike.  Where recoveries fall 
significantly outside this range with unknown cause, or with known 
cause that may impact samples, then samples from the same 
preparation batch must be repeated, or their data reports must be 
qualified. 

 
 Diesel/Motor Oil Method Spike  
 OPTIONAL.  Prepare a Diesel / Motor Oil Method Spike by fortifying reagent 

water with a known amount of diesel / motor oil in acetone.  Spikes may be 
prepared at any reasonable concentration, depending on the objective. 

  
 Dispense an accurate volume of the Diesel / Motor Oil Method Spike Solution 

(see the Diesel/Motor Oil Method Spike Solution section) into approximately 1 
mL of acetone, and quantitatively transfer the acetone solution to a reagent 
water sample.  Extract and analyze as described in the Sample Extraction 
Procedure and GC Analysis Procedure sections. 

 
 Determine the targets for EPHW10-19 and EPHW19-32 by directly analyzing 

several replicates of the Diesel/Motor Oil Method Spike Solution diluted to a 
concentration that equals the amount of diesel/motor oil spiked (in µg) divided 
by the final extract volume for the spike. 

 
 A Diesel/Motor Oil Method Spike prepared in this way provides information 

about method precision and about method bias (accuracy), where bias is in 
this case a measure of extraction efficiency and losses associated with the 
extraction process. Acceptance criteria are at the discretion of the laboratory. 

 
 Field Sample Replicates / Splits  
 RECOMMENDED - Frequency at the discretion of the laboratory and/or the 

end user of the data.  Replicate samples by this method are normally Field 
Sample Replicates [a] or Field Sample Splits [a], since the entire contents of 
each sample must be analyzed along with the solvent rinsings from the 
sample bottle.  No generic acceptance criteria are specified, since the source 
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of variability may be shared among the sampling process, the laboratory 
method, and the samples themselves. 

 
 Surrogate Compounds* 
 OPTIONAL.  The use of one or more Surrogate Compounds for EPH is at the 

discretion of the laboratory.  Surrogates that elute outside the EPH retention 
time ranges are recommended so that they do not need to be subtracted 
from integrated EPH peak areas. Surrogate Compounds listed in other 
published hydrocarbon methods include ortho-terphenyl, chloro-octadecane 
and 5-alpha androstane. 

 
 Note that sample interferences will often preclude the accurate measurement 

of any surrogate by FID.  Do not report a recovery where a Surrogate 
Compound cannot be accurately measured due to a co-eluting interference 
(report “n/a”). 

 
 *Surrogate Compounds have chemical characteristics similar to those of analytes, but provide 

analytical response that is distinct from analytes.  They are added to samples prior to sample 
preparation.  Surrogate percent recovery measurements are used as Method QC to estimate 
sample preparation losses and matrix effects.  They are only useful when not subject to 
measurement interferences. 

 
Sample Preparation  Sample Extraction Procedure 
Procedure  Laboratories are required to analyze the total contents of all water samples 

submitted for analysis by this method.  If visible solids are present in a 
sample, the laboratory must do one of the following: 

 
 a) Physically separate the solids from the water, extract both portions 

separately, and combine the two extracts prior to GC analysis.  Or, 
 b) Thoroughly mix the solids with the aqueous sample phase, and extract 

the entire sample in the separatory funnel.  This option is only 
applicable where emulsions do not prevent an efficient extraction of the 
sample. 

 
 Prepare section. Use 500 mL of reagent water for the Method Blank, Method 

Performance Check Spike, and Diesel/Motor Oil Method Spike samples. 
 
 Accurately measure the entire contents of the 500 mL glass sample bottle 

into a separatory funnel. 
 
 Rinse the sample bottle with 50 mL of DCM, and add the rinsings to the 

separatory funnel. 
 
 Extract the sample by shaking for two minutes; vent the separatory funnel 

frequently to release pressure.  Allow the phases to separate.  Transfer the 
extract through anhydrous sodium sulphate and into a Kuderna-Danish 
collection flask (or round bottom flask). 

 
 Repeat the extraction two more times, each time using 50 mL of DCM, and 

combine the extracts in the Kuderna-Danish collection flask (or round bottom 
flask). 

 
 Before solvent removal, add about 2 mL iso-octane to the sample extract to 

act as a keeper solvent for volatile analytes (to prevent total evaporation of 
the solvent). 

 
 Concentrate the extract to an accurate final volume of 1.00 mL using a 

Kuderna-Danish concentrator (or rotary evaporator) and a nitrogen blowdown 
system.  Average error in the final volume must be no greater than 3%.  
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Dilutions or larger final extract volumes may be appropriate for higher level 
samples. 

 
 Extracts for this method must never be reduced to volumes below 0.5 mL, or 

severe losses of volatile EPH components may result. 
 
 If extracts have been stored in a refrigerator, warm them to room temperature 

and mix gently before dispensing them into GC autosampler vials. 
 
 Transfer a portion of the extract to a GC autosampler vial and analyze by 

GC/FID.  Store remaining extract at (4 ±?4)°C for at least 40 days in case re-
analysis is required. 

 
 Aliphatic/Aromatic Fractionation Procedure 
 If fractionation of Extractable Petroleum Hydrocarbons (or of LEPH or HEPH) 

into aliphatic and aromatic components is required, follow the procedure 
outlined in BCMELP Method “Aliphatic / Aromatic Fractionation of Extractable 
Petroleum Hydrocarbons in Solids and Waters” (Pending). 

 
GC Analysis Procedure Gas Chromatograph Conditions 

GC Column: DB-1, 30m, 0.32 mm id, 0.25um phase 
Carrier Gas: Helium 
Head pressure: 25 psi @ 65°C (with column dimensions as specified) 
Column flow: 6.8 mL/minute @ 65°C (80 cm/sec linear velocity) 
 3.4 mL/minute @ 320°C (63 cm/sec linear velocity) 
Constant flow: not recommended 
Injector temp: 280°C 
Injection solvent: iso-octane 
Injection volume: 2 uL 
Injection mode: splitless 
GC liner type: 4 mm id splitless liner with silanized glass wool 
Initial inlet purge: OFF 
Inlet purge on time: 1.0 minutes 
FID temperature: 320°C 
Oven program: Initial Temp 65°C (hold 2.0 minutes) 
 15°C /min to 320°C (hold 10 minutes) 
FID gas flows: as recommended by manufacturer 

 
 Initial Calibration 
 Analyze a 50 µg/mL Calibration Standard at the beginning of each new 

analytical batch (see the Calibration Standard Stock Solution section). 
 
 Calibration is by single or multi-point external standard technique, using 

eisocane (nC20). 
 
 A continuing calibration is recommended (i.e. reslope the calibration with 

each Verification Standard).  Changes in response between standards must 
be monitored and controlled (see the Ongoing Verification of Calibration 
section). 

 
 Linear calibration must be used for this method.  Either single or multi-point 

calibrations are acceptable, due to the linear response of GC/FID systems.  If 
single-point calibration is used, linearity must be verified using a Control 
Standard with a concentration that differs from the Calibration Standard 
concentration by at least a factor of five (see the Control Standard section). 
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 For each analysis batch, verify that the GC system is performing adequately 
by conducting all checks specified in the Instrument Performance QC section, 
ensuring that all specified acceptance criteria are met. 

 
 For each analysis batch, verify that the initial calibration is adequate by 

performing all tests specified in the Initial Calibration QC, ensuring that all 
specified acceptance criteria are met. 

 
 Calculate the Calibration Factor (CF) for eicosane in the Calibration Standard 

using the equation below.  The Calibration Factor is based on the 
concentration of analyte in the solution that is injected onto the GC: 

 
 CFnC20 in mL/µg   =    Area of nC20 peak                       
       nC20 concentration (µg/mL in iso-octane)  
 
 Ongoing Verification of Calibration (Verification Standards) 
 After initial calibration, the Calibration Factor (CFnC20) must be verified, 

at minimum, after every 12 hours of continuous operation.  The 
calibration must also be verified at the end of each analysis batch if 
more than 6 hours has passed since the previous verification.   

  
 Use a Calibration Standard as a Verification Standard (see the Calibration 

Standard section). 
 
 Under a continuing calibration mode, if the Calibration Factor changes 

by more than 25% from the previous standard, or by more than 35% 
from the initial calibration standard, then corrective action must be 
taken, and samples analyzed after the last acceptable standard must be 
re-run.   

 
 Alternatively, an initial calibration may be used for as long as the Calibration 

Factor remains within 15% of its initial value.  If this criterion is exceeded, the 
calibration may be updated using the Verification Standard Calibration Factor, 
but only if the continuing calibration acceptance criteria specified above are 
satisfied.   

 
 See the Instrument Performance Check section for Instrument Performance 

QC requirements that must be satisfied with each Calibration Standard and 
Verification Standard. 

 
 Integration of Total Areas for EPHW10-19 and EPHW19-32  
 The Extractable Petroleum Hydrocarbons parameters are defined to include 

all GC/FID peaks eluting between decane (nC10) and dotriacontance (nC32).  
EPHW is evaluated as two separate analytes: EPHW10-19 includes those 
hydrocarbons that elute between decane nonadecane, EPHW19-32 includes 
those hydrocarbons that elute between nonadecane and dotriacontane.  Each 
EPHW parameter is reported and considered independently (i.e. they are not 
normally summed). 

 
 Determine the total integrated peak area of each EPHW range, where: 
 
 a) The EPHW10-19 range begins at the apex of the nC10 peak and ends at 

the apex of the nC19 peak. 
 b) The EPHW19-32 range begins at the apex of the nC19 peak and ends at 

the apex of the nC32 peak. 
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Retention times of the marker compounds must be updated or verified with 
each analysis batch, and should be established using marker compound 
concentrations that do not overload the liquid phase of the GC column. 
 

 Peak integration must include all peaks, whether resolved or not, that are 
above the chromatographic baseline, as established by instrument blanks 
within the analysis batch. 

 
 Automated software integrations of EPH areas must be visually verified, 

and must be manually corrected where potential error may exceed 1-
2%. 

 
Calculations EPHW10-19 and EPHW19-32 concentrations are calculated by comparing total 

areas for each range to the response of the eicosane (nC20) calibration 
standard. 

 
 If any EPH-range Surrogate Compounds are added to samples, the 

contribution to EPH of those Surrogates must be subtracted from 
calculated EPH results.  Because Surrogate Compounds frequently 
experience FID interference, it is most practical to subtract the actual spiked 
concentrations of Surrogate Compounds from calculated EPH 
concentrations.  No Surrogate Compounds within the EPH-range should be 
added such that their concentration exceeds the Reporting Detection Limit for 
either of EPHW10-19 or EPHW19-32. 

 
 Use the following equations to calculate EPHW10-19 and EPHW19-32: 
 
 EPHW10-19 (µg/mL) =  A10-19  x  FV  x  Dil / (CFnC20 x  Vol)  −  Actual Surrogate Conc* 

(µg/mL) 
        
 EPHW19-32 (µg/mL) = A19-32  x  FV  x  Dil / (CFnC20 x  Vol)  −  Actual Surrogate Conc* 

(µg/mL) 
       
 *  Only Surrogates (if any) that elute within a given range are subtracted from    that range. 
 
 where: 
 A(10-19)   =   Total area between nC10 and nC19 for the sample 

chromatogram. 
 A(19-32)   =   Total area between nC19 and nC32 for the sample 

chromatogram. 
 CFnC20   =   Calibration Factor for nC20 standard (mL/µg) 
 FV  =    Final volume of sample extract (mL) 
 Dil =    Dilution factor of sample extract (unitless) 
 Vol  =  Volume of sample extracted (mL)  
 
 When reporting to BCMELP, report EPHW10-19 and EPHW19-32 results for water 

samples in units of µg/L (ppb).  Multiply µg/mL (ppm) results (as calculated 
above) by 1,000 to convert results to units of µg/L. 

 
 Diluting High Level Sample Extracts 
 Where sample results exceed the linear working range of the GC/FID 

system, they must be diluted and re-analyzed at a more appropriate 
extract concentration.  Note that over-dilution of extracts can introduce 
significant error to EPH results.  Diluted extracts should be prepared such 
that their EPHW10-19 and EPHW19-32 areas fall within the linear working range of 
the GC/FID system, as determined in the Establishing Instrument Calibration 
Working Range and Estimated IDLs section. 
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 Where sample extracts are diluted prior to analysis, or where less than 

one-half the normal amount of sample is extracted, Reporting Detection 
Limits must be increased accordingly. 

 
Method Validation Initial Method Validation requirements as outlined below must be 

completed before this method may be used to generate EPHW results 
for unknown samples. 

 
 Initial Verification of Relative Response Requirements 
 Before proceeding with further validation steps, verify that the method 

meets the relative response equivalency requirements of the method by 
performing the Instrument Performance Check (see the Instrument 
Performance Check section) and the Method Performance Check Spike 
(see the Method Performance Check Spike section). 

 
 Calculation of Actual EPHW Concentrations of a Petroleum Reference 

Solution 
 This procedure describes how to calculate the Actual EPHW Concentrations 

for solutions of petroleum products where only the total weight/volume 
concentration of the petroleum product is explicitly known.  Actual EPHW 
concentrations of a petroleum product can only be measured experimentally, 
whereas the concentration of the petroleum product in the solution is simply 
determined by dividing the weight of product by the volume of solvent in 
which it is prepared. 

 
 Actual EPHW Concentrations are required within this method for the following 

purposes: 
 
 a) determination of GC/FID linear range for EPHW10-19 and EPHW19-32 (i.e. 

calibration range), 
 b) determination of EPHW Instrument Detection Limits (IDLs),  
 c) preparation of DL Check Standards and Method Spike Solutions,  
 d) calculation of EPHW targets for DL Check Standards and Method Spike 

Solutions.   
 
 Use the following procedure to calculate the Actual EPHW Concentration of a 

petroleum product solution: 
 
 a) Prepare the petroleum product solution at a concentration at least 20x 

greater than the estimated Instrument Detection Limits for EPHW10-19 
and EPHW19-32 (see the Establishing Instrument Calibration Working 
Range and Estimated IDLs section). A petroleum product concentration 
of at least 5,000 µg/mL is recommended for this purpose.  This 
concentration is referred to in the example below as [Dieselgrav]. 

 
 b) Perform replicate analyses of the petroleum product solution prepared 

in (1.) using the instrumental conditions specified within this method.  A 
minimum of 7 replicates is recommended.  Do not dilute the solution 
prior to analysis.  Determine the average measured concentrations of 
EPHW10-19 and EPHW19-32 using the calculations specified in 
Calculations section (use a value of 1 for Final Volume, Dilution, and 
Sample Volume).  In the example below, the measured EPHW10-19 
concentration is denoted as [EPHW10-19,measured], where the square 
brackets denote concentration.  Percent Relative Standard Deviations 
(%RSDs) of these values may also be determined, and may be useful 
to set statistical warning and control limits for some applications. 
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 c) Calculate the percentage that each EPH range represents of the total 

petroleum product concentration.  Example (for EPHW10-19 in a given 
source of diesel): 

 
  %EPHW10-19 in diesel   =   100%  x    [EPHW10-19,measured]   /  [Dieselgrav] 
 
  where: 

[   ] = symbol for concentration 
[EPHW10-19, measured] = measured [EPHW10-19] of a solution of diesel in 

iso-octane 
Dieselgrav] = actual [Diesel] in weight of diesel / volume iso-

octane for the same solution. 
   Units = same for both concentrations (e.g. µg/mL). 
  
 Note:  The sum of the percentages of the EPHW10-19 and EPHW19-32 

compositions in diesel and/or motor oil are normally less than 100% (typically 
80-90%) because not all components of diesel fall within the nC10 to nC32 
boiling point range. 

 
  d) To calculate the Actual EPHW Concentrations of other concentrations 

of the same product, use the EPHW percentages relative to the total 
petroleum product concentration as follows (the EPHW10-19 in diesel 
example is continued): 

 
 Actual EPHW10-19 Conc. in Diesel.  =    (%EPHW10-19 in Diesel) / 100% x  [Dieselgrav]  
             
  where:  
  [Dieselgrav]  =  the conc. of diesel (in weight diesel / volume iso-octane) 

of any solution. 
 
 Establishing Instrument Calibration Working Range and Estimated IDLs  
 Establish the linear working range of the GC/FID system for EPHW10-19 and 

EPHW19-32 using a series of dilutions of the 100,000 µg/mL 1:1 Diesel:Motor 
Oil Stock Solution prepared in iso-octane.  Analyze diesel/motor oil solutions 
at concentrations ranging from below the estimated Instrument Detection 
Limit to above the estimated maximum calibration concentration in 
approximately 2-fold increments.  The following solution concentrations are 
recommended as an approximate guide:  25, 50, 100, 200, 500, 1,000, 2,500, 
5,000, 10,000, 20,000, and 50,000 µg/mL of the 1:1 diesel:motor oil mixture.  
Calculate EPHW10-19 and EPHW19-32 results for each solution using the 
procedure described in Calculations section.  These are referred to below as 
Calculated EPHW Results. 

 
 Follow the procedure in the Calculation of Actual EPHW Concentrations of a 

Petroleum Reference Solution section to calculate the Actual EPHW10-19 and 
EPHW19-32 Concentrations for all of the above solutions. 

 
 Make a plot of Calculated EPHW10-19 Results (y-axis) versus Actual EPHW10-19 

Concentrations (x-axis), and determine the linear working range of EP10-19. 
 
 Make a plot of Calculated EPHW19-32 Results (y-axis) versus Actual EPHW19-32 

Concentrations (x-axis), and determine the linear working range of EPHW19-32. 
 
 Instrument accuracy for EPH parameters is measured as Calculated EPHW 

Results / Actual EPHW Concentrations.  As EPH concentration approaches 
the Instrument Detection Limit (IDL), instrument accuracy decreases because 
the less abundant components of the petroleum hydrocarbon blend cease to 
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be detected.  For the purposes of this method, the Instrument Detection Limit 
for each EPH parameter is defined as the lowest EPH concentration at which 
instrument accuracy consistently falls within the range of 70-130%.  However, 
a diesel/motor oil chromatogram at the IDL must still resemble chroma-
tograms of higher concentrations.  At the IDL, any chromatographic peak that 
normally comprises more than 5% of total EPHW10-19 or EPHW19-32 area must 
still be visible as a distinct peak; this requirement takes precedence over the 
70-130% accuracy requirement. 

  
 The IDL is expressed in units of Actual EPHW10-19 or EPHW19-32 Concentration. 
 
 Establishing Method Detection Limits 
 Determine the Method Detection Limits  (MDLs)  at the 95% confidence level 

for both EPHW10-19 and EPHW19-32, using the procedure outlined in Section A 
of this manual.  This method requires the use of the procedure described 
below, which is one of several generic approaches described in Section A of 
this manual. 

 
 Consider the normal final volume of extracts produced by this method, and 

select a concentration for method spikes of diesel/motor oil into water that 
should result in extracts with concentrations of between one and three times 
the estimated IDLs for EPHW10-19 and EPHW19-32 (as determined in the 
Establishing Instrument Calibration Working Range and Estimated IDLs 
section).  Prepare, extract, and analyze at least 7 method spikes at this 
concentration.  Use a Diesel/Motor Oil Method Spike Solution to prepare 
these method spikes (see the Diesel/Motor Oil Method Spike Solution 
section). 

 
 Calculate the Method Detection Limit (MDL) at the 95% confidence level for 

both EPHW10-19 and EPHW19-32 using the calculations described in Section A of 
this manual. 

 
 Average recoveries of the MDL Method Spikes for EPHW10-19 and EPHW19-32 

must be between 60-140%, where recovery is defined as calculated EPH 
result / spiked (actual) EPH concentration.  If this condition is not met, repeat 
the MDL determination at a higher spike level.  

 
 Reporting Detection Limits 
 A Reporting Detection Limit is defined as the detection limit for an 

analytical parameter that is reported to a client or end-user of the data.  
It is a requirement of this method that Reporting Detection Limits for 
EPHW10-19 and EPHW19-32 are greater than or equal to the Method 
Detection Limits (at the 95% confidence level) that were experimentally 
determined in-house using the procedure described in the Establishing 
Method Detection Limits section. 

 
 Ensure that calculated Method Detection Limits and Reporting Detection 

Limits are below any regulatory criteria values or regulatory standards 
specified by BCMELP or other applicable regulatory body.  For BC 
requirements, refer to BCMELP method “Calculation of Light and Heavy 
Extractable Petroleum Hydrocarbons in Solids or Water”. 

 
 Determination of DL Check Standard Concentration and EPH Targets 
 Use the procedure that follows to select a suitable concentration of 1:1 

diesel:motor oil in iso-octane for the DL Check Standard.  This procedure 
involves two separate conversions of units:  
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 a) Diesel/motor oil product concentration units must be converted to (and 
from) EPH concentration units.  

 
 b) Sample concentration units (e.g. µg/mL of water) must be converted to 

sample extract concentration units (e.g. µg/mL of iso-octane). 
 
 Results from the Calculation of Actual EPHW Concentrations of a Petroleum 

Reference Solution and Establishing Instrument Calibration Working Range 
and Estimated IDLs sections may initially be used for step 1, but this 
determination should be repeated if the source of the diesel/motor oil 
changes: 

 
 a) Calculate the percentages of the total 1:1 diesel:motor oil concentration 

that each of EPHW10-19 and EPHW19-32 represent, using the procedure 
described in the Calculation of Actual VHS Concentration of a 
Petroleum Reference Solution section.  Typically, EPHW10-19 and 
EPHW19-32 each represent about 35-45% of the total diesel/motor oil 
concentration.  The sum of the 2 percentages is normally less than 
100% because not all components of diesel and motor oil fall within the 
nC10 - nC32 boiling point range. 

 
 b) Determine the concentrations of diesel/motor oil in iso-octane that 

correspond to each of the EPHW10-19 and EPHW19-32 Reporting 
Detection Limits.  Use the calculated percentages from (a) to calculate 
this diesel/motor oil concentration.  The normal sample volume 
extracted, and the normal extract final volume are required to convert 
method units to the equivalent solution concentration units: 

 
  [Diesel/Motor Oil] equiv. to EPHW10-19 DL =  
 
 100 x [ (Reporting DL for EPHS10-19) / (%EPH10-19  in Diesel/Motor Oil) ] x (Sample Volume / 

Extract Volume) 
 
  [Diesel/Motor Oil] equiv. to EPHW19-32 DL = 
 
 100 x [ (Reporting DL for EPHW19-32) / (%EPH19-32  in Diesel/Motor Oil) ] x (Sample Volume / 

Extract Volume) 
 
  where:  
 

Units for [Diesel/Motor Oil]  = ppm (µg/mL of iso-octane) 
Units for Reporting DL for EPH = ppm (e.g. µg/mL of water 
Sample Volume and Extract Volume must be in same units (i.e. mL). 

 
   Select a concentration for the Detection Limit Check Standard that is 

approximately equal to both of the concentrations determined above.  
Then, a single DL Check Standard can be used to simultaneously verify 
that the Reporting Detection Limits for both EPHW10-19 and EPHW19-32 
remain valid. 

 
 c) Calculate the targets for EPHW10-19 and EPHW19-32 in the Detection Limit 

Check Standard by multiplying the concentrations selected in (a) by the 
EPHW percentages from (b).   

 
Target for EPHW10-19= (DL Std. Diesel:Motor Oil conc.) x (%EPHW10-19 in Diesel/Motor Oil) 
 
Target for EPHW19-32 = (DL Std. Diesel:Motor Oil conc.) x(%EPHW19-32 in Diesel/Motor Oil) 
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Accuracy and 
Precision For a limited period of time, individual laboratories may assess their accuracy 

and/or precision for this method by analyzing replicates of the 1998 BCMELP 
Hydrocarbon Round Robin samples, and comparing results against single 
laboratory and interlaboratory consensus values. This is not a formal 
requirement for the validation of this method, but is strongly recommended. 

 
 Alternatively, multiple method spikes of an appropriate petroleum product (a 

1:1 blend of unweathered diesel/motor oil is recommended) may be used to 
assess the method, although less information can be derived about accuracy 
without interlaboratory consensus data.  “Accuracy” data gathered from 
method spikes is limited to a measure of percent recovery (i.e. a measure of 
extraction losses).  Better measures of overall method bias and accuracy are 
obtained from analysis of BCMELP Interlaboratory Study samples, and from 
Method Performance Check Spikes.  

 
 Determine Method Spike targets using Actual EPHW Concentrations of the 

spike solution by following the procedure outlined in the Calculation of Actual 
EPHW Concentrations of a Petroleum Reference Solution section. 

 
Method Performance  
Data Method performance data is presented for selected Reference Samples and 

for required QC components of the method.  This data was compiled from the 
1998 BCMELP Petroleum Hydrocarbon Round Robin Study, and from the 
Single Laboratory Validation Study, which was performed at the same time.  
Method Detection Limit data from the single laboratory data are also 
presented. 

 
 The single laboratory data presented here was generated using the 

instrument conditions described in the GC Analysis section, except for minor 
differences in the GC oven temperature program. 

 
 EPHW Instrument Performance Check Data 
 Multiple laboratory (Round Robin) data and single laboratory data for 

Instrument Performance Checks are presented in Table I-8.  These samples 
were analyzed as described in the Instrument Performance Check section. 

 
 
 

Table I-8:  EPHw Instrument Performance Check Data 
 
 Round Robin Results Single Lab Results 
       
Relative Response (n) Mean % RSD (n) Mean % RSD 
Decane (nC10) 6 0.99 8.3% 8 0.99 0.8% 
Naphthalene 6 1.03 7.0% 8 1.02 1.0% 
Dodecane (nC12) 4 0.97 2.8% 8 1.01 1.6% 
Hexadecane (nC16) 7 0.99 2.8% 8 0.99 0.8% 
Phenanthrene 7 1.04 5.7% 8 1.00 1.3% 
Nonadecane (nC19) 7 1.00 0.8% 8 0.99 0.7% 
Eicosane (nC20) 7 1.00 n/a 8 1.00 n/a 
Pyrene 7 1.08 1.5% 8 1.01 3.6% 
Benzo(a)pyrene 6 0.82 19.6% - - - 
Triacontane (nC30) 6 0.92 15.5% 8 0.98 5.6% 
Dotriacontane (nC32) 7 0.87 16.0% 8 0.92 8.4% 
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 EPHW Method Performance Check Spike Data 
 Multiple laboratory (Round Robin) data and single laboratory data for Method 

Performance Check Spikes are presented in Table I-9.  These samples were 
analyzed as described in the Method Performance Check Spike section. 

 
 

Table I-9: EPHw Method Performance Check Data 
 
 Round Robin Results Single Lab Results 
       
Spike Recovery (%) (n) Mean % RSD (n) Mean % RSD 
Decane (nC10) 6 54.9% 18.6% 8 85.6% 4.5% 
Naphthalene 6 82.7% 31.3% 8 101% 5.2% 
Dodecane (nC12) 4 69.3% 15.3% 8 99.0% 5.0% 
Hexadecane (nC16) 7 92.1% 18.1% 8 105% 5.5% 
Phenanthrene 7 93.1% 17.1% 8 105% 6.1% 
Nonadecane (nC19) 7 94.7% 17.9% 8 105% 5.6% 
Eicosane (nC20) 7 95.4% 17.0% 8 105% 5.6% 
Pyrene 7 93.9% 15.0% 8 106% 7.1% 
Benzo(a)pyrene 6 99.9% 19.9% 8 111% 6.0% 
Triacontane (nC30) 6 94.8% 19.3% 8 110% 6.1% 
Dotriacontane (nC32) 7 97.8% 20.4% 8 102% 5.5% 

 
 
 Method Detection Limited Data 
 The Method Detection Limit data reported in Table I-10 was obtained from 

the 1998 Single Laboratory Validation Study, and was generated as 
described in the Establishing Method Detection Limits section. The EPHW 
target was determined by direct analysis of the spike solution.  Please note 
that the data presented demonstrates achievable MDLs; each laboratory 
must determine the MDLs that apply to their individual circumstances.  

 
 

Table I-10:  EPHW Method Detection Limits (Single Laboratory Data) 
 
Units =  
µg/L 

#1 #2 #3 #4 #5 #6 #7 #8 Mean Std. 
Dev. 

Target Mean 
Recovery 

MDL 

EPHW10-19 146 151 129 159 130 159 156 175 151 15.5 235 64 % 59 

EPHW19-32 302 343 284 329 268 340 308 326 313 26.9 294 106 % 102 

 
 

EPHW Diesel / Motor Oil Method Spike Data 
Multiple laboratory (Round Robin) data and single laboratory data for Diesel 
Method Spikes are presented in Tables I-10 and I-11.  Two different 
concentrations of diesel/motor oil spikes were performed, at 5,000 µg/L and 
25,000 µg/L in reagent water.  These samples were analyzed as described in 
the Diesel/Motor Oil Method Spike section, except using Diesel instead of a 
Diesel/Motor Oil mixture.  PAH and calculated LEPHW and HEPHW results 
also presented for the same samples. 
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Table I-11:  EPHw Low Level Method Spike Data 
 
 Round Robin Results Single Lab Results 
       
EPH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
EPHW10-19 7 3147 29.5% 8 3384 8.4% 
EPHW19-32 7 579 16.9% 8 565 8.3% 
LEPHw 7 3143 29.5% 8 3380 8.4% 
HEPHw 7 579 16.9% 8 565 8.3% 
       
PAH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
Naphthalene 8 1.72 40.7% 8 0.91 13.1% 
Acenaphthene 5 0.49 67.1% 8 <0.5 n/a 
Fluorene 8 0.78 53.8% 8 0.71 3.8% 
Phenanthrene 8 1.30 45.0% 8 1.52 3.0% 
Anthracene 6 < n/a 8 0.21 7.2% 
Acridine 5 < n/a 8 <0.1 n/a 
Fluoranthene 6 < n/a 8 <0.05 n/a 
Pyrene 6 0.20 62.8% 8 0.16 6.8% 
Benz(a)anthracene 6 < n/a 8 <0.05 n/a 
Benzo(a)pyrene 7 < n/a 8 <0.05 n/a 

 
 

Table I-12: EPHw High Level Method Spike Data 
 
 Round Robin Results Single Lab Results 
       
EPH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
EPHW10-19 7 16325 18.4% 8 17428 4.7% 
EPHW19-32 7  2978 17.2% 8 3341 4.8% 
LEPHw 7 16304 18.4% 8 17407 4.7% 
HEPHw 7 2978 17.2% 8 3340 4.8% 
       
PAH Results (µg/L) (n) Mean % RSD (n) Mean % RSD 
Naphthalene 8 9.56 38.4% 8 8.12 19.9% 
Acenaphthene 6 2.62 59.1% 8 <3 n/a 
Fluorene 8 3.73 47.4% 8 3.99 1.2% 
Phenanthrene 8 6.36 43.4% 8 7.74 1.8% 
Anthracene 4 < n/a 8 0.98 3.4% 
Acridine 6 < n/a 8 <0.5 n/a 
Fluoranthene 7 < n/a 8 <0.2 n/a 
Pyrene 6 0.85 54.8% 8 0.76 2.3% 
Benz(a)anthracene 7 < n/a 8 <0.05 n/a 
Benzo(a)pyrene 7 < n/a 8 <0.05 n/a 

 
 
Use of Alternative  
Methods This method contains several prescribed and required elements that may not 

be modified.  These requirements are necessary due to the nature of 
method-defined aggregate parameters like Extractable Petroleum 
Hydrocarbons, where many components are calculated against a single 
calibration reference standard. This method has been specifically designed to 
minimize the relative bias among responses of common EPH components, 
and among EPHW results generated by different laboratories.   

 
 Modification or omission is not permitted to anything described within the 

method text as “required” or preceded by the word “must”.  Most of the 
prescribed requirements of the method are summarized in the Prescribed 
Elements section. 
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Prescribed Elements Laboratories that report data for regulatory purposes may not alter any 

method conditions listed in this section without prior written 
permission from BCMELP: 

 
a) Every laboratory that uses this method, whether modified or not, must 

validate the method (as used) following the protocols described in the 
Method Validation section. 

 
b) “REQUIRED” QC elements from the Quality Control (QC) section must 

be completed as specified, and must pass all specified acceptance 
criteria, or sample data must be qualified. 

 
c) Maximum holding time prior to extraction is 7 days after sampling.   

Maximum holding time for refrigerated extracts is 40 days.  Where 
holding times are exceeded, data must be qualified. 

 
d) Unless data is qualified, samples must be analyzed as “totals”.  See the 

Sample Extraction Procedure section for available options for the 
handling of samples that contain visible solids. 

 
e) Sample bottles must be solvent rinsed during the extraction process. 
 
f) Liquid-liquid solvent extraction is required. 
 
g) Solid Phase Extraction (SPE) and Solid Phase Micro Extraction 

(SPME) are expressly prohibited for this method due to potential 
relative biases. 

 
h) Use of a low volatility “keeper” solvent is required during solvent 

removal steps (an aliphatic keeper solvent like iso-octane is required 
for samples where aliphatic/aromatic fractionation is to be done). 

 
i) Gas Chromatography with Flame Ionization Detection is required for 

measurement of EPHW. 
 
j) GC column must be a capillary column. 
 
k) GC column stationary phase must be 100% dimethyl siloxane (e.g. DB-

1, HP-1, RTX-1 or equivalent). 
 
l) GC calibration standard must be prepared in the same solvent as 

sample extracts, unless equivalence (within 2%) can be demonstrated 
for component responses and retention times of Instrument 
Performance Checks in alternative solvents. 

 
m) nC20 (at a minimum concentration of 50 µg/mL) must be used as the 

calibration standard for both EPHW ranges (see the Calibration 
Standard Stock Solution section). 

 
n) If single-point calibration is used, linearity must be verified using a 

Control Standard with a concentration that differs from the Calibration 
Standard concentration by at least a factor of five (see the Control 
Standard section). 

 
o) Calibration stability must be monitored as described in the Ongoing 

Verification of Calibration (Verification Standards) section. 
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p) EPHW method detection limits and reporting limits must be based on a 
diesel/motor oil blend (see the Establishing Method Detection Limits 
section).   

 
Performance Based  
Method Changes This is a Performance Based Method.  Unless prohibited in the Prescribed  

Elements section or elsewhere, modifications to this method are permitted, 
provided that the laboratory possesses adequate documentation to 
demonstrate an equivalent or superior level of performance.  Laboratories 
that modify this method must achieve all specified Quality Control 
requirements, and must maintain on file the Standard Operating Procedures 
that thoroughly describe any revised or alternate methods used at any time 
following the initial adoption of this method by BCMELP. This information 
must be available in the event of audit by BCMELP. 

 
 Pay particular attention to the results of Instrument Performance Checks (see 

Instrument Performance Check section) and Method Performance Check 
Spikes (see the Method Performance Check Spike section), since both of 
these checks are designed to identify potential sources of instrument and 
method biases.  Any modified method that cannot achieve the performance 
requirements of these QC checks is not equivalent to the reference method. 

 
 Modifications Where Equivalence Testing is Not Required: 
 Except where expressly disallowed in the Prescribed Elements section or 

elsewhere, changes to the following components of this method are permitted 
if all specified quality control requirements of the method are achieved: 

 
a) Apparatus  
b) Reagents and Standards  
c) Gas Chromatograph Conditions  
 

 The required QC elements contained within this method are deemed 
sufficient to identify potential biases introduced by permitted modifications 
within these sections. 

 
 Modifications Where Equivalence Testing is Required: 
 Except where expressly disallowed in the Prescribed Element section 

or elsewhere, changes to the following components of this method are 
permitted, but only if the laboratory has conducted and documented a 
rigorous test for equivalence to the reference method: 

 
 Sample Preparation Procedure (See appropriate section) 
 An equivalence test for Sample Preparation (extraction) Procedure 

modifications to this method involves a comparison of results from the 
modified method with results from the reference method for several 
appropriately selected samples.  Tests for bias (mean accuracy) and 
precision are required. 

 
 Note:  For any method that includes a modification that requires equivalence 

testing, a detailed report that demonstrates equivalence to the reference 
method by the procedure described below must be available to clients and to 
BCWLAP on request. 
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 Test for Bias of Modified Methods 
 Compare results from the modified method with results from the 

reference method for several diesel or diesel/motor oil spikes into clean 
matrix samples or field samples.  At least three concentrations of diesel 
or diesel/motor oil spikes must be investigated.  At minimum, Method 
Spike Samples must be analyzed with targets for both EPHW10-19 and 
EPHW19-32 lying within the following ranges: 

 
 a) 1-5x Reported Detection Limit 
 b) 50-250x Reported Detection Limit 
 
 Note:  For 1:1 diesel/motor oil spikes, targets for EPHW10-19 and EPHW19-32 are 

of similar magnitude.  For diesel spikes, the EPHW10-19 target is typically about 
5-6 times higher than the EPHW19-32 target.  Therefore, with diesel spikes, up 
to four different spike concentrations may be necessary to cover the two 
ranges above for both EPHW10-19 and EPHW19-32. 

 
 Each spiked sample set must be analyzed in triplicate (at minimum) by both 

the reference method and the modified method. 
 
 While available, 1998 BCMELP Round Robin Study sample spike solutions 

may be analyzed to satisfy a portion of this component of the equivalency 
test. Results for the modified method may then be compared against the 
Single Laboratory Results (in the Method Performance Data section), against 
the Round Robin Results (in the Use of Alternative Methods section), or 
against in-house results generated by the reference method.  Sample results 
from future Round Robin studies may also be used for equivalency 
comparisons where the study population is six or greater [h]. 

 
 Compare the means obtained for each sample by the reference method and 

the modified method.  For each sample, one of the following must be 
satisfied: 

  
 a) The means for each method must differ by less than 15% relative 

percent difference (RPD), where relative percent difference of X1 and 
X2 is defined as: 

 
       RPD = (X1 – X2) / mean(X1, X2) x 100% 
 or, 
 
 b) The difference between the means for each method must not be 

statistically significant at the 95% confidence level, using a test for 
significance of the difference of two means, as described by John 
Keenan Taylor [h]. 

 
 If results for one or more samples do not meet one of the above criteria, 

additional replicates of the same samples may be analyzed, with the tests 
applied to the larger populations.  If necessary, either the Dixon or Grubbs 
outlier tests may be used to discard outlier datapoints [h]. 

  
 Test for Precision of Modified Methods 
 Modified methods must demonstrate a reasonable level of precision on 

homogeneous samples (e.g. Method Spikes).  Analyze a minimum of 8 
replicates of at least one Diesel or Diesel/Motor Oil Method Spike that 
contains both EPHW10-19 and EPHW19-32 at ≥ 3 times the laboratory’s 
routine Reporting Detection Limit (≥ 5 times DL recommended). 
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 Replicates may be either “within-run” or “between-run”.  Within-run replicates 
normally demonstrate better precision. 

 
 Where necessary, outlier data points may be discarded if they satisfy either 

the Dixon or Grubbs outlier tests [h]. 
 
 For both EPHW10-19 and EPHW19-32, the modified method must demonstrate a 

precision of ≤ 20% relative standard deviation. 
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 1998 - 1999: Revision of method by ASL under contract to 

MELP and with advice from the BCLQAAC 
Technical Committee. 

 July 1999: Finalization of present method based on results 
of a vetting round robin. 

 December 31, 2000: Method incorporated into main Laboratory 
Manual; reformatting to match style of Lab 
Manual; EMS codes and units added; phrase 
‘Analyte Code’ changed to ‘Analyte Symbol’.  
Mandatory tests made bold. Former methods 
superseded.  
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Appendix I 
 

Test for Determining the Significance of the Difference of Two Means 
 
The following is a summary of a two-tailed test for determining whether two means are significantly 
different (at the 95% confidence level).  Two cases are described in John Keenan Taylor’s Statistical 
Techniques for Data Analysis (7).  The case where the standard deviations of the two populations differ is 
summarized below.  An alternative test, for where the standard deviations of the two populations do not 
significantly differ, is summarized in the reference text and may also be used. 
 
This test is one of two options given in section 18.2.2.1 for determining the equivalence of any two 
datasets produced by the reference method and a modified method.   
 
 
Step 1:  Calculate the variance (V) for the respective means for datasets A and B: 
 
    VA = sA

2 / nA    VB = sB
2 / nB 

 
  where: s = the estimate of the standard deviation (in units of sample concentration, not 
%RSD) 
   n = the number of independent data points 
 
 
Step 2: Calculate the effective number of degrees of freedom, f, to be used for selecting t when 

calculating U∆: 
               f   =          (VA + VB)2         
        VA

2    +    VB
2   

       (n-1)      (n-1) 
 
Round the calculated value for f to the nearest integer.  Values below 10 are typical for 
smaller datasets. 

 
Step 3:  Calculate U∆, the uncertainty in the difference of the means: 
 
              U∆   =   t √ (VA + VB) 
 
  where: t = the student’s t-variate for a 2-tailed dataset, at 95% confidence and f degrees 

of freedom. 
 
 
Step 4: If the difference between the means is less than U∆, the uncertainty in the difference of the 

means, then there is no evidence that the two datasets are significantly different at the 
95% confidence level. 
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PBM/Hydrocarbons 

Revision Date:  December 31, 2000 
 

Extractable Petroleum Hydrocarbons (EPH) in Solids by GC/FID 
 
Parameters Extractable Petroleum Hydrocarbons(nC10-nC19) in solids 
 Extractable Petroleum Hydrocarbons(nC19-nC32) in solids 
 
Analyte Symbols Analyte Symbol EMS Code 
and EMS Codes EPHS10-19 LEPH  F086 
 EPHS19-32 HEPH  F086 
      
 (Note that the above EMS codes are for results not corrected for PAHs.) 
 
Analytical Method Hexane-Acetone Soxhlet extraction - Gas Chromatography with Flame 

Ionization Detection (GC/FID). 
 
Introduction This method measures the collective concentration of Extractable Petroleum 

Hydrocarbons in solids (EPHS).  Extractable Petroleum Hydrocarbons (EPH) 
are divided into two boiling point ranges, each quantitated against eicosane 
(nC20).  EPHS10-19 measures hydrocarbons that elute between n-decane and 
n-nonadecane, roughly equivalent to a boiling point range of 174°C to 330°C.  
EPHS19-32 measures hydrocarbons that elute between n-nonadecane and n-
dotriacontane, roughly equivalent to a boiling point range of 330°C to 467°C. 

 
 The two Extractable Petroleum Hydrocarbons (EPH) parameters are the 

precursors to the calculation of Light and Heavy Extractable Petroleum 
Hydrocarbons (LEPH and HEPH).  Specified Polycyclic Aromatic 
Hydrocarbon (PAH) results are subtracted from EPH concentrations to arrive 
at LEPH and HEPH, using the procedure outlined in the British Columbia 
Ministry of Environment, Lands and Parks (BCMELP) method “Calculation of 
Light and Heavy Extractable Petroleum Hydrocarbons in Solids and Waters”.  

 
 The Extractable Petroleum Hydrocarbons (EPH) method is normally used in 

conjunction with the BCMELP Volatile Hydrocarbons (VH) method.  Together, 
these methods can generate quantitative values for the concentration of most 
petroleum products.  Note that the correlation of these results with the actual 
concentration of petroleum product in a sample (i.e. accuracy) may be less 
than would be achieved for single compound analyses. 

 
 Petroleum products that are predominantly captured with the VH parameter 

are those whose primary components are within the boiling point range of 
nC6 through nC10 (e.g. VH captures the majority of most unweathered 
gasolines, mineral spirits, and paint thinners).  Petroleum products that are 
predominantly captured with the EPH parameters are those whose primary 
components are within the boiling point range of nC10 through nC32 (e.g. 
EPH captures the majority of most diesel fuels, lubricating oils, greases, 
hydraulic oils, waxes). Many petroleum products contain components within 
both the VH and EPH parameter ranges, (e.g. kerosenes, jet fuel, and 
weathered gasolines). Petroleum products that contain a substantial 
proportion of hydrocarbons with boiling points greater than nC32 will not be 
accurately quantitated by either of the VH or EPH methods. 
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In addition to quantitative numerical results, this method generates FID 
chromatograms that can sometimes be used to characterize the type of 
petroleum hydrocarbon mixture present in the sample. 
 
This method contains numerous prescribed (required) elements, but it is 
otherwise a Performance Based Method (PBM).  Prescriptive elements are 
included where necessary to maintain consistency of EPH results among 
laboratories.  British Columbia Ministry of Environment, Lands and Parks 
encourages method innovations and supports the performance based 
methods approach, but recognizes that the application of performance based 
methods to method-defined aggregate parameters like Extractable Petroleum 
Hydrocarbons is somewhat limited. 
 
Every laboratory that uses this method, or a modified version of this 
method, to report EPH, LEPH, or HEPH data to BCMELP must perform 
an in-house validation of the method as described in the Method 
Validation section.  
 
This method is not intended to quantitate individual target compounds (i.e. 
PAHs). 
 

Units µg/g 
 
Method Summary Solids samples are dried and Soxhlet extracted with 1:1 Hexane:Acetone.  

Extracts are concentrated and analyzed by capillary column gas 
chromatography with flame ionization detection. 

 
Matrix Soil 
 Sediment 
 Marine Sediment 
 
Interferences and 
Precautions Contaminants present in solvents, reagents and sample processing hardware 

may cause interferences or yield artifacts.  All solvents, reagents and 
hardware must be monitored and demonstrated to be free of 
interferences under the conditions of the analysis by the routine 
analysis of method blanks. 

 
 This method does not differentiate naturally occurring hydrocarbons from 

petroleum based hydrocarbons, nor does it differentiate hydrocarbons from 
complex organics.  If further information concerning the chemical composition 
of sample components is required, a silica gel procedure can be used to 
fractionate EPH into aliphatic and aromatic components.  This procedure can 
remove some naturally occurring organic components like humic acids.  
Refer to BCMELP Method “Aliphatic / Aromatic Fractionation of Extractable 
Petroleum Hydrocarbons in Solids and Waters” (Pending). 

 
 Contamination by GC carryover can occur whenever high-level and low-level 

samples are sequentially analyzed.  If possible, when an unusually 
concentrated sample is analyzed, it should be followed by an Instrument 
Blank to check for system cleanliness.  Alternatively, low-level samples that 
follow such high level samples must be re-analyzed if carryover above 
Reporting Detection Limits is suspected. 
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Health and Safety 
Precautions The toxicity and carcinogenicity of chemicals used in this method have not 

been precisely defined. Treat all chemicals used in this method as a 
potential health hazard.  To ensure your personal safety and the safety 
of co-workers, read and understand the Material Safety Data Sheets 
(MSDS) for all chemicals used. 

 
Sample Collection and 
Preservation Collect samples in glass wide-mouth jars with Teflon-lined lids.  No chemical 

preservation is recommended.  Store samples away from direct sunlight at (4 
± 2)°C. 

 
Maximum holding time prior to extraction is 14 days after sampling.  
Maximum holding time for refrigerated extracts is 40 days.  Where 
holding times are exceeded, data must be qualified. 
 
Sampling staff are referred to the British Columbia Field Sampling Manual [2] 
for additional sample collection guidelines. 

 
Apparatus Glassware and Support Equipment 

250 mL Beakers 
Soxhlet extraction apparatus 
Glass or cellulose thimbles 
Kuderna-Danish Concentrator system (or rotary evaporator) 
250 mL Kuderna-Danish (KD) flasks (or round bottom flasks) 
Nitrogen Blowdown System 
Micro-syringes 
Glass extract vials and GC autosampler vials with Teflon-lined lids 
Balance (sensitive to at least 0.01 grams) 

 
Gas Chromatograph (GC) 
A temperature programmable capillary gas chromatograph is required.  
A heated splitless or on-column inlet is recommended.  The data station 
must be capable of storing and reintegrating chromatographic data and 
must allow integration of peak areas using a forced baseline projection. 

 
Detector 
A Flame Ionization Detector (FID) is required for the quantitation of 
EPHS10-19 and EPHS19-32.  The FID is the most universal detector for petroleum 
products, generating nearly equivalent response by weight or concentration 
for most hydrocarbons. 
 
Sample Introduction Mechanism 
An autosampler capable of making 1 to 2 uL splitless or on-column injections 
is strongly recommended. 
 
Chromatographic Column 
The reference column for this method is a 30 meter, 0.32 mm internal 
diameter capillary column with a 0.25um coating of 100% dimethyl siloxane 
(e.g. DB-1, HP-1, RTX-1 or equivalent).  The stationary phase type may not 
be modified. 

 
Reagents and  Reagents 
Standards  Hexane 

Acetone (2-propanone) 
Iso-octane (2,2,4-trimethyl-pentane) 
Reagent water (organic free) 



D - 157 

Diatomaceous earth drying reagent (e.g. Hydromatrix) 
Sodium sulphate, Anhydrous 
Sodium chloride 
Clean soil/sediment matrix (e.g. Ocean Construction Sakrete “Play Sand”)*.  
  
Note: Prior to using this material within sample batches, analyze a Method 
Blank to ensure it does not introduce detectable levels of EPH.  Oven bake 
before use if necessary. 

 
 Calibration Standard Stock Solution 
 Prepare a Calibration Standard Stock Solution in DCM containing 1,000 

µg/mL of each of decane (nC10), dodecane (nC12), hexadecane (nC16), 
nonadecane (nC19), eicosane (nC20), dotriacontane (nC32), naphthalene, 
phenanthrene, and pyrene.  This mixture may be purchased commercially or 
prepared from neat standards.  Ensure all components are fully dissolved 
before use.  Warm the solution and/or place in an ultrasonic bath if necessary 
to re-dissolve any precipitated components.  Store refrigerated at (4 ± 4)°C. 

 
 Calibration Standard:  Prepare a 50 µg/mL Calibration Standard in iso-

octane by diluting the 1,000 µg/mL stock standard.  Warm the solution and 
mix well before use to ensure complete dissolution of all components.  Store 
refrigerated at (4 ± 4)°C.  

 
 Control Standard Stock Solution 
 Prepare a Control Standard Stock Solution containing 5,000 µg/mL of 

eicosane (nC20) in iso-octane.  This solution may also contain other target 
analytes, and may be purchased commercially or prepared from neat 
compounds.  It must be prepared from a different source than the 
Calibration Standard (both standards may originate from the same neat 
compound source, but they must not be prepared from the same 
intermediate solutions).  Store refrigerated at (4 ± 4)°C. 

 
Control Standard:   Prepare a 250 µg//mL Control Standard by diluting the 
5,000 µg//mL Control Standard Stock Solution in iso-octane. 

 
 Diesel / Motor Oil Stock Solution 
 Prepare a 100,000 µg/mL stock solution of 1:1 diesel (fuel #2) : motor oil 

(non-synthetic 10W30) by combining 50,000 µg/mL of each product in iso-
octane.  Prepare the solution by weight (e.g. weigh 0.250g diesel plus 0.250g 
motor oil into a 5.00 mL volumetric flask).  Any unweathered, fresh source of 
these products is acceptable.  Store refrigerated at (4 ± 4)°C. 

 
 Note: The 100,000 µg/mL concentration above can be referred to as the 

“product concentration” of the solution, where the product is in this case a 
diesel/motor oil mixture.  It is important to note that the product concentration 
of the solution is not equivalent to its total EPHS concentration (i.e. EPHS10-19  

+ EPHS19-32). 
 

Detection Limit Check Standard: Dilute the 100,000 µg/mL Diesel / Motor 
Oil Stock Solution to prepare a Detection Limit (DL) Check Standard in iso-
octane.  Prepare the standard at a concentration that is approximately equal 
to the extract concentrations that correspond to the Reporting Detection 
Limits for each of EPHS10-19 and EPHS19-32.  This standard is required for Initial 
Calibration QC (see Detection Limit Check section).  Store refrigerated at (4 ± 
4)°C. 
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Refer to Determination of DL Check Standard Concentration and EPH 
Targets section for the procedure to determine an appropriate concentration 
for this solution. 

 
Diesel / Motor Oil Method Spike Solution:  If Diesel/Motor Oil Method 
Spikes will be analyzed (see Diesel/Motor Oil Method Spike section) prepare 
a Diesel/Motor Oil Method Spike Solution at a suitable concentration by 
diluting the Diesel/Motor Oil Stock Solution into iso-octane.  Concentrations 
ranging from approximately 1,000 - 20,000 µg/mL of diesel/motor oil may be 
appropriate, depending on the desired Method Spike concentrations.  Store 
refrigerated at (4 ±4)°C. 

 
Quality Control (QC) Table I-1 summarizes all the required and recommended calibration and QC 

components of this method. Each of these components is described in detail 
in this section. 

 
Table I-1:   Summary of EPHS QC and Calibration Requirements and 
Recommendations 
QC Component Minimum 

Frequency 
Minimum Acceptance  
Criterion 

Instrument Performance QC   

Instrument Performance Check Every 12 hours, and at 
end of analysis batch if 
>6 hrs from previous 
check. 

Relative response ratios 
must be 0.7-1.3 for all 
components 

Calibration QC and Verification   

Instrument blank 1/analysis batch None 

Control Standard 1/analysis batch Within 15% of expected 
concentration 

Detection Limit Check Standard 1/analysis batch 50 – 150% of EPH targets 

Ongoing Verification of Calibration Every 12 hours, and at 
end of analysis batch if 
>6 hrs from previous 
check. 

Within 25% of previous std 
& 
Within 35% of initial 
calibration, (in continuing 
calibration mode). 

Method QC   

Method Blank 1/preparation batch < reported detection limit 

Method Performance Check Spike 1/preparation batch Average recoveries must be: 
65-120% for nC10, nC12, 
naphthalene, 80-120% for all 
other components. 

Diesel / Motor Oil Method Spike Not required None 

Laboratory and Field Sample 
Replicates 

Not required None 

Surrogate Compounds Not required None 

Reference Material 1/preparation batch At discretion of laboratory 

 
 
General QC  
Requirements Each laboratory that uses this method is required to follow a formal, 

internally documented Quality System, as outlined in CAN/CSA-Z753 (3).  
Required and recommended QC elements are described within this 
section. 
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 Samples are prepared in a set that is referred to as a preparation batch, and 

are analyzed by GC in a set that is referred to as an analysis batch.  
 
 If any of the specified acceptance criteria for Instrument Performance 

QC, Initial Calibration QC, or Method QC cannot be met for the analysis 
of a given sample, then the data reported for that sample must be 
appropriately qualified. 

 
 QC requirements are described for each of the EPHS10-19 and EPHS19-32 

parameters.  If this method is used to report only one of these parameters, 
then only those QC criteria that are relevant to that parameter need be 
satisfied. 

 
Instrument Instrument Performance Check 
Performance QC REQUIRED – Perform this check whenever a Calibration Standard or 

Verification Standard is analyzed.  See Ongoing Verification of 
Calibration section for required frequency. 

 
 The 50 µg/mL Calibration Standard is used for initial calibration (see Initial 

Calibration  section) and for ongoing verification of calibration (see Ongoing 
Verification of Calibration section).  In addition, it is used for the Instrument 
Performance Check to do the following: 

 
 a) Measure and control relative response ratios of specified EPH 

components, 
 b) Determine retention time windows for EPH integration ranges, 
 c) Confirm resolution of decane (nC10) from the solvent peak. 
 
 One essential purpose of the Instrument Performance Check is to ensure 

that the GC/FID response factors of EPH components throughout its boiling 
point range are roughly equal.  If excessive relative bias exists among EPH 
components due to differences in their polarity, mass, boiling point, or 
chemical composition, then calculated results will be biased, and 
interlaboratory inconsistency will result. 

 
 For each component of the Calibration Standard, determine the relative 

response ratio (by peak area) against eicosane (nC20).  For all compounds 
within the mixture, these ratios should normally fall between 0.80 and 1.20. 
Acceptance criteria for relative response ratios are 0.7 – 1.3 for all 
components of the Instrument Performance Check. If any relative response 
ratio fails these acceptance criteria, associated sample data is suspect 
and corrective action is required. Loss of response of any of the 
compounds in the mixture may indicate that GC maintenance is necessary. 

 
Initial Calibration QC Instrument blank 
 REQUIRED - minimum 1 per analysis batch of no more than 100 

samples.  Inject an iso-octane solvent blank to the GC system to 
establish the chromatographic baseline. All GC parameters must be 
identical to those of samples run in the same analysis batch. 

 
 Control Standard  
 REQUIRED - minimum 1 per analysis batch of no more than 100 

samples.  Analyze a Control Standard (see Control Standard section) 
containing eicosane (nC20), which has been prepared from a different 
source than the Calibration Standard.  The Control Standard is used to 
confirm the integrity of the calibration standard, and to verify calibration 
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linearity if single-point calibration is used. Where possible, the Control 
Standard should be traceable to national chemical metrology standards.   

 
 If single-point calibration is used, the concentration of the Control 

Standard must differ from the concentration of the Calibration Standard 
by at least a factor of five. 

 
 Note:  At concentrations above ~ 50-100 µg/mL, chromatographic peak 

shapes may be distorted due to column phase overload, but FID responses 
are not normally affected. 

 
 If the calculated concentration of eicosane in the Control Standard 

varies by more than 15% from the expected target, then the calibration 
is suspect.  Discrepancies must be corrected before any sample results 
for the analysis batch may be reported.  Correction may require any or all 
of: 

 
 a) Re-analysis of Control Standard and/or Calibration Standard. 
 b) Re-preparation and re-analysis of Control Standard and/or Calibration 

Standard. 
 c) GC maintenance (if discrepancy is due to calibration non-linearity). 
 
 Detection Limit Check   
 REQUIRED - minimum 1 per analysis batch of no more than 100 samples.  

The sensitivity of the GC system at the Reporting Detection Limit must be 
verified regularly using a low level solution of diesel / motor oil. 

 
 Analyze a Detection Limit Check Standard that contains both EPHS10-19 and 

EPHS19-32 at concentrations that are approximately equivalent to the EPHS10-19 
and EPHS19-32 Reporting Detection Limits for the method (see Detection Limit 
Check Standard section). 

 
 The procedure for determining the target concentrations for this standard is 

described under Method Validation in Determination of DL Check Standard 
Concentration and EPH Targets section.  Acceptable performance for the 
Detection Limit Check Standard is between 50 - 150 % of the EPHS10-19 
and EPHS19-32 targets (calculated as described in the Determination of 
DL Check Standard Concentration and EPH Targets section).  Data 
reports must be qualified if this acceptance criterion is not met for the 
analysis batch in which the samples were run. 

 
Method QC Method QC samples are carried through all stages of sample preparation and 

measurement. They are intended to measure average method performance 
over time, and to control method performance under a statistical process 
control model. 

 
 Method Blank  
 REQUIRED - minimum 1 per preparation batch of no more than 50 

samples.  Prepare a Method Blank using a clean soil/sediment matrix.  If 
a Method Blank result is above a Reported Detection Limit for a sample 
within a preparation batch, the data report for that sample must be 
qualified (it may be acceptable to increase the Reported Detection Limit of 
affected sample results to a level above that of the Method Blank result). 
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 Method Performance Check Spike  
 REQUIRED - minimum 1 per preparation batch of no more than 50 

samples.  Prepare a Method Performance Check Spike by fortifying a 
clean soil/sediment matrix (containing 20% moisture) with the 
Calibration Standard Stock Solution, at a concentration of 25 µg/g of 
each component. 

 
 Spike 250 uL of the 1,000 µg/mL Calibration Standard Stock Solution into 

approximately 1 mL of iso-octane, and quantitatively transfer the iso-octane 
solution to 10 grams of clean soil/sediment matrix and 2.0 mL of reagent 
water.  Dry the spiked sample with diatomaceous earth (unless associated 
samples are not to be dried).  Once drying is complete, transfer the sample 
immediately to a Soxhlet apparatus and wet the sample with extraction 
solvent.  Extract and analyze as described in Sample Preparation Procedure 
and GC Analysis Procedure sections.  

 
 Note:  Dispensing the spike solution in a 1mL volume of iso-octane helps to 

prevent losses of volatile EPH components (iso-octane simulates the 
presence of organic matter, which is otherwise not present in a clean sand 
matrix).  It is strongly recommended that the drying process be completed as 
quickly as possible, using the procedure described above.   

 
 Calculate the spike recovery of each component of the mixture by 

quantitation against the appropriate component of the Calibration Standard 
(i.e. calculate naphthalene against naphthalene).  Spike recoveries must 
normally be between 65% and 120% for decane, dodecane, and 
naphthalene, and between 80% and 120% for all other components of 
the Method Performance Check Spike.  Where recoveries fall 
significantly outside this range with unknown cause, or with known 
cause that may impact samples, then samples from the same 
preparation batch must be repeated, or their data reports must be 
qualified. 

 
 Diesel/Motor Oil Method Spike  
 OPTIONAL.  Prepare a Diesel/Motor Oil Method Spike by fortifying a clean 

sediment/soil matrix (containing approximately 20% water) with an accurate 
volume of the Diesel/Motor Oil Method Spike Solution (see Diesel/Motor Oil 
Method Spike Solution section).  Extract and analyze as described in Sample 
Preparation Procedure and GC Analysis Procedure sections.  Spikes may be 
prepared at any reasonable concentration, depending on the objective. 

 
 Determine the targets for EPHS10-19 and EPHS19-32 by directly analyzing several 

replicates of the Diesel/Motor Oil Method Spike Solution diluted to a 
concentration that equals the amount of diesel/motor oil spiked (in µg) divided 
by the final extract volume for the spike. 

 
 A Diesel/Motor Oil Method Spike prepared in this way provides information 

about method precision and about method bias (accuracy), where bias is in 
this case a measure of losses associated with the extraction process.  
Acceptance criteria are at the discretion of the laboratory. 

  
 Field Sample Replicates / Splits  
 RECOMMENDED - Frequency at the discretion of the laboratory and/or the 

end user of the data.  Replicate samples by this method may be either 
Laboratory Sample Replicates or Field Sample Replicates/Splits [3], 
depending on whether the sub-samples originate from the same or different 
sample containers.  No generic acceptance criteria are specified, since the 
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source of variability may be shared among the sampling process, the 
laboratory method, and the samples themselves. 

 
 Surrogate Compounds* 
 OPTIONAL.  The use of one or more Surrogate Compounds for EPH is at the 

discretion of the laboratory.  Surrogates that elute outside the EPH retention 
time ranges are recommended so that they do not need to be subtracted 
from integrated EPH peak areas. Surrogate Compounds listed in other 
published hydrocarbon methods include ortho-terphenyl, chloro-octadecane 
and 5-alpha androstane. 

 
 Note that sample interferences will often preclude the accurate measurement 

of any surrogate by FID.  Do not report a recovery where a Surrogate 
Compound cannot be accurately measured due to a co-eluting interference 
(report “n/a”). 

 
 *Surrogate Compounds have chemical characteristics similar to those of analytes, but provide 

analytical response that is distinct from analytes. They are added to samples prior to sample 
preparation.  Surrogate percent recovery measurements are used as Method QC to estimate 
sample preparation losses and matrix effects.  They are only useful when not subject to 
measurement interferences. 

 
Reference Materials REQUIRED - minimum 1 per preparation batch of no more than 50 

samples. Acceptance criteria are at the discretion of the laboratory.  
Reference Materials must be wetted with reagent water to 
approximately 20% moisture prior to extraction. 

 
 While available, one (or both) of the following two RMs are recommended for 

use with this method: 
 
 NRC HS3B.  A marine sediment from Halifax Harbour, produced by National 

Research Council of Canada, Halifax, Nova Scotia. 
 
 RTC CRM 355-100 (TPH in Soil).  A diesel-contaminated terrestrial soil, 

produced specifically for this method by Resource Technology Corporation of 
Laramie, Wyoming. 

 
 Single laboratory data and multiple laboratory consensus data for both the 

above RMs are presented in the Method Performance Data section. 
 
Sample Preparation  Sample Extraction Procedure 
Procedure Take an aliquot of each sample to perform an accurate moisture 

determination on the sample. 
 
 It is strongly recommended that samples be sub-sampled, weighed, dried, 

and transferred to Soxhlet thimbles (with solvent) in very small batches 
(ideally this is performed one sample at a time).  The longer a sample is 
exposed to air, the more volatile components are lost.  This is especially true 
after the drying step has been initiated.  Sediment samples must not be 
permitted to warm to room temperature during the sub-sampling process.  
Where feasible, mix solid samples well before sub-sampling.  For samples 
that cannot be mixed in-situ, take a representative sub-sample by combining 
portions of sample taken from top to bottom at several locations in the 
container (e.g. by combining several core samples). 

  
 Using a top-loading balance, accurately weigh approximately 20 wet grams of 

sample into a beaker.  To reduce sub-sampling variability, no less than 5 
grams (wet weight) may be used, except where limited by available sample.  



D - 163 

For alternative non-Soxhlet extraction mechanisms (see Use of Alternative 
Methods section), smaller amounts may be used for highly contaminated 
samples where necessary to prevent difficulties with the extraction process, 
but the 5 gram minimum weight still applies for typical samples.   

 
 Mix the sample for a few seconds with enough diatomaceous earth to create 

a free flowing, homogenous mixture.  Once dry, transfer the sample 
immediately to a Soxhlet thimble and place in a pre-cleaned Soxhlet body.  
Immediately and add a few mL of hexane:acetone to the thimble to prevent 
loss of volatiles.  Do not dry samples with anhydrous salts like sodium 
sulphate or magnesium sulphate. 

 
 Note: Drying with anhydrous salts is a chemical process that takes minutes 

or even hours to complete. Drying with diatomaceous earth is a rapid physical 
process.  Longer drying times translate to more loss of volatiles. Drying with 
anhydrous salts can cause total loss of nC10 - nC12 components, with 
significant losses occurring up to nC16. 

 
 Prepare appropriate and required Method QC samples as described in the 

Method QC section. Use 10 g of a clean soil/sediment matrix for the Method 
Blank, Method Performance Check Spike, and Diesel/Motor Oil Method Spike 
samples.  Before spiking or extraction, add about 2.0 mL of reagent water to 
each to simulate samples that contain 20% moisture. 

 
 Extract the sample for 16 hours by Soxhlet using approximately 200 mL of 

1:1 Hexane:Acetone.  Ensure that each Soxhlet extractor cycles at 4-6 times 
per hour. 

 
 Allow the apparatus to cool.  Add a few grams of sodium chloride to the round 

bottom flask, and mix well to dissolve the salt in any water that may be 
present in the flask.  If water is present in the extract, the salt will cause it to 
separate into a distinct aqueous phase, driving dissolved acetone into the 
organic phase, and making the water easier to remove with anhydrous salts.  

 
 Transfer the extract through anhydrous sodium sulphate into a Kuderna-

Danish collection flask (or round bottom flask).  Rinse the Soxhlet body with 
several Hexane:Acetone rinses and add them to the flask. 

 
 Before solvent removal, add about 2 mL iso-octane to the sample extract to 

act as a keeper solvent for volatile analytes (to prevent total evaporation of 
the solvent). 

 
 Concentrate the extract to an accurate final volume of 5.00 mL using a 

Kuderna-Danish concentrator (or rotary evaporator) and a nitrogen blowdown 
system.  Average error in the final volume must be no greater than 3%.  
Dilutions may be appropriate for higher level samples. Smaller final volumes 
may be required to reach lower detection limits (not normally required for 
typical BCMELP applications). 

  
 Extracts for this method must never be reduced to volumes below 0.5 mL, or 

severe losses of volatile EPH components may result. 
 
 Transfer a portion of the extract to a GC autosampler vial and analyze by 

GC/FID.  Store remaining extract at (4 ± 4)°C for at least 40 days in case re-
analysis is required. 
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 Aliphatic/Aromatic Fractionation Procedure 
 If fractionation of Extractable Petroleum Hydrocarbons (or of LEPH or HEPH) 

into aliphatic and aromatic components is required, follow the procedure 
outlined in BCMELP Method “Aliphatic / Aromatic Fractionation of Extractable 
Petroleum Hydrocarbons in Solids and Waters” (Pending). 

 
GC Analysis Procedure Gas Chromatograph Conditions: 
 GC Column: DB-1, 30m, 0.32 mm id, 0.25um phase 
 Carrier Gas: Helium 
 Head pressure: 25 psi @ 65°C (with column dimensions as specified) 
 Column flow: 6.8 mL/minute @ 65°C (80 cm/sec linear velocity) 
  3.4 mL/minute @ 320°C (63 cm/sec linear velocity) 
 Constant flow: not recommended 
 Injector temp: 280°C 
 Injection solvent: iso-octane 
 Injection volume: 2 uL 
 Injection mode: splitless 
 GC liner type: 4 mm id splitless liner with silanized glass wool 
 Initial inlet purge: OFF 
 Inlet purge on time: 1.0 minutes 
 FID temperature: 320°C 
 Oven program: Initial Temp 65°C (hold 2.0 minutes) 
  15°C /min to 320°C (hold 10 minutes) 
 FID gas flows: as recommended by manufacturer 

 
Initial Calibration 
Analyze a 50 µg/mL Calibration Standard at the beginning of each new 
analytical batch (see the Calibration Standard section). 
 
Calibration is by single or multi-point external standard technique, using 
eisocane (nC20). 
 
A continuing calibration is recommended (i.e. reslope the calibration with 
each Verification Standard).  Changes in response between standards must 
be monitored and controlled (see the Ongoing Verification of Calibration 
section). 
 
Linear calibration must be used for this method.  Either single or multi-point 
calibrations are acceptable, due to the linear response of GC/FID systems.  If 
single-point calibration is used, linearity must be verified using a Control 
Standard with a concentration that differs from the Calibration Standard 
concentration by at least a factor of five (see the Control Standard section). 
 
For each analysis batch, verify that the GC system is performing adequately 
by conducting all checks specified in the Instrument Performance QC section, 
ensuring that all specified acceptance criteria are met.  For each analysis 
batch, verify that the initial calibration is adequate by performing all tests 
specified in the Initial Calibration QC section ensuring that all specified 
acceptance criteria are met. 
 
Calculate the Calibration Factor (CF) for eicosane in the Calibration Standard 
using the equation below.  The Calibration Factor is based on the 
concentration of analyte in the solution that is injected onto the GC: 

 
   CFnC20 in mL/µg  =                    Area of nC20 peak    

    nC20 concentration (µg/mL in iso-octane)  
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Ongoing Verification of Calibration (Verification Standards) 
 After initial calibration, the Calibration Factor (CFnC20) must be verified, 

at minimum, after every 12 hours of continuous operation.  The 
calibration must also be verified at the end of each analysis batch if 
more than 6 hours has passed since the previous verification.   

  
 Use a Calibration Standard as a Verification Standard (see the Calibration 

Standard section). 
 
 Under a continuing calibration mode, if the Calibration Factor changes 

by more than 25% from the previous standard, or by more than 35% 
from the initial calibration standard, then corrective action must be 
taken, and samples analyzed after the last acceptable standard must be 
re-run.   

 
 Alternatively, an initial calibration may be used for as long as the Calibration 

Factor remains within 15% of its initial value.  If this criterion is exceeded, the 
calibration may be updated using the Verification Standard Calibration Factor, 
but only if the continuing calibration acceptance criteria specified above are 
satisfied.   

 
 See the Instrument Performance QC section for requirements that must be 

satisfied with each Calibration Standard and Verification Standard. 
 
 Integration of Total Areas for EPHS10-19 and EPHS19-32  
 The Extractable Petroleum Hydrocarbons parameters are defined to include 

all GC/FID peaks eluting between decane (nC10) and dotriacontance (nC32).  
EPHS is evaluated as two separate analytes: EPHS10-19 includes those 
hydrocarbons that elute between decane nonadecane, EPHS19-32 includes 
those hydrocarbons that elute between nonadecane and dotriacontane.  Each 
EPHS parameter is reported and considered independently (i.e. they are not 
normally summed). 

 
 Determine the total integrated peak area of each EPHS range, where: 
 
 a) The EPHS10-19 range begins at the apex of the nC10 peak and ends at 

the apex of the nC19 peak. 
 b) The EPHS19-32 range begins at the apex of the nC19 peak and ends at 

the apex of the nC32 peak. 
 
 Retention times of the marker compounds must be updated or verified with 

each analysis batch, and should be established using marker compound 
concentrations that do not overload the liquid phase of the GC column. 

 
 Peak integration must include all peaks, whether resolved or not, that are 

above the chromatographic baseline, as established by instrument blanks 
within the analysis batch. 

 
 Automated software integrations of EPH areas must be visually verified, 

and must be manually corrected where potential error may exceed 1-
2%. 

 
Calculations EPHS10-19 and EPHS19-32 concentrations are calculated by comparing total 

areas for each range to the response of the eicosane (nC20) calibration 
standard. 
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 If any EPH-range Surrogate Compounds are added to samples, the 
contribution to EPH of those Surrogates must be subtracted from 
calculated EPH results.  Because Surrogate Compounds frequently 
experience FID interference, it is most practical to subtract the actual spiked 
concentrations of Surrogate Compounds from calculated EPH 
concentrations.  No Surrogate Compounds within the EPH-range should be 
added such that their concentration exceeds the Reporting Detection Limit for 
either of EPHS10-19 or EPHS19-32. 

 
 Use the following equations to calculate EPHS10-19 and EPHS19-32: 
 
 EPHS10-19 (µg/g) =     A10-19  x  FV  x  Dil / (CFnC20 x  DryWt)  −  Actual Surrogate Conc* 

(µg/g) 
        
 
 EPHS19-32 (µg/g) =     A19-32  x  FV  x  Dil / (CFnC20 x  DryWt)  −  Actual Surrogate Conc* 

(µg/g) 
 

 *  Only Surrogates (if any) that elute within a given range are subtracted from that range. 

 where: 
  

A(10-19) =   Total area between nC10 and nC19 for the sample chromatogram. 
A(19-32)  = Total area between nC19 and nC32 for the sample chromatogram. 
CFnC20 = Calibration Factor for nC20 standard (mL/µg) 
FV =   Final volume of sample extract (mL) 
Dil  =   Dilution factor of sample extract (unitless) 
DryWt =   Dry weight of sample extracted (g) 

 
 When reporting to BCMELP, report EPHS10-19 and EPHS19-32 results for solids 

samples in units of µg/g. 
 
 Diluting High Level Sample Extracts 
 Where sample results exceed the linear working range of the GC/FID 

system, they must be diluted and re-analyzed at a more appropriate 
extract concentration.  Note that over-dilution of extracts can introduce 
significant error to EPH results.  Diluted extracts should be prepared such 
that their EPHS10-19 and EPHS19-32 areas fall within the linear working range of 
the GC/FID system, as determined in the Establishing Instrument Calibration 
Working Range and Estimated IDLs section. 

 
 Where sample extracts are diluted prior to analysis, or where less than 

one-half the normal amount of sample is extracted, Reporting Detection 
Limits must be increased accordingly. 

 
Method Validation Initial Method Validation requirements as outlined below must be 

completed before this method may be used to generate EPHS results for 
unknown samples. 

 
 Initial Verification of Relative Response Requirements 
 Before proceeding with further validation steps, verify that the method 

meets the relative response equivalency requirements of the method by 
performing the EPHS Instrument Performance Check (see Quality 
Control section) and the EPHS Method Performance Check Spike (see 
Quality Control section). 
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Calculation of Actual EPHS Concentrations of a Petroleum Reference 
Solution 

 This procedure describes how to calculate the Actual EPHS Concentrations 
for solutions of petroleum products where only the total weight/volume 
concentration of the petroleum product is explicitly known.  Actual EPHS 
concentrations of a petroleum product can only be measured experimentally, 
whereas the concentration of the petroleum product is simply determined by 
dividing the weight of product by the volume of solvent in which it is prepared. 

 
 Actual EPHS Concentrations are required within this method for the following 

purposes: 
 
 a) determination of GC/FID linear range for EPHS10-19 and EPHS19-32 (i.e. 

calibration range), 
 b) determination of EPHS Instrument Detection Limits (IDLs),  
 c) preparation of EPHS DL Check Standards and Method Spike Solutions,  
 d) calculation of targets for EPHS DL Check Standards and Method Spike 

Solutions.   
 
 Use the following procedure to calculate the Actual EPHS Concentration of a 

petroleum product solution: 
 
 a) Prepare the petroleum product solution at a concentration at least 20x 

greater than the estimated Instrument Detection Limits for EPHS10-19 
and EPHS19-32 (see Establishing Instrument Calibration Working Range 
and Estimated IDLs section). A petroleum product concentration of at 
least 5,000 µg/mL is recommended for this purpose. This concentration 
is referred to in the example below as [Dieselgrav]. 

 
 b) Perform replicate analyses of the petroleum product solution prepared 

in (a) using the instrumental conditions specified within this method.  A 
minimum of 7 replicates is recommended.  Do not dilute the solution 
prior to analysis.  Determine the average measured concentrations of 
EPHS10-19 and EPHS19-32 using the calculations specified in the 
Calculation section (use a value of 1 for Final Volume, Dilution, and 
Sample Volume).  In the example below, the measured EPHS10-19 
concentration is denoted as  [EPHS10-19,measured], where the square 
brackets denote concentration.  Percent Relative Standard Deviations 
(%RSDs) of these values may also be determined, and may be useful 
to set statistical warning and control limits for some applications. 

 
 c) Calculate the percentage that each EPH range represents of the total 

petroleum product concentration.  Example (for EPHS10-19 in a given 
source of diesel): 

 
 %EPHS10-19 in diesel   =   100%  x    ([EPHS10-19,measured]  /  [Dieselgrav]  
 

where: 
 [   ] =  symbol for concentration 
 EPHS10-19, measured] =  measured [EPHS10-19] of a solution of diesel 

in iso-octane 
 [Dieselgrav]  =  actual [Diesel] in weight of diesel / volume 

iso-octane for the same solution. 
 Units =  same for both concentrations (e.g. µg/mL). 
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Note:  The sum of the percentages of the EPHS10-19 and EPHS19-32 
compositions in diesel and/or motor oil are normally less than 100% 
(typically 80-90%) because not all components of diesel fall within the 
nC10 to nC32 boiling point range. 

 
 d) To calculate the Actual EPHS Concentrations of other concentrations of 

the same product, use the EPHS percentages relative to the total 
petroleum product concentration as follows (the EPHS10-19 in diesel 
example is continued): 

 
 Actual EPHS10-19 Conc. in Diesel (%EPHS10-19 in Diesel)  / 100% x [Dieselgrav]  
                      

 where:  
 
    [Dieselgrav]  = the conc. of diesel (in weight diesel / volume iso- 

   octane) of any solution. 
 
 Establishing Instrument Calibration Working Range and Estimated IDLs  
 Establish the linear working range of the GC/FID system for EPH10-19 and 

EPH19-32 using a series of dilutions of the 100,000 µg/mL 1:1 Diesel:Motor Oil 
Stock Solution prepared in iso-octane.  Analyze diesel/motor oil solutions at 
concentrations ranging from below the estimated Instrument Detection Limit 
to above the estimated maximum calibration concentration in approximately 
2-fold increments.  The following solution concentrations are recommended 
as an approximate guide:  25, 50, 100, 200, 500, 1,000, 2,500, 5,000, 10,000, 
20,000, and 50,000 µg/mL of the 1:1 Diesel: Motor Oil mixture.  Calculate 
EPHS10-19 and EPHS19-32 results for each solution using the procedure 
described in Calculation section.  These are referred to below as Calculated 
EPHS Results. 

 
 Follow the procedure in the Method Validation section to calculate the Actual 

EPHS10-19 and EPHS19-32 Concentrations for all of the above solutions. 
 
 Make a plot of Calculated EPHS10-19 Results (y-axis) versus Actual EPHS10-19 

Concentrations (x-axis), and determine the linear working range of EPHS10-19. 
 
 Make a plot of Calculated EPHS19-32 Results (y-axis) versus Actual EPHS19-32 

Concentrations (x-axis), and determine the linear working range of EPHS19-32. 
 
 Instrument accuracy for EPH parameters is measured as Calculated EPHS 

Results / Actual EPHS Concentrations.  As EPH concentration approaches 
the Instrument Detection Limit (IDL), instrument accuracy decreases because 
the less abundant components of the petroleum hydrocarbon blend cease to 
be detected.  For the purposes of this method, the Instrument Detection Limit 
for each EPH parameter is defined as the lowest EPH concentration at which 
instrument accuracy consistently falls within the range of 70-130%.  However, 
a diesel/motor oil chromatogram at the IDL must still resemble 
chromatograms of higher concentrations.  At the IDL, any chromatographic 
peak that normally comprises more than 5% of total EPHS10-19 or EPHS19-32 
area must still be visible as a distinct peak; this requirement takes 
precedence over the 70-130% accuracy requirement. 

  
 The IDL is expressed in units of Actual EPHS10-19 or EPHS19-32 Concentration. 
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 Establishing Method Detection Limits 
 Determine the Method Detection Limits (MDLs) at the 95%  confidence  level  

for  both EPHS10-19 and EPHS19-32, using the procedure outlined in Section A of 
this manual.  This method requires the use of the procedure described below, 
which is one of several generic approaches described in Section A. 

 
 Consider the normal final volume of extracts produced by this method, and 

select a concentration for method spikes of diesel/motor oil into a clean 
sediment/soil matrix (of 20% moisture) that should result in extracts with 
concentrations of between one and three times the estimated IDLs for 
EPHS10-19 and EPHS19-32 (as determined in the Establishing Instrument 
Calibration Working Range and Estimated IDLs section).  Prepare, extract, 
and analyze at least 7 method spikes at this concentration.  Use a 
Diesel/Motor Oil Method Spike Solution to prepare these method spikes (see 
the Diesel/Motor Oil Method Spike Solution section). 

 
 Calculate the Method Detection Limit (MDL) at the 95% confidence level for 

both EPHS10-19 and EPHS19-32  using the calculations described in Section A of 
this manual. 

 
 Average recoveries of the MDL Method Spikes for EPHS10-19 and EPHS19-32 

must be between 60-140%, where recovery is defined as calculated EPHS 
result / spiked (actual) EPHS concentration.  If this condition is not met, repeat 
the MDL determination at a higher spike level.  

 
 Reporting Detection Limits 
 A Reporting Detection Limit is defined as the detection limit for an 

analytical parameter that is reported to a client or end-user of the data.  
It is a requirement of this method that Reporting Detection Limits for 
EPHS10-19 and EPHS19-32 are greater than or equal to the Method Detection 
Limits (at the 95% confidence level) that were experimentally 
determined in-house using the procedure described in the Establishing 
Method Detection Limits section. 

 
 Ensure that calculated Method Detection Limits and Reporting Detection 

Limits are below any regulatory criteria values or regulatory standards 
specified by BCMELP or other applicable regulatory body.  For BC 
requirements, refer to BCMELP method “Calculation of Light and Heavy 
Extractable Petroleum Hydrocarbons in Solids or Water”. 

  
 Determination of DL Check Standard Concentration and EPH Targets 
 Use the procedure that follows to select a suitable concentration of 1:1 

Diesel:Motor Oil Stock Solution for the DL Check Standard.  This procedure 
involves two separate conversions of units:  

 
 a) Diesel/motor oil product concentration units must be converted to (and 

from) EPH concentration units.  
 b) Sample concentration units (e.g. µg/g of solids) must be converted to 

sample extract concentration units (e.g. µg/mL of iso-octane). 
 

 Results from sections Calculations of Actual EPHs Concentrations of a 
Petroleum Reference Solution and Establishing Instrument Calibration 
Working Range and Estimated IDLs may initially be used for step (a), but this 

 determination should be repeated if the source of the diesel/motor oil 
changes: 
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 a) Calculate the percentages of the total 1:1 diesel:motor oil concentration 

that each of EPH10-19 and EPH19-32 represent, using the procedure 
described in the Calculation of Actual EPHs Concentrations of a 
Petroleum Reference Solution section.  Typically, EPH10-19 and EPH19-

32 each represent about 35-45% of the total diesel/motor oil 
concentration.  The sum of the 2 percentages is normally less than 
100% because not all components of diesel and motor oil fall within the 
nC10 - nC32 boiling point range. 

 
 b) Determine the concentrations of diesel/motor oil that correspond to 

each of the EPH10-19 and EPH19-32 Reporting Detection Limits.  Use the 
calculated percentages from (a) to calculate this diesel/motor oil 
concentration.  The normal sample volume extracted, and the normal 
extract final volume are required to convert method units to the 
equivalent solution concentration units: 

 
  [Diesel/Motor Oil] equiv. to EPHS10-19 DL =  
 

100 x [ (Reporting DL for EPHS10-19) / (%EPH10-19  in Diesel/Motor Oil) ] x (Sample 
Weight / Extract Volume) 
 
 [Diesel/Motor Oil] equiv. to EPHS19-32 DL = 
 
100 x [ (Reporting DL for EPHS19-32) / (%EPH19-32  in Diesel/Motor Oil) ] x (Sample 
Weight / Extract Volume) 
 
where:  
Units for [Diesel/Motor Oil]  = ppm (µg/mL of iso-octane) 
Units for Reporting DL for EPH = ppm (e.g. µg/g dry weight of sample) 
Units for Sample Weight  = grams (dry weight) 
Units for Extract Volume  = mL 

 
  Select a concentration for the Diesel/Motor Oil DL Check Standard that is 

approximately equal to both of the concentrations determined above. 
Then, a single DL Check Standard can be used to simultaneously verify 
that the Reporting Detection Limits for both EPHS10-19 and EPHS19-32 
remain valid. 

 
  c) Calculate the targets for EPHS10-19 and EPHS19-32 in the EPHS Detection 

Limit Check Standard by multiplying the concentrations selected in (b) by 
the EPHS percentages from (a).   

 
Target for EPHS10-19   = (DL Std. Diesel:Motor Oil conc.) x (%EPHS10-19 in Diesel/Motor Oil) 
 
Target for EPHS19-32  = (DL Std. Diesel:Motor Oil conc.) x (%EPHS19-32 in Diesel/Motor Oil) 

 
Accuracy and Precision Individual laboratories may assess their accuracy and/or precision for this 

method by analyzing replicates of the 1998 BCMELP Hydrocarbon Round 
Robin samples, and comparing results against single laboratory and 
interlaboratory consensus values (these samples are commercially available 
Reference Materials - see Reference Materials section).  This is not a formal 
requirement for the validation of this method if used without significant 
modification, but is strongly recommended. 

 
 Alternatively, multiple method spikes of an appropriate petroleum product (a 

1:1 blend of unweathered diesel/motor oil is recommended) may be used to 
assess method accuracy and precision, although less information can be 
derived about accuracy without interlaboratory consensus data. “Accuracy” 
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data gathered from method spikes is limited to a measure of recovery (i.e. a 
measure of extraction losses).  Better measures of overall method bias and 
accuracy are obtained from analysis of BCMELP Interlaboratory Study 
samples, and from Method Performance Check Spikes.  

 
 For Method Spikes, determine targets using Actual EPHS Concentrations of 

the spike solution by following the procedure outlined in Calculation of Actual 
EPHs Concentrations of a Petroleum Reference Solution section. 

 
Method Performance  
Data Method performance data is presented for selected Reference Samples and 

for required QC components of the method.  This data was compiled from the 
1998 BCMELP Petroleum Hydrocarbon Round Robin Study, and from the 
Single Laboratory Validation Study, which was performed at the same time.  
Method Detection Limit data from the single laboratory data are also 
presented. 

 
 The single laboratory data presented here was generated using the 

instrument conditions described in GC Analysis Procedure section, except for 
minor differences in the GC oven temperature program. 

 
 EPHS Instrument Performance Check Data:  Multiple laboratory (Round 

Robin) data and single laboratory data for EPHS Instrument Performance 
Checks are presented in Table I-2.  These samples were analyzed as 
described in the Instrument Performance Check section. 

 
 

Table I-2:  EPHs Instrument Performance Check Data 
 
 Round Robin Results Single Lab Results 
       
Relative Response (n) Mean % RSD (n) Mean % RSD 
Decane (nC10) 6 0.98 6.3% 8 1.01 1.8% 
Naphthalene 6 1.03 6.9% 8 1.07 1.3% 
Dodecane (nC12) 4 0.98 3.1% 8 1.00 1.4% 
Hexadecane (nC16) 7 0.99 2.8% 8 1.00 1.5% 
Phenanthrene 7 1.05 4.6% 8 1.06 0.8% 
Nonadecane (nC19) 7 1.00 0.8% 8 0.99 0.4% 
Eicosane (nC20) 7 1.00 n/a 8 1.00 n/a 
Pyrene 7 1.07 3.3% 8 1.08 1.3% 
Benzo(a)pyrene 6 0.87 13.6% 8 0.92 1.8% 
Triacontane (nC30) 5 0.90 17.2% 8 1.02 1.5% 
Dotriacontane (nC32) 7 0.90 16.1% 8 1.00 1.3% 

 
 

EPHS Method Performance Check Spike Data:  Multiple laboratory (Round 
Robin) data and single laboratory data for EPHS Method Performance Check 
Spikes are presented in Table I-3.  These samples were analyzed as 
described in the Method Performance Check Spike section. 
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Table I-3:  EPHs Method Performance Check Spike Data 
 
 Round Robin Results Single Lab Results 
       
Spike Recovery (%) (n) Mean % RSD (n) Mean % RSD 
Decane (nC10) 4 41.6% 89.0% 8 89.1% 4.6% 
Naphthalene 4 43.6% 52.2% 8 92.0% 3.5% 
Dodecane (nC12) 3 40.9% 60.7% 8 92.0% 3.6% 
Hexadecane (nC16) 6 80.9% 15.2% 8 95.4% 2.8% 
Phenanthrene 6 75.1% 25.8% 8 94.9% 3.5% 
Nonadecane (nC19) 6 83.6% 20.1% 8 96.5% 1.7% 
Eicosane (nC20) 6 83.4% 23.7% 8 97.0% 1.5% 
Pyrene 6 68.2% 41.8% 8 96.3% 1.7% 
Benzo(a)pyrene 3 68.2% 45.0% 8 73.6% 6.5% 
Triacontane (nC30) 3 88.0% 8.4% 8 97.0% 1.7% 
Dotriacontane (nC32) 5 94.7% 17.9% 8 96.6% 1.7% 

 
 
Method Detection Limit Data:  The EPHS Method Detection Limit data 
reported in Table I-4 was obtained from the 1998 Single Laboratory Validation 
Study, and was generated as described in Establishing Method Detection 
Limits section. The EPHS target was determined by direct analysis of the 
spike solution.  Please note that the data presented demonstrates achievable 
MDLs; each laboratory must determine the MDLs that apply to their individual 
circumstances.  
 
 

Table I-4: EPHS Method Detection Limits (Single Laboratory Data) 
 
units = 
mg/kg 

#1 #2 #3 #4 #5 #6 #7 #8 Mean Std. 
Dev. 

Target Mean 
Recovery 

MDL 

EPHS10-19 52.0 51.2 45.7 42.6 42.1 51.4 51.8 37.3 46.8 5.7 44.6 105% 21 

EPHS19-32 56.1 52.9 54.2 51.3 55.4 55.9 58.4 51.7 54.5 2.4 51.7 105% 9.1 

 
 
EPHS Reference Material Data 
Multiple laboratory (Round Robin) data and single laboratory data for EPHS 
Reference Materials are presented in Tables I-5 and I-6.  Two different 
Reference Materials were analyzed. One is the TPH in Soil CRM 355-100, 
manufactured by Resource Technology Corporation. The other is HS3B, 
manufactured by the National Research Council of Canada.  These samples 
were analyzed as described in Reference Materials section.  PAH and 
calculated LEPHS and HEPHS results also presented for the same samples. 
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Table I-5:  EPHs Reference Material - RTC CRM 355-100 
 
 Round Robin Results Single Lab Results 
       
EPH Results (mg/kg) (n) Mean % RSD (n) Mean % RSD 
EPHS10-19 6 3312 9.9% 8 3429 2.6% 
EPHS19-32 6 5038 17.7% 8 5284 1.9% 
LEPHs 6 3302 9.9% 8 3417 2.6% 
HEPHs 6 5038 17.7% 8 5283 1.9% 
       
PAH Results (mg/kg) (n) Mean % RSD (n) Mean % RSD 
Naphthalene 8 4.06 28.9% 8 4.47 4.9% 
Phenanthrene 8 5.34 34.8% 8 6.87 4.5% 
Pyrene 8 0.69 50.3% 8 0.75 1.9% 
Benz(a)anthracene 4 0.11 55.5% 8 0.08 3.0% 
Benzo(b)fluoranthene 3 0.04 20.8% 8 0.05 6.7% 
Benzo(k)fluoranthene 3 0.02 75.8% 8 0.01 8.9% 
Benzo(a)pyrene 3 0.05 32.8% 8 0.05 4.7% 
Indeno(1,2,3-cd)pyrene 3 0.02 2.8% 8 0.02 3.0% 
Dibenz(a,h)anthracene 3 0.01 10.8% 8 0.01 24.5% 

 
 
 

Table I-6:  EPHs Reference Material - NRC Canada HS3B 
 
 Round Robin Results Single Lab Results 
       
EPH Results (mg/kg) (n) Mean % RSD (n) Mean % RSD 
EPHS10-19 5 385 18.0% 11 458 7.2% 
EPHS19-32 5 2745 26.6% 11 2456 4.0% 
LEPHs 5 369 17.6% 11 439 7.2% 
HEPHs 5 2707 26.6% 11 2411 4.0% 
       
PAH Results (mg/kg) (n) Mean % RSD (n) Mean % RSD 
Naphthalene 8 1.62 31.1% 11 1.82 5.2% 
Phenanthrene 8 14.91 27.4% 11 17.56 6.1% 
Pyrene 8 13.72 28.9% 11 15.75 2.1% 
Benz(a)anthracene 8 5.85 35.6% 11 7.07 4.7% 
Benzo(b)fluoranthene 8 6.50 43.5% 11 8.90 2.9% 
Benzo(k)fluoranthene 8 3.25 41.1% 11 3.40 3.3% 
Benzo(a)pyrene 8 3.79 28.8% 11 5.23 3.7% 
Indeno(1,2,3-cd)pyrene 7 2.51 39.6% 11 3.99 2.5% 
Dibenz(a,h)anthracene 7 0.57 50.2% 11 1.08 7.4% 

 
Use of Alternative 
Methods  This method contains several prescribed and required elements that may not 

be modified.  These requirements are necessary due to the nature of 
method-defined aggregate parameters like Extractable Petroleum 
Hydrocarbons, where many components are calculated against a single 
calibration reference standard. This method has been specifically designed to 
minimize the relative bias among responses of common EPH components, 
and among EPHS results generated by different laboratories.   

 
 Modification or omission is not permitted to anything described within the 

method text as “required” or preceded by the word “must”.  Most of the 
prescribed requirements of the method are summarized below. 
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Prescribed Elements Laboratories that report data for regulatory purposes may not alter any 
method conditions listed in this section without prior written permission from 
BCMELP: 
 
a) Every laboratory that uses this method, whether modified or not, must 

validate the method (as used) following the protocols described in the 
Method Validation section. 

 
b) “REQUIRED” QC elements from the Quality Control section must be 

completed as specified, and must pass all specified acceptance 
criteria, or sample data must be qualified. 

 
c) Maximum holding time prior to extraction is 14 days after sampling.  

Maximum holding time for refrigerated extracts is 40 days.  Where 
holding times are exceeded, data must be qualified. 

 
d) The normal amount of sample extracted must not be less than 5 grams 

wet weight (see the Sample Extraction Procedure section). 
 
e) All samples with > 40% moisture content must be dried with 

diatomaceous earth before extraction (as described in the Sample 
Extraction Procedure section).  Drying with diatomaceous earth is 
recommended for all samples. 

 
f) Anhydrous salts may not be used to dry sediment samples prior to 

extraction. 
 
g) 1:1 hexane:acetone solvent is required as the extraction solvent. 
 
h) A 16 hour Soxhlet extraction, or an alternative extraction process that is 

as rigorous as a 16 hour Soxhlet extraction is required.  Accelerated 
Solvent Extraction (ASE) or Microwave Assisted Extraction (MAE) are 
recommended as viable and more productive and cost-effective 
alternatives to Soxhlet extraction (refer to Performance Based Method 
Changes section for further details on requirements for alternative 
extraction techniques). 

 
i) Use of a low volatility “keeper” solvent is required during solvent 

removal steps (an aliphatic keeper solvent like iso-octane is required 
for samples where aliphatic/aromatic fractionation is to be done). 

 
j) Gas Chromatography with Flame Ionization Detection is required for 

measurement of EPHS. 
 
k) GC column must be a capillary column. 
 
l) GC column stationary phase must be 100% dimethyl siloxane (e.g. DB-

1, HP-1, RTX-1 or equivalent). 
 
m) GC calibration standard must be prepared in the same solvent as 

sample extracts, unless equivalence (within 2%) can be demonstrated 
for component responses and retention times of Instrument 
Performance Checks in alternative solvents. 

 
n) nC20 (at a minimum concentration of 50 µg/mL) must be used as the 

calibration standard for both EPHS ranges (see the Calibration 
Standard Stock Solution section).  
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o) If single-point calibration is used, linearity must be verified using a 
Control Standard with a concentration that differs from the Calibration 
Standard concentration by at least a factor of five (see the Control 
Standard section). 

 
p) Calibration stability must be monitored as described in the Ongoing 

Verification of Calibration section. 
 
q) EPHS method detection limits and reporting limits must be based on a 

diesel/motor oil blend (see the Establishing Method Detection Limits 
section).   

 
Performance Based 
Method Changes This is a Performance Based Method.  Unless prohibited in the Prescribed 

Elements section or elsewhere, modifications to this method are permitted, 
provided that the laboratory possesses adequate documentation to 
demonstrate an equivalent or superior level of performance.  Laboratories 
that modify this method must achieve all specified Quality Control 
requirements, and must maintain on file the Standard Operating Procedures 
that thoroughly describe any revised or alternate methods used at any time 
following the initial adoption of this method by BCMELP. This information 
must be available in the event of audit by BCMELP. 

 
 Pay particular attention to the results of Instrument Performance Checks and 

Method Performance Check Spikes (see appropriate sections), since both of 
these checks are designed to identify potential sources of instrument and 
method biases.  Any modified method that cannot achieve the performance 
requirements of these QC checks is not equivalent to the reference method. 

 
 Modifications Where Equivalence Testing is Not Required 
 Except where expressly disallowed in the Use of Alternative Methods section 

or elsewhere, changes to the following components of this method are 
permitted if all specified quality control requirements of the method are 
achieved: 

 
a) Apparatus  
b) Reagents and Standards  
c) Gas Chromatograph Conditions  

 
 The required QC elements contained within this method are deemed 

sufficient to identify potential biases introduced by permitted modifications 
within these sections. 

 
 Modifications Where Equivalence Testing is Required 
 Except where expressly disallowed in the Prescribed Elements section 

or elsewhere, changes to the following components of this method are 
permitted, but only if the laboratory has conducted and documented a 
rigorous test for equivalence to the reference method: 

 
 Sample Extraction Procedure (see appropriate section) 
 An equivalence test for Sample Extraction Procedure modifications to 

this method involves a comparison of results from the modified method 
with results from the reference method for several appropriately 
selected samples.  Tests for bias (mean accuracy) and precision are 
required. 
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 Note:  For any method that includes a modification that requires equivalence 
testing, a detailed report that demonstrates equivalence to the reference 
method by the procedure described below must be available to clients and to 
BCMELP on request. 

 
 Test for Bias of Modified Methods 

Compare results from the modified method with results from the reference 
method for several appropriately selected samples.  Both of the following 
sample types must be investigated: 

 
 a) At least five unspiked field samples.  Each sample must contain 

both EPHS10-19 and EPHS19-32 at ≥ 3 times the laboratory’s routinely 
reported detection limits (≥ 5 times DL is recommended).  Each sample 
must be analyzed in triplicate (at minimum) by both the reference 
method and the modified method.  Samples must include: 

  - one or more clay samples 
  - one or more peat samples 
  - one or more soil or sediment samples 
  - one or more samples with >40% moisture 
 
 b) At least two soil / sediment Reference Materials.  While available, 

the two RMs analyzed within the 1998 BCMELP Hydrocarbon Round 
Robin must be used to satisfy this requirement: 

  - Resource Technology Corporation RTC CRM 355-100 
  - National Research Council of Canada HS3B 
 
 Each Reference Material must be analyzed in triplicate (at minimum) by both 

the reference method and the modified method. 
 
 For the two RMs above, results for the modified method may be compared 

either against the Single Laboratory Results (in the Method Performance 
Data section), against the Round Robin Results (for the RTC RM only, in the 
Method Performance Data section), or against in-house results generated by 
the reference method.  Sample results from future Round Robin studies may 
also be used for equivalency comparisons where the study population is six 
or greater [4]. 

 
 Note:  1998 Round Robin results for the HS3B RM may not be used for the 

equivalence comparison, due to the small study population for that sample of 
n=5. 

 
 If either of the above RMs are unavailable, any other soil or sediment 

reference material(s) containing both EPHS10-19 and EPHS19-32 at ≥ 3 times the 
laboratory’s routinely reported detection limits may be substituted. 

 
 For both (a) and (b) above, compare the means obtained for each sample by 

the reference method and the modified method.  For each sample, one of the 
following must be satisfied: 

  
i) The means for each method must differ by less than 15% relative 

percent difference (RPD), where relative percent difference of X1 and 
X2 is defined as: 

 
   RPD = (X1 – X2) / mean(X1, X2) x 100% 
  or, 
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ii) The difference between the means for each method must not be 
statistically significant at the 95% confidence level, using a test for 
significance of the difference of two means, as described by John 
Keenan Taylor [4]. 

  
 If results for one or more samples do not meet one of the above criteria, 

additional replicates of the same samples may be analyzed, with the tests 
applied to the larger populations.  If necessary, either the Dixon or Grubbs 
outlier tests may be used to discard outlier datapoints [4]. 

   
 Test for Precision of Modified Methods 
 Modified methods must demonstrate a reasonable level of precision on 

homogeneous Reference Materials.  Analyze a minimum of 8 replicates 
of at least one Reference Material containing both EPHS10-19 and EPHS19-

32 at ≥ 3 times the laboratory’s routine Reporting Detection Limit (≥ 5 
times DL recommended). 

 
 Replicates may be either “within-run” or “between-run”.  Within-run replicates 

normally demonstrate better precision. 
 
 Where necessary, outlier data points may be discarded if they satisfy either 

the Dixon or Grubbs outlier tests [4]. 
 
 For both EPHS10-19 and EPHS19-32, the modified method must demonstrate a 

precision of ≤ 20% relative standard deviation. 
 
References a) Laboratory and Systems Management, Environmental Protection 

Department, Ministry of Environment, Lands and Parks, Province of 
British Columbia, 1996, British Columbia Field Sampling Manual, Parts 
A & D. 

 b) Canadian Standards Association, January 1995, Requirements for the 
Competence of Environmental Laboratories, CAN/CSA-Z753. 

 c) Massachusetts Department of Environmental Protection, January 1998, 
Method for the Determination of Extractable Petroleum Hydrocarbons 
(EPH). 

 d) John Keenan Taylor, 1990, Statistical Techniques for Data Analysis, 
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Revision History March 1997: Initial publication of Version 1.0 for EPH in Soil 
 1998 - 1999: Revision of method by ASL under contract to 

MELP and with advice from the BCLQAAC 
Technical Committee. 

 July 1999: Finalization of present method based on results 
of a vetting round robin. 

 December 31, 2000: Method incorporated into main Laboratory 
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Manual; EMS codes and units added; phrase 
‘Analyte Code’ changed to ‘Analyte Symbol’.  
Mandatory tests made bold. Former methods 
superseded. Reference to out of print manuals 
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Appendix I 
 

Test for Determining the Significance of the Difference of Two Means 
 
 
The following is a summary of a two-tailed test for determining whether two means are significantly 
different (at the 95% confidence level).  Two cases are described in John Keenan Taylor’s Statistical 
Techniques for Data Analysis (7).  The case where the standard deviations of the two populations differ is 
summarized below.  An alternative test, for where the standard deviations of the two populations do not 
significantly differ, is summarized in the reference text and may also be used. 
 
This test is one of two options given in section 18.2.2.1 for determining the equivalence of any two 
datasets produced by the reference method and a modified method.   
 
 
Step 1:  Calculate the variance (V) for the respective means for datasets A and B: 
 
    VA = sA

2 / nA    VB = sB
2 / nB 

 
  where: s = the estimate of the standard deviation (in units of sample concentration, not 
%RSD) 
   n = the number of independent data points 
 
 
Step 2: Calculate the effective number of degrees of freedom, f, to be used for selecting t when 

calculating U∆: 
               f   =          (VA + VB)2         
        VA

2    +    VB
2   

       (n-1)      (n-1) 
 
Round the calculated value for f to the nearest integer.  Values below 10 are typical for 
smaller datasets. 

 
Step 3:  Calculate U∆, the uncertainty in the difference of the means: 
 
              U∆   =   t √ (VA + VB) 
 
  where: t = the student’s t-variate for a 2-tailed dataset, at 95% confidence and f degrees 

of freedom. 
 
 
Step 4: If the difference between the means is less than U∆, the uncertainty in the difference of the 

means, then there is no evidence that the two datasets are significantly different at the 
95% confidence level. 
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Organics 
Revision Date:  May 6, 2004 

 

Silica Gel Cleanup of Extractable Petroleum Hydrocarbons 
 
Parameters and Analyte Codes 
 
Extractable Petroleum Hydrocarbons(nC10-nC19) in water (Silica-gel treated) =  EPHW10-19(sg)  
Extractable Petroleum Hydrocarbons(nC19-nC32) in water (Silica-gel treated) =  EPHW19-32(sg)  
Extractable Petroleum Hydrocarbons(nC10-nC19) in solids (Silica-gel treated) =  EPHS10-19(sg) 
Extractable Petroleum Hydrocarbons(nC19-nC32) in solids (Silica-gel treated) =  EPHS19-32(sg)  
 
Analytical Method  EPH extracts are treated using a column of activated silica gel to remove 

polar co-extractants. 
 Refer to specific EPH methods for instrumental analysis procedures: 
 Extractable Petroleum Hydrocarbons in Solids by GC-FID, July 1999, version 

2.11. 
 Extractable Petroleum Hydrocarbons in Water by GC-FID, July 1999, version 

2.12. 
 
Introduction This method describes an optional silica gel column cleanup procedure that 

may, under appropriate circumstances, be used in conjunction with the BC 
WLAP methods for Extractable Petroleum Hydrocarbons in Solids and Water 
by GC-FID. 

 
 The cleanup is intended as a means to exclude biogenic organics from 

quantitative EPH results, based on the premise that most naturally occurring 
hydrocarbons are polar, and so will be irreversibly retained by activated silica-
gel. Examples of biogenic organics include lipids, plant oils, tannins, lignins, 
animal fats, proteins, humic acids, fatty acids, and resin acids. 

 
 It is important to consider that the silica gel cleanup is not selective to the 

removal of only biogenic organics.  Silica gel will remove non-biogenic 
organics if they are sufficiently polar (e.g. some bacterial metabolites of 
petroleum hydrocarbons; typically alcohols, aldehydes, and acids3).  Non-
polar or slightly polar biogenic components (e.g. some plant waxes) will not 
be removed by silica gel. 

 
 After cleanup, extracts are analyzed by GC-FID using the same procedures 

as for EPH10-19 and EPH19-32 in solids or water. 
 
 In addition to quantitative numerical results, this method generates a GC-FID 

chromatogram that can sometimes be used to characterize the type of 
petroleum hydrocarbons present in a sample. 

 
 This procedure is closely related to the EPH Silica Gel Fractionation Method 

(Method 7: Silica Gel Fractionation of Extractable Petroleum Hydrocarbons, 
Sept 2001, version 2.14).  The fractionation method produces two discrete 
sample extracts for analysis: the aliphatic and aromatic fractions.  This 
cleanup method produces a single extract, which is equivalent to a 
combination of the aliphatic and aromatic fractions from Method 7. 

 
 Where acceptable to the ministry, silica gel treated EPH results are intended 

for comparison against CSR LEPH/HEPH standards, or against EPH 
standards where they exist. LEPH and HEPH cannot be calculated from the 
silica gel treated EPH parameters.  The ministry does not plan to issue 
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discrete standards for the silica gel treated EPH results, because the cleanup 
procedure is not appropriate for indiscriminate use. 

 
 Appropriate circumstances for the use of this cleanup method are situations 

where the end user of the analytical data has good reason to suspect that 
naturally occurring organics are present at a site, to an extent where EPH 
results would likely be significantly elevated.  For regulatory purposes, the 
ministry may require written disclosure to indicate when and why silica gel 
treated EPH results are submitted for comparison with CSR standards.  Silica 
gel treated EPH results must be reported with analyte descriptors that 
differentiate them from untreated EPH results, using an appended "sg".  
Consult the Director for further guidance. 

 
 Refer to the EPH methods for solids and water for further information about 

the use and applicability of EPH parameters. 
 
 This method contains numerous prescribed (required) elements, but is 

otherwise a Performance Based Method (PBM).  Prescriptive elements are 
included where necessary to maintain consistency of results among 
laboratories. 

  
Method Summary  Sample extracts obtained from the appropriate EPH method are exchanged 

to a non-polar solvent and are passed through a column containing 1 gram of 
100% activated silica gel.  Elution is achieved with a small volume of 1:1 
DCM:pentane or 1:1 DCM:hexane.  The eluted solvent is then concentrated 
and analyzed by the appropriate EPH analysis procedure. 

 
Matrix  Sample matrices to which this method is applicable, when used with the 

appropriate EPH method, include the following: 
 
 Soil 
 Sediment 
 Marine Sediment 
 Fresh Water 
 Waste Water 
 Marine Water 
 
Interferences and  
Precautions If samples are introduced to the silica gel column in a polar solvent, the 

effectiveness of the cleanup is reduced.  Even relatively trace levels of 
acetone in hexane (as little as 5%) can cause incomplete retention of fatty 
acids*.  

  
 Sample extracts containing more than approximately 30 mg of petroleum 

hydrocarbons may overload the retention capacity of a 1g silica gel column, 
and may require dilution prior to cleanup*.  

 
 Use of silica gel that is less than 100% activated (i.e. containing moisture) 

may reduce the effectiveness of the cleanup*. 
 
 Do not heat silica gel above 160°C, since it can oxidize at higher 

temperatures.  If Procedure Blanks indicate contamination problems, silica 
gel can be further cleaned by solvent extraction prior to use. 

 
 Contaminants present in solvents, reagents and sample processing hardware 

may cause interferences or yield artifacts.  All of these should be routinely 
monitored and demonstrated to be free of interferences under the conditions 
of the routine analysis of Method Blanks and/or Procedure Blanks. 
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 * Note:  The Capric Acid Reverse Surrogate provides a positive control for all three of the 
potential problems listed above. 

 
Health and Safety  
Precautions The toxicity and carcinogenicity of chemicals used in this method have not 

been precisely defined. Treat all chemicals used in this method as a potential 
health hazard.  To ensure your personal safety and the safety of co-workers, 
read and understand the Material Safety Data Sheets (MSDS) for all 
chemicals used. 

 
Sample Collection  
and Preservation Refer to the appropriate EPH method for specific details on sample collection 

and preservation. 
 
 Maximum holding time for refrigerated extracts is 40 days.  Where holding 

times are exceeded, data must be qualified. 
 
Apparatus and  
Support Equipment 5-10 cm tall x 10-15 mm i.d. glass chromatography columns 
 Nitrogen blowdown system 
 Micro-syringes 
 Oven (Capable of 130oC) 
 7-15 mL glass extract vials 
 GC autosampler vials with Teflon-lined lids 
 Balance (sensitive to at least 0.1 grams) 
 
Reagents and  
Standards  a) Reagents 
 
 Use analytical grade or better for all reagents: 
 
  Silica gel, approximately 60-120 mesh 
  Dichloromethane (DCM) 
  Hexane and/or Pentane 
  Iso-octane (2,2,4-trimethyl-pentane) or Toluene 
  Sodium sulfate, anhydrous 
  Glass wool, silanized 
  Capric acid 
 
 b) Standard Solutions 
 
 EPH Calibration Standard Stock Solution 
 
 Prepare an EPH Calibration Standard Stock Solution in DCM containing 

1,000 ug/mL of each of decane (nC10), dodecane (nC12), hexadecane 
(nC16), nonadecane (nC19), eicosane (nC20), dotriacontane (nC32), 
naphthalene, phenanthrene, and pyrene.  Ensure all components are fully 
dissolved before use.  Warm the solution and/or place in an ultrasonic 
bath if necessary to re-dissolve any precipitated components.  Store 
refrigerated. 

 
 EPH Cleanup Spike Solution 
 
 Dilute the EPH Calibration Standard Stock Solution to make an EPH 

Cleanup Spike Solution in hexane, containing 50 ug/mL of each 
component of the EPH Calibration Standard Stock Solution.  Warm the 
solution and mix well before use to ensure complete dissolution of all 
components.  Store refrigerated. 
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 Capric Acid Stock Solution 
 
 Prepare a Stock Solution of Capric Acid at approximately 10,000 ug/mL 

in 1:1 DCM:hexane.  Ensure that the capric acid is fully dissolved before 
using the solution.  Warm the solution and/or place in an ultrasonic bath if 
necessary to re-dissolve any precipitated components.  Store 
refrigerated. 

 
 Capric Acid Spike Solution 
 
 Dilute the Capric Acid Stock Solution to make a Capric Acid Spike 

Solution at 1,000 ug/mL in hexane.  Warm the solution and mix well 
before use to ensure complete dissolution.  Store refrigerated. 

 
Quality Control (QC) a) General QC Requirements 
 
 Both required and recommended QC elements are described within this 

section. 
 
 Samples are prepared in a set that is referred to as a preparation batch, 

and are analyzed by GC-FID in a set that is referred to as an analysis 
batch.  Refer to the applicable EPH Water or Soil method for additional 
Method QC requirements. 

 
 If any of the specified acceptance criteria for Procedure QC cannot be 

met for the analysis of a given sample, then the data reported for that 
sample must be appropriately qualified. 

 
 b) Procedure QC 
 
 Procedure QC samples must begin at the start of the cleanup procedure 

and must be carried through to the end of the analysis component of the 
appropriate method.  Procedure QC samples are intended to measure 
average procedure performance over time, and to control the 
performance of the procedure under a statistical process control model. 

 
  Procedure Blank 
 

 REQUIRED
*
 - Recommended frequency of 1 per preparation batch 

of no more than 50 samples.  Procedure Blanks help to identify 
whether the cleanup process may be a source of contamination. If a 
Procedure Blank result is above a Reported Detection Limit for a 
sample within a preparation batch, the data report for that sample 
must be qualified. 

 
 Prepare a Procedure Blank by processing 1.0 mL of hexane through the 

cleanup process, and analyze together with samples processed in the 
same preparation batch. 

 
 

 * The Method Blank for a sample being cleaned-up by this procedure may be 
processed in lieu of the Procedure Blank. 

   
 EPH Cleanup Spike 
 
 REQUIRED - Minimum frequency of 1 per preparation batch of no 

more than 50 samples.  EPH Cleanup Spikes evaluate whether the 
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cleanup is functioning effectively by monitoring the recovery of 
selected aliphatic and aromatic compounds through the process. 

 
 Prepare an EPH Cleanup Spike by processing 1.00 mL of the EPH 

Cleanup Spike Solution through the cleanup process, and analyze 
together with samples processed in the same preparation batch. 

 
 It is recommended that the Capric Acid Reverse Surrogate also be added 

to the EPH Cleanup Spike Sample. 
 
 Calculate the recovery of each component of the mixture by quantitation 

against the appropriate component of the EPH Calibration Standard (i.e. 
calculate naphthalene against naphthalene). 

 
 Long-term averages of component recoveries should be between 70% 

and 115% for nC10, nC12, and naphthalene, and between 85% and 
115% for phenanthrene, pyrene, and for the n-alkanes nC16 through 
nC32. 

 
 The Control Limits applied for individual Cleanup Spikes are at the 

discretion of the laboratory, but must lie within the ranges of 60-125% for 
C10, C12, and naphthalene, and within 70-125% for phenanthrene, 
pyrene, and for the n-alkanes C16 through C32. 

 
 Capric Acid Reverse Surrogate 
 
 REQUIRED – A Capric Acid Reverse Surrogate must be added to all 

sample and QC sample extracts immediately prior to silica gel 
cleanup.  Capric acid is a fatty acid that should be 100% retained by 
the silica gel column (this is the reverse of most surrogates, which 
should ideally be 100% recovered).  

 
 Capric Acid was selected as the reverse surrogate because it does not 

co-elute with components of the EPH Cleanup Spike or Calibration 
Standard. 

 
 The Capric Acid Reverse Surrogate is added to each sample at an 

amount equivalent to approximately 500 ug/mL in the final extract.  The 
Capric Acid Reverse Surrogate may be spiked either into the sample 
extract or directly onto the silica gel column prior to addition of the sample 
extract. 

 
 Capric acid must be added to the EPH Calibration Standard (i.e. the 

working concentration GC-FID standard) so that identification and 
quantitation of capric acid in samples may be performed. 

 
 If the recovery of capric acid is >1% for any sample, then the cleanup 

process should be repeated, or the data for that sample must be qualified 
to indicate that cleanup effectiveness may have been incomplete. 

 
 c) Method QC 
 
 Method QC samples are carried through all stages of sample preparation 

and measurement. They are intended to measure average method 
performance over time, and to control method performance under a 
statistical process control model. 
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 Because this method is not intended for routine application to all samples 
within a processing batch, Method Blanks or EPH Method Performance 
Spikes are not required to be carried through the cleanup procedure, 
provided that the Procedure QC steps described in section 11.2 are 
followed. 

 
 Surrogate Compounds 
 
 The use of alkane or aromatic Surrogate compounds are strongly 

recommended for this procedure (in combination with the EPH water and 
soil methods).  Two surrogates that have been used successfully with 
these methods are 5-methyl-nonane and nC35 (pentatriacontane), both 
of which elute outside the EPH10-19 and EPH19-32 ranges.  A volatile 
surrogate (i.e. 5-methyl nonane) is particularly important to monitor 
evaporative losses.  Unlike the Capric Acid Reverse Surrogate, alkane or 
aromatic surrogates should be quantitatively recovered by this procedure. 

 
Sample Preparation  
Procedure  a) Silica Gel Column Preparation 
 
 Bake silica gel (approximately 60-120 mesh) at 130°C for 16 hours or 

more, using a beaker or shallow glass dish covered with aluminum foil.  
Remove from the oven, place in a desiccator, and allow to cool. 

 
 Prepare a small glass chromatography column for use.  Optimal 

dimensions of the column are approximately 5-10 cm in height, with a 10-
15 mm i.d.  The column should have a glass frit base or should use an 
appropriate filter.  Use of a stopcock is optional.  The column should be 
able to contain 1g of silica gel together with about 5mL of solvent. 

 
 Weigh (1.0 ± 0.1) grams of 100% activated silica gel into a prepared 

chromatography column.  
 
 b) Preparation of Extracts 
 
 For this procedure, the sample extract should be dissolved in an aliphatic 

solvent.  If it is not, then the efficacy of the cleanup must be verified prior 
to use, as indicated in section 14.1, Initial Validation of EPH Cleanup 
Method. 

 
 The following solvent-exchange procedure is recommended for EPH 

solid samples which originate from a hexane:acetone extract:  Measure 
an exact portion of the hexane:acetone extract (10-20% is 
recommended, if detection limit requirements can be met).  Add a volume 
of reagent water approximately equal to the volume of the 
hexane:acetone portion selected.  The extract should partition into two 
phases.  Discard most of the lower aqueous layer (water plus acetone).  
Then wash the hexane a second time with the same volume of reagent 
water that was used for the first wash*. Separate the upper hexane layer 
(or a quantitative portion of it) for the silica gel cleanup step. Discard the 
lower aqueous layer.  Concentration by nitrogen blowdown or by the 
Kuderna-Danish technique may be necessary to bring the total hexane 
volume to approximately 2 mL. 

 
 *  The second water wash is necessary to reduce residual acetone levels to about 3%.  

If only one water wash is used, the cleanup effectiveness is reduced, and the silica 
gel will not fully retain fatty acids, including the Capric Acid Reverse Surrogate. 
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 Spike each sample extract with 500 uL of the 1,000 ug/mL Capric Acid 
Spike Solution. 

 
 If the portion of sample extract being cleaned up is expected to contain 

more than approximately 30 mg of petroleum hydrocarbon material, it 
should be diluted to prevent the possible overloading of the adsorptive 
capacity of the silica gel. Incomplete retention of the Capric Acid Reverse 
Surrogate may be an indication that the capacity of the silica gel has 
been exceeded. 

 
 c) Silica Gel Cleanup Procedure 
 
 Add enough hexane to more than cover the silica gel.  If necessary, mix 

the hexane and silica gel with a Pasteur pipette to eliminate air bubbles. 
 
 After the silica gel has settled, add about a 1/4 cm layer of anhydrous 

sodium sulfate to the top of the column. 
 
 Add 5-10 mL of DCM to the column, while eluting to waste. When the 

solvent reaches the top of the column, add about 10 mL of hexane, and 
elute this to waste also.  If the silica gel dries before the sample is added, 
repeat the hexane addition step, again eluting to waste. 

  
 Quantitatively add the sample extract (or an exact portion of the extract) 

to the top of the column.  Begin collecting the eluant immediately into a 
suitable glass vial (i.e. 7-15 mL volume). 

 
 Rinse the extract vial with two portions of 0.5 mL of 1:1 DCM:pentane or 

1:1 DCM:hexane, adding the rinsings each time to the silica gel column. 
 
 Add an additional 4-6 mL of DCM:pentane or 1:1 DCM:hexane to 

complete the elution of the column (pentane is recommended over 
hexane to reduce losses of volatile EPH components during nitrogen 
blowdown).  The exact volume required to completely elute the column 
can vary with column dimensions and packing density, and should be 
verified during method validation and with daily quality control samples. 

  
 Add 1 mL iso-octane or toluene to the vial to act as a non-volatile keeper 

solvent during the solvent removal step (minimizes the likelihood of over-
evaporation of solvent). 

 
 Concentrate the extract to an accurate final volume of 1.00 mL using a 

nitrogen blowdown system.  Dilutions or larger final extract volumes may 
be appropriate for higher level samples.  

 
 Avoid concentration of the extract to below 0.5 mL, or severe losses of 

volatile components may result. 
 
 If extracts have been stored in a refrigerator, warm them to room 

temperature and mix gently before dispensing them into GC autosampler 
vials. 

 
 d) Analysis Procedure 
 
 Transfer a portion of the extract to a GC autosampler vial and analyze by 

GC/FID following the procedures specified in the appropriate BC WLAP 
EPH method.  Store remaining extract at 4°C for up to 40 days in case 
re-analysis is required. 
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 Ensure that EPH Calibration Standards contain capric acid, so that the 

reverse surrogate may be identified and quantitated. 
 
 Report Silica-Gel Treated EPH results as follows: 
 

  EPH 10-19 Fraction EPH 19-32 Fraction 
Water Samples EPHW10-19(sg) EPHW19-32(sg) 
Sediment/Soil Samples EPHS10-19(sg) EPHS19-32(sg) 

 
Method Validation Initial Method Validation requirements as outlined below must be completed 

before this method may be used to generate EPH results for unknown 
samples. 

 
 a) Initial Validation of EPH Cleanup Method 
 
  Before proceeding with further validation steps, verify that the method as 

used meets the requirements outlined below by performing at least one 
EPH Cleanup Spike (see section 11.2.2). 

 
  The method must be validated using exactly the same solvent or solvent 

mixture that is used for samples. 
 
  Note: If extracts are dissolved in polar solvents (i.e. DCM or toluene), a 

1:1 dilution with hexane or pentane prior to the cleanup step improves the 
likelihood of meeting the capric acid retention criteria. 

 
  A key component of the validation of this method is to verify or optimize 

the required volume of DCM:hexane elution solvent required to fully elute 
all the alkane and PAH components of the EPH Cleanup Spike, which 
may vary depending on the dimensions of the silica gel column used. 

 
  For the Initial Validation, the recovery (or average recovery if multiple 

spikes are performed) of each component must be between 85% and 
115% for the n-alkanes nC16 through nC32 and for phenanthrene and 
pyrene, and between 70% and 115% for nC10, nC12, and naphthalene. 

 
  Capric acid in the Cleanup Spike must be > 99% removed by the cleanup 

procedure.  Normally, no capric acid whatsoever should be detected. 
 
 b) Method Detection Limits 
 
  Apply the MDLs determined during method validation of the applicable 

BC WLAP EPH method as the MDLs for the EPH silica gel treated 
parameters.  If the cleanup process introduces a dilution factor over the 
standard EPH method, MDLs should be correspondingly increased. 

 
 c) Reporting Detection Limits 
 
  A Reporting Detection Limit is defined as the detection limit for an 

analytical parameter that is reported to a client or end-user of the data. 
 
  The laboratory’s Reporting Detection Limits should be below any 

regulatory criteria values or regulatory standards specified by BC WLAP 
or other applicable regulatory body. 
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 d) Accuracy and Precision 
 
  Refer to the applicable BC WLAP EPH method.  No single laboratory or 

interlaboratory data was generated for this method from the 1998 BC 
WLAP interlaboratory study. 

 
  The accuracy and precision of this cleanup procedure may be estimated 

by analyzing replicate EPH Cleanup Spikes, and by assessing average 
component recoveries and the standard deviations of those recoveries. 

 
Use of Alternative  
Methods This method contains prescribed (required) elements which may not be 

modified.   
 
 Modification or omission is not permitted to anything described within the 

method text as “required” or preceded by the word “must”.  The prescribed 
requirements of the method are listed below. 

 
 a) Prescribed Elements 
 
 Laboratories that report data for regulatory purposes may not alter any 

method conditions listed in this section without prior written permission by 
BC WLAP: 
• Every laboratory that uses this method, whether modified or not, 

must validate the method (as used) following the protocols 
described in section 14.1. 

• All “REQUIRED” QC elements from section 11 must be completed 
as specified.  Where requirements are not met, data must be 
qualified. 

• Maximum holding time of refrigerated extracts prior to cleanup is 40 
days after extraction.  Where holding times are exceeded, data 
must be qualified. 

• The cleanup must utilize a column of 100% activated silica gel.  “In-
situ” cleanup techniques (where silica gel is simply mixed with the 
sample extract) are not permitted. Preliminary studies have shown 
that in-situ cleanups can be considerably less effective than column 
techniques for the removal of medium polarity biogenic material. 

• A minimum of one gram of silica gel per 5-20 grams of wet 
sediment extracted or per 500-1000 mL water sample must be used 
as the adsorption medium.  Commercially prepared silica gel 
cartridges are acceptable if validation and QC requirements are 
met, and if they introduce no significant impurities (e.g. phthalates, 
BHT). 

• The elution solvent for this method must be a 1:1 mixture of DCM 
with an aliphatic solvent (pentane or hexane are recommended due 
to their volatility). 

• The EPH Cleanup Spike must be prepared in the same solvent that 
is used for samples. 

• Use of a low volatility “keeper” solvent is required during solvent 
concentration steps (iso-octane or toluene is recommended). 

• Silica gel treated EPH results must be reported with analyte 
descriptors that differentiate them from untreated EPH results, using 
an appended "sg". 

• Recovery of the Capric Acid Reverse Surrogate must be <1% for all 
samples (i.e. capric acid retention must be greater than 99%).  If 
not, the data for that sample must be qualified to indicate that 
cleanup effectiveness may have been incomplete. 
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 b) Performance Based Method Changes 
 
  This is a Performance Based Method.  Unless prohibited in section 15.1 

or elsewhere, modifications to this method are permitted, provided that 
the laboratory possesses adequate documentation to demonstrate an 
equivalent or superior level of performance.  Laboratories that modify this 
method must achieve all specified Quality Control requirements, and 
must maintain on file the Standard Operating Procedures that thoroughly 
describe any revised or alternate methods used at any time following the 
initial adoption of this method by BC WLAP. This information must be 
available in the event of audit by BC WLAP or clients. 

 
  No additional equivalence testing procedures have been formalized for 

this procedure. However, it is strongly recommended that any 
modifications that might be expected to impact the effectiveness of the 
procedure be evaluated using extracts of samples which are high in 
naturally occurring organics (e.g. decomposing leaf or plant material, 
wood waste, peat, etc.). Refer to the analytical methods for EPH for 
further guidance on equivalence test procedures. 
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Columbia, July 1, 2003. 
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Monitoring and Reporting Section, Water, Air and Climate Change 
Branch, Ministry of Water, Land and Air Protection, Province of British 
Columbia, July 1, 2003. 
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Analysis of Petroleum Hydrocarbons in Environmental Media, page 38, 
March 1998, Wade Weisman (editor), Amherst Scientific Publishers. 

 
 4) Silica Gel Fractionation of Extractable Petroleum Hydrocarbons (Method 

7), Revision Date September 2001, British Columbia Environmental 
Laboratory Manual For the Analysis of Water, Wastewater, Sediment, 
Biological Materials and Discrete Ambient Air Samples, 2003 Edition. 
Water and Air Monitoring and Reporting Section, Water, Air and Climate 
Change Branch, Ministry of Water, Land and Air Protection, Province of 
British Columbia, July 1, 2003. 
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PBM Hydrocarbons 

Revision Date: September 2001 
 

 

Silica Gel Fractionation of Extractable Petroleum Hydrocarbons 
 
Parameters and Analyte Symbols 
 
Aliphatic Extractable Petroleum Hydrocarbons(nC10-nC19) in water Analyte Code: Aliphatic-EPHW10-19  
Aromatic Extractable Petroleum Hydrocarbons(nC10-nC19) in water Analyte Code: Aromatic-EPHW10-19  
Aliphatic Extractable Petroleum Hydrocarbons(nC10-nC19) in solids Analyte Code: Aliphatic-EPHS10-19  
Aromatic Extractable Petroleum Hydrocarbons(nC10-nC19) in solids Analyte Code: Aromatic-EPHS10-19  
 
Aliphatic Extractable Petroleum Hydrocarbons(nC19-nC32) in water Analyte Code: Aliphatic-EPHW19-32 
Aromatic Extractable Petroleum Hydrocarbons(nC19-nC32) in water Analyte Code: Aromatic-EPHW19-32 
Aliphatic Extractable Petroleum Hydrocarbons(nC19-nC32) in solids Analyte Code: Aliphatic-EPHS19-32 
Aromatic Extractable Petroleum Hydrocarbons(nC19-nC32) in solids Analyte Code: Aromatic-EPHS19-32 
 
Analytical Method Aliphatic/Aromaticfractionation by Silica Gel adsorption column 

chromatography. 
 

Refer to specific EPH methods for instrumental analysis procedures: 
 

a) Extractable Petroleum Hydrocarbons in Solids by GC-FID, July 1999, 
version 2.1 (1). 

b) Extractable Petroleum Hydrocarbons in Water by GC-FID, July 1999, 
version 2,1 (2). 

 
Introduction This method is used in conjunction with the BCMELP methods for Extractable 

Petroleum Hydrocarbons in Solids and Water by GC-FID. 
 

The method uses silica gel to physically separate the components of 
Extractable Petroleum Hydrocarbons (EPH) based on their polarities, 
producing two “fractions” for further analysis: an aliphatic fraction and an 
aromatic fraction.  Each of these fractions is then analyzed by GC-FID using 
the same procedures as for EPH10-19 and EPH19-32 in solids or water.  Highly 
polar sample components are irreversibly retained on the silica gel, and are 
not analyzed.  Thus, for a given EPH boiling point fraction, the sum of the 
aliphatic and aromatic EPH results should be less than or equal to the 
unfractionated EPH result (within the range of normal analytical variability). 

 
The method can be used as a means to distinguish between naturally 
occurring and petroleum based hydrocarbons, based on the premise that 
most naturally occurring hydrocarbons are polar, and so will be irreversibly 
retained by silica-gel.  Examples of polar naturally occurring hydrocarbons 
include humic acids, fatty acids, and resin acids.  Note that some naturally 
occurring compounds with medium polarities may elute partially or completely 
in the aromatic fraction as described by this method. 

 
In addition to quantitative numerical results, this method generates FID 
chromatograms that can sometimes be used to characterize the type of 
petroleum hydrocarbon mixture present in the sample. 

 
This method contains numerous prescribed (required) elements, but it is 
otherwise a Performance Based Method (PBM).  Prescriptive elements are 
included where necessary to maintain consistency of results among 
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laboratories.  British Columbia Ministry of  Environment, Lands and Parks 
encourages method innovations and supports the performance based 
methods approach, but recognizes that the application of performance based 
methods to method-defined aggregate parameters like Extractable Petroleum 
Hydrocarbons is somewhat limited. 

 
Refer to the EPH methods for solids and water for further information about 
the use and applicability of EPH parameters. Note that unlike the LEPH and 
HEPH parameters, PAHs are not subtracted from the Aliphatic and Aromatic 
EPH parameters. 

 
Method Summary Iso-octane sample extracts from the appropriate EPH method are separated 

into aliphatic and aromatic fractions using a 7 gram column of 100% activated 
silica gel. The aliphatic fraction is eluted with hexane.  The aromatic fraction 
is eluted with 50% DCM in hexane. The resulting extracts are concentrated 
and analyzed by the appropriate EPH analysis procedure. 

 
Matrix This method requires that sample extracts be prepared in an appropriate 

aliphatic solvent (iso-octane is strongly recommended). 
 

Sample matrices to which this method is applicable, when used with the 
appropriate EPH method, include the following: 

 
Soil 
Sediment 
Marine Sediment 
Fresh Water 
Waste Water 
Marine Water 

 
Interferences and  
Precautions Contaminants present in solvents, reagents and sample processing hardware 

may cause interferences or yield artifacts.  All of these should be routinely 
monitored and demonstrated to be free of interferences under the conditions 
of the routine analysis of method blanks. 

 
Sample extracts must be introduced to the silica gel column in an appropriate 
aliphatic solvent (iso-octane is strongly recommended).  The presence of 
residual polar solvents (e.g., DCM, toluene, acetone) in sample extracts may 
cause some aromatic compounds to elute in the aliphatic fraction. 

 
Keep the silica gel column fully wetted and below the solvent level throughout 
this procedure. Air pockets within the column can create selective paths 
through the column which can influence component retention. 

 
For a 7g silica gel column, sample extracts containing more than 
approximately 200mg of petroleum hydrocarbons may overload the retention 
capacity of the column, and should be diluted prior to fractionation. 

 
Never heat silica gel above 160°C, since it can oxidize at higher 
temperatures.  If Procedure Blanks indicate contamination problems, silica 
gel can be solvent extracted prior to use. 

 
Health and Safety  
Precautions The toxicity and carcinogenicity of chemicals used in this method have not 

been precisely defined. Treat all chemicals used in this method as a potential 
health hazard.  To ensure your personal safety and the safety of co-workers, 
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read and understand the Material Safety Data Sheets (MSDS) for all 
chemicals used. 

 
Sample Collection  
and Preservation Refer to the appropriate EPH method for specific details on sample collection 

and preservation. 
 

Maximum holding time for refrigerated extracts is 40 days.  Where holding 
times are exceeded, data must be qualified. 

 
Apparatus a)   Glassware and Support Equipment 
 

25-30 cm x 10 mm i.d. glass chromatography columns with 250mL 
reservoir 
Teflon stop-cocks for above 
Kuderna-Danish Concentrator system (or rotary evaporator) 
250 mL Kuderna-Danish (KD) flasks (or round bottom flasks) 
Nitrogen blowdown system 
Micro-syringes 
Oven (Capable of 130oC) 
100 mL Graduated cylinders 
50 mL beakers 
Glass extract vials and GC autosampler vials with Teflon-lined lids 
Balance (sensitive to at least 0.1 grams) 
 

Reagents and  
Standards  a) Reagents 
 

Use analytical grade or better for all reagents. 
 
Silica gel, 60-120 mesh, baked at 130oC for a minimum of 16 hours 
Dichloromethane (DCM) 
Hexane and/or Pentane 
Iso-octane (2,2,4-trimethyl-pentane) 
Sodium sulfate, Anhydrous 
Glass wool, silanized 

 
b) Calibration Standard Stock Solution 
 

Prepare a Calibration Standard Stock Solution in DCM containing 1,000 
ug/mL of each of decane (nC10), dodecane (nC12), hexadecane (nC16), 
nonadecane (nC19), eicosane (nC20), dotriacontane (nC32), 
naphthalene, phenanthrene, and pyrene.  This mixture may be purchased 
commercially or prepared from neat standards.  Ensure all components 
are fully dissolved before use.  Warm the solution and/or place in an 
ultrasonic bath if necessary to re-dissolve any precipitated components.  
Store refrigerated at (4 ± 4)°C. 

 
EPH Fractionation  
Performance Check  
Solution Prepare a 50 ug/mL EPH Performance Check Solution in iso-octane by 

diluting the 1,000 ug/mL Calibration Standard Stock Solution.   Warm the 
solution and mix well before use to ensure complete dissolution of all 
components.       Store refrigerated at (4 ± 4)°C.  
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Quality Control (QC) a) General QC Requirements 
 
  Each laboratory that uses this method is required to follow a formal, 

internally documented Quality System, as outlined in CAN/CSA-Z753 (3).  
Required and recommended QC elements are described within this 
section. 
 
Samples are prepared in a set that is referred to as a preparation batch, 
and are analyzed by GC in a set that is referred to as an analysis batch.  
Only QC related to preparation batches are discussed within this method.  
 
If any of the specified acceptance criteria for Procedure QC cannot be 
met for the analysis of a given sample, then the data reported for that 
sample must be appropriately qualified. 

 
QC requirements are described for each of the EPH10-19 and EPH19-32 
parameters.  If this method is used to report only one of these 
parameters, then only those QC criteria that are relevant to that 
parameter need be satisfied. 

 
b) Procedure QC 
 

 Procedure QC samples must begin from the start of a given procedure 
(i.e. this fractionation procedure) and must be carried through to the end 
of the analysis component of the appropriate method so that numerical 
results may be generated.  They are intended to measure average 
procedure performance over time, and to control procedure performance 
under a statistical process control model. 

 
Procedure Blank  
 
OPTIONAL* - Recommended frequency of 1 per preparation batch of no 
more than 50 samples.  Procedure Blanks help to identify whether the 
fractionation process may be a source of contamination. If a Procedure 
Blank result is above a Reported Detection Limit for a sample within a 
preparation batch, the data report for that sample must be qualified (it 
may be acceptable to increase the Reported Detection Limit of affected 
sample results to a level above that of the Procedure Blank result). 

 
Prepare a Procedure Blank by processing 1.0 mL of iso-octane through 
the fractionation process, and analyze together with samples processed 
in the same preparation batch. 

 
 

 * If the Method Blank for a sample being fractionated by this procedure is 
not also carried through the fractionation procedure, then the analysis of 
a Procedure Blank is required. 

 
 EPH Fractionation Performance Check Spike 
 
 OPTIONAL* - Recommended frequency of 1 per preparation batch of no 

more than 50 samples.  EPH Fractionation Performance Check Spikes 
evaluate whether the aliphatic / aromatic fractionation is occurring as 
expected.  

 
 Prepare an EPH Fractionation Performance Check Spike by processing 

1.00 mL of the EPH Fractionation Performance Check Solution through 
the fractionation process, and analyze together with samples processed 
in the same preparation batch. 
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 Calculate the recovery of each component of the mixture by quantitation 

against the appropriate component of the EPH Calibration Standard (i.e. 
calculate naphthalene against naphthalene).  Calculate aromatic 
component recoveries from the aromatic fraction, and calculate aliphatic 
component recoveries from the aliphatic fraction. 

 
 The recovery of each component should normally be between 85% and 

115% for nC13 through nC32, and between 70% and 115% for nC10, 
nC12, and naphthalene.  No more than 5% of any of the compounds in 
the EPH Instrument Performance Check Standard may elute in the wrong 
fraction (i.e., less than 5% of any aromatic component should be found in 
the aliphatic fraction, and less than 5% of any aliphatic component should 
be found in the aromatic fraction).   

 
* If the EPH Method Performance Spike for a sample being fractionated 
by this procedure is not also carried through the fractionation procedure, 
then the analysis of an EPH Fractionation Performance Check Spike is 
required, using the same acceptance criteria. 

 
c) Method QC 
 

Method QC samples are carried through all stages of sample preparation 
and measurement. They are intended to measure average method 
performance over time, and to control method performance under a 
statistical process control model. 

 
For all samples processed through this fractionation procedure, their 
corresponding Method Blanks and EPH Method Performance Spikes 
should, where possible, be carried through the fractionation procedure as 
well.  If not, then a Procedure Blank and/or EPH Fractionation 
Performance Check Spike must be analyzed instead. 

 
Sample Preparation  
Procedure  a) Silica Gel Column Preparation Procedure 
 

Bake 60-120 mesh silica gel at 130°C for 16 hours or more, using a 
beaker or glass dish covered with aluminum foil.  Remove the beaker 
from the oven, place in a desiccator, and allow to cool. 

 
Assemble a 25-30 cm x 10 mm i.d. chromatography column with a glass 
wool plug inserted just above the Teflon stopcock.  Close the stopcock.  
Add a few mL of DCM to the column and remove any air bubbles from 
the glass wool. 

 
Weigh (7.0 ± 0.2) grams of 100% activated 60-120 mesh silica gel into a 
50 mL beaker. Immediately add enough DCM to cover the silica gel.  
Swirl the solution to create a slurry. Pour the slurry into the column.  
Rinse the beaker with 5 mL aliquots of DCM until all the silica gel has 
been transferred to the column. 

 
Add a 1 cm layer of anhydrous sodium sulphate to the top of the silica 
gel.  Open the stopcock and drain excess DCM from the column until the 
top of the sodium sulphate is just reached. 

 
Add 40.0 mL hexane or pentane to the column.  Elute to waste.  When 
solvent reaches the top of the column packing turn off stopcock. 

 



D - 195 

b) Sample Fractionation Procedure 
 
 Ensure sample extract is prepared in an aliphatic solvent (iso-octane 

recommended). 
 

If a sample extract is expected to contain more than approximately 200 
mg of petroleum hydrocarbon material, dilute it prior to fractionation to 
prevent overloading the adsorption capacity of the silica gel. 

 
Quantitatively add the sample extract (or a quantitative fraction of the 
extract) to the top of the column.  The total volume of extract introduced 
to the column should not exceed 2.0 mL.  Open the stopcock and elute to 
waste until the solvent reaches the top of the column material. 

 
Rinse the extract vial with two portions of 0.5 mL of hexane.  Open the 
stopcock and elute to waste until the solvent reaches the top of the 
column material. 

 
Place a KD collection flask (or round bottom flask) below the column.  
Add (25 ± 1) mL of hexane or pentane to column, open the stopcock and 
begin collecting the aliphatic fraction (F1). Turn off the stopcock when the 
solvent reaches the top of the packing.  [Note:  If napthalene is found to 
partially elute in F1 of the EPH Fractionation Performance Check Spike, 
the elution volume for F1 may be reduced.] 

 
Place a second KD collector flask (or round bottom flask) below the 
column.  Add (40 ± 2) mL of 50:50 DCM:Hexane or 50:50 DCM:Pentane 
to the column, open the stopcock and collect the aromatic fraction (F2). 
Collect this fraction until the column is completely drained. 

 
Add 1 mL (or more) iso-octane to each flask to act as a keeper solvent 
for volatile analytes during the solvent removal step (prevents accidental 
total evaporation of solvent).  If the sample extract was initially prepared 
in iso-octane prior to fractionation, it may not be necessary to add more 
iso-octane to the aliphatic fraction (F1). 
 
Concentrate each extract to an accurate final volume of 1.00 mL using 
the Kuderna-Danish concentrator (or rotary evaporator) and a nitrogen 
blowdown system.  Average error in the final volume must be no greater 
than 3%.  Dilutions or larger final extract volumes may be appropriate for 
higher level samples.  
 
Never concentrate the final extract to below 0.5 mL, or severe losses of 
volatile components may result. 
 
If extracts have been stored in a refrigerator, warm them to room 
temperature and mix gently before dispensing them into GC autosampler 
vials. 

 
Analysis Procedure Transfer a portion of the extract to a GC autosampler vial and analyze by 

GC/FID following the procedures specified in the appropriate BCMELP EPH 
method.  Store remaining extract at 4°C for at least 40 days in case re-
analysis is required. 
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Report EPH results for Fraction 1 (Aliphatics) as: 
  

F1-Aliphatic Results EPH 10-19 Fraction EPH 19-32 Fraction 
Water Samples Aliphatic-EPHW10-19 Aliphatic-EPHW19-32 
Sediment Samples Aliphatic-EPHS10-19 Aliphatic-EPHS19-32 

 
Report EPH results for Fraction 2 (Aromatics) as: 
 

F2-Aromatic Results EPH 10-19 Fraction EPH 19-32 Fraction 
Water Samples Aromatic-EPHW10-19 Aromatic-EPHW19-32 
Sediment Samples Aromatic-EPHS10-19 Aromatic-EPHS19-32 

 
Method Validation  Initial Method Validation requirements as outlined below must be completed 

before this method may be used to generate EPH results for unknown 
samples. 

 
a) Initial Verification of EPH Fractionation Efficiency 
 

Before proceeding with further validation steps, verify that the method as 
used meets the fractionation efficiency requirements outlined below by 
performing at least one EPH Fractionation Performance Check Spike 
(see section 11.2.2). 

 
The recovery (average recovery if multiple spikes are performed) of each 
component must be between 85% and 115% for nC16 through nC32, 
including phenanthrene and pyrene, and between 70% and 115% for 
nC10, nC12, and naphthalene. 

 
No more than 5% of any of the compounds in the EPH Instrument 
Performance Check Standard may elute in the wrong fraction (i.e., no 
more than 5% of any aromatic component may be found in the aliphatic 
fraction, and no more than 5% of any aliphatic component may be found 
in the aromatic fraction).   

 
b) Method Detection Limits 
 

Apply the MDL’s determined during method validation of the applicable 
BCMELP EPH method as the MDL’s for the aliphatic and aromatic EPH 
parameters (see below).  

 
Table 1: EPH MDL’s to be applied to Aliphatic/Aromatic EPH parameters 
  

Fractionated EPH parameter: Code Use MDL for 
Aliphatic-EPH10-19 in water Alipathic-EPHW10-19 EPH10-19 in water 
Aromatic-EPH10-19 in water Aromatic-EPHW10-19 EPH10-19 in water 
Aliphatic-EPH19-32 in water Aliphatic-EPHW19-32 EPH19-32 in water 
Aromatic-EPH19-32 in water Aromatic-EPHW19-32 EPH19-32 in water 
 
 

 
 

 

Aliphatic-EPH10-19 in solids Aliphatic-EPHS10-19 EPH10-19 in solids 
Aromatic-EPH10-19 in solids Aromatic-EPHS10-19 EPH10-19 in solids 
Aliphatic-EPH19-32 in solids Aliphatic-EPHS19-32 EPH19-32 in solids 
Aromatic-EPH19-32 in solids Aromatic-EPHS19-32 EPH19-32 in solids 
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c) Reporting Detection Limits 
 

A Reporting Detection Limit is defined as the detection limit for an 
analytical parameter that is reported to a client or end-user of the data. 

 
Ensure that Reporting Detection Limits are below any regulatory criteria 
values or regulatory standards specified by BCMELP or other applicable 
regulatory body. 

 
d) Accuracy and Precision 
 

Refer to the applicable BCMELP EPH method.  No single laboratory or 
interlaboratory data was generated for this method from the 1998 
BCMELP interlaboratory study. 

 
The accuracy and precision of this fractionation procedure may be 
estimated by analyzing replicate EPH Fractionation Performance Check 
Spikes, and assessing average component recoveries and the standard 
deviations of those recoveries. 

 
Use of Alternative  
Methods This method contains several prescribed and required elements which may 

not be modified. These requirements are necessary due to the nature of 
aggregate parameters like Extractable Petroleum Hydrocarbons, where many 
components are calculated against a single calibration reference standard. 
This method has been specifically designed to minimize the relative bias 
among responses of common EPH components, and among EPH water and 
solids results generated by different laboratories.   

 
Modification or omission is not permitted to anything described within the 
method text as “required” or preceded by the word “must”.  Most of the 
prescribed requirements of the method  are summarized below. 

 
a) Prescribed Elements 
 

Laboratories that report data for regulatory purposes may not alter any 
method conditions listed in this section without prior written permission by 
BCMELP: 

 
• Every laboratory that uses this method, whether modified or not, 

must validate the method (as used) following the protocols described 
in section 14.1. 
 

• “REQUIRED” QC elements from section 11 must be completed as 
specified, and must pass all specified acceptance criteria, or sample 
data must be qualified. 
 

• Maximum holding time of refrigerated extracts prior to fractionation is 
40 days after extraction.  Where holding times are exceeded, data 
must be qualified. 
 

• A minimum weight of 5g of silica gel per 5-20 grams of wet sediment 
extracted must be used as the adsorption medium. Proportionately 
smaller quantities of silica gel may be used if only a portion of the 
extract is fractionated (e.g. 1g silica gel to fractionate one-fifth of the 
total extract). Commercially prepared silica cartridges are acceptable 
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only if a successful equivalence test has been performed and all 
method validation requirements have been met. 
 

• The sample extract must be dissolved in an aliphatic solvent (iso-
octane is recommended) prior to being loaded on the silica gel 
column.  If traces of polar solvents are present in the extract, ensure 
that the corresponding EPH Fractionation Performance Check Spike 
or Method Performance Check Spike is dissolved in an identical 
solvent to demonstrate that the effectiveness of the fractionation is 
not compromised. 
 

• The elution solvent for the aliphatic fraction (F1) must be a low-
boiling aliphatic solvent (e.g., hexane or pentane). 
 

• The elution solvent for the aromatic fraction (F2) must be composed 
of 50% DCM and 50% of a low-boiling aliphatic solvent (e.g. hexane 
or pentane). 
 

• Use of a low volatility “keeper” solvent is required during solvent 
concentration steps (iso-octane is recommended). 
 

b) Performance Based Method Changes 
 

This is a Performance Based Method.  Unless prohibited in section 15.1 
or elsewhere, modifications to this method are permitted, provided that 
the laboratory possesses adequate documentation to demonstrate an 
equivalent or superior level of performance.  Laboratories that modify this 
method must achieve all specified Quality Control requirements, and 
must maintain on file the Standard Operating Procedures that thoroughly 
describe any revised or alternate methods used at any time following the 
initial adoption of this method by BCWLAP. This information must be 
available in the event of audit by BCWLAP. 

 
Pay particular attention to the results of EPH Fractionation Performance 
Check Spikes (section 11.2.2), since this check evaluates the aliphatic / 
aromatic fractionation process.  Any modified method that cannot achieve 
the performance requirements of this QC check is not equivalent to the 
reference method. 

 
Modifications Where  
Equivalence Testing  
is Not Required  Except where expressly disallowed in section 15.1 or elsewhere, or where 

included in section 15.2, changes to the following components of this method 
are permitted if all specified quality control requirements of the method are 
achieved: 

 
• Apparatus (section 9) 
• Reagents and Standards (section 10) 
• Sample Preparation Procedure (section 12) 

 
The required QC elements contained within this method are deemed 
sufficient to identify potential biases introduced by permitted minor 
modifications within these sections. 
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Modifications Where  
Equivalence Testing  
is Required  Except where expressly disallowed in section 15.1 or elsewhere, changes to 

the following components of this method are permitted, but only if the 
laboratory has conducted and documented a rigorous test for equivalence to 
the reference method: 

 
• Use of commercially prepared silica gel cartridges (refer to section 12.1). 
• Use of less than the specified elution volumes for F1 and F2 (refer to 

section 12.2). 
 

An equivalence test for Sample Extraction Procedure modifications to this 
method involves a comparison of results from the modified method with 
results from the reference method for several appropriately selected sample 
extracts.  Tests for bias (mean accuracy) and precision are required.  Only 
one equivalence test is required to satisfy usage of this method for both 
solids and waters.   

 
 The equivalence test criteria must be satisfied for all of the analytes listed 

below: 
  
 Aliphatic-EPHW10-19 or Aliphatic-EPHS10-19 

 Aromatic-EPHW10-19 or Aromatic-EPHS10-19 
 Aliphatic-EPHW19-32 or Aliphatic-EPHS19-32 
 Aromatic-EPHW19-32 or Aromatic-EPHS19-32 
 

For any method that includes a modification that requires equivalence testing, 
a detailed report that demonstrates equivalence to the reference method by 
the procedure described below must be available to clients and to BCWLAP 
on request. 

  
Test for Bias of  
Modified Methods Compare results from the modified method with results from the reference 

method for several appropriately selected samples.  Both of the following 
sample types must be investigated: 

 
At least one appropriate Sample or Product Extract*.  The sample or product 
extract must be selected such that it can be used to effectively validate the 
fractionation process.  The extract must contain both EPH10-19 and EPH19-32 at 
≥ 3 times the laboratory’s routinely reported detection limits (≥ 5 times DL is 
recommended), AND must contain significant and detectable levels of 
aliphatic and aromatic components. Ideally, the extract should also contain 
significant levels of naturally occurring polar organics like humic or fatty acids.  
Spiked extracts of natural samples may be particularly useful for this 
purpose.  The sample or extract must be analyzed in triplicate (at minimum) 
by both the reference method and the modified method. Appropriate sample 
or product types for this procedure may include: 

 
• Petroleum-contaminated peat sample. 
• Peat sample spiked with diesel. 
• Bunker fuel. 

 
At least one soil / sediment Reference Material extract*.  While available, 
either of the two RMs analyzed within the 1998 BCMELP Hydrocarbon Round 
Robin are recommended to satisfy this requirement: 
 
• Resource Technology Corporation RTC CRM 355-100 
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• National Research Council of Canada HS3B 
 

Extracts for the selected Reference Material must be analyzed in triplicate (at 
minimum) by both the reference method and the modified method.  If either 
of the above RMs are unavailable, any other soil or sediment reference 
material(s) containing both EPH10-19 and EPH19-32 at ≥ 3 times the laboratory’s 
routinely reported detection limits may be substituted. 
 
*  Important:  For each sample extract type, all analyses by both 
methods should use sub-portions of the same extract!  Ensure that a 
sufficient quantity of the extract is produced to achieve the required 
number of analyses.  
 
For both (i) and (ii) above, compare the means obtained for each sample by 
the reference method and the modified method.  For each sample, one of the 
following must be satisfied: 
  
The means for each method must differ by less than 15% relative percent 
difference (RPD), where relative percent difference of X1 and X2 is defined 
as: 

 
      RPD = (X1 – X2) / mean(X1, X2) * 100% 
 OR, 
 
• The difference between the means for each method must not be 

statistically significant at the 95% confidence level, using a test for 
significance of the difference of two means, as described by John 
Keenan Taylor (7).  This test is summarized in Appendix I. 

 
If results for one or more samples do not meet one of the above criteria, 
additional replicates of the same samples may be analyzed, with the tests 
applied to the larger populations.  If necessary, either the Dixon or Grubbs 
outlier tests may be used to discard outlier datapoints (7). 
   

Test for Precision  
of Modified  Methods Modified methods must demonstrate a reasonable level of precision on 

replicate analyses of either of the two sample types analyzed in section 
15.2.2.1.  Analyze a minimum of 8 replicates of either sample type. 

 
    Replicates may be either “within-run” or “between-run”.  Within-run replicates 

normally demonstrate better precision. 
 
    Where necessary, outlier data points may be discarded if they satisfy either 

the Dixon or Grubbs outlier tests (7). 
 
    The modified method must demonstrate a precision of ≤ 20% relative 

standard deviation on all relevant EPH Aliphatic and Aromatic analytes. 
 
References a) British Columbia Ministry of Environment, Lands and Parks, July 1999, 

Extractable Petroleum Hydrocarbons in Solids by GC/FID, version 2.1. 
 
 b) British Columbia Ministry of Environment, Lands and Parks, July 1999, 

Extractable Petroleum Hydrocarbons in Water by GC/FID, version 2.1. 
 
 c) Canadian Standards Association, January 1995, Requirements for the 

Competence of Environmental Laboratories, CAN/CSA-Z753. 
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 d) Massachusetts Department of Environmental Protection, January 1998, 
Method for the Determination of Extractable Petroleum Hydrocarbons 
(EPH). 

 
 e) Office of Solid Waste, US Environmental Protection Agency, December 

1996, Method 3630C, Silica Gel Cleanup. 
 
 f) Laboratory and Systems Management, Environmental Protection 

Department, Ministry of Environment, Lands and Parks, Province of 
British Columbia, 1996, British Columbia Field Sampling Manual, Parts A 
& D. 

 
 g) Laboratory Services, Environmental Protection Department, Ministry of 

Environment, Lands and Parks, Province of British Columbia, 1994, 
British Columbia Environmental Laboratory Manual for the Analysis of 
Water, Wastewater, Sediment and Biological Materials, sections 2.17.3 
and 2.17.5. 

 
 h) John Keenan Taylor, 1990, Statistical Techniques for Data Analysis, 

Lewis Publishers, pages 75-78 and 98. 
 
Disclaimer Mention of trade names or commercial products does not constitute 

endorsement by the BC Ministry of Water, Land and Air Protection. 
 
Acknowledgments Mark Hugdahl and Scott Hannam, of ALS Environmental and members of the 

BCLQAAC Technical Sub-Committee, developed and wrote this method. 
  

The authors gratefully acknowledge the contributions of the Massachusetts 
Department of Environmental Protection (MADEP).  Some components of 
this method were adapted from MADEP’s “Method for the Determination of 
Extractable Petroleum Hydrocarbons (EPH)” (4). 

 
MWLAP thanks all laboratories, organizations and individuals that contributed 
to the development and review of this method, and who participated in the 
first BCMELP hydrocarbon round robin study in 1998. 
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PBM/Hydrocarbons 
Revision Date:  December 31, 2000 

 

Calculation of Light and Heavy Extractable Petroleum 
Hydrocarbons in Solids or Water (LEPH & HEPH) 
 
Parameters Light Extractable Petroleum Hydrocarbons in water 
 Heavy Extractable Petroleum Hydrocarbons in water 
 
 Light Extractable Petroleum Hydrocarbons in solids 
 Heavy Extractable Petroleum Hydrocarbons in solids 
 
Analyte Symbols Analyte Symbol EMS Code 
and EMS Codes LEPHW LEPH  F064 
 HEPHW HEPH  F064 
 LEPHS LEPH  F085 
 HEPHS HEPH  F085 
      
 (Note that the above EMS codes are for results corrected for PAHs.) 
 
Analytical Methods Refer to the following LEPH/HEPH precursor methods: 
 
 Extractable Petroleum Hydrocarbons in Water by GC-FID  
 Polycyclic Aromatic Hydrocarbons in Water by GC/MS/SIM  
 
 Extractable Petroleum Hydrocarbons in Solids by GC-FID  
 Polycyclic Aromatic Hydrocarbons in Solids by GC/MS/SIM  
 
Units water = mg/L 
 solid = µg/g 
 
Introduction Light and Heavy Extractable Petroleum Hydrocarbons are calculated using 

the results from selected methods as listed above.  The calculation procedure 
for LEPH and HEPH requires that both Extractable Hydrocarbons (EH) and 
Polycyclic Aromatic Hydrocarbons (PAHs) be analyzed using methodologies 
which have been approved by theDirector.   

 
 Selected PAHs are subtracted from EH results to produce LEPH and HEPH 

values. These PAHs are excluded from LEPH and HEPH because they are 
regulated directly under the British Columbia (BC) Contaminated Site 
Regulations (CSR).  PAHs subtracted from HEPH/LEPH for waters are listed 
in Schedule 6 of the CSR.  PAHs subtracted from HEPH/LEPH for soils are 
listed in Schedules 4 and 5 of the CSR.  The Procedure section lists which of 
the excluded PAHs should be subtracted from LEPH, and which should be 
subtracted from HEPH, for both waters and soils. 

 
 Approval to subtract additional target compounds that are not listed in the 

CSR schedules is at the discretion of the Director of Waste Management. 
 
Procedure Subtract the total applicable PAHs from the appropriate EH fraction: 
 
 LEPH = EPH10-19   -  Σ PAHs from CSR schedule(s) within EPH10-19 range 
 
 HEPH = EPH19-32   -  Σ PAHs from CSR schedule(s) within EPH19-32 range 
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 Treat PAH results reported as less than detection limit as Zero (no 
subtraction).   

 
 To calculate LEPHW, subtract the individual results for acenaphthene, 

acridine, anthracene, fluorene, naphthalene, and phenanthrene from the 
EPHW10-19  concentration obtained by the approved EPH GC/FID method.   

 
 To calculate LEPHS, subtract the individual results for naphthalene and 

phenanthrene from the EPHS10-19 concentration obtained by the approved 
EPH GC/FID method. 

 
 To calculate HEPHW, subtract the individual results for benz(a)anthracene, 

benzo(a)pyrene, fluoranthene, and pyrene from the EPHW19-32 concentration 
obtained by the approved EPH GC/FID method.  

 
 To calculate HEPHS, subtract the individual results for benz(a)anthracene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 
dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, and pyrene from the EHS19-

32 concentration obtained by the approved EPH GC/FID method. 
 
 PAH results used for the calculation of LEPH and HEPH must be by GC/MS 

or by HPLC. 
 
 Report results to BCMELP in units of µg/g dry weight for solids, and in units of 

µg/L for waters. 
 
Maximum Reporting 
Detection Limits This section lists the Maximum Permitted  Reporting  Detection  limits for   

LEPH and HEPH in soil and water.  Higher detection limits may be reported 
to BCMELP by laboratories or permittees under special circumstances, but 
acceptance of these results is at the discretion of the Director. 

 
Analyte Symbol  Maximum Reporting DL 
LEPHS   500 µg/g (dry weight) 
LEPHW   250 µg/L 
 
HEPHS   500 µg/g (dry weight) 
HEPHW   250 µg/L 

 
 Normal Reporting Detection Limits for LEPH and HEPH must not be less 

than the Reporting Detection Limits for EPH10-19 and EPH19-32.  Validation 
procedures for EPH detection limits are described in the appropriate EPH 
method. 

 
Revision History March 1997: Initial publication of Version 1.0 for Volatile 

Petroleum 
  Hydrocarbons in Solids and similarly for water. 
 1998 - 1999: Revision of method by ASL under contract to 

MELP and with advice from the BCLQAAC 
Technical Committee. 

 July 1999: Finalization of present method based on results 
of a vetting round robin. 

 December 31, 2000: Method incorporated into main Laboratory 
Manual; reformatting to match style of Lab 
Manual; EMS codes and units added; phrase 
‘Analyte Code’ changed to ‘Analyte Symbol’. 
Former methods superseded.  
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Organics 
Revision Date:  December 31, 2000 

 

Oil and Grease in Water - Combined Hexane Extraction 
 
Parameter Oil and grease. 
 
Analytical Method Combined hexane extraction, gravimetric. 
 
EMS Code 0003 X372 
 
Introduction Oil and Grease is any material recovered as a substance soluble in hexane.  

It may include material other than animal fats and mineral or vegetable oils 
(e.g.: sulphur compounds, certain organic dyes, and chlorophyll) extracted by 
the solvent from an acidified sample  and not volatilized during the test.  It is 
important that this limitation be clearly understood.  Unlike some constituents 
that represent distinct chemical elements, ions, compounds, or groups of 
compounds, oils and greases are defined by the method used for their 
determination. Although this method is suitable as a screening tool or 
indicator for most industrial wastewaters or treated effluents, sample 
complexity may result in either low or high estimations due to lack of 
analytical specificity and potential for interference.   

 
Summary Particulates are separated from the sample by filtration and then extracted 

with hexane using a Soxhlet extractor.  The liquid phase is then extracted 
with hexane and this extract is subsequently combined with the Soxhlet 
extract. The hexane is evaporated from the combined extract and the residue 
is weighed.  Note: The definition of oil and grease is based on the procedure 
used.  Thus, the source of the oil and/or grease, the solvent used and the 
presence of extractable non-oily matter will influence the results obtained. 

 
MDL  1 mg/L 
   
Matrix  Fresh water 
  Wastewater 
  Marine water 
 

Liquid - liquid extraction is sufficient for most samples with TSS < 500 mg/L.  
If TSS >500 mg/L, then use the combined Soxhlet and liquid-liquid extraction 
method. 

 
Interferences and 
Precautions Caution with interpretation of results is advised.  The method is not applicable 

to measurement of low boiling fractions that volatilize at temperatures below 
105°C.  A high bias will be achieved from co-extractives which are not oil and 
grease.  A low bias results from the poor extraction efficiency of hexane. 

 
Sample Handling  Bottle - 1 L glass, preferably wide mouth. 
and Preservation Preservation -  conc. HCl, 3 mL/L to pH <2 (to inhibit bacterial growth). 
  Collect a representative sample in a wide mouthed glass bottle that has been 

rinsed with the solvent.  Do not rinse the bottle with sample.  Collect a 
separate sample for an oil and grease determination and do not subdivide in 
the laboratory. 

 
Stability  Holding time - analyze within 14 days of collection.  
  Storage - store at 4°C until analyzed 
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Procedure 
Apparatus a) Extraction apparatus; Soxhlet extractor (containing a 33 x 94 mm 

extraction thimble) fitted with an Allihn condenser and a 250 mL flat 
bottom flask. 

  b) Distillation apparatus; condenser and connector (fitted with the 250 mL 
flat bottom flask). 

  c) Hot plate. 
  d) Filtration apparatus; two litre vacuum flask fitted with a 12 cm Buchner 

funnel (containing two 11 cm cheesecloth discs overlaid with 11 cm 
Whatman No. 42 filter paper). 

  e) Drying oven. 
  f) Desiccator provided with desiccant. 
  g) Analytical balance, sensitive to 0.1 mg. 
 
Reagents a) n-Hexane; highest purity pesticide grade. 
  b) Diatomaceous earth filter aid suspension:  add 10 g filter aid to one litre 

deionized water. 
  c) Compressed air, dry. 
 
Procedure Note: 1) Samples are collected in hexane-rinsed one litre glass bottles. 
   2) The extraction flasks (flat bottom 250 mL) used in the 

procedure are dried to constant weight at 105°C, cooled in a 
desiccator and weighed. 

 
  a) Prepare a filter consisting of two cheesecloth discs overlaid with filter 

paper.  Place the assembled filter in the Buchner funnel and wet the 
filter with distilled water.  Under vacuum, apply 100 mL filter aid 
suspension to the prepared filter - the filter must be completely covered 
with the filter aid.  Wash the filter with three successive portions of 100 
mL distilled water.  Dry the filter under vacuum. 

  b) Determine the volume of sample to be analyzed by visual comparison 
with a pre-graduated one litre glass bottle. 

  c) Filter the sample under vacuum and continue until no more water is 
removed from the filter. 

  d) Extract filtrate using Oil and Grease in Water - Direct Extraction 
procedure. 

  e) Remove the filter from the funnel with a pair of forceps and carefully 
place in an extraction thimble. 

  f) Wipe all areas of both the funnel and collection bottle, exposed to the 
sample, with strips of cheesecloth soaked in hexane.  Add the 
cheesecloth to the extraction thimble. 

  g) Dry the extraction thimble in an oven at 105°C and then place the 
thimble in the Soxhlet extractor. 

  h) Add 125 mL hexane to the extraction flask and connect to the Soxhlet 
extractor. 

  i) Extract for 2-4 hr.  Ensure that at least 25 cycles of hexane have 
passed through the extractor. 

  j)  Combine hexane from direct extraction with hexane from Soxhlet 
extraction. 

  k)  Distill off the hexane until 3-5 mL remains. 
  l)  Pass dry filtered air into the flask until no hexane remains. 
  m)  Heat the extraction flask in an oven at 105°C until dry; desiccate and 

weigh. 
 
  Note: Repeat the foregoing procedure with a distilled water blank. Determine 

any increase in weight of the pre-weighed flask and use this value as a 
blank correction. 
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Calculation Oil and Grease, mg/L   =   1000 [ ( W1  -  W2 ) -  C ]   
      mL sample 
 
  where:  W1 = wt of flask + residue (mg) 
 
     W2 = wt of flask (mg) 
 
     C = wt contribution from blank (mg) 
 
 
Precision MOE Synthetic samples Standard Deviation 
  (spike at 7.8 mg/L) 0.36  mg/L 
  (spike at 27.56 mg/L) 1.93  mg/L 
 
Accuracy  None listed. 
 
Quality Control Blanks: 1 blank per batch or 1 in 14. 
  All balances should be calibrated with Class “A” weights. 
 
References a) “Standard Methods For the Examination of Water and Wastewater”, 

13th Edition, American Public Health Association, New York, 1971. 
  b) “ASTM Standards, Part 23”, American Society for Testing and 

Materials, Philadelphia, 1971. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date:  December 31, 2000 

 

Oil and Grease in Water - Direct Hexane Extraction 
 
Parameter  Oil and grease 
 
Analytical Method Hexane extraction, gravimetric. 
 
EMS Code 0003 X055 
 
Introduction Oil and Grease is any material recovered as a substance soluble in hexane.  

It may include material other than animal fats and mineral or vegetable oils 
(e.g.: sulphur compounds, certain organic dyes, and chlorophyll) extracted by 
the solvent from an acidified sample  and not volatilized during the test.  It is 
important that this limitation be clearly understood.  Unlike some constituents 
that represent distinct chemical elements, ions, compounds, or groups of 
compounds, oils and greases are defined by the method used for their 
determination. Although this method is suitable as a screening tool or 
indicator for most industrial wastewaters or treated effluents,  sample 
complexity may result in either low or high estimations due to lack of 
analytical specificity and potential for interference.  If the sample has high 
suspended solids, the combined extraction procedure should be used.  

 
Summary  The sample is placed in a separatory funnel and extracted with hexane into a 

tared flask.   The hexane is evaporated from the extract and the residue is 
dried at 105°C, cooled and weighed. 

 
MDL  1 mg/L 
 
Matrix  Fresh water  
  Wastewater  
  Marine water  
 

Liquid-liquid extraction is sufficient for most samples with TSS < 500 mg/L.  If 
TSS >500 mg/L, then use the combined Soxhlet and liquid-liquid extraction 
method. 

 
Interferences and 
Precautions Caution with interpretation of results is advised.  The method is not applicable 

to measurement of low boiling fractions that volatilize at temperatures below 
105°C.  A high bias will be achieved from co-extractives which are not oil and 
grease.  A low bias results from the poor extraction efficiency of hexane. 

 
Sample Handling Bottle  -  1 L glass, preferably wide mouth 
and Preservation Preservation  -  3 mL/L of conc. HCl to pH<2 (to inhibit bacterial growth) 
 
  Collect a representative sample in a wide mouthed glass bottle that has been 

pre-rinsed with solvent.  Do not rinse the bottle with sample.  Collect a 
separate sample for an oil and grease determination and do not subdivide in 
the laboratory. 

 
Stability  Holding time  -  extract within 30 days of collection.  
  Storage  -  store at 4°C until analyzed 
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Procedure  
Apparatus a) Separatory funnels; 2 litre. 
  b) Filtration apparatus; 52 mm glass filtering funnels (containing folded 

Whatman No. 40 filter paper). 
  c) Distillation apparatus; condenser and connector fitted with a 250 mL 

flat bottom flask. 
  d) Hot plate. 
  e) Drying oven. 
  f) Desiccator provided with desiccant. 
  g) Analytical balance, sensitive to 0.1 mg. 
 
Reagents a) Hexane; highest purity pesticide grade. 
  b) Sodium sulfate; anhydrous (granular). 
  c) Methanol. 
  d) Aerosol OT. 
  e) Compressed air; dry. 
 
Procedure Note:  The extract collection flasks in the procedure are dried to constant 

weight at 105°, cooled in a desiccator and weighed. 
 
  a) Determine the volume of the sample to be analyzed by visual 

comparison with a pre-graduated one litre glass bottle. 
  b) Add the sample to a 2 litre separatory funnel. 
  c) Wash the oil and grease bottle with 25 mL hexane and add to the 

separatory funnel. 
  d) Shake the separatory funnel for 2 min. and allow to settle. 
  e) If the phases separate, continue with the procedure.  If not, add 2 drops 

of Aerosol OT; mix and allow to settle.  If the emulsion disperses, 
continue with the procedure.  If it persists, add 5 mL methanol; mix and 
allow to settle. 

 f) Run off the bottom (aqueous) layer into the original oil and grease 
sample bottle. 

 g) Run the solvent layer through a prepared filter (folded filter paper 
containing 25-30 g anhydrous sodium sulfate) into a 125 mL 
Erlenmeyer flask.  Rinse the filter with 10 mL hexane. 

 h) Starting with the aqueous layer in the oil and grease bottle repeat steps 
b - g twice more. 

 i) Rinse the separatory funnel with 15 mL hexane and filter into the 
Erlenmeyer flask through the prepared filter.  Rinse the filter with 10 mL 
hexane. 

 j) Transfer the hexane extract from the Erlenmeyer flask to a 
pre-weighed 250 mL flat bottom flask.  Use two 10 mL portions of 
hexane to rinse the Erlenmeyer flask. 

 k) Distill the hexane off until only 3-5 mL remains. 
 l) Pass dry filtered air into the flask until no hexane remains. Heat the 

flask in an oven at 105°C until dry; desiccate and weigh. 
 
  Note: Repeat the procedure with a distilled water blank. Determine any 

increase in weight of the pre-weighed flask and use this value as a 
blank correction. 

   
Calculation Oil and Grease, mg/L   =   1000 [ ( W1  -  W2 ) -  C ]   
           mL sample 
 
 where: W1 = wt of flask + residue (mg) 
   W2 = wt of flask (mg) 
   C = wt contribution from blank (mg) 
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Precision  MOE Synthetic samples  
  (spiked at 8.11 mg/L) SD = 0.82  mg/L 
  (spiked at 35.6 mg/L) SD = 1.56  mg/L  
   
  BCR Synthetic samples 
  (spiked at 16.7 mg/L) SD = 0.54  mg/L 
  (spiked at 4.36 mg/L) SD = 0.40  mg/L 
 
Accuracy  None listed. 
 
Quality Control 1 blank per batch or 1 in 14 
  All balances should be calibrated with Class “A” weights. 
 
References  a) Standard Methods For the Examination of Water and Wastewater, 13th 

Edition, American Public Health Association, New York, 1971. 
  b) ASTM Standards, Part 23, American Society for Testing and Materials, 

Philadelphia, 1971. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date: November 2002 

 

Oil and Grease (Mineral) in Water by Direct Extraction:  
Roller Method 
 
Parameter Oil and Grease (Mineral)  
 
Analytical Method Direct Extraction (Roller Mixing)  
 
EMS Code 
 
Introduction Oil and Grease is any material recovered as a substance soluble in hexane. It 

may include material other than animals fats and mineral or vegetable oils 
(e.g.: sulphur compounds, certain organic dyes, and chlorophyll) extracted by 
the solvent from an acidified sample and not volatilized during the test. It is 
important that this limitation be clearly understood. Unlike some constituents 
that represent distinct chemical elements, ions, compounds, or groups of 
compounds, oils and greases are defined by the method used for their 
determination. Although this method is suitable as a screening tool or 
indicator for most industrial wastewaters or treated effluents, sample 
complexity may result in either low or high estimations due to lack of 
analytical specificity and potential for interference.  

 
Summary  The sample is placed in a 4 L bottle and extracted with hexane by rolling 

overnight. The hexane is evaporated from the separated extract and the 
residue is weighed. It is to be noted that the definition of oil and grease is 
based on the procedure used. Thus, the source of oil and/or grease, the 
solvent used and the presence of extractable nonoily matter will influence the 
result obtained. 

 
MDL  1 mg/L  
 
Matrix  Fresh Water 
 Wastewater  
 
Interferences and An oil which volatilizes at 70°C will be lost. 
Precautions 
 
Sample Handling Unfiltered: Field 2 mL/L 50% v/v sulphuric acid 
and Preservation Unfiltered: Lab 2 mL/L 50% v/v sulphuric acid  
 
 Collect a representative sample in a wide mouthed glass bottle that has been 

rinsed with the solvent. Do not rinse the bottle with sample.  Collect a 
separate sample for an oil and grease determination and do not subdivide in 
the laboratory.  

 
Stability  Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days.  
 Storage: store at 4°C until analyzed.  
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Procedure   
Apparatus a) 4 L bottles 
 b) Sodium Sulfate; anhydrous (granular). 
 c) Hot plate. 
 d) Drying oven. 
 e) Desiccator provided with desiccant. 
 f) Analytical balance, sensitive to 0.1 mg. 
 g) Wheaton Modular Cell Production Roller Apparatus Model III. 
 h) Either a 2 L separatory funnel or a custom cap for 4 L bottle with a 

spigot for draining liquid. 
 i) 250 mL flat bottom flasks. 
 
Reagents  a) Hexane; highest purity pesticide grade. 
 b) Filtration apparatus; 52 mm glass filtering funnels (containing folded 

Whatman No. 40 filter paper). 
 c) Silica gel; column chromatography grade, 70 - 230 mesh, activated by 

heating in muffle furnace at 550°C for 2 - 2.5 hours. Store in sealed 
bottle. 

 d) Nitrogen; dry. 
 
Procedure  Note:  a) The flat bottom 250 mL flasks used in the procedure are dried to 

constant weight at 70°C; desiccated and weighed.  
 
 a) Add the sample to a 4 L cylinder bottle. 
 
 b) Thoroughly rinse the oil and grease bottle with 4 x 25 mL hexane and 

add to the 4 L bottle. 
 c) Mix the bottle overnight (minimum of 16 h) on a roller mixer, then allow 

to settle. 
 d) Transfer to 2 L separatory funnel or bottle with stop cock attached. Run 

off the bottom aqueous layer into the oil and grease bottle. Measure the 
volume of the original sample. 

 e) Prepare filter to contain a bottom layer of 10 - 20 g of activated silica, 
then a top layer of 10 - 15 g of anhydrous sodium sulfate. Run the 
solvent layer through this filter and rinse with 10 mL hexane. 

 f) Evaporate solvent at low heat on a hot plate (35% of maximum setting) 
in a fume hood until only 3 - 5 mL of hexane remains. 

 g) Pass dry nitrogen into the flask until no hexane remains. 
 h) Heat the flask in a drying oven at 70°C for 30 minutes; desiccate 

overnight or to constant weight, and weigh. 
 
Calculation 

1000 [W1 - W2] 
Oil and Grease, mg/L = 

mL sample 
x 1000 

 
where: W1 = wt of flask + residue, in g. 
 W2 = wt of flask, in g. 

 
 
Precision  Commercial reference samples at concentrations from 13 to 374 mg/L Oil 

and Grease gave coefficients of variation of 9%.  
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Accuracy  Commercial reference samples at concentrations from 13 to 374 mg/L Oil 
and Grease gave average recovery of 103% compared to consensus values 
supplied.  

 
Quality Control  a) Repeat the foregoing procedure with deionized water blank. Determine 

any increase in weight of the pre-weighed flask and report this value as 
a blank. 

 
 b) Run one duplicate per batch. Record duplicate results in a control 

database with duplicate control chart linked to it. 
  Note: Because of inhomogenous nature of oil and grease samples, 

splitting samples for duplicate analysis will not give a good estimate of 
precision.  

 
 c) Run a standard reference material at least every 3 months, and record 

data in a control chart database with linked control chart. 
  
References  a) American Public Health Association. Standard Methods. Thirteenth 

Edition. New York (1971). 
 b) American Society for Testing and Materials. ASTM Standards, Part 23. 

Philadelphia (1971). 
 
Revision Dates November 2002.  Method adopted from Manual Supplement #1. 

EMS Code assigned. 
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Organics 
Version 1.0 March 3, 1997 

 
Oil and Grease (Mineral) in Solids by Ultrasonic Dichloromethane 
Extraction 
 
Parameter Oil and Grease (Mineral)  
 
Analytical Method Ultrasonic extraction into dichloromethane, treat with silica gel, followed by 

gravimetric analysis. 
 
Introduction Oil and Grease is any material recovered as a substance soluble in hexane. 

Unlike some constituents that represent distinct chemical elements, ions, 
compounds, or groups of compounds, oil and greases are defined by the 
method used for their determination. Although this method is suitable as a 
screening tool or indicator for most industrial wastewaters or treated 
effluents, sample complexity may result in either low or high estimations due 
to lack of analytical specificity and potential for interference. 

 
Summary  A 15g solid sample is mixed with anhydrous sodium sulphate in a disposable 

honey jar and 50 mL of Dichloromethane is added. The jar is capped with a 
PTFE lined cap, sonified and gently shaken. The mixture is transferred 
through Na2SO4 + silica gel into a preweighed disposable 25 mm x 200 mm 
test tube. A portion of the extract is removed for TPH, if required. The oil and 
grease is determined gravimetrically. 

 
MDL  100 µg/g  
 
Matrix Soil (Marine) 
 Sediment Solids (concrete, wood chips, etc.)  
 
Interferences and 
Precautions It may include material other than animals fats and mineral or vegetable oils 

(e.g.: sulphur compounds, certain organic dyes, and chlorophyll) extracted by 
the solvent from an acidified sample and not volatilized during the test. It is 
important that this limitation be clearly understood. Caution with interpretation 
of results is advised. The method is not applicable to measurement of low 
boiling fractions that volatilize at temperatures below 105°C. A high bias will 
be achieved for coextractives which are not oil and grease.  

 
Sample Handling Bottle in 0.3 L amber glass 
and Preservation 
 
Stability  Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days.  
 Storage: at 4°C until analyzed.  
 
Procedure 
Apparatus  a) Ultrasonic Bath with a minimum power of 300 watts and pulsing 

capability.  
 b) 125mL honey jars with PTFE lined caps.  
 c) Disposable glass 25 mm x 200 mm test tubes. 
 d) DriBlock with 25 mm insert blocks. 
 e) Nitrogen Blowdown Apparatus. 
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Reagents  a) Take a clean 125mL honey jar and weigh out a well mixed 15g sample 
and record the weight to the nearest 0.01g.  

 
 b) Use a spatula and mix in an amount of anhydrous sodium sulphate 

(~15g) depending on the moisture content of the sample. Very moist 
samples are dried overnight at 40°C to reduce the amount of sodium 
sulfate required.  

 
 c) Add 50mL of the DCM for gravimetric analysis and place the jars in a 

sample tray in the ultrasonic bath. Turn on the Ultrasonic bath for 20 
minutes. Remove the sample tray and gently shake the samples on a 
table shaker for 10 minutes. 

 
 d) Place a Whatman No. 40 filter in a glass funnel, fill the bottom 2/3 of 

the filter with activated silica gel and fill the top 1/3 of the filter with 
Na2SO4. Place the funnel into a preweighed (to 0.0001g) 25 mm x 200 
mm disposable glass test tube and pour the extract through the filter. 
Rinse the jar with 2 x 10 mL portions of DCM. Discard the jar and keep 
the Teflon cap for washing and reuse. Place the tubes into the DriBlock 
at 35°C and start a gentle stream of Nitrogen with the blow down unit. 
After the sample is completely dried, cool the tubes in a desiccator for 
at least 1 hour. Measure and record the final weight to 0.0001g and 
discard the test tube. 

 
Note: Tared 125 mL Erlenmeyer flasks and hot plate may be used in 
place of glass tubes and DriBlock. 

 
Calculation  O&G Measured Gravimetrically  
 

1,000,000 x (Final Wt,g - Initial Wt,g) 
Min. O&G(in µg/g) = 

(Wt,g of Sample x (100-%Moisture)/100) 
 
Precision Authentic samples at concentrations of 21 to 16,687 µg/g measured in 

duplicate gave standard deviation of 67 µg/g, with an estimated coefficient of 
variation of 3%.  

 
Accuracy  Synthetic samples prepared by spiking sea sand with 500 and 2000 µg/g of 

motor oil gave recoveries of 99 and 87% recovery respectively. Synthetic 
samples spiked with 1000 µg/g each of motor oil and linseed oil gave 
recovery of 134% expressed as mineral oil and grease. Linseed oil spike 
should be removed by the silica gel treatment. 

  
Quality Control  Blanks: 1 per batch or 1 in 14.  
 All balances should be calibrated with Class "A" weights.  
 
References  a) Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 

SW846, Third Edition, U.S. EPA, Method 3550A, November 1 
 
Revision Date November 2002.  Method adopted from Supplement #1. EMS 

Codes assigned. 
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Organics 
Revision Date: November 2002 

 

Oil and Grease, and Oil and Grease (Mineral) in Solids by Hexane 
Extraction 
 
Parameter Oil and Grease 
 Oil and Grease (Mineral)  
 
Analytical Method Solvent extraction - Gravimetric Determination  
 
EMS Code 
 
Introduction Unlike some parameters representing distinct chemical species such as 

elements, ions, compounds, or groups of compounds, the Oil and Grease 
parameter is defined by the method used for it's determination. Oil and 
Grease is defined by this method as any material that can be extracted from 
a sample with hexane, that is not volatile at normal room temperature. 
Mineral Oil and Grease is further defined by this method as those compounds 
that do not have an affinity for 10% deactivated silica gel. Although this 
method is useful as a screening tool, sample complexity may result in either 
low or high estimations due to lack of analytical specificity and potential for 
interference. The Oil and Grease and Mineral Oil and Grease procedures 
described here are applicable to the semi-quantitative determination of high 
molecular weight petroleum products in solids. The Mineral Oil and Grease 
procedure uses silica gel to remove naturally occuring organic materials 
(rootlets, leaves, humic and resin acids, etc.) which may cause false positive 
results.  

 
Summary  Samples are dried with magnesium sulfate and extracted by mechanical 

shaking with hexane. Samples may also be extracted without drying with a 
mixture of hexane and acetone. This hexane-acetone mixture is then back 
extracted with water to isolate the hexane phase. In either case, the hexane 
extract is passed through sodium sulfate and collected in a preweighed 
aluminum pan. When determining Mineral Oil and Grease, the hexane 
extract is passed through a mixture of sodium sulfate and silica gel into a pre-
weighed aluminum pan. The final hexane extract is evaporated to dryness at 
room temperature and results are determined gravimetrically.  

 
MDL Analyte   Detection Limit (ug/g) 

  
Oil and Grease 50 
Oil and Grease (Mineral) 50 

  
Matrix Soil (Marine) 
 Sediment Solids (concrete, wood chips, etc.) 
 
Interferences and 
Precautions Naturally occuring organic material, or any non-petroleum material  present in 

the sample that is soluble in hexane, can cause false positive results. The 
silica-gel clean-up may not remove all of this material from the extract.  

 
 Sodium sulfate or silica gel may be collected in the aluminum pan with the 

hexane extract causing false positive results.  
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Sample Handling Container : wide mouth glass jar.  
and Preservation Preservation : 4 degrees celsius.  
 
Stability  Samples must be extracted within 14 days of collection.  
 
Principle or Procedure a)   Extraction  
  1) Option 1 - Hexane extraction of dried sample.  

 -  Thoroughly dry a representative sub-sample with magnesium 
sulfate in an extraction tube.  

 -  Extract the dried sample three times with hexane.  
 -  Collect the hexane extracts through a glass funnel containing 

anhydrous sodium sulfate into an aluminum pan that has 
been preweighed to an accuracy of 0.00001 grams.  

 
  2)  Option 2 - Hexane/Acetone extraction of wet sample.  
   - Weigh a representative sub-sample into an extraction tube.  
   - Accurately measure equal portions of hexane and acetone 

into the extraction tube. Leave enough room in the tube to 
later add one more equal volume of water. Extract by 
mechanically shaking the sample for approximately one hour.  

   - Add a volume of contaminant free water to the raw extract 
that is at least equal to the volume of acetone added at the 
beginning of the extraction. The water will separate the all of 
the acetone from the hexane.  

   - Gently mix the contents of the extraction tube by inverting 
several times and then centrifuge to separate the aqueous 
and organic phases.  

   - Pass an accurately measured portion of the hexane layer 
through a glass funnel containing anhydrous sodium sulfate 
into an aluminum pan that has been pre-weighed to an 
accuracy of 0.00001 grams.  

 
 b) Silica Gel Clean-up (Mineral Oil and Grease Only)  
  The Mineral Oil and Grease procedure uses silica gel to remove non-

petroleum, naturally occuring hydrocarbons from the sample extract 
prior to quantification.  

  1) When collecting the extract into the pre-weighed aluminum pan, 
pass the extract through sodium sulfate mixed with 60-200 mesh 
silica gel that has been 10% de-activated with contaminant free 
water.  

  2) By convention, 3 grams of de-activated silica gel are used for 
every 20 grams of sample.  

  3) The amount of silica gel should be reduced accordingly for the 
hexane/acetone extraction since only a portion of the hexane 
extract is used. 

 
 c) Quantification  

  1) Leave the hexane to evaporate at room temperature.  
  2) When the aluminum pan reaches a constant weight, determine 

the weight of the residue in the pan using a balance that is 
accurate to 0.00001 grams.  

  3) Determine the concentration of Oil and Grease or Mineral Oil and 
Grease in the sample in milligrams per kilogram. Take into 
account any dilutions associated with the hexane/acetone 
extraction procedure.  
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Calculation  O&G Measured Gravimetrically  
 

1,000,000 x (Final Wt,g - Initial Wt,g) 
Min. O&G(in µg/g) = 

(Wt,g of Sample x (100-%Moisture)/100) 
 
Precision Not Available.  
 
Accuracy  Not Available.  
  
Quality Control  a) One method blank per analytical batch (10-20 samples). 
 b) One method spike (mineral oil) per analytical batch (10-20 samples). 
 c) One laboratory replicate per every 10 samples. 
 d) Balance should be calibrated with Class "A" weights.  
 
References  a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WPCF, 18th edition, 1992 Section 5520B and 5520F. 
 b) Test Methods for Evaluating Solid Wastes - Physical/Chemical 

Methods (Revised). Publication #SW-846 Revision 1. United States 
Environmental Protection Agency, Washington, DC. 3rd Edition, 1990. 

 
Revision Dates November 2002.  Method adopted from Supplement #1.  

EMS Codes assigned. 
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Organics 
Revision Date: March 31, 2005 

 

Determination of Waste Oil Content in Solids and Liquids for 
Hazardous Waste Regulation – PBM 
 
Parameter Waste Oil Content as defined by the British Columbia Hazardous Waste 

Regulation. 
 
Analytical Method Soxhlet or Liquid-Liquid Extraction using Petroleum Ether (boiling point range 

approximately 35-60°C), with Silica Gel Cleanup and Gravimetric 
Determination. 

 
Introduction The British Columbia Hazardous Waste Regulation defines “Waste Oil” as 

“automotive lubricating oil, cutting oil, fuel oil, gear oil, hydraulic oil or any 
other refined petroleum based oil or synthetic oil where the oils are in the 
waste in a total concentration greater than 3% by weight and the oils though 
use, storage or handling have become unsuitable for their original purpose 
due to the presence of impurities or loss of original properties”. 

 
 A material with Waste Oil Content by this method exceeding 3% by weight 

may be classified as Waste Oil under the Hazardous Waste Regulation. 
 
 Waste Oil Content as defined by this method is also used to measure 

compliance against the Total Oil standard under section 41.1 of the 
Hazardous Waste Regulation (Standards for Management of Hydrocarbon 
Contaminated Soil).  For this application, Waste Oil Content must be 
expressed on a dry weight basis. 

 
Method Summary This method is performance-based.  Laboratories may adopt alternative 

options to improve performance or efficiency provided that all stated 
performance requirements and prescribed (mandatory) elements are met. 

 
 A 20 g solid waste sample is acidified, dried with magnesium sulfate and 

extracted with petroleum ether using a Soxhlet apparatus.  Whole bottle 
aqueous samples are extracted with petroleum ether in a separatory funnel.  
An extract aliquot is treated in-situ with silica gel to remove polar components 
(e.g. animal and vegetable oils) and is heated at 70°C to remove solvent and 
volatile components such as gasoline.  The final residue is determined 
gravimetrically.  

 
MDL and EMS Codes Analyte Reporting Limit  EMS Code 
  Waste Oil Content 0.5% by weight *  
  
 * 0.5% is the minimum required reporting limit for the method.  Lower MDLs may be obtained. 
 
Matrix Solids 
 Liquids, including aqueous samples, organic phase liquids, or combinations 

of both 
 Mixed-phase samples 
 
Interferences and 
Precautions This is an aggregate test that quantifies a range of materials with similar 

physical and chemical characteristics.  The method employs a silica gel clean 
up which in addition to removing non-petroleum products such as vegetable 
oil or animal fat can remove polar components of petroleum products.   The 
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method employs heating at 70°C to remove volatile compounds such as 
gasoline and portions of kerosene and diesel.  Typical Waste Oil Content 
measures of common petroleum and non-petroleum products are listed 
below as recoveries: 

 
 Product Type Typical Recovery Range  
  Gasoline 0-5%  
  Diesel 70-85%  
  Motor Oils (30 - 50 Weight) 80-100%  
  Kerosene 50-60%  
  Vegetable Oil / Lard 0-1%  
  Asphalt 30-40%  
  Bunker 30-40% 
  
Sample Handling and  
Preservation Solids: Glass container recommended.  No preservation required.   
 Liquids: Glass container recommended (500mL wide mouth).  No 

preservation required. 
 
Stability Holding Time: 
 Solids: 28 days 
 Liquids: 28 days 
 
 Storage: 
 Store at 4°C 
 
Procedure Extraction Procedures 
 
 Solid Samples – Soxhlet Extraction 
 

1. Weigh 20 g of wet soil or solids. 
2. Acidify with approximately 0.3 mL concentrated HCl.  
3. Dry sample using anhydrous MgSO4 until mixture is free flowing.  
4. Transfer sample to a Soxhlet apparatus taking care to include any 

residue remaining on weighing/mixing containers. 
5. Extract the sample by Soxhlet for at least 4 hours using petroleum ether.  

Ensure that each Soxhlet apparatus cycles at least 4 times per hour.  
6. Bulk solvent to a known volume with petroleum ether.  This will generally 

be 100 mL. 
 
 Aqueous Samples – Liquid/Liquid Extraction 
 
 For the purposes of this method, aqueous samples include samples with up 

to 10% by volume of organic phase liquids, and may include samples with up 
to 10% by volume of solids. 

 
1. Sample weight (g) must be determined though this procedure.  In the 

absence of significant solids or organic phase liquids, sample weight may 
be measured by volume, assuming a density of 1 g/mL. 

2. Acidify the sample to < pH 2 using hydrochloric acid. 
3. Transfer the sample to a separatory funnel.  Any solids present must also 

be extracted, either separately or in combination with the aqueous portion 
of the sample.  Separate extraction of solids with later recombination of 
extracts is recommended where significant emulsions form. 

4. Determine the sample weight. 
5. Add approximately 30 mL petroleum ether to the empty sample bottle to 

remove residual oil adhering to the bottle surfaces, then add to the 
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separatory funnel.  Additional rinsing may be necessary to completely 
remove all residual oil from the sample container.  

6. Shake the separatory funnel vigorously for 2 minutes. 
7. Drain the aqueous (lower) portion back into the sample bottle.  Drain the 

solvent (upper) layer through anhydrous Na2SO4 into a compatible 
collection container.  

8. Repeat steps 3 through 7 twice more.  
9. Bulk combined solvent extracts to a known volume with petroleum ether.  

This will generally be 100 mL. 
 
 Special Case Sample Extractions: 
 
 A range of possible material types and phases can potentially be categorized 

as waste oil.  Often the laboratory must use their best judgment when 
selecting an appropriate extraction procedure, noting that the overall objective 
is to quantify the percent (as weight / weight) of Waste Oil Content in the 
received material.  By definition, waste oil must be soluble in petroleum ether.   

 
 For special case samples it is recommended that sample data be qualified to 

describe key preparation and analysis steps. 
 
 Depending on the procedures employed to address “special case” samples, 

calculations based on the proportion of material used for testing may be 
required in addition to the general calculations referenced in Sections 2 and 
3, in order to obtain a final result for the entire sample.  

 
 The following steps provide guidance for commonly encountered “special 

case” samples:    
 
 Organic Phase and Multiphasic Liquids  
 For materials consisting partially or entirely of organic phase liquids, where 

the organic phase constitutes more than 10% of the sample by volume, first 
transfer the entire contents of the sample into a tared graduated cylinder and 
determine the sample weight (do not assume a density of 1 g/mL).  Then 
accurately determine the volume of the organic phase liquid in the sample.  In 
the rare case that the organic phase is immiscible with petroleum ether, treat 
the sample in the same manner as an aqueous sample, using the procedure 
in section 1.2.  If the organic phase liquid is miscible in petroleum ether, dilute 
an accurately measured volume of the organic phase liquid into a known 
volume of petroleum ether.  Then proceed to Section 2, Oil and Grease 
Determination.  A filtration step may be necessary to remove materials that 
are insoluble in petroleum ether from the solution prior to oil and grease 
determination.  The fraction (by volume) of the total organic phase liquid that 
was used to create the petroleum ether solution will be required in section 2.   
Note that in this procedure, the aqueous phase is not extracted, but does 
form a component of the bulk sample weight.  

 
 Mixed Liquid/Solid Samples 
 For materials containing both solid and liquid matrixes, separate and analyze 

each matrix independently using the matrix specific extraction procedures 
(Section 1.1 and 1.2).  As a general guide, this approach applies where visual 
estimation determines more than 10% (v/v) of the secondary matrix.   
Combine results for each matrix to obtain a single result for the bulk sample.  
Determine the combined weight of waste oil found in the two sub-samples 
and divide by the weight of the entire sample. 

 
 Total Oil and Grease Determination 
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 This step determines Total Oil and Grease (both petroleum and non-
petroleum based) in order to determine the silica gel amount required for the 
clean up step. 

 
1. Transfer an appropriate extract aliquot (up to ½ the total extract volume) 

to a pre-weighed container that has been heated in an oven at 70 ± 5°C 
for at least 30 minutes and desiccated.  

2. Allow solvent to evaporate to dryness in fumehood.  Alternatively, solvent 
may be reduced to approximately 1 mL using a rotary evaporator, 
followed by nitrogen blowdown to dryness.  

3. Dry container at 70 ± 5°C for 30 ± 5 minutes, then desiccate to constant 
weight.  

4. Reweigh the container and determine total oil and grease as follows: 
 
      Total Oil and Grease (%)   =   gain in weight (g)    x    extract volume (mL)     x  100% 
                                                   Sample weight (g)             aliquot (mL) 
 
 Note:  For classification of samples as waste oil under the Hazardous Waste 

Regulation, Waste Oil Content is reported by weight on an as-received basis 
(i.e. wet weight).  For assessment of compliance of the Total Oil standard 
under section 41.1 of the Hazardous Waste Regulation (Standards for 
Management of Hydrocarbon Contaminated Soils), Waste Oil Content is 
reported on a dry weight basis. 

 
 If the sample contains less than 0.5% Total Oil and Grease, then report a 

result for Waste Oil of <0.5%.  Otherwise proceed to Section 3, Waste Oil 
Content Determination. 

 
 Waste Oil Content Determination 
 
 This step is only necessary if the Total Oil and Grease result exceeds 0.5%. 
 

1. Based on the Total Oil and Grease result, prepare an aliquot of the 
sample extract that contains no more than 100 mg of total oil and grease.  
Perform an in-situ silica gel cleanup on the sample aliquot using 3g of 
100% activated silica gel in a centrifuge tube or other suitable container.  
Mix thoroughly for 5 minutes (e.g. by mechanical  shaker device), then 
filter to remove silica gel. 

2. Transfer solvent extract to a pre-weighed container that has been heated 
in an oven at 70 ± 5 °C for at least 30 minutes and desiccated.  

3. Allow solvent to evaporate to dryness in fumehood.  Alternatively, solvent 
may be reduced to 1 mL using a rotary evaporator set at less than or 
equal to 35°C, followed by nitrogen blowdown to dryness. 

4. Dry residue and container at 70 ± 5 °C for 30 ± 5 minutes then desiccate 
to constant weight.   

5. Reweigh the container and determine Waste Oil Content as follows: 
 

Waste Oil Content (%) =  gain in weight (g)   x  extract volume (mL)    x  100% 
                                          Sample weight (g)             aliquot (mL) 
 
Note:  For classification of samples as waste oil under the Hazardous Waste 
Regulation, Waste Oil Content is reported by weight on an as-received basis 
(i.e. wet weight).  For assessment of compliance of the Total Oil standard 
under section 41.1 of the Hazardous Waste Regulation (Standards for 
Management of Hydrocarbon Contaminated Soils), Waste Oil Content is 
reported on a dry weight basis. 
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Performance  
Requirements Any analytical method options selected for this analysis must meet or exceed 

the performance requirements specified below. 
 
 Accuracy and Precision requirements apply to measures of long term method 

performance (averages and standard deviations). Achievement of these 
requirements is to be demonstrated during initial and ongoing method re-
validation studies.  They do not constitute acceptance criteria or Data Quality 
Objectives for individual Quality Control samples.  For Initial Validations, 
averages of at least 8 spikes or CRMs must be assessed (preferably taken 
from multiple analytical batches).  Ongoing Re-validations (performance 
reviews) should assess QC data encompassing longer timeframes (e.g. 6 
months to 1 year).  A minimum frequency of 2 years is recommended for 
Ongoing Re-validations. 

 
 Accuracy Requirement: Laboratories must demonstrate method accuracy 

(measured as average recovery) between 80 to 120% for clean matrix spikes 
or certified reference materials at concentrations equal to or greater than the 
regulatory standard of 3% Waste Oil Content.  Method accuracy is 
determined using single weight SAE30 motor oil.  

 
 Precision Requirement: Laboratories must demonstrate method precision 

equal to or better than 20% relative standard deviation for clean matrix spikes 
of single weight SAE30 motor oil at concentrations equal to or above the 
regulatory standard of 3% Waste Oil Content. 

 
 Sensitivity Requirement: The method must support a Method Detection 

Limit of equal to or less than 0.5% Waste Oil Content. 
 
Quality Control Summary of QC Requirements 
 
 QC Component Minimum Frequency Minimum Data  
   Quality Objectives* 
 Method Blank One per batch Less than 0.5% Waste Oil  
   Content 
 Method Spike or  
 Ref. Material One per batch 70 – 130% 
 Lab Duplicates One per batch or  
  approximately 5-10% 40% RPD 
 
 *  Minimum DQOs apply to individual QC samples, not averages.  If any DQOs are exceeded 

at a frequency of more than ~5%, the laboratory’s method should be reviewed in an 
attempt to improve its performance.  Laboratories should report qualified data when DQOs 
are not met, unless other evidence demonstrates that the quality of associated sample 
data has not been adversely affected.  

   
 Method Blank: Required. Minimum one per batch or as necessary to ensure 

contamination control. 
 
 Lab Duplicates: Required, except where whole sample analysis is 

employed.  Replicate all components of the test from start to finish.  Random 
duplicate selection at an approximate frequency of 5-10%, or a minimum of 
one per batch. 

 
 Reference Material or Method Spike: Required.  Spiking material will 

consist of motor oil (single weigh SAE30) prepared in petroleum ether.  It is 
recommended that routine method spikes be prepared at a concentration 
equal to the hazardous waste regulatory standard level of 3% Waste Oil 
Content by weight. 
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Prescribed Elements The following components of this method are mandatory: 
 

1. Petroleum ether with a boiling point range of approximately 35-60°C must 
be used as the extraction solvent. 

2. Soxhlet extraction must be conducted for solid samples as described 
(which for wet soils must include the magnesium sulfate drying step). 

3. Liquid/liquid extraction must be conducted for aqueous liquids as 
described. 

4. Silica gel clean up must be conducted as described. 
5. Gravimetric detection is mandatory, with a final drying step conducted at 

70 ± 5°C for 30 ± 5 minutes.  
6. Quality control efforts must be conducted as described. 
 
Apart from these limitations, and provided performance requirements are 
met, laboratories may introduce modifications to this method in order to 
improve quality or efficiency.  Laboratories must disclose to their clients 
where modified or alternative methods are employed. 

 
 
References 1) British Columbia Ministry of Water, Land and Air Protection, Hazardous 

Waste Regulation, Determination of Waste Oil as Defined by Special 
Waste Regulations in Solids Liquids, Petroleum Ether Extraction, October 
25, 1996. 

 
 2) Development of a Standard Procedure for Waste Oil for the Special 

Waste Regulation Phase 2, Prepared for the British Columbia Ministry of 
Environment, Prepare by British Columbia Research Corporation, Project 
4-03-710, February 1993. 

 
 3) Standard Methods the Examination of Water and Wastewater: 5520B, 

Partition Gravimetric Method, 5520E Extraction Method for Sludge 
Samples, 5520F Hydrocarbons, APHA, 20th Edition, 1998.  

 
Revision History March 31, 2005 Method revised to PBM format, changed 

reporting parameter to Waste Oil Content. 
 
 October 30, 1996 Original Special Waste Oil and Grease Method 

(Determination of Waste Oil as Defined by 
Special Waste Regulation in Solids and Liquids, 
Petroleum Ether Extraction). 
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Organics 

Revision Date:  May 07, 2004 
 

Volatile Organic Compounds (VOC) in Water by Purge and Trap 
GC/MS - PBM 
 
Parameter Volatile Organic Compounds (VOC). 
 
 
Analytical Method Purge and Trap GC/MS (PBM). 
 
 
Introduction This  method  is  applicable  to  the  qualitative  and/or  quantitative 

determination of VOCs in water samples. 
 
 
Method Summary Samples   are   analyzed   by   purge   and   trap   gas  chromatography   /   

mass spectrometry.  Volatile organic compounds are purged from a water 
sample with an inert gas, trapped on a solid carbon-based sorbant, and then 
thermally desorbed to a capillary GC/MS system. 

 
 This method is performance-based.  Sample introduction techniques other 

than purge and trap are permitted if performance requirements are met, but 
GC/MS detection is a requirement of this method. 

 
 
MDL and EMS Codes The analytes listed below represents only a partial list of compounds which 

may be analyzed by this method.  The MDLs listed below are achievable for 
this method in a typical laboratory environment.  Ensure that the detection 
limits reported by the laboratory are sufficient to meet any applicable 
regulatory standards. 

   
       Approximate 
   Compound    MDL (ug/L) EMS Code 
 
   benzene    0.5  B020 X384 
   bromodichloromethane  1  B012 X384
   bromoform    1  B013 X384 
   bromomethane   2  defined on request 
   carbon tetrachloride   1  defined on request 
   chlorobenzene   1  C010 X384 
   chloroethane   2  C003 X384 
   2-chloroethylvinyl ether  5  defined on request 
   chloroform    1  C032 X384 
   chloromethane   2  C070 X384 
   dibromochloromethane  1  C033 X384 
   dichloromethane   5  M041 X384 
   1,1-dichloroethane   1  C021 X384 
   1,2-dichloroethane   1  C022 X384 
   1,1-dichloroethylene   1  C024 X384 
   1,2-dichloroethylene   1  C023 X384 
   1,2-dichloropropane   1  C025 X384 
   cis-1,3-dichloropropene  1   C027 X384 
   trans-1,3-dichloropropene  1   C028 X384 
   ethylbenzene   0.5  B021 X384 
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   iso-octane    1  defined on request 
   meta/para-xylenes   0.5  defined on request 
   methyl-tertiary butyl ether (MTBE) 1  defined on request 
   styrene    1  S010 X384 
   1,1,2,2-tetrachloroethane  1  C080 X384 
   tetrachloroethene   1  T030 X384 
   1,1,1-trichloroethane  1  T016 X384 
   trichloroethene   1  T029 X384 
   trichlorofluoromethane  1  T070 X384 
   toluene    1  T001 X384 
   vinyl chloride   2  defined on request 
 
 
Matrix Fresh Water  
 Wastewater  
 Marine Water  
 Sludge 
 
Interferences and 
Precautions Preservation  is  necessary to  prevent  microbial  degradation  of  VOC 

analytes, notably some aromatic compounds (BTEX), and/or to prevent 
reactions with residual chlorine.  Residual chlorine reacts with organic matter 
to produce trihalomethanes, and can react with and degrade some VOC 
analytes, notably styrene. 

  
 Use extreme caution to prevent losses due to evaporation.  Keep samples 

cold until they are dispensed.  Avoid the application of vacuum to VOC water 
samples prior to analysis (syringes with restrictive inlets or needles are not 
recommended for sub-sampling).  Anytime a second analysis is required for 
dilution purposes, a second sample vial which has not been opened should 
be used. 

 
 Calibration standards are prepared using methanolic standard solutions. It is 

recommended that no more than 50-100uL of methanol be added to any 
sample or standard.  Ensure that samples and standards are matrix-matched 
as closely as possible with regard to methanol content (within ~20uL 
methanol). 

 
 Samples can potentially be contaminated during storage by diffusion of 

volatile organics through the septum (particularly fluorocarbons and 
dichloromethane). 

  
 A transportation blank can be prepared from reagent water and carried 

through the sampling and handling protocol as a check on contamination 
from external sources.  

 
 Contamination of the analytical system can occur after high level samples are 

analyzed.  Analysts should be aware of the degree of carryover that occurs 
on their instrument system, and should take appropriate steps to prevent the 
occurrence of false positives. 

 
 2-chloroethylvinylether often decomposes on purge and trap systems, 

sometimes quantitatively.  It also decomposes under acidic conditions, so 
acid preservation is not appropriate for this analyte.  Non-detect analyses for 
the 2-chloroethanol breakdown product may be sufficient to demonstrate the 
absence of this compound in samples. 
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Sample Handling 
and Preservation  Use 40 mL clear or amber glass volatiles vials with Teflon-lined septum. 
 
 If the sample  contains  residual  chlorine (e.g. chlorinated water supplies) 

add sodium thiosulphate to reduce the chlorine to unreactive chloride (3 mg 
Na2S2O3 per 40 mL sample is sufficient for up to 5 ppm Cl2).  Fill the sample 
container about three-quarters full with sample, allowing it to mix with the 
sodium thiosulfate.  Then adjust to a pH of less than 2 with solid sodium 
bisulfate (NaHSO4) before filling the container with sample and capping 
(approximately 120mg of NaHSO4 per 40mL sample is normally sufficient). 
Then shake vigorously for up to one minute or until both the Na2S2O3 and 
NaHSO4 are dissolved. 

 
 Note:  Either one of the above two preservatives may be added to sample 

containers prior to shipment to the field, but the two preservatives must not 
be combined prior to sample collection. 

  
 If no residual chlorine is present, preserve to a pH of less than 2 with solid 

sodium bisulfate (NaHSO4).  Approximately 120mg of NaHSO4 per 40mL 
sample is normally sufficient.  Alternatively, treat with a copper biocide, 
adding 0.5 mL of 10% by weight CuSO4·5H2O(aq) per 40mL vial.  Each of 
these procedures have been shown to prevent the microbial degradation of 
VOCs. 

 
 Note:  Preservation with sodium thiosulfate alone is sufficient for samples 

which will only be analyzed for trihalomethanes (as per Standard Methods 
reference). 

 
 Do not pre-rinse the vial with sample (to avoid loss of preservative).  Collect 

the sample with as little aeration as possible, filling to just overflowing.  Cap 
the vial and try to ensure that no bubbles are present.  A small air bubble of 
up to ¼” diameter may appear after sampling, and is acceptable. 

 
 It is recommended that all VOC samples be collected in triplicate to allow for 

re-analyses or dilutions. 
 
 HCl or H2SO4 are permitted as alternatives to the use of NaHSO4, but 

NaHSO4 is recommended.  Degradation of styrene by HCl preservative has 
been reported, and other unsaturated VOCs may react similarly.  Acidification 
is not appropriate where analysis of 2-chloroethylvinylether is required. 

  
 One investigator has reported artifactual formation of bromomethane in some 

groundwater samples where preservation with copper sulfate had been used.  
 
 For a full discussion of the merits of various VOC preservation techniques, 

refer to Appendix A of Draft EPA Method 5035A, entititled “The Collection 
and Preservation of Aqueous and Solid Samples for Volatile Organic 
Compound (VOC) Analysis”. 
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Stability Holding Time  -  Analyze samples as soon as possible, but within 14 days of 

sampling.  The 14 day holding time applies to correctly preserved, unopened 
samples with essentially zero headspace.  After any significant sample 
volume has been removed, samples are quickly compromised. 

  
 Storage  -  Store at 4°C until dispensed to sealed analysis vessels. 
 
 
Procedure Detailed instrumental procedures are not provided in this method.  The 

procedures described in following US Environmental Protection Agency 
methods are recommended as general guidelines: 

  
 Purge and Trap conditions:   SW846 Method 5030b (Dec, 1996 or 

newer). 
 GC/MS conditions:  SW846 Method 8260b (Dec, 1996 or newer). 
 
 Whenever possible, the use of internal standards are strongly recommended 

for this method.  Internal standards can vastly improve the precision of the 
method.  Deuterium labeled VOCs, fluorinated VOCs, and brominated VOCs 
are recommended (see Quality Control - Surrogates for examples). 

 
Performance 
Requirements Any analytical method options selected for this analysis must meet or exceed 

the performance requirements specified below.  Achievement of these 
requirements is to be demonstrated during method validation.  Acceptance 
criteria for routine Quality Control samples are to be determined by the 
laboratory: 

 
Accuracy Requirement This method should not be subject to any significant positive or negative bias.  

Any instrumental conditions selected should achieve average recoveries of 
(100±20)% on clean matrix spikes, at concentrations above ten to twenty 
times the MDL. 

  
Precision Requirement The method must generate precision equal to or better than 15% relative 

standard deviation for clean matrix spikes at concentrations above ten to 
twenty times the MDL. 

 
Selectivity Requirement The use of gas chromatography with mass spectrometric detection assures 

optimum selectivity. 
 
Sensitivity Requirement The method must be capable of achieving MDLs as listed, or alternatively 

must be less than or equal to one-half of the relevant regulatory standard 
value. 

 
Quality Control Blanks:   Analyze  at  least  one  Method Blank with each sample batch.  

Method Blank results should be below reported detection limits, or data must 
be qualified.  A transportation blank may be carried along with the samples to 
check for contamination during handling. 
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 Duplicates:  Sample duplicate analyses are recommended at a frequency of 
about 5-10%. 

  
 Spikes:  At least one Clean Matrix Method Spike must be analyzed with each 

batch. 
 
 Control Standard:  If the Spike sample is prepared from a secondary source 

from calibration standards, it can also function as a Control Standard. 
Otherwise, a separate Control Standard is required. 

 
 Surrogates:  Appropriate Surrogate Compounds must be added to each 

sample.  Recommended surrogates include deuterium-labeled VOCs, 
fluorinated VOCs, and brominated VOCs.  Examples include: 

 
• deuterium labeled BTEX compounds 
• 4-bromofluorobenzene 
• d5-chlorobenzene 
 

 Laboratories should establish suitable control limits and corrective actions for 
all Quality Control steps.  Warning and Control Limits based on a statistical 
process control model, and in keeping with the specified Performance 
Requirements are recommended. 

 
Prescribed Elements 1) Preservation   as   per   the   Sample  Handling  and  Preservation  

section  is mandatory. 
 
 2) Analysis must be by GC/MS.  Purge and Trap is the recommended 

sample introduction system, but other mechanisms are permitted if 
performance requirements are met (Examples include Static Headspace, 
Solid Phase Micro Extraction - SPME). 

 
References Test Methods for Evaluating Solid Wastes – Physical / Chemical Methods, 

SW-846, 3rd Edition, Method 8260B, Volatile Organic Compounds by Gas 
Chromatography / Mass Spectrometry (GC/MS), December 1996,  Final 
Update III. United States Environmental Protection Agency, Washington, D.C. 

 
 Test Methods for Evaluating Solid Wastes – Physical/Chemical Methods, 

SW-846, Method 5035A, Closed System Purge and Trap Extraction for 
Volatile Organics in Soil and Waste Samples, Draft Revision 1, July 2002. 
United States Environmental Protection Agency, Washington, D.C. 

 
 Test Methods for Evaluating Solid Wastes – Physical/Chemical Methods, 

SW-846, 3rd Edition, Method 5030B, Purge and Trap for Aqueous Samples, 
December 1996, Final Update III. United States Environmental Protection 
Agency, Washington, D.C. 

 
 American Public Health Association, 1998.  Standard Methods for the 

Examination of Water and Wastewater (20th Edition), Introduction Section 
6010 B, Sample Collection and Preservation, Volatile Organic Compounds. 

 
 CPPI (Canadian Petroleum Products Institute), 1992.  Inter-Laboratory Study 

#3 to Evaluate the Analytical Variability of Volatile Organics, Phenol, and 
Sulfide Procedures, CPPI Report No. 92-1.  (Reference for copper sulfate 
preservation of BTEX). 
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Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
    
 December 31, 2000: SEAM codes replaced by EMS codes.  
 
 May 7, 2004: Revised.  Additional analytes added.  Updated to 

PBM format.  Preservation options modified. 



D - 230 

Organics  
Revision Date:  December 31, 2000 

 

Volatile Halogenated Hydrocarbons in Water 
 
Parameter Volatile halogenated hydrocarbons 
 
Analytical Method Extraction, GC/MS or GC/ECD. 
 
EMS Code (EMS code will be defined upon request) 
 
Introduction This analysis is applicable to the class of compounds called volatile 

halogenated hydrocarbons. For simplicity this method will target the following 
compounds: 

 
 1,2-Dichlorobenzene 1,2,4-Trichlorobenzene 
 1,3-Dichlorobenzene 2,4,5-Trichlorobenzene 
 1,4-Dichlorobenzene Hexachlorobenzene 
 1,2,3,4-Tetrachlorobenzene Hexachlorobutadiene 
 1,2,3,5-Tetrachlorobenzene Hexachlorocyclopentadiene 
 1,2,4,5-Tetrachlorobenzene Hexachloroethane 
 1,2,3-Trichlorobenzene Pentachlorobenzene 
 
Summary The sample is placed in a separatory funnel and extracted with 

dichloromethane (EPA METHOD 3510A). The final extract is solvent 
exchanged then analyzed using one of the following procedures:  

 
 - Capillary column gas chromatography with mass spectrometry detection 

(EPA method 8270B) 
 
 -  Dual capillary column gas chromatography with electron capture detector 

(EPA method 8120) 
 
MDL Actual MDL will vary depending on the instrument sensitivity and matrix 

effects. 
 

Note:  The following detection limits were obtained from the Ontario 
Regulation 695/88 under the Environmental Protection Act "Effluent 
Monitoring - General". 

 
 Parameter Group Detection Limits (µg/L) for 
 MISA 23                      Standards in Reagent Water 
 
 1,2-Dichlorobenzene *  (1.14)  
 1,3-Dichlorobenzene 1.1  (1.19) 
 1,4-Dichlorobenzene 1.7  (1.34) 
 1,2,3,4-Tetrachlorobenzene 0.01 (*) 
 1,2,3,5-Tetrachlorobenzene 0.01 (*) 
 1,2,4,5-Tetrachlorobenzene 0.01 (*) 
 1,2,3-Trichlorobenzene 0.01 (*) 
 1,2,4-Trichlorobenzene 0.01 (0.05) 
 2,4,5-Trichlorobenzene 0.01 (*) 
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 Parameter Group Detection Limits (µg/L) for 
 MISA 23                      Standards in Reagent Water 
 
 Hexachlorobenzene 0.01 (0.05) 
 Hexachlorobutadiene 0.01 (0.34) 
 Hexachlorocyclopentadiene 0.01 (0.40) 
 Hexachloroethane 0.01 (0.03) 
 Pentachlorobenzene 0.01 (*) 
 
 * was not determined in study. 
 (*) values obtained from EPA Method 612 and 8120 
 
Matrix Fresh water   
 Wastewater   
 Marine water  
 
Interferences and 
Precautions Analysis of method blanks will identify interferences from glassware, solvent, 

reagents, etc.  Interfering co-extractives will vary depending on the sample 
matrix, source, and method of detection. The extract clean-up procedure will 
eliminate many of these, but unique samples may require additional work, or 
be subject to higher detection limits.  Certain of these compounds are very 
light sensitive and samples should be collected in amber glass containers 
and protected from direct light. 

 
Sample Handling Bottle  - 1 litre amber glass, with Teflon- or foil-lined lid. 
and Preservation Preservation  -  80 milligrams of sodium thiosulfate per litre if residual 

chlorine is present; keep cool at 4°C. 
Collect a representative sample in a wide mouth glass bottle that has been 
rinsed with solvent and oven dried. Do not rinse bottle with sample. If 
duplication is required, a separate one litre sample should be collected. 

 
Stability Holding time  - extract within 7 days of collection. Analyze within 40 days of 

extraction.   
 Storage  - store at 4°C from time of collection to extraction in amber glass or 

foil wrapped jars. 
 
Principle or See EPA Methods:  
Procedure Extraction   - 625 3510A  
 Analysis  - 625 8270B (GC/MS) 
    - 612 8120 (GC/ECD) 
 
Precision See appropriate method for data. 
 
Accuracy See appropriate method for data. 
 
Quality Control Samples:  batch size 1 to 15 samples. 
 Blanks: 1 method blank per analytical batch. 

Replicates: 1 sample duplicate if available; if not, an instrument duplicate per 
analytical batch. 

 Recovery control: 1 sample spike per analytical batch. 
 
 Note - instrument or solvent blanks should be run behind samples that 

contain high concentrations of analytes. 
   -  surrogate standard recoveries should be reported. 
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References a) EPA (1986) Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Ed. (November 1986). 

 b) EPA (1984) Federal Register, Part VIII, Guidelines Establishing Test 
Procedures for The Analysis of Pollutants Under the Clean Water Act. 
U.S. Environmental Protection Agency, 40 CFR Part 136 (October 
26,1984). 

 c) Ontario Regulation 695/88 under the Environmental Protection Act 
"Effluent Monitoring - General" 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: Republication. Note neither SEAM nor EMS 

codes had been assigned.  
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Organics 
Revision Date: March 31, 2005 

 

Polycyclic Aromatic Hydrocarbons in Water by GC/MS – PBM 
 
Parameter Polycyclic Aromatic Hydrocarbons (PAH) in water. 
 
Analytical Method Dichloromethane Liquid-Liquid Extraction, GC/MS 
 
Introduction This method is applicable to the quantitative determination of polyclyclic 

aromatic hydrocarbons in water. 
 
Method Summary This method involves a liquid-liquid extraction using Dichloromethane 

followed by gas chromatography mass spectrometry (GC/MS) instrumental 
analysis.  

 
 This method is performance-based.   Laboratories may adopt alternative 

options to improve performance or efficiency provided that all stated 
performance requirements and prescribed (mandatory) elements are met. 

 
MDL and EMS Codes The MDLs listed below are achievable for this method in a typical laboratory 

environment.  Ensure that reported detection limits are sufficient to meet 
applicable regulatory requirements.  

 
 Analyte Approx. MDL (ug/L) EMS Code 
    
 2-Methylnaphthalene 0.01-05 n/a 
 3-Methylcholanthrene 0.01-05 PA24 
 7,12-Dimethyl(a)anthracene 0.01-05 n/a 
 Acenaphthene 0.01-05 PA01 
 Acenaphthylene 0.01-05 n/a 
 Acridine 0.01-05 PA18 
 Anthracene 0.01-05 PA03 
 Benz(a)anthracene 0.01-05 PA04 
 Benzo(a)pyrene 0.01-05 PA05 
 Benzo(b)fluoranthene 0.01-05 n/a 
 Benzo(c)phenanthrene 0.01-05 PA21 
 Benzo(e)pyrene 0.01-05 n/a 
 Benzo(g,h,i)perylene 0.01-05 n/a 
 Benzo(k)fluoranthene 0.01-05 n/a 
 Chrysene 0.01-05 PA09 
 Dibenz(a,h)anthracene 0.01-05 n/a 
 Dibenzo(a,e)pyrene 0.01-05 n/a 
 Dibenzo(a,h)pyrene 0.01-05 PA27 
 Dibenzo(a,i)pyrene 0.01-05 PA26 
 Dibenzo(a,l)pyrene 0.01-05 PA25 
 Fluoranthene 0.01-05 PA11 
 Fluorene 0.01-05 PA12 
 Indeno(1,2,3-cd)pyrene 0.01-05 n/a 
 Naphthalene 0.01-05 PA14 
 Perylene 0.01-05 n/a 
 Phenanthrene 0.01-05 PA15 
 Pyrene 0.01-05 PA16 
 Quinoline 0.01-05 PA19 
    
Matrix Fresh water 
 Marine water 
 Wastewater 
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Interferences and  
Precautions a) Interferences may result from contaminants in solvents, reagents, 

glassware, and other sample processing hardware that lead to artifacts 
and/or elevated baseline. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the 
conditions of the analysis. 

 b) Matrix interferences may be caused by contaminants that could be co-
extracted from the sample. The extent of the matrix interferences will 
vary from source to source.  

 c) Components co-eluting with and having fragments with the same 
mass/charge (m/z) ratio as target compounds are potential sources of 
interference.  Alkylated PAHs commonly cause interferences on 
unsubstituted low molecular weight PAHs. 

 d) Quinoline and acridine are nitrogen containing PAH and are subject to 
protonation and subsequent reduced extraction efficiency.  Samples must 
be neutral or basic (pH 6 to 10) to ensure adequate extraction efficiency.  
Further, these compounds show low recovery if silica gel cleanup is 
employed. 

 
Sample Handling and  
Preservation Container:  Amber glass, with Teflon or foil lined lid.     
                                                   
 Preservation: Unfiltered and unpreserved. 
 
Stability Holding time:  Extract samples within 7 days after sample collection.  Extracts 

may be held up to 40 days before instrumental analysis. 
 
 Storage:  Store samples at 4 + 2 C.  Store extracts at 4 + 2 C away from 

direct light. 
 
Procedure Reagents 
 

a) Solvents, distilled in glass, or pesticide grade, or equivalent: 
Dichloromethane (DCM), and Iso-octane or Toluene. 

b) Silica gel, activated (optional – refer to US EPA Method 3630C for 
guidance) 

c) Sodium sulfate, anhydrous, reagent grade. 
d) Potassium Hydroxide, reagent grade or equivalent 

 
 Extraction: 
 

a) Measure the sample volume and pour the entire contents of the sample 
bottle into a Teflon or glass separatory funnel.  Include all suspended and 
settled materials,  surface film, or non-aqueous phase layer (NAPL).  If 
solids content is too great for extraction in this manner, then the solids 
should be extracted separately from the water phase and the extracts 
combined.  If significant NAPL is present in a sample, the volume of the 
NAPL phase should be measured and the PAH concentration of the 
NAPL phase should be determined and reported with qualifying remarks. 

b) Ensure sample pH is between 6 to 10.  If necessary, adjust pH using 
saturated KOH solution or phosphoric acid. 

c) Spike the sample with a minimum of 4 deuterated PAH surrogates. 
Naphthalene-d8, and one deuterated nitrogen containing PAH (e.g. 
acridine-d9, quinoline-d7) must be included.  Refer to the Quality Control 
section. 

d) Add between 25 and 100 mL of DCM to the sample bottle and rinse 
contents into the separatory funnel.  Shake vigorously for one minute with 
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frequent venting.  Allow layers to separate and drain the DCM (bottom 
layer) through sodium sulfate into a glass collection flask.   

e) Repeat step d) twice more.  
f) Concentrate the combined extracts to a known final volume using an 

appropriate concentration apparatus (e.g. rotary evaporator, turbo 
evaporator, nitrogen evaporator, Kuderna Danish evaporator) ensuring 
that method performance requirements are met.   It is recommended that 
a low volatility keeper solvent such as toluene or iso-octane be employed 
to prevent loss of more volatile PAH components.   

 
 Silica Gel Clean Up (Optional) 
 
 Silica gel cleanup may be employed to reduce instrumental interferences by 

removing non-polar and/or polar materials from the extract that may co-elute 
with analytes or deteriorate instrument condition.   Silica gel cleanup is 
generally not necessary for water samples.  Standard silica gel clean up 
techniques are not suitable for nitrogen containing PAHs, e.g. quinoline or 
acridine. 

 
 a) In-situ or column silica gel cleanup using silica gel may be employed 

following the guidelines described in the following reference: 
 

• USEPA Method 3630C, “Silica Gel Cleanup”, Revision 3, 
December 1996 

 
 b) Concentrate the cleaned-up extract to a known final volume using an 

appropriate concentration apparatus (e.g. rotary evaporator, turbo 
evaporator, nitrogen evaporator, Kudurna Danish, or equivalent) ensuring 
that method performance requirements are met.   It is recommended that 
a low volatility keeper solvent such as toluene or iso-octane be employed 
to prevent loss of more volatile PAH components. 

 
 Instrumental Analysis  
 
 Detailed instrumental procedures are not provided in this method.  The 

procedures described in the following reference are suitable for general 
guidance: 

 
• USEPA Method 8270D, “Semivolatile Organic Compounds by 

Gas Chromatography/Mass Spectrometry (GC/MS)”, Revision 4, 
January 1998. 

 
 GC/MS must be used.  Selective ion monitoring (SIM) mode is commonly 

employed to achieve lower detection limits.  Refer to USEPA Method 8270D 
for guidelines on establishing quantitation and confirmation ions for PAH 
compounds. 

 
 A five-point initial calibration (four-point minimum) over the desired working 

range is recommended to meet the performance requirements outlined in 
USEPA Method 8270D.  

 
 Whenever possible, the use of internal standards is strongly recommended.  

Internal standards can vastly improve method precision.  Deuterium labeled 
PAHs are recommended (e.g. anthracene-d10, benzo(a)pyrene-d12, etc.) 
and should be selected to encompass the mass range of the test analytes.  
Internal standards must not introduce significant interferences on test 
analytes or surrogates. 
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Performance  
Requirements Any analytical method options selected for this analysis must meet or exceed 

the method validation performance requirements specified below: 
 
 Accuracy and Precision requirements apply to measures of long term method 

performance (averages and standard deviations). Achievement of these 
requirements is to be demonstrated during initial and ongoing method re-
validation studies.  They do not constitute acceptance criteria or Data Quality 
Objectives for individual Quality Control samples.   

 
 For Initial Validations, averages of at least 8 spikes or certified reference 

materials (CRMs) must be assessed (preferably taken from multiple 
analytical batches). 

 
 Ongoing Re-validations (performance reviews) should assess QC data 

encompassing longer timeframes (e.g. 6 months to 1 year).  A minimum 
frequency of 2 years is recommended for Ongoing Re-validations. 

 
 Accuracy Requirement: Laboratories must demonstrate method accuracy 

(measured as average recovery) through repeat analysis of clean matrix 
spikes or certified reference materials at concentrations above ten times the 
MDL.  Average accuracy must be between 80-120% for heavy molecular 
weight PAH compounds (MW>175) and between 70-120 % for light 
molecular weight PAH compounds (MW<175) and nitrogen containing PAHs 
(e.g. quinoline and acridine). 

 
 Precision Requirement: Laboratories must demonstrate method precision 

through repeat analysis of clean matrix spikes or certified reference materials 
at concentrations above ten times the MDL.  Precision measured as percent 
relative standard deviation (%RSD) must be <20% for all analytes. 

 
 Sensitivity Requirement: Where possible, the method should generate 

Method Detection Limits that are less than 1/5 of applicable numerical 
standards.  The method is not fit-for-purpose if an MDL exceeds a guideline, 
standard, or regulatory criteria against which it will be used for evaluation of 
compliance. 

 
Quality Control Summary of QC Requirements 
 
 QC Component Minimum Frequency Minimum Data Quality  
   Objectives* 
 Method Blank 1 per batch Less than reported DL 
 
 Method Spike or  
 Reference Material  
 (Lab Control Sample) 1 per batch 60-130% for MW>175; 
   50-130% for MW<175 and  
   for nitrogen containing PAHs 
 
 Field Duplicates Optional Not applicable 
 Surrogate Compounds All samples 60-130% for MW>175; 
   50-130% for MW<175  
   (e.g. naphthalene-d8) and 
   for nitrogen containing PAHs. 
   Not applicable where valid  
   surrogate recoveries cannot be  
   obtained due to interferences. 
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 Control Standard / Initial  
 Calibration Verification  
 (ICV) 1 per batch 80-120% recovery 
 
 Continuing Calibration  
 Verification (CCV) Every 12 hours within  
  an instrument run. 80-120% recovery for  
   mid-level standards. 
 
 
 *  Minimum DQOs apply to individual QC samples, not averages, and only at levels above 

10x MDL.  If any DQOs are exceeded at a frequency of more than ~5%, the laboratory’s 
method should be reviewed in an attempt to improve its performance.  Laboratories should 
report qualified data when DQOs are not met, unless other evidence (e.g. surrogate 
recoveries) demonstrates that the quality of associated sample data has not been 
adversely affected.  

  
 Method Blank:  Required. Minimum one per batch or as necessary to ensure 

contamination control. 
 
 Field Duplicates:  Optional.  Replicate all components of the test from start 

to finish.  This method employs whole-sample analysis.  Therefore, unless a 
single sample container is split into two test portions, only Field Duplicates 
may be used to assess sample precision.  Field Duplicate precision 
represents the combined variability of the sampling and analysis processes. 

 
 Method Spike or Reference Material (Lab Control Sample):  Required.  

Either a clean matrix spike with known amounts of PAH levels or a certified 
reference material must be employed. 

 
 Surrogate Compounds:  Required.  At minimum, four surrogate compounds 

are required for each sample and quality control sample. Surrogates must 
include naphthalene-d8 and a deuterated nitrogen PAH (e.g., acridine-d9, 
quinoline-d7).  Surrogates should be selected to encompass the mass range 
of the test analytes. 

 
 Control Standard / Initial Calibration Verification (ICV):  Required. A 

control standard from a source separate from the calibration standard must 
be analyzed to monitor calibration accuracy. 

 
 Continuing Calibration Verification (CCV):  Required.  Calibration 

standards (typically a mid-point standard) must be analyzed periodically 
throughout the instrument run to monitor calibration drift (at least every twelve 
hours).  A control standard may serve the same purpose. 

 
Prescribed Elements The following components of this method are mandatory: 
 

a) Analysis must be by GC/MS.  At least one qualifier ion per analyte must 
be monitored (two recommended where possible).  Initial calibrations 
must include at least four points. 

b) The entire contents of the sample container must be analyzed, including 
any accompanying suspended or settled material and any surface film 
that may exist.   Should this not be possible, the client must be contacted 
for direction and any method deviations must be clearly qualified on the 
final report.   

c) All Performance Requirements and Quality Control requirements must be 
met. 

d) If acridine or quinoline is to be reported, a deuterated nitrogen-containing 
PAH must be used (e.g. acridine-d9 or quinoline-d7), and sample pH 
must be between 6 to 10 prior to extraction.  Alternative ranges for 
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acceptable pH may be established through validation studies.  
Acceptable recovery of the nitrogen PAH surrogate in a sample may be 
used as validation that sample pH was appropriate.  

 
 Apart from these limitations, and provided performance requirements are 

met, laboratories may introduce modifications to this method in order to 
improve quality or efficiency.  Laboratories must disclose to their clients 
where modified or alternative methods are employed. 

 
References 

1. USEPA Method 8270D, “Semivolatile Organic Compounds by Gas 
Chromatography/Mass Spectrometry (GC/MS)”, Revision 4, January 
1998. 

 
2. USEPA Method 3510C, “Separatory Funnel Liquid-Liquid Extraction”, 

Revision 3, December 1996. 
 
3. USEPA Method 3630C, “Silica Gel Cleanup”, Revision 3, December 

1996. 
 
4. British Columbia Ministry of Water, Land and Air Protection, “Polycyclic 

Aromatic Hydrocarbons (PAHs) in Water by GC/MS/SIM”, November 
2002 (Previous version of this method prior to conversion to PBM format).   

 
Revision History March 31, 2005 2002 version was replaced and converted to 

PBM format. 
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Organics 

Method Revision: November 2002 

 

Polycyclic Aromatic Hydrocarbons (PAHs) In Solids by 
GC/MS/SIM 
 
Parameter Polyclyclic Aromatic Hydrocarbons in soil, sediments or solids.  
 
Analytical Method -S02 - soxhlet, silica gel, GC/MS/SIM. 
 
EMS Code 
 
Introduction This method is applicable to the quantitative determination of polycyclic 

aromatic hydrocarbons in soil. 
 
Summary  Soil samples are ground with anhydrous sodium sulphate and soxhlet 

extracted with dichloromethane. The extract is then cleaned up by silica gel 
column chromatography and analyzed by gas chromatography - mass 
spectroscopy using selected ion monitoring (SIM). 

 
MDL Polyclyclic Aromatic Hydrocarbons (PAHs) µg/g 
   

Naphthalene 0.001 

Acenaphthylene 0.001 

Acenaphthene 0.001 

Fluorene 0.001 

Phenanthrene 0.001 

Anthracene 0.001 

Fluoranthene 0.001 

Pyrene 0.001 

Benz(a)anthracene 0.001 

Chrysene 0.001 

Benzo(b+k)fluoranthene 0.001 

Benzo(a)pyrene 0.001 

Indeno(123-cd)pyrene 0.001 

Dibenz(ah)anthracene 0.001 

Benzo(ghi)perylene 0.001 
 
Matrix Soil Sediment Solids 
 
Interferences and 
Precautions a) Interferences may be caused by contaminants in solvents,  reagents, 

glassware, and other sample processing hardware that lead to artifacts 
and/or elevated baseline. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the 
conditions of the analysis.  
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 b) Matrix interferences may be caused by contaminants that could be co-
extracted from the sample. The extent of the matrix interferences will 
vary from source to source.  

 c) Components co-eluting with and having fragments with m/z same as 
target compounds are potential sources of interference.  

 
Sample Handling Bottle: 0.5L wide mouth amber glass, heat treated 350°C.  
and Preservation Preservation: 4°C.  
 
Stability  Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days. 
 Storage: store at 4°C until analyzed.  
 
Procedure  a) Soxhlets, minimum 200 mL bed volume  
Apparatus  b) Round bottom flasks, 250 and 500 mL  
 c) Glass filter funnels  
 d) Glass columns 1.2 cm x 30 cm with 150 mL reservoirs  
 e) Pipettes, 2 mL  
 f) Rotary evaporator  
 b) Graduated centrifuge tubes, 15 mL  
 
Reagents  a) Solvents, distilled in glass or Pesticide grade  
  1) Dichloromethane 
  2) Isooctane  
 b) Silica gel, heated at 350°C overnight then deactivated with 5% water 

(w/w).  
 c) Sodium sulphate, anhydrous, reagent grade, heat treated at 600°C for 

6 hr.  
 
Procedure  a)  Determine the moisture content of the soil by oven drying (105°C) 10 g 

of wet soil.  
 b)  Accurately weigh 15 - 20 g (wet weight) of soil and place it in a mortar 

containing 50 g of anhydrous sodium sulphate. Grind the mixture until it 
flows like dry sand, and transfer to a soxhlet extractor.  

 c)  Spike the sample with 50 µL of 20 ppm perdeuterated PAH surrogates 
(naphthalene d8, acenaphthene d10, phenanthrene d10, chrysene d10, 
and perylene d12).  

 d) Soxhlet extract for a minimum of 16 hours with dichloromethane 
(DCM).  

 e) Remove the solvent from the heat and concentrate to 2 mL using a 
rotary evaporator.  

  Note:  some of the PAH are very volatile, so bath temperature 
should not be above 35°C. Also do NOT let go dry.  

 f) Prepare a 10 g silica gel column (30 cm x 1.0 mm, with 150 mL 
reservoir) topped with 1 cm of sodium sulfate in dichloromethane 
(DCM). Clean by running 50 mL of DCM through the column. Discard 
DCM.  

 g) Load sample when the solvent has just reached the top of the sodium 
sulfate. Elute with 40 mL of DCM and collect.  

 h) Add 1 mL of isooctane to the eluted sample and concentrate the 
sample to 2 mL using a rotary evaporator.  

 i) Transfer to a 15 mL graduated centrifuge tube and concentrate under a 
gentle stream of nitrogen to 1 mL. 

 j) Spike extract with 50 µL of 20 ppm anthracene d10 and 
benzo(a)pyrene d12, and transfer to a 2 mL GC autosampler vial for 
GCMS analysis.  
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Instrument Conditions: Instrument HP 5890 gas chromatograph with HP5970 mass 
selective detector 

 
Column    DB5, 30 m x 0.25 mm i.d.  
Carrier gas    Helium  
Head pressure    10 psi  
Column flow rate    30 cm/s @ 100°C  
Scan mode    Selective ion monitoring (SIM)  
Scan rate    1 scan/sec (minimum)  
Injector temperature    250°C  
Injection volume    1 µL  
Injection mode    Splitless  
Initial temperature    50°C  
Initial time    1 min  
Temperature program    25°C/min to 100°C, then 8°C/min to 300°C  
Final hold    19 min  

 
 

Selective Ion Masses    Quantitation Ions Confirmation Ions 
   
Natives    
Naphthalene    128 129, 64 
Acenaphthylene    152 153, 76 
Acenaphthene    154 152, 150 
Fluorene    166 167, 82 
Phenanthrene    178 179, 89 
Anthracene    178 179, 89 
Fluoranthene    202 203, 200 
Pyrene    202 203, 200 
Benz(a)anthracene    228 299, 226 
Chrysene    228 299, 226 
Benzo(b+k)fluoranthene 252 250, 126 
Benzo(a)pyrene 252 250, 126 
Indeno(123cd)pyrene    276 277, 138 
Dibenz(ah)anthracene    278 279, 139 
Benzo(ghi)perylene 276 277, 138 
   
Internal Standards    
Anthracene d10    188  
Benzo(a)pyrene d12    264  
   
Surrogates    
Naphthalene d8    136  
Acenaphthene d10    164  
Phenanthrene d10    188  
Chrysene d12    240  
Perylene d12    264  

 
GCMS Calibration  a) To each prepared calibration standard mixture add a known constant 

amount of the two internal deuterated standards to yield a resulting 
concentration of 1 µg/mL and dilute to volume. One of the calibration 
standards should be at a concentration near, but above, the minimum 
detection limit (MDL) and the other concentrations should correspond 
to the expected range of concentrations found in real samples or 
should define the working range of the GC-MS system.  
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 b) Analyze constant amount (usually 1 µL) of each calibration standard 
and tabulate the area of the primary characteristic ion against 
concentration for each PAH and internal standard, and calculate the 
relative response factor (RRF) for each PAH using the following 
equation:  

 
RRF = (Ax Cis) / (Ais Cx) 

 
  where: 
 

Ax = Area of the characteristic ion for the PAH to be measured  
Cx = Concentration of the PAH, (ng/µL)  
Ais = Area of the characteristic ion for the internal standard  
Cis = Concentration of the internal standard, (ng/µL)  

 
 c) If the RRF value over the working range is a constant (< 20% RSD), 

the RRF can be assumed to be invariant and the average RRF can be 
used for calculations.  

 
 d) The working calibration curve or RRF must be verified on each working 

day by measurement of one or more calibration standards. If the RRF 
for any parameter varies from the predicted RRF by more than 20%, 
the test must be repeated using a fresh calibration standard. 
Alternatively, a new calibration curve must be prepared.  

 
 e) The retention times for each compound in each calibration run should 

agree within 0.06 relative retention time units.  
 
Daily One Point Initial 
Calibration Check At the beginning of each work day, a daily one-point calibration check is 

performed by re-evaluating the mid-scale calibration standard. This is the 
same check that is applied during the initial calibration, but one instead of five 
working standards is evaluated. Analyze the one working standard under the 
same conditions the initial calibration curve was evaluated. Analyze 1 µL of 
each of the midscale calibration standard and obtain the RRF. Calculate the 
percent difference between the current RRF and average RRF using the 
following equation:  

 
 % Difference = (RRFc - RRFi) / RRFi x 100  
 
 where:  
 
 RRFi = Average relative response factor from initial calibration using 

midscale standard 
 
 RFc   =  Relative response factor from current verification check using 

midscale standard 
 
 If the percent difference for the midscale level is greater than 10%, the 

laboratory should consider this a warning limit. If the percent difference for 
the midscale standard is less than 20%, the current calibration is assumed to 
be valid. If the criterion is not met (>20%), then corrective action MUST be 
taken. This check must be met before analysis begins. If no source of the 
problem can be determined after corrective action has been taken, a new 
fivepoint calibration MUST be generated. This criterion MUST be met before 
sample analysis begins.  
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12 - Hour Calibration  
Verification A calibration standard at midlevel concentration containing all PAHs must be 

performed every twelve continuous hours of analysis. Compare the RRF 
every 12-hours with the average RRF from the initial calibration. If the % 
difference for RRF is less than 20%, then the GC-MS system is operative 
within initial calibration values. If the criterion is not met (>20% difference), 
then the source of the problem must be determined and a new fivepoint curve 
MUST be generated.  

 
Calculation  Concentration of PAHx = (Ax/Ais) x (W is/RRFx) / Wt  
 
 where: 
 

Ax = Area of the characteristic ion for the PAH to be measured.  

Ax  = Area of the characteristic ion for PAHx, the PAH to be 
measured.  

Ais  = Area of the characteristic ion for the internal standard  
W is  = Amount of internal standard added to the final extract  
RRFx = Relative response factor of PAHx from a calibration run  
Wt  = Initial sample dry weigh 

 
Precision  Relative standard deviation was 11% at a concentration of 0.01 µg/g.  
 
Accuracy  Recovery was 95% at a concentration of 0.01 µg/g.  
 
Quality Control Method Blank Analysis: 
    Analyze at a frequency of one per sample extraction batch. Blanks should 

contain no more than method detection limit (MDL) levels. Sample data are 
not corrected for blanks.  

 
 Method Spike: 
 Analyze at a frequency of one in 14 or one per batch, whichever is less. 800 

mL of sample is spiked with a known concentration of PAH. The spike level 
should be at a concentration near, but above, the minimum detection limit. 
Calculate the % recovery as follows:  

 
% Recovery = [recovered amount] / [spiked amount] x 100 

 
 Allowed recoveries are: 50 - 130%. Samples for which the spike is outside 

the limit are to be repeated. If it fails again, repeat the batch.  
 
 Laboratory duplicate: 
 Analyze at a frequency of one in 14 or one per batch, which ever is less. The 

relative percent difference for the compounds detected is calculated as 
follows:  

 
[sample 1] [sample 2] 

% Difference = 
[average of 1 & 2] 

x 100 

 
 Allowed difference: < 25% (if both samples are greater than 5 times the 

MDC). Replicate outside the limits are required to be repeated.  
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 Surrogates: 
 Acceptable surrogate recoveries are 40 - 130%.  
 
References  a) "Handbook of Polycyclic Aromatic Hydrocarbons", Alf Bjorseth, ed., 

Marcel Dekker, Inc., New York, 1983.  
 
Revision Dates: November 2002.  Method adopted from Manual supplement #1. 

EMS Codes assigned. 
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Organics 
Revision Date: November 2002 

 

Polychlorinated Biphenyls (PCBs) in Water 
 
Parameter Polychlorinated Biphenyls  
 
Analytical Method DCM extraction, Florisil cleanup, GC/ECD  
 
EMS Code 
 
Introduction This method is applicable to the quantitative determination of polychlorinated 

biphenyls in water. PCB material consists of distinct mixtures (referred to as 
"Arochlor" mixtures). Pure PCB material is a dense liquid and was used in 
many applications requiring high thermal stability and dielectric constant, 
most notably as insulating oils in the electrical industry. Due to their 
environmental persistance, PCBs were banned from production in the US in 
1976.  

  
Summary  An aliquot of the water sample is extracted with dichloromethane. The raw 

extract is concentrated and examined on a capillary column gas 
chromatograph equipped with an electron capture detector. If necessary the 
raw extract is cleaned up (partitioned) on a Florisil column.  

 
MDL Polychlorinated Detection 
 Biphenyls (PCB's) Limit (mg/L) 

Aroclor 1242 0.0004 

Aroclor 1248 0.0004 

Aroclor 1254 0.0004 

Aroclor 1260 0.0004 
 
Matrix Fresh Water 

Wastewater 
Marine Water 

 
Interferences and 
Precautions a) Interferences may be caused by contaminants in solvents, reagents, 

glassware and other sample processing hardware that lead to artifacts 
and/or elevated baselines. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the the 
conditions of the analysis. 

 b) Matrix interferences may be caused by contaminants that could be 
coextracted from the sample. The extent of the matrix interferences will 
vary from source to source.  

 
Sample Handling 
and Preservation Water samples should be collected in hydrocarbon clean 1 litre  amber glass 

bottles and stores at 4°C. Minimum required volume is 1 L. 
 
Stability  Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days.  
 Storage: store at 4°C until analyzed.  
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Procedure  a) Separatory funnels, 1000 mL 
   Apparatus  b) Round bottom flasks, 250 and 500 mL 
 c) Glass filter funnels 
 d) Glass columns 1.4 cm x 30 cm with 150 mL reservoir 
 e) Pipettes, 2 mL 
 f) Rotary evaporator 
 g) Graduated centrifuge tubes with ground glass stoppers, 15 mL 
 h) Nitrogen 'blow down' apparatus 
 
   Reagents  a) Solvents, distilled in glass or pesticide grade 
  -  Dichloromethane 
  -  Isooctane (2,2,4-trimethylpentane) 
  -  Hexane 
  -  Petroleum Ether 
  -  Ethyl Acetate  
 
 b) Granular sodium sulphate, anhydrous, reagent grade, heat treated at 

600°C for 6 hr. 
 
 c) Florisil, PR Grade, heat treated at 650°C for six hours, deactivated with 

1% (weight to weight) water.  
 
 d) Glass wool, heat treated at 300 °C.  
 
   Procedure  a) Pour 800 mL of sample into a 1000 mL separatory funnel. Add 50 µL of 

20 ppm surrogate (Dibromobiphenyl) and 60 mL of dichloromethane 
(DCM). Shake vigorously for one minute. 

 
 b) Allow the layers to seperate and collect the DCM in a 250 mL round 

bottom flask after filtering through sodium sulfate supported by glass 
wool in a glass filter funnel. 

 
 c) Repeat the extraction with two more aliquots of 60 mL DCM.  
 
 d) Collect all DCM and concentrate to 23 mL on a rotary evaporator.  
 
 e) Add 10 mL of hexane and concentrate to 23 mL on a rotary evaporator.  
 
 f) Transfer to a 15 mL graduated centrifuge tube and make up to 5 mL 

with isooctane or hexane. 
 
 g) Spike with 50 µL of 20 ppm hexachlorobenzene and analyze by 

GC/ECD. 
 
Instrument Conditions: (Provided as a guide, product endorsement is not implied.) 
 

Instrument HP 5880 gas chromatograph with split/splitless injection 
system and electron capture detector. 

Column DB17, 30 m x 0.25 mm i.d., 0.025 µm film thickness, or 
DB5, 30 m x 0.25 mm i.d., 0.025 µm film thickness 

Carrier gas Helium 

Head pressure 25 psi 

Injector temperature 250°C 

Injection volume 1 µL 
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Injection mode Splitless, 1 minute 

Initial temperature 100°C 

Initial time 1 min 

Temperature program 25°C/min to 170°C, then 
4°C/min to 220°C, then 
10°C/min to 260°C 

Final hold 17.5 min 

 
GC Calibration  a) To each prepared calibration standard mixture add a known constant 

amount of the internal standard (hexachlorobenzene) to yield a 
resulting concentration of 0.2 µg/mL. One of the calibration standards 
should be at a concentration near, but above, the minimum detection 
limit (MDL) and the other concentrations should correspond to the 
expected range of concentrations found in real samples or should 
define the working range of the GC system. 

 b) Analyze a constant amount (usually 1 µL) of each calibration standard 
and tabulate the area for each PCB and internal standard, and 
calculate the relative response factor (RRF) for each using the 
following equation:  

 
(AxCis) 

RRF = 
(AisCx) 

 
  where: 
 

Ax = Area of the PCB to be measured. 

Cx = Concentration of the PCB, (ng/µL) 

Ais = Area of the internal standard 

Cis = Concentration of the internal standard, (ng/µL)  
 
 c) If the RRF value over the working range is a constant (< 20% RSD), 

the RRF can be assumed to be invariant and the average RRF can be 
used for calculations. 

 
 d) The working calibration curve or RRF must be verified on each working 

day by measurement of one or more calibration standards. If the RRF 
for any parameter varies from the predicted RRF by more than 20%, 
the test must be repeated using a fresh calibration standard. 
Alternatively, a new calibration curve must be prepared. 

 
 e) The retention times for each compound in each calibration run should 

agree within 0.06 relative retention time units of the nearest internal 
standard. 
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Daily One Point Initial  
Calibration Check At the beginning of each work day, a daily one-point calibration check is 

performed by re-evaluating the midscale calibration standard. This is the 
same check that is applied during the initial calibration, but one instead of 
three working standards is evaluated. Analyze the one working standard 
under the same conditions the initial calibration curve was evaluated. Analyze 
2 µL of the midscale calibration standard and obtain the RRF. Calculate the 
percent difference between the current RRF and average RRF using the 
following equation:  

 

(RRFc - RRFi) 
% Difference = 

RRFi 
x 100 

 
 where:  
 
 RRFi  = Average relative response factor from initial calibration using 

mid-scale standard 
 
 RRFc   = Relative response factor from current verification check using 

mid-scale standard  
 
 If the percent difference for the mid-scale level is greater than 10%, the 

laboratory should consider this a warning limit. If the percent difference for 
the mid-scale standard is less than 20%, the current calibration is assumed to 
be valid. If the criterion is not met (>20%), then corrective action must be 
taken. This check must be met before analysis begins. If no source of the 
problem can be determined after corrective action has been taken, a new 
three-point calibration must be generated. This criterion must be met before 
sample analysis begins.  

 
12 - Hour Calibration 
 Verification A calibration standard at midlevel concentration containing selected arochlors 

must be performed every twelve continuous hours ofanalysis. Compare the 
RRF every 12-hours with the average RRF from the initial calibration. If the % 
difference for RRF is less than 20%, then the GC system is operative within 
initial calibration values. If the criterion is not met (>20% difference), then the 
source of the problem must be determined and a new threepoint curve must 
be generated.  

 
Calculations: 

 
 
 where: 

Ax1  = Area of PCB peak #1 that was measured 

Ax2  = Area of PCB peak #2 that was measured 

Ax3  = Area of PCB peak #3 that was measured 

Ax4  = Area of PCB peak #4 that was measured 

Ax5  = Area of PCB peak #5 that was measured 

Ax6  = Area of PCB peak #6 that was measured 

Ax7  = Area of PCB peak #7 that was measured 

Ax8  = Area of PCB peak #8 that was measured 
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Ais  = Area of internal standard 

W is  = Amount of internal standard added to the final extract 

RRFPCB  = Relative response factor of the total area of PCB peaks one to 
eight of PCBx from a calibration run 

Vol  = Initial sample volume  

 
The eight PCB peaks chosen are the eight largest and best resolved peaks 
that do not correspond to a retention time associated with an organochlorine 
pesticide.  

 
Precision  Not available 
 
Accuracy  Not available 
   
Quality Control Method Blank: 
 Analyze at a frequency of one per sample extraction. Blanks should contain 

no more than method detection limit (MDL) levels. Sample data are not 
corrected for blanks. If positives are detected at >5% of sample values, the 
samples should be repeated.  

 
    Method Spike: 
 Analyze at a frequency of one in 14 or one per batch, whichever is more 

frequent. 800 mL of water is spiked with a known concentration of arochlor. 
The spike level should relate to the sample concentration as close as 
possible. If this is not possible then the spike level should be at a 
concentration five or ten times the minimum detection limit. Calculate the % 
recovery as follows:  

 
((sample + spike) - (sample only)) 

% Recovery = 
spiked amount 

x 100 

 
 Allowed recoveries are: 50 - 130%. Samples for which the spike is outside 

the limit are to be reinjected. If it fails again, repeat the batch.  
 
 Method Duplicate: 
 Analyze at a frequency of one in 14 or one per batch, which ever is more 

frequent. The relative percent difference for the compounds detected is 
calculated as follows: 

 
((sample 1) - (sample 2)) 

% Difference = 
(average of 1 & 2) 

x 100 

 
 Allowed difference: < 25% (if both samples are greater than 5 times the 

MDL).  Replicates outside the limits are required to be repeated.  
 
 Surrogates: 
   Acceptable recovery: 50 - 130%  
 
References  Not available 
 
Revision Date: November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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Organics 
Revision Date; November 2002 

 

Polychlorinated Biphenyls (PCBs) in Solids 
 
Parameter Polychlorinated Biphenyls (PCBs)  
 
Analytical Method DCM extraction, Florisil cleanup, GC/ECD  
 
Introduction This method is applicable to the quantitative determination of polychlorinated 

biphenyls in soil, sediments and other solids. PCBs were produced 
commercially as a series of distinct mixtures of varying chlorine content under 
the tradename "Arochlor". Pure PCB material is a dense liquid and was used 
in many applications requiring high thermal stability and dielectric constant, 
most notably as insulating oils in the electrical industry. Due to their 
environmental persistance, PCBs were banned from production in the US in 
1976.  

  
Summary  A portion of the sample is extracted, as received, with a solvent mixture that 

affords good contact with potentially high moisture content soils. One to one 
mixtures of hexane/acetone, dichloromethane/acteone or dichloromethane/ 
methanol are all suitable. The mixed solvent extract is back extracted with 
water to isolate the hexane or dichlorimethane phase. The raw extract is 
concentrated, cleaned up by partitioning on a Florisil column and/or treated 
with freshly cleaned copper to remove sulfur, as required and examined on a 
capillary column gas chromatograph equipped with an electron capture 
detector. 

 
MDL Polychlorinated Detection  
 Biphenyls (PCB's) Limit (µg/g) 
 
 Aroclor 1242 0.05 
 Aroclor 1248 0.05 
 Aroclor 1254 0.05 
 Aroclor 1260 0.05 
 
Matrix Soil (Marine)  
 Sediments Other solid samples, e.g., wood chips, floor sweepings, demolition 

debris and etc. 
 
Interferences and 
Precautions a) Interferences may be caused by contaminants in solvents, reagents, 

glassware, and other sample processing hardware that lead to artifacts 
and/or elevated baselines. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the 
conditions of the analysis. 

 
 b) Matrix interferences may be caused by contaminants that could be co-

extracted from the sample. The type and extent of matrix interferences 
will vary from source to source. Sulfur is common in anerobic 
sediments, phthalate esters may be prevalent in landfill samples. 

 
Sample Handling and 
Preservation Soil samples should be collected in hydrocarbon clean 0.5 litre  widemouth 

amber glass bottles and stored in a freezer at -10°C. Minimum required 
sample mass is 50 grams, however preferred sample size is 250 grams or 
more.  
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Stability  Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days.  
 Storage: store samples at -10°C and extracts at 4°C until analyzed.  
 
Procedure  a) Separatory funnels, 500 mL 
   Apparatus  b) Flasks, Erlenmeyer, 500 mL 
 c) Flasks, round bottom 250 mL and 500 mL 
 d) Glass filter funnels 
 e) Glass columns 1.4 cm x 30 cm with 150 mL reservoir 
 f) Pipettes, 2 mL 
 g) Polytron homogenizer or 
 h) Waring (type) blender, stainless steel, explosion proof 
 i) Rotary evaporator 
 j) Graduated centrifuge tubes with ground glass stoppers, 15 mL 
 k) Nitrogen 'blow down' apparatus 
 
   Reagents  a) Solvents, distilled in glass or pesticide grade 
  - Dichloromethane (Methylene chloride) 
  - Hexane 
  - Acetone 
  - Methanol 
  - Isooctane (2,2,4-trimethylpentane) 
  - Petroleum Ether 
  - Ethyl Acetate 
 b) Granular sodium sulphate, anhydrous, reagent grade, heat treated at 

600°C for 6 hr. 
 c) Florisil, PR Grade, heat treated at 650°C for six hours, deactivated with 

1% (weight to weight) water. 
 d) Glass wool, heat treated at 300 °C. 
 e) Copper, granulated, acid cleaned and solvent rinsed. 
 
   Procedure  a) Pour 50 g of sample into a blender (Waring type or Polytron as 

appropriate) 
 b) Add 50 µL of 20 ppm surrogate (Dibromobiphenyl) and 100 mL of 

mixed solvent (dichloromethane (DCM)/acetone or alternative mixture). 
Blend for one to two minutes.  

 c) Decant the supernatant through glass wool supported in a glass funnel 
into a 500 mL separatory funnel. 

 d) A second extraction of the sample is carried out by adding 75 mL of 
dichloromethane (DCM) to the centrifuge bottle and again blending for 
12 minutes. 

 e) Decant the supernatant into the separatory funnel. 
 f) Add 250 mL of water to the extract in separatory funnel and shake to 

remove the acetone into the water layer. Allow layers to separate. 
 g) Collect the solvent layer in a 500 mL erlenmeyer flask after filtering 

through sodium sulfate supported by glass wool in a glass filter funnel. 
Add 10 g of sodium sulfate to the erlenmeyer. 

 h) Repeat the extraction with two more aliquots of 50 mL DCM. 
 i) The combined organic extract is allowed to dry. If necessary, more 

sodium sulfate is added to the erlenmeyer until the solution clears. 
 j) The solution is decanted into a 500 mL round bottom flask. The 

erlenmeyer and sodium sulfate are rinsed with DCM and the rinse is 
added to the evaporating flask.  

 k) Add 23 mL of isooctane to the flask and evaporate the extract using a 
rotary evaporator to 23 mL. Add 20 mL hexane to the flask and 
reevaporate to 23 mL. Make up to 10 mL with hexane in a graduated 
centrifuge tube. 
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 l) Place glass wool at the outlet of a glass column (1.4 x 30 cm) and add 
about 1 cm of heat treated sodium sulfate.  

 m) Add 10 g of prepared 1% Florisil to the column. Wash down the column 
with approximately 50 mL of petroleum ether. When the solvent is 
about 45 cm above the Florisil add 1 cm of heat treated sodium sulfate. 
Note: Maintain the solvent level above the sodium sulfate. 

 n) Pipette 1.0 mL of the raw extract onto the column. Carefully rinse the 
walls of the column with small amounts of the solvent to ensure that the 
sample is quantitatively transferred to the top of the Florisil. 

 o) Add 100 mL of petroleum ether to the column and collect the eluate in 
a 250 mL round bottom flask. 

 p) Add 2 mL of isooctane and concentrate to 23 mL on a rotary 
evaporator. Do not allow the solution to go to dryness. 

 q) Add 10 mL of hexane and concentrate to 23 mL on a rotary evaporator. 
Note: If sulphur is present in the sample, it will appear as an 
interference (a large broad peak) during the first portion of the 
chromatogram. It is removed using a copper metal cleanup procedure. 
If highly contaminated, the sulphur may precipitate during the rotary 
evaporation stage. If this occurs, transfer the extract, being careful not 
to transfer any solid sulphur, into another evaporation flask. Rinse the 
original flask three times with hexane to quantitatively transfer all PCB 
material. Continue to concentrate on the rotary evaporator. If 
precipitation occurs again, repeat the transfer procedure.  

 r) Pretreat the copper metal by oxidizing with dilute nitric (approximately 
0.5 mL to 10 mL reagent grade water) acid for 2-3 minutes on a vortex 
mixer. Discard the acid, then rinse the copper with reagent grade water 
until pH is neutral. Wash the copper with acetone three times, then dry 
on an NEvap.  

 s) Add a small amount of copper to the sample and vortex for 3 min. If 
copper turns black, CuS has been formed, and more copper is 
required. If some copper remains unreacted then transfer the extract to 
a fresh concentrator tube and concentrate to 1.5 mL, exchanging to 
isooctane. 

 t) Transfer to a 15 mL graduated centrifuge tube and make up to 5 mL 
with isooctane or hexane. 

 u) Spike with 50 µL of 20 ppm hexachlorobenzene (internal standard) and 
analyze by GC. 

 
Instrument Conditions (Provided as a guide, product endorsement is not implied.) 
 

Instrument HP 5880 gas chromatograph with split/ splitless injection 
system and electron capture detector. 

Column DB17, 30 m x 0.25 mm i.d., 0.025 µm film thickness, or 

 DB5, 30 m x 0.25 mm i.d., 0.025 µm film thickness 

Carrier gas Helium 

Head pressure 25 psi 

Injector temperature 250 °C 

Injection volume 1 µL 

Injection mode Splitless, 1 minute 

Initial temperature 100 °C 

Initial time 1 min 
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Oven program 
25 °C/min to 170 °C, then 
4 °C/min to 220 °C, then 
10 °C/min to 260 °C 

Final hold 17.5 min 

 
GC Calibration  a) To each prepared calibration standard mixture add a known constant 

amount of the internal standard (hexachlorobenzene) to yield a 
resulting concentration of 0.2 µg/mL. One of the calibration standards 
should be at a concentration near, but above, the minimum detection 
limit (MDL) and the other concentrations should correspond to the 
expected range of concentrations found in real samples or should 
define the working range of the GC system. 

 
 b) Analyze a constant amount (usually 1 µL) of each calibration standard 

and tabulate the area for each PCB and internal standard, and 
calculate the relative response factor (RRF) for each using the 
following equation:  

 

(AxCis) 
RRF = 

(AisCx) 
 
  where: 
 

Ax = Area of the PCB to be measured. 

Cx = Area of the internal standard  

Ais = Concentration of the PCB, (ng/µL) 

Cis = Concentration of the internal standard, (ng/µL) 

 
 c) If the RRF value over the working range is a constant (< 20% RSD), 

the RRF can be assumed to be invariant and the average RRF can be 
used for calculations. 

 
 d) The working calibration curve or RRF must be verified on each working 

day by measurement of one or more calibration standards. If the RRF 
for any parameter varies from the predicted RRF by more than 20%, 
the test must be repeated using a fresh calibration standard. 
Alternatively, a new calibration curve must be prepared. 

 
 e) The retention times for each compound in each calibration run should 

agree within 0.06 relative retention time units of the nearest internal 
standard. 

 
Daily One Point Initial  
Calibration Check At the beginning of each work day, a daily one-point calibration check is 

performed by reevaluating the midscale calibration standard. This is the 
same check that is applied during the initial calibration, but one instead of 
three working standards is evaluated. Analyze the one working standard 
under the same conditions the initial calibration curve was evaluated. Analyze 
2 µL of the midscale calibration standard and obtain the RRF. Calculate the 
percent difference between the current RRF and average RRF using the 
following equation: 
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(RRFc - RRFi) 
% Difference = 

RRFi 
x 100 

 
 where:  
 

 RRFi   = Average relative response factor from initial calibration using 
midscale standard  

 

 RRFc   = Relative response factor from current verification check using 
midscale standard  

 
 If the percent difference for the midscale level is greater than 10%, the 

laboratory should consider this a warning limit. If the percent difference for 
the midscale standard is less than 20%, the current calibration is assumed to 
be valid. If the criterion is not met (>20%), then corrective action must be 
taken. This check must be met before analysis begins. If no source of the 
problem can be determined after corrective action has been taken, a new 
threepoint calibration must be generated. This criterion must be met before 
sample analysis begins.  

 
12-Hour Calibration 
Verification A calibration standard at midlevel concentration containing selected arochlors 

must be performed every twelve continuous hours of analysis. Compare the 
RRF every 12-hours with the average RRF from the initial calibration. If the % 
difference for RRF is less than 20%, then the GC system is operative within 
initial calibration values. If the criterion is not met (>20% difference), then the 
source of the problem must be determined and a new threepoint curve must 
be generated. 

 
Calculations 

 
 
 where: 

Ax1 = Area of PCB peak #1 that was measured 

Ax2 = Area of PCB peak #2 that was measured 

Ax3 = Area of PCB peak #3 that was measured 

Ax4 = Area of PCB peak #4 that was measured 

Ax5 = Area of PCB peak #5 that was measured 

Ax6 = Area of PCB peak #6 that was measured 

Ax7 = Area of PCB peak #7 that was measured 

Ax8 = Area of PCB peak #8 that was measured 

Ais = Area of internal standard 

W is = Amount of internal standard added to the final extract 

RRFPCB = Relative response factor of the total area of PCB peaks one to 
eight of PCBx from a calibration run 

Wt = Initial sample weight  
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 The eight PCB peaks chosen are the eight largest and best resolved peaks 
that do not correspond to a retention time associated with an organochlorine 
pesticide.  

 
Precision  Not available  
 
Accuracy  Not available  
 
Quality Control Method Blank:  
 Analyze at a frequency of one per sample extraction batch. Blanks should 

contain no more than method detection limit (MDL) levels. Sample data are 
not corrected for blanks. If positives are detected at >5% of sample values, 
the samples should be repeated. 

 
 Method Spike: 
 Analyze at a frequency of one in 14 or one per batch, whichever is more 

frequent. 50 g of water is spiked with a known concentration of arochlor. The 
spike level should relate to the sample concentration as closely as possible. If 
this is not possible, then the spike level should be at a concentration ten 
times the minimum detection limit. Calculate the % recovery as follows:  

 

((sample + spike) - (sample only)) 
% Recovery = 

spiked amount 
x 100 

 
 Allowed recoveries are: 50 - 130%. Samples for which the spike is outside 

the limit are to be reinjected. If it fails again, repeat the batch.  
 
    Method Duplicate: 
 Analyze at a frequency of one in 14 or one per batch, which ever is more 

frequent. The relative percent difference for the compounds detected is 
calculated as follows:  

 

((sample 1) - (sample 2)) 
% Difference = 

(average of 1 & 2) 
x 100 

 
 Allowed difference: < 25% (if both samples are greater than 5 times the 

MDL).  Replicates outside the limits are required to be repeated.  
 
    Surrogates:  
 Acceptable recovery: 50 -130%  
 
References  a) EPA (1986) Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Edition, November, 1986. 

 b) EPA (1994) Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, U.S. Environmental Protection Agency, 
SW-846, 3rd Edition, Update IIA, September 1994.  

 c) ASTM Method D3304: Analysis of PCBs in Environmental Materials. 
 
Revision Date November 2002.  Method adopted from Manual Supplement #1. 

EMS Code assigned. 
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Organics 
Revision Date:  December 31, 2000 

 

Polychlorinated Biphenyls (PCBs) in Petroleum Products 
 
Parameter PCBs, Total 
 
Analytical Method Silicic Acid/Florisil, GC-ECD 
 
EMS Code P019 X376 
 
Introduction Polychlorinated biphenyls have been widely used in hydraulic oils, industrial 

plasticizers and electrical transformer fluids.  Due to the increased 
environmental concern over PCBs, their persistance and the costs 
associated with their destruction, coupled with the tendency for petroleum 
products, especially waste oils, to become contaminated with PCBs, there 
has been a growing need for a means of screening waste oils for PCBs. 

 
Note: This method is applicable to the determination of PCBs in transformer 

oil. 
 
Summary The petroleum product is diluted in hexane and an aliquot is partitioned on a 

combination silicic acid/Florisil column. The extract is examined on a gas 
chromatograph equipped with an electron capture detector. 

 
MDL 0.5 µg/g  
 
Matrix Petroleum products including waste lubricants and used transformer oils. 
 
Interferences and 
Precautions Other halogenated organics, including organo-chlorine pesticides, may cause 

a response on the electron capture detecto.  High levels of co-eluting 
nonchlorinated hydro-carbons cause quenching of the detector signal, hence 
the need for a means of separating PCBs from the oil matrix.  

 
Sample Handling 0.5 litre wide mouth brown glass bottle; acetone rinsed, heat treated. 
and Preservation   No preservation.  The samples must be handled with caution as they may 

contain high levels of PCBs. 
 
Stability Holding time  - PCBs are stable indefinitely, especially at high concentration. 
 Storage  -  store at 4°C until analyzed. 
 
Procedure The transformer oil is diluted in hexane and an aliquot is cleaned up on a 

combination silicic acid/Florisil column. The extract is examined by electron 
capture gas chromatography. 

 
Apparatus a) Centrifuge tubes, graduated, 12 mL, with ground glass stoppers. 
 b) Preparatory chromatographic column, 9 mm ID by 300 mm, with a 200 

mL reservoir. 
 c) Evaporation flasks, round bottom, with 24/40 standard taper neck. 
 d) Rotary evaporator 
 



D - 257 

Reagents a) Solvents, pesticide grade, glass distilled. 
     1)  Hexane 
     2)  Petroleum ether 
     3)    Iso-octane (2,2,4-trimethyl pentane) 
     4)   Ethyl acetate 
   
  b) Florisil, PR grade, 60/100 mesh, heat treated at 650°C for 6 hours, 

cooled in a desiccator and deactivated with 1% water (w/w).   
   
  c) Silicic acid, heat treated at 130°C for 24 hours, cooled in a desiccator 

and deactivated with 1% water (w/w). 
   
  d) Sodium sulfate, granular, anhydrous, heat treated at 650°C for 4 hours 

minimum. 
 
  e) Glass wool, heat treated at 300°C. 
 
Procedure  a) Weigh out 1.0 g of transformer oil (or other waste oil) in a 12 mL 

centrifuge tube and dilute to 10.0 mL.  Vortex to ensure complete 
mixing. 

 
  b) Prepare a cleanup column containing 8 grams of 1% deactivated silicic 

acid topped by 2 grams of 1% deactivated Florisil and 1.5 to 2 cm of 
anhydrous sodium sulfate.  Place 1.0 mL of the diluted oil onto the 
cleanup column and, without allowing the top of the column to go dry, 
fractionate using the following procedure: 

 
  1)  Fraction 1: 30 mL of petroleum ether. Discard this fraction. 
  2)  Fraction 2: 125 mL of 1% ethyl acetate (or acetone) in petroleum 

ether.  This fraction contains the PCBs. 
 

   Note: this elution profile should be verified for each new batch of 
deactivated silicic acid. 

   
  c)  Examine the cleaned up extract by electron capture gas 

chromatography.  If the concentration of PCBs in the oil is suspected to 
be high, analyze the unconcentrated extract to establish the 
appropriate dilution range.  To attain the stated MDL, add 2 mL of iso-
octane to the extract in the evaporation flask and concentrate to 1 - 2 
mL, then transfer to a 5 mL graduated centrifuge tube and concentrate 
to 1.0 mL by “blowing down” with a stream of purified nitrogen. 

 
Precision  None listed. 
 
Accuracy  None listed. 
 
Quality Control  Blanks: 1 blank per batch or 1 in 14. 
  Replicates: 1 duplicate sample per batch or 1 in 14. 
 
References  None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Organics 
Revision Date:  December 31, 2000 

 

Resin and Fatty Acids in Water 
 
Parameter Resin and fatty acids. 
 
Analytical Method Extraction, methylation, Florisil, GC/FID. 
 
Introduction This method is applicable to the qualitative and quantitative determination of 

resin and fatty acids in water. 
 
Summary The water sample is acidified and extracted with dichloro-methane. The raw 

extract is concentrated and derivatized with diazomethane to produce the 
corresponding methyl ester derivatives.  (Suitable substitute derivatives may 
be produced by other available techniques.)  If required, the extracts are 
cleaned up by Florisil column chromatography.  The derivatives are analyzed 
by gas chromatography with flame ionization detection. 

    
MDL Resin Acids: EMS Code mg/L 
 
 Abietic Acid A030 P030 0.001 
 Chlorodehydroabietic Acid C050 P030 0.001 
 Dichlorodehydroabietic Acid D053 P030 0.001 
 Dehydroabietic Acid D052 P030 0.001 
 Isopimaric Acid I004 P030 0.001 
 Levopimaric Acid L003 P030 0.001 
 Neoabietic Acid N005 P030 0.001 
 Pimaric Acid P025 P030 0.001 
 Sandaracopimaric Acid S006 P030 0.001 
 Sum of Resin Acids 0128    X380    -- 
  
 Fatty Acids: EMS Code  mg/L 
 
 Arachidic Acid FA07 P030 0.001 
 Behenic Acid FA08 P030 0.001 
 Lauric Acid FA01 P030 0.001 
 Lignoceric Acid FA09 P030 0.001 
 Linoleic Acid FA05 P030 0.001 
 Linolenic Acid FA10 P030 0.001 
 Myristic Acid FA02 P030 0.001 
 Oleic Acid FA11 P030 0.001 
 Palustric Acid FA12 P030 0.001 
 Palmitic Acid FA03 P030 0.001 
 Stearic Acid FA06 P030 0.001 
 
Matrix Fresh Water   
 Wastewater   
 Marine Water   
 
Interferences and 
Precautions Some sample extracts contain certain co-extractives which interfere in the 

gas chromatography step of the analysis. The generation of diazomethane 
must be performed in a fume hood with appropriate safety precautions. 
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Sample Handling Bottle: 1L amber glass, narrow mouth, heat treated 350°C. 
and Preservation  Preservation:  unfiltered 
 
Stability Holding Time:  extract the sample within 14 days of sampling and analyze 

within 28 days. 
 Storage:  store at 4°C until analyzed. 
 
Procedure 
Apparatus a) Separatory funnels, 1000 mL 
  b) Graduated centrifuge tube, 15 mL 
  c) Round bottom flasks, 500 mL, 250 mL 
  d) Diazomethane generator 
  e) Rotary evaporator 
  f) Glass filter funnels (75 mm) 
  g) Glass chromatography column, 30 cm X 1.4 cm, with 150 mL reservoir. 
 
Reagents a) Solvents, glass distilled, pesticide grade. 
  1) Dichloromethane 
  2) Iso-octane 
  3) Petroleum Ether 
  4) Diethylether 
  5) Hexane 
  b) Sulfuric acid, 36 N, extracted with hexane prior to use. 
  c) Sodium sulfate, anhydrous, granular, reagent grade, heat treated to 

650°C. 
  d) N-Nitrosomethylurea for diazomethane generation. 
  e) Sodium hydroxide (aq) : 10% w/v. 
  f) Florisil, PR grade, heat treated at 650°C and deactivated with 1% water 

(w/w). 
  g) Acidic sodium sulfate. 
  h) Glass wool, solvent rinsed and heat treated at 350°C. 
  i) Acidic glass wool. 
 
Procedure a) Shake sample well before subsampling 500 mL into a separatory 

funnel. 
  b) Add 1mL of 36 N sulfuric acid to sample (pH should be <2). 
  c) Spike the sample with 100 µL of  500 ppm nonadecanoic acid. 
  d) Extract the sample three times with 100 mL of dichloro-methane each 

time. 
  e) Filter the dichloromethane extracts through acidified sodium sulfate, 

supported by acidified glass wool in a glass funnel, into a 500 mL round 
bottom flask. 

  f) Concentrate the combined extracts to 5 mL using a rotary evaporator. 
  g) Methylate with diazomethane and let stand in a fume hood for a 

minimum of 30 minutes. 
  1) In the bottom of a glass impinger place 10 mL of 10% NaOH and 

10 mL of diethylether. 
  2) Add 50 to 100 mg of N-nitrosomethylurea (about the size of a 

pea). 
  3) Reconnect the impinger and bubble a stream of nitrogen through 

it.  The exit of the impinger should have a long, disposable 
Pasteur pipet attached.  The end of the pipet is submerged in the 
extract solvent. 

  4) Continue bubbling until the extract turns a definite yellow. 
Remove the extract from the generator and allow to stand in the 
fume hood for 30 minutes. 

 h) Remove residual diazomethane with a gentle stream of nitrogen. 



D - 260 

 i) Add 2 mL hexane to the round bottom flask and evaporate the 
dichloromethane using a rotary evaporator. 

  j) Clean up the extract on a chromatographic column containing 10 g of 
1% deactivated Florisil topped with 1-2 cm of anhydrous sodium 
sulfate.  Fractionate as follows: 

  1) 100 mL of petroleum ether (discard). 
  2) 100 mL of 2% ethyl acetate in petroleum  ether. This fraction 

contains the resin acids. 
  k) Reduce the solvent to 1-2 mL using a rotary evaporator and transfer to 

a 15 mL graduated centrifuge tube.  Blow down to 1 mL with a gentle 
stream of nitrogen. 

  l) Spike the extract with 50 µL of 1000 ppm 5-alpha-androstane. 
  m) Transfer to a 2 mL GC vial and top to the neck with hexane. 
  n) Analyze by flame ionization gas chromatography. 
 
Precision  None listed. 
 
Accuracy  None listed. 
 
Quality Control Blanks:  one method blank per analytical batch or 1 in 14. Replicates:  one 

duplicate sample per batch or 1 in 14. 
  Recovery control:  a 500 mL reagent water sample is spiked with 100 µL of a 

standard solution containing 500 mg/L each of the target compounds.  All 
samples and blanks are spiked with 100 µL of 500 mg/L nonadecanoic acid 
as an internal standard. 

 
References  None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  

Requirement for NaOH preservative removed as 
suggested by PESC and confirmed by the 
BCQAAC Technical Subcommittee. 
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Organics 
Revision Date:  December 31, 2000 

 

Pesticide Scan, Organochlorine, Organonitrogen and 
Organophosphorus Compounds 
 
Parameter  Neutral pesticide scan 
 
Analytical Method Extraction, GC/ECD, GC/NPD. 
 
EMS Code  (EMS code to be defined upon request) 
 
Introduction The method is applicable to aqueous samples that may contain 

concentrations of pesticides ranging from trace to high levels.  The number of 
compounds present in the sample may vary considerably depending on the 
history associated with the site. 

 
Summary  The sample is extracted with dichloromethane. The raw extract is 

concentrated, solvent-exchanged and examined on a capillary column gas 
chromatograph equipped with electron capture and nitrogen/phosphorus 
detector.  If necessary the raw extract is cleaned up on a  charcoal-cellulose 
column. 

 
MDL Compound Type mg/L 
 
 Acephate OP 0.0005 
 Alachlor H 0.001 
 Aldrin OC 0.0001 
 Allidochlor H 0.0005 
 Atrazine H 0.0002 
 Azinphos-methyl OP 0.0005 
 BHC, alpha- OC 0.00005 
 BHC, beta- OC 0.00005 
 BHC, delta- OC 0.0001 
 Bromacil H 0.0001 
 Bromophos OP 0.0001 
 Captan F 0.001 
 Carbaryl C 0.002 
 Carbofuran C 0.0005 
 Carbophenothion OP 0.0001 
 Chlordane, alpha- OC 0.0001 
 Chlordane, gamma- OC 0.0001 
 Chlordecone OC 0.0002 
 Chlordene, alpha- OC 0.0001 
 Chlordene, gamma- OC 0.0001 
 Chlorothalonil F 0.0001 
 Chlorpropham H 0.0005 
 Chlorpyrifos OP 0.0001 
 Chlorthal-dimethyl H 0.0001 
 Coumaphos OP 0.0005 
 Dazomet F 0.0005 
 DDD, o,p- OC 0.0002 
 DDD, p,p'- OC 0.0002 
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 Compound Type mg/L 
     
 DDE, p,p'- OC 0.0001 
 DDT, o,p- OC 0.0002 
 DDT, p,p'- OC 0.0001 
 Diazinon OP 0.0002 
 Diazinon-oxygen analog OP 0.0002 
 Dichlobenil H 0.00005 
 Dichlofop-methyl H 0.0001 
 Dichloran F 0.0001 
 Dichlorvos OP 0.0001 
 Dieldrin OC 0.0001 
 Dimethoate OP 0.0002 
 Disulfoton OP 0.0005 
 Diuron H 0.0005 
 Endosulfan sulfate OC 0.0003 
 Endosulfan-1 OC 0.0001 
 Endosulfan-2 OC 0.0001 
 Endrin OC 0.0001 
 Eptam H 0.001 
 Ethion OP 0.0005 
 Fensulfothion OP 0.0001 
 Fensulfothion-oxone OP 0.0005 
 Fenthion OP 0.0002 
 Flamprop-methyl H 0.0001 
 Folpet F 0.001 
 Fonofos OP 0.0002 
 Fonofos-oxygen analog OP 0.0005 
 Heptachlor OC 0.00005 
 Heptachlor epoxide OC 0.0001 
 Hexachlorobenzene OC 0.0002 
 Hexazinone H 0.0003 
 Iodofenphos OP 0.0001 
 Lindane OC 0.00002 
 Linuron H 0.0002 
 Malathion OP 0.0001 
 Methamidophos OP 0.0005 
 Methidathion OP 0.0002 
 Methoxychlor OC 0.0002 
 Methyl Parathion OP 0.0002 
 Metolachlor H 0.0002 
 Metobromuron H 0.0005 
 Metribuzin H 0.0001 
 Mevinphos OP 0.0005 
 Mirex OC 0.0002   
 Monuron H 0.0005 
 Naled OP 0.0001 
 Nitrofen H 0.0001 
 Nonachlor, trans- OC 0.0001 
 Omethoate OP 0.0003 
 Oxychlordane OC 0.0001 
 Oxyfluorfen H 0.0001 
 Parathion OP 0.0002 
 Phorate OP 0.0002 
 Phosalone OP 0.0005 
 Phosmet OP 0.0003 
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 Compound Type mg/L  
 
 Phosphamidon OP 0.0005 
 Prometryne H 0.0002 
 Pronamide H 0.0001 
 Propanil H 0.0002 
 Propazine H 0.0002 
 Ronnel OP 0.0005 
 Simazine H 0.0002 
 Sulfotep OP 0.0002 
 Terbacil H 0.0005 
 Terbofos OP 0.0002 
 Terbutryn H 0.0002 
 Terbutylazine H 0.0005 
 Tetrachlorvinphos OP 0.0002 
 Tetradifon OC 0.0001 
 Triallate H 0.0001 
 Trifluralin H 0.0001 
 Vernolate H 0.0002 
    
 OC = Organochlorine pesticide 
 OP = Organophosphate pesticide 
 H  = Herbicide 
 C  = Carbamate 
 F  = Fungicide 
 
 Matrix Fresh water  
 Wastewater  
 Marine water  
 
Interferences and 
Precuations Any other pesticide or organic compound that responds to a 

nitrogen/phosphorus detector or electron capture detector may interfere in 
the gas chromatography step. 

 
Sample Handling Bottle  -  4.5 L amber glass, narrow mouth, Teflon-lined cap. 
and Preservation Preservation  -  none required 
 
Stability Holding time  -  extract within 14 days, analyze within 30 days. 
 Storage  -  store at 4°C until analyzed. 
 
Principle or None listed. 
Procedure  
 
Precision None listed. 
 
Accuracy None listed. 
 
Quality Control Blanks: 1 blank per batch or 1 in 14 
 Replicates: 1 duplicate per batch or 1 in 14 
 
References None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: Republication. Note neither SEAM nor EMS 

codes had been assigned.  Out of print 
reference deleted. 
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Revision Date:  December 31, 2000 

 

Pesticides, Organochlorine, and PCBs 
 
Parameter  Organochlorine pesticide scan. 
 
Analytical Method Extraction, Florisil, GC/ECD. 
 
EMS Code  (EMS code to be defined upon request) 
 
Introduction This method is applicable to the determination of a selected group of 

chlorinated pesticides and PCBs.  Some of the pesticides have been banned 
while others are still in widespread use. 

 
Summary  The sample is extracted with dichloromethane, solvent exchanged into iso-

octane, and partitioned on 1% deactivated Florisil, if necessary, to remove 
interferences and reduce chromatographic complexity.  The extract is 
analyzed by capillary column gas chromatography with electron capture 
detection. 

 
MDL Compound mg/L 
 Aldrin 0.00001  
 BHC,  alpha- 0.00001  
 BHC,  beta- 0.00001  
 BHC,  delta- 0.00001  
 Chlordane,  alpha- 0.00005  
 Chlordane,  gamma- 0.00005  
 DDD,  o,p- 0.00005  
 DDD,  p,p'- 0.00005  
 DDE,  p,p'- 0.00005  
 DDT,  o,p- 0.00005  
 DDT,  p,p'- 0.00005  
 Dieldrin 0.00005  
 Endosulfan  I 0.00005  
 Endosulfan  II 0.00005  
 Endosulfan  sulfate 0.0001  
 Endrin 0.00005  
 Heptachlor 0.00001  
 Heptachlor epoxide 0.00002  
 Hexachlorobenzene  (HCB) 0.000005  
 Lindane  (gamma-BHC) 0.00001  
 Methoxychlor 0.0001  
 Mirex  0.0001  
 Nonachlor, trans- 0.00005  
 Oxychlordane 0.00005  
 PCBs 0.0004  
 
Matrix Fresh water  
 Wastewater  
 Marine water  
 
Interferences and 
Precautions Any other pesticide or organic compound that responds to an electron 

capture detector may interfere in the gas chromatography step. 
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Sample Handling  Bottle:  1L or 4.5L amber glass, narrow mouth, Teflon-lined cap. 
and Preservation Preservation:  none required. 
   
Stability  Holding time:  extract within 14 days, analyze within 30 days 
  Storage:  store at 4°C until analyzed 
 
Principle or None listed. 
Procedure   
 
Precision  None listed. 
 
Accuracy  None listed. 
 
Quality Control 1 blank per batch or 1 in 14 
 
References  a)  Organochlorinated Pesticides and PCB’s in Water (Gas 

Chromatographic), Analytical Methods Manual, Inland Waters 
Directorate, Water Quality Branch, Ottawa, 1981, part 3, Naquadat No. 
18332. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: Republication. Note neither SEAM nor EMS 

codes had been assigned.  Out of print 
reference deleted.  
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Revision Date:  December 31, 2000 

 

Pesticides, Organophosphate 
 
Parameter  Organophosphate pesticide scan 
 
Analytical Method Extraction, charcoal, GC/NPD. 
 
EMS Code  (EMS code to be defined upon request) 
 
Introduction This method is applicable to the determination of a selected group of 

organophosphate pesticides.  Some of the pesticides have been banned 
while others are still in widespread use. 

 
Summary  The sample is extracted with dichloromethane and cleaned up, if necessary, 

with charcoal.  The extract is analyzed by gas chromatography with 
nitrogen/phosphorus detection. 

 
MDL Compound mg/L 
 
 Acephate 0.0005  
 Azinphos methyl 0.0005  
 Bromophos 0.0001  
 Carbophenothion 0.0001  
 Chlorfenvinfos 0.0001  
 Chlorpyrifos 0.0001  
 Demeton 0.0002  
 Diazinon 0.0002  
 Dichlorvos 0.0001  
 Dimethoate 0.0002  
 Dimethoate-O 0.0002  
 Ethion 0.0005  
 Fenitrothion 0.0002  
 Fensulfothion 0.0001  
 Fenthion  0.0002  
 Fonofos 0.0002  
 Fonofos-oxygen analog 0.0005  
 Iodofenphos 0.0001  
 Malathion 0.0001  
 Methamidophos 0.0005  
 Methidathion 0.0002  
 Mevinphos 0.0005  
 Naled 0.0001  
 Parathion 0.0001  
 Parathion, Methyl 0.0002  
 Phorate 0.0002  
 Phosalone 0.0005  
 Phosmet 0.0003  
 Phosphamidon 0.0005  
 Sulfotep 0.0002  
 Tetrachlorvinphos 0.0002  
 
Matrix  Fresh water  
  Wastewater  
  Marine water  
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Interferences and 
Precuations Any other pesticide or organic compound that responds to a 

nitrogen/phosphorus detector may interfere in the gas chromatography step. 
 
Sample Handling Bottle  -  1 L amber glass, narrow mouth, Teflon-lined cap 
and Preservation Preservation  -  none required 
 
Stability  Holding time  -  extract without delay, analyze within 30 days 
  Storage  -  store at 4°C until analyzed 
 
Principle or See Reference 1, pp 139-141. 
Procedure  
 
Precision  None listed. 
 
Accuracy  None listed. 
 
Quality Control Blanks: 1 blank per batch or 1 in 14. 
  Replicates: 1 duplicate sample per batch or 1 in 14. 
 
References  None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Revision Date:  December 31, 2000 

 

Phenols, 4-Aminoantipyrine Colorimetric 
 
Parameter Phenols 
 
Analytical Method Aminoantipyrine colorimetric. 
 
EMS Code 0117 X142 
 
Introduction Phenol, which is a hydroxy derivative of benzene, may occur in industrial, 

surface, and ground waters.  Upon chlorination the presence of phenol leads 
to objectionable tastes due to the formation of various byproducts. 

 
Summary Phenolic compounds are removed from the sample matrix by steam co-

distillation.  An aliquot of the distillate is reacted with 4-aminoantipyrine in the 
presence of potassium ferri-cyanide at a pH of 7.9 ± 0.1 to form a red 
antipyrine dye. The colour is extracted with dichloromethane and the 
absorbance is read at 460 nm. The colour development procedure may be 
performed either in an automated system or manually. 

 
MDL Typical: 0.001 mg/L.    
 Range: 0.001 mg/L  - 0.25 mg/L. 
   
Matrix Domestic and industrial wastewaters, natural water, and potable water 

supplies. 
 
Interferences and 
Precautions By acidifying the sample, interferences such as phenol-decomposing  

bacteria, oxidizing and reducing substances, and alkalinity are minimized.  
Distillation removes the phenols from most interferences in the sample 
matrix. Different (substituted) phenolic compounds may produce varying 
amounts of colour; interpret results with care. 

 
Sample Handling Glass (1.0 L).  Add 5 mL 8% CuSO4 /L  and H3PO4  to pH <4. 
and Preservation Store cool,  4°C.  
 
Stability M. H. T. = 28 days. 
 
Principle or 
Procedure Autoanalyzer with  phenol manifold, photometer with 460 nm filters and 10 

mm tubular flow cell.  A manual adaptation of this method is also acceptable. 
 
Precision 40 wastewaters analyzed in duplicate over a range of 0.02 - 6.4 mg/L had an 

average RSD of ± 12%. 
 
Accuracy None listed. 
 
Quality Control Blanks:  one reagent blank per batch or 1 in 14. 
 Replicates:  one duplicate sample per batch or 1 in 14. 
 Recovery control:  one mid range spike per batch or 1 in 14. 
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References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWWA, WEF, 18th edition, 1992, Method 5530 C. 

 b) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-
020, USEPA, Revised March 1983, Methods  420.1 and 420.2 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  
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Revision Date:  December 31, 2000 
 

Rotenone (Derris Root, Noxfish, Fish-Tox) in Aqueous Samples 
 
Parameter Rotenone 
 
Analytical Method Extraction, HPLC. 
 
EMS Code R001 X381 
 
Introduction Rotenone is a controlled product generally available only to government fish 

and wildlife agencies. It is used to poison ponds and lakes to remove coarse 
fish (all fish are killed) prior to restocking with desired species. Water should 
be tested to ensure reduction of rotenone concentrations to subtoxic levels 
before restocking. 

 
Summary A 250 mL sample is extracted with dichloromethane and the extracts are 

combined and evaporated just to dryness. The extract is redissolved in 
petroleum ether and fractionated on a Florisil column using ethyl acetate in 
petroleum ether as the eluant. The fraction containing the rotenone is 
evaporated and redissolved in 2 mL methanol-water for analysis by high 
performance liquid chromatography (HPLC) using a 5 µm octadecylsilane 
reverse phase column and UV absorbance detection at 297 nm. 

 
MDL 0.008 mg/L 
 
Matrix Fresh water  
 
Interferences and 
Precautions Any compound that co-extracts, co-elutes under the analytical conditions and 

absorbs at 297 nm may interfere. Interferences in the extract may be 
removed or reduced by open tube Florisil chromatography after solvent 
exchange into a hydrocarbon solvent. The use of diode array detection or 
stop-flow scan techniques allows analyte confirmation by comparison of 
absorbance spectra of chromatographic peaks at the charactar-istic retention 
time. 

 
Sample Handling 
and Preservation Sample container  -  Amber glass bottle. 0.5L or larger with a Teflon-lined  

cap. 
 Preservation  -  Not preserved. 
 
Stability Holding time  -  Not determined; samples should be extracted as 
 soon as practical after receipt. 
 Storage  -  Store at 4°C until analyzed. 
 
Principle or 
Procedure Rotenone is isolated from the sample matrix by liquid/liquid extraction using 

dichloromethane under neutral conditions. The concentrated extract is 
cleaned up by Florisil column chromatography. The rotenone-containing 
fraction is analyzed by reverse phase high performance liquid 
chromatography with UV absorbance detection at 297 nm. 
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Precision None listed. 
Accuracy None listed. 
 
Quality Control Blanks: 1 per batch (10%) 
 Spikes: 1 per batch (10%) 
 
References None listed. 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print reference deleted. 
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Polychlorinated Dibenzo(p) Dioxins And Dibenzo-Furans In Water 
And In Solids By GC/HRMS/SIM 
 
Parameter Polychlorinated dibenzo(p)dioxins (PCDDs) and polychlorinated dibenzo-

furans(PCDFs) in water and in soil or solids.  
 
Analytical Method Extraction: waters liquid/liquid; solids soxhlet; multicolumns silica gel and 

alumina cleanup, GC/HRMS/SIM.  
 
EMS Codes 
 
Introduction This method is applicable to the quantitative determination of poly-chlorinated 

dibenzo(p)dioxins and polychlorinated dibenzo-furans in water and in soil.  
  
Summary  Water samples are extracted with dichloromethane. Soil samples are ground 

with anhydrous sodium sulphate (sediments can be air dried) and soxhlet 
extracted with toluene. The extract is then cleaned up by a series of 
chromatography columns containing acid silica gel, neutral silica gel, basic 
silica gel, silver nitrate silica gel followed by alumina column chromatography 
and analyzed by capillary gas chromatography - high resolution mass 
spectroscopy using selected ion monitoring (SIM).  

 
MDL  The sensitivity of this method is dependent upon the level of interferences 

within a given matrix, detection limits are likely to be higher than those quoted 
below. Within each sample for each component or congener group, a sample 
specific method detection limit is provided The 2,3,7,8-substituted isomers 
will have similar detection limits to the congener groups.  

 
PCDDs & PCDFs pg/L pg/g 

   

Total TCDD 2.5 1 

Total TCDF 2.5 1 

Total P5CDD 8 2 

Total P5CDF 7 2 

Total H6CDD 25 3 

Total H6CDF 15 3 

Total H7CDD 10 3 

Total H7CDF 25 3 

OCDD 25 4 

OCDF 25 4 
 
Matrix Water, Soil, Sediment, Solids 
 
Interferences and 
Precautions a) Solvents, reagents, glassware and other sample processing hardware 

may yield artifacts or elevated baselines misinterpretation of the data. 
Proper cleaning of glassware is extremely important. Note that 
glassware may not only contaminate the samples, but may also 
remove the analytes of interest by adsorption on the glass surface. 
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Method blanks must be analyzed in order to demonstrate that all 
laboratory materials are free from interferents under the conditions of 
the analysis. The use of high purity reagents and solvents helps to 
minimize interference problems.  

 
 b) Interferents coextracted from the sample material will vary considerably 

with the matrix and the diversity of the site being sample. PCDDs and 
PCDFs are often associated with other chlorinated organics which may 
potentially interfere with the analysis. These include polychlorinated 
biphenyls, polychlorinated methoxy biphenyls, polychlorinated hydroxy 
diphenyl ethers, polychlorinated benzylphenyl ethers, polychlorinated 
diphenyl ethers, polychlorinated naphthalenes, polychlorinated 
xanthenes, polynuclear aromatics, and pesticides. 

 
 c) Oftentimes, the compounds responsible for interferences may be 

present at concentration levels several orders of magnitude higher than 
any PCDDs and PCDFs which may be present. Cleanup procedures 
can be used to reduce or eliminate these interferences to the maximum 
extent practicable in order to ensure reliable quantiation of PCDDs and 
PCDFs at trace levels. Despite rigorous cleanup procedures, the 
possibility of matrix interference will still exist. If detection limits are 
seriously elevated by the excessive background, the sample extract will 
have to be reprocessed using alternative cleanup techniques. 

 
 d) Interferences may be caused by contaminants in solvents, reagents, 

glassware, and other sample processing hardware that lead to artifacts 
and/or elevated baseline. All materials used should be routinely 
monitored and demonstrated to be free of interferences under the the 
conditions of the analysis. 

 
Sample Handling Bottle(soils): 0.5L wide mouth amber glass, heat treated 350°C.  
and Preservation Preservation: none.  
 Bottles(water): 4 x 1L narrow mouth amber glass, precleaned  
 
Stability  Holding Time: extract the sample within 14 days of sampling and analyze 

within 28 days.  
 Storage: store at 4°C until analyzed.  
 
Procedure  a) 250 mL glass beakers 
Apparatus  b) 25, 50, 100, 250 mL glass micro syringes 
 c) 10, 25, 50 mL glass volumetric flasks 
 d) 250 mL wide mouth jars with teflon lined closures  
 e) 10 mL glass disposable serological pipettes 
 f) 500 mL pyrex flat bottom flask  
 g) 15 mL glass vials with closures 
 h) 35 mL glass vials with closures 
 i) 2 L separatory funnel 
 j) Allihn filter with coarse glass filter  
 k) 2 mL crimp top auto sampler vials with crimper 
 l) Nitrogen blow down apparatus 
 m) Rotary evaporator 
 n) 1L erlenmeyer with 20/40 ground glass joint 
 o) Buchner funnel 
 p) Solvent dispenser 
 q) 1L graduated cylinder 
 r) Glass wool 
 s) Steel wire 
 t) Sample tumbler (RollaCell) 
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 u) Analytical balance capable of measuring to 0.0001g 
 v) Top loading balance capable of measuring to 0.01g 
 w) Vented oven set at 105°C 
 x) Soxhlets, minimum 200 mL bed volume 
 y) Glass column of dimensions 40 cm x 24 cm ID 
 
Reagents a) Solvents, distilled in glass or Pesticide grade  

  1) Dichloromethane 
  2) Toluene 

3) Isooctane 
4) Hexane  
5) Methanol 
6) Cyclohexane 

 b) Potassium hydroxide. Reagent grade 
 c) Silver Nitrate. (Baker reagent grade) 
 d) Sodium sulfate. Granulated, reagent grade. Purify prior to use by 

rinsing with dichloromethane and oven drying. Store the cleaned 
material in a glass container with a Teflon-lined screw cap. 

 e) Sulfuric Acid. Reagent grade. 
 f) Sodium hydroxide, 1.0 N. Weight 40 g of sodium hydroxide into a 1 litre 

volumetric flask. Dilute to 1 litre with water. 
 g) Basic alumina. Activity grade 1, 100 - 200 mesh. Prior to use, activate 

the alumina by heating for at least 16 hours at 200°C. Store in the oven 
until used. 

 h) Silica gel. Bio-Sil A, 100200 mesh. This is stored in a glass container 
with a Teflon-lined screw cap. 

 i) Silica gel impregnated with sulfuric acid. Combine 100 g of silica gel 
with 44 g of concentrated sulfuric acid in a screw capped glass bottle 
and agitate thoroughly. Disperse the solids with a stirring rod until a 
uniform mixture is obtained. Store the mixture in a glass container with 
a Teflon-lined screw cap.  

 j) Silica gel impregnated with sodium hydroxide. Combine 39 g of 1 N 
sodium hydroxide with 100 g of silica gel in a screw capped glass bottle 
and agitate thoroughly. Disperse solids with a stirring rod. Store the 
mixture in a glass container with a Teflon-lined screw cap.  

 k) Carbon/Celite. Combine 10.7 g of AX-21 carbon with 124 g of Celite 
545 in a 250 mL bottle with a Teflonlined screw cap. Agitate the mixture 
thoroughly until a uniform mixture is obtained. Store in a glass 
container. 

 l) Silica gel impregnated with silver nitrate (10%). Silver nitrate, reagent 
grade. Dissolve 10g of silver nitrate in a minimum amount of water. 
Combine this solution with 90g of cleaned and dried silica gel in a wide 
mouth glass container with a Teflon-lined closure. Tumble for at least 
18 hr. Pack a glass wool plugged furnace tube with the mixed silver 
nitrate impregnated silica gel. Dry in a muffle furnace under nitrogen for 
1hr at 160°C followed by 1hr at 260°C. Stored in a wide mouth glass 
container with a Teflonlined closure. 

 m) Glass Wool. Cleaned by sequential immersion in three aliquots of 
hexane followed by three sequential immersions in dichloromethane. 
Alternatively, the glass wool may be cleaned by packing into a wide 
chromatography column or Buchner funnel and passing volumes of 
hexane and dichloromethane of at least twice the estimated volume of 
glass wool present. The cleaned glass wool is air dried followed by 
heating to 225 °C for at least 18 hr. After cooling, the clean glass wool 
is stored in a dichloromethane rinsed and dried glass jar with a Teflon-
lined screw cap. 
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 n) Nitrogen. Ultra high purity. 
 o) Hydrogen. Ultra high purity. 
 
Procedure - extraction a) Water samples containing particulates are extracted as waters with 

attention to high emulsions, which may be broken by centrifugation. 
Past history of particular samples or contract requirements may require 
filtration of water samples with the particulates extracted as solids. 

 b) Transfer 2 L of sample/blank (distilled water) into a 2 L separatory 
funnel and spike with 20 mL of the surrogate standard mixture 
containing the isotopically labelled surrogate standards listed in 
Table 1.  

 c) Add 80 mL dichloromethane to the sample/blank in a 2 L separatory 
funnel 

 d) Shake sample/blank vigorously for 2 min and drain the organic phase 
through a 1.5 inch anhydrous Na2SO4 column in an Allihn filter. 

 e) Extract the aqueous phase twice as above with additional 70 mL 
aliquots of dichloromethane. 

 f) Rotary evaporate the combined extract to approximately 2 mL in 
preparation for a multicolumn cleanup procedure.  

 g) Soils determine the moisture content of the soil by oven drying (105°C) 
approximately 5 g of wet soil. 

 h) Accurately weigh 15 - 20 g (wet weight) of soil and add approximately 
50 g of anhydrous sodium sulphate. Mix until it flows like dry sand and 
transfer to a soxhlet extractor. 

 i) Spike the samples with 20mL of the 13C12 dioxin and furan surrogate 
standards to determine recovery of typical compounds of interest. 

 j) Extract for 16 - 24 hours with toluene in a Soxhlet apparatus. 
 k) Separate the phases and drain the toluene extract through a 1.5 inch 

anhydrous Na2SO4 column in an Allihn filter.  
 l) Wash the walls of the Allihn filter with 20 mL of toluene and apply 

suction to recover all traces of the extract. 
 m) Rotary evaporate the extract to approximately 1 mL and add 1mL of 

isooctane in preparation for a multicolumn cleanup procedure.  
 
Procedure - clean up  a) Use the cleanup steps that are needed for the specific sample matrix. 

Each column needs to be characterized for the analytes of interest and 
to ensure separation form interfering compounds. 

 
 b) Silica Gel Column. Pack one end of a glass column, 20 mm x 230 mm 

with glass wool. Add in sequence, approximately 1cm sodium sulphate, 
1cm of silver nitrate silica gel, 1cm of silica gel, 2cm of sodium 
hydroxide silica gel, 1cm of silica gel, 4 - 6 cm of sulphuric acid silica 
gel, 1cm of silica gel, approximately 1cm sodium sulphate. The column 
is prewetted with 40mL of hexane. This eluate is discarded. Add the 
sample extract, dissolved in 1:1 toluene:isooctane, to the column with 
two additional 3 mL rinses of hexane followed by a 10mL rinse of 
hexane. Elute the column with an additional 40 mL of hexane and 
retain the entire eluate. Concentrate this solution to a volume of about 1 
mL using the nitrogen evaporative concentrator. 

 
 c) Basic Alumina Column. Shorten a 25 cm disposable Pasteur pipette to 

about 16 cm. Pack the lower section with glass wool and 12 g of basic 
alumina. Transfer the concentrated extract from the silica gel column to 
the top of the basic alumina column and elute the column sequentially 
with 11 mL of hexane producing Fraction A, followed by 7 mL of 
dichloromethane producing Fraction B Discard Fraction A. Collect 
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Fraction B and concentrate it to about 0.5 mL using the nitrogen 
evaporative concentrator. 

 
 d) AX-21 Carbon/Celite 545 Column. Remove the bottom 0.5 inch from 

the tip of a 9 cm disposable Pasteur pipette. Insert a filter paper disk in 
the top of the pipette 2.5 cm from the constriction. Add sufficient 
carbon/celite mixture to form a 2 cm column. Top with a glass wool 
plug. Rinse the column, in sequence, with 5 mL of toluene, 1 mL of 50 
percent dichloromethane in cyclohexane and 5mL of hexane. Discard 
these eluates. Transfer the concentrate in 1 mL of hexane from the 
basic alumina column to the carbon/celite column along with 1 mL of 
hexane rinse. Elute the column sequentially with 2 mL of 50 percent 
dichloromethane in hexane and 2 mL of 50 percent benzene in ethyl 
acetate and discard these eluates. Invert the column and elute in the 
reverse direction with 13 mL of toluene. Collect this eluate. Concentrate 
the eluate in a rotary evaporator at 50°C to about 1 mL. Transfer the 
concentrate to a Reactivial using a toluene rinse and concentrate to a 
volume of 200 mL using a stream of nitrogen. Store extracts in a 
freezer, shielded from light, until analysis. 

 
Instrument Conditions:  Instrument: HP 5890 gas chromatograph with High resolution 

mass spectrometer 
 

Column: DB5, 60 m x 0.25 mm i.d. or equivalent  
Carrier gas: Helium 
Head pressure: 10 psi 
Column flow rate: 30 cm/s @ 100°C 
Scan mode: Selective ion monitoring (SIM) 
Resolution: 1:10,000 with a stability of ± 5 ppm.  
Injector temperature: 250°C 
Injection volume: 1 mL 
Injection mode: Splitless  
Initial temperature: 80°C 
Initial time: 1 min 
Temperature program: 40°C/min to 200°C, then 2°C/min to 235°C, then 

8°C/min to 310°C  
Final hold: 12.5 min 

 
 The ions monitored for each grouping of components is provided in the 

attached Table 2. 
 
GC-MS Calibration   a) The concentration of each calibration standard is provided in Table 4. 

One of the calibration standards should be at a concentration near, but 
above, the minimum detection limit (MDL) and the other concentrations 
should correspond to the expected range of concentrations found in 
real samples or should define the working range of the GCHRMS 
system. 

 
 b) Analyze a constant amount (usually 1 mL) of each calibration standard 

The peak areas for the two ions monitored for each analyte are 
summed to yield the total response for each analyte. Each surrogate 
standard is used to quantify the indigenous PCDDs or PCDFs in its 
homologous series. For example, the 13C-1,2,3,4-TCDD is used to 
calculate the concentrations of all other tetra-chlorinated isomers. 
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Recoveries of the tetra and penta surrogate standards are calculated 
using the 13C-1,2,3,4-TCDD. Recoveries of the hexa through octa 
surrogate standards are calculated using the 13C-1,2,3,7,8,9-HxCDD. 
Recoveries of the surrogate standards are calculated using the 
corresponding homolog from the internal standard. 

 

Ac • Csc Asc • Crc 
RRFn = 

Asc • Cc 
and RRFs = 

Arc • Csc 
 
  where: 
 

RRFn = relative response factor, native standard to surrogate standard; 

RRFs = relative response factor, surrogate standard to recovery standard; 

Ac = quantification ion (single or both ions) peak area for native standard; 

Asc = quantification ion (single or both ions) peak area for the appropriate 
surrogate standard; 

Arc = quantification ion (single or both ions) peak area for 13C-121,2,3,4-
TCDD or 13C12-1,2,3,7,8,9-H6CDD; 

Cc = concentration of the native standard (pg/mL); 

Csc = concentration of the appropriate surrogate standard (pg/mL);  

Crc = concentration of 13C12-1,2,3,4-TCDD or 13C12-1,2,3,7,8,9-H6CDD 
(pg/mL).  

 
 c) If the RRF value over the working range is a constant (see criteria in 

Table 4), the RRF can be assumed to be invariant and the average 
RRF can be used for calculations. 

 
 d) The working calibration curve or RRF must be verified on each working 

day by measurement of one or more calibration standards. If the RRF 
for any parameter varies from the predicted RRF by more than the 
percentage criteria presented in Table 4, the test must be repeated 
using a fresh calibration standard. Alternatively, a new calibration curve 
must be prepared. 

 
 e) The retention times for each compound in each calibration run should 

agree within 0.06 relative retention time units.  
 
12 - Hour Calibration  
Verification A calibration standard at midlevel concentration containing all PCDD and 

PCDFs must be performed every twelve continuous hours of analysis. 
Calculate the percent difference between the current RRF and average RRF 
using the following equation:  

 
 % Difference = [(RRFc - RRFi) / RRFi ] x 100  
 
 where:  
 
 RRFi    =  Average relative response factor from initial calibration  using 

midscale standard  
 
 RRFc    =  Relative response factor from current verification check  using 

midscale standard  
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  Compare the RRF every 12-hours with the average RRF from the initial 
calibration. If the % difference for RRF is less than the criteria in Table 4, 
then the GC-MS system is operative within initial calibration values. If the 
criterion is not met, then the source of the problem must be determined and a 
new fivepoint curve MUST be generated.  

 
Interpretation Identification Criteria. The following identification criteria shall be used for 

characterization of PCDDs and PCDFs.  
 
 a) The integrated ion-abundance ratio shall be within 15 percent of the 

theoretical value. The acceptable ion abundance ratio ranges for the 
identification of chlorine-containing compounds are given in Table 3. 

 b) The retention time for the analytes must be within 3 seconds for the 
corresponding 13C-labeled internal, surrogate or alternate standard. 

 c) The monitored ions shown in Table 2 for a given analyte shall reach 
their maximum within 2 seconds of each other. 

 d) The identification of specific isomers that do not have corresponding 
13C-labeled standards is done by comparison of the relative retention 
time (RRT) of the analyte to the nearest internal standard retention time 
with reference (i.e. within 0.005 RRT units) to the comparable RRT's 
found in the continuing calibration. 

 d) The signal to noise for all monitored ions must be greater than 2.5. 
 
Calculation  The concentration of PCDD/PCDF (Cx) is calculated as follows: 
 

 
 
 Where:  

C(X) = recovery-corrected quantity of analyte X (pg); 

Ak = quantification ion (single or both ions) peak area for the "k"th 
homologous isomer of analyte X (n = 1 for isomer-specific analysis); 

V = Initial weight or volume of sample (g or L) 

Qss = amount of surrogate standard X added to the sample (pg);  

Ass = quantification ion (single or both ions) peak area for surrogate 
standard X in sample extract; 

%R(X) = recent recovery of surrogate standard X; 

Qrs = 
amount of 13C12-1,2,3,4-TCDD (recovery standard for tetra- and 
penta-CDD/CDF) or 13C12-1,2,3,7,8,9-H6CDD (recovery standard for 
hexa- and hepta-CDD/CDF and OCDD) in sample extract (pg); 

Ars = quantification ion (single or both ions) peak area for 13C12-1,2,3,4-
TCDD or 13C12-1,2,3,7,8,9-H6CDD in sample extract. 
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 For homologues represented by more than one isomer in the calibration 
standard solutions, the "homologue-average" RRF is used to quantify all 
target analytes that are not 2,3,7,8-substituted congeners. 

 
Precision  Not available  
 
Accuracy  Not available  
 
Quality Control Method Blank Analysis: 
    Analyze at a frequency of one per sample extraction batch. Blanks should 

contain no more than method detection limit (MDL) levels. Sample data are 
not corrected for blanks.  

    
 Method Spike: 
 Analyze at a frequency of one in 14 or one per batch, whichever is less. 2 L of 

sample is spiked with a known concentration of PCDD/PCDF. The spike level 
should be at a concentration close to the mid-point of the calibration range. 
Calculate the % recovery as follows:  

 
% Recovery = [recovered amount] / [spiked amount] x 100 

 
 Allowed recoveries are: 
 50 - 130%. Samples for which the spike is outside the limit are to be 

repeated. If it fails again, repeat the batch.  
 
 Laboratory duplicate: 
 Analyze at a frequency of one in 14 or one per batch, which ever is less. The 

relative percent difference for the compounds detected is calculated as 
follows: 

 
[sample 1] - [sample 2] 

% Difference = 
[average of 1 & 2] 

x 100 

 
 Allowed difference: 
 < 25% ( if both samples are greater than 5 times the MDC).  
 
 Replicates outside the limits are required to be repeated.  
 
 Surrogates: 
 Acceptable surrogate recoveries are 30 - 130%.  
 
References  a) US Environmental Protection Agency. SW846 Method 

3510B/3540B/8290B. 
 b) US Environmental Protection Agency. Method 23. 
 
Revision Dates November 2002.  Method adopted from Manual Supplement #1. 

EMS Codes assigned. 
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TABLE 1 
 

SAMPLE FORTIFICATION AND  
RECOVERY STANDARD SOLUTIONS 

 

Surrogate Standards: Concentration (pg/ul) 

  

13C-2,3,7,8-TCDD 100 

13C-1,2,3,7,8-PeCDD 100 

13C-1,2,3,6,7,8-HxCDD 100 

13C-1,2,3,4,6,7,8-HpCDD 100 

13C-OCDD 200 

13C-2,3,7,8-TCDF 100 

13C-1,2,3,7,8-PeCDF 100 

13C-1,2,3,6,7,8-HxCDF 100 

13C-1,2,3,4,6,7,8-HpCDF 100 

  

  

Internal Standards:  

  

13C-1,2,3,4-TCDD 100 

13C-1,2,3,7,8,9-HxCDD 100 
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TABLE 2 
 

DESCRIPTOR NUMBER ACCURATE MASS ION TYPE ANALYTE 

    
1 303.9016 M TCDF 

TCDF / TCDD / HxCDPE 305.8987 M + 2 TCDF 
 315.9419 M 13C-TCDF 
 317.9389 M + 2 13C-TCDF 
 319.8965 M TCDD 
 321.8936 M + 2 TCDD 
 327.8850 M 37Cl-TCDD 
 331.9368 M 13C-TCDD 
 333.9339 M + 2 13C-TCDD 
 375.8364 M + 2 HxCDPE 
 316.9824 LOCKMASS PFK 
    

2 339.8597 M + 2 PeCDF 
PeCDF / PeCDD / HpCDPE 341.8567 M + 4 PeCDF 

 351.9000 M + 2 13C-PeCDF 
 353.8970 M + 4 13C-PeCDF 
 355.8546 M + 2 PeCDD 
 357.8516 M + 4 PeCDD 
 367.8949 M + 2 13C-PeCDD 
 369.8919 M + 4 13C-PeCDD 
 409.7974 M + 2 HpCDPE 
 366.9792 LOCKMASS PFK 
    

3 373.8208 M + 2 HxCDF 
HxCDF / HxCDD / OCDPE 375.8178 M + 4 HxCDF 

 383.8639 M 13C-HxCDF 
 385.8610 M + 2 13C-HxCDF 
 389.8157 M + 2 HxCDD 
 391.8127 M + 4 HxCDD 
 401.8559 M + 2 13C-HxCDD 
 403.8529 M + 4 13C-HxCDD 
 445.7555 M + 4 OCDPE 
 380.976 LOCKMASS PFK 
    

4 407.7818 M + 2 HpCDF 
HpCDF / HpCDD / NCDPE 409.7789 M + 4 HpCDF 

 417.8253 M 13C-HpCDF 
 419.8220 M + 2 13C-HpCDF 
 423.7766 M + 2 HpCDD 
 425.7737 M + 4 HpCDD 
 435.8169 M + 2 13C-HpCDD 
 437.8140 M + 4 13C-HpCDD 
 479.7165 M + 4 NCDPE 
 430.9728 LOCKMASS PFK 
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5 441.7428 M + 2 OCDF 

OCDF / OCDD / DCDPE 443.7399 M + 4 OCDF 
 457.7377 M + 2 OCDD 
 459.7348 M + 4 OCDD 
 469.7779 M + 2 13C-OCDD 
 471.7750 M + 4 13C-OCDD 
 513.6775 M + 4 DCDPE 
 454.9728 LOCKMASS PFK 
    

H = 1.007825 Note: Lock masses may change with different types of PFK 
C = 12.000000    
13C = 13.003355    
F = 18.9964    
O = 15.994915    
35Cl = 34.968853    
37Cl = 36.965903    
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TABLE 3 
 

THEORETICAL ION ABUNDANCE RATIOS 
AND THEIR CONTROL LIMITS 

      

     Number of 
Chlorine Atoms 

Ion 
Type 

Theoretical 
Ratio lower upper  

      

4 M / M + 2 0.77 0.65 0.89  

      

5 M + 2 / M + 4 1.55 1.32 1.78  

      

6 M + 2 / M + 4 1.24 1.05 1.43  

      

6 M / M + 2 0.51 0.43 0.59 use for 13C-
HxCDF only 

      

7 M / M + 2 0.44 0.37 0.51 use for 13C-
HpCDF only 

      

7 M + 2 / M + 4 1.04 0.88 1.20  

      

8 M + 2 / M + 4 0.89 0.76 1.02  
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TABLE 4 
 

COMPOSITION OF CALIBRATION SOLUTIONS AND THEIR 
CORRESPONDING INITIAL AND CONTINUING CALIBRATION REQUIREMENTS 

 CS1 - 
Low 

CS2 - 
Low 

CS3 - Low 
CS1 - High  

CS4 - Low 
CS2 - High  

CS5- Low 
CS3 - High  

Initial 
Calibration 

Continuing 
Calibration 

        
Unlabeled Analytes: pg/ul pg/ul pg/ul pg/ul pg/ul % RSD % RSD 
2,3,7,8-TCDD 0.5 1 5 50 100 25 25 
2,3,7,8-TCDF 0.5 1 5 50 100 25 25 
1,2,3,7,8-PeCDD 0.5 1 5 50 100 25 25 
1,2,3,7,8-PeCDF 0.5 1 5 50 100 25 25 
2,3,4,7,8-PeCDF 0.5 1 5 50 100 25 25 
1,2,3,4,7,8-HxCDD 0.5 1 5 50 100 25 25 
1,2,3,6,7,8-HxCDD 0.5 1 5 50 100 25 25 
1,2,3,7,8,9-HxCDD 0.5 1 5 50 100 25 25 
1,2,3,4,7,8-HxCDF 0.5 1 5 50 100 25 25 
1,2,3,6,7,8-HxCDF 0.5 1 5 50 100 25 25 
1,2,3,7,8,9-HxCDF 0.5 1 5 50 100 25 25 
2,3,4,6,7,8-HxCDD 0.5 1 5 50 100 25 25 
1,2,3,4,6,7,8-HpCDD 0.5 1 5 50 100 25 25 
1,2,3,4,6,7,8-HpCDF 0.5 1 5 50 100 25 25 
1,2,3,4,7,8,9-HpCDF 0.5 1 5 50 100 25 25 
OCDD 5 10 50 500 1000 25 25 
OCDF 5 10 50 500 1000 30 30 
        
Surrogate Standards:        
13C-2,3,7,8-TCDD 100 100 100 100 100 25 25 
13C-1,2,3,7,8-PeCDD 100 100 100 100 100 25 25 
13C-1,2,3,6,7,8-HxCDD 100 100 100 100 100 25 25 
13C-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100 30 30 
13C-OCDD 100 100 100 100 100 30 30 
13C-2,3,7,8-TCDF 100 100 100 100 100 30 30 
13C-1,2,3,7,8-PeCDF 100 100 100 100 100 30 30 
13C-1,2,3,6,7,8-HxCDF 100 100 100 100 100 30 30 
13C-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100 30 30 
        
Internal Standards:        
13C-1,2,3,4-TCDD 100 100 100 100 100   
13C-1,2,3,7,8,9-HxCDD 100 100 100 100 100   
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Appendix I 
 

Test for Determining the Significance of the Difference of Two Means 
 

The following is a summary of a two-tailed test for determining whether two means are significantly 
different (at the 95% confidence level).  Two cases are described in John Keenan Taylor’s Statistical 
Techniques for Data Analysis (8).  The case where the standard deviations of the two populations differ is 
summarized below.  An alternative test, for where the standard deviations of the two populations do not 
significantly differ, is summarized in the reference text and may also be used. 
 
This test is one of two options given in section 18.2.2.1 for determining the equivalence of any two 
datasets produced by the reference method and a modified method.   
 
 
Step 1: Calculate the variance (V) for the respective means for datasets A and B: 
 
   VA = sA

2 / nA    VB = sB
2 / nB 

 
 where: s =  the estimate of the standard deviation (in units of sample concentration, not 

%RSD) 
  n =  the number of independent data points 
 
 
Step 2: Calculate the effective number of degrees of freedom, f, to be used for selecting t when 

calculating U∆: 
               f   =          (VA + VB)2         
        VA

2    +    VB
2   

       (n-1)      (n-1) 
 
Round the calculated value for f to the nearest integer.  Values below 10 are typical for 
smaller datasets. 

 
Step 3: Calculate U∆, the uncertainty in the difference of the means: 
 
              U∆   =   t √ (VA + VB) 
 
 where: t =  the student’s t-variate for a 2-tailed dataset, at 95% confidence and f 

degrees of freedom. 
 
 
Step 4: If the difference between the means is less than U∆, the uncertainty in the difference of the 

means, then there is no evidence that the two datasets are significantly different at the 95% 
confidence level. 
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MICROBIOLOGICAL EXAMINATION 

INTRODUCTION  

1.0 General  
 
The analytical procedures following section 6.0 provide means of assessing the sanitary quality of waters 
and wastewaters and are meant to furnish information relating to the degree and possible sources of 
contamination with septic waste. Included in the analytical section are methods for the key parameters 
used for compliance monitoring and evaluation of water resources. The procedures have been written in a 
stepwise format so that the methods can be used as either a bench manual or reference documents. 

2.0 Intralaboratory Quality Assurance  
 
Sections 1.0 through 5.0 provide detailed guidance on quality control practices, specific to microbiological 
examination, that should be performed to ensure the production of accurate and valid data. Due to the 
lack of availability of objective, external quality assurance reference materials, the rigid control of all 
factors that could bias the analytical results assumes increased importance. These factors include: 
 
 • Sampling; including sampling equipment and containers. 
 • Sample shipment and storage. 
 • Laboratory facilities. 
 • Personnel. 
 • Instrument calibration and maintenance. 
 • Equipment, supplies and media. 
 • Analytical protocols. 
 • Record keeping. 
 
Standard Methods, (Standard Methods for the Examination of Water and Wastewater, APHA, AWWA & 
WEF, 18th Edition, 1992, Section 9020), also contains an exhaustive dissertation on the subject, including 
a comprehensive checklist for all variables. 

3.0 Interlaboratory Quality Assurance 
  
Participation in interlaboratory quality assurance activities is encouraged (mandatory for laboratories 
providing data to the ministry’s SEAM data base). Available programs include the B.C. Laboratory 
Registration Interlaboratory Studies administered under the British Columbia Environmental Data Quality 
Assurance Regulation and the CAEAL interlaboratory program which is administered by the Canadian 
Association of Environmental Analytical Laboratories. 
 

MICROBIOLOGICAL QUALITY ASSURANCE/QUALITY CONTROL 

1.0 Reagent Water 

1.1 Distilled Water 
 

Distilled water used for the preparation of media should be free of inorganic and organic 
substances, either toxic or nutritive, that could influence the survival or growth of bacteria and 
viruses.  Factors affecting the water quality include the design of the distillation apparatus, 
sources of raw  water, use of carbon filter, storage chamber for reserve supply, temperature of the 
stored supply and length of storage prior to use.  These factors may influence the extent of 
bacterial and chemical contamination, and often the pH. 
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 Maintenance Procedure Frequency 
 
 1. Drain and clean boiler and condenser Monthly 
 2. Drain and clean (acid wash) distilled water 
  reservoir, boiler and condenser    Quarterly 
 3. Chemical testing Monthly 
 4. Water quality test (see 1.2) Annually 
 5. Standard plate count (optional)          
 
  Note: the water quality test should be performed on raw water, distilled water (fresh) and the 

rinse cycle from the glassware washer. 
 
 Test Limit 
 
 Conductivity >0 . 5 megohms resistance 
  or <2 µmhos/cm at 25°C 
 pH 5.5 - 7.5 
 Total organic carbon <1.0mg/L 
 Heavy metals, total <0.5 mg/L 
 Ammonia/organic nitrogen =1.0 mg/L 
 Total chlorine residual <detection limit 
 
 Bacteriological tests: 
 Standard plate count <1000 colonies/mL 
 Water quality test 0.8 - 3.0 ratio 
 Use test (statistics) Students t =2.78 

1.2 Water Quality Test 
 
This procedure is a test for the determination of toxic or stimulator effects of distilled or deionized 
water on bacteria.  It is based on the growth of Enterobacter aerogenes in a chemically defined 
medium.  Reduction of 20% or more in bacterial population compared to a control is judged toxic. 
Increased growth greater than 300% is called stimulator. 

 
 The full procedure is described in the following texts: 
 
 i) Standard Methods for the Examination of Water and Wastewater, 18th edition (1992). 
 
 ii) Microbiological Methods for Monitoring the Environment.  Water and Wastes.  EPA-600/8-

78-017 (1978). 

1.3 Deionized Water 
 

Deionized water may be substituted for distilled water if the latter is not suitable or by specific 
request for special media. 

 
 Maintenance Procedure Frequency 
 
 1. Check Filter Units Quarterly 
 2. Chemical testing Quarterly 
 3. Standard Plate Count Quarterly* 
 *Test should be completed prior to the regeneration of the filter units. 
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1.4 Inhibitory Residue Test 
 

Test for inhibitory residues on glassware annually.  Certain wetting agents or detergents used in 
washing may contain bacteriostatic or inhibiting substances requiring exhaustive rinsing to remove 
all traces of residual bacteriostatic action.  Test all new supplies of detergent using the following 
procedure: 

 
 1. Wash and rinse six glass petri dishes according to usual laboratory practice and designate 

as Group A. 
 
 2. Wash six glass petri dishes as above, rinse 12 times with reagent grade DI and designate 

as Group B. 
 
 3. Rinse six petri dishes with detergent wash water (in use concentration), dry without further 

rinsing, and designate as group C. 
 
 4. Autoclave petri dishes. 
 
 5. Add no more than 1mL of a culture of Enterobacter aerogenes known to contain 50 - 150 

colony forming units (CFU) to dishes in Groups A - C and proceed as for a pour plate 
heterotrophic plate count (see relevant section, Heterotrophic Plate Count) using Plate 
Count Agar, R2A, or NWRI agar.  Preliminary testing may be necessary to obtain the 
specified count range. 

 
 6. Differences in averaged counts on plates in Groups A - C should be less than 15% if there 

are no toxic or inhibitory effects.  Differences in averaged counts of less than 15% between 
Groups A and B and greater than 15% between Groups A and C indicates that the cleaning 
detergent has inhibitory properties that are eliminated during routine washing. 

 

2.0 Equipment 

2.1 pH Meter 
 
  Maintenance Procedure Frequency 
 
 1. Compensate for temperature each use 
 
 2. Date standard buffer solutions when first opened   as required 
  and discard if pH is more than ±0.1 pH units from  
  manufacturer’s stated value or is contaminated 
  with microorganisms 
 
 3. Standardize with at least one standard buffer   before each use 
  (usually pH 7.0)(Do not re-use buffer solution) 
 
 4. Check buffer standard reading against another  monthly 
  pH meter 
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2.2 Balance 
 
 Maintenance Procedure Frequency 
 
 1. Check balance with a set of certified weights monthly 
 2. Wipe balance after each use each use 
 3. Calibration annually 
 
 Note: For general media preparation, balance must have a sensitivity of 0.1g at a load of 

150g. 

2.3 Autoclave/Sterilizer 
 
 Maintenance Procedure Frequency 
 
 1. Chart record of sterilization cycle record for each cycle date and 

keep records for 2 years. 
 
 2. Check operating temperature with a    monthly 
  maximum/minimum thermometer 
 
 3. Test performance with spore suspension monthly or as required by  
  (Use Oxoid spore strips BR23 and spore         
  strip broth CM763) 
 
 4. Preventive maintenance inspection annually 
 
 5. Sterility test tape each load 
 
 6. Drain and rinse boiler and clean chamber if applicable weekly 
 
 7. Check door seal semi-annually 

2.4 Glassware Washer 
 
 Maintenance Procedure Frequency 
 
 1. Clean washer tubes and drain reservoir  if applicable at least daily 
 
 2. Maintain reservoir wash water at 70 - 80°C   ongoing 
 
 3. Clean reservoir if applicable weekly during use 
 
 4. Check hoses, drive chain, pumps quarterly 
 
 5. Inhibitory residue test     annually 
 
 6. Chemical testing quarterly 
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2.5 Hot Air Oven 
 
 Maintenance Procedure      Frequency 
 
 1. Test performance with spore strips quarterly or as required 
 
 2. Monitor temperature with a thermometer    accurate ongoing 
  in the 160-180°C range (insert thermometer 
  bulb up to the immersion mark into a sand-filled 
  graduated cylinder or beaker) 

2.6 Incubators 
 
 Maintenance Procedure Frequency 
 
 1. Check temperature record and thermometer daily during use  
 
 2. Drain and clean water baths monthly 
  
 3. Measure temperature in dry incubators   daily 
 
 Note: If partially submersible glass thermometers are used, bulb and stem must be 

immersed in water or glycerol to mark on the stem 

2.7 Automatic Pipettor 
 
 Maintenance Procedure Frequency 
 
 1. Check accuracy of dispensation using a graduated ongoing 
  cylinder at the start of each volume change and 
  periodically throughout extended runs. 
 
 2. After dispensing each type of medium, pass a large ongoing 
  volume of distilled water through the dispenser to 
  remove traces of agar or medium. 
 
 3. At the end of the work day rinse thoroughly with 70% ongoing 
  ethanol, break down into unit parts and wash well. 

2.8 Refrigerators 
 
 Maintenance Procedure Frequency 
 
 1. Check temperature (4°C) daily 
 
 2. Clean and disinfect monthly 
 
 3. Date stamp and identify all material ongoing 
 
 4. Discard outdated material quarterly 
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2.9 Thermometers and Recording Devices 
 
 Maintenance Procedure Frequency 
 
 1. Check the accuracy of thermometers and temperature annually 
  recording instruments against an NIST certified  
  thermometer.  Graduations should not exceed 0.1°C for 
  water bath (elevated temperature) incubation and 0.5°C 
  for dry air incubation (35°C).  Record calibration correction 
  on thermometer or on outside of incubator, waterbath or  
  refrigerator. 

2.10 Summary of Equipment Maintenance Procedures and Frequencies 
 
 Frequency  Activity 
 

 Daily or before each use  1. Clean glassware washer tubes, rinse and drain reservoir, if 
applicable 

     2. Standardize pH meter and compensate for temperature 
     3. Change temperature/pressure recording chart for 

autoclave (as needed) 
     4. Use sterile tape for each autoclave load 
     5. Measure temperature in incubators, ovens, refrigerators 
     6. Clean automatic pipettor 
 
 Weekly   1. Drain and clean washer reservoir, depending on use 
     2. Drain and rinse autoclave boiler and clean chamber 
  
 Monthly   1. Drain and clean still boiler and condenser 
     2. Check pH buffer reading against another pH meter 
     3. Check balance with set of certified weights 
     4. Check autoclave operating temperature with a 

maximum/minimum thermometer 
     5. Test sterilization performance of autoclave with spore 

suspension 
     6. Drain and clean incubator waterbaths 
     7. Clean and disinfect refrigerators 
     8. Chemical testing of distilled water 
 
 Quarterly   1. Drain and clean (acid wash) distilled water reservoir, boiler 

and condenser 
     2. Standard plate count on distilled water 
     3. Discard outdated material from refrigerators 
     4. Chemical testing for glassware washer 
     5. Check hoses, drive chain and pumps of glassware washer 
     6. Check filter units on deionizer 
     7. Chemical testing and standard plate count on deionized 

water 
 
 Semi-annually   1. Check autoclave door seal 
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 Annually   1. Water quality test on distilled water 
     2. Balance calibration 
     3. Preventive maintenance inspection of autoclave 
     4. Inhibitory residue test for glassware washer 
     5. Check accuracy of thermometers 

3.0 Media Preparation and Storage Requirements 

 
 1. Measure pH of media prior to sterilization and adjust appropriately with 1N NaOH or 1N 

HCL. 
 
 2. Measure pH of media after sterilization.  Note  pH may shift 0.1 to 0.2 pH units lower during 

sterilization and allowance must be made for this shift. 
 
  3. Store prepared media at ambient temperature or in a cold room away from direct sunlight. 
 
 4. Unless screw cap tubes are used, discard media after two weeks. 
 
 5. Discard dehydrated media which are more than 5 years old or which have become caked or 

hardened. 
 
 6. Conduct quality control checks of new  media lots using control cultures. 

4.0 Analysis Quality Control 

 
 1. Replication.  Conduct duplicate analyses on 10% of the known positive samples. 
 
 2. Controls.  Include 1 pure culture positive control, 1 pure culture negative control and 1 

sterile control for each parameter tested.  For continuous, routine analysis this should be 
done monthly.  For occasional or short-term intensive programs, controls should be used for 
each program.  Table 5 provides appropriate control organisms for specific tests. 

 
 3. Colony Counting.  The same MF and SPC plates should be counted by two or more 

analysts monthly or as dictated by laboratory workload. 
 
 4. MF Verification.  Five percent of all MF analyses performed should be verified.  Verification 

techniques are described in Standard Methods.  For the MPN test, five percent of the 
positive samples and/or a minimum of 1 sample per test run should be verified. 

 
 5. Computing and Recording of MPN.  Record the number of positive findings of coliforms in 

each dilution and compute in terms of the MPN.  The MPN values, for a variety of planting 
series and results, are given in Tables 1, 2 and 3.  Included in these tables are the 95% 
confidence limits for each MPN value determined.  When the series of dilutions is different 
from that in the table, select the MPN value from Table 3 for the combination of positive 
tubes and calculate according to the following formula: 

 
 

 MPN value  x              10                   = MPN/100 mL 
 (from the table)     largest volume tested 
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 6.   Documentation 
  

 95% confidence limits for MPN are included in the standard MPN index. 
  

 •   Analyst signs off work sheet. 
 • Date of preparation and lot number of medium is recorded. 
 •   Temperatures of incubators and water bath are recorded weekly. 

 
 
 

Table 1. 
 

MPN Index and 95% Confidence Limits for Various Combinations of 
Positive and Negative Results when Five 10 mL Portions are Used 

 
 No. of Tubes  95% Confidence 
 Giving Positive  Limits 
 Reaction Out of MPN Index (Approximate) 
 5 of 10 mL Each 100 mL Lower Upper 
 0 <2.2 0 6.0 
 1 2.2 0.1 12.6 
 2 5.1 0.5 19.2 
 3 9.2 1.6 29.4 
 4 16.0 3.3 52.9 
 5 >16.0 8.0 Infinite 
 
 
 
 

Table 2. 
 

MPN Index and 95% Confidence Limits for Various Combinations of 
Positive and Negative Results when Ten 10 mL Portions are Used 

 
 No. of Tubes  95% Confidence 
 Giving Positive  Limits 
 Reaction Out of MPN Index (Approximate) 
 10 of 10 mL Each 100 mL Lower Upper  
 0 <1.1 0 3.0 
 1 1.1 0.03 5.9 
 2 2.2 0.26 8.1 
 3 3.6 0.69 10.6 
 4 5.1 1.3 13.4 
 5 6.9 2.11 6.8 
 6 9.2 3.1 21.1 
 7 12.0 4.3 27.1 
 8 16.1 5.9 36.8 
 9 23.0 8.1 59.5 
 10 >23.0 13.5 Infinite 
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Table 3. 
 

MPN Index And 95% Confidence Limits for Various Combinations of 
Positive Results When Five Tubes Are Used Per Dilution (10 mL, 1.0 mL, 0.1 mL) 

 
  95% Confidence  95% Confidence 
  Limits   Limits 

Combination MPN Index   Combination  MPN Index  
of Positives 100 mL Lower Upper of Positives 100 mL Lower Upper 
 
0-0-0 <2 - - * 4-2-0 22 9.0 56 
0-0-1 2 1.0 10 * 4-2-1 26 12 65 
0-1-0 2 1.0 10 * 4-3-0 27 12 67 
0-2-0 4 1.0 13 * 4-3-1 33 15 77 
     * 4-4-0 34 16 80 
 
1-0-0 2 1.0 11 * 5-0-0 23 9.0 86 
1-0-1 4 1.0 15 * 5-0-1 30 10 110 
1-1-0 4 1.0 15 * 5-0-2 40 20 140 
1-1-1 6 2.0 18 * 5-1-0 30 10 120 
1-2-0 6 2.0 18 * 5-1-1 50 20 150 
     * 5-1-2 60 30 180 
 
2-0-0 4 1.0 17 * 5-2-0 50 20 170 
2-0-1 7 2.0 20 * 5-2-1 70 30 210 
2-1-0 7 2.0 21 * 5-2-2 90 40 250 
2-1-1 9 3.0 24 * 5-3-0 80 30 250 
2-2-0 9 3.0 25 * 5-3-1 110 40 300 
2-3-0 12 5.0 29 * 5-3-2 140 60 360 
 
3-0-0 8 3.0 24 * 5-3-3 170 80 410 
3-0-1 11 4.0 29 * 5-4-0 130 50 390 
3-1-0 11 4.0 29 * 5-4-1 170 70 480 
3-1-1 14 6.0 35 * 5-4-2 220 100 580 
3-2-0 14 6.0 35 * 5-4-3 280 120 690 
3-2-1 17 7.0 40 * 5-4-4 350 160 820 
 
4-0-0 13 5.0 38 * 5-5-0 240 100 940 
4-0-1 17 7.0 45 * 5-5-1 300 100 1300 
4-1-0 17 7.0 46 * 5-5-2 500 200 2000 
4-1-1 21 9.0 55 * 5-5-3 900 300 2900 
4-1-2 26 12 63 * 5-5-4 1600 600 5300 
     * 5-5-5 >1600 - - 

 



E - 13 

Table 4. 
 

Control Culture Nomenclature 
 
Genus    Species   Abbreviation 
 
Citrobacter    freundii    C. freundii 
Clostridium    perfringens    C. perfringens 
Enterobacter    aerogenes    E. aerogenes 
Enterobacter    cloacae    E. cloacae 
Escherichia    coli    E. coli 
Klebsiella    pneumoniae   K. pneumoniae 
Proteus    mirabilis     P. mirabilis 
Proteus    vulgaris    P. vulgaris 
Pseudomonas    aeruginosa    P. aeruginosa 
Salmonella    typhimurium   S. typhimurium 
Salmonella    typhosa    S. typhosa 
Serratia    marcescens    S. marcescens 
Shigella    flexneri    S. flexneri 
Staphylococcus    aureus    S. aureus 
Streptococcus    fecalis    S. fecalis 
Streptococcus    fecalis var. zymogenes  S. fecalis var. zymogenes 
Streptococcus    fecalis var. liquefaciens  S. fecalis var. liquefaciens 
Streptococcus    fecium    S. fecium 
Streptococcus    mitis-salivarius   S. mitis-salivarius 
Streptococcus    pyogenes    S. pyogenes 
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Table 5. 
Quality Control of Media and Biochemical Tests  

 
Medium Control Cultures Expected Results 
 
M-Endo MF Broth or Agar E. coli Golden green metallic sheen 
  E. aerogenes  Golden green metallic sheen 
  Achromobacter sp. Red colonies 
  Pseudomonas sp.  Red colonies 
  Salmonella sp. Red colonies if medium overheated 
 
 
M-FC Broth or Agar E. coli Blue colonies 
  K. pneumoniae Blue colonies 
  E. aerogenes  No growth 
 
 
Brilliant Green Bile E. coli Growth with gas 
Lactose Broth E. aerogenes Growth with gas 
  C. freundii Growth with gas 
  S. aureus No growth 
 
 
Lauryl Tryptose E. coli Growth with gas 
Broth E. aerogenes Growth with gas 
  S. typhimurium Marked to complete inhibition 
  S. aureus Marked to complete inhibition 
 
 
Levine’s Eosin E. coli Nucleated black colonies with 
Methylene Blue   golden green metallic sheen 
Agar E. aerogenes Pink colonies with dark centres 
  C. freundii Yellow/beige colonies 
  Salmonella sp. Yellow/beige colonies 
  Klebsiella sp. Large brown mucoid colonies 
 
 
Xylose Lysine Salmonella sp. Red colonies, to red with black  
   centres 
Desoxycholate Klebsiella sp. Yellow colonies 
Agar E. coli Yellow colonies 
(XLD) E. aerogenes Yellow colonies 
 
 
Bismuth Sulfite S. typhosa Black colony with black or brownish 
Agar  black zone, with or without sheen 
  Other Salmonella sp. Raised green colonies 
  Coliforms Green colonies 
 
 
Brilliant Green Salmonella sp. Pink-white opaque colonies 
Agar  surrounded by brilliant red zone 
  E. coli Inhibition or yellow green colonies 
  P. vulgaris Marked to complete inhibition or  
   red colonies. 
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Medium Control Cultures Expected Results 
 
KF S. fecalis Pink to red colonies 
Streptococcus S. pyogenes No growth 
Agar S. aureus No growth 
  E. coli No growth 
 
 
PSE Agar S. fecalis Black colonies 
  E. coli No growth 
  S. aureus No growth 
 
 
BHI Broth at S. fecalis Positive:  growth 
pH 9.6 S. mitis-salivarius Negative:  no growth 
  
 
BHI Broth with S. fecalis Positive:  growth 
6.5% NaCl S. mitis-salivarius Negative:  no growth 
 
 
Arginine S. typhimurium Positive:  alkaline reaction,   
Dehydrolase  reddish violet colour 
(Moeller’s medium) S. flexneri Negative:  acid reaction, yellow  
  
  
Lysine S. typhimurium Positive:  alkaline reaction, 
Decarboxylase  reddish violet colour 
(Moeller’s medium) S. flexneri Negative:  acid reaction, yellow 
 
 
Ornithine S. typhimurium Positive: alkaline reaction, reddish 
Decarboxylase  violet colour 
(Moeller’s medium) S. flexerni Negative:  acid reaction, yellow  
 
 
Indole Production E. coli Positive:  red colour  
(Tryptophane Broth) Salmonella sp. Negative:  orange/yellow colour  
  E. aerogenes Negative:  orange/yellow colour 
 
 
Methyl Red  E. coli Positive:  red colour 
(Buffered Peptone Glucose Broth) E. aerogenes Negative:  no change 
 
Voges-Proskauer  E. aerogenes Positive:  pink colour 
(Buffered Peptone Glucose Broth) E. coli Negative:  no colour change 
 
 
Citrate E. aerogenes Positive:  growth, change to blue 
Utilization  colour 
(Simmons Citrate Broth) E. coli Negative:  no colour change, no  
   growth 
 
Urease Production P. mirabilis Positive:  colour change, pink to red  
(Christensen’s Urea Agar) Salmonella sp. Negative:  no colour change 
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Medium Control Cultures Expected Results 
 
Catalase S. aureus Positive:  bubbles 
(BHI agar slant) S. fecalis Negative:  no bubbles 
 
 
Cytochrome Oxidase P. aeruginosa Positive:  blue colour 
(Alpha-napthol and para- E. coli Negative:  no change 
aminodimethylanilineoxalate) S. aureus Negative:  no change  
 
 
Phenylalanine P. mirabilis Positive:  green colour 
Deaminase Salmonella sp. Negative:  no colour change 
(Phenylalanine Agar) E. coli Negative:  no colour change 
 
Malonate Utilization K. pneumoniae Positive:  blue colour 
(Malonate Broth) E. coli Negative:  no growth or colour  
  change 
 
 
Milk, Methylene S. fecalis Positive:  reduction of methylene   
   blue 
Blue, 0.1% Group Q Streptococci Negative:  no growth 
  S. mitis-salivarius Negative:  no growth 
  P. aeruginosa Peptonization and digestion 
  C. perfringens Acid, coagulation and gas 
 
 
Nitrate Reduction E. coli Positive:  red colour change 
(Potassium Nitrate Broth) P. aeruginosa Negative: no colour change, gas  
   production 
 
 
2,3,5-Triphenyl S. fecalis  Positive:  reduction of TTC (red 
Tetrazolium  colour) 
Chloride in TG Agar S. fecium Negative:  no color change  
 
Tellurite Agar S. fecalis Growth  
  S. fecium No Growth 
 
Beta-Hemolysis S. fecalis var. zymogenes Positive:  lysis of red blood cells 
in Blood Agar S. fecalis Negative:  no lysis of red blood  
 
 
Hydrogen Sulfide Slant  Butt  H2S Production  
(Triple Sugar Iron Agar) E. coli A           A G - 
  P. vulgaris A          A G + 
  S. typhimurium K          A G + 
 
 
Lysine Slant   Butt  H2S Production 
(Lysine Iron Agar) S. typhimurium K K +  
  S. flexneri K A +  
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Medium Control Cultures Expected Results 
 
Gelatin S. marcescens Positive:  liquefaction 
Liquefaction at 20°C S. fecalis Positive:  liquefaction 
(Nutrient Gelatin)  var. liquefaciens 
  S. fecalis Negative:  no liquefaction 
  C. perfringens Positive:  liquefaction 
  E. coli Negative:  no liquefaction 
 
 
API K. pneumoniae see API Instruction Manual 
  E. cloacae 
  P. vulgaris  
  P. aeruginosa 
 
Adapted from “Microbiological Methods for Monitoring the Environment, Water and  Wastes”  
U.S.EPA (1978) 
 
 

5.0 Laboratory Records 

5.1 Media Usage and Inventories 
 
 1. All media received in the laboratory will be numbered and date stamped.  A record of the 

media inventory will include the following information:  date received; date opened; date 
finished; manufacturer; control/lot number; bottle number (internally assigned). 

 
 2. A record of prepared media will be maintained with the following information:  media type; 

bottle number; preparation date and purpose; quantity prepared; pH (pre- and 
post-sterilization); control/lot number. 

 
 3. All prepared media will be labelled with the following information:  media type; preparation 

date; bottle or batch number. 

5.2 Maintenance Schedules 
 
 1. Maintenance and QA/QC schedules will be developed for each piece of equipment and 

results will be recorded as appropriate. 

5.3 Temperature Records 
 
 1. Temperature records from recording thermometers will be date stamped and kept for a two 

year period for the following equipment:  autoclave, waterbaths, dry air incubators. 

5.4 Analytical Test Results 
 
 1. Suitable bench sheets will be developed to record the results of QA/QC testing and to 

permit tracing to the media batch/lot numbers. 
 
 2. A summary of test types and number of analyses will be prepared monthly. 
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6.0 Laboratory Safety Information 

 
 The following elements of a laboratory safety program have been excerpted from “Microbiological 

Methods for Monitoring the Environment, Water and Wastes” published by the U. S. 
Environmental Protection Agency. 

6.1 Administrative Considerations 
 

1. Laboratory has a formal documented safety program. 
 
2. Each worker has a copy of the safety program. 
 
3. Employees are aware of procedures for reporting accidents and unsafe conditions. 
 
4. New employees are instructed on laboratory safety. 
 
5. Joint supervisor-employee safety committee has been established to identify potential 

laboratory hazards. 
 
6. Records are maintained of accidents and consequences. 
 
7. Name and phone number of the supervisor and an alternate are posted at door of the 

laboratories so they  may be contacted in case of an emergency. 
 
8. At least one permanent employee has attended appropriate first aid courses. 
 
9. Emergency telephone numbers for fire, ambulance, health centres, and poison control 

centre are placed in a conspicuous location near the telephone. 
 
10. Employees know the location of first aid supplies. 
 
11. Emergency first aid charts, and hazardous agents charts are posted in the laboratory. 
 
12. Fire evacuation plan is established for the laboratory and is posted in a conspicuous 

location. 

6.2 Personal Conduct 
 

1. Personal clothing is stored outside of the microbiology laboratory. 
 
2. Lab coats and street clothes are kept in separate lockers. 
 
3. Lab coats are worn at all times in the laboratory.  Surgical gloves are worn when handling 

contaminated samples (eg. sewage). 
 
4. Germicidal soap or medicated surgical sponges are available for employees’ use. 
 
5. Consumption and preparation of food and beverages are not permitted in the laboratory. 
 
6. Smoking or chewing gum are not permitted in the laboratory. 
 
7. Food or drinks are not to be stored in laboratory refrigerators. 
 
8. Reading materials are not kept in the laboratory. 
 



E - 19 

9. Lab coats are not to be worn outside the laboratory. 
 
10. Employees who have cuts, abrasions, etc., on face, hands, arms, etc.,  do not work with 

infectious agents. 
 
11. Safety glasses are worn when working with toxic or corrosive agents and during exposure to 

UV radiation. 

6.3 Laboratory Equipment 
 

1. Bulb or mechanical device is used for all pipetting. 
 
2. Pipets are immersed in disinfectant after use. 
 
3. Benches are maintained in a clear and uncluttered condition. 
 
4. Centrifuge cups and rubber cushions are in good condition. 
 
5. A suitable disinfectant is available for immediate use. 
 
6. Blender is used with sealed container assembly. 
 
7. Microscopes, colony counters, etc., are kept out of the work area. 
 
8. Water baths are clean and free of growth and deposits. 
 
9. Employees are instructed in the operation of the autoclave and operating instructions are 

posted near the autoclave. 
 
10. Autoclaves, hot air sterilizing ovens, water distilling equipment,  and centrifuges are 

checked routinely for safe operation. 
 
11. Broken, chipped or scratched glassware should not be used. 
 
12. Broken glass is discarded in designated containers. 
 
13. Electrical circuits are protected against overload with circuit breakers or ground-fault 

breakers. 
 
14. Power cords, control switches and thermostats are in good working order. 
 
15. Water taps are protected against back-siphoning. 

6.4 Disinfection/Sterilization  
 

1. Proper disinfectant is used routinely to disinfect table tops and carts before and after 
laboratory work. 

 
2. Receptacles of contaminated items are marked. 
 
3. Performance checks of autoclaves, gas sterilizers and hot air ovens are conducted with the 

use of spore strips, spore ampules, indicators, etc. 
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6.5 Biohazard Control 
 
1. Biohazard tags or signs are posted in hazardous areas. 
 
2. Safety cabinets of the appropriate type and class are provided. 
 
3. Lab personnel are vaccinated for typhoid fever, tetanus and polio. 
 
4. Floors are wet-mopped weekly with a disinfectant solution. 
 
5. Personnel are trained in the proper procedures for handling lyophilized cultures when used. 

6.6 General Handling and Storage of Chemicals and Gases 
 

1. Containers of reagents and chemicals are labelled properly, according to WHMIS 
regulations. 

 
2. Flammable solvents are stored in an approved storage cabinet or well-ventilated area away 

from burners, hot plates, etc. 
 
3. Bottle carriers are provided for hazardous substances. 
 
4. Gas cylinders are securely clamped to a firm support. 
 
5. Toxic chemicals are clearly marked poison or toxic. 
 
6. Material safety data sheets (MSDS) are available for all chemicals and gases in use or 

storage. 

6.7 Emergency Precautions 
 

1. Foam and carbon dioxide fire extinguishers are installed within easy access to laboratory 
and are properly maintained. 

 
2. Eye wash stations, showers, oxygen respirators and fire blankets are available within easy 

access. 
 
3. Fire exits are marked clearly. 
 
4. First aid kits are available and in good condition. 
 
5. At least one full-time employee is trained in first aid. 
 
6. Source of medical assistance is available and known to employees. 
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 Microbiology 
Revision Date: November 14, 2002 

 

Standard Plate Count by Membrane Filtration 
 

Parameter Standard Plate Count 
 
Analytical Method Membrane Filter: SPCN X385  
And EMS Code 
 
Scope This method describes the non-selective isolation of viable heterotrophic 

bacteria in aqueous samples.  Bacterial colonies may arise from pairs, 
chains, clusters, or single cells, all of which are included in the term Colony 
Forming Units (CFU).   No differentiation is made of colony types.  If required, 
heterotrophic plates may be used for subsequent bacterial taxonomy.  
Decimal dilutions of sample are passed through a 0.45 µm membrane filter 
which is then placed on a nutrient agar for 48 hour incubation at 35°C for the 
growth of bacterial colonies. 

 
Principle The heterotrophic (standard) plate count provides an estimate of the number 

of viable heterotrophic bacteria in an aqueous sample. 
 
Sample Handling Field samples are submitted unfiltered and unpreserved but should contain 

sodium thiosulphate (0.01% v/v) if the sample is chlorinated.  The sample 
should be collected  in a sterilized water bacteriology bottle (1L), and kept at 
4°C until analysis.  Variations in temperature are to be avoided.  Minimum 
volume required for analysis is 125mL.  Analysis must be initiated within 24 
hours of collection (the recommended maximum elapsed time between 
collection and examination of samples is 8 hours). 

 
Range 0.01 - 100,000 CFU/mL 
 
Detection Limit 0.01 CFU/mL or 1 CFU/100mL 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organisms.  Interaction of mixed bacterial populations may be 
inhibitory for some bacteria. 

 
Precision There is no standard reference material for heterotrophic plate counts. 
 
Apparatus and a) Incubator which is capable of maintaining a stable temperature 
Materials  (35 ± 0.2°C). 
 b) Sterile serological disposable pipettes, 1mL and 10mL. 
 c) Sterile 100mL glass graduated cylinders. 
 d) Sterile disposable petri dishes, 50mm x 12mm with tight fitting lids. 
 e) Autoclave for steam sterilization of glassware and media. 
 f) Bunsen burner. 
 g) Platinum inoculation loops, 3mm diameter. 
 h) 250mL glass filtration units (Millipore or equilivent), sterilized and 

wrapped in aluminum foil or kraft paper. 
 i) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 j) Vacuum source. 
 k) Vacuum flask and manifold to hold filtration units. 
 l) Smooth tipped forceps. 
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 m) 95% ethanol. 
 n) Stereobinocular microscope with cool white fluorescent light source. 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2 PO4) in 

500mL deionized water (DI).  Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI.  Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle.  Store at 
4°C.  Discard if solution becomes cloudy. 

 
 b) STOCK  MAGNESIUM CHLORIDE SOLUTION. 
 
  Dissolve 38g  magnesium chloride (MgCl2) in 1L DI.  Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle.  
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER. 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI.  Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
   100mL in milk dilution bottles 
  Rinse water: 1500mL per 2L Erlenmeyer flask 
  Autoclave 10-100mL volumes at 121°C for 15 minutes; for larger 

volumes, increase the time as appropriate to achieve sterilization. 
 
 d) R2A AGAR (DIFCO) 

 
 Proteose peptone No.3 0.50 g 
 Bacto yeast extract 0.50 g 
 Bacto dextrose 0.50 g 
 Sodium pyruvate 0.30 g 
 Casamino acids 0.50 g 
 Soluble starch 0.50 g 
 Dipotassium hydrogen phosphate 0.30 g 
 Magnesium sulfate heptahydrate 0.05 g 
 Bacto agar  15.00 g 
 
 Suspend ingredients in 1L DI.  Boil to dissolve completely.  Autoclave 

for 15 minutes at 121°C.  Cool to 50°C and aseptically dispense in 
50mm sterile petri plates.  Medium may be stored at 4°C for 1 month. 

 
Procedure a) Place a sterile membrane filter on a sterile filter base, grid side up, and 

attach the funnel to the base of the filter unit. 
 
 b) Select a sample volume to produce 20-80 colonies on the membrane 

filter. Decimal dilutions are prepared in 10mL buffered water dilution 
blanks.  Do not filter less than 10mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and pipet 1mL into 

a 10mL buffered water blank.  Mix well using a vortex mixer.  With a 
sterile pipette, transfer 1mL of the diluted sample into the next 10mL 
buffered water blank.  Continue making dilutions, each time using a 



E - 23 

fresh pipette to avoid carry-over of sample.  Prepare duplicate filters for 
each concentration or volume filtered. 

 
 d) Filter, starting with the greatest dilution (lowest bacterial concentration). 

Rinse with 10-30mL of sterile buffered water.  Turn off vacuum. 
 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on the agar plates.  Reset if air bubbles are trapped under 
the filter. Incubate R2A Agar plates in an inverted position for 120 hours 
at 28°C. 

 
 f) Using the stereobinocular microscope and cool white fluorescent lamp, 

count all colonies appearing after 120 hours incubation.  Start 
examination with the highest dilution plate.  Colonies may be difficult to 
distinguish from the white background because they are clear or white, 
but light will reflect from the colony surface.  The numbers of colonies 
on higher concentration plates should increase by the reciprocal of the 
dilution interval (logarithmic in the case of decimal dilutions). 

  
  If there is no apparent relationship between numbers of colonies and 

dilution factors, suspect contamination of materials used for filtration 
and abandon the sample.  For subsequent bacterial taxonomy colonies 
may be purified on brain heart infusion agar  (BHIA). 

 
 g) Count colonies on membrane filters at 10 to 15 x magnification.  

Preferably place petri dish on microscope stage slanted at a 45° angle 
and adjust the light source vertical to the colonies.  Optimal colony 
density per filter is 20 to 200.  If colonies are small and there is no 
crowding, a higher limit is acceptable.  Count all colonies on the 
membrane when there are 1 to 2, or fewer, colonies per square.  For 3 
to 10 colonies per square count 5 squares and obtain average count 
per square.  Multiply average count per square by 100 times the 
reciprocal of the dilution to give colonies per millilitre.  If there are more 
than 20 colonies per square, record count as >2000 times the 
reciprocal of the dilution.  Record counts only when there are discrete 
separate colonies without spreaders. 

 
 
Quality Control 95% confidence limits for membrane plate counts are calculated as follows: 
 
  Counts between 1 - 10 Counts between 11 - 20  
 
 Counts Lower Upper Counts Lower  Upper 
 
 1  0.0 3.7 11 5.4  19.7 
 2  0.025 5.6 12 6.2  21.0 
 3  0.24 7.2 13 6.9  22.3 
 4  1.1 10.2 14 7.7  23.5 
 5  1.6 11.7 15 8.4  24.8 
 6  2.2 13.1 16 9.4  26.0 
 7  2.8 14.4 17 9.9  27.2 
 8  3.5 15.8 18 10.7  28.4 
 9  4.1 17.1 19 11.5  29.6 
 10  4.8 18.4 20 12.2  30.8 
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 For counts greater than 20 use the following formulae: 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 
Data Analysis a) Calculate the bacterial density using the following formula: 
  *CFU/mL=(Mean number of bacteria counted) x (Reciprocal  of dilution 

used) 
  *Colony forming units 
 
 b) Plates with no colonies are reported as less than the calculated value 

of the single largest volume filtered. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, Section 9215 D. 
 b) Dutka, B., 1981.  Membrane Filtration:  Applications, Techniques and 

Problems.  Bernard Dutka (Ed.)  Marcel Dekker, Inc.  New York. 
 
Revision History November 14, 1994:  Publication in 1994 Lab Manual 
 November 14, 2002:  SEAM Codes replaced by EMS codes 
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Microbiology 
Revision Date: November 14, 2002 

 

Presence-Absence (P-A) Coliform Test in Drinking Water, Fresh 
Water, and Finished Water 
 
Parameter Coliform, Presence-Absence 
 
Analytical Method COLI X386 
and EMS Codes 
 
Scope This method describes the enrichment culture of large volumes of water 

expected to be devoid of coliforms in fresh water, or other finished water 
systems.  This method is not influenced by turbidity.  In the event of a positive 
P-A test, subsequent samples must be analyzed by the membrane filter or 
MPN technique until two consecutive samples yield negative tests. 

 
Principle The presence-absence test is a modification of existing procedures which 

can be used to monitor water systems that are normally expected to be free 
of coliforms, such as drinking water or other finished water systems.  This 
test is not quantitative, and positive tests must be followed by subsequent 
samples analyzed by either membrane filtration or MPN until the bacterial 
counts fall below the detectable level.  The advantages of the presence-
absence test are cost-efficiency of testing normally coliform-free sites, and 
the capability of differentiating total coliforms, fecal coliforms, and fecal 
streptococci by subsequent culture on differential media.  The P-A test may 
also maximize recovery of stressed organisms which may be missed in 
routine coliform testing. Regulations which stipulate an absence of coliforms 
in a 100mL sample can be addressed by P-A since the absolute number of 
organisms greater than unity is unimportant. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle.  Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine.  The sample should be kept at 4°C until 
analysis. Variations in temperature are to be avoided.  Analysis must begin 
within 48 hours of sample collection for results to be valid.  Minimum volume 
required for analysis is 100mL. 

 
Range Positive/Negative 
 
Detection Limit Negative/100mL.  
 
Interferences Residual chlorine in chlorinated water must be neutralized with sodium 

thiosulfate at time of sampling.   
 
Precision There are no standard reference materials for the P-A test.  American Type 

Culture Collection (ATCC®) bacterial cultures can be used to test recovery 
and performance of media.  Recommended cultures are: ATCC 23355 
Enterobacter aerogenes, ATCC 25922 Escherichia coli, ATCC 29212 
Streptococcus fecalis. 

 



E - 26 

Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35± 0.5°C 

temperature.  
 b) Lauryl tryptose broth or lauryl sulfate broth. 
 c) Lactose broth. 
 d) Lauryl tryptose broth with MUG or lauryl sulfate broth with MUG. 
 e) Azide dextrose broth. 
 f) Bile esculin agar. 
 g) 18mm test tubes with inverted fermentation vials or Durham tubes and 

stainless steel closures. 
 h) Autoclavable media bottles, 250mL. 
 i) Autoclave for steam sterilization of glassware and media. 
 j) Cylinders, graduated, glass, 100mL covered with kraft paper or 

aluminum foil and sterilized. 
 k) Bunsen burner. 
 l) Platinum inoculation loops, 3mm diameter. 
 m) Microscope slides and microscope with oil immersion lens. 
 n) Sterile disposable petri plates, 100 x 15mm. 
 o) Deionized or distilled water meeting the criteria of reagent grade water 

as specified in Section 9020:I Standard Methods for the Examination of 
Water and Wastewater [a]. 

 
 
Reagents a) P-A COLIFORM BROTH. 
 
  Lactose broth 39.000 g 
  Lauryl tryptose broth 52.500 g 
  Bromcresol purple (CAS 115-40-2) 0.0255 g 
  Deionized or distilled water (DI) 1.000 L 
 
  Add the lactose broth and lauryl tryptose broth sequentially to the water, 

stirring to dissolve.  Dissolve the bromcresol purple in 10mL 0.1N 
NaOH and add to the broth solution.  Dispense 50mL aliquots into 
250mL media bottles.  Autoclave for 12min at 121°C.  Do not overheat 
or prolong cycle.  Finished medium pH should be 6.8 ± 0.2. 

 
 b) LAURYL TRYPTOSE BROTH  WITH MUG (DIFCO) 
 
  Formula (grams per litre): 
  Bacto tryptose 20.00 g 
  Bacto lactose 5.00 g 
  Potassium phosphate dibasic 2.75 g 
  Potassium phosphate monobasic 2.75 g 
  Sodium chloride 5.00 g 
  Sodium lauryl sulfate 0.10 g 
  MUG (4-methylumbelliferyl 
  -B-D-glucuronide) 0.05 g 
 
  Suspend all ingredients in 1L DI and warm slightly to dissolve 

completely. Dispense 10mL aliquots into 18mm test tubes with inverted 
fermentation vial (Durham tube) in each  tube. Place 18mm stainless 
steel closures on tubes and sterilize in autoclave for 15 minutes at 
121°C using the liquid cycle. Do not fully open autoclave door until 
chamber temperature has dropped below 75°C to avoid trapping air 
bubbles in the inverted vials.  Final pH of the medium is 6.8 at 25°C. 
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 c) AZIDE DEXTROSE BROTH (DIFCO)  
 
 Formula (grams per litre): 
 Bacto beef extract 4.5 g 
 Bacto tryptose 15.0 g 
 Bacto dextrose 7.5 g 
 Sodium chloride 7.5 g 
 Sodium azide* 0.2 g 
 
  Suspend all ingredients in 1L DI and warm slightly to dissolve 

completely. Dispense 10mL aliquots into 18mm test tubes.  Place 
18mm stainless steel closures on tubes and sterilize in autoclave for 15 
minutes at 121°C.  Final pH of the medium is 7.2 at 25°C. 

 
  *Note: Sodium azide is a potent neurotoxin. Avoid breathing 

dust.  Avoid contact with eyes, skin, and clothing.  Do not allow azide to 
come in contact with metal drain pipes.  Flush with copious amounts of 
water when discarding down drains. 

 
  d) BILE ESCULIN AZIDE AGAR, dehydrated (DIFCO) 
 
  Formula (grams per litre): 
 Bacto beef extract 5.00 g 
 Proteose peptone no. 3 3.00 g 
 Bacto tryptone  17.00 g 
 Bacto oxgall 10.00 g 
 Bacto esculin 1.00 g 
 Ferric ammonium citrate 0.50 g 
 Sodium chloride 5.00 g 
 Sodium azide* 0.15 g 
 Bacto agar 15.00 g 
 
  Suspend 28.5g in 500mL DI in a 1L Erlenmeyer flask and boil to 

dissolve completely.  Sterilize in autoclave for 15 minutes at 121°C.  
Cool medium to 45-50°C and aseptically dispense into 100 x 15mm 
petri plates.  Final pH of the medium is 7.1 at 25°C. 

 
  *Note: Sodium azide is potent neurotoxin.  Avoid breathing dust.  

Avoid contact with eyes, skin, and clothing.  Do not allow azide to come 
in contact with metal drain pipes.  Flush with copious amounts of water 
when discarding down drains. 

 
Procedure a) Shake sample well, 25-30 times, and measure 100mL in a sterile 

graduated cylinder.  Add to a P-A culture bottle.  Mix thoroughly to 
achieve adequate mixing of the concentrated medium and inoculum. 

 
 b) Incubate bottles for 24 hours at 35°C.  The production of acid from the 

fermentation of the lactose turns the indicator yellow.  Reincubate 
negative bottles for an additional 24 hours. 

 
 c) Transfer a sample of each positive culture to a tube of lauryl tryptose 

with MUG and azide dextrose broth using a sterile inoculating loop. 
 
 d) Incubate inoculated media for 24-48 hours at 35°C. 
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 e) Gas production in lauryl tryptose broth with MUG is a presumptive 
positive test for total coliforms.  Positive tubes are further examined 
under long wave (366nm) UV light for fluorescence which indicates the 
presence of glucuronidase positive E.coli.  It is estimated that about 
87% or greater of E.coli strains are B-D glucuronidase positive (Federal 
Register, 1991). 

 
 f) Azide dextrose broth tubes showing growth are streaked to bile esculin 

azide agar plates which are incubated for 24 hours at 35°C.  
Blackening of the medium under the colonial growth confirms the 
presence of fecal streptococci. 

 
Media Confirmation Confirm performance of each new lot of medium using the following cultures: 
 

 Control Culture Medium Positive Reaction 
 
 ATCC 25922 E. coli LTB+MUG Gas formation + bright blue 

fluorescence under long wave UV 
illumination. 

 
 ATCC 23355 E. aerogenes LTB+MUG Gas formation, negative 

fluorescence under long wave UV 
illumination. 

 
 ATCC 29212 S. fecalis Bile  Black halos surround colonial 

growth. 
  Esculin 
  Azide agar 
 
  Azide  Abundant growth. 
  Dextrose 
  broth 
 

Data Analysis a) Record growth as positive/negative for 100mL sample.  Identify groups 
present and recommend subsequent sequential sampling of site. 

 
Quality Control a) Refer to general Quality Control section for a discussion of accepted 

QA/QC practices. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9221 E. 
 b) Federal Register, Environmental Protection Agency, 40 CFR Part 141 

[WH-FRL-3871-2] National Drinking Water Regulations. Vol. 56, 
January 8, 1991. 

 c) Feng, P.C.S., and P.A. Hartman.  "Fluorogenic Assays for Immediate 
Confirmation of Escherichia coli," Applied and Environmental 
Microbiology 43: 1320-1329. 1982. 

 d) Jacobs, N.J., et al.  "Comparison of membrane filter, multiple tube 
fermentation tube, and presence-absence techniques for detecting total 
coliforms in small community water systems." Appl. Environ. Microbiol. 
51:1007, 1986. 

 d) Monograph, Technical Information. "Bacto Lauryl Tryptose Broth with 
MUG."  Difco Laboratories, Detroit, MI, 1986. 

 
Revision History February 14, 1994:  Publication in the 1994 Lab Manual 
 November 14, 2002:  SEAM codes replaced by EMS codes 
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Microbiology 
Revision Date: November 14, 2002 

  

Multiple-Tube Technique (MPN) for Total Coliform Bacteria in 
Fresh Water, Wastewater and Marine Water 
 
Parameter Coliform, total 
 
Analytical Method Coliform Total, Confirmed MPN:  0451 X015    
and EMS Code Coliform Total, Completed MPN:  0451 2495 
 
Scope This method describes the statistical estimation of total coliforms density in 

fresh water, wastewater, and marine water. Multiple-tube fermentation 
technique is the examination of replicate tubes and dilutions reported in terms 
of Most Probable Number (MPN) of organisms present. This number, based 
on certain probability formulas, is an estimate of the mean density of bacteria 
in the sample. MPN method for coliform is not influenced by turbidity and 
applies to: 

 

 - drinking waters, raw and treated (chlorinated, U.V.) 
 - swimming pools 
 - non-drinking waters, raw water sources, marine water, wastewater, 

sewage effluent (treated and untreated) 
 - soil, sediments and sludge 
 
Principle The coliform group of bacteria is the principal indicator of suitability of a water 

for domestic, industrial, or other uses.  Experience has established the 
significance of coliform group density as a criterion of the degree of pollution 
and thus of sanitary quality.  Coliforms are Gram-negative, non-spore 
forming, oxidase-negative rods able to ferment lactose within 48 hours 
incubation at 35°C.  Total coliforms are chosen as indicators of water quality 
because they will be present and recoverable in septic discharges for longer 
periods of time than are pathogenic organisms. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle. Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration of 0.01%w/v) to neutralize 
the bactericidal effect of chlorine. Samples should be kept at 4°C until testing. 
Analysis must begin within 48 hours of sample collection for results to be 
valid. Minimum volume required for analysis is  75mL.  

 
Detection Limit 2 MPN/100 ml 
 
Interferences Residual chlorine in chlorinated water must be neutralized with sodium 

thiosulfate at time of sampling. Mean recoveries of ATCC cultures of E. coli 
and Klebsiella pneumoniae in lauryl tryptose broth are 138% and 92% 
respectively.  
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Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ± 0.5°C 

temperature. 
 b) Sterile serological disposable pipettes, 1mL and 10mL. 
 c) Lauryl tryptose broth. 
 d) Brilliant green lactose bile 2% broth 
 e) 18mm test tubes with inverted Durham tubes. 
 f) 20mm test tubes with inverted Durham tubes. 
 g) Autoclave for steam sterilization of glassware and media. 
 h) Bunsen burner. 
 i) Sterile petri plates, 100mm 
 j) Platinum inoculation loops, 3mm diameter. 
 k) Gram staining reagents (available commercially) 
 l) Microscope slides and microscope with oil immersion lens. 
 m) Buffered water dilution blanks. 

 
Reagents Note:   Whenever possible, use commercial dehydrated media. 
 

 a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION: 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5  with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION: 
 
  Dissolve 38g  magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER: 
 
  Add 1.25 mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
   100mL in milk dilution bottles 
  Autoclave 10-100mL volumes at 121°C for 15 minutes. 
 
 d) LAURYL TRYPTOSE BROTH - SINGLE STRENGTH 
 
 Tryptose 20.00 g 
 Lactose 5.00 g 
 Dipotassium hydrogen phosphate, K2HPO4 2.75 g 
 Potassium dihydrogen phosphate, KH2PO4 2.75 g 
 Sodium chloride, NaCl 5.00 g 
 Sodium lauryl sulfate 0.10 g 
 Distilled water 1.00 L 
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  Add dehydrated ingredients to distilled water, mix thoroughly and heat 
to dissolve. pH should be 6.8 ± 0.2 after sterilization. Before 
sterilization, dispense 10mL aliquots of medium into 18mm 
fermentation tubes with an inverted vial in each tube. Place steel 
closures on tubes and sterilize in autoclave for 15 minutes at 121°C. 
Do not fully open the autoclave door until chamber temperature has 
dropped below 75°C to avoid trapping air in the inverted vials. 

 
 e) LAURYL TRYPTOSE BROTH - DOUBLE STRENGTH. 
 
  (See formula listing above, and use twice the weight of each chemical 

except water.) 
 
  Suspend 71.2g in 1L DI and warm slightly to dissolve completely. 

Dispense 10mL of aliquots into 20mm test tubes with inverted vial in 
each tube. Place stainless steel closures on tubes and sterilize in 
autoclave for 15 minutes at 121°C. Do not fully open the autoclave until 
chamber temperature has dropped below 75°C to avoid trapping air in 
the inverted vials. 

 
 f) BRILLIANT GREEN LACTOSE BILE 2%  BROTH: 
 
 Peptone 10.0 g 
 Lactose 10.0 g 
 Oxgall 20.0 g 
 Brilliant green 0.0133 g 
 
  Add all ingredients to 1L DI water, mix thoroughly, and heat to dissolve. 

pH should be 7.2 ± 0.2 after sterilization. Before sterilization, dispense 
10mL aliquots into 18mm fermentation tubes with an inverted vial in 
each tube. Close tubes with metal or heat-resistant plastic caps, and 
sterilize in autoclave for 15 minutes at 121°C.  Do not fully open 
autoclave door until chamber temperature has dropped below 75°C to 
avoid trapping air in the inverted vials. 

 
 g) m ENDO AGAR LES 
 
 Bacto yeast extract 1.2 g 
 Casitone 3.7 g 
 Thiopeptone 3.7 g 
 Tryptose 7.5 g 
 Lactose 9.4 g 
 Potassium phosphate, dibasic 3.3 g 
 Potassium phosphate, monobasic 1.0 g 
 Sodium chloride 3.7 g 
 Sodium desoxycholate 0.1 g 
 Sodium lauryl sulfate 0.005 g 
 Sodium sulfite 1.6 g 
 Bacto basic fuchsin 0.8 g 
 Bacto agar 15.0 g 
 
  Suspend all ingredients in 1L DI to which has been added 20mL 95% 

undenatured ethanol.  Boil to dissolve completely. Cool to 50°C and 
dispense into sterile petri plates. Do not autoclave. 
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 h) NUTRIENT AGAR 
 
 Peptone 5.0 g 
 Beef extract 3.0 g 
 Agar 15.0 g 
 
  Suspend all ingredients in 1 L DI water, mix thoroughly, and heat to 

dissolve. pH should be 6.8 ± 0.2 after sterilization.  Before sterilization, 
dispense in screw capped tubes. After sterilization, immediately place 
tubes in an inclined position so that the agar will solidify with a sloped 
surface. Tighten screw caps after cooling and store in a protected, cool 
storage area.  

 
 i) GRAM-STAIN REAGENTS: 
 
 1) Ammonium oxalate-crystal violet (Hucker's): 
 
  Dissolve 2g crystal violet (90% dye content) in 20mL 95% ethyl 

alcohol; dissolve 0.8g (NH4)2C2O4 . H2O in 80 mL distilled 
water; mix the two solutions and age for 24 hours before use; 
filter through paper into a staining bottle. 

 
 2) Lugol's solution, Gram's modification: 
 
  Grind 1g iodine crystals and 2g KI in a mortar. Add distilled 

water, a few millilitres at a time, and grind thoroughly after each 
addition until solution is complete. Rinse solution into an amber 
glass bottle with the remaining water (using a total of 300mL). 

 
 3) Counterstain: 
 
  Dissolve 2.5g safranine dye in 100mL 95% ethyl alcohol.   Add 

10mL to 100mL distilled water. 
 
 4) Acetone alcohol: 
 
 Mix equal volumes of ethyl alcohol (95%) with acetone. 

 
Procedure PRESUMPTIVE TEST FOR TOTAL COLIFORMS 
 
 a) Arrange fermentation tubes of lauryl tryptose broth (LTB) in rows of five 

tubes each in a test tube rack. The number of rows and the sample 
volumes depend upon the quality and character of the water to be 
tested. For potable water use five 10mL portions or ten 10mL portions; 
for nonpotable water use five tubes per dilution (of 10, 1, 0.1mL etc.). 

 
 b) Use double strength lauryl tryptose broth tubes for the initial sample 

volume of 10mL per tube. Use single strength broth tubes for all 
subsequent sample volumes.  Shake sample and dilutions vigorously 
about 25 times.  Inoculate each tube of the set of five with replicate 
sample volumes in increasing decimal dilutions. Use 10mL buffered 
water blanks to make decimal dilutions of sample for inoculation.  Mix 
test portions in the medium by gentle agitation. 
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 c) Incubate inoculated tubes at 35 ± 0.5 °C.  After 24 ± 2 hours shake 
each tube gently and examine for gas bubbles and/or acidic growth 
(distinctive yellow colour).  If no gas or acid has formed, re-incubate 
and re-examine at the end of 48 ± 3 hours.  A positive presumptive 
reaction is indicated by the presence of gas bubbles or acid production.  
Record the number of positive tubes for each dilution.  Submit all 
presumptive positive tubes showing any amount of gas or acidic growth 
to the confirmed phase. 

 
 CONFIRMED PHASE FOR TOTAL COLIFORMS 
 
 a) Gently swirl each presumptive positive tube of lauryl tryptose broth and 

transfer a loopful of each positive culture to tubes of brilliant green 
lactose bile 2% broth using a sterile inoculating loop or transfer stick.  
Gently swirl tubes to ensure mixing of inoculum with medium. If 
additional primary tubes show acidic growth at the end of a 48 hours 
incubation period, submit these to the confirmed phase.  

 
 b) Incubate the inoculated brilliant green lactose bile broth tubes for 48 ± 3 

hours at 35 ± 0.5°C.  Formation of gas in any amount in the inverted 
vial at any time within 48 ± 3 hours constitutes a positive confirmed 
phase. Calculate the confirmed MPN value from the number of positive 
brilliant green lactose bile tubes. 

 
  Alternative procedure:  Use this alternative only for polluted water or 

wastewater known to produce positive results consistently.  If all 
presumptive tubes are positive in two or more consecutive dilutions 
within 24 hours, submit to the confirmed phase only the tubes of the 
highest dilution (smallest sample inoculum) in which all tubes are 
positive and any positive tubes in still higher dilutions. Submit to the 
confirmed phase all tubes in which gas or acidic growth is produced 
after 24 hours. 

 
 COMPLETED TEST 
 
 a) To establish definitively the presence of coliform bacteria and to 

provide quality control data, use the completed test on all positive 
confirmed tubes. Double confirmation into brilliant green lactose bile 
broth for total coliforms may be used. Consider positive EC broth 
elevated temperature (44.5°C) results as a positive completed test 
response.  Parallel positive brilliant green lactose bile broth cultures 
with negative EC broth cultures indicate the presence of nonfecal 
coliforms and must be submitted to the completed test procedure to 
obtain an MPN test value. 

 
 b) From each tube of brilliant green lactose bile broth showing gas, streak 

one LES-Endo agar plate. Streak plates in a manner to insure 
presence of some discrete colonies.  Incubate plates (inverted) at  35 ± 
0.5° C for 24 ±2 hours. 

     
 c) From each of the LES-Endo agar plates transfer a typical coliform 

colony (pink to dark red with a green metallic surface sheen) to a lauryl 
tryptose broth fermentation tube and a nutrient agar slant. 

 
 e) Incubate the slants and secondary lauryl tryptose broth tubes at 35 

±0.5°C. Examine tubes for gas formation at 48 ± 3 hours.  
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 f) Make gram-stained preparations from the agar slants corresponding to 
the secondary lauryl tryptose broth tubes that show gas formation. 
(This procedure is usually omitted except with legal samples or if 
results are doubtful).  The formation of gas in the secondary lauryl 
tryptose broth tube and the demonstration of Gram-negative, non-
spore-forming, rod-shaped bacteria in the agar culture constitutes a 
positive Completed Test. 

 
Data Analysis ESTIMATION OF BACTERIAL DENSITY 
 
 a) Precision of Fermentation Tube Test 
 
  Unless a large number of sample portions are examined, the precision 

of the fermentation tube test is rather low.  Exercise great caution when 
interpreting the sanitary significance of coliform results obtained from 
the use of a few tubes with each sample dilution, especially when the 
number of samples from a given sampling point is limited. 

 
 b) Computing and Recording of MPN 
 
  Refer to section 4.5 in the Microbiological Quality Assurance/Quality 

Control section of this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9221. 
 b) "Microbiological Methods for Monitoring the Environment" US 

Environmental Protection Agency, 600/8 - 78 - 017, 1978. 
 c) McQuaker, N.  A Laboratory Manual for the Chemical Analysis of 

Waters, Wastewaters, Sediments and Biological Materials. Part II. 
Supplement, B.C. Ministry of Environment, pp 73-77, 1989. 

 
Revision History February 14, 1994 Publication in 1994 Lab Manual 
 November 14, 2002 SEAM Codes replaced by EMS Codes  
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Microbiology 
Revision Date: November 14, 2002 

 

Multiple-Tube Fermentation Technique (MPN) for Fecal Coliform 
Bacteria in Fresh Water, Wastewater and Marine Water 
 
Parameter Coliform, fecal 
 
Analytical Method Coliform Fecal Confirmed:  0450 X015  
and EMS Codes  
 
Scope This method describes the probability estimation of the numbers of fecal 

coliforms from fresh water, wastewater, and marine water.  The multiple tube 
fermentation technique is the examination of replicate tubes and dilutions 
reported in terms of Most Probable Number (MPN) of organisms present. 
This number, based on certain probability formulas, is an estimate of the 
mean density of bacteria in the sample.  The MPN method for coliforms is not 
influenced by turbidity and applies to: 

 
 - drinking waters, raw and treated (chlorinated, U.V.) 
 - swimming pools 
 - non-drinking waters, raw water sources, marine water, wastewater, 

sewage effluent (treated and untreated) 
 - soil, sediments and sludge 
 
Principle The coliform group of bacteria is the principal indicator of suitability of a water 

for domestic, industrial, or other uses.  Experience has established the 
significance of coliform group density as a criterion of the degree of pollution 
and thus of sanitary quality.  Coliforms are Gram negative, non-spore 
forming, oxidase-negative rods able to ferment lactose within 24-48 hours 
incubation at 35°C. Fecal coliforms, a sub-group of total coliforms present in 
the gut and feces of warm blooded animals, include organisms which are 
defined by their ability to ferment lactose in a suitable culture medium at 44.5 
± 0.2 °C. Fecal coliforms cannot live or reproduce outside the intestinal tracts 
of their animal hosts. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle. Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine.  Samples should be kept at 4°C until 
testing. Analysis must begin within 48 hours of sample collection for results to 
be valid. Minimum volume required for analysis is 75mL.  

 
Detection Limit 2 MPN/100mL 
 
Interferences Residual chlorine in chlorinated water must be neutralized with sodium 

thiosulfate at time of sampling. 
 
Precision There are no reference materials for fecal coliforms. Mean recoveries of 

ATCC cultures of E. coli and Klebsiella pneumoniae in lauryl tryptose broth 
are 138% and 92% respectively.  
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Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ± 0.5°C 

temperature. 
 b) Water bath that is capable of maintaining a stable 44.5 ± 0.2°C 

temperature. 
 c) Sterile disposable serological pipettes, 1mL and 10mL. 
 d) Lauryl tryptose broth. 
 e) EC medium 
 f) 18mm test tubes with inverted Durham tubes. 
 g) 20mm test tubes with inverted Durham tubes. 
 h) Autoclave for steam sterilization of glassware and media. 
 i) Bunsen burner. 
 j) Platinum inoculation loops, 3mm diameter. 
 k) Microscope slides and microscope with oil immersion lens. 
 l) Buffered water dilution blanks. 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION: 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5  with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION: 
 
  Dissolve 38g magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER: 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

  Dilution blanks: 10mL in 20mm test tubes 
   100mL in milk dilution bottles 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes. 
 
 d) LAURYL TRYPTOSE BROTH:  SINGLE STRENGTH 

  
 Tryptose 20.00 g 
 Lactose 5.00 g 
 Dipotassium hydrogen phosphate, K2HPO4 2.75 g 
 Potassium dihydrogen phosphate, KH2PO4 2.75 g 
 Sodium chloride, NaCl 5.00 g 
 Sodium lauryl sulfate 0.10 g 
 Distilled water 1.00 L 
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  Add ingredients to distilled water, mix thoroughly and heat to dissolve. 
pH should be 6.8 ± 0.2 after sterilization. Before sterilization, dispense 
10mL aliquots of medium into 18mm fermentation tubes with an 
inverted vial in each tube. Place steel closures on tubes and sterilize in 
autoclave for 15 minutes at 121°C using the liquid cycle. Do not fully 
open the autoclave door until chamber temperature has dropped below 
75°C to avoid trapping air in the inverted vials. 

 
 d) LAURYL TRYPTOSE BROTH - DOUBLE STRENGTH 
 
  See formula listing above and use twice the weight of each chemical 

except water. 
  Suspend 71.2g in 1L DI and warm slightly to dissolve completely. 

Dispense 10mL aliquots into 20mm test tubes with inverted vial in each 
tube. Place stainless steel closures on tubes and sterilize in autoclave 
for 15 minutes at 121°C.  Do not fully open the autoclave until chamber 
temperature has dropped below 75°C to avoid trapping air in the 
inverted vials. 

 
 f) EC MEDIUM 
 
 Tryptose 20.0 g 
 Lactose 5.0 g 
 Bile salts  #3 1.5 g 
 Dipotassium hydrogen phosphate, K2HPO4 4.0 g 
 Monopotassium dihydrogen phosphate, KH2PO4 1.5 g 
 Sodium chloride 5.0 g 
 
  Suspend 37g in 1L DI water and warm to dissolve. Dispense 10mL 

aliquots into 20mm test tubes with inverted fermentation vial in each 
tube. Place stainless steel closures on tubes and sterilize in autoclave 
for 15 minutes at 121°C. Do not fully open the autoclave door until 
chamber temperature has dropped below 75°C to avoid trapping air in 
the inverted vials.  Final pH of the medium is 6.9 ±0.2 at 25°C. 

 
Procedure PRESUMPTIVE TEST FOR FECAL COLIFORMS 
 
 a) Arrange fermentation tubes of lauryl tryptose broth (LTB) in rows of five 

tubes each in a test tube rack. The number of rows and the sample 
volumes depend upon the quality and character of the water to be 
tested. For potable water use five 10mL portions or ten 10mL portions; 
for nonpotable water use five tubes per dilution (of 10, 1, 0.1mL etc.) 

 
 b) Use double strength lauryl tryptose broth tubes for the initial sample 

volume of 10mL per tube. Use single strength broth tubes for all 
subsequent sample volumes.  Shake sample and dilutions vigorously 
about 25 times.  Inoculate each tube of the set of five with replicate 
sample volumes in increasing decimal dilutions.  Mix dilutions and 
inoculations by gentle agitation. 

 
 c) Incubate inoculated tubes at 35 ± 0.5°C. After 24 ± 2 hours shake each 

tube gently and examine it for gas production, and if no gas has 
formed, reincubate and re-examine at the end of 48 ± 3 hours.  Record 
presence or absence of gas production and/or heavy growth.  Submit 
all presumptive positive tubes showing any amount of gas or heavy 
growth to the confirmed test. 
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 CONFIRMED PHASE FOR FECAL COLIFORMS 
 
 a) Gently swirl each presumptive tube showing gas or heavy growth. With 

a sterile inoculating loop, transfer a loopful of each positive culture to 
tubes of EC medium.  Do not allow inoculated EC medium to remain 
longer than 30 minutes on the bench before placing in 44.5°C water 
bath. The level of water in the bath must be high enough to cover the 
depth of the medium in the tubes. 

 
 b) Incubate the inoculated EC tubes for 24 hours at 44.5 ± 0.2°C. 
 
 c) Gas production in an EC broth culture is considered a positive fecal 

coliform reaction.  Only tubes which are positive in the EC medium 
within 24 hours are used in the calculation of  fecal coliforms.  

 
Data Analysis ESTIMATION OF BACTERIAL DENSITY 
 
 a) Precision of Fermentation Tube Test 
 
  Unless a large number of sample portions is examined, the precision of 

the fermentation tube test is rather low.  Exercise great caution when 
interpreting the sanitary significance of coliform results obtained from 
the use of a few tubes with each sample dilution, especially when the 
number of samples from a given sampling point is limited. 

 
 b) Computing and Recording of MPN 
 
  Refer to section 4.5 of the Microbiological Quality Assurance/Quality 

Control section of this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9221. 
 b) "Microbiological Methods for Monitoring the Environment" US 

Environmental Protection Agency, 600/8-7-017, 1978. 
 c) McQuaker, N.   A Laboratory Manual for the Chemical Analysis of 

Waters, Wastewaters, Sediments and Biological Materials. Part II. 
Supplement, B.C. Ministry of Environment, pp 73-77, 1989. 

 
Revision History February 14, 1994: Publication in 1994 Lab Manual 
 November 14, 2002:  SEAM codes replaced by EMS codes  
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Microbiology 
Revision Date: November 14, 2002 

 

 
Multiple-Tube Fermentation Technique (MPN) for Fecal Coliform 
Bacteria in Solids, Soil, and Sludge 

 
Parameter Coliform, fecal 
 
Analytical Method Fecal Coliform, Confirmed MPN : 0450 X390  
and EMS Codes 
 
Scope This method describes a multiple tube fermentation technique which 

estimates the Most Probable Number (MPN) of fecal coliforms in solids, soil, 
and sludge. The MPN method for coliforms is not influenced by turbidity and 
applies to: 

 
 - drinking waters, raw and treated (chlorinated, U.V.) 
 - swimming pools 
 - non-drinking waters, raw water sources, marine water, wastewater, 

sewage effluent (treated and untreated) 
 - soil, sediments and sludge 
 
Principle The coliform group of bacteria is the principal indicator of suitability of a water 

for domestic, industrial, or other uses.  Experience has established the 
significance of coliform group density as a criterion of the degree of pollution 
and thus of sanitary quality.  Coliforms are Gram negative, non-spore-
forming, oxidase negative rods able to ferment lactose within 24-48 hours 
incubation at 35°C. Fecal coliforms, a sub-group of total coliforms present in 
the gut and feces of warm blooded animals, include organisms defined by 
their ability to ferment lactose in a suitable culture medium at 44.5 ± 0.2°C. 
Fecal coliforms cannot live or reproduce outside the intestinal tracts of their 
animal hosts. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle or a Whirl-Pak™ bag. Samples should 
be kept at 4°C until testing. Analysis must begin within 48 hours of sample 
collection for results to be valid. Minimum sample weight required for analysis 
is 50 grams.  

 
Detection Limit 2 MPN/gram 
 
Interferences None 
 
Precision There are no standard reference materials for fecal  coliforms. 

 
Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ± 0.5°C 

temperature. 
 b) Water bath that is capable of maintaining a stable 44.5 ± 0.2°C 

temperature. 
 c) Sterile  disposable serological pipettes, 1mL and 10mL. 
 d) Lauryl tryptose broth. 
 e) EC Medium. 
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 f) 18mm test tubes with inverted Durham tubes. 
 g) 20mm test tubes with inverted Durham tubes. 
 h) Autoclave for steam sterilization of glassware and media. 
 i) Bunsen burner. 
 j) Platinum inoculation loops, 3mm diameter. 
 k) Microscope slides and microscope with oil immersion lens. 
 l) Buffered water dilution blanks. 
 m) Sterile Stomacher® bags 
 n) Stomacher® 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION: 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5  with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION: 
 
  Dissolve 38g  magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER: 
 
  Add 1.25mL stock PO4 buffer solution and 5 mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
  100mL in milk dilution bottles 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes. 
 
 d) LAURYL TRYPTOSE BROTH:  SINGLE STRENGTH 
 
 Tryptose 20.00 g 
 Lactose 5.00 g 
 Dipotassium hydrogen phosphate, K2HPO4 2.75 g 
 Potassium dihydrogen phosphate, KH2PO4 2.75 g 
 Sodium chloride, NaCl 5.00 g 
 Sodium lauryl sulfate 0.10 g 
 Distilled water 1.00 L 
 
  Add ingredients to distilled water, mix thoroughly and heat to dissolve. 

pH should be 6.8 ± 0.2 after sterilization. Before sterilization, dispense 
10mL aliquots of  medium into 18mm fermentation tubes with an 
inverted vial in each tube. Place stainless steel closures on tubes and 
sterilize in autoclave for 15 minutes at 121°C.  Do not fully open the 
autoclave door until chamber temperature has dropped below 75°C to 
avoid trapping air in the inverted vials. 
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e) LAURYL TRYPTOSE BROTH - DOUBLE STRENGTH 
 
  See formula listing above, and use twice the weight of each chemical 

except water. 
 
  Suspend 71.2 g in 1L DI and warm slightly to dissolve completely. 

Dispense 10mL aliquots into 20mm test tubes with inverted vial in each 
tube. Place stainless steel closures on tubes and sterilize in autoclave 
for 15 minutes at 121°C.  Do not fully open the autoclave until chamber 
temperature has dropped below 75°C to avoid trapping air in the 
inverted vials. 

 
 f)   EC MEDIUM 
 
 Tryptose 20.0 g 
 Lactose 5.0 g 
 Bile salts #3 1.5 g 
 Dipotassium hydrogen phosphate K2HPO4 4.0 g 
 Potassium dihydrogen phosphate KH2PO4  1.5 g 
 Sodium chloride 5.0 g 
 
  Suspend ingredients in 1L DI water and warm to dissolve. Dispense 

10mL aliquots into 20mm test tubes with inverted fermentation vial in 
each tube. Place stainless steel closures on tubes and sterilize in 
autoclave for 15 minutes. at 121°C.  Do not fully open the autoclave 
door until chamber temperature has dropped below 75°C to avoid 
trapping air in the inverted vials. Final pH of the medium is 6.9 ±0.2 at 
25°C. 

 
Procedure PRESUMPTIVE TEST FOR FECAL COLIFORMS 
 
 a) Arrange fermentation tubes of lauryl tryptose broth (LTB) in rows of five 

tubes each in a test tube rack. The number of rows and the sample 
volumes depend upon the quality and character of the solids tested. 
Most solid samples will require additional dilutions. 

 
 b) Remove hard particles such as the occasional rock from the sample.  If 

sample is essentially rocky, hand mix rather than use a blender or 
Stomacher® bag.  To prepare solid or semi-solid samples weigh the 
sample and add phosphate buffer or 0.1% peptone water to make   10-
1 dilution.  Prepare the appropriate decimal dilutions of the 
homogenized slurry as quickly as possible to minimize settling. 

 
 c) Use double strength lauryl tryptose broth tubes for the initial sample 

volume of 10mL per tube. Use single strength broth tubes for all 
subsequent sample volumes. 

 
 d) Incubate inoculated tubes at 35 ± 0.5°C. After 24 ± 2 hours shake each 

tube gently and examine it for gas production, and if no gas has 
formed, reincubate and re-examine at the end of 48 ± 3 hours.  Record 
presence or absence of gas production and/or heavy growth.  Submit 
all presumptive positive tubes showing any amount of gas or heavy 
growth to the confirmed test. 
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 CONFIRMED PHASE FOR FECAL COLIFORMS 
 
 a) Gently swirl each presumptive tube showing gas or heavy growth. With 

a sterile inoculating loop, transfer a loopful of each positive culture to 
tubes of EC medium.  Do not allow inoculated EC medium to remain 
longer than 30 minutes on the bench before placing in 44.5°C water 
bath. The level of water in the bath must be high enough to cover the 
depth of the medium in the tubes. 

 
 b) Incubate the inoculated EC tubes for 24 hours at 44.5 ± 0.2°C. 
 
 c) Gas production in an EC broth culture is considered a positive fecal 

coliform reaction.  Only tubes which are positive in the EC medium 
within 24 hours are used in the calculation of  fecal coliforms.  

 
Data Analysis  ESTIMATION OF BACTERIAL DENSITY 
 
 a) Precision of Fermentation Tube Test 
 
  Unless a large number of sample portions are  examined, the precision 

of the fermentation tube test is rather low.  Exercise great caution when 
interpreting the sanitary significance of coliform results obtained from 
the use of a few tubes with each sample dilution, especially when the 
number of samples from a given sampling point is limited. 

 
 b) Computing and Recording of MPN 
 
  Refer to section 4.5 of the Microbiological Quality Assurance/Quality 

Control section of this manual. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9221. 
 b) “Microbiological Methods for Monitoring the Environment” US 

Environmental Protection Agency, 600/8 - 78 - 017, 1978. 
 c) McQuaker, N.  A Laboratory Manual for the Chemical Analysis of 

Waters, Wastewaters, Sediments and Biological Materials. Part II. 
Supplement, B.C. Ministry of Environment, pp 73-77, 1989. 

 
Revision History February 14, 1994 Publication in 1994 Lab Manual 
 November 14, 2002 SEAM Codes replaced by EMS Codes  
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Microbiology 
Revision Date: November 14, 2002 

 

Multiple-Tube Technique (MPN) for Fecal Coliform 
Bacteria in Bivalve Molluscan Shellfish 
 
Parameter Coliform, fecal 
 
Analytical Method Fecal Coliform, Confirmed MPN: 0450 X390  
and EMS Code 
 
Scope This method describes the detection of fecal coliform bacteria in bivalve 

molluscan shellfish. Diluted samples of blended shellfish are analyzed using 
the Most Probable Number method to estimate bacterial numbers.  The MPN 
method is applied to health-significant bacteria such as coliforms, fecal 
coliforms and fecal streptococci; however, other classes of organisms such 
as the sulfur, iron, and nitrogen bacteria can also be enumerated.  

 
 Bacteriological water quality standards based on total coliform and fecal 

coliform levels, as determined by the MPN method, are presently in use for 
the classification of potable waters, shellfish growing areas and swimming 
and contact sport waters. 

 
 Bacteriological analysis of samples using the MPN method is not routinely 

applicable to field work due to the extensive media and equipment 
requirements. Sophisticated mobile facilities are required to carry out MPN 
work in the field. 

 
Principle The MPN method is a multiple-tube fermentation technique which estimates 

the fecal coliform densities in a sample by the pattern of growth and gas 
formation in the tubes inoculated with various dilutions. Dependent upon the 
dilution ratio and number of tubes per dilution, the MPN can be calculated 
based on probability formulas. 

 
 Fecal coliforms belong to the larger group of total coliforms, and all are 

members of the Family Enterobacteriaeceae. Fecal coliforms are 
Gram-negative, oxidase negative rods which ferment lactose at 44.5°C. Fecal 
coliforms are selected as indicators of sewage contamination in fresh and 
marine waters, sediments and shellstock, etc., as they do not reproduce 
outside their normal habitat, which is the intestinal tract of warm blooded 
animals, and they are more abundant in feces than other coliforms or 
pathogenic bacteria.  A fecal coliform test estimates E.coli densities, but the 
proportion of the other fecal coliforms present will vary depending on the 
sample source. In waters receiving effluent rich in carbohydrates, the test is 
much less specific for E. coli. In such water the incidence of thermotolerant 
Klebsiella is markedly increased. 

 
Sample Handling Shellstock samples can be collected in the field from aquaculture lease sites 

or wild harvesting areas. Size and number of shellstock will vary depending 
upon the species. Clams should be rinsed in clean sea water that may be 
found in the sampling area.  Shellstock samples should be placed in a 7 - 10 
mil thick plastic bag and kept below 10°C, but not frozen. All samples should 
be analyzed within 24 hours of collection. 
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Range <20 - 160,000/100gm MPN 
Detection Limit A negative result for all inoculated test tubes is <20/100gm. 
 
Interferences None 
 
Apparatus and 
Materials a) 25mL wide mouth serological pipettes. 
 b) 10mL serological pipettes. 
 c) 1mL serological pipettes. 
 d) Sterile shucking knives. 
 e) Sterile brushes. 
 f) Sterile blender jars. 
 g) Blender with timer. 
 h) Incubator capable of maintaining 35 ± 0.2°C. 
 i) Waterbath capable of maintaining 44.5 ± 0.2°C. 
 j) 20mm test tubes with inverted Durham tubes. 
 k) 16mm test tubes with inverted Durham tubes. 
 l) Autoclave for steam sterilization. 
 m) Sterile buffered dilution water. 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION: 
 
 Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI).  Adjust to ph 7.2 ±0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI.  Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle.  Store at 
4°C.  Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM SULPHATE SOLUTION 
 
 Dissolve 50g MgSO4 •7H2O in distilled water and dilute to 1 litre. 
 
 c) BUFFERED DILUTION WATER (DILUENT) 
 
 Add 1.25 mL stock phosphate buffer solution and 5.0mL magnesium 

sulphate solution to a 1 litre volumetric flask and dilute to volume with 
distilled water. 

 
 d) COLIFORM MPN MEDIUM 
 
 Lauryl tryptose broth (LTB), Presumptive Test (Difco 0241): 
 This medium is commercially available. 
 
 Tryptose 20.00 g 
 Lactose 5.00 g 
 K2HPO4 2.75 g 
 KH2PO4 2.75 g 
 NaCl 5.00 g 
 Sodium lauryl sulfate 0.10 g 
 Distilled water 1.00 L 
 
 Add Durham tubes (gas vials) to tubes. Double strength broth is 

prepared by using the same weights of ingredients as above and 
reducing distilled water to 500mL. Dissolve and dispense 10mL of 
medium per tube, both single and double strength. Tubes should be of 
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sufficient capacity to contain 1 mL inoculum + 10ml single strength 
broth or 10mL inoculum + 10mL double strength broth. The pH of the 
medium should be approximately 6.8 after autoclave sterilization, 15 
psi/15 minutes. 

 
 e) EC MEDIUM 
 
 Fecal Coliform Confirmation (Difco 0314): 
 This medium is commercially available. 
 
 Tryptose or trypticase 20.0 g 
 Lactose 5.0 g 
 Bile salts No.3 1.5 g 
 K2HPO4 4.0 g 
 KH2PO4 1.5 g 
 NaCl 5.0 g 
 Distilled water 1.0 L 
 
 Add Durham tubes (gas vials) to tubes. Heat all ingredients in distilled 

water to dissolve and dispense 5mL medium into each tube. The pH of 
the medium should be 6.9 after autoclave sterilization, 15 psi/15 
minutes. 

 
Procedures a) Scrub hands and/or gloves (heavy rubber, mesh etc.) with soap and 

water. 
 
 b) Discard shellfish with badly broken shells or those that are dead as 

evidenced by gaping shells. Scrape extraneous material from the shell 
using a sterile scrub brush, paying attention to crevices at shell 
junctions. Place cleaned shellstock in a clean container or on clean 
towels. 

 
 c) Prior to shucking, sterilize bench or other suitable working area with 

70% alcohol. In addition re-sterilize hands and/or gloves with 70% 
alcohol and then rinse with potable water. 

 
 d) Shuck 10 shellstock, transferring meat and liquor into a tared blender 

jar.  Weigh the meats and shell liquor and add an equal weight of 
diluent (buffered water or 0.1% peptone water). Blend for 90 seconds 
and dilute to 1:10 by promptly adding 20g of the homogenate to 80mL 
of diluent. 

 
 e) When the shucked quantity from 10 specimens greatly exceeds 200g, 

and when the consistency of the sample permits, grind undiluted for 30 
seconds, then transfer 200g of this preliminary grind to a second sterile 
blender jar, add an equal weight of diluent and proceed as outlined 
above. 

 
 f) When 10 shellfish yield a quantity of shucked material much less than 

200g, make a 1:10 dilution directly in the blender jar by adding 90mL of 
diluent for every 10g of sample. Blend for 90 seconds. 

 
 g) When the consistency of a 1:2 dilution would result in a mixture too 

thick for effective blending, use 100 g of shucked meats and add 
300mL of diluent. Blend for 2 minutes and transfer 40g of the ground 
material to 60mL of diluent. 
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 h) When specimens are too large, and only a part of the animal is used 
for food, use only the edible portion for analysis; 100 - 200g of the 
sample is then blended as outlined in #6 above. 

 
 Note:   Prompt transfers will ensure that the blended sample does not 

separate out in the blender jar. Wide mouth pipettes are convenient for these 
transfers. 

 
 i) Set up test tube racks with a sequence of test tubes which includes at 

least 5 replicate tubes per sample volume and 3 dilutions. 
 
 j) The 1:10 dilution should be shaken 30 times prior to the inoculation of a 

multiple tube series of 5:5:5. If larger coliform numbers are expected, 
further decimal dilutions should be made. 

 
 k) Use double strength lauryl tryptose broth (LTB) tubes for the initial 

sample volume of 10mL per tube. Use single strength lauryl tryptose 
broth tubes for subsequent sample volumes. 

 
 l) Incubate tubes at 35°C for 24 hours. Gas production showing in the 

Durham tubes is regarded as a positive result. Gently tap the cap of 
any test tubes  showing turbidity but no gas production. Re-incubate 
negative tubes a further 24 hours. 

 
 m) Transfer an aliquot of each positive LTB tube using a sterile loop or 

transfer stick to tubes of EC medium.  Gently shake tubes to ensure 
mixing of inoculum with medium. Place tubes in waterbath at 44.5°C 
and ensure the water level is higher than the level of the medium in the 
test tubes. Incubate the tubes for 24 hours. 

 
 n) Positive results are EC tubes showing turbidity and gas production. 
 
 o) Remove 48 hour LTB tubes from incubator and check for turbidity and 

gas production.  Repeat procedure 13 as required. 
 
 p) All positive EC tubes are used to calculate the MPN value. 
 
Data Analysis Use the MPN Index to determine fecal coliform levels.  Refer to section 4.6 of 

the Microbiological Quality Assurance/Quality Control section of this manual. 
 
Quality Control A selected number of positive EC tubes may be streaked onto Levines Eosin 

Methylene Blue (EMB) agar plates. Typical colonies are discrete and 
nucleated with or without metallic sheen. Coloured colonies that may be 
coalescent and mucoid, with a weak sheen, may be coliforms. Additional 
testing may include re-inoculation of EC medium with a single colony and/or a 
biochemical test strip. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9221. 
 b) *McQuaker, N.R., A Laboratory Manual for the Chemical Analysis of 

Waters, Wastewaters, Sediments and Biological Materials, Part I, B.C. 
Ministry of Environment, 1976. 

 c) Greenberg, A.E. and Hunt, D.A. (eds).   Laboratory Procedures for the 
Examination of Seawater and Shellfish. 5th edition. APHA, 1985. 

 
Revision History November 14, 1994:  Publication in the 1994 Lab Manual 
 November 14, 2002:  SEAM Codes replaced by EMS Codes 
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Microbiology 
Revision Date: February 14, 1994 

 

Detection of Total Coliforms by Membrane Filtration 
Fresh Water, Wastewater and Marine Water 
 
Parameter Coliform, total 
 
Analytical Method Membrane filter: 0451 X022 
and EMS Code 
 
Scope This method describes the selective isolation of total coliforms from fresh 

water, wastewater, and marine water. Non-turbid water samples are passed 
through a 0.45µm membrane filter which is placed on a selective medium (m 
Endo) for 18 - 24 hours incubation at 35°C for growth of total coliform 
colonies. 

 
Principle Coliforms are Gram negative, non-spore forming, oxidase negative, 

fermentative rods belonging to the Family Enterobacteriaceae. This group is 
widely distributed in nature, and many can live as saprophytes in addition to 
being associated with the intestinal tract of most animals. Coliforms are 
divided into two groups for convenience. The larger group, which includes all 
members of the Family Enterobacteriaceae, are called total coliforms, and 
are defined by their ability to ferment lactose within 24 - 48 hours incubation 
at 35°C. A sub group of total coliforms are called fecal coliforms, and are 
defined by their ability to ferment lactose at elevated incubation temperatures. 
Fecal coliforms are primarily Escherichia coli, although Klebsiella 
pneumoniae can occasionally grow at 44.5°C. Total coliforms are chosen as 
indicators of water quality because, although they are not usually pathogens 
themselves, they will be present and recoverable in septic discharges for 
longer periods of time than are pathogenic organisms. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle. Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine. The sample should be kept at 4°C until 
analysis. Analysis must begin within 48 hours of sample collection for results 
to be valid. Minimum volume required for analysis is 125mL.  

 
Detection Limit a) for duplicate 50mL samples the detection limit is 2 CFU/100mL. 
 b) for a total of 100mL the detection limit is 0 CFU/100mL. 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organisms. Residual chlorine in chlorinated water must be 
neutralized with sodium thiosulfate at the time of sampling. 

 
Precision There are no standard reference materials for total coliforms. Mean 

recoveries of ATCC cultures of E. coli and Klebsiella pneumoniae on m Endo 
are 84% and 95% respectively. 
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Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ±0.2°C 

temperature.  
 b) Sterile  disposable serological pipettes, 1mL and 10mL. 
 c) Sterile 100mL or 50mL glass graduated cylinders. 
 d) Sterile disposable petri dishes, 50mm x 12mm with tight fitting lids. 
 e) Sterile absorbent pads, 50mm. 
 f) Sterile disposable petri dishes, 100mm x 15mm. 
 g) m Endo broth MF. 
 h) BHI agar. 
 i) Lauryl tryptose broth in 18mm test tubes with inverted Durham tubes. 
 j) Autoclave for steam sterilization of glassware and media. 
 k) Bunsen burner. 
 l) Platinum inoculation loops, 3mm diameter. 
 m) 250mL glass filtration units (Millipore or equivalent), sterilized and 

wrapped in aluminum foil or kraft paper. 
 n) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 o) Vacuum source. 
 p) Vacuum flask and manifold to hold filtration units. 
 q) Smooth tipped forceps. 
 r) 95% ethanol, not denatured 
 s) Microscope slides and microscope with oil immersion lens. 
 t) API 20 E® strips (available commercially from Analytab Products). 
 u) Oxidase reagent in sealed glass ampules (available from Difco or 

equivalent.) 
 v) Stereobinocular microscope with cool white fluorescent light source. 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
 Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
 Dissolve 38g magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER. 
 
 Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
  Dilution blanks : 10mL in 20mm test tubes 
   100 mL in milk dilution bottles 
  Rinse water: 1500mL per 2L Erlenmeyer flask 
 Autoclave 10 - 100mL volumes at 121°C for 15 minutes; for larger 

volumes, increase the time as appropriate to achieve sterilization. 
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 e) m ENDO BROTH MF, dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Bacto tryptose 10.00 g 
 Bacto casitone 5.00 g 
 Bacto yeast extract 1.50 g 
 Bacto thiopeptone 5.00 g 
 Bacto lactose 12.50 g 
 Sodium desoxycholate 0.10 g 
 Sodium chloride 5.00 g 
 Dipotassium hydrogen phosphate 4.375 g 
 Potassium dihydrogen phosphate 1.375 g 
 Sodium lauryl sulfate 0.050 g 
 Sodium sulfite 2.10 g 
 Bacto basic fuchsin 1.05 g 
 
 Suspend 4.8g powdered medium in 100mL DI containing 2mL 95% 

ethanol and heat, just to boiling point. Remove from heat immediately. 
DO NOT AUTOCLAVE.   Cool to room temperature and store for no 
longer than 72 hours at 4°C. Dispense 2mL onto sterile, absorbent 
pads in 50mm petri plates immediately prior to use. Final pH of medium 
is 7.2 at 25°C. 

 
 f) LAURYL TRYPTOSE BROTH (DIFCO) 
 
 Formula (grams per litre): 
 Bacto tryptose 20.00 g 
 Bacto lactose 5.00 g 
 Dipotassium hydrogen phosphate 2.75 g 
 Potassium  dihydrogen phosphate 2.75 g 
 Sodium chloride 5.00 g 
 Sodium lauryl sulfate 0.10 g 
 
 Suspend 35.6g in 1L DI and warm slightly to dissolve completely. 

Dispense 10mL aliquots into 18mm test tubes with inverted 
fermentation vial (Durham tube) in each tube. Place 18mm stainless 
steel closures on tubes and sterilize in autoclave for 15 minutes at 
121°C. Do not fully open the autoclave door until chamber 
temperature has dropped below 75°C to avoid trapping air in the 
inverted vials. Final pH of the medium is 6.8 at 25°C. 

 
 g) BRAIN HEART INFUSION AGAR, dehydrated (Difco) 
 
 Formula (grams per litre): 
 
 Calf brain infusion 200.0 g 
 Beef heart infusion 250.0 g 
 Proteose peptone 10.0 g 
 Dextrose 2.0 g 
 Sodium chloride 5.0 g 
 Disodium phosphate 2.5 g 
 Agar 15.0 g 
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 Suspend 52g in 1L DI and heat to boiling to dissolve completely. 
Sterilize in the autoclave for 15 minutes at 121°C. Cool to 45-50°C and 
aseptically dispense 15-17mL into 100mm petri dishes. 

 
Procedure a) Place a sterile membrane filter on a sterile filter base, grid side up and 

attach the funnel to the base of the filter unit. 
 
 b) Select a sample volume to produce 20-80 colonies on the membrane 

filter. Decimal dilutions are prepared in 10mL buffered water dilution 
blanks. Do not filter less than 10mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into a sterile graduated cylinder for 
volumes of 20mL or more, or pipet directly into the funnel for volumes 
of 10mL or decimal dilutions of 10mL. 

 
 d) Filter the sample and rinse the sides of the funnel with 20-30mL sterile 

buffered water. Turn off the vacuum and remove the funnel from the 
filter base. 

 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on the pad saturated with m Endo broth. Reset if air 
bubbles are trapped under the filter. 

 
 f) Filter the samples in order of increasing sample concentration and/or 

volume, low bacterial density to high. 
 
 g) Prepare duplicate filters for each concentration or volume filtered. 

Incubate m Endo media plates for 20 - 24 hours at 35± 0.2°C. 
 
 h) Count red colonies with golden-green metallic sheen appearing after 

20-24 hours incubation. 
 
 i) For confirmation, transfer at least 10 colonies to 10 tubes of lauryl 

tryptose broth and incubate for 24-48 hours at 35°C and observe gas 
formation in Durham tubes. Alternately, colonies may be purified on 
BHIA and identified using API® strips according to directions provided 
by Analytab Products, Inc. 

 
 j) Do not count red colonies without sheen, or black colonies. 
 
Data Analysis a) Calculate the bacterial density of Total Coliforms using the following 

formula: 
 
  (*CFU/100mL) = Mean number of Total coliforms counted  x100 
  volume of sample filtered 
 
  *Colony forming units 
 
 b) Counts on plates with less than 20 colonies are noted as "estimated" 

counts. 
 
 c) Plates with no colonies are reported as less than the calculated 

value/100mL based on the single largest volume filtered. Values are 
routinely reported as <2 CFU/100mL for largest single volume of 50mL. 
However, if there are no colonies on either of the 50mL duplicate plates 
the volume may be taken as 100 mL and reported as 0 CFU/100mL. 
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Quality control 95% confidence limits for membrane plate counts are calculated as follows: 

 
  Counts between 1 - 10 Counts between 11 - 20 
 Counts Lower Upper Counts Lower  Upper 
 
 1 0.0 3.7 11 5.4  19.7 
 2 0.025 5.6 12 6.2  21.0 
 3 0.24 7.2 13 6.9  22.3 
 4 1.1 10.2 14 7.7  23.5 
 5 1.6 11.7 15 8.4  24.8 
 6 2.2 13.1 16 9.4  26.0 
 7 2.8 14.4 17 9.9  27.2 
 8 3.5 15.8 18 10.7  28.4 
 9 4.1 17.1 19 11.5  29.6 
 10 4.8 18.4 20 12.2  30.8 
 
 For counts greater than 20 use the following formulae: 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 

References a) Standard Methods for the Examination of Water and Wastewater, 
APHA, AWA, WPCF, 17th edition, 1989, section 9222. 

 b) Dutka, B.   Membrane Filtration: Applications, Techniques and 
Problems. Bernard Dutka (Ed.) Marcel Dekker, Inc. New York, 1981. 

 c) McQuaker, N.  A Laboratory Manual for the Chemical Analysis of 
Waters, Wastewaters, Sediments and Biological Materials. Part II. 
Supplement, B.C. Ministry of Environment, pp. 59-65, 1989. 

 
Revision History February 14, 1994:  Publication in 1994 Lab Manual. 
 November 14, 2002:  SEAM codes replaced by EMS Codes  
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Microbiology 
Sparcode: 0450X022 

Revision Date: February 14, 1994 
 

Membrane Filter Technique (MF) for Fecal Coliform Bacteria in 
Fresh Water, Wastewater and Marine Water 
 
 
Parameter Coliform, fecal 
 
Analytical Method Membrane filter : 0450 X022 
and EMS Codes 
 
Scope This method describes the selective isolation of fecal coliforms from fresh 

water, wastewater, and marine water. Non-turbid water samples are passed 
through a 0.45µm membrane filter which is placed on a selective agar (m FC) 
for 18 - 24 hours incubation at 44.5°C for growth of fecal coliform colonies. 

 
Principle Fecal coliforms belong to the larger group of total coliforms, and all are 

members of the Family Enterobacteriaceae. Fecal coliforms are Gram-
negative, oxidase negative, fermentative rods that will grow at 44.5°C. Fecal 
coliforms are chosen as indicators of fecal contamination of water supplies 
because they do not reproduce outside their normal habitat which is the 
intestinal tract of animals or humans. Numerous studies have shown positive 
correlations between the presence of fecal coliforms in water and the 
incidence of gastrointestinal disturbances or other pathology in people who 
drink or otherwise contact the water. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle. Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine. The sample should be kept at 4°C until 
analysis. Variations in temperature are to be avoided. Minimum volume 
required for analysis is 125mL. 

 
Range 0 - 100,000,000 CFU/100mL 
 
Detection Limit a) for duplicate 50mL samples the detection limit is 2 CFU/100mL. 
 b) for a total of 100mL the detection limit is 0 CFU/100mL. 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organism. Residual chlorine in chlorinated water must be 
neutralized with sodium thiosulfate at time of sampling. 

 
Precision Samples seeded with 20 and 200 CFU/100mL E. coli gave coefficients of 

variation of 11% and 9% respectively. 
 
Apparatus and 
Materials a) Heat sink incubator or water bath that is capable of maintaining a 

stable 44.5 ± 0.2°C temperature. 
 b) Sterile disposable serological pipettes, 1mL and 10mL. 
 c) Sterile 100mL glass graduated cylinders. 
 d) Sterile disposable petri dishes, 50mm x 12mm with tight fitting lids. 
 e) Sterile disposable petri dishes, 100mm x 15mm. 
 f) m-FC Agar. 
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 g) BHI Agar. 
 h) Lauryl tryptose broth in 18mm test tubes with inverted fermentation 

vials (Durham tubes). 
 i) EC medium in 20mm test tubes with inverted Durham tubes. 
 j) Autoclave for steam sterilization of glassware and media. 
 k) Bunsen burner. 
 l) Platinum inoculation loops, 3mm diameter. 
 m) Glass filtration units, 250mL (Millipore® or equivalent), sterilized and 

wrapped in aluminum foil or kraft paper. 
 n) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 o) Vacuum source. 
 p) Vacuum flask and manifold to hold filtration units. 
 q) Smooth tipped forceps. 
 r) 95% ethanol, not denatured 
 s) Microscope slides and microscope with oil immersion lens. 
 t) API 20 E® strips (available commercially from Analytab Products). 
 u) Oxidase reagent in sealed glass ampules (available from Difco or 

equivalent.) 
 v) Stereobinocular microscope with cool white fluorescent light source. 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
 Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
 Dissolve 38g  magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER. 
 
 Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
 Dilution blanks : 10mL in 20mm test tubes 
  100mL in milk dilution bottles 
 Rinse water:  1500mL per 2L Erlenmeyer flask 
 Autoclave 10 - 100mL volumes at 121°C for 15 minutes; for larger 

volumes, increase the time as appropriate to achieve sterilization. 
 
 d) m-FC AGAR (DIFCO) 
 
 1) Formula (grams per litre): 
 
 Bacto tryptose 10.0 g 
 Proteose peptone No. 3 5.0 g 
 Bacto yeast extract 3.0 g 
 Lactose 12.5 g 
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 Bacto bile salts #3 1.5 g 
 Sodium chloride 5.0 g 
 Bacto agar 15.0 g 
 Aniline blue 0.1 g 
 
 Suspend all ingredients in 1L DI and heat to boiling. Boil for 1 minute to 

completely dissolve the powder. 
 
  2) Rosolic Acid Solution 
 
 Rosolic acid  0.1 g 
 0.2N NaOH 10.0 mL 
 
 Dissolve rosolic acid in 0.2N NaOH immediately before use. Add 10mL 

rosolic acid to 100mL m-FC after medium has been boiled.  Cool to 45-
50°C and pour into sterile 50mm petri dishes (4 mL per plate). Final pH 
of medium is 7.4 at 25°C. Which may be stored for up to two weeks at 
4°C.  

 
 e) LAURYL TRYPTOSE BROTH (DIFCO) 
 
 Bacto tryptose 20.0 g 
 Bacto lactose 5.0 g 
 Dipotassium hydrogen phosphate 2.75 g 
 Potassium dihydrogen phosphate 2.75 g 
 Sodium chloride 5.0 g 
 Sodium lauryl sulfate 0.1g 
 
 Suspend all ingredients in 1L DI and warm slightly to dissolve 

completely. Dispense 10mL aliquots into 18mm test tubes with inverted 
fermentation vial (Durham tube) in each tube. Place 18mm stainless 
steel closures on tubes and sterilize in autoclave for 15 minutes at 
121°C.  Do not fully open the autoclave door until chamber temperature 
has dropped below 75°C to avoid trapping air in the inverted vials. Final 
pH of the medium is 6.8 at 25°C. 

 
 f) EC MEDIUM (DIFCO) 
 
 Bacto tryptose 20.0 g 
 Bacto lactose 5.0 g 
 Bacto bile salts No.3 1.5 g 
 Dipotassium hydrogen phosphate 4.0 g 
 Monopotassium dihydrogen phosphate 1.5 g 
 Sodium chloride 5.0 g 
 
 

Suspend all ingredients in 1L DI and warm slightly to dissolve 
completely. Dispense into 20mm test tubes with inverted fermentation 
vial (Durham tube) in each tube. Place 20mm stainless steel closures 
on tubes and sterilize in autoclave for 15 minutes at 121°C.  Do not fully 
open autoclave door until chamber temperature has dropped below 
75°C to avoid trapping air in the inverted vials. Final pH of the medium 
is 6.9 at 25°C. 

 



E - 55 

 g) BRAIN HEART INFUSION AGAR, dehydrated (DIFCO) 
 

 Formula (grams per litre) 
 Calf brain infusion 200.0 g 
 Beef heart infusion 250.0 g 
 Proteose peptone 10.0 g 
 Dextrose 2.0 g 
 Sodium chloride 5.0 g 
 Disodium phosphate 2.5 g 
 Bacto agar 15.0 g 
 

Suspend all ingredients in 1L DI and heat to dissolve completely. 
Sterilize in the autoclave for 15 minutes at 121°C. Cool to 45-50°C and 
aseptically dispense 15-17mL into 100mm petri dishes. 

 
Procedure a) Place a sterile membrane filter on a sterile filter base, grid side up, and 

attach the funnel to the base of the filter unit. 
 
 b) Select a sample volume to produce 20-80 colonies on the membrane 

filter. Decimal dilutions are prepared in 10mL buffered water dilution 
blanks. Do not filter less than 10mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into a sterile graduated cylinder for 
volumes of 20mL or more, or pipet directly into the funnel for volumes 
of 10mL or decimal dilutions of 10mL. 

 
 d) Filter the sample and rinse the sides of the funnel with 20-30mL sterile 

buffered water. Turn off the vacuum and remove the funnel from the 
filter base. 

 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on the m-FC agar. Reset if air bubbles are trapped under 
the filter. 

 
 f) Filter the samples in order of increasing sample concentration and/or 

volume, low bacterial density to high. 
 
 g) Prepare duplicate filters for each concentration or volume filtered. 

Incubate m-FC agar plates for 18 - 24 hours at 44.5°C. 
 
 h) Count blue or blue-grey colonies appearing after 18-20 hour incubation. 

For confirmation, colonies may be purified on BHIA and identified using 
an API® 20 E strip following the directions provided, or alternately, 
colonies may be transferred to lauryl tryptose broth, incubated at 35°C 
for 24-48 hours, and then confirmed in EC medium at 44.5°C for 24 
hours. 

 i) Do not count pink or greenish colonies. Small blue colonies or 
excessively mucoid colonies should be confirmed. 

 
Data Analysis a) Calculate the bacterial density of Fecal Coliforms using the following 

formula: 
 
    (*CFU/100mL) =Mean number of Fecal coliforms counted x100 
                                                                         volume of sample filtered 
    *Colony forming units 
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 b) Counts on plates with less than 20 colonies are noted as "estimated" 

counts. 
 
 c) Plates with no colonies are reported as less than the calculated 

value/100mL based on the single largest volume filtered. Values are 
routinely reported as <2 CFU/100mL for largest single volume of 50mL. 
However, if there are no colonies on either of the 50mL duplicate plates 
the volume may be taken as 100mL and reported as 0 CFU/100mL. 

 
Quality Control 95% confidence limits for membrane plate counts are calculated as follows: 
 
     Counts between 1- 10  Counts between 11 - 20 
 
 Counts Lower Upper Counts Lower Upper 
 
 1 0.0 3.7 11 5.4 19.7 
 2 0.025 5.6 12 6.2 21.0 
 3 0.24 7.2 13 6.9 22.3 
 4 1.1 10.2 14 7.7 23.5 
 5 1.6 11.7 15 8.4 24.8 
 6 2.2 13.1 16 9.4 26.0 
 7 2.8 14.4 17 9.9 27.2 
 8 3.5 15.8 18 10.7 28.4 
 9 4.1 17.1 19 11.5 29.6 
 10 4.8 18.4 20 12.2 30.8 
 
 For counts greater than 20 use the following formulae: 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9222. 
 b) Dutka, B.  Membrane Filtration: Applications, Techniques and 

Problems. Bernard Dutka (Ed.) Marcel Dekker, Inc. New York, 1981. 
 c) McQuaker, N.  A Laboratory Manual for the Chemical Analysis of 

Waters, Wastewaters, Sediments and Biological Materials. Part II.  
Supplement, B.C. Ministry of Environment pp. 66-72, 1989. 

 
Revision History February 14, 1994:  Publication in 1994 Lab Manual. 
 November 14, 2002:  SEAM codes replaced by EMS Codes  
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Microbiology 
Revision Date: November 14, 2002 

 

Detection of Escherichia Coli by Membrane Filtration 
in Fresh and Marine Water 

 
Parameter E. Coli 
 
Analytical Method Membrane filter : 0147 X387 
and EMS Code 
 
Scope This method describes the culture of E. coli from fresh or marine water, using 

a pre-incubation step to recover stressed organisms.  This method is 
unsuitable for water heavily contaminated with other saprophytic bacteria or 
for woodwaste leachate.  Non-turbid water samples are passed through a 
0.45µm membrane filter which is placed on mTEC agar for 2 hours 
incubation at 35°C followed by 22 hours incubation at 44.5°C for growth of 
fecal coliform colonies.  E.coli are further confirmed by their inability to 
hydrolyze urea. 

 
Principle Escherichia coli make up the majority of bacteria grouped as fecal coliforms 

and are members of the Family Enterobacteriaceae.  E. coli are Gram 
negative, oxidase negative, fermentative rods which grow and produce gas 
from lactose at 44.5°C. E. coli are chosen as indicators of fecal contamination 
of water supplies because they do not reproduce outside their normal habitat 
which is the intestinal tract of animals or humans.    Numerous studies have 
shown positive correlations between the presence of E. coli in water and the 
incidence of gastrointestinal disturbances or other pathology in people who 
drink or otherwise contact the water.  In low nutrient waters E. coli can be 
stressed and have an artificially low recovery rate on highly selective media. 

     
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle. Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine.  The sample should be kept at 4°C until 
analysis. Analysis must begin within 48 hours of sample collection for results 
to be valid. Minimum volume required for analysis is 125mL. 

 
Detection Limit a)  for 50mL samples the detection limit is 2 CFU/100mL.  
 b)  for a total of 100mL the detection limit is 1 CFU/100mL. 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organism.  Heavy growth of background bacteria, especially 
urease positive organisms, can obscure the recognition of E. coli.  Residual 
chlorine in chlorinated water must be neutralized with sodium thiosulfate at 
the time of sampling.  

 
Precision There are no standard reference materials for E. coli.  American Type Culture 

Collection (ATCC 25922) E. coli may be used to test performance and 
recovery on mTEC agar. 
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Apparatus and 
Materials a) Heat sink incubator or water bath that is capable of maintaining a 

stable 44.5°C ± 0.2 temperature. 
 b) Incubator capable of maintaining a stable 35 ± 0.2 °C temperature, or 

programmable incubator with temperature programming to increase 
temperature from 35°C to 44.5°C.  

 c) Sterile disposable serological pipettes, 1 mL and 10 mL. 
 d) Autoclavable 100mL or 50mL glass graduated cylinders wrapped in 

kraft paper or foil and sterilized . 
 e) Sterile disposable petri dishes, 50mm x 12mm with tight fitting lids. 
 f) Sterile disposable petri dishes, 100mm x 15mm. 
 g) mTEC Agar. 
 h)  Lauryl tryptose broth with MUG or lauryl sulfate broth with MUG. 
 i) EC medium or EC broth. 
 j) Non-fluorescing 18mm glass culture tubes with stainless steel closures 

and inverted fermentation vials or Durham tubes. 
 k) Brain heart infusion agar [BHIA]. 
 l) Autoclave for steam sterilization of glassware and media and/or 

ultraviolet (UV) light source for disinfection of filter units. 
 m) Bunsen burner. 
 n) Platinum inoculation loops, 3mm diameter. 
 o) 250mL glass filtration units (Millipore® or equivalent), wrapped in 

aluminum foil or kraft paper and sterilized. 
 p) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 q) Vacuum source. 
 r) Vacuum flask and manifold to hold filtration units. 
 s) Smooth tipped forceps. 
 t) 95% ethanol. 
 u) Gram staining reagents. 
 v) Microscope slides and microscope with oil immersion lens. 
 w) API 20E® strips (Analytab Products Inc.). 
 x) Oxidase reagent in sealed glass ampules (Difco® or equivalent.) 
 y) Stereobinocular microscope with cool white fluorescent light source. 
 z) Long wave (366 nm) UV source. 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
 Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL distilled or deionized water (DI).  Adjust to pH 7.2 ± 0.5 with 1N 
sodium hydroxide (NaOH), and dilute to 1L with DI.  Filter through a 
sterile 0.22µm pore size membrane filter into a sterile amber bottle.  
Store at 4°C.  Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION. 
  
 Dissolve 38g magnesium chloride (MgCl2) in 1L DI.  Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle.  
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER. 
 
 Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI.  Dispense into 
appropriate containers as follows: 
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  Dilution blanks: 10mL in 20mm test tubes 
   90mL in milk dilution bottles 
  Rinse water: 1500mL per 2L Erlenmeyer flask 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes; for larger 

volumes, increase the time as appropriate to achieve sterilization 
(follow recommendations of autoclave manufacturer). 

 
 d) BUFFERED DILUTION WATER - ALTERNATIVE (USEPA) 
 
 Sodium dihydrogen phosphate 0.58 g 
 (NaH2PO4) 
 Sodium monohydrogen phosphate 2.50 g 
 (Na2HPO4) 
 Sodium chloride (NaCl) 8.50 g 
 
 Dissolve the ingredients in 1L DI and dispense in appropriate amounts 

as listed above for dilution blanks.  Autoclave at 121°C for 15 minutes.  
Final pH of the buffer should be 7.4 ± 0.2. 

 
 e) mTEC AGAR (DIFCO) 
 
 Formula (grams per litre): 
 Proteose peptone #3 5.00 g 
 Bacto yeast extract 3.00 g 
 Lactose 10.0 g 
 Sodium chloride 7.50 g 
 Potassium dihydrogen phosphate KH2PO4 1.00 g 
 Dipotassium hydrogen phosphate K2HPO4  3.30 g 
 Sodium lauryl sulfate 0.20 g 
 Sodium desoxycholate 0.10 g 
 Bromcresol purple 0.08 g 
 Bromphenol red 0.08 g 
 Bacto agar 15.0 g 
 
 Suspend 22.65g powdered medium in 500mL DI in a 1L Erlenmeyer 

flask and heat to dissolve.  Autoclave for 15 minutes at 121°C.  Cool to 
45 - 50°C and dispense 4mL per 50mm petri dish.  Store at 4°C for up 
to 1 month.  Final pH should be 7.3 at 25°C. 

 
 f) UREA SUBSTRATE 
 
 Urea 2.00 g 
 Phenol Red 0.01 g 
 DI water 100.00 mL 
 
 Grind urea and phenol red together in mortar with pestle.  Add DI and 

stir to dissolve.  Adjust solution pH to 5.0 ± 0.2 with 0.1 N NaOH.  At 
this pH the solution is a straw-yellow colour.  Do not autoclave.  The 
solution may be stored at 4°C for up to one week. 

 
 g) LAURYL TRYPTOSE BROTH WITH MUG (DIFCO) 
 
 Formula (grams per litre): 
 Bacto tryptose 20.00 g 
 Lactose 5.00 g 
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 Dipotassium hydrogen phosphate K2HPO4 2.75 g 
 Potassium dihydrogen phosphate KH2PO4  2.75 g 
 Sodium chloride 5.00 g 
 Sodium lauryl sulfate 0.10 g 
 MUG (4-methylumbelliferyl- 
 B-D-glucuronide) 0.05 g 
 
 Suspend 35.7 g powdered medium in 1L DI.  Heat to dissolve 

completely. Dispense 10mL aliquots into 18mm test tubes with inverted 
Durham tubes. Autoclave for 15 minutes at 121°C.  Allow autoclave 
temperature to drop below 75°C before opening door to avoid trapping 
air bubbles in the inverted vials.  Final pH of the medium is 6.8 at 25°C. 

  
 h) BRAIN HEART INFUSION AGAR, dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Calf brain infusion 200.0 g 
 Beef heart infusion 250.0 g 
 Proteose peptone 10.0 g 
 Dextrose 2.0 g 
 Sodium chloride 5.0 g 
 Disodium phosphate 2.5 g 
 Agar 15.0 g 
 
 Suspend 26g in 500mL DI in a 1L Erlenmeyer flask and heat to boiling 

to dissolve completely.  Sterilize in the autoclave for 15 minutes at 
121°C.  Cool to 45 - 50°C and aseptically dispense 15 -17mL aliquots 
into 100mm petri dishes.  Final pH of medium is 7.4  at 25°C. 

 
Procedure a) Place a sterile membrane filter on a sterile filter base, grid side up and 

attach the funnel to the base of the filter unit. 
 
 b) Select a sample volume to produce 20-80 colonies on the membrane 

filter. Decimal dilutions are prepared in 90mL buffered water dilution 
blanks.  Do not filter less than 10mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into a sterile graduated cylinder for 
volumes of 20mL or more, or pipet directly into the funnel for volumes 
of 10mL or 10mL volumes of decimal dilutions. 

 
 d) Filter the sample and rinse the sides of the funnel with 20 - 30mL sterile 

buffered water.  Turn off the vacuum and remove the funnel from the 
filter base. 

 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on mTEC agar.  Reset if air bubbles are trapped under the 
filter. 

 
 f) Filter the samples in order of increasing sample concentration and/or 

volume, low bacterial density to high. 
 
 g) Prepare duplicate filters for each concentration or volume filtered.  

Incubate mTEC agar plates for 2 hours at 35°C, followed by 20 ± 2 
hours incubation at 44.5°C. 
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 h) After incubation, remove filters from mTEC and reset on absorbent 
filter pads saturated with 2mL urea substrate. 

 
 i) After 15-20 minutes at room temperature, count and record colonies 

remaining yellow to yellow-brown on filters.  Colonies which have 
turned pink are urease positive. 

 
 j) For confirmation, colonies may be purified on BHIA, Gram stained and 

identified using an API 20E® strip following the directions provided.  E. 
coli are oxidase negative, Gram negative rods (size: 1-1.5 µm x 2-3 
µm). 

 
 k) Alternately, colonies may be picked to tubes of lauryl tryptose broth with 

MUG and incubated for 24-48 hours at 35°C.  E. coli produces the 
enzyme glucuronidase which hydrolyzes MUG to yield a bright blue 
fluorescent product that is detectable under long wave (366 nm) UV 
light.  ATCC 25922 E. coli may be cultured in parallel as a positive 
control; ATCC 13883 Klebsiella pneumoniae, as a negative control.  It 
is estimated that about 87% or greater of E. coli strains are 
glucuronidase positive (Federal Register,1991).  Tubes which do not 
fluoresce should be sub-cultured to EC medium and incubated in a 
44.5°C waterbath for 24 hours for gas production. 

 
 l) Filters with heavy background growth will not be countable.  Also, filters 

with heavy urease positive growth will obscure counts.  This method is 
suitable for drinking water or recreational bathing waters only. 

 
Data Analysis a)   Calculate the bacterial density using the following formula: 
   
  E. coli(*CFU/100mL)=Mean number of E. coli counted x 100 
                                            Volume of sample filtered 
  *Colony forming units 
 
 b) Counts on plates with less than 20 colonies are noted as "estimated" 

counts. 
 
 c) Plates with no colonies are reported as less than the calculated 

value/100 mL based on the single largest volume filtered.  Values are 
routinely reported as <2 CFU/100mL for largest single volume of 50mL.  
If there are no colonies on either of the 50mL duplicate plates the 
volume may be taken as 100mL and reported as <1CFU/100mL. 

 
Quality Control a) Refer to general quality control section for a discussion of accepted 

QA/QC practices. 
 
 b) From time to time positive sample plates should be read or reread by 

another analyst to confirm counts of typical colonies. 
 
 c) 95% confidence limits for membrane plate counts are calculated as 

follows: 
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 Counts between 1 - 10 Counts between 11 - 20 
 
 Counts Lower Upper Counts Lower Upper 
 
 1 0.0 3.7 11 5.4  19.7 
 2 0.025 5.6 12 6.2  21.0 
 3 0.24 7.2 13 6.9  22.3 
 4 1.1 10.2 14 7.7  23.5 
 5 1.6 11.7 15 8.4  24.8 
 6 2.2 13.1 16 9.4  26.0 
 7 2.8 14.4 17 9.9  27.2 
 8 3.5 15.8 18 10.7  28.4 
 9 4.1 17.1 19 11.5  29.6 
 10 4.8 18.4 20 12.2  30.8 
 
 For counts greater than 20 use the following formulas: 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9213 D. 
 b) DuFour, A.P.  Applied and Environmental Microbiology, 41: 1152. 

"Membrane Filter Method for Enumerating Escherichia coli,” 1981. 
 c) Dutka, B.  Membrane Filtration:  Applications, Techniques and 

Problems. Bernard Dutka (Ed.)  Marcel Dekker, Inc. New York, 1981. 
 d) Environmental Laboratory, Ministry of Environment and Parks. 
  "E. coli Membrane Filter (MF) Analysis", pp. 1-10.  (not dated) 
 e) Federal Register, Environmental Protection Agency, 40 CFR Part 141 

[WH-FRL-3871-2] National Drinking Water Regulations.Vol. 56. 
January 8, 1991. 

 f) Monograph, Technical Information.  "Bacto Lauryl Tryptose Broth with 
MUG."  Difco Laboratories, Detroit, MI, 1986. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual 
 November 14, 2002:  SEAM codes replaced by EMS Codes 



E - 63 

Microbiology 
Revision Date:  November 14, 2004 

 
Detection of Total Coliforms and E. coli by Colilert® 

 
Parameter Coliform, total 
 E. Coli 
 
Analytical Method Coliform total by Colilert : 0451 X388 
and EMS Codes E. coli by Colilert:  0147 X388 
 
Scope This method describes the selective isolation of total coliforms and E.coli 

from drinking water.  Colilert® medium is added to water samples and 
incubated for 18 - 24 hours at 35°C for growth of total coliforms and E. coli.  
Colilert® may be used as a presence/absence (P-A) or semi-quantitative 5 
tube multiple tube fermentation (MPN) test.  The advantages of a rapid, 
qualitative test for drinking water which can confirm the presence of E. coli 
outweigh the need for quantitation. 

 
Principle Coliforms are Gram negative, non-spore forming, oxidase negative, 

fermentative rods belonging to the family Enterobacteriaceae.  This group is 
widely distributed in nature, and many can live as saprophytes in addition to 
being associated with the intestinal tract of most animals.  Coliforms are 
divided into two groups for convenience.  The larger group, which includes all 
members of the Family Enterobacteriaceae, are called total coliforms, and 
are defined by their ability to ferment lactose within 24 - 48 hours incubation 
at 35°C.  Escherichia coli is a fecal coliform, and the presence of E. coli in 
drinking water is considered to be a strong indication of recent fecal 
contamination.  Colilert® is a system that allows better recovery of stressed 
E. coli than currently acceptable media, and differentiates E. coli from other 
total coliforms by the addition of the substrate 4-methylumbelliferyl-B-D-
glucuronide (MUG).  Coliforms are chosen as indicators of water quality 
because, although they are not usually pathogens themselves, they will be 
present and recoverable in septic discharges for longer periods of time than 
are pathogenic organisms.  The presence of E. coli in drinking water is a 
significant finding. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle.  Chlorinated water samples should be 
treated with  sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine.  The sample should be kept between 4 -
10°C until analysis.  Variations in temperature are to be avoided.  Analysis 
must begin within 24 hours of sample collection for results to be valid.  
Minimum volume required for analysis is 125mL. 

 
Range Positive or Negative for P-A; <2 - >16 for 5 tube MPN per 100mL. 
 
Detection Limit 1 organism/100mL for P-A;  <2 for 5 tube MPN per 100mL. 
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Interferences Do not use for marine water.  MUG negative E. coli will be scored as a total 
coliform. Chlorinated water must be neutralized with sodium thiosulfate at 
time of sampling. 

 
Precision There are no standard reference materials for total coliforms.  Mean 

recoveries of ATCC cultures  of E. coli are >100% at 2.5 and 30 CFU/100mL. 
 

Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ± 0.5°C 

temperature. 
 b) Sterile disposable serological pipettes, 10mL. 
 c) Sterile 100mL or 50mL glass graduated cylinders. 
 d) Colilert® medium (available commercially from Nortech Control 

Equipment). 
 e) Long wave UV lamp (365 nm). 
 f) Colour and fluorescence comparator (available commercially from 

Nortech Control Equipment.) 
 g) Sterile 20mm test tubes with stainless steel closures. 
 h) Autoclave for steam sterilization of glassware and bacterial cultures. 
 i) Bunsen burner 
 j) API 20E® reagent strips. 
 
Reagents a) Colilert® is commercially supplied as a preweighed powder.  Do not 

autoclave.  Store away from direct light at 4 - 30°C for up to 15 months 
from date of manufacture. 

 
Procedure PRECAUTIONS 
 
  a) Avoid contaminating the reagent or the inside of the tubes or caps. 
 
 b) Thoroughly mix all samples immediately prior to inoculation. 
 
 c) Do not autoclave Colilert®.  This process would destroy the reagent, 

which is heat labile. 
 
 d) Colilert® is a direct water test only.  Do not use for pre-enriched culture 

procedures.  Do not use for confirmation of colonies grown on other 
selective or non-selective media.  Do not concentrate water sample by 
filtration. 

 
 e) Do not dilute the sample in buffered water for addition to Colilert®.  

Colilert® is already buffered and additional buffer compounds can 
adversely affect the growth of the target  microbes and the test 
performance. 

 
 f) High calcium salt concentrations in certain waters may cause a slight 

precipitate.  This should not affect test results. 
 
 g) If a transient blue colour appears upon addition of the water sample to 

the Colilert® reagent, this is an indication that the water contains some 
40-50 times the amount of free chlorine normally found in drinking 
water.  The sample should be considered invalid and testing 
discontinued. 
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 h) Additional confirmation is normally unnecessary for positive Colilert® 
tubes. However, growth from positive tubes may be streaked for 
isolated colonies onto agar plates for bacterial identification using API® 
20E strips according to the manufacturer’s directions. 

 
 SEMI-QUANTITATIVE TEST PROCEDURE 
 
 a) Aseptically fill each of five Colilert® tubes with 10mL of a well-mixed 

water sample. 
 
 b) Cap the tubes tightly. 
 
 c) Mix vigorously to dissolve the reagent by repeated inversion.  Some 

particles may remain undissolved.  Dissolution will continue during 
incubation.  A few reagent salt particles may remain undissolved 
throughout the test; this will not affect the test performance. 

 
 d) Incubate inoculated reagent tubes at 35 ± 0.5°C for 24 hours. 
 
 e) Read tubes at 24 hours.  Compare each tube against the colour 

comparator. Colour should be uniform throughout the tube.  If not, mix 
by inversion before reading.  If yellow colour is seen, the test is positive 
for total coliforms. Check for fluorescence by darkening the room, and 
shining a long wave UV light source 3 - 5 inches from the tubes.  If 
fluorescence of tube(s) is greater than or equal to the fluorescence of 
the comparator, the presence of E. coli is specifically confirmed. 

 
 f) If sample is yellow after 24 hours of incubation, but lighter than the 

positive comparator tube, it may be incubated up to an additional 4 
hours.  If the sample is coliform positive, the colour will intensify.  If it 
does not intensify, consider the sample negative.   

 
 Some water samples containing humic material may have an innate 

colour. If a water sample has background colour, compare inoculated 
Colilert® tubes to a control blank of the same water sample. 

 
 g) To find the concentration of total coliforms or E. coli per 100mL, 

compare the number of positive tubes per sample to the Most Probable 
Number probability chart below. 

 
 MPN Index and 95% Confidence Limits for 
 Various Combinations of Positive and Negative 
 Results When Five-10 mL Portions are Used. 

 
 # of Tubes MPN Index 95% Confidence 
 Positive per 100 mL limits 
 Out of 5  Upper Lower 
 0 <2 0 6.0 
 1 2 0.1 12.6 
 2 5 0.5 19.2 
 3 9 1.6 29.4 
 4 16 3.3 52.9 
 5 >16 8.0 Infinite 
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 PRESENCE/ABSENCE TEST (P-A) TEST PROCEDURE 
 
 a) Aseptically open a tube of Colilert®  reagent and add the contents to a 

100 mL water sample in a sterile, transparent, non-fluorescent 
borosilicate glass container or equivalent.  Aseptically cap and seal the 
vessel. 

 
 b) Shake vigorously by repeated inversion to aid dissolution of the 

reagent. Some particles may remain undissolved.  Dissolution will 
continue during the incubation. 

 
 c) Incubate reagent and sample mixture at 35°C ± 0.5°C for 24 hrs. 
 
 d) Read the reaction at 24 hours.  Compare each reaction vessel against 

the colour comparator.  If no yellow is observed, the test is negative for 
total coliforms and E. coli.  If the sample has a yellow colour greater 
than or equal to the comparator, the presence of total coliforms is 
confirmed.  If a yellow colour is observed, check each vessel for 
fluorescence by placing it 3 - 5 inches from a U.V. lamp source in a 
darkened room.  Positive fluorescence greater or equal in intensity to 
the comparator vessel specifically confirms the presence of E. coli. 

 
 e) If sample is yellow after 24 hours of incubation, but lighter than the 

positive comparator tube, it may be incubated up to an additional 4 
hours.  If the sample is coliform positive, the colour will intensify.  If it 
does not intensify, consider the sample negative.  Some water samples 
containing humic material may have an innate colour.  If a water 
sample has background colour, compare inoculated Colilert®  tubes to 
a control blank of the same water sample. 

 
Data Analysis a) MPN:  Report total coliform as in MPN table for number of tubes 

exhibiting yellow colour after 24 hour incubation. 
 
 b) MPN:  Report E. coli as in MPN table for number of tubes exhibiting 

fluorescence after 24 hour incubation. 
 
 c) P-A:  Report positive Total Coliform for samples exhibiting  a yellow 

colour after 24 hour incubation.  Report negative total coliform for 
samples exhibiting no colour after 24 hour incubation. 

 
 d) P-A:  Report positive E. coli for samples exhibiting fluorescence after 

24 hour incubation.  Report negative E. coli for samples exhibiting no 
fluorescence after 24 hour incubation. 

 
Quality Control a) Grow the following ATCC (American Type Culture Collection) cultures 

overnight in 10 mL aliquots of BHI broth:  ATCC 25922 Escherichia 
coli, ATCC 13883 Klebsiella Pneumoniae, and ATCC 27853 
Pseudomonas aeruginosa. 

 
 b) Aseptically empty contents of a tube of Colilert® into a sterile vessel 

containing 100 mL sterile, deionized water.  Mix thoroughly to aid 
dissolution. 

 
 c) Aseptically aliquot 1/3 of the sterile water/reagent mixture into each of 

three sterile transparent, non-fluorescent borosilicate glass vessels. 
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 d) Aseptically transfer a loop of each ATCC culture to one of the vessels 
of Colilert® water.  Incubate at 35 ± 0.5°C for 24 hours. 

 
 e) Results should be observed within 24 hours as follows: 
 
 E. coli = Yellow and fluorescent 
 K. pneumoniae = Yellow, no fluorescence. 
 P. aeruginosa = No colour, no fluorescence 
 
 
References a) Edberg, S.C., Ludwig, F. and Smith, D. B.    The Colilert® System for 

Total Coliforms and Escherichia coli.  AWWA Research Foundation, 
American Water Works Association, Denver, Colorado, 1991. 

 b) Booth, R.L.  Drinking Water Supply Alternate Test Procedure (ATP) -- 
Action Memorandum.  Environmental Monitoring and Support 
Laboratory, Cincinnati,1988. 

 c) Monograph, “Colilert® PA Presence/Absence.”  Environetics, Inc. 
Branford, CT, 1992. 

 d) Monograph, “Colilert® MPN Pre-Dispensed MPN.”  Environetics, Inc.  
Branford, CT, 2992. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual 
 November 14, 2002:  SEAM Codes replaced by EMS codes 
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Microbiology 
Revision Date:  November 14, 2004 

 

Multiple Tube Technique (MPN)  for Fecal Streptococci in Fresh 
Water, Wastewater and Marine Water 
 
Parameter Streptococci, fecal 
 
Analytical Method MPN - confirmed : 0454 X389 
and EMS Code 
 
Scope This method describes the probability estimation of the numbers of fecal 

streptococci from fresh water, wastewater, and marine water.  This method is 
not influenced by turbidity as is membrane filtration.  Broth culture is thought 
to yield higher bacterial recovery then membrane filtration, and thus it is 
better suited for the recovery of stressed organisms.  The MPN index table 
has a built-in high bias, which may account for the difference in numbers 
between membrane filtration and MPN analyses. 

 
Principle Fecal streptococci are Gram positive, catalase negative, non-spore forming 

cocci belonging to the Family Deinococcaceae, and the genus Streptococcus.  
There are a number of species represented; S. fecalis, S. fecium, S. avium, 
S. bovis, S. gallinarum and, S. equinus, all of which belong to Lancefield’s 
Group D. The larger group of fecal streptococci is further divided into the sub-
group, enterococci.  The enterococci are S. fecalis, S. avium, S. fecium, and 
S. gallinarum.  The normal habitat of fecal streptococci is the gastrointestinal 
tract of animals and humans. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle.  Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine.  The sample should be kept at 4°C until 
analysis. Variations in temperature are to be avoided.  Analysis must begin 
within 48 hours of sample collection for results to be valid.  Minimum volume 
required for analysis is 75mL. 

 
Range 0 - 100,000,000  MPN/100mL 
 
Detection Limit 2 MPN/100mL 
 
Interferences Residual chlorine in chlorinated water must be neutralized with sodium 

thiosulfate at time of sampling. 
 
Precision There are no standard reference materials for fecal streptococci.  Mean 

recovery of American Type Culture Collection (ATCC)  29212 S.fecalis in 
Azide Dextrose broth confirmed on Bile Esculin Azide agar is 128% at 859 
CFU/100mL. 

Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ± 0.5°C 

temperature. 
 b) Sterile disposable serological pipettes, 1 mL and 10 mL. 
 c) Azide dextrose broth. 
 d) Bile esculin azide agar. 
 e) 18mm test tubes with stainless steel closures. 
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 f) 20mm test tubes with stainless steel closures. 
 g) Autoclave for steam sterilization of glassware and media. 
 h) Bunsen burner. 
 i) Platinum inoculation loops, 3mm diameter. 
 j) Microscope slides and microscope with oil immersion lens. 
 k) Buffered water dilution blanks, 10mL in 20mm test tubes. 
 l) Petri dishes, sterile disposable, 100 x 15mm 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
 Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI).  Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI.  Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle.  Store at 
4°C. Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION 
 
 Dissolve 38g  magnesium chloride (MgCl2) in 1L DI.  Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle.   
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER. 
 
 Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI.  Dispense into 
appropriate containers as follows:  

 
  Dilution blanks: 10mL in 20mm test tubes 
   100mL in milk dilution bottles 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes. 
 
 d) AZIDE DEXTROSE BROTH (DIFCO) SINGLE STRENGTH 
 
 Formula (grams per litre): 
 Bacto beef extract 4.5 g 
 Bacto tryptose 15.0 g 
 Bacto dextrose 7.5 g 
 Sodium chloride 7.5 g 
 Sodium azide* 0.2 g 
 
 *Note:  Sodium azide is a potent neurotoxin.  Avoid breathing 

dust.  Avoid contact with eyes, skin, and clothing.  Do not allow azide to 
come in contact with metal drain pipes.  Flush with copious amounts of 
water when discarding down drains. 

 
 Suspend 34.7g in 1L DI and warm slightly to dissolve completely.  

Dispense 10mL aliquots into 18mm test tubes. Autoclave for 15 
minutes at 121°C.  Final pH of the medium is 7.2 at 25°C. 
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 e) AZIDE DEXTROSE BROTH - DOUBLE STRENGTH 
 
 See formula listing above. 
 Suspend 69.4g in 1L DI and warm slightly to dissolve completely.  

Dispense 10mL aliquots into 20mm test tubes.  Place 20mm stainless 
steel closures on tubes and sterilize in autoclave for 15 minutes at 
121°C. 

 
 Note:  the use of 20mm test tubes.  18mm tubes cannot contain 

the final volume of sample plus medium. 
 
 f) BILE ESCULIN AZIDE AGAR, dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Bacto beef extract 5.00 g 
 Proteose peptone No. 3 3.00 g 
 Bacto tryptone 17.00 g 
 Bacto oxgall 10.00 g 
 Bacto esculin 1.00 g 
 Ferric ammonium citrate 0.50 g 
 Sodium chloride 5.00 g 
 Sodium azide* 0.15 g 
 Bacto agar 15.00 g 
 
 *Note:   Sodium azide is a potent neurotoxin.  Avoid breathing 

dust.  Avoid contact with eyes, skin, and clothing.  Do not allow azide to 
come in contact with metal drain pipes.  Flush with copious amounts of 
water when discarding down drains. 

 
 Suspend 57g in 1L DI and boil to dissolve completely.  Sterilize in 

autoclave for 15 minutes at 121°C.  Do not fully open autoclave door 
until chamber temperature has dropped below 75°C.  Cool medium to 
50°C and aseptically dispense into 100 x 15mm petri plates.  Final pH 
of the medium is 7.1 at 25°C. 

 
Procedure a) Set up test tube rack with a sequence of test tubes which includes at 

least 5 replicate tubes per sample volume and 3 dilutions.  Wastewater 
samples will require additional dilutions. 

 
 b) Use double strength azide dextrose broth tubes for the initial sample 

volume of 10mL per tube.  Use single strength azide dextrose broth 
tubes for all subsequent sample volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into the tubes of azide dextrose broth.  
Use 10mL buffered water blanks to make decimal dilutions of the 
sample for  inoculation. 

 
 d) Incubate tubes for 24 hours at 35°C.  Examine each tube for turbidity at 

the end of 24 hours.  If no definite turbidity is present, reincubate and 
read again at the end of 48 hours. 

 
 e) Transfer a loopful of each positive culture to sections marked off on 

plates of bile esculin azide agar.  Streak for isolated colonies.  Incubate 
inverted agar plates at 35°C for 24 hours.  Brownish-black colonies with 
brown halos confirm the presence of fecal streptococci. 
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 f) Brownish-black colonies with brown halos may be transferred to tubes 
of brain heart infusion broth containing 6.5% NaCl.  Growth in 6.5% 
NaCl broth at 45°C indicates that the colony belongs to the 
enterococcus group. 

 
 g) Only tubes which are positive on bile esculin azide agar within 24 hours 

are used for the calculation of fecal streptococci. 
 
 h) Refer to a standard MPN index (Section 4.6 of the Microbiological 

Quality Assurance/Quality Control section of this manual) for 
calculation of bacterial density.  Note that a minimum of 3 dilutions are 
required for this calculation. Use the set of dilutions which includes the 
highest dilution with all positive tubes and the next two higher dilutions. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9230 A. 
 
Revision History February 14, 1994:  Publication in 1994 Laboratory manual. 
 November 14, 2002:  SEAM Codes replaced by EMS codes.  



E - 72 

Microbiology 
Revision Date: November 14, 2002 

 

Detection of Fecal Streptococci by Most Probable Number (MPN) 
Solids, Soils and Sludge 
 
Parameter Streptococci, fecal 
 
Analytical Method MPN, confirmed : 0454 X390 
And EMS codes 
 
Scope This method describes the probability estimation of the number of fecal 

streptococci from solids, soils  and sludge.  This method is not influenced by 
turbidity, and is the only method which can estimate bacterial numbers in soil 
or sludge. 

 
Principle Fecal streptococci are Gram positive, catalase negative, non-spore forming 

cocci belonging to the Family Deinococcaceae, and the genus Streptococcus.  
There are a number of species represented; S. fecalis, S. fecium, S. avium, 
S. bovis, S. gallinarum and S. equinus all of which belong to Lancefield’s 
Group D.  The larger group of fecal streptococci is further divided into the sub 
group, enterococci.  The enterococci are S. fecalis, S. avium, S. fecium, and 
S. gallinarum.  The normal habitat of fecal streptococci is the gastrointestinal 
tract of animals and humans. 

 
Sample Handling The sample is collected in the field and submitted unpreserved in a sterilized 

water bacteriology bottle or Whirl-Pak™.  The bag sample should be kept at 
4°C until analysis.  Variations in temperature are to be avoided.  Analysis 
must begin within 48 hours of sample collection for results to be valid.  
Minimum volume required for analysis is 50 grams. 

 
Range 0 - 100,000,000 MPN/gram wet weight 
 
Detection Limit 2 MPN/gram. 
 
Interferences None. 
 
Precision There are no standard reference materials for fecal streptococci.  Mean 

recovery of American Type Culture Collection (ATCC) 29212 S.fecalis in 
Azide Dextrose broth confirmed on Bile Esculin Azide agar is 128% at 859 
CFU/100mL. 

 
Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35 ± 0.2°C 

temperature.  
 b) Sterile disposable serological pipettes, 1mL and 10mL. 
 c) Azide dextrose broth. 
 d) Bile esculin azide agar. 
 e) 20mm test tubes with stainless steel closures. 
 f) 18mm test tubes with stainless steel closures. 
 g) Autoclave for steam sterilization of glassware and media. 
 h) Bunsen burner. 
 i) Platinum inoculation loops, 3mm diameter. 
 j) Gram staining reagents (available commercially from Difco). 
 k) Microscope slides and microscope with oil immersion lens. 
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 l) Buffered water dilution blanks, 10mL in 20mm test tubes. 
 m) Buffered water in milk dilution bottles, 100mL. 
 n) Stomacher® or equivalent. 
 o) Sterile Stomacher® bags (available from Canlab.) 
 p) Petri dishes, sterile disposable, 100 x 15mm. 
 
 
Reagents a) STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2P04) in 

500mL deionized water (DI).  Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI.  Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle.  Store at 
4°C.  Discard if solution becomes cloudy. 

 
 b) STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
  Dissolve 38g magnesium chloride (MgCl2) in 1L DI.  Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle.  
Store at 4°C. Discard if solution becomes cloudy. 

 
 c) BUFFERED DILUTION WATER. 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI.  Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
     100mL in milk dilution bottles 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes. 
 
 d) AZIDE DEXTROSE BROTH (DIFCO) SINGLE STRENGTH 
 
  Formula (grams per litre): 
 Bacto beef extract 4.5 g 
 Bacto tryptose 15.0 g 
 Bacto dextrose 7.5 g 
 Sodium chloride 7.5 g 
 Sodium azide* 0.2 g 
 
 *Note:   Sodium azide is a potent neurotoxin.  Avoid breathing 

dust.  Avoid contact with eyes, skin, and clothing.  Do not allow azide to 
come in contact with metal drain pipes.  Flush with copious amounts of 
water when discarding down drains. 

 
 Suspend 34.7g in 1L DI and warm slightly to dissolve completely.  

Dispense 10mL aliquots into 18mm test tubes.  Place 18mm stainless 
steel closures on tubes and sterilize in autoclave for 15 minutes at 
121°C using the liquid.  Final pH of the medium is 7.2 at 25°C. 
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 d)   AZIDE DEXTROSE BROTH - DOUBLE STRENGTH 
 
  See formula listing above. 
 
  Suspend 69.4g in 1L DI and warm slightly to dissolve completely.  

Dispense 10mL aliquots into 20mm test tubes.  Place 20mm stainless 
steel closures on tubes and sterilize in autoclave for 15 minutes at 
121°C. 

 
  Note:  the use of 20mm test tubes.  18mm tubes cannot contain 

the final volume of sample plus medium. 
 
 f)   BILE ESCULIN AZIDE AGAR, dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Bacto beef extract 5.00 g 
 Proteose peptone No. 3 3.00 g 
 Bacto tryptone 17.00 g 
 Bacto oxgall 10.00 g 
 Bacto esculin 1.00 g 
 Ferric ammonium citrate 0.50 g 
 Sodium chloride 5.00 g 
 Sodium azide* 0.15 g 
 Bacto agar 15.00 g 
 
  *Note:   Sodium azide is a potent neurotoxin.  Avoid breathing 

dust.  Avoid contact with eyes, skin, and clothing.  Do not allow azide to 
be in contact with metal drain pipes.  Flush with copious amounts of 
water when discarding down drains. 

 
  Suspend 57g in 1L DI and heat to dissolve completely.  Sterilize in 

autoclave for 15 minutes at 121°C.  Do not fully open autoclave door 
until chamber temperature has dropped below 75°C.  Cool medium to 
50°C and aseptically dispense into 100 x 15mm petri plates.  Final pH 
of the medium is 7.1 at 25°C. 

 
Procedure a) Set up test tube rack with a sequence of test tubes which includes at 

least 5 replicate tubes per sample volume and 3 dilutions.  Most solid 
samples will require additional dilutions. 

 
 b)  Use double strength azide dextrose broth tubes for the initial sample 

volume of 10mL per tube.  Use single strength azide dextrose broth 
tubes for all subsequent sample volumes. 

 
 c) Weight 10g solid sample in sterile Stomacher® bag and add 100mL 

sterile buffered dilution water.  Place original bag within additional bags 
if sample contains bits of vegetation, to strengthen the bag.  Remove 
hard particles such as the occasional rock.  If sample is essentially 
rocky, hand mix rather than stomach.  Place bag containing sample 
and buffer in Stomacher® and stomach for about 30 seconds.  Keep 
material in suspension while measuring the desired volume of the 
sample into the tubes of azide dextrose broth.  Use 10mL buffered 
water blanks for decimal dilutions of sample for inoculation. 
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 d) Incubate tubes for 24 hours at 35°C.  Examine each tube for turbidity at 
the end of 24 hours.  If no definite turbidity is present, reincubate and 
read again at the end of 48 hours. 

 
 e) Transfer a loopful of each positive culture to sections marked off on 

plates of bile esculin azide agar.  Streak for isolated colonies.  Incubate 
inverted agar plates at 35°C for 24 hours.  Brownish-black colonies with 
brown halos confirm the presence of fecal streptococci. 

 
 f) Brownish-black colonies with brown halos may be transferred to tubes 

of brain heart infusion broth containing 6.5% NaCl.  Growth in 6.5% 
NaCl broth at 45°C indicates that the colony belongs to the 
enterococcus group. 

 
 g) Only tubes which are positive on bile esculin azide agar within 24 hours 

are used for the calculation of fecal streptococci. 
 
 h) Refer to a standard MPN Index (see section 4.6 of the Microbiological 

Quality Assurance/Quality Control section of this manual) for 
calculation of bacterial density.  Note that a minimum of 3 dilutions are 
required for this calculation. Use the set of dilutions which includes the 
highest dilution with all positive tubes and the next two higher dilutions. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9230 A. 
 

Revision History February 14, 1994.  Publication in 1994 Laboratory manual. 
 November 14, 2002.  SEAM codes replaced by EMS codes. 
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Microbiology 
Revision Date: November 14, 2002 

 

Membrane Filter (MF) Technique for Fecal Streptococcus in 
Fresh Water, Wastewater and Marine Water 
 
Parameter Streptococci, fecal 
 
Analytical Method Membrane filter : 0454 X022 
and EMS Codes 
 
Scope This method describes the selective isolation of fecal streptococci from fresh 

water, wastewater, and marine water.  Non-turbid water samples are passed 
through a 0.45µm membrane filter which is placed on a selective medium (KF 
agar) for 48 hours incubation at 35°C for growth of fecal streptococcal 
colonies. 

 
Principle Fecal streptococci are Gram positive, catalase negative, non-spore forming 

cocci belonging to the Family Deinococcaceae, and the genus Streptococcus.  
There are a number of species represented, S. fecalis,    S. fecium, S. avium, 
S. bovis, S. gallinarum  and S. equinus all of which belong to Lancefield’s 
Group D.  The larger group of  fecal streptococci are further divided into the 
sub group, enterococci.  The enterococci are S. fecalis,    S. aviums,  S. 
fecium, and S. gallinarum.  The normal habitat of fecal streptococci is the 
gastrointestinal tract of animals and humans.  In general, the fecal 
streptococci include species which are thought to be abundant in animal and 
avian sources, and proposals have been made to examine the relationship of 
fecal streptococci to fecal coliforms in order to determine whether 
contamination is of animal or human origin.  Fecal streptococci can survive 
longer than fecal coliforms in water, and so great care must be taken to 
interpret the results of such ratios.  For the most part, one-time sampling of 
an unknown source will not provide enough information to make a definitive 
statement as to the origin of such enteric bacteria. 

 
Sample Handling The sample is collected in the field in a sterilized water bacteriology bottle 

and submitted unfiltered and unpreserved. Chlorinated water samples should 
be treated with sodium thiosulfate (final concentration 0.01% w/v) to 
neutralize the bactericidal effect of chlorine. The sample should be kept at 
4°C until analysis. Analysis must begin within 48 hours of sample collection 
for results to be valid. Minimum volume required for analysis is 125 mL. 

 
Range 0 - 100,000,000 CFU/100mL  
 
Detection Limit a)  for duplicate 50mL samples the detection limit is 2 CFU/100mL. 

  b) for a total of 100mL the detection limit is 1 CFU/100mL 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organisms.  Residual chlorine in chlorinated water must be 
neutralized with sodium thiosulfate at time of sampling. 

 
Precision There are no standard reference materials for fecal streptococci.  Mean 

recoveries of American Type Culture Collection (ATCC) cultures of S. fecalis 
on KF Streptococcus agar are 105% at 113 CFU/100mL and 101% at 11.3 
CFU/100mL, with coefficients of variation of 8.7% and 16% respectively. 
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Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35°C ± 0.5°C 

temperature. 
 b) Sterile disposable serological pipettes, 1mL and 10mL. 
 c) Sterile 100mL or 50mL glass graduated cylinders. 
 d) Sterile disposable petri dishes, 50mm x 12mm with tight fitting lids. 
 e) Sterile disposable petri dishes, 100mm x 12mm. 
 f) KF streptococcus agar. 
 g) Brain heart infusion agar (BHIA). 
 h) Hydrogen peroxide 3%. 
 i) Autoclave for steam sterilization of glassware and media. 
 j) Bunsen burner. 
 k) Platinum inoculation loops, 3mm diameter. 
 l) 250mL glass filtration units (Millipore or equivalent), sterilized and 

wrapped in aluminum foil or kraft paper. 
 m) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 n) Vacuum source. 
 o) Vacuum flask and manifold to hold filtration units. 
 p) Smooth tipped forceps. 
 q) 95% ethanol, undenatured. 
 r) Gram staining reagents (available commercially from Difco). 
 s) Microscope slides and microscope with oil immersion lens. 
 t) Stereobinocular microscope with cool white fluorescent light source. 
 
Reagents a)  STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI).  Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI.  Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle.  Store at 
4°C.  Discard if solution becomes cloudy. 

 
 b)   STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
  Dissolve 38g magnesium chloride (MgCl2) in 1L DI.  Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle  
Store at 4°C. Discard if solution becomes cloudy. 

 
 c)   BUFFERED DILUTION WATER. 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI.  Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
     100mL in milk dilution bottles 
  Rinse water:  1500mL per 2L Erlenmeyer flask 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes; for larger 

volumes, increase the time as appropriate to achieve sterilization. 
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 d)   KF STREPTOCOCCUS AGAR, dehydrated (DIFCO) 
 
  Formula (grams per litre): 
  a)  Proteose Peptone No.3 10.000 g 
  Bacto yeast extract 10.000 g 
  Sodium chloride 5.000 g 
  Sodium glycerophosphate 10.000 g 
  Maltose 20.000 g 
  Lactose 1.000 g 
  Sodium azide* 0.400 g 
  Bacto brom cresol purple 0.015 g 
  Bacto agar 20.000 g 
 
  *Note:   Sodium azide is a potent neurotoxin.  Avoid breathing 

dust.  Avoid contact with eyes, skin, and clothing.  Do not allow azide to 
come in contract with metal drain pipes.  Flush with copious amounts of 
water when discarding down drains. 

 
  Suspend 56.4g in 1L DI and heat to dissolve completely.  Continue to 

boil for 5 minutes, watching that it does not boil over.  DO NOT 
AUTOCLAVE.  Cool to 50°C and add 1mL of 1% TTC per 100 mL KF 
agar.  Do not reheat medium after TTC has been added.  Dispense 
4mL per 50mm sterile petri plate.  Store plates at 4°C for up to 1 
month.   

 
 e)   Triphenyltetrazolium chloride (TTC) 
 
  Make a 1% solution by suspending 0.1g in 10mL sterile DI.  Vortex to 

dissolve. DO NOT HEAT.  Use immediately.  Do not store solution. 
 
 f)   BRAIN HEART INFUSION AGAR (BHIA), dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Calf brain infusion 200.0 g 
 Beef heart infusion 250.0 g 
 Proteose peptone 10.0 g 
 Dextrose 2.0 g 
 Sodium chloride 5.0 g 
 Disodium phosphate 2.5 g 
 Agar 15.0 g 
 
  Suspend 52g in 1L DI and heat to dissolve completely.  Sterilize in the 

autoclave for 15 minutes at 121°C.  Cool to 45-50°C and aseptically 
dispense 15-17mL portions into 100mm petri dishes. 

 
Procedure a) Place a sterile membrane filter on a sterile filter base, grid side up, and 

attach the funnel to the base of the filter unit. 
 
 b) Select a sample volume to produce 20 - 80 colonies on the membrane 

filter. Decimal dilutions are prepared in 10mL buffered water dilution 
blanks.  Do not filter less than 10mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into a sterile graduated cylinder for 
volumes of 20mL or more, or pipet directly into the funnel for volumes 
of 10mL or decimal dilutions of 10mL. 
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 d) Filter the sample and rinse the sides of the funnel with 20 - 30mL sterile 
buffered water.  Turn off the vacuum and remove the funnel from the 
filter base. 

 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on KF streptococcus agar plate.  Reset if air bubbles are 
trapped under the filter. 

 
 f) Filter the samples in order of increasing sample concentration and/or 

volume, low bacterial density to high. 
 
 g) Prepare duplicate filters for each concentration or volume filtered.  

Incubate KF streptococcus agar plates for 48 hours at 35 ± 0.5°C. 
 
 h) Count red and pink colonies appearing after 48 hours incubation.  Do 

not count buff or white colonies.  For confirmation, pick individual 
colonies and prepare smears as follows: 

 
  1) Emulsify single colony in drop of DI on microscope slide and 

allow to air dry. 
  2) Heat fix smear by briefly passing slide through bunsen flame.  

Slide should be warm to touch on the back of hand, but not hot 
enough to burn. 

  3) Rest slide on a staining rack suspended over a sink.  Cover 
smear with Gram’s Crystal Violet for 1 minute. 

  4) Wash crystal violet off and cover smear with Gram’s Iodine for 1 
minute. 

  5) Wash iodine off and briefly decolorize with Gram’s acetone 
alcohol.  A faint violet colour should still be present in wash. 

  6) Counterstain with Gram’s safranine for 30 seconds to 1 minute. 
  7) Wash slide well and blot dry. 
  8) Examine slide with oil immersion microscope.  Streptococcus sp. 

are Gram-positive, slightly lanceolate cocci, cleaving on one 
plane. 

 
   Continue confirmation by picking a colony and emulsifying in 3% H2O2.  

Presence of bubbles in H2O2 is positive for catalase activity.  
Streptococcus sp. are catalase negative.  The major source of false 
positives on KF agar are Staphylococcus sp., which are also gram 
positive cocci, but which cleave in more than one plane and are 
catalase positive. 

 
Data Analysis a) Calculate the bacterial density of Fecal Streptococci using the following 

formula: 
 
  (*CFU/100mL) =Mean number of fecal streptococci   x 100 
                                                                Volume of sample filtered 
 
  * colony forming units 

 
 b) Counts on plates with less than 20 colonies are noted as “estimated” 

counts. 
 
 c) Plates with no colonies are reported as less than the calculated 

value/100mL based on the single largest volume filtered.  Values are 
routinely reported as <2 CFU/100mL for largest single volume of 50mL.  
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However, if there are no colonies on either of the 50mL duplicate plates 
the volume may be taken as 100mL and reported as 1 CFU/100mL. 

 
Quality Control 95% confidence limits for membrane filtration plate counts are calculated as 

follows: 
 
 Counts between 1 - 10 Counts between 11 - 20 
 
 Counts Lower Upper Counts Lower Upper 
 
 1 0.0 3.7 11 5.4 19.7 
 2 0.025 5.6 12 6.2 21.0 
 3 0.24 7.2 13 6.9 22.3 
 4 1.1 10.2 14 7.7 23.5 
 5 1.6 11.7 15 8.4 24.8 
 6 2.2 13.1 16 9.4 26.0 
 7 2.8 14.4 17 9.9 27.2 
 8 3.5 15.8 18 10.7 28.4 
 9 4.1 17.1 19 11.5 29.6 
 10 4.8 18.4 20 12.2 30.8 
 
 For counts greater than 20 use the following formulae: 
 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9230. 
 b) Dutka, B.  Membrane Filtration:  Applications, Techniques and 

Problems. Bernard Dutka (Ed.)  Marcel Dekker, Inc. New York, 1981. 
 c) Environmental Laboratory, Ministry of Environment and Parks. 

(unpublished)“Fecal Streptococci Membrane Filter (MF) Analysis.” pp 
1-8. 

 
Revision History February 14, 1994.  Publication in 1994 Laboratory manual. 
 November 14, 2002.  SEAM codes replaced by EMS codes   
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Microbiology 
Revision Date: November 14, 2002 

 

Enterococci Membrane Filter Technique (MF) for Fresh Water, 
Wastewater and Marine Water 
 
Parameter Enterococci 
 
Analytical Method Membrane filter : 0148 X022 
and EMS Codes 
 
Scope This method describes the selective isolation of enterococci from fresh water, 

wastewater, and marine water.  Non-turbid water samples are passed 
through a 0.45 µm membrane filter which is placed on a selective medium 
(mE agar) for 48 hours incubation at 41°C for growth of enterococci.  
Colonies are confirmed as enterococci by positive esculin hydrolysis on 
esculin iron agar. 

 
Principle Enterococci are Gram-positive, catalase negative, non-spore-forming cocci 

belonging to the Family Deinococcaceae, and the genus Streptococcus.  
There are a number of species represented; S. fecalis,   S. fecalis subsp. 
liquefaciens, S. fecalis subsp. zymogenes, S. faecium,   S. gallinarium and S. 
avium, all of which belong to Lancefield's Group D.  The normal habitat of 
enterococci is the gastrointestinal tract of animals and humans.  The 
enterococci are used as bacterial indicators of fecal contamination of 
recreational surface waters.  Studies of marine and fresh water bathing 
beaches show a relationship between swimming-related gastroenteritis and 
the quality of the bathing water. Enterococci tend to survive longer than fecal 
coliforms, particularly in transit and are well suited as indicator organisms. 
Water quality guidelines for recreational waters of 33 CFU/100 mL (fresh) or 
35 CFU/ 100mL (marine) have been proposed by the USEPA (1986). 

 
Sample Handling Samples are collected in the field in a sterilized water bacteriology bottle and 

submitted unfiltered and unpreserved.  Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine.  The sample should be kept at 4°C until 
analysis. Analysis must begin within 24 hours of sample collection for results 
to be valid. Minimum volume required for analysis is 125mL. 

 
Detection Limit a) for 50mL samples the detection limit is 2 CFU/100mL. 
 b) for a total of 100mL the detection limit is 1 CFU/100mL. 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organisms. Residual chlorine in chlorinated water must be 
neutralized with sodium thiosulfate at time of sampling.  

 
Precision There are no standard reference materials for enterococci.  American Type 

Culture Collection (ATCC) cultures of S. fecalis may be used to test 
performance and recovery on mE agar. 

 
 



E - 82 

Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 41±0.5°C temperature.  
 b) Sterile disposable serological pipettes, 1 mL and 10mL. 
 c) 100mL or 50mL glass graduated cylinders, sterilized. 
 d) Sterile disposable petri dishes, 50mm x 12mm  with tight fitting lids. 
 e) Sterile disposable petri dishes, 100mm x 15mm. 
 f) mE Agar, or M-E Agar Base. 
 g) Esculin Iron Agar [EIA]. 
 h) Brain Heart Infusion Agar [BHIA]. 
 i) Hydrogen peroxide 3% (U.S.P.). 
 j) Autoclave for steam sterilization of glassware and media and/or 

ultraviolet (UV) light source for disinfection of filter units. 
 k) Bunsen burner. 
 l) Platinum inoculation loops, 3mm diameter. 
 m) Glass filtration units, 250mL (Millipore® or equivalent), wrapped in kraft 

paper or aluminum foil and sterilized. 
 n) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 o) Vacuum source. 
 p) Vacuum flask and manifold to hold filtration units. 
 q) Smooth tipped forceps. 
 r) 95% ethanol, undenatured. 
 s) Gram staining reagents. 
 t) Microscope slides and microscope with oil immersion lens. 
 u) Stereobinocular microscope with cool white fluorescent light source.  
 v) Milk dilution bottles or sterile, disposable dilution blanks, 90mL and 

99mL. 
 w) Glass test tubes, 20mm. 
 x) Stainless steel test tube closures. 
 
Reagents a)   STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
 Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water or distilled water (DI).  Adjust to pH 7.2 ± 0.5 
with 1N sodium hydroxide (NaOH), and dilute to 1L with DI.  Filter 
through a sterile 0.22µm pore size membrane filter into a sterile amber 
bottle. Store at 4°C.  Discard if solution becomes cloudy. 

 
 b)   STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
 Dissolve 38g magnesium chloride (MgCl2) in 1L DI.  Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle.  
Store at 4°C. Discard if solution becomes cloudy. 

 
 c)   BUFFERED DILUTION WATER. 
 
 Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and make to volume with DI.  Dispense into 
appropriate containers as follows: 

 
 Dilution blanks: 10mL in 20mm test tubes 
  90mL in milk dilution bottles 
 Rinse water: 1500mL per 2L Erlenmeyer flask  
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 Autoclave 10-100mL volumes at 121°C for 15 minutes; for larger 
volumes, increase the time as appropriate to achieve sterilization 
(follow recommendations of autoclave manufacturer). 

 
 d)   BUFFERED DILUTION WATER - ALTERNATIVE (USEPA) 
 
 Sodium dihydrogen phosphate (NaH2PO4) 0.58 g 
 Sodium monohydrogen phosphate (Na2HPO4) 2.50 g 
 Sodium chloride (NaCl) 8.50 g 
 
 Dissolve the ingredients in 1 L DI and dispense in appropriate amounts 

as listed above for dilution blanks.  Autoclave at 121°C for 15 minutes. 
Final pH of buffer should be 7.4 ± 0.2. 

 
 e) mE AGAR (DIFCO®) 
 
 Note:   Use commercial formulations when possible. 
 
 1)   Triphenyl tetrazolium chloride [TTC] 
  Make a 1% solution by suspending 0.1g in 10mL sterile DI.  

Vortex to dissolve. DO NOT HEAT.  Use immediately.  Do not 
store solution. 

 
 2)   Nalidixic Acid 
  Suspend 0.25g nalidixic acid in 5mL DI;  add a few drops of 0.1N 

NaOH to dissolve the acid. 
 
   3)   Formula (grams per litre): 
 Bacto yeast extract 30.0 g 
 Bacto peptone 10.0 g 
 Sodium chloride 15.0 g 
 Esculin 1.0 g 
 Actidione 0.05 g 
 Sodium azide* 0.15 g 
 Bacto agar 15.0 g 
 
  *Note:   Sodium azide is a potent neurotoxin.  Avoid 

breathing dust. Avoid contact with eyes, skin, and clothing.  Do 
not allow azide to come in contract with metal drain pipes.  Flush 
with copious amounts of water when discarding down drains. 

 
  Suspend 35.6g mE powdered medium in 500mL DI in a 1L 

Erlenmeyer flask and heat to boiling to dissolve completely.  
Autoclave medium for 15 minutes at121°C. Cool to 45 - 50°C 
and add 1.5mL 1% TTC and 0.5mL dissolved nalidixic acid per 
100 mL mE agar (7.5 mL 1% TTC and 2.5 mL nalidixic acid per 
500 mL mE agar).  Do not reheat medium after TTC has been 
added.  Dispense 4 mL  medium per 50mm sterile petri plate.  
Store plates at 4°C for up to 1 month. 

 
 f)   ESCULIN IRON AGAR [EIA] (DIFCO) 
 
 Formula (grams per litre): 
 Esculin 1.0 g 
 Ferric ammonium citrate 0.5 g 
 Bacto agar 15.0 g 
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  Suspend 8.25g medium in 500mL DI in a 1L Erlenmeyer flask and heat 

to dissolve completely.  Autoclave medium for 15 min at 121°C.  Cool 
to 45 - 50°C and dispense 4mL per 50mm sterile petri plate.  Store 
plates at 4°C for up to 1 month. 

 
 g)   BRAIN HEART INFUSION AGAR [BHIA], dehydrated (DIFCO) 
 
  Formula (grams per litre): 
  Calf brain infusion 200.0 g 
  Beef heart infusion 250.0 g 
  Proteose peptone  10.0 g 
  Dextrose 2.0 g 
  Sodium chloride 5.0 g 
  Disodium hydrogen phosphate 2.5 g 
  Agar 15.0 g 
 
  Suspend 52g in 1L DI and boil to dissolve completely.  Autoclave for 15 

minutes at 121°C. Cool to 45-50°C and aseptically dispense 15-17mL 
into 100mm petri dishes. 

 
Procedures a) Place a sterile membrane filter on a sterile filter base, grid side up, and 

attach the funnel to the base of the filter unit. 
 
 b) Select a sample volume to produce 20-80 colonies on the membrane 

filter. Decimal dilutions are prepared in 90 mL buffered water dilution 
blanks.  Do not filter less than 10 mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into a sterile graduated cylinder for 
volumes of 20mL or more, or pipet directly into the funnel for volumes 
of 10mL or 10mL volumes of decimal dilutions. 

 
 d) Filter the sample and rinse the sides of the funnel with 20 - 30mL sterile 

buffered water.  Turn off the vacuum and remove the funnel from the 
filter base. 

 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on mE agar plate.  Reset if air bubbles are trapped under 
the filter. 

 
 f) Filter the samples in order of increasing sample concentration and/or 

volume, low bacterial density to high. 
 
 g) Prepare duplicate filters for each concentration or volume filtered.  

Incubate mE agar plates for 48 hours at 41± 0.5°C. 
 
 h) Note red and pink colonies appearing after 48 hours incubation. 
 
 i) Lift membrane from surface of mE agar and reset on warmed esculin 

iron agar.  Incubate for up to 20 min at 41°C.  Count red or pink 
colonies that produce a black zone of hydrolysis on the EIA.  Lift the 
filter to confirm positive hydrolysis.  Do not count buff or white colonies. 

 
 j) For additional confirmation, purify individual colonies on BHIA, incubate 

and pick isolated colonies for smears as follows: 
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 1) Emulsify single colony in drop of DI on microscope slide and 
allow to air dry. 

 2) Heat-fix smear by briefly passing slide through bunsen flame.  
Slide should be warm to the touch on back of hand, but not hot 
enough to burn. 

 3) Rest slide on a staining rack suspended over a sink or staining 
tray.  Cover smear with Gram's crystal violet for 1 minute. 

 4) Wash crystal violet off and cover smear with Gram's iodine for 1 
minute. 

 5) Wash iodine off and briefly decolorize with Gram's acetone 
alcohol.  A faint violet colour should still be present in wash. 

 6) Counterstain with Gram's safranine for 30 seconds to 1 minute. 
 7) Wash slide well and blot dry.   
 8) Examine slide with oil immersion microscope.  Streptococcus sp. 

are Gram-positive, slightly lanceolate cocci, cleaving in one 
plane.   

 
  Continue confirmation by picking a colony and emulsifying in 3% H2O2.  

Presence of bubbles in hydrogen peroxide is positive for catalase 
activity.  Streptococcus sp. are catalase-negative. 

 
Data Analysis a) Calculate the bacterial density using the following  formula: 
 
  Enterococci(*CFU/100mL) = Mean number of enterococci  X 100 
                                            Volume of sample filtered 
  *Colony forming units 
 
 b) Counts on plates with less than 20 colonies are noted as "estimated" 

counts. 
 
 c) Plates with no colonies are reported as less than the calculated 

value/100mL based on the single largest volume filtered.  Values are 
routinely reported as <2 CFU/100mL for largest single volume of 50mL.  
If there are no colonies on either of the 50 mL duplicate plates the 
volume may be taken as 100mL and reported as <1 CFU/100mL.   

 
Quality Control a) From time to time positive sample plates should be read or reread by 

another analyst to confirm counts of typical colonies. 
 
 b) 95% confidence limits for membrane filtration plate counts are 

calculated as follows: 
 
  Counts between 1 - 10 Counts between 11 - 20  
 
 Counts Lower Upper Counts Lower  Upper  
 
 1 0.0 3.7 11 5.4  19.7 
 2 0.025 5.6 12 6.2 21.0 
 3 0.24 7.2 13 6.9 22.3 
 4 1.1 10.2 14 7.7 23.5 
 5 1.6 11.7 15 8.4 24.8 
 6 2.2 13.1 16 9.4 26.0 
 7 2.8 14.4 17 9.9 27.2 
 8 3.5 15.8 18 10.7 28.4 
 9 4.1 17.1 19 11.5 29.6 
 10 4.8 18.4 20 12.2 30.8 
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 For counts greater than 20 use the following formulae: 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9230. 
 b) Dutka, B.  Membrane Filtration  Applications, Techniques and 

Problems. Bernard Dutka (Ed.)  Marcel Dekker, Inc. New York, 1989. 
 c) USEPA.  Ambient Water Quality Criteria for Bacteria - 1986. 

EPA-440/5-84-002, U.S. Environmental Protection Agency, 
Washington, D.C., 1986. 

 d) Environmental Laboratory, Ministry of Environment and Parks.  
(Unpublished) "Enterococci Membrane Filter (MF) Analysis."  pp 1-9. 

 
Revision History February 14, 1994.  Publication in 1994 Laboratory Manual. 
 November 14, 2002.  SEAM Codes replaced by EMS codes. 
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Multiple - Tube Technique (MPN) for Salmonella in Fresh Water, 
Wastewater and Marine Water 
 
Parameter Salmonella 
 
Analytical Method Confirmed MPN: SALM X015 
and EMS Codes 
 
Scope This method describes the probability estimation of the numbers of 

salmonella from fresh water, wastewater, and marine water. Salmonella are 
grown in enrichment broth (Tetrathionate broth) and confirmed by isolation on 
selective media (XLD agar) and subsequent serotyping with specific 
Salmonella "O" antisera and biochemical reactions in API 20E® strips 
(Analytab Products). 

 
Principle Salmonella belong to the Family Enterobacteriaceae and are Gram negative, 

motile, non-sporeforming rods that ferment glucose but not lactose. 
Salmonella are enteric pathogens which can cause gastroenteritis. 
Salmonella are the most common cause of bacterial diarrhoea in North 
America, and are carried in the intestinal tracts of many animal species and 
humans. Although salmonella are long-lived in the environment, they are 
often difficult to document due to their low numbers in receiving waters. 

 
Sample Handling The sample is collected in the field and submitted unfiltered and unpreserved 

in a sterilized water bacteriology bottle.  Chlorinated water samples should be 
treated with sodium thiosulfate (final concentration 0.01% w/v) to neutralize 
the bactericidal effect of chlorine. The sample should be kept at 4°C until 
analysis. Analysis must begin within 48 hours of sample collection for results 
to be valid. Minimum volume required for analysis is 75 mL. 

 
Detection Limit 2 MPN/100mL 
 
Interferences The occurrence of salmonella in water is highly variable and there are 

limitations in the sensitivity and selectivity of isolation procedures for the 
detection of the more than 1700 salmonella serotypes currently recognized. A 
negative result may not imply the absence of salmonella. Residual chlorine in 
chlorinated water must be neutralized with sodium thiosulfate at time of 
sampling. 

 
Precision There are no standard reference materials for salmonella.  Mean recovery of 

American Type Culture Collection (ATCC) 14028 S. typhimurium in 
tetrathionate broth confirmed on XLD agar is 80% and 125% for seeded 
inocula of 1730 and 20.3 CFU/100mL with coefficients of variation of 23% 
and 18% respectively. 

 
Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35°C ± 0.5°C 

temperature.  
 b) Sterile disposable serological pipettes, 1 mL and 10mL. 
 c) Tetrathionate broth base. 
 d) XLD agar. 
 e) BHI agar. 
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 f) 18mm test tubes with stainless steel closures. 
 g) 20mm test tubes with stainless steel closures. 
 h) Autoclave for steam sterilization of glassware and media. 
 i) Bunsen burner. 
 j) Platinum inoculation loops, 3mm diameter. 
 k) Gram staining reagents (available commercially from Difco). 
 l) Microscope slides and microscope with oil immersion lens. 
 m) Buffered water dilution blanks, 10mL in 20mm test tubes. 
 n) Petri dishes, sterile disposable, 100 x 15mm. 
 o) API 20E® strips (API Analytab Products). 
 p) Salmonella O Grouping Antisera (BBL) 
 q) Laminar flow biohazard hood. 
 
Reagents a)   STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b)   STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
  Dissolve 38g magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c)   BUFFERED DILUTION WATER. 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
    100mL in milk dilution bottles 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes. 

 
 d)   TETRATHIONATE BROTH BASE (DIFCO) SINGLE STRENGTH 
 
  Formula (grams per litre): 
 i) Proteose peptone 5.0 g 
   Bacto bile salts 1.0 g 
   Sodium thiosulfate 30.0 g  
   Calcium carbonate 10.0 g 
 
 ii) Iodine-iodide solution 
   Iodine crystals* 6.0 g 
   Potassium Iodide 5.0 g 
   DI 20.0 mL 
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  Grind iodine crystals with potassium iodide with a mortar and pestle. 
Dissolve in DI. 

 
  *Note:  Crystalline iodine is extremely volatile and corrosive. Do 

not use foil to cover beaker. Use fume hood and wear gloves when 
handling crystalline iodine. 

 
  Suspend 46g powdered medium in 1L deionized water and heat to 

boiling. Cool below 60°C. Add 20mL iodine-iodide solution per litre 
tetrathionate broth base. Do not heat medium after adding iodine. 
Dispense 10mL quantities into sterile test tubes. Use medium the same 
day it is prepared. Final pH should be 8.4 ± 0.2 at 25°C. 

 
 d)   TETRATHIONATE BROTH BASE - DOUBLE STRENGTH: 
 
  Formula as listed above. 
  Suspend 46g in 500mL deionized water and proceed as instructed 

above, using 40mL iodine-iodide solution per litre. 
 
 f)   XLD AGAR, dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Bacto yeast extract 3.00 g 
 L-lysine 5.00 g 
 Xylose 3.75 g 
 Lactose 7.50 g 
 Saccharose 7.50 g 
 Sodium desoxycholate 2.50 g 
 Ferric ammonium citrate 0.80 g 
 Sodium thiosulfate 6.80 g 
 Sodium chloride 5.00 g 
 Bacto agar 15.00 g 
 Phenol red 0.08 g 

 
Suspend 57g in 1L deionized water and heat to dissolve completely. Avoid 
overheating. Do not autoclave. Cool to 55°C and dispense 17 - 20mL into 
sterile petri plates. Final pH 7.4 ± 0.2 at 25°C. 

 
 g) BRAIN HEART INFUSION AGAR, dehydrated (BHIA) (DIFCO) 
 
 Formula (grams per litre): 
 Calf brain infusion  200.0 g 
 Beef heart infusion  250.0 g 
 Proteose peptone  10.0 g 
 Dextrose  2.0 g 
 Sodium chloride  5.0 g 
 Disodium phosphate 2.5 g 
 Bacto agar 15.0 g 
 
  Suspend 52g powdered medium in 1L deionized water and heat to 

boiling to dissolve completely.  Autoclave for 15 minutes at 121°C. 
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 h)   NORMAL SALINE 
  Sodium Chloride 8.5 g 
  DI 1.0 L 
 
  Dissolve NaCl in DI and autoclave 100mL aliquots in milk dilution 

bottles for 15 minutes at 121°C. 
 
Procedure a) Set up test tube rack with a sequence of test tubes which includes at 

least 5 replicate tubes per sample volume and 3 dilutions. Wastewater 
samples will require additional dilutions. 

 
 b) Use double strength tetrathionate broth tubes for the initial sample 

volume of 10mL per tube. Use single strength tetrathionate broth tubes 
for all subsequent sample volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into the tubes of tetrathionate broth. Use 
10mL buffered water blanks to make decimal dilutions of sample for 
inoculation. 

 
 d) If required, filter 50-100mL non-turbid sample through a 0.45µm filter 

and add filter directly to a tube of single strength tetrathionate broth. 
 
 e) Incubate tubes for 48 hours at 35°C. 
 
 f) Transfer a loopful of each culture to sections marked off on plates of 

XLD agar. Streak for isolated colonies. Incubate inverted agar plates at 
35°C for 24 hours. 

 
 g) Pick any red colonies with black centres to purify on BHIA and incubate 

for 18-24 hours at 35°C. 
 
 h) Mark off two ovals on a microscope slide and place a drop of saline 

and a drop of polyvalent "O" antiserum in either oval. Make a 
suspension of a well-isolated colony from BHIA first in the saline and 
then in the antiserum. Continue rocking the slide to insure adequate 
mixing for 1-2 minutes. Salmonella spp. will produce a strong positive 
agglutination in the polyvalent "O" antiserum with no agglutination in the 
saline control. If there is a questionable agglutination, specific antisera 
may be screened. Each Salmonella sp.  will react with only one specific 
"O" antiserum in addition to the polyvalent antiserum. If the saline 
control agglutinates, the organism is self-agglutinating or rough, and 
must be confirmed by biochemical reaction. 

 
 i) For biochemical confirmation of Salmonella spp. make a suspension in 

saline and proceed according to the instructions for inoculating and 
incubating an API 20E strip. 

 



E - 91 

 j) Count only those tubes containing growth subsequently found to be 
salmonella for calculations. Note that Proteus sp., Citrobacter sp. and 
Arizona sp. can sometimes resemble Salmonella sp. on XLD agar. 
Only salmonella will agglutinate with polyvalent "O" antiserum. The 
biochemical profile of each genus is specific. Refer to a standard MPN 
index (Section 4.6 of the Microbiological Quality Assurance/Quality 
Control section of this manual) for calculation of bacterial density. Note 
that a minimum of 3 dilutions are required for this calculation. Use the 
set of dilutions which includes the highest dilution with all positive tubes 
and the next two higher dilutions. 

 
  *Note that all Salmonella are potentially pathogenic. All plates and 

suspensions must be handled in a biohazard hood. All refuse and 
spent media must be autoclaved for 45 minutes at 121°C before 
disposal. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9260. 
 b) Bartlett, K.H. and Trust, T.J.  "Isolation of Salmonella and Other 

Potential Pathogens from the Freshwater Aquarium Snail Amullaria." 
Applied and Environmental Microbiology 31: 635-639, 1976. 

 c) Edgar, D. and Soar, M.S.  "Evaluation of Culture Media for the Isolation 
of Salmonellas from Sewage Sludge.” Journal of Applied Bacteriology 
47: 237-241, 1979. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 November 14, 2002:  SEAM Codes replaced by EMS codes. 



E - 92 

Microbiology 
Revision Date: November  14, 2002 

 

Multiple Tube Technique (MPN) for Salmonella in Solids 
 
Parameter Salmonella 
 
Analytical Method Confirmed MPN : SALM X390 
and EMS codes 
 
Scope This method describes the probability estimation of the numbers of 

salmonella from soils, sludge or other solids. Salmonella are grown in 
enrichment broth (Tetrathionate broth) and confirmed by isolation on selective 
media (XLD agar) and subsequent serotyping with specific Salmonella "O" 
antisera and biochemical reactions in API 20E® strips (Analytab Products). 

 
Principle Salmonella belong to the Family Enterobacteriaceae and are Gram negative, 

motile, non-sporeforming rods that ferment glucose but not lactose. 
Salmonella are enteric pathogens which can cause gastroenteritis. 
Salmonella are the most common cause of bacterial diarrhoea in North 
America, and are carried in the intestinal tracts of many animal species and 
humans. Composted sewage sludge must be proven to be salmonella free 
before being transported or used as a soil additive. 

 
Sample Handling The sample is collected in the field and submitted unpreserved in a sterilized 

bottle or Whirl-Pak™ bag.  The sample should be kept at 4°C until analysis. 
Analysis must begin within 48 hours of sample collection for results to be 
valid. Minimum weight required for analysis is 75 grams. 

 
Detection Limit 2 MPN/gram 
 
Interferences There are limitations in the sensitivity and selectivity of isolation procedures 

for the detection of the more than 1700 salmonella serotypes currently 
recognized. A negative result may not imply the absence of salmonella. 

 
Precision There are no standard reference materials for salmonella.  Mean recovery of 

American Type Culture Collection (ATCC) 14028 S.typhimurium in 
tetrathionate broth confirmed on XLD agar is 80% and 125% for seeded 
inocula of 1730 and 20.3 CFU/100mL with coefficients of variation of 23% 
and 18%, respectively. 

 
Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 35°C ± 0.5°C 

temperature. 
 b) Sterile disposable serological pipettes, 1mL and 10mL. 
 c) Tetrathionate broth base. 
 d) XLD agar. 
 e) BHI agar. 
 f) 18mm test tubes with stainless steel closures. 
 g) 20mm test tubes with stainless steel closures. 
 h) Autoclave for steam sterilization of glassware and media. 
 i) Bunsen burner. 
 j) Platinum inoculation loops, 3mm diameter. 
 k) Gram staining reagents (available commercially from Difco). 
 l) Microscope slides and microscope with oil immersion lens. 
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 m) Buffered water dilution blanks, 10mL in 20mm test tubes. 
 n) Petri dishes, sterile, disposable, 100 x 15mm. 
 o) API 20E® strips (API Analytab Products). 
 p) Salmonella O Grouping Antisera (BBL). 
 q) Laminar flow biohazard hood. 
 r) Stomacher®. 
 s) Sterile Stomacher® bags (Canlab). 
 
Reagents a)   STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
  Dissolve 34.0g potassium dihydrogen phosphate (KH2PO4) in 500mL 

deionized water (DI).  Adjust to pH 7.2 ± 0.5 with 1N sodium hydroxide 
(NaOH), and dilute to 1L with DI.  Filter through a sterile 0.22µm pore 
size membrane filter into a sterile amber bottle. Store at 4°C. Discard if 
solution becomes cloudy. 

 
 b)   STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
  Dissolve 38g magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c)   BUFFERED DILUTION WATER. 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
  Dilutions blanks: 10mL in 20mm test tubes 
    100mL in milk dilution bottles 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes. 
 
 d)   TETRATHIONATE BROTH BASE (DIFCO) SINGLE STRENGTH 
 
  Formula (grams per litre): 
 
 i) Proteose peptone  5.0 g 
  Bacto bile salts 1.0 g 
  Sodium thiosulfate 30.0 g 
  Calcium carbonate 10.0 g 
 
 ii) Iodine-iodide solution 
  Iodine crystals* 6.0 g 
  Potassium Iodide 5.0 g 
  DI 20.0 mL 
 
  Grind iodine crystals with potassium iodide with a mortar and pestle. 

Dissolve in DI. 
 

*Note: Crystalline iodine is extremely volatile and corrosive. Do not use 
foil to cover beaker. Use fume hood and wear gloves when handling 
crystalline iodine. 
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  Suspend 46g powdered medium in 1L deionized water and heat to 

boiling. Cool below 60°C. Add 20mL iodine-iodide solution per litre of 
tetrathionate broth base. Do not heat medium after adding iodine. 
Dispense 10mL quantities into sterile test tubes. Use medium the same 
day it is prepared. Final pH should be 8.4 ± 0.2 at 25°C. 

 
 e) TETRATHIONATE BROTH BASE - DOUBLE STRENGTH: 
 
  Formula as listed above. 
 
  Suspend 46g in 500mL deionized water and proceed as instructed 

above, using 40mL iodine-iodide solution per litre. 
 
 f)   XLD AGAR, dehydrated (DIFCO) 
 
 Formula (grams per litre): 
 Bacto yeast extract 3.00 g 
 L-lysine 5.00 g 
 Xylose 3.75 g 
 Lactose 7.50 g 
 Saccharose 7.50 g 
 Sodium desoxycholate 2.50 g 
 Ferric ammonium citrate 0.80 g 
 Sodium thiosulfate 6.80 g 
 Sodium chloride 5.00 g 
 Bacto agar 15.00 g 
 Phenol red 0.08 g 
 
  Suspend 57g in 1L deionized water and boil to dissolve completely. 

Avoid overheating. Do not autoclave. Cool to 55°C and dispense 17-
20mL into sterile petri plates. Final pH should be 7.4 ± 0.2 at 25°C. 

 
 g) BRAIN HEART INFUSION AGAR, dehydrated (BHIA) (DIFCO) 
 
 Formula (grams per litre): 
 Calf brain infusion 200.0 g 
 Beef heart infusion 250.0 g 
 Proteose peptone 10.0 g 
 Dextrose 2.0 g 
 Sodium chloride 5.0 g 
 Disodium phosphate 2.5 g 
 Bacto agar 15.0 g 
 
  Suspend 52g of powdered medium in 1L deionized water and heat to 

boiling to dissolve completely. Sterilize in the autoclave for 15 minutes 
at 121°C. 

 
 h)   NORMAL SALINE 
 
  Sodium chloride 8.5 g 
  DI 1.0 L 
 
  Dissolve NaCl in DI and autoclave 100mL aliquots in milk dilution 

bottles for 15 minutes at 121°C. 
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 i)   0.1% PEPTONE IN BUFFERED WATER 
 
  Proteose peptone 1.0 g 
  Stock buffered water 1.0 L 
 
  Dissolve peptone in buffered water and heat to dissolve. Dispense in 

milk dilution bottles or in 10mL amounts in test tubes. Autoclave for 15 
minutes at 121°C. 

 
Procedure a) Set up test tube rack with a sequence of test tubes which includes at 

least 5 replicate tubes per sample volume and 3 dilutions. 
 
 b) Use double strength tetrathionate broth tubes for the initial sample 

volume of 10mL per tube. Use single strength tetrathionate broth tubes 
for all subsequent sample volumes. 

 
 c) Weigh 10g soil or sludge into a sterile Stomacher® bag. Make sure 

there are no rocks or hard pieces of wood included. Add 100mL 0.1% 
peptone in buffered water. Mix by "paddling" for 30 seconds in 
Stomacher®.  Keep solids in suspension and dispense 10mL aliquots 
into each of 5 double strength tetrathionate broth tubes, 1mL aliquots 
into each of 5 single strength tetrathionate broth tubes, and decimal 
dilutions as required by serially diluting 1mL aliquots in 10mL buffered 
water blanks and inoculating single strength tetrathionate broth tubes. 

 
 d) Incubate tubes for 48 hours at 35°C. 
 
 e) Transfer a loopful of each culture to sections marked off on plates of 

XLD agar. Streak for isolated colonies. Incubate inverted agar plates at 
35°C for 24 hours. 

 
 f) Pick any red colonies with black centres to purify on BHIA and incubate 

for 18-24 hours at 35°C. 
 
 g) Mark off two ovals on a microscope slide and place a drop of saline 

and a drop of polyvalent "O" antiserum in either oval. Make a 
suspension of a well-isolated colony from BHIA first in the saline and 
then in the antiserum. Continue rocking the slide for 1-2 minutes to 
insure adequate mixing. Salmonella spp. will produce a strong positive 
agglutination in the polyvalent "O" antiserum with no agglutination in the 
saline control.  If there is a questionable agglutination, specific antisera 
may be screened. Each Salmonella sp. will react with only one specific 
"O" antiserum in addition to the polyvalent antiserum. If the saline 
control agglutinates the organism is self-agglutinating or rough, and 
must be confirmed by biochemical reaction. 

 
 h) For biochemical confirmation of Salmonella spp. make a suspension in 

saline and proceed according to the instructions for inoculating and 
incubating an API 20E® strip. 
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 i) Count only those tubes containing growth subsequently found to be 
salmonella for calculations. Note that Proteus sp., Citrobacter sp. and 
Arizona sp. can sometimes resemble Salmonella sp. on XLD agar. 
Only salmonella will agglutinate with polyvalent "O" antiserum. The 
biochemical profile of each genus is specific. Refer to a standard MPN 
index (section 4.0 of the Laboratory Quality Assurance/Quality Control 
section of this manual) for calculation of bacterial density. Note that a 
minimum of 3 dilutions are required for this calculation. Use the set of 
dilutions which includes the highest dilution with all positive tubes and 
the next two higher dilutions. 

 
  Note:   All Salmonella are potentially pathogenic. All plates and 

suspensions must be handled in a biohazard hood. All refuse and 
spent media must be autoclaved for 45 minutes at 121°C before 
disposal. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9260. 
 b) Bartlett, K.H. and Trust, T.J.  "Isolation of Salmonella and Other 

Potential Pathogens from the Freshwater Aquarium Snail Amullaria." 
Applied and Environmental Microbiology 31: 635-639, 1976. 

 c) Edgar, D. and Soar, M.S.  "Evaluation of Culture Media for the Isolation 
of Salmonellas from Sewage Sludge."  Journal of Applied Bacteriology 
47: 237-241, 1979. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 November 14, 2002:  SEAM codes replaced by EMS codes.  
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Detection of Pseudomonas Aeruginosa by Membrane Filtration 
(MF) From Fresh Water and Waste Water 
 
 
Parameter Pseudomonas aeruginosa 
 
Analytical Method Membrane filter: PSEU X022 
and EMS codes 
 
Scope This method describes the selective isolation of Pseudomonas aeruginosa 

from water, wastewater, hot tubs and swimming pools. Non-turbid water 
samples are passed through a 0.45µm membrane filter which is placed on a 
selective agar (mPA-C) for up to 72 hours incubation at 41°C for growth of P. 
aeruginosa colonies.  Colonies are purified on brain heart infusion agar 
(BHIA) and confirmed by API® Rapid NFT (Analytab Products.) 

 
Principle Pseudomonas aeruginosa belongs to the Family Pseudomonadaceae and 

are Gram negative, motile, oxidase positive rods that do not ferment glucose.  
P. aeruginosa can cause infections of the ear, upper respiratory tract, skin, 
and intestinal or genitourinary tract. 

 
Sample Handling The sample is collected in the field and submitted unpreserved in a sterilized 

water bacteriology bottle. Chlorinated water samples should be treated with a 
sodium thiosulfate (final concentration 0.01% w/v) to neutralize the 
bactericidal effect of chlorine.  The sample should be kept at 4°C until 
analysis. Analysis must begin within 48 hours of sample collection for results 
to be valid.  Minimum volume required for analysis is 125mL. 

 
Detection Limit a) for duplicate 50ml samples the detection limit is 2 CFU/100ml.  
 b) for a total of 100ml the detection limit is 1 CFU/100ml. 
 
Interferences Excessive turbidity or particulate matter can interfere with filtration or cause 

clumping of the organism. Residual chlorine in chlorinated water must be 
neutralized with sodium thiosulfate at time of sampling. 

 
Precision There are no standard reference materials for Pseudomonas aeruginosa. 

Samples seeded with ATCC 27853 P. aeruginosa gave recoveries of 81 and 
80% on mPA-C at 20 and 200 CFU/100mL and coefficients of variation of 
15% and 9% respectively. 

Apparatus and 
Materials a) Incubator that is capable of maintaining a stable 41 ± 0.5°C 

temperature. 
 b) Sterile disposable serological pipettes, 1mL and 10mL. 
 c) Sterile 100mL glass graduated cylinders. 
 d) Sterile disposable petri dishes, 50mm x 12mm with tight fitting lids. 
 e) Sterile disposable petri dishes, 100m x 15mm. 
 f) mPA-C agar. 
 g) BHI agar. 
 h) Autoclave for steam sterilization of glassware and media. 
 i) Bunsen burner. 
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 j) Platinum inoculation loops, 3mm diameter. 
 k) Glass filtration units, 250mL (Millipore® or equivalent), sterilized and 

wrapped in aluminum foil or kraft paper. 
 l) Presterilized membrane filters, 47mm diameter, white, grid marked, 

0.45µm pore size, certified for bacteriology. 
 m) Vacuum source. 
 n) Vacuum flask and manifold to hold filtration units. 
 o) Smooth tipped forceps. 
 p) 95% ethanol, undenatured. 
 q) Gram staining reagents (available commercially from Difco). 
 r) Microscope slides and microscope with oil immersion lens. 
 s) API® Rapid NFT strips (available commercially from Analytab 

Products). 
 t) Oxidase reagent in sealed  glass ampules (available from Difco or 

equivalent). 
 u) Stereobinocular microscope with cool white fluorescent light source. 
 v) Long wave UV light source, 366 nm (Wood's lamp). 

 
 
Reagents a)   STOCK PHOSPHATE (PO4) BUFFER SOLUTION. 
 
  Dissolve 34.0g of potassium dihydrogen phosphate (KH2PO4) in 

500mL deionized water (DI). Adjust to pH 7.2 ± 0.5 with 1N sodium 
hydroxide (NaOH), and dilute to 1L with DI. Filter through a sterile 
0.22µm pore size membrane filter into a  sterile amber bottle. Store at 
4°C. Discard if solution becomes cloudy. 

 
 b)   STOCK MAGNESIUM CHLORIDE SOLUTION. 
 
  Dissolve 38g magnesium chloride (MgCl2) in 1L DI. Filter through a 

sterile 0.22µm pore size membrane filter into a sterile amber bottle. 
Store at 4°C. Discard if solution becomes cloudy. 

 
 c)   BUFFERED DILUTION WATER. 
 
  Add 1.25mL stock PO4 buffer solution and 5mL stock MgCl2 solution 

to a 1L volumetric flask and bring to volume with DI. Dispense into 
appropriate containers as follows: 

 
  Dilution blanks: 10mL in 20mm test tubes 
    100mL in milk dilution bottles 
  Rinse water:  1500mL per 2L Erlenmeyer flask 
 
  Autoclave 10 - 100mL volumes at 121°C for 15 minutes; for larger 

volumes, increase the time as appropriate to achieve sterilization. 
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 d)   mPA-C AGAR (BBL) 
 
 Formula (grams per litre): 
 i) Yeast extract 2.00 g 
  L-Lysine HCl 5.00 g   
  Sodium chloride 5.00 g 
  Xylose 1.25 g 
  Sucrose 1.25 g 
  Lactose 1.25 g 
  Phenol red 0.08 g 
  Ferric ammonium citrate 0.80 g 
  Sodium thiosulfate 5.00 g 
  Kanamycin 0.008 g 
  Nalidixic acid 0.037 g 
  Agar 12.00 g 
 
 ii) Cyclohexamide* 0.150 g 
 
  Suspend 35g powdered medium in 1L DI and heat to boiling. Boil for 1 

minute to completely dissolve. Add cyclohexamide. Cool to 45-50°C 
and aseptically pour 4mL into sterile 50mm petri dishes. Final pH of 
medium is 7.2 at 25°C. May be stored for 1 week at 4°C. 

 
  *Note: Cyclohexamide is a poison if swallowed or absorbed through 

skin. Wear gloves when weighing. 
 
 e)   BRAIN HEART INFUSION AGAR, dehydrated 
 
 Formula (grams per litre): 
 Calf brain infusion 200.0 g 
 Beef heart infusion 250.0 g 
 Proteose peptone 10.0 g 
 Dextrose 2.0 g 
 Sodium chloride 5.0 g 
 Disodium phosphate 2.5 g 
 Agar 15.0 g 
 
 Suspend 52g in 1L DI and boil to dissolve completely.  Autoclave for 15 

minutes at 121°C. Cool to 45 - 50°C and aseptically dispense 15 - 17mL into 
100mm petri dishes. 

 
 f)   ASPARAGINE BROTH 
  (Not currently available commercially.) 
 
  Formula (grams per litre):  
 
  Asparagine, DL 3.0 g 
  Anhydrous dipotassium 
  hydrogen phosphate, K2HPO4 1.0 g 
  Magnesium sulfate,     
  MgSO4.7H2O 0.5 g 
 
  Add ingredients to 1L DI water, and heat to dissolve completely.  Adjust 

pH to 6.9 to 7.2. Dispense 10mL per 18mm test tube.  Autoclave for 15 
minutes at 121°C. 
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Procedure a) Place a sterile membrane filter on a sterile filter base, grid side up and 
attach the funnel to the base of the filter unit. 

 
 b) Select a sample volume to produce 20 - 80 colonies on the membrane 

filter. Decimal dilutions are prepared in 10mL buffered water dilution 
blanks. Do not filter less than 10mL volumes. 

 
 c) Shake the sample bottle vigorously about 30 times and measure the 

desired volume of the sample into a sterile graduated cylinder for 
volumes of 20mL or more, or pipet directly into the funnel for volumes 
of 10mL or decimal dilutions of 10mL. 

 
 d) Filter the sample and rinse the sides of the funnel with 20 - 30mL sterile 

buffered water. Turn off the vacuum and remove the funnel from the 
filter base. 

 
 e) Aseptically remove the membrane filter from the filter base and place 

grid side up on the mPA-C agar. Reset if air bubbles are trapped under 
the filter. 

 
 f) Filter the samples in order of increasing sample concentration and/or 

volume, low bacterial density to high. 
 
 g) Prepare duplicate filters for each concentration or volume filtered. 

Incubate mPA-C agar plates for 24 - 48 hours at 41°C. 
 
 h) Pick any pinkish/greyish, low, spreading colonies to purify on BHIA or 

inoculate into asparagine broth and incubate for 18 - 24 hours at 35°C. 
 
 i) After incubation, pick a well-isolated colony from BHIA and Gram stain 

(heat fix smear on microscope slide, flood smear with Gram's crystal 
violet for 1 minute, rinse; flood with Gram's iodine for 1 minute, rinse; 
decolorize with Gram's acetone alcohol; counterstain with Gram's 
safranine for 30 sec). Examine with oil immersion microscope.   P. 
aeruginosa are Gram negative rods, 1-2µm x 0.75-1µm in size. 

 
 j) Wet a filter pad with oxidase reagent and smear colony on filter with 

platinum loop. P. aeruginosa is oxidase positive. 
 
 k) Suspend isolated colony in 5mL sterile saline for inoculation into API® 

Rapid NFT strip and follow directions provided in kit. 
 
 l) Alternatively, shine long wave UV light on broth cultures grown in 

asparagine broth. P. aeruginosa will fluoresce. 
 
 m) Colonies conforming to the description given for P. aeruginosa are 

counted. Pinkish-grey, low, spreading colonies are counted using a 
stereobinocular microscope illuminated with cool white fluorescent light. 
Yellow colonies or colonies producing a yellow reaction in the agar are 
negative. Choose a plate with 20-80 colonies for counting. 
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Data Analysis a)  Calculate the bacterial density using the following formula: 
 
 P. aeruginosa(*CFU/100mL)=Number of P. aeruginosa counted x 100 
                                                  Volume of sample filtered 
  *Colony forming units 
 
 b) Counts on plates with less than 20 colonies are noted as "estimated" 

counts. 
 
 c) Plates with no colonies are reported as less than the calculated value/ 

100mL based on the single largest volume filtered. Values are routinely 
reported as <2 CFU/100mL for largest single volume of 50mL. 
However, if there are no colonies on either of the 50mL duplicate plates 
the volume may be taken as 100mL and reported as <1 CFU/100mL. 

 
Quality Control 95% confidence limits for membrane plate counts are calculated as follows: 

 
 Counts between 1 - 10 Counts between 11 - 20 
 
 Counts Lower Upper Counts Lower Upper 
 1 0.0 3.7 11 5.4 19.7 
 2 0.025 5.6 12 6.2 21.0 
 3 0.24 7.2 13 6.9 22.3 
 4 1.1 10.2 14 7.7 23.5 
 5 1.6 11.7 15 8.4 24.8 
 6 2.2 13.1 16 9.4 26.0 
 7 2.8 14.4 17 9.9 27.2 
 8 3.5 15.8 18 10.7 28.4 
  9 4.1 17.1 19 11.5 29.6 
 10 4.8 18.4 20 12.2 30.8 
 
 For counts greater than 20 use the following formulae: 
 upper limit = C + 2vC 
 lower limit = C - 2vC 
 Where C = number of colonies counted. 
 
References a) Standard Methods for the Examination of Water and Wastewater, 

APHA, AWA, WPCF, 17th edition, 1989, section 9213. 
 b) Dutka, B.  "Pseudomonas aeruginosa as Indicator Pathogen.” 

Membrane Filtration: Applications, Techniques and Problems. Bernard 
Dutka (Ed.) Marcel Dekker, Inc. New York, 1981. 

 c) Monograph.  Manual of BBL Products and Laboratory Procedures, 6th 
Edition, Power, D.A., and McCuen, P.J. (Eds) Cockysville, MD, 1988. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 November 14, 2002:  SEAM Codes replaced by EMS codes. 
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Toxicology/Bioassay 
Revision Date: December 31, 2000 

Fish Bioassay (Freshwater) 
 
Parameter Fish bioassay 
 
Analytical Method  Freshwater bioassay (<10 ppt salinity) 
 
EMS Code Species Test Units EMS Code 
 Oncorhynchus mykiss 96hrLC20* %(v/v) 0466  X068 
 (rainbow trout) 96hrLC50* %(v/v) 0461  X068 
  *without pH adjustment 
 

Additional EMS codes available upon request, for example to identify another 
species. 

 
Method Summary Toxicity is determined by measuring the concentration of a material that is 

toxic to 50% of the test organisms over a 96 hour period (96HRLC50). The 
LT50 (lethal time to kill 50% of the organisms) is usually a single 
concentration of undiluted material.  The LC20 is defined thus:  if two or more 
fish die in the specified concentration (usually 100%) the sample is toxic. 

 
Matrix Industrial effluents. Landfill leachates. Municipal wastewater. Agricultural 

runoff. Pure chemicals must have salinity less than 10 ppt. 
 
Interferences and 
Precautions The following sample properties may affect the test results: extreme volatility, 

instability, excessive oxygen demand, extreme temperatures, extremes in pH, 
extreme concentrations of suspended solids.  Control/dilution water exhibiting 
extremes of water hardness or temperature, or containing suspended solids, 
toxic chemicals or metals, may cause problems.  Precautions must be taken 
to ensure proper handling of test organisms including proper acclimation, 
freedom from disease and previous prophylactic treatment. 

 
Sample Handling and 
Preservation  For LC50 three 20 litre plastic cube-shaped containers or carboys.  For 

others two 20L containers.  Expel all air pockets.  Ship with ice packs. 
 
Stability No preservation required.  Store in dark at 4°C.  M.H.T. = 5 days. 
 
Accuracy 10% mortality is allowed in the control.  Greater than 10% mortality in the 

control tanks renders the bioassay invalid.  The normal biological variation 
among individual fish also limits precision in a bioassay. Specific toxicity 
results are accurate only for the exact test parameters used, such as dilution, 
water hardness, and fish condition. 

 
Quality Control a) Reference toxicant warning chart data on test fish. 
 b) Routine chemistry of holding and dilution water. 
 c) Stock history of test fish. 
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References a) Environment Canada, Biological Test Method:  Acute Lethality Test 
Using Rainbow Trout. Report EPS 1/RM/9 July 1990 (May 1996 
Amendments) and EPS 1/RM/13 July 1990 (Amended May 1996). 

 
 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  

References updated.  Clarification of pH 
adjustment.  Units added. 
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Toxicology/Bioassay 
Revision Date: December 31, 2000 

 

Salmonid Early Life Stage Testing Bioassay 
 
Parameter Salmonid Early Life Stage (SEAL) 
 
Analytical Method 30 day eyed egg-sac fry bioassay (a freshwater bioassay). 
 
EMS Code SEAL X391 
 
Method Summary Eyed salmonid eggs are exposed to effluents in a closed loop flow-through 

system, material being replaced every 96 hours.  End points are percent 
hatched and percent survival after yolk sac absorption.  ANOVA statistic is 
applied to determine any significant difference between control and effluents.  
Duration of the bioassay is 30 days or more at 10°C. 

 
Matrix Industrial effluents. Landfill and woodwaste leachates. Municipal wastewater/ 

storm water.  Agricultural runoff.  Pure chemicals. 
 
Units % (v/v) 
 
Interferences and 
Precautions Test techniques/Equipment:  Various types of incubation systems are 

available, e.g. Heath trays or modified Eagar eyeing-hatching containers.  
Testing must be conducted in the dark. 

 
The following sample properties may affect the test results:  instability, 
extreme volatility, excessive oxygen demand, extreme temperature, pH or 
hardness, extreme concentrations of suspended solids.  Salmonid eggs are 
only available in season and transplant approval is required. Care must be 
taken to ensure that eggs used for the tests are fertilized and are not 
diseased.  Control or dilution water used must be at the correct temperature 
and have a hardness similar to the effluent being tested. 

 
Sample Handling and 
Preservation Sample volumes and frequency of material replacement must be discussed 

with laboratory staff. 
 
Stability No preservation required.  Store in dark at 4°C until ready for testing. M.H.T. 

= 5 days from collection 
 
Accuracy None listed. 
 
Quality Control a) Reference toxicants. 
 b) Genetic history and disease treatment of egg stock. 
 c) Routine chemistry of holding and dilution water. 
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References a) Environment Canada, Biological Test Method:  Toxicity Test Using 
Early Life Stages of Salmonids (Rainbow Trout).  Report EPS 1/RM/28. 
Second Edition. July 1998.  

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Out of 

print reference deleted.  References updated.  
Units added.  
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 Toxicology/Bioassay 
Revision Date: December 31, 2000 

 

Daphnia spp. bioassay (Daphnia magna) 
 
Parameter Daphnia spp. bioassay 
 
Analytical Method Freshwater bioassay   (< 10 ppt salinity ) 
 
EMS Code Species Test Units EMS Code 
 Daphnia magna 48hrLC50 %(v/v) DMGC  X296 
 
Method Summary Toxicity is determined by measuring the concentration of a material that is 

toxic to 50% of the test organisms over a 48 hour period. 
 
Matrix Industrial effluents. Landfill leachates. Elutriates. Municipal wastewater. 

Agricultural runoff. Pure chemicals. 
 
Interferences and 
Precautions The following sample properties may affect the test results: instability, 

extreme volatility, excessive oxygen demand, extreme temperature or pH, the 
presence of suspended solids.  Precautions must be taken to ensure proper 
handling of the test organisms, including proper diet, age and lighting.  
Control or dilution water containing suspended solids, metals or toxic 
chemicals or exhibiting extremes of hardness or temperature may cause 
problems. 

 
Sample Handling 500 mL new polybottle brim full.  Ship cooled. 
 
Accuracy 10% mortality is allowed in control.  If greater than 10% mortality is observed 

in control, the test is invalid.  Warning charts should be prepared to test 
sensitivity of test organisms with recognized reference toxicants.   

 
References a) Environment Canada, Biological Test Method:  Acute Lethality Test 

Using Daphnia spp. Report EPS 1/RM/11 July 1990 (amended 
May1996) 

 b) Environment Canada, Biological Test Method: Reference Method for 
Determining Acute Lethality of Effluents to Daphnia magna.  Report 
EPS 1/RM/14 July 1990 (amended May 1996) 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 

References updated.  Units added.  
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Toxicology/Bioassay 
Revision Date: December 31, 2000 

 

Amphipod Freshwater Sediment Bioassay (Hyalella azteca) 
 
Parameter Amphipod bioassay  
 
Analytical Method Freshwater sediment bioassay, 10 day survival toxicology 
 
EMS Code Species Test Units EMS Code 
 Hyalella azteca 10 day survival %(v/v) HAGC  X392 
     
Method Summary 200g of sediment to 800mL of dilution water. Five replicates per set.  Ten to 

twenty juvenile H. azteca per beaker.  Record number dead after ten days 
and apply suitable statistical manipulation. 

 
Matrix Freshwater sediment, soil and sludge. Note: Sediment ranging from >90% 

silt-and clay-size particles to 100% sand-size particles did not reduce survival 
or growth in laboratory. 

 
Interferences and 
Precautions The following sample properties may affect the test results: extreme volatility, 

instability, excessive oxygen demand.  Field collected sediments may contain 
indigenous organisms including predators, and the same or closely related 
species.  Control/ dilution water exhibiting extremes in hardness, or 
suspended materials, or variable temperature may cause problems.  Test 
organisms must be acclimated to dilution water and the correct life stage 
must be used. 

 
Sample Handling and 
Preservation 1.5 kg of coarse-sieved sediment.  Samples should be stored at 4°C and for 

no longer than two weeks before the start of testing.  Freezing and longer 
storage might change sediment properties and should be avoided. 

 
Stability No preservation required.  Store in dark at 4°C.  M.H.T. =14 days. 
 
Accuracy 80% control survival required for valid testing.  Reference toxicants with 

warning charts required. 
 
Quality Control a) Reference toxicant warning charts. 
 b) Routine chemistry of holding and dilution water. 
 c) Animals collected from “clean sites” and cultured in laboratory. 
 d) Controls with dilution water only and with “clean control sediment”.  
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References  a) ASTM-E 1383-92; Standard Guide for Conducting Sediment Toxicity 

Tests with Freshwater Invertebrates and Annexes Al.  pages 
1116-1138.  Apr. 1992   

 b) Centre for Food Safety and Applied Nutrition and the Centre for 
Veterinary Medicine; Environmental Assistance Document 4.10, 
Hyalella azteca Acute Toxicity.  March 1987. 

 c) Environment Canada Biological Test Method:  Test for Survival and 
Growth in Sediment Using the Freshwater Amphipod Hyalella azteca.  
EPS 1/RM/33-December 1997. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. 

References updated.  One new reference added 
by Graham van Aggelen.  Units added.  
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 Toxicology/ Bioassay 
Revision Date: December 31, 2000 

 

Microtox Photobacteria Bioassay (Photobacterium  
phosphoreum) 
 
Parameter Microtox Bioassay 
  
Analytical Method Fresh and marinewater photobacteria bioassay  
 
EMS Code Species Test Units EMS Code 
 Photobacterium phosphoreum *5 min. exposure %(v/v) 0457 X393 
 Photobacterium phosphoreum *15 min. exposure %(v/v) 0458 X393 
 
 *with model 500 Microtox  
 
Method Summary Toxicity is determined by the concentration of material causing a 50% light 

decrease in the bacteria after 5 and/or 15 minutes. 
 
Matrix Industrial effluents. Landfill leachates. Elutriates. Municipal wastewater. 

Agricultural run-off. Pure chemicals. 
 
Interferences and 
Precautions The following sample properties may affect the test results: instability, 

extreme volatility, excessive oxygen demand, extreme temperature or pH, the 
presence of suspended solids or colour. Precautions must be taken to ensure 
proper handling of the test bacteria, including the correct storage 
temperature.  Dilution water must be free of contaminants, the osmotic 
adjustment must not be too low and the reagents must be fresh. 

 
Sample Handling 500mL new polybottle brim full.  Ship cooled. 
 
Accuracy All manipulations of the sample and the bacteria are manual and depend on 

the skill of the technician in re-lyophilizing the bacteria, and in handling the 
micropipettor.  Variability in volumes transferred by an experienced technician 
might contribute about 1% uncertainty in light readings. Variations in cuvettes 
contribute another 1% (Microbics1993). 

 
References a) Environment Canada, Biological Test Method: Toxicity Test Using 

Luminescent Bacteria (Vibrio fischeri)  Report EPS 1/RM/24 October 
1992. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 

References updated by Graham van Aggelen.  
Units added.  Note change in species name. 
Minor editing.  
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Toxicology/ bioassay 
Revision Date: December 31, 2000 

 

Solid Phase Microtox Photobacteria Bioassay (Photobacterium 
phosphoreum) 
 
 
Parameter Microtox Bioassay  
  
Analytical Method Solid phase photobacteria bioassay 
 
EMS Code Species Test Units EMS Code 
 Photobacterium phosphoreum *5 min. exposure %(v/v) 0457 X394 
  
 *EC50 (5 mm) with model 500 Microtox  
 
Method Summary Toxicity is determined by the concentration of sediment causing a 50% light 

decrease in the bacteria after 5 minutes of exposure. 
 
Matrix Estuarine, fresh and marine water sediments. Terrestrial soil (i.e., landfills, 
 contaminated soils, sludges, etc.).   
 
Interferences and 
Precautions Samples:  To obtain well-matched replicate samples, each must have the 

same particle size, composition, and moisture content.  Soils and sediments 
can contain a high level of natural toxicity in areas that support an abundance 
of vegetable and animal life.  Reference  (control) sediment should be 
collected from each geographical sediment series. In tests of “clean” soils 
and sediment, the EC50 is generally found to be at or above 2% 
concentration.  Precautions must be taken to ensure proper handling of the 
test bacteria, including the correct storage temperature.  Dilution water must 
be free of contaminants, the osmotic adjustment must not be too low and the 
reagents must be fresh. 

 
Sample Handling 10 grams of <150 µm sediment.  Ship cooled in 50 mL centrifuge tubes. 
 
Accuracy Results must be compared to control reference sediment and site control 

sediment.  All manipulations of the sample and the bacteria are manual and 
depend on the skill of the technician in relyophilizing the bacteria, and in 
handling the micropipettor.  Variability in volumes transferred by an 
experienced technician might contribute about 1% uncertainty in light 
readings.  Variations in cuvettes contribute another 1% (Microbics 1993). 

 
 
Quality Control Certified reference sediments (i.e., NRCC marine sediments or US EPA 

synthetic soil SSM). 
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References a) Environment Canada, Biological Test Method: Toxicity Test Using 
Luminescent Bacteria (Vibrio fischeri) Report EPS 1/RM/24  October 
1992. 

 b) Bulich, A.A., Greene, M.W., Underwood, S.R.:  Measurement of Soil 
and Sediment Toxicity to Bioluminescent Bacteria When in Direct 
Contact for a Fixed Time Period; Water Environment Federation 65th 
Annual Conference & Exposition.  New Orleans, Louisiana, September 
20-24 1992, pages 53-64. 

 
Revision History February 14, 1994:  Publication in 1994 Laboratory Manual. 
 December 31, 2000:  SEAM codes replaced by EMS codes. 

References updated by Graham van Aggelen.  
Units added.  Note change in species name.  
Minor editing.  
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Toxicology/Bioassay 
Revision Date: December 31, 2000 

 

Fertilization Assay Using Echinoids (Dendraster excentricus and 
Strongylocentrotus droebachiensis) 
 
Parameter Echinoids fertilization assay  
 
Analytical Method Marinewater bioassay (> 25ppt salinity), 10 min FID50.   
 
 
EMS Code Species Test Units EMS Code 
 Dendraster excentricus 10 min. FID50 %(v/v) ECHI X395 
 (Sand dollar)  
 or, 
 Strongylocentrotus droebachiensis 
 (Green sea urchin) 
 
 Note:  Choice between sand dollars and sea urchins is seasonal: sea urchins 

in summer (the fertile period), and sand dollars in winter.  Which species is 
used as the test organism should be noted in the EMS comment.  The single 
EMS code applies to both organisms. 

  
Method Summary Eggs and sperm are collected from the animals.  Sperm is added to  serial 

diluted concentrations of material for a timed period.  Sperm is added to 
eggs, and chemically fixed after ten minutes.  Percent unfertilized eggs is 
determined by microscopic examination.  FID50 is the concentration causing 
50% fertilization inhibition. 

 
Matrix Industrial effluents. Landfill leachates. Municipal wastewater.  Pure 

chemicals. Modified SWEP extracted sediments (elutriates). 
 
Interferences and 
Precautions The following sample properties may affect the test results: instability, 

extreme volatility, excessive oxygen demand, extreme temperature or pH, 
extreme concentrations of suspended solids. Precautions must be taken to 
ensure proper handling of test organisms, including proper acclimation, 
correct maturity and freedom from disease. Tests must not be conducted out 
of season.  Less than 80% fertilization in the controls is a warning of 
problems with the tests.  Salinity adjustment with marine mix is required for 
effluents <25 ppt salinity. 

 
Sample Handling and 
Preservation 500mL polybottles brim full, shipped cooled.  Unfiltered and no preservation. 
 
Stability No preservation required.  Store in dark at 4°C.  M.H.T. = 5 days. 
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Accuracy 80% control fertilization required for valid testing.  Possible error in 
discriminating between fertilized and unfertilized eggs by inexperienced 
technicians. 

 
Quality Control Reference toxicant warning charts. 
 Routine chemistry of holding and dilution water. 
 Animals collected from “clean sites”.   
 
References  a) Environment Canada, Biological Test Method: Fertilization Assay Using 

Echinoids (Sea Urchins and Sand Dollars). Report EPS 1/RM/27 
December 1992   

 b) Van  Aggelen, G.C, Echinoderm Toxicity Testing: A Chronic Marine 
Bioassay,  B.C. Ministry of Environment. 2 pages. 1988. 

 
Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Units 

added.  Minor editing.  Note added about choice 
of test organism based on fertile period.  
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Toxicology/Bioassay 
Revision Date: December 31, 2000 

 

Marinewater Sediment Amphipod Bioassay  
(Rhepoxynius abronius) 
 
Parameter Amphipod marinewater sediment bioassay 
 
Analytical Method Sediment-burrowing amphipods, 10 day burrowing and survival  
 
EMS Code Species Test Units EMS Code 
 Rhepoxynius abronius 10 day %(v/v) AMGC X396 
  
Method Summary 175-200g of sediment is added to 750-800mL of salt water.  20 organisms 

added per beaker; 5 replicates per set.  Burrowing and survival are recorded 
after 10 days. 

 
Matrix Estuarine and marine sediment, and sludge. Note: Sediment ranging from 

>90% silt- and clay-size particles to 100% sand-size particles did not reduce 
survival in laboratory. 

 
Interferences and 
Precautions The following sample properties may affect the test results: extreme volatility, 

instability, excessive oxygen demand.  Field collected sediments may contain 
indigenous organisms including predators, and the same or closely related 
species.  Control/dilution water should have a salinity of 25-30 ppt. 
Suspended material and variable temperature may cause problems.  Test 
organisms:  correct species must be acclimated to dilution water.  Animals 
must be purchased from a collection consultant. 

 
Sample Handling and 
Preservation 2.0 kg of coarse-sieved sediment.  Samples should be stored at 4°C and no 

longer than two weeks before the start of testing.  Freezing and longer 
storage might change sediment properties and should be avoided. 

 
Stability No preservation required.  Store in dark at 4°C.  M.H.T.=14 days. 
 
Accuracy 80% control survival required for valid testing. Five replicates per set. 

Reference and control sediments required.  Statistical (ANOVA) calculation 
should be used to determine significant difference from control sediment.   

 
Quality Control Routine chemistry of holding and dilution water. 
 Animals to be collected from “clean sites” and held in laboratory. 
 Controls with dilution water only and with “clean control sediment”. 
 
References a) Environment Canada, Biological Test Method:  Acute Test for Sediment 

Toxicity Using Marine or Estuarine Amphipods.  Report EPS 1/RM/26 
December 1992. 
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Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes.  Units 

added.  
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Toxicology/Bioassay 
 Revision Date: December 31, 2000 

 

Marinewater Sediment Bioassay (Macoma balthica)  
 
Parameter Macoma balthica marinewater sediment bioassay 
 
Analytical Method Sediment feeding (Tellinidae),  30 day burrowing and survival 
 
EMS Code Species Test Units EMS Code 
 Macoma balthica 30 day %(v/v) MBGC X397 
  
Method Summary 2.0 kg of sediment is added to a 35 x14 x14 cm tub.  Salt water is added to 

cover the top of the sediment, approximately 2-3 litres. 50-100 M. balthica are 
randomly spread over the surface.  Burrowing and survival are recorded after 
30 days. 

 
Matrix Estuarine and marine sediment, and sludge. Note: Sediment ranging from 

>90% silt-and clay-size particles to 100% sand-size particles did not reduce 
survival in laboratory. 

 
Interferences and 
Precautions The following sample properties may affect the test results: extreme volatility, 

instability, excessive oxygen demand.  Field collected sediments may contain 
indigenous organisms including predators, and the same or closely related 
species.  Control/dilution water should have a salinity of 25-30 ppt.  
Suspended material and variable temperature may cause problems.  Test 
organisms:  correct species must be acclimated to dilution water.  Animals 
must be purchased from a collection consultant. 

 
Sample Handling and 
Preservation 2.0 kg of coarse-sieved sediment.  Samples should be stored at 4°C and no 

longer than two weeks before the start of testing.  Freezing and longer 
storage might change sediment properties and should be avoided. 

 
Stability No preservation required.  Store in dark at 4°C.  M.H.T.=14 days. 
 
Accuracy 80% control survival required for valid testing.  Reference and control 

sediments required.  Statistical (ANOVA) calculation should be used to 
determine significant difference from control sediment. 

 
Quality Control Routine chemistry of holding and dilution water. 
 Animals to be collected from “clean sites” and held in laboratory. 
 Controls with dilution water only and with “clean control sediment”. 
 
References a) McGreer, E.R.  Studies of the Bivalve, Macoma balthica (L) on a 

Mudflat Receiving Sewage Effluent and on Unpolluted Mudflat, Fraser 
River Estuary, British Columbia.  Master Thesis, University of British 
Columbia, 1979. 
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Revision History February 14, 1994: Publication in 1994 Laboratory Manual. 
 December 31, 2000: SEAM codes replaced by EMS codes. Out of 

print references deleted. Units added.  Minor 
editing. 
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Toxicology/Bioassay 
 Revision Date: December 31, 2000 

 

Marinewater Acute Lethality Bioassay Using Pacific Salmonids  
 
Parameter Fish bioassay (Marine water) 
 
Analytical Method Marinewater acute lethality bioassay using Pacific Salmonids 
 
EMS Code Species Test Units EMS Code 
 Oncorhynchus kitsutch, (see note)* % Mortality 0461 FA06 
 (Coho) 
 Oncorhynchu tshawystcha, (see note)* % Mortality 0461 FA05 
 (Chinook) 
 *Lethality in 100% effluent concentrations after salinity adjustment. 
 
 EMS codes will be assigned upon request for other related bioassay tests. 
 
Introduction The intent of this procedure is to outline a bioassay method for use on those 

effluents and waters which have a salinity of greater than 10 parts per 
thousand.  Salinities greater than 10 parts per thousand require the use of a 
suitably acclimated salmonid; for this procedure, coho (Oncorhynchus 
kitsutch) and chinook (O. tshawystcha) salmon are the species of choice. 

 
Method Summary It is assumed that the reader has a certain degree of familiarity with aquatic 

toxicity testing.  Explicit instructions on every detail that might be required are 
not provided here.  The reader is advised that detail for conducting of the 
bioassay and the care of the fish stocks (i.e. holding and acclimating) will 
follow the methods as described in the Federal Environment Canada 
document; Biological Test Method:  Acute Lethality Test Using Threespine 
Stickleback, Report EPS 1/RM/10, except where noted in this document.  
Readers are also strongly advised to review the 1/RM/9 and 13 test methods 
as well. 

 
Test Organisms Species: 
 Oncorhynchus kitsutch and O. tshawyscha are to be used as the test 

species. 
 
 Life Stage and Size: 
 Underyearling or juvenile life stages may be used as test fish.  The average 

wet weight of the test fish should be between 4 to 14 grams.  The length of 
the largest fish should not be more than twice that of the smallest in the same 
test.  Mean (±SD) fork length and wet weights must be measured routinely for 
a representative sample of fish, plus calculation of condition factor, to ensure 
adequate loading rates and uniformity of size in tests. 
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 Source: 
 All fish used in the test must be derived from the same population and 

source, and should be free of known diseases.  Fish may be cultures or 
obtained from fish farms.  Procurement and shipment of fish must be 
approved by the Federal-Provincial transplant committee. 

 
 Studies by Blackburn and Clarke 1987 and discussions with several DFO 

hatchery managers as well as studies done by the author indicate that 4 gram 
chinook can be acclimated to various salinities without difficulty and be 
suitable for testing in less than three weeks.  Coho acclimate better when the 
mean wet weights are greater than 10 grams.  If there is doubt on the health 
of the stocks a 24 hour sea-water challenge test should be conducted prior to 
salt water transfer, refer to Department of Fisheries and Oceans, Canadian 
Technical Report Fisheries and Aquatic Sciences No. 1515, January 1987, by 
Blackburne and Clarke, as an example for procedural details. 

 
 Fish should be held within the temperature range compatible with good fish 

health (10±2°C) and ideally for at least two weeks prior to use and within ±5 
ppt salinity of that for the control/dilution water to be used in the bioassay. 

 
Matrix Transport and Storage: 
 Transport at ambient (1>1°C and <30°C) temerature or at 1° to 8°C if transit 

time > 2 days; sample should not freeze during transit; store in the dark at 1° 
to 8°C (perferably 4±2°C); test within three days of sampling if possible; must 
be tested within five days of sampling. 

 
 Control/dilution water: 
 As specified and/or depending on intent; laboratory seawater or “upstream” 

receiving water for monitoring and compliance; if effluent has to be salt water 
adjusted using a marine salt mix conduct concurrent control using suitable 
freshwater and adjust salinity using same marine salt mix, also conduct 
concurrently a second control with the salt water in which fish have been 
held/reared.  If receiving water is used as the dilution and control water, an 
additional control is required using the uncontaminated water supply to which 
the fish were previously acclimated. 

 
 Salinity: 
 normally not adjusted; if sample is essentially fresh water and it is desired to 

determine the toxicity at a specific salinity use marine salt mixture or hyper 
brine solution* to adjust.  See above for controls. (*freeze measured with 
recognized standard methods or instrumentation; i.e. Hydrometer, S-C-T 
meter, hand held optical refractometer. 

 
Receiving Water Transport and Storage: 
 transport at ambient (>1°C and 30°C) temperature or at 1° to 8°C if transit 

time is >2 days; sample should not freeze during transit; store in the dark at 
1° to 8°C ((preferably 4±2°C); test within three days of sampling if possible; 
must be tested within five days of sampling. 
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 Control/Dilution - water: 
 As specified and/or depending on intent; utilize laboratory seawater or 

‘upstream water for monitoring and compliance; if effluent has to be salt 
water adjusted using a marine salt mix conduct concurrent control using 
suitable freshwater and adjust salinity using same marine salt mix, also 
conduct concurrently a second control with saltwater fish have been 
held/reared in the same marine salt mix. 

 
Control and  Source:  
Dilution Water Depending on laboratory’s capabilities fish may be held and acclimated in 

either an uncontaminated supply of natural seawater or “artificial” seawater 
(marine salt mix).  The seawater used must have previously been 
demonstrated to consistently and reliably support good, survival, health, and 
growth of fish.  The water supply should be monitored and assess routinely 
as required to document its quality. 

 
 Artificial seawater is prepared by adding dry ocean salts to a suitable 

freshwater source in quantities sufficient to reach the salinity of interest.  Use 
only fresh sea salt mix and warm the water to ensure complete dissolving of 
the salt mix.  Note:  Table salt is toxic to fish!  Commercial suppliers of dry 
ocean salts can be obtained from any local pet store that deals with aquarium 
supplies.  Wholesale suppliers include:  Coast Pet Supplies, Richmond, ph:  
270-8044; and Rolf C. Hagen, Richmond, 273-8478. 

 
 Ocean salts may also be added to natural seawater to raise the salinity of 

natural seawater.  Saltwater may also be frozen and the initial melt water, 
hyperbrine solution >40ppt, also used to adjust salinities. 

 
 Sources of water used for preparing artificial seawater may be deionized 

water or distilled; or an uncontaminated supply of natural surface water or 
groundwater; or dechlorinated city tap water. 

 
 Salinities must be measured with recognized methods or instrumentation. 
 
Sea Water Challenge Methods: 
 Five fish are transferred directly into a glass aquarium filled with 30 litres of 

25-28 ppt sea water with minimum handling.  Standard aeration rates and 
photo period apply and testing temperature should be 10±2°C (unless 
specified otherwise).  No food is offered during the 24 - 28 hour period. 

 
 A freshwater control must be conducted concurrently. 
 
 Observe and record fish behaviour as frequently as possible during the 

exposure period.  If no mortalities occur, transfer remaining stock and hold 
for two weeks before using for bioassay testing. 
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References a) Blackburn J. and Clarke, W.C.; Revised Procedure for the 24 hour 
Seawater Challenge Test To Measure Seawater Adaptability of 
Juvenile Salmonids.  Canadian Technical Report of Fisheries and 
Aquatic Sciences No. 1515.  January 1987. DFO Fisheries Research 
Branch, Pacific Biological Station, Nanaimo. 

 b) Environment Canada, “Acute Lethality Test Using Threespine 
Stickleback”, Conservation and Protection, Ottawa, Ontario, Report 
EPS 1/RM/10, July 1990. 

 c) Environment Canada, “Acute Lethality Test Rainbow Trout”, 
Conservation and Protection, Ottawa, Ontario, Report EPS 1/RM/9, 
July 1990. 

 
Revision History May 1997: Method developed by PESC on behalf of the 

ministry.  
  Method distributed to bioassay laboratories. 
 December 31, 2000: Method inserted into main Laboratory Manual 

with minor reformatting and editing.  EMS codes 
added. 
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Table F-1 Checklist of Recommended Conditions and Procedures for Holding and Acclimating Chinook 

and Coho Salmon 
  
Source of fish cultured or obtained from fish farms; free of known diseases; procurement and 

transport approved by Federal/Provincial transplant committee.  List of fish farms can 
be obtained from:  Ministry of Agriculture, Fisheries and Food, Licenses Section, 
Aquaculture and Commercial Fisheries Branch, Courtenay, Fax:  334-1410, Ph:  334-
1401 

  
Water uncontaminated natural seawater or artificial seawater; holding and volume and flow, 

1.0 L/10 grams of fish and 1.4L/g fish per day, respectively; ideally, salinity within 5 ppt 
of value for control/dilutions, for greater than 2 weeks. 

  
Temperature holding temperature within range compatible with good fish health acclimation 

temperature achieved at a rate <3°C/d and held at 10±2°C for >2 weeks 
  
Oxygen/aeration dissolved oxygen 80-100% saturation; (measured with a salinity corrected instrument); 

maintained by aeration, filtered oil-free if necessary 
  
Lighting full-spectrum fluorescent, ≤500 lux at surface, ambient of fixed (16±1h:8±1h dark) 

photoperiod, preferably gradual transition between light and dark 
  
Feeding at least once a day with standard commercial pelleted feed; feed stored frozen or 

according to manufacturer’s recommendations 
  
Cleaning siphoning of debris, daily or as required; transfer to clean, disinfected tanks as 

necessary 
  
Disease mortalities monitored daily and moribund fish removed; mortality rate for group to be 

used ≤1% d during seven days preceding test 
  
Measurement/records temperature, dissolved oxygen, pH, salinity, flow rate and mortality should be 

measured and recorded preferably daily 
  
Sea water challenge test prior to salt acclimation conduct test; DFO Tech report 1515 procedure as an example 

(with no blood chemistry) 
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Table F- 2 Checklist for Recommended Test Conditions and Procedures (Universal) 

 
Test type static, 96 hour duration 

 
Control/dilution water “uncontaminated” lab seawater; artificial seawater using commercial marine salt mixes; 

“upstream” receiving water to assess toxic effects at specific locations; dissolved 
oxygen content 90-100% saturation at time of use; (calibrated DO meter to reflect 
salinity); ideally salinity within ±5 ppt of acclimation 
 

Fish underyearlings or juveniles, mean weight (Chinook 4g; coho 10g) normally a minimum 
10/test solution; fish loading density ≤0.5 g/L.d-1 over four days.  Note: larger test 
volumes will be required to achieve this loading density, (i.e. > 30L final vol.) 
 

Temperature 10±2°C (unless specified otherwise) 
 

Aeration upon preparation, pre-aerate each test solution for 30 min at ≤7.5 ml/min.L-L-1; use an 
air flow meter (i.e. Gilmont) to calibrate air flow rate; then after, and only if necessary, 
pre-aerate each test solution at ≤7.5 ml/min.L-1 for the lesser of 90 minutes of 
achieving ≥70% saturation in the highest test concentration; aerate solutions at 
this rate throughout the test.  Calibrate D.O. meter to compensate for salinity 
 

pH no adjustment if pH of test solution within the range 6.5-8.5 (if pH is outside this; results 
may reflect toxicity due to biologically adverse pH); a second (pH-adjusted) test may be 
required or appropriate if sample/solution pH beyond this range. 
 

Lighting full-spectrum fluorescent, ≤500 lux at surface, normally 16±1h light:8h±1 dark, 
preferably gradual transition 
 

Feeding do not feed 24 h prior to start of test, nor during test 
 

Observations at least 24, 48, 72 and 96 h; for fish death, appearance and behaviour 
 

Measurement solution temperature, pH and D.O.; measured at least at beginning and end (preferably 
daily); salinity at start 
 

Endpoints as specified and/or depending on test objectives  and test material; may be 96HRLC50 
or single-concentration test (LT50; time to 50% mortality during 96 h.) 
 

Reference toxicant phenol an/or zinc (as zinc sulphate); determine static 96HRLC50 after acclimation 
 

Test validity invalid if > 10% control fish die or exhibit a typical/stressed behaviour 
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Air/Inorganic 
Revision Date:  December 31, 2000 

         

Particulate - Total 
 
Parameter Particulate – Total: Gravimetric 
 
Analytical Method  a) Gravimetric intermediate results   TP-T X484 
and EMS Code b)   Loading results TP-T CAL1 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory plus loading calculation. 

 
Method Summary The Total Particulate is the sum of Insoluble Particulate and the Soluble 

Particulate.  
 
MDL 0.1 mg for intermediate result   
 
Units a) Intermediate results:  mg 
 b) Loading results:  mg/dm

2
/d 

 
Matrix Particulate  
 
Sample Handling and 
Preservation If the temperature during the sampling period is below 0°C, either isopropanol 

or 50% V/V isopropanol/water is used as the solution in the canister.  
Principle or  
Procedure 
 
Field Preparation a) Add 500 mL of the collection medium to the 10.4 cm diameter 

polyethylene canister (canister must have a tight fitting, waterproof lid). 
Usually deionized water, to which 2.0 mL diluted algae inhibitor has 
been added, is used.  However, if the temperature during the sampling 
period is below 0°C, either isopropanol or 50% V/V isopropanol/water is 
used. The algae inhibitor is obtained commercially and diluted 1:100 
before use (Note: algae inhibitor must be added to all analytical 
blanks). 

 
 b) Ship the prepared canisters to the field. 
 
Laboratory 
Preparation a) Transfer the sample quantitatively to a 2 litre beaker, filtering through a 

20 mesh sieve to remove extraneous materials such as leaves, twigs 
and bugs. If the collection medium was isopropanol, use 50 to 100 mL 
deionized water in the transfer process. 

 
 b) Reduce the sample volume to about 200 mL by evaporating on a hot 

plate. 
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 c) Allow the sample to cool, proceed to further analyses of the requested 
parameters i.e., step 4 of Particulate Soluble and/or Particulate 
Insoluble procedures. 

 
Calculation Total Particulate, mg = P1 + P2 

 

 where: P1 =  Insoluble Particulate in mg  
   P2  =  Soluble Particulate in mg. 
 
Quality Control Retain at least four of the canisters so that they may subsequently be used in 

the determination of the various blank values. 
 
References a)  American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories 
 July 9, 1997: Conversion to EMS code; unit correction as 

confirmed by E. Tradewell and N. Peppin 
 July 14, 1997: Term “Dustfall” replaced by “Particulate” on 

request of  
  E. Tradewell 
 January 5, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
    Revision Date: December 31, 2000 

 

Particulate - Total Ashed 
 
Parameter Particulate - Total Ashed 
 
Analytical Method a)  Gravimetric intermediate result   ASHT X484 
and EMS Code b)  Loading result ASHT CAL1 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory plus loading calculation. 

 
 Method Summary The Total Ashed Particulate is the sum of the Insoluble Ashed and Soluble 

Ashed Particulate. 
 
MDL 0.1 mg for intermediate results   
 
Units a)  Intermediate results: mg 
 b)  Loading results: mg/dm2/d 
 
Matrix Particulate  
 
Principle or  
Procedure 
 
Calculation Total Ashed Particulate = P1 + P2 

 
 where: P1  =  Insoluble Ashed Particulate  

 
 P2  =  Soluble Ashed Particulate  

 
Quality Control A blank  should be carried through all steps of the procedure. 
 
References a) American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories/ 
 July 9, 1997: SEAM code replaced by EMS code; units 

correction 
 July 14, 1997: Term “Dustfall” replaced by “Particulate” on 

request from E. Tradewell 
  January 5, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
    Revision Date: December 31, 2000 

 

Particulate - Total Combustible 
 
Parameter Particulate - Total Combustible  
 
Analytical Method a) Gravimetric intermediate result   CP-T X484 
and EMS Code b) Loading result  CP-T CAL1 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory plus loading calculation. 

 
Method Summary The Total Combustible Particulate is the difference between the Total 

Particulate and the Total Ashed Particulate. 
 
MDL 0.1 mg for intermediate results   
 
Units a) Intermediate results: mg 
 b) Loading results: mg/dm2/d 
 
Matrix Particulate  
 
Principle or  
Procedure: 
 
Calculation  Total Combustible Particulate = P1 - P2 
 
 where: P1  =  Total Particulate  
  P2   =  Total Ashed Particulate  
 
Quality Control A blank should be carried through all steps of the procedure. 
 
 
References a) American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 July 9, 1997: SEAM code replaced by EMS code; units 

correction 
 July 14, 1997: Term “Dustfall” replaced by “Particulate” on 

request from E. Tradewell. 
 January 5, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
    Revision Date: December 31, 2000 

 

Particulate - Insoluble 
 
Parameter Particulate Insoluble  
 
Analytical Method a) Gravimetric intermediate results  TP-I X484 
and EMS Code b) Loading results TP-I X175 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory plus loading calculation. 

 
 Method Summary The prepared sample (see Particulate-Total procedure) is passed through a 

0.45 µm membrane filter.  The residue retained by the filter after drying to a 
constant weight at 105°C constitutes the insoluble particulate intermediate 
results with units of mg.  This value is then converted to a loading unit of 
mg/dm

2
/d. 

 
MDL 0.1 mg for intermediate results   
 
Units a) Intermediate results: mg 
 b) Loading results: mg/dm2/d 
 
Matrix Particulate  
 
Principle or  
Procedure: 
 
Apparatus a) Filtration apparatus, one litre vacuum flask fitted with a filtration 

assembly 
 b) Porcelain crucibles, 35 mL 
 c) Drying oven 
 d) Muffle furnace 
 e) Desiccator with desiccant 
 f) Analytical balance 
 
Procedure a) Ignite a clean porcelain crucible at 550°C in the muffle furnace for 1 

hour; cool for 3 hours in a desiccator, then weigh. 
 
 b) Weigh a 0.45 µm filter (Gelman HT 450, 47 mm diameter). Place filter 

in desiccator. 
 
 c) Carefully place the 0.45 µm filter in the filtration apparatus. 
 
 d) Filter the prepared sample (see Particulate-Total). Note: Wash the 

sample container with deionized water to ensure all the sample is 
passed through the filter. 

 
 e) Transfer the filtrate quantitatively to a 500 mL bottle, dilute to volume, 

and then transfer to a polyethylene container for further analysis.   
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 f) Return the filter and retained residue to the porcelain crucible; dry for 3 
hours in an oven at 105°C; cool in desiccator and weigh.  

 
Calculations Insoluble Particulate, mg = {(W1 -W2)-C} 
 
 where  W1 = weight of filter + crucible + residue in mg 
  W2 = weight of filter + crucible in mg 
  C = weight contribution from blank in mg 
 
 Loading calculation:  units of mg/dm2/d 
 
Quality Control A blank should be carried through all steps of the procedure. 
 
References a) American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 July 14, 1997: SEAM code replaced by EMS code; units; minor 

editing revisions; term “Dustfall” replaced by 
“Particulate” on request of E. Tradewell. 

 January 5, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
    Revision Date: December 31, 2000 

 

Particulate - Insoluble Ashed 
 
Parameter Particulate – Insoluble Ashed  
 
Analytical Method a) Gravimetric Intermediate results  AP-I X484 
and EMS Code b) Loading results   AP-I X175 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory plus loading calculation. 

 
Method Summary The prepared sample (see Particulate-Total procedure) is passed through a 

0.45 µm membrane filter.  The residue after ignition at 550°C constitutes the 
ashed insoluble particulate. 

 
MDL 0.1 mg for intermediate result   
 
Units a) Intermediate results: mg 
 b) Loading results: mb/dm2/d 
 
Matrix Particulate  
 
Principle or  
Procedure 
 
Apparatus a) Filtration apparatus, one litre vacuum flask fitted with a filtration 

assembly 
 b) Porcelain crucibles, 35 mL 
 c) Muffle furnace 
 d) Desiccator with desiccant 
 e) Analytical balance 
 
Procedure a) Ignite a clean porcelain crucible at 550°C in the muffle furnace for 1 

hour; cool for 3 hours in a desiccator, then weigh. 
 
 b) Weigh a  0.45 µm filter (Gelman HT 450, 47 mm diameter). Place filter 

in desiccator. 
 
 c) Carefully place the 0.45 µm filter in the filtration apparatus. 
 
 d) Filter the prepared sample (see Particulate-Total procedure). Note: 

Wash the sample container with deionized water to ensure all the 
sample is passed through the filter. 

 
 e) Return the filter and retained residue to the porcelain crucible; dry for 3 

hours in an oven at 105°C; cool in desiccator and weigh.  
 
 f) Transfer the crucible and filter to a muffle furnace. 
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 g) Heat at 550°C  for 1 hr, cool for 3 hr in a desiccator and then weigh, 
W1. 

 
Calculations Ashed Insoluble Particulate = {(W1 -W2)-C} 
 
 where  W1 = weight of filter + crucible + residue in mg, ( after ashing) 
  W2 = weight of filter + crucible in mg, (after ashing) 
  C  = weight contribution from blank in mg 
 
 Loading calculation to units of mg/dm2/d 
 
Quality Control A blank should be carried through all steps of the procedure. 
 
References a) American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 July 15, 1997: SEAM code replaced with EMS code; units 

correction; minor editing corrections; term 
“Dustfall” replaced by “Particulate” on request of 
E. Tradewell 

 January 5, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
    Revision Date: December 31, 2000 

 

Particulate - Soluble 
 
Parameter Particulate Soluble  
 
Analytical Method a) Gravimetric intermediate results   TP-S X484 
and EMS Code b) Loading results   TP-S X175 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory plus loading calculation. 

 
 Method Summary The prepared sample (see Particulate Total procedure) is passed through a 

0.45 µm membrane filter.  A portion of the filtrate is then evaporated on an 
oven; the portion which dries to constant weight at 105°C constitutes the 
soluble particulate.   

 
MDL 0.1 mg for intermediate results  
 
Units a) Intermediate results:  mg 
 b) Loading results:  mg/dm2/d 
 
Matrix Particulate 
 
Principle or  
Procedure: 
 
Apparatus a) Inert crucibles, 100 mL (e.g. nickel, porcelain, platinum) 
 b)  Drying oven 
 c) Steam Bath 
 d) Desiccator with desiccant 
 e) Analytical balance 
 
Procedure a) Ignite a clean porcelain crucible at 550°C in the muffle furnace for 1 

hour; cool for 3 hours in a desiccator, then weigh. 
 
 b) Weigh a  0.45 µm filter (Gelman HT 450, 47 mm diameter). Place filter 

in desiccator. 
 
 c) Carefully place the 0.45 µm filter in the filtration apparatus. 
 
 d) Filter the prepared sample (see Particulate-Total procedure). Note: 

Wash the sample container to ensure all the sample is passed through 
the filter. 

 
 e) Return the filter and retained residue to the porcelain crucible; dry for 3 

hours in an oven at 105°C; cool in desiccator and weigh.  
 
 f) Transfer the filtrate quantitatively to a 500 mL beaker, dilute to volume, 

and then transfer to a polyethylene container. 
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 g) Dry a clean platinum crucible to constant weight at 550°C; cool in a 
desiccator and then weigh. 

 
 h) Measure  2 x 50 mL of the prepared filtrate into the crucible. 
 
 i) Evaporate overnight (24-48 hours) in an oven at 105°C; cool in a 

desiccator and weigh. 
 
Calculations Soluble particulate, mg = V1 {(W1 -W2) - C} 
            V2 
 
 where  V1 = mL filtrate diluted (at step 6) 
   V2 = mL filtrate evaporated 
   W1 = weight of crucible + residue in mg 
   W2 = weight of crucible in mg 
    C  = weight contribution from blank in mg. 
 
 This is followed by a loading calculation to units of mg/dm2/d. 
 
 
Quality Control A blank should be carried through all steps of the procedure. 
 
References a) American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 July 15, 1997: SEAM code replaced with EMS code; units 

correction; minor editing corrections; term 
“Dustfall” replaced by “Particulate” at request of 
E. Tradewell. 

 January 5, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Particulate - Soluble Ashed 
 
 
Parameter Particulate - Soluble Ashed 
 
Analytical Method a) Gravimetric intermediate results   AP-S X484 
and EMS Code b) Loading results   AP-S X175 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory followed by loading calculation. 

 
 Method Summary The prepared sample (see Particulate-Total procedure) is passed through a 

0.45 µm membrane filter.  A portion of the filtrate is then evaporated in a 
oven; the portion which ignites to constant weight at 550°C constitutes the 
ashed soluble particulate.  It should be noted that if the ashed soluble 
particulate procedure is completed, this will preclude phosphorus and metal 
analysis.  

 
MDL 0.1 mg particulate 
 
Units a) Intermediate results:  mg 
 b) Loading results:  mg/dm2/d 
 
Matrix Particulate 
 
Principle or  
Procedure: 
 
Apparatus a) Inert crucibles, 100 mL (e.g. nickel, porcelain) 
 
 b) Muffle Furnace 
 
 c) Desiccator with desiccant 
 
 d) Analytical balance 
 
Procedure a) After completing step 9 in the Particulate Soluble procedure transfer 

the crucible to a  muffle furnace. 
 
 b) Heat at 5500C  for 1 hr; cool for 3 hr in a desiccator and then weigh. 
 

Calculation Soluble Ashed Particulate, mg =  V1 {(W1 - W2) - C}      
      V2 
 where: V1  =  mL filtrate diluted  
  V2  =  mL filtrate evaporated  
  W1  =  weight of platinum crucible + residue, mg 
  W2  =  weight of platinum crucible, mg 
  C    =  weight of contribution from blank, mg. 
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 This is followed by a loading calculation. 
 
 
Quality Control A blank should be carried through all steps of the procedure. 
 
 
References a) American Society of Testing and Materials. Annual Book of ASTM 

Standards; Part 26.   Philadelphia, (1974). 
 
Revision History April 1, 1996:  Initial draft 
 October 29, 1996:  Procedure vetted by private sector laboratories. 
 July 23, 1997:  SEAM code replaced with EMS code; units 

correction; minor editing corrections; term 
“Dustfall” replaced by “Particulate” on request of 
E. Tradewell. 

 January 6, 1998:  EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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 Air/Inorganic 
 Revision Date: December 31, 2000 

 

Particulate - Soluble – Anions and Cations by Ion 
Chromotography 
 
Parameter NO3-: Nitrate-Soluble Na-S: Sodium-Soluble 
 SO4-: Sulphate-Soluble NH4-: Ammonium-Soluble 
 Cl-S: Chloride-Soluble K--S:  Potassium Soluble 
 
Analytical Method Ion Chromatography-Anion 
 
EMS codes Intermediate Results Loading Results 
 NO3-  5068 NO3- 5049 
 SO4-  5068 SO4- 5049 
 Cl-S   5068 Cl-S 5049 
 Ca-S  5070 Ca-S 5061 
 Na-S   5071 Na-S 5061 
 K--S   5071 K--S 5061 
 NH4-   5071 NH4- 5061 
 Mg-S   5070 Mg-S 5061 
 
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory, followed by a loading calculation. 

 
Method Summary A portion of filtrate from the Particulate-Total procedure made up to 500 mL is 

analyzed by Ion Chromatography, then converted to loading units. 
 
MDL 0.1 mg/L for intermediate results   
 
Units a) Intermediate results:  mg/L 
 b) Loading results:  mg/dm2/d 
 
Matrix Particulate  
 
Principle or  
Procedure Analyze an aliquot of prepared sample (see Particulate-Total) by Ion 

Chromatography in accordance with the procedures for Anions - Ion 
Chromatography - Precipitation or Cations - Ion Chromatography-
Precipitation. 

  
Quality Control A blank should be carried through all steps of the procedure. 
 
Revision History April 30, 1996:  Initial draft 
 October 29, 1996:  Procedure vetted by private sector laboratories. 

Note regarding alternative methods added. 
 July 11, 1997:  SEAM codes replaced by EMS codes; units 

correction; term “Dustfall” replaced by 
“Particulate” on request of  

  E. Tradewell 
 January 8, 1998:  EMS codes verified; magnesium added. 
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 December 31, 2000: Minor editing; Supplement #2 merged into main 
Lab Manual.  Also reference in Note 2 changed 
to current edition of Lab Manual. 

  
 
Note 1: While anions and cations are usually reported for water samples on an 

elemental basis, for air samples, the convention is to report on an ion 
weight basis. Thus, ammonia is reported as mg/L and mg/dm

2
/d as NH4 and 

nitrate is reported as mg/L and mg/dm
2
/d as NO3. 

 
Note 2: Note that the listed anions and cations may alternatively be analyzed 

according to any relevant procedure specified in this edition of the BC 
Environmental Laboratory Manual. 
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Air/Inorganic 
 Revision Date: December 31, 2000 

 

Particulate - Metals - ICP  
 
Parameters Arsenic, Cadmium, Copper, Lead, Zinc. 
 
Analytical Method Acid Digestion - ICP Analysis. 
 
EMS Code See following page. 
  
Introduction An aliquot of prepared air particulate sample (see the Particulate-Total 

procedure) is digested by nitric perchloric acid digestion procedure.  
 
Method Summary Following acid digestion, aqueous solutions of metals are converted to 

aerosols in the nebulizer of the ICP and injected directly into a high 
temperature plasma (6000 to 8000°K).  This highly efficient ionization 
produces ionic emission spectra at wavelengths specific to the elements of 
interest which can be monitored either simultaneously or sequentially.  

 
MDL The following MDL concentrations (see table) are extrapolated from aqueous 

solutions. For instrument and analytical method MDL values, see Section C – 
Metals.  A constant ratio (within rounding) of 11.77 has been used to convert 
mg/L to mg/dm2/d. 

 
Matrix Ambient Air Particulates 
 
Interferences 
and Precautions See Section C – Metals, paragraph 2.4.4. 
 
Stability Samples are stable  
  
Procedure 
Reagents a) Nitric Acid, Concentrated, analytical 
 b) Perchloric acid, 70%, analytical 
 
 
Procedure a) Place an aliquot of prepared sample (see Particulate-Total, Particulate-

Insoluble, and Particulate-Soluble procedures) into a calibrated 75 mL 
digestion tube, add two mL HNO3 and heat cautiously to oxidize any 
organic matter; do not take to dryness. 

 
 b) Cool, then add 3.75 mL HClO4. Heat until dense white fumes are 

present.  Final conditions are 5% HClO4. 
 
 c) Cool and make up to 75 ml with deionized water.   
 
 d) Filter through Whatman #41 filter paper and collect the filtrate in a 250 

mL polyethylene bottle, and bring to volume (record this volume for 
calculations).  

 
 e) Analyze for As, Cd, Cu, Pb, Zn by ICP by procedures given in Section 

C - Metals.  
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 f) For particulate metals soluble only step 5 is required. 
 
EMS Codes 
 
Element EMS Code 

(nitric/perchloric 
acid digestion 

EMS Code 
(aqua regia 
digestion) 

MDL 

Arsenic - Soluble Intermediate 
 Loading  

Arsenic - Insoluble  Intermediate 
 Loading 

Arsenic – Total Intermediate 
  Loading 

Cadmium - Soluble Intermediate 
  Loading 

Cadmium - Insoluble Intermediate 
  Loading 

Cadmium - Total Intermediate 
  Loading 

Copper - Soluble Intermediate 
  Loading 

Copper - Insoluble Intermediate 
  Loading 

Copper - Total Intermediate 
  Loading 

Lead - Soluble Intermediate 
  Loading 

Lead - Insoluble Intermediate 
  Loading 

Lead - Total Intermediate 
  Loading 

Zinc - Soluble Intermediate 
  Loading 

Zinc - Insoluble Intermediate 
  Loading 

Zinc - Total Intermediate 
  Loading 
 

AS-S 5038 
AS-S 5039 

AS-I 5038 
AS-I 5039 

AS-T 5038 
AS-T 5039 

CD-S 5038 
CD-S 5039 

CD-I 5038 
CD-I 5039 

CD-T 5038 
CD-T 5039 

CU-S 5038 
CU-S 5039 

CU-I 5038 
CU-I 5039 

CU-T 5038 
CU-T 5039 

PB-S 5038 
PB-S 5039 

PB-I 5038 
PB-I 5039 

PB-T 5038 
PB-T 5039 

ZN-S 5038 
ZN-S  5039 

ZN-I 5038 
ZN-I 5039 

ZN-T 5038 
ZN-T 5039 

AS-S 6038 
AS-S 6039 

AS-I 6038 
AS-I 6039 

AS-T 6038 
AS-T 6039 

CD-S 6038 
CD-S 6039 

CD-I 6038 
CD-I 6039 

CD-T 6038 
CD-T 6039 

CU-S 6038 
CU-S 6039 

CU-I 6038 
CU-I 6039 

CU-T 6038 
CU-T 6039 

PB-S 6038 
PB-S 6039 

PB-I 6038 
PB-I 6039 

PB-T 6038 
PB-T 6039 

ZN-S 6038 
ZN-S 6039 

ZN-I 6038 
ZN-I 6039 

ZN-T 6038 
ZN-T 6039 

0.08 mg/L 
0.005 mg/dm2/d 

0.08 mg/L 
0.005 mg/dm2/d 

0.08 mg/L 
0.005 mg/dm2/d 

0.004 mg/L 
0.0001 mg/dm2/d 

0.004 mg/L 
0.0001 mg/dm2/d 

0.004 mg/L 
0.0001 mg/dm2/d 

0.004 mg/L 
0.0005 mg/dm2/d 

0.004 mg/L 
0.0005 mg/dm2/d 

0.004 mg/L 
0.0005 mg/dm2/d 

0.06 mg/L 
0.01 mg/dm2/d 

0.06 mg/L 
0.01 mg/dm2/d 

0.06 mg/L 
0.01 mg/dm2/d 

0.01 mg/L 
0.001 mg/dm2/d 

0.01 mg/L 
0.001 mg/dm2/d 

0.01 mg/L 
0.001 mg/dm2/d 
 

 
 
 
Calculation From the results obtained in mg/L from the ICP analysis, select the 

calculation method appropriate to the reporting requirements. 
 
 mg Metal = CV 
 
 where: C = mg/L Metal in sample 
  V = sample volume in liters 
 



 
G - 18 

 
 

Quality Control To ensure accuracy and precision, quality control blanks, duplicates, and 
spikes must be incorporated into the analysis scheme.  It should be noted 
that a wide variety of certified reference materials for water are available and 
are appropriate for soluble particulate metals analysis.  Suitable reference 
materials for insoluble particulates are less available. 

 
References None listed. 
 
Revision History April 1, 1996:  Initial draft 
 October 29, 1996:  Procedure vetted by private sector laboratories; 

and at their request, a note was added regarding 
substitution of aqua regia digestion for perchloric 
acid digestion procedure 

 January 8, 1998:  SEAM code replaced with EMS code; term 
“Dustfall” replaced with “Particulate” on request 
of E. Tradewell; EMS codes confirmed 

 February 17, 1998:  EMS code for intermediate results revised to 
eliminate redundant variables; revised MDLs per 
Dr. D. Jeffery 

 December 31, 2000: Minor editing; Supplement #2 merged into main 
Lab Manual.  Reference to 1994 Manual deleted.  
Also preference for aqua regia digestion over 
percholric acid digestion noted. 

 
 
 
Note: Aqua regia digestion is preferred in place of the nitric/perchloric acid digestion procedure. 

Note that these different procedures have been assigned different EMS codes. 
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Air/Inorganic 
  Revision Date: December 31, 2000 

 

Particulate - Phosphate  
 
Parameter Phosphate Total Insoluble 
 Phosphate Total Soluble 
 
Analytical Method Dig: Auto Color Ascorbic Acid  
 
EMS Code  Intermediate Results Loading Results 
 Insoluable PP-I  5139 PP-I  5132 
 Soluable PP-S 5139 PP-S 5135 
   
Introduction A 10.4 cm (4.1") diameter polyethylene canister containing a collection 

medium is exposed to the ambient air for a period of approximately 30 days.  
The sample subsequently undergoes gravimetric and/or chemical analysis in 
the laboratory. 

 
Method Summary The prepared sample (see Particulate-Total procedure) is passed through a 

0.45 µm membrane filter.  The organic material in the sample undergoes a 
sulfuric acid persulfate digestion.  This oxidizes the organically bound 
phosphorus to phosphate.  The digestion with acid also hydrolyses 
polyphosphates to ortho phosphate.  The ortho phosphate released by 
digestion and hydrolysis plus the ortho phosphate originally present in the 
sample is then reacted with ammonium molybdate to form heteropoly 
molybdophosphoric acid.  Finally, the molybdophosphoric acid is reduced by 
ascorbic acid to a blue coloured complex which is measured colorimetrically 
at 880 nm.  It is to be noted that at the concentration sulfuric acid used in the 
method, silica does not interfere.   

  
MDL 0.003 mg/L  P for intermediate results  
 
Units a) Intermediate results:  mg/L 
 b) Loading results:  mg/dm2/d 
 
Matrix Particulate 
 
Interferences and 
Precautions a) Arsenic at levels above 0.10 mg/ L interferes by producing a blue 

colour 
 
 b)  Mercury (II) at levels above 1.0 mg/ L interferes by giving a precipitate 

in the reducing step 
 
Principle or  
Procedure   
 
Apparatus a) Culture tubes , 50 mL 
 b) Autoclave 
 c) An automated system  (Technicon TrAAcs, or equivalent) consisting of  
  1) sampler  
  2) manifold  
  3) proportioning pump  
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  4) heating bath set at 37° C  
  5) colorimeter equipped with 30 mm flow cell and 880 nm filters 
  6) data collection system 
 
Reagents a) Strong Acid solution:  To 600 mL Deionized water, add 150 mL conc 

H2SO4.  Cool and add 2 mL conc HNO3 and dilute to one litre. 
 
 b) Potassium Persulfate; reagent grade. 
 
 c) Ammonium Molybdate solution:  Dissolve 10g ammonium molybdate, 

(NH4)6MO7O2 4 • 4H2O, in one litre Deionized water.  Add 120 mL conc 
H2SO4 a little at time with mixing; cool.  Add 0.6 g potassium antimonyl 
tartrate, K (SbO)C4H4O6 • 1/2 H2O, after first dissolving it in about 30 
mL Deionized water.  Finally, dilute to 2 litres with Deionized water. 

 
 d) Stock Ascorbic Acid solution:  Dissolve 4.0 g ascorbic acid, C6H8O6, in 

a mixture of 100 mL acetone and 100 mL Deionized water.  Add 4 mL 
of wetting agent (Levor IV).  Store at 4°C and prepare monthly or if 
signs of discolouration appear. 

 
 e) Working Ascorbic Acid solution:  Add 20 mL of stock ascorbic acid 

solution to 100 mL Deionized water.  Prepare daily. 
 
 f) Background Matrix Solution:  Add 30 ml of the strong acid solution to 

approximately 1.5 L. 
 
 g) Stock Phosphate solution (1000 mg/L P):  Dissolve 4.393 g pre-dried 

potassium dihydrogen phosphate, KH2PO4, in Deionized water and 
dilute to one litre. 

 
 h) Working Phosphate solution (10 mg/L P):  Dilute 10 ml stock 

phosphate solution to one litre with Deionized water.  Preserve by 
adding 2 mL chloroform and store at 4°C. 

 
 i) Standards Phosphate solutions:  Suitable aliquots of the working 

solution are diluted to prepare the appropriate standards (0.02, 0.05, 
0.1, 0.25, and 0.5 mg/L P). 

 
Procedure a) 1) Phosphate Total : 
  Total phosphate samples are diluted 2:1 just before loading them 

onto autoanalyzer. 
 
  2) Phosphate Total Soluble: 
  A 50 mL aliquot of the sample from step 6 of procedure TP-

S5040 is digested by the total phosphorus digest method.  No 
additional blanks are required here. 

 
 b) Regular blanks, standards and quality control samples are digested 

with these samples. 
 
 c) Add 25 mL of sample and standards to 50 mL test tubes. 
 
 d) To each add 0.5 mL strong acid solution and 0.1 g potassium 

persulfate. 
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 e) Autoclave each at 15 psi (121°C) for 30 min.  Allow the chamber 
pressure to drop to atmospheric pressure (without the aid of venting) 
before removing the samples. 

 
 f) Allow to cool and filter, unless the sample is clear. 
 
 g) Establish a baseline after all reagents have pumped through and the 

system is stable. 
 
 h) Adjust the gain so that the top standard (0.50 mg/L P) gives a peak 

height of 80%-95% full scale. 
 
 i) Run the sample and standards at 95 per hour on a TrAAcs 800 and 

60/hr on an AAII ( or equivalent equipment). 
 
 j) Monitor baseline drift, sensitivity drift, and carryover, and correct if 

necessary. 
 
Calculation The total phosphate concentrations are read directly from the printout, after a 

calibration curve is prepared from the peak heights obtained with the 
standard solutions.  The sample concentrations are then determined by 
comparing the sample peak heights with the calibration curve.  Baseline drift, 
sensitivity drift, and carryover corrections are made on the TrAAcs 800 
computer system.  The final step is a loading calculation. 

 
Precision Authentic samples at concentrations of 0.1403 and 0.4321 mg/ L P gave 

coefficients of variation of 1.0 and 1.6% respectively. 
 
Accuracy An authentic sample at  a concentration of 0.3390 mg/ L P gave a relative 

error of -1.6%. 
 
Quality Control Each batch should contain a 10% level each of blank and duplicate samples 

with a minimum of one each per batch.   
 
References a) J. Murphy and J.P. Riley.  Anal. Chim.  Acta 27, 31 (1962). 
 
Revision History April 1, 1996:   Initial draft 
 October 29, 1996:  Procedure vetted by private sector laboratories. 
 January 8, 1998:  SEAM code replaced by EMS code: term 

“Dustfall” replaced by “Particulate” on request of 
E. Tradewell; EMS codes confirmed; unavailable 
reference deleted. 

 February 16, 1998:  EMS code for intermediate results revised to 
eliminate redundant variables. 

 December 31, 2000: Minor editing; Supplement #2 merged into main 
Lab Manual.  Reference to out of print 1994 
Manual deleted. 
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Air/Inorganic 
 Revision Date: December 31, 2000 

 

Precipitation - Acidity, Alkalinity, pH  
 
Parameters Acidity: Free AC-F 5063 
and EMS Codes Acidity to pH 8.3 AC83 5062 
 Alkalinity Total  AK-T 5062 
 pH (Rain) pH--  5065 
 
Analytical Method Electrometer/Grans Plot. 
 
Introduction The sample is first titrated for acidity and alkalinity, the Gran's function is 

calculated, then this procedure is followed by the measurement of several 
anions and cations by ion chromatography.   

 
Method Summary A glass electrode, calibrated with a pH 4.10 H2SO4 buffer, is used with a 

digital pH/mV meter to measure sample pH.  Acidity is then determined on 
the same aliquot by titration with µL increments of 0.01N NaOH.  The volume 
of NaOH added to the sample is plotted against the Gran’s function, 
calculated from the readings obtained during the titration (see examples on 
following pages).  Equivalence point for strong acidity is obtained by 
extrapolating the Gran’s functions to the volume axis.  Total alkalinity is 
determined in a similar manner using 0.01N H2SO4 . 

 
MDL Acidity free 0.1 µeq/L 
 Acidity to pH 8.3 0.1 µeq/L 
 Alkalinity total 0.1 µeq/L 
 
Matrix Precipitation (fog, rain, snow, surface water) 
 
Interferences and 
Precautions Coating of the electrode with oily or particulate matter and temperature 

effects are interferences. 
 
Sample Handling and 
Preservation  Samples are collected with a rain sampler*, and submitted unfiltered and 

unpreserved.  An additional pH sample drawn in a 60 mL syringe may be 
collected.  Sample bottles should be filled leaving no head space, if sample 
collected from a water body.  Samples should be kept at 4°C until analyzed.     

 
*Note: Precipitation depth has EMS code PRED 5066 and MDL 0.0001 m. 

 
 
Stability Samples are unstable due to loss of gases or absorption of atmospheric 

gases.  Titrations should be completed within 72 hours of sampling and as 
soon as possible after the sample container has been opened.  

 
Principle or  
Procedure 
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Apparatus a) Digital pH meter, with MV scale, readable to at least the second 
decimal place in the pH mode. 

 b) Glass electrode, currently using a "low ionic strength" electrode 
(Radiometer PHC 2701).  An equivalent electrode may be used. 

 c) Magnetic stirrer and stirring bar. 
 d) Microliter pipettes (e.g. Eppendorf) in sizes 10, 20, 50, 100 µL fixed 

volumes. 
 
Reagents a) Standard reference buffers of pH 4.10 and 6.97, low ionic strength 

buffers from Orion or equivalent buffers. 
 
 b) Deionized water, boiled to remove carbon dioxide, and kept covered 

with limited headspace, as much as possible.  Boiled deionized water 
should be freshly prepared each week, and be used for all reagents. 

 
 c) Potassium biphthalate solution (0.005 N) - dry 15 to 20 g of primary 

standard, KHC8H4O4 (100 mesh) at 120°C.  Cool in a desiccator.  
Weigh accurately 1 g  to the nearest mg, transfer to a 1 L flask, and 
dilute to volume with deionized water. 

 
 d) Sodium hydroxide (0.01 N) - dissolve 0.4 g NaOH in 1 L distilled water, 

cool, and filter.  Store protected from CO2.  Standardize by differential  
titration of 40.00 mL KHC8H4O4 solution to the inflection point.  

 
 Calculate the normality of the NaOH as follows: 
 

Normality =      A x B  
                    204.2 x C 

 
 where A = weight of KHC8H4O4 in 1 L 
   B = mL KHC8H4O4 in the titration 
   C = mL NaOH used 
 
Procedure a) Allow all samples and buffers to reach laboratory temperature within 

0.5°C, before analysis.  Record laboratory temperature on datasheet. 
 
 b) Set the temperature compensator to the temperature of the samples. 
 
 c) Make all pH measurements as follows: 
  1) Pipette a 40.00 mL aliquot of pH 6.97 buffer solution/or sample 

into a 50 mL beaker. 
  2) Place a magnetic stir bar, carefully cleaned, into the beaker and 

place the beaker on a magnetic stirring apparatus.  Insert the pH 
electrode into the sample. 

  3) Stir the sample slowly for approximately 15 sec. 
  4) Turn the stirrer off, allow the pH reading to stabilize (1 min) and 

record the reading (or make the appropriate adjustment). 
  
 d) Set the calibration control with the pH 6.97 reference buffer.  
 
 e) Rinse the electrode thoroughly in deionized water. 
 
 f) Adjust the slope control using the standard reference buffer pH 4.10. 
 
 g) Rinse the electrode thoroughly with deionized water. 
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 h) Measure the pH of a rainfall sample using the procedure in (3) above. 
 
 i) Measure the acidity as follows: 
  

1) Stir sample for 15 sec. 
  2) Turn stirrer off, allow pH reading to stabilize (45 sec) and record 

reading. 
  3) Use an Eppendorf pipette to add 10µl standard 0.01 N NaOH; 

repeat steps (1) and (2). 
  4) Continue incremental additions of 0.01 N NaOH to establish 

required titration curves.  The capacity of the Eppendorf pipette 
may be varied as required. 

 
 j) After all analyses are completed, store the electrode immersed in pH 

4.10 buffer. 
 
Calculations a) Calculate Gran's functions (Φ) for each point as follows. 
 
  Strong Acidity 
 
  Φë = (Vo + V)10- pH + C = (Ve' - V)K1 
 
  where  Vo = initial sample vol (40.00 mL.) 
    V  =  mL 0.01 NaOH added. 
    C  =  arbitrary constant (7) 
    Ve'= equivalence point (strong acidity) 
 
  Free Acidity 
 
  = 10

-pH
 

 
 b) Plot Gran's function vs. volume of NaOH added (mL).  Extrapolate data 

points representing strong acidity component to the volume axis.  Note 
that a minimum of three points and a correlation coefficient of at least 
0.9995 is required for extrapolation. 

 
  c) Calculate the strong acidity component as follows: 
 
   Strong Acidity (µeq/L) = N•(Ve'/40.00) x 10

6. 
 
   where:  Ve' = volume axis intercept (mL); and N = normality of the 

NaOH. 
 
 
 Total Alkalinity is determined by carrying out a procedure which is a mirror 

image of the procedure for total acidity.  Gran's titration is carried out using 
standard 0.01N H2SO4 instead of 0.01N NaOH.  Prepare the standard 0.01N 
H2SO4 as follows: 

  
 a) Sodium carbonate solution (0.05N) - dry 3 to 5 g primary standard 

Na2CO3 at 250°C for 4 hours and cool in a desiccator.  Weigh 
accurately   0.1 g to the nearest mg, transfer to a 500 mL volumetric 
flask, and dilute to volume with deionized water. 
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 b)  Standard sulfuric acid (0.01N) - dilute an ampoule of analytical 

concentrate to 1N with deionized water, then further dilute to 0.01 N.  
Standardize by potentiometric titration of 20.00 mL 0.05N Na2CO3 
solution to the inflection point.  Calculate the normality of the H2SO4 as 
follows: 

 
  Normality =    A    x    B     
                         53.00 x C 
 
  Where  A = weight of Na2CO3 in one litre 
   B = mL Na2CO3 used in the titration 
   C = mL H2SO4 used 
 
Precision and 
Accuracy The precision and accuracy of the pH measurement is ±0.01 pH unit.  The  

acidity procedure yielded mean precision values (expressed as relative 
standard deviations) of 1.4%  for strong  acidity on the intervals 24-97  

 µeq H+/l. 
 
Quality Control Determine electrode precision by making 10 replicate measurements of a 

known reference solution.  Average of these ten measurements must be 
within 0.1 pH units of the reference value. The standard deviation of these 
measurements should be less than 0.03 pH units.  Record this data along 
with electrode reference number in an accumulating database.  This test of 
precision should be carried once every three months, or whenever a new 
electrode is introduced. 

 
References a) Standard Methods for the Examination of Water and Wastewater, 18th 

ed., APHA, AWWA, WPCF, Washington, DC (1992). 
 b) McQuaker Neil R., Paul D. Kluckner and Douglas K. Sandberg. 1983 
  “Chemical analysis of acid precipitation:  pH and acidity 

determinations”, Environmental Science and Technology, vol 17, no. 7, 
July 1983, p. 431 - 435. 

 
Revision History April 30, 1997: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 July 9, 1997: SEAM codes converted to EMS codes; out-of-

print references deleted 
 January 9, 1998: EMS codes confirmed; edit changes confirmed 

with E. Tradewell 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual.  Reference to out of print manual 
deleted. 
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ACIDITY TITRATION EXAMPLE and 
GRAN FUNCTION CALCULATION 
 
Sample #: ###### 
Conc. of base: 0.0103 N 
Volume titrated 40.0 ml 
Total  Point: 13 
 
 
Point Vol. added  pH  Gran's function 
 
 
1 0.00 4.780 0.664D+04 
2 0.02 4.920 0.481D+04 
3 0.04 5.120 0.304D+04 
4 0.06 5.410 0.156D+04 
5 0.08 5.770 0.681D+03 
6 0.10 6.070 0.341D+03 
7 0.15 7.200 0.636D+02 
8 0.19 8.640 0.175D+04 
9 0.21 8.530 0.136D+04 
10 0.23 8.870 0.298D+04 
11 0.25 9.080 0.484D+04 
12 0.50 10.030 0.434D+05 
13 0.75 10.310 0.832D+05 
 
 
 
Tritration Results 
 
Strong acidity =   19.0 µeq/L 
Equivalence point Vol =   0.07 
Equivalence point pH =   5.62 
d[H+]/dCb =  -.875 
Free Acidity =   16.6 µeq/L 
Free/Strong acidity:   0.875 
Acidity to pH 8.3 =   43.1 µeq/L 
Eq. Vol. @ pH 8.3 =   0.17 ml 
Weak acidity =   26.5 µeq/L 
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EXAMPLE OF ALKALINITY TITRATION and 
GRAN FUNCTION CALCULATION 
 
Sample #: ##### 
Conc. of acid: 0.0102 N 
Volume titrated 40.0 ml 
Total Point: 21 
  
Point Vol. added  pH Gran's function 
 
1 0.00  7.570 0.607D+02 
2 0.02  7.560  0.000D+00 
3 0.04  7.380  0.000D+00 
4 0.06  7.300  0.000D+00 
5 0.08  7.250  0.000D+00 
6 0.10  7.180  0.000D+00 
7 0.20  6.960 0.441D+02 
8 0.40  6.640 0.926D+02 
9 0.60  6.360 0.177D+03 
10 0.80  6.090 0.332D+03 
11 0.90  5.920 0.492D+03 
12 0.95  5.820 0.620D+03 
13 1.00  5.720 0.781D+03 
14 1.05  5.590 0.106D+04 
15 1.10  5.450 0.146D+04 
16 1.15  5.270 0.221D+04 
17 1.20  5.070 0.351D+04 
18 1.25  4.880 0.544D+04 
19 1.75  4.030 0.390D+05 
20 2.25  3.740 0.769D+05 
21 2.75  3.570 0.115D+06 
 
Titration Results 
 
Alkalinity = 304.6 µeq/L 
Equivalence point Vol = 1.19 
Equivalence point pH = 5.09 
d[H+]/dCa = 0.703 
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ACIDITY PLOT FROM EXAMPLE DATA  
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ALKALINITY PLOT FROM EXAMPLE DATA  
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PRECIPITATION CHEMISTRY EXAMPLE REPORT 
 
LABORATORY NAME 
LABORATORY ADDRESS 
TELEPHONE: (XXX) XXX-XXXX  FAX: (XXX) XXX-XXXX 
 
LRTAP MONITORING REPORT: PRECIPITATION 
 
REPORT DATE:   Dec 16/94 
FORM NUMBER:  0 Sampling Time (Start):      Dec 16/94-0000 
SAMPLE NUMBER:  94000000 Sampling Time (End):       Dec 16/94-0000 
 
Site:     MDC 
 
CATIONS mg/L ueq/L ANIONS mg/L ueq/L OTHER mg/L 
AMMONIUM <0.01 <0.6 NITRATE <0.01 <0.2  PHOSPHATE <0.009 
 
SODIUM <0.01 <0.4 CHLORIDE  <0.01 <0.3 ALUMINUM <0.02 
 
POTASSIUM <0.01 <0.3 FLUORIDE  <0.04  <2.1 
 
CALCIUM  <0.02 <1.0 SULPHATE <0.02 <1.6 
 
MAGNESIUM  <0.02 <1.6 ALKALINITY  - 
 
FREE ACIDITY   0.1 
 
TOTAL   0.1 
 
SUM+ / SUM- 
___________________________________________________________________________________ 
 
 ueq/L mg/L CaC03 equiv. Approximate pH 
 at equiv. point 
STRONG ACIDITY - - - 
 
pH 8.3 ACIDITY 0.0  0.0 - 
 
TOTAL ALKALINITY - - - 
 
pH MEASURED 7.00 - - 
__________________________________________________________________________________ 
 
 SAMPLER MOE AES 
 GAUGE GAUGE 
PRECIPITATION DEPTH (mm) 0.0 - 0.0 
COLLECTION EFFICIENCY (%) - -    - 
 
COMMENTS: 



 
G - 31 

 
 

Air/Inorganic 
Revision Date: December 31, 2000 

 

Precipitation - Anions - Ion Chromatography  
 
Parameters Nitrate-Soluble NO3- 5068 
and EMS Codes Sulphate-Soluble SO4- 5068 
 Chloride-Soluble CI-S  5068 
 
Analytical Method Ion Chromatography-Anion 
 
Introduction Precipitation samples are collected and shipped to the laboratory 

unpreserved.  The sample is first titrated for acidity and alkalinity, the Gran's 
function is calculated, then several anions and cations are measured.  Ion 
balance is also calculated. 

 
Method Summary An ion chromatograph equipped with a conductivity detector is used to 

determine several common anions from a single sample injection.  Samples 
and standards are "spiked" with concentrated carbonate / bicarbonate 
solution to give the sample the same background as the eluent used 
(avoiding a "water dip" effect).  The anions of interest are separated through 
an anion "guard" and anion "separator" column.  An anion micro membrane 
suppressor following the separator columns is used to reduce the 
background eluent conductivity by converting the carbonate and bicarbonate 
species to carbonic acid, while enhancing the conductivity of the ions of 
interest by converting these ions to there corresponding acids.  A conductivity 
detector senses the sample species in direct proportion to their initial 
concentration.  Note that nitrate is reported as mg NO3/L and sulphate as mg 
SO4/L. 

 
MDL 0.01 mg/L Nitrate 
 0.01  mg/L Chloride 
 0.01  mg/L Sulphate 
 
Matrix Water 
 
Interferences and 
Precautions Interferences can be caused by substances with retention times similar to 

overlapping those of the ion of interest.  Large amounts of an anion can 
interfere with peak resolution of an adjacent anion.  The most common 
interference is due to extremely high concentrations of dissolved carbonate or 
weak organic acid.  

 
Principle or  
Procedure 
 
Apparatus a) An ion chromatography system consisting of: 
  1)   selectable eluent supply 
  2)   high pressure, pulseless pump 
  3)    sample injection port and sample loop 
  4)    anion guard and separator columns 
  5)    anion micro membrane suppressor 
  6)   conductivity detector 
  7) data station 
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  8) auto sampler 
 
Reagents a) Concentrated Stock Eluent:  Dissolve 15.12 g sodium bicarbonate 

(NaHCO3) and 18.02 g sodium carbonate (Na2CO3) with Deionized 
water into a 1 L flask.  Dilute to volume and store in a 1 litre poly bottle. 

 
 b) Working Eluent Solution:  Dilute 10.0 mL of concentrated stock eluent 

to 1L in a volumetric flask.  (1.8 mM NaHCO3 / 1.7 mM Na2CO3) Filter 
before use. 

 
 c) Regenerent Solutions:  0.025 N Sulphuric acid (H2SO4) - Dilute 26.8 

mL concentrated sulphuric acid to one liter to prepare a 1.00 N H2SO4 
solution.  Dilute 25.0 mL of this solution to one liter. 

 
 d) Stock Chloride Standard Solution:  Dry 2 to 3 g of sodium chloride 

(NaCl) at 120°C for 2 hours and cool in a desiccator.  Dissolve 1.648 g 
NaCl in deionized water and dilute to 1.0 liter (1.00 mL =1.00 mg Cl).  
Store in a poly bottle under refrigeration. 

 
 e) Stock Nitrate Standard Solution:  Dissolve 1.630 g anhydrous 

potassium nitrate (KNO3) in deionized water and dilute to 1liter (1.00 
mL = 1.00 mg NO3).  Store in a poly bottle under refrigeration. 

 
 f) Stock Sulphate Standard Solution:  Dissolve 1.479 g anhydrous sodium 

sulphate (Na2SO4) in deionized water and dilute to 1 liter (1.00 mL = 
1.00 mg SO4).  Store in a poly bottle under refrigeration. 

 
Procedure a) Allow all samples and standards to reach laboratory temperatures 

before analysis. 
 
 b) Establish a constant background conductivity using the following 

instrument conditions: 
 
  Eluent:    0.0018 M NaHCO3 / 0.0017 M Na2CO3; 
  Separator:    4 x 50  Anion Precolumn (Guard) 
    Dionex IONPac®-AG4-SC; 
    4 x 250  Anion Separator Column 
    Dionex IONPac®-AS4-SC; 
  Suppressor:    Anion Micro Membrane Suppressor 
    Dionex AMMS-1; 
  Eluent Flow :    2.0 mL/min.; 
  Operating Pressure:    900 psi, 
  Regenerent:    0.025 N H2SO4; 
  Regenerent Flow :    2.0 - 3.0 mL/min.; 
  Backgrd. Conduct.    12 - 16 µS; 
  Injection Volume:    25 µL; 
  Detector Range:    Auto-range 
 
 c) Pipette 5.0 mL of each sample or standard solution into a 5 mL 

autosampler  vial  (Dionex  Polyvial™) , then add 50 µL of concentrated 
stock eluent.  Cap vial with a 0.22 µm filter cap and shake.  Load into 
an  autosampler. 
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 d) Run a blank and at least a  four point calibration curve of composite 

standards for each detector range.  The calibration curve should 
include at least one calibration point for each decade of the 
concentration range.  Calibration should be run daily when the analysis 
is run. 

 
 e) Run samples through the chromatograph with standards after every 

five samples. 
 
Calculations Calibration curves are programmed into the data station to be read directly off 

the chromatogram in terms of peak heights and in units of mg/L of anions in 
the filtrate. 

 
Precision RSD = 1.18% at 31.0 mg NO3-N/L (water) 
  = 1.49% at 98.5 mg SO4 /L (water) 
  = 2.89% at 10.0mg Cl/L (water) 
 
Accuracy 100.7%  at 31.0 mg NO3-N/L (water) 
 104% at 98.5 mg SO4 /L (water) 
 98.2% at 10.0 mg Cl/L (water) 
 
Quality Control a) Record the old and new standard concentrations, along with 

preparation dates, in a QC record sheet.  New standards should be 
within 5% of old standards, unless previous information suggests old 
standards have deteriorated.  Record this information on QC record 
sheet as a comment. 

 
 b) Record and plot the mid-range check standard run between every fifth 

sample.  Maintain this record in such a manner to allow comparison 
between runs.  If limiting the ions to record, do at least Cl.  When 
sufficient data is recorded, determine control limits.  For the interim, 
control limits of ± 10% should be used.   

  Note:  This is not an independent reference standard.  This check is to 
monitor within run drift. 

 
 c) Run an independent reference standard prepared from an alternate salt 

with addition of flouride, nitrite, bromide, phosphate  to check peak 
resolution and column integrity. 

 
References a) J.P. Smith, D. Grodjean and J.N. Pitts, J.Air Pollut. Contr. Assoc. 28, 

930 (1978). 
   b)  Dionex Corporation,.  Basic Ion Chromatography.  1228 Titan Way, 

Sunnyvale, CA.  94088-3603,  U.S.A. 
 c)   Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. 
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Revision History April 1, 1996:  Initial draft 
 October 29, 1996:  Procedure vetted by private sector laboratories. 

Note regarding alternative methods added. 
 July 11, 1997:  Minor editing; replace SEAM code with EMS 

code 
 January 9, 1998:  EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual.  Reference to out of print manual 
deleted. 

 
 
 
Note 1: While anions and cations are usually reported for water samples on an elemental basis, 

for air samples, the convention is to report on an ion weight basis. Thus, ammonia is 
reported as mg/L as NH4 and nitrate is reported as mg/L as NO3. 

 
 
 
 
Note 2: Note that the listed anions and cations may alternatively be analyzed according to any 

relevant procedure specified in this edition of the BC Environmental Laboratory Manual. 
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Precipitation - Cations - Ion Chromatography 
 
Parameters Sodium Na-S  5071 
and EMS Codes Ammonium NH4-  5071 
 Potassium K--S   5071 
 Magnesium Mg-S  5070 
 Calcium Ca-S  5070 
 
Analytical Method Ion Chromatography 
  
Introduction Precipitation samples are collected and shipped to the laboratory 

unpreserved.  The sample is first titrated for acidity and alkalinity, the Gran's 
function is calculated, then several anions and cations are measured.  Ion 
balance is also calculated. 

 
Method Summary An ion chromatograph equipped with a conductivity detector is used to 

determine several cations from a single sample injection.  All samples are 
filtered through a 0.22 µm fritted glass filter prior to injection.  The cations of 
interest are separated through a cation "guard" and cation "separator" column 
with a methane sulphonic acid eluent. After the cations are separated they 
exit at various times from the column in a background of eluent.  A self 
regenerating membrane suppressor is attached to the end of the column to 
neutralize the acid before detection and form the corresponding hydroxide.  
Note that ammonium is reported as mg NH4/L 

 
MDL 0.01 mg/L Na 
 0.01 mg/L NH4 
 0.01 mg/L K 
 0.01 mg/L Mg 
 0.01 mg/L Ca 
 
Matrix Water 
 
Interferences and 
Precautions Interferences can be caused by substances with retention times similar to 

overlapping those of the ion of interest.  Significant concentrations of 
previously eluted cations may cause masking problems.   

Principle or  
Procedure 
 
Apparatus a) An ion chromatograph consisting of: 
  1)    selectable eluent supply 
  2)   high pressure, pulseless pump 
  3)   chromatography module 
  4)  cation guard and separator columns 
  5)   cation membrane suppressor 
  6)  conductivity detector 
  7)  data station 
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Reagents a) Methane sulphonic acid stock (2.0 M): Weigh 96.1 g methane 
sulphonic acid and dilute to 500 mL with Deionized water. 

 
 b) Eluent (0.02  M): dilute 10.0 mL of 2.0 M  methane sulphonic acid stock 

to 1L. Filter through a 0.45 um nylon membrane filter. 
 
 c) Regenerent solution: deionized water. 
 
 d) Ammonium standard 1000 mg/L:  Dissolve 2.965 g predried 

ammonium chloride (analytical grade) in 1 L Deionized water.1mL= 
1mg NH4 

 
 e) Calcium standard 1000 mg/L:  Dissolve 2.497 g predried calcium 

carbonate (analytical grade) in 1 L of 400 mN hydrochloric acid. 
 
 f) Magnesium standard 1000 mg/L: Dissolve 4.952 g predried 

magnesium sulphate (analytical grade) in 1 L of 400 mN hydrochloric 
acid. 

 
 g) Potassium standard 1000 mg/L:  Dissolve 1.907 g predried potassium 

chloride (analytical grade) in 1 L Deionized water.  
 
 h) Sodium standard 1000 mg/L:  Dissolve 2.542 g predried sodium 

chloride (analytical grade or better) in 1 L Deionized water.   
 
  (Note: New standards should always be checked against old stock 

standards. A log of these comparison results should be maintained). 
 
Procedure a) Allow all samples and standards to reach laboratory temperature 

before analysis. 
 
 b)  Establish a constant background conductivity using the following 

instrument conditions: 
 
  Eluent: 0.020 M methane sulphonic acid 
  Regenerant: Deionized water 
  Separator: 4x50  Cation Precolumn (Guard) 
   Dionex IONPac-CS12 
   4X250 Cation Separator Column 
   Dionex IONPac-CS12 
  Suppressor: Cation Self Regenerating Suppressor 
   Dionex CSRS-1 
  Eluent Flow Rate: 1.0 mL/min. 
  Operating Pressure:  900 psi. 
  Regenerent Flow rate: 10 mL/min. 
  Regenerent Current: 200 mA 
  Background Conductivity:  0.5 - 2  uS 
  Injection Volume:   25 uL 
 
 c) Run a blank and at least a  four point calibration curve of composite 

standards for each detector range.  The calibration curve should 
include at least one calibration point for each decade of the 
concentration range.  Calibration should be run daily when the analysis 
is run. 
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 d) Run samples through the chromatograph with standards after every 
five samples. 

 
Calculations Calibration curves are programmed into the data station to be read directly off 

the chromatogram in terms of peak heights. 
 
Precision In a laboratory study, authentic samples gave the following coefficients of 

variations (C.V.): 
 

 Standard C.V. Standard C.V. 
Cation (mg/L) (%)  (mg/L)  (%) 
Na 0.08 3.7  0.16  3.5 
NH4 0.20 1.3  0.40  2.0 
K 0.20 1.8  0.40  2.8 
Mg 0.10 2.5  0.20  2.7 
Ca 0.20 2.8  0.40  1.5 

 
 
Quality Control a) Record the old and new standard concentrations, along with 

preparation dates, in a QC record sheet.  New standards should be 
within 5% of old standards, unless previous information suggest old 
standards have deteriorated.  Record this information on QC record 
sheet as a comment. 

 
 b) Record and plot the mid range check standard run between every fifth 

sample.  Maintain this record in such a manner to allow comparison 
between runs.  If limiting the ions to record, do at least Ca and K.  
When sufficient data is recorded, determine control limits.  For the 
interim, control limits of ± 10% should be used.   

  Note: This is not an independent reference standard.  This check is to 
monitor within run drift. 

 
 c) Confirm all standards with an alternate salt. 
 
References a)  Standard Methods for the Examination of Water and Wastewater, 

APHA, AWWA, WEF, 18th edition, 1992. 
  b) Dionex Corporation,. Basic Ion Chromatography, 1228 Titan Way, 

Sunnyvale, CA. 94088-3603,  U.S.A. 
 c) Dionex Corporation,. Self-Regenerating Controller Users Guide, 

Document No.034720, 1228 Titan Way, Sunnyvale, CA. 94088-
3603,U.S.A. October 1992. 

 d) Dionex Corporation,. Installation Instructions and Troubleshooting 
Guide for the Cation Self-Regenerating Suppressor-1 (4mm), 
Document No. 034651, 1228 Titan Way, Sunnyvale, CA. 94088-3603, 
U.S.A. June 1993. 

 e)  Dionex Corporation, Installation Instructions and Troubleshooting 
Guide for the IONPAC CS12 Analytical Column, Document No.034657, 
1228 Titan Way, Sunnyvale, CA.  94088-3603, U.S.A. March 1992. 
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Revision History April 1, 1996: Original draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 

Note regarding alternative methods added. 
 July 13, 1997: Minor editing; SEAM code replaced with EMS 

code 
 January 9, 1998: EMS codes confirmed; Ca MDL updated. 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. Reference to out of print manual 
deleted.  

 
 
 
 
Note 1: While anions and cations are usually reported for water samples on an elemental basis, 

for air samples, the convention is to report on an ion weight basis. Thus, ammonia is 
reported as mg/L as NH4 and nitrate is reported as mg/L as NO3. 

 
 
 
 
Note 2: Note that the listed anions and cations may alternatively be analyzed according to any 

relevant procedure specified in this edition of the BC Environmental Laboratory Manual. 
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Air/Inorganic 
Revision Date: November 4, 2002 

 

Total Particulate - PM10 - HiVol  
 

Parameter Particulate < 10µm (PM10). 
 
Analytical Method Part. HiVol Teflon. 
 
EMS Code PM10  5305 
 
Introduction A measured volume of ambient air is drawn through an inlet that passes only 

particles less than 10 µm.  The particulate which is collected on a 0.3µm 
teflon coated borosilicate glass fibre filter constitutes PM10 particulate.  

 
Method Summary PM10 is the designation for particulate matter in the atmosphere that has an 

aerodynamic diameter of 10 micrometers (µm) or less.  A high volume (HV) 
PM10 sampler draws a known volume of ambient air at a constant flow rate 
through a size selective inlet and through one or more filters.  Particles in the 
PM10 size range are then collected on the filter(s) during the specified 24 
hour sampling period.  Each sample filter is weighed before and after 
sampling to determine the net weight (mass) gain of the collected PM10 
sample.  

 
MDL 2 µg/m

3
 

 
Matrix Ambient Air Particulate 

 
Interferences  
and Precautions Damage to filters (holes), misalignment or leaking gaskets in filter assembly 

can result in loss of particulate.   
 
Sample Handling  
and Preservation Filters are shipped flat in white 10" x 12" envelopes with the opening on the 

12" axis.  The envelope and filter are both stamped with a unique identifying 
number.  A kraft paper wrapper folded in three on the long axis is also 
shipped.  Filters should NOT be folded before sampling.  The shipping 
envelopes are stamped "DO NOT BEND PRIOR TO USE". 

 
The sampling surface of the filter appears like soft blotting paper.  The non-
sampling surface has a sheen and appears to be a woven fabric. 

 
For return to the laboratory, filters should be gently folded once along the long 
axis, with the particulate surface inward.  The filter should be placed inside 
the brown paper wrapper and re-inserted in the same envelope in which it 
was shipped.  

 
If unable to return filters for analysis within 10 days of sampling, store 
exposed filters at 4°C or less.  Return filters for reweighing within 30 days of 
sampling. 

 
Stability Most samples are stable for long periods of time. 
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Procedure 
Apparatus a) Controlled environment room: temperature 20°C ± 3°C, humidity 30-

40% ± 5%(24 hour average). 
 b) Analytical balance, 5 decimal place. 
 
Reagents a) Filters: Pallflex TX40HI20WW EMFAB, 8" x 10" (20.3 cm x 25.4 cm), or 

equivalent. 
 
Procedure a)  Inspect filters for pinholes, tears, lumps, or creases using light box.  

Any filters with these defects should not be used.  Remove any fibres 
from edge of filter.  Do not use any filters that have begun to de-
laminate. 

 
 b) Gently stamp filters and envelopes with an identification number taking 

care to keep the number stamp on the outer edge of the filter, not in the 
sampling area.  Stamp impression should be on the glossy under 
surface of the filter. 

 
 c) Equilibrate filters in controlled environment for 72 hours.  Note: Teflon 

coated filters take longer to equilibrate than normal glass fibre filters 
which can be equilibrated in 24 hours. 

 
 d) Pre-weigh the filters, and record in log.  Filters may be rolled loosely for 

weighing if desired. 
 
 e) Ship the filters flat in envelopes to the field. 
 
 f) On return of filters from field, equilibrate for 72 hours.  If necessary, 

gently remove any insects embedded in the filters  with Teflon tipped 
tweezers.  If more than 6 insects are found discard the filter.  Recover 
any dislodged material from the filter using a soft camel hair brush to 
sweep out envelope.  This constitutes part of the sample.  

 
  Note any irregularities in the filters at this time.  If the following 

irregularities are found, reject the filter. 
1) Hole or tear in filter except if on fold. 
2) Sample area misaligned such that sample has been lost (filter 

misaligned, FMA). 
3) Leakage of particulate at margins (gasket leak, margin not clear, 

MNC). 
4) Filter sampled wrong side up. 
5) Sampling time less than 18 hours or  greater than 30 hours. 

Enter a comment in the report indicating 'time range failure' 
(TRF). If  filters are explicitly marked "SPECIAL STUDY" other 
time ranges are acceptable. 

 
  If the following irregularities are found, they should be noted on the 

report but the analysis completed: 
 

1) Marks on surface (MOS) of the filter after sampling. 
2) Filter misaligned (FMA) so no margin visible. 
3) Sampling surface against envelope, wrapper or time chart . 

 
  Record all of the above comments in comment section of the report. 
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 g) Weigh the filters to the nearest 1 mg after equilibration.  Record the 
weight.  

 
 h) Archive the filters for a period of 2 years. 
 
Calculation PM10 Particulate in µg/m

3
= 

 
  (final weight) - (initial weight) x Conversion factor 
    time of exposure, hr. 
 
  where conversion factor = 1000 x 35320 /(40 x 60) 
 
  note: 1000 is µg/mg, 
   35320 is cu ft/m

3
 & mg/g 

   40 is standard flow rate in cu ft/min 
   60 is min./hr. 
 
Precision The standard deviation on duplicate weighings of 8" x 10" (20.3 x 25.4cm) 

teflon filters returned from the field after sampling is 1 mg.  
 

Quality Control a) Laboratory Equipment: 
   1) Balance: 
   i) Initial: 3 to 5 weights in the range of the filter weights 

should weigh to ± 0.0005 g of nominal weights. 
   ii)  On-going: a standard weight should be weighed daily and 

every two hours when the balance is in use.  Record 
weights, date, time, and operators initials.  Weights should 
be ± 0.0005 g of nominal weights.  Failure requires re-
calibration. 

   iii) Annual calibration and certification of balance by a certified 
tester. 

 
  2) Constant humidity: 

   i) A reading with a wet/dry bulb sling psychrometer to be 
taken and recorded every 6 months.  Reading to be ± 6% 
of desired reading. 

   ii)    On-going humidity should be <40% and not vary by more 
than ± 5%.  Record humidity daily.  Design humidity is 
35%.  

 
  3) Temperature should be kept between 15 and 30°C, and should 

not vary more than ± 3°C.  Target temperature is 20°C. 
 
 b) Assessment of data accuracy 
 
  1) Field duplicates: co-located samplers should give results ± 15%.  
 
  2) Lab duplicates: prior to shipping to field, randomly select and re-

weigh 4 in every set of 50 un-exposed filters.  Record initial 
weight, re-weight, date and time of each, and initial the record.  
The re-weigh should be done between 3 and 24 hours after the 
initial weighing. Re-weigh the entire batch if any re-weighs differ 
by more than ± 5 mg (0.005 g) from the original weight.  Plot an 
x-bar R chart of data as a control chart.  Interim warning limits 
and control limits ± 3.0 mg and ± 4.5 mg.  Out of control points 
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indicate a need to re-calibrate the balance, improve operation 
procedure, or failure to control humidity and temperature. 

 
  3) Trip duplicates:  For every batch of 50 (unexposed) filters, 4 

filters, chosen at random, are sent to the field as trip blanks.  On 
return, these unexposed filters are conditioned and reweighed.  
The re-weigh should be done between 3 and 48 hours after the 
initial weighing. Re-weigh the entire batch if any re-weighs differ 
by more than ± 5 mg (0.005 g) from the original weight. Plot an x-
bar R chart of data as a control chart. Interim warning limits and 
control limits ± 3.3 mg and ± 5.0 mg.  Out of control points, in 
absence of out of control points in b. above indicate a lack of 
proper impaction of particulate in field, a failure to properly 
handle filters in field or laboratory causing a loosening of 
particulate, or a need to improve operation procedure. 

 
  Samples which fail this test should be recorded as "FAILED 

DUPLICATE WEIGHT TEST”.  
 

References a) Quality Assurance Handbook for Air Pollution Measurement Systems, 
Volume II: Ambient Air Specific Methods, EPA/600/R-94/038b, April 
1994, Section 2.11.0 (January 1990). 

 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 January 12, 1998: EMS code confirmed; out of print reference 

deleted 
 December 31, 2000: Minor editing; Supplement #2 merged with main 

Lab Manual.  At request of E. Tradewell, note 
added regarding storage and return of exposed 
filters. 

 November 4 ,2002: Conditioning criteria (humidity) specs updated  
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Air/Inorganic 
Revision Date: November 4, 2002 

 

Total Particulate – PM10/PM02 - 47 mm - HiVol 
 

Parameter Total Particulate (PM10) PM10 5306 
and EMS Codes Total Particulate (PM02) PM02 5306 
 
Analytical Method 47mm HiVol Teflon filter 
 
Introduction A measured volume of air is drawn through a 47 mm filter using a Partisol 

Model 2000 air sampler. 
 
Method Summary Air particulate is trapped on a pre-weighed Teflon filter.  The weight change 

after sampling is used to calculate the particulate in  µg/m3.   
 
MDL A detection limit of 6 µg/m

3
 is based on duplicate weighing of triplicates 

weighings of exposed filters (July - August 1996) returned from the field. This 
was revised in June 2000 to 2µg/m

3
±.6 

 
Matrix  Ambient Air Particulate. 
 
Interferences and 
Precautions Damage to the filter such as cracks or pinholes that allow particulate to  

escape during sampling may reduce the reported values.  Failure to protect 
sampling surface during shipment may cause loss of particulate.  

 
Sample Handling and 
Preservation Use non-serrated forceps to handle filters.  Store and transport filters in 

cassettes housed in petri dishes.  On initial use and after each return from 
field use, filter cassette holders should be rinsed in deionized water, soaked 
for at least 1 hr. in clean dilute FL70 detergent solution, rinsed with deionized 
water at least 8 times, and air dried in a dust free environment. 

Procedure 
 
Apparatus a) Pallflex TX40 HI20-WW 47mm filters 
 b) Cassette filter holder (Partisol series 2000, part #59-002388) 
 c) Balance, with resolution of 0.01 mg 
 d) Non-serrated forceps 
 
Procedure a) Inspect each filter visually for integrity and apply the criteria given in 

Procedure paragraph 6, of Total Particulate - PM10 - HiVol (EMS code 
PM10 5305). 

 
 b) Equilibrate the 47 mm filters before use as follows: 
  1) Label and number both covers of each petri dish . 
  2) Place the petri dish cover under the bottom half of the dish. 
  3) Place each inspected filter into a separate dish. 
  4) Record  the filter number, relative humidity, temperature, date 

and time at the beginning of equilibration. 
  5) Equilibrate each filter for at least 24 hours (Teflon filters usually 

require 72 hours to equilibrate) at a constant humidity 30- 40% ± 
5%, and constant temperature of 20°C ± 2°C.  The PM02 filters 
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should be equilibrated at a humidity of 30 - 40 % ± 5%  and 
constant temperature 20° C ± 2° C. 

 
 c) Weigh each filter three times, and record its mass in grams.  The 

average of these three weights is the initial weight. 
 
 d) Ship the filters to the field in petri dishes. 
 
 e) On return of filters from the field, equilibrate for 72 hours and weigh 

each filter three times, and record its mass in grams.  The average of 
these three weights is the final weight.  PM02 filters should be re-
weighted within ten days after end of sampling period.  If unable to 
process within this time period store at 4° C or less and re-weigh within 
thirty days of sampling. 

 
Calculation Particulate in µg/m

3
 = 

 
 1,000,000 x (average 3 final weights,g) - (average 3 initial weights,g) 
                   time of exposure in hours 
 
 where:  1,000,000 is µg/g and flow rate is 1 m3/hr 
 
Precision Standard deviation on duplicate weighings of 47 mm Partisol filters returned 

from the field after sampling is 2.3 µg/m
3
 for results in range 11 to 66 µg/m

3
.  

Estimated coefficient of variation is 9%.  
 

Quality Control a) Balance Weights:  record weight of a 1, 2, and 5 g nominal weight 
Class S weight, initially and every two hours during weighing periods.  
Limits for acceptance of weights should conform to balance 
manufacturer’s specifications. 

 
 b) Prior to shipping filters to field repeat the weighing process for 4 in 50 

or 4 in a weighing set (which ever is smaller).  Average of triplicate 
weights initial and repeat weighing must agree to within 1 mg. 

 
 c) After return of filters from the field, repeat the weighing process for 4 in 

50 or 4 in a set. Average of triplicate weights initial and repeat must 
agree to within 1 mg. 

 
Reference a) Quality Assurance Handbook for Air Pollution Measurement Systems 

Volume II:  Ambient Air Specific Methods, PA/600/R-94/038b, April 
1994, Addendum 2.11. 

 b) Operating Manual, Partisol 2000 Air Sampler, p.3-1 to 3-9, Rupprecht 
  and Patachnick, Albany, New York, December 1993, version 1.00. 
 
Revision History April 30, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 January 12, 1998: EMS codes confirmed 
 June 24, 1998: PM02 procedures revised 
 December 31, 2000: Minor editing; Supplement #2 merged with main 

Lab 
  Manual. 
 November 4, 2002: Conditioning criteria (temp. & humidity) specs 

updated   
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Total Particulate - PM02 - HiVol  
 
Parameter PM 2.5µm HiVol (PM02). 
 
Analytical Method Tot. Part. HiVol-Teflon (8 x 10 filter). 
 
EMS Code PMO2 5305 
 
Introduction A measured volume of ambient air is drawn through an inlet that passes only 

particles less than 2.5 µm.  The particulate which is collected on a 0.3 micron 
teflon coated borosilicate glass fibre filter constitutes PM02 particulate.  

 
Method Summary PM-2.5 is the designation for particulate matter in the atmosphere that has an 

aerodynamic diameter of 2.5 micrometers (µm) or less.  A high volume (HV) 
PM 2.5 sampler draws a known volume of ambient air at a constant flow rate 
through a size selective inlet and through one or more filters.  Particles in the 
PM 2.5 size range are then collected on the filter(s) during the specified 24 
hour sampling period.  Each sample filter is weighed before and after 
sampling to determine the net weight (mass) gain of the collected PM02 
sample.  

 
MDL 2 µg/m

3 
  
Matrix Ambient Air Particulate 
 
Interferences and 
Precautions Damage to filters (holes), misalignment or leaking gaskets in filter assembly 

can result in loss of particulate.  
 
Sample Handling and 
Preservation Filters are shipped flat in white 10" x 12" envelopes with the opening on the 

12" axis.  The envelope and filter are both stamped with a unique identifying 
number.  A kraft paper wrapper folded in three on the long axis is also 
shipped.  Filters should NOT be folded before sampling.  The shipping 
envelopes are stamped "DO NOT BEND PRIOR TO USE". 

 
  The sampling surface of the filter appears like soft blotting paper.  The non-

sampling surface has a sheen and appears to be a woven fabric. 
 
 For return to the laboratory, filters should be gently folded once along the long 

axis, with the particulate surface inward.  The filter should be placed inside 
the brown paper wrapper and re-inserted in the same envelope in which it 
was shipped. 

 
Stability Conditioned filters shipped from Laboratory should be used within thirty days 

of preparation date.  Filters should be weighted with ten days of sampling 
date.  If unable to process with ten days of sampling, store at 40C or less and 
reweight within thirty days of sampling. 

 
Apparatus a) Controlled environment room:  temperature 20° C ± 2° C.  Humidity 30 

- 40% ± 5 (24 hour average). 
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Principle or  
Procedure See Total Particulate - PM10 - HiVol. 
 
Revision History March 20, 1995: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 January 12, 1998: EMS codes confirmed; E. Tradewell confirmed 

filter size 
 June 24, 1998: Updated using new EPA protocols. 
 December 31, 2000: Minor editing; Supplement #2 merged with main 

Lab 
  Manual.   
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Total Particulate - Teflon - HiVol  
 
Parameter Particulate: Total 
 
Analytical Method Tot. Part. HiVol Teflon (8 x 10 filter) 
 
EMS Code TP-T 5305 
 
Introduction A measured volume of ambient air is drawn through a high volume sampler 

and  is collected on a 0.3µm Teflon coated borosilicate glass fibre filter.  The 
collected material constitutes total particulate.  

 
Method Summary A high volume (HV) sampler draws a known volume of ambient air at a 

constant flow rate through one or more filters.  Particles are then collected on 
the filter(s) during the specified 24 hour sampling period.  Each sample filter 
is weighed before and after sampling to determine the net weight (mass) gain 
of the collected total particulate sample.  

 
MDL 2 µg/m

3
  

 
Matrix Ambient Air Particulate 
 
Interferences and 
Precautions Damage to filters (holes), misalignment or leaking gaskets in filter assembly  

can result in loss of particulate. 
 
Sample Handling and 
Preservation Filters are shipped flat in white 10" x 12" envelopes with the opening on the  

12" axis.  The envelope and filter are both stamped with a unique identifying 
number.  A kraft paper wrapper folded in three on the long axis is also 
shipped.  Filters should NOT be folded before sampling.  The shipping 
envelopes are stamped "DO NOT BEND PRIOR TO USE". 

 
The sampling surface of the filter appears like soft blotting paper.  The non-
sampling surface has a sheen and appears to be a woven fabric. 

 
For return to the laboratory, filters should be gently folded once along the long 
axis, with the particulate surface inward.  The filter should be placed inside 
the brown paper wrapper and re-inserted in the same envelope it was 
shipped in. 

  
Stability Most samples are stable for long periods of time.  
 
Principle or  
Procedure See Total Particulate - PM10 - HiVol 
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Revision History April 11, 1995: Initial Draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 January 12, 1998: EMS codes confirmed; E. Tradewell confirmed 

filter size 
 December 31, 2000: Minor editing; Supplement #2 merged with main 

Lab Manual.   
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Total Particulate - HiVol - Metals - ICP  
 
Parameters The HiVol metals package now includes a total of 25 metals. See table on 

following page for EMS codes and for detection limits. 
 
Analytical Method Strong Acid Digestion; ICP Analysis. 
 
EMS Code See following page. 
 
Introduction Either nitric /perchloric acid digestion or aqua regia digestion is used to bring 

the metals into solution.  The metal content is then determined by ICP 
analysis. 

 
Method Summary Following acid digestion, aqueous solutions of samples are converted to 

aerosols in the nebulizer of the ICP and transported to a high temperature 
plasma (6000 to 8000°K).  This excitation source produces atomic and ionic 
emission spectra at wavelengths specific to the elements of interest which 
can be determined either simultaneously or sequentially. 

 
MDL The following MDL concentrations are extrapolated from aqueous solutions at 

the normal operating conditions. For instrument and method MDL values see 
Section C - Metals. 

 
Matrix Ambient Air Particulates. 
 
Interferences and 
Precautions The normal field exposure limit is 24 hours.  In order to achieve better 

detection limits longer exposure times may be used.  The laboratory 
requisition should indicate special test, exposure time, so lab staff will accept 
this data. For further discussion, see elsewhere in this manual. 

 
Sample Handling and 
Preservation Do not touch the sampling surface or use talced gloves when handling filters, 

as this may cause Zn contamination.  Unused portions of filters are archived 
in paper envelopes.  

 
Stability Samples are stable  
 
Procedure 
 
Apparatus a) Filter cutter, 4.6 cm diameter, stainless steel 
 
Reagents a) Nitric Acid, Concentrated, analytical 
 b)  Perchloric acid, 70%, analytical 



 
G - 50 

 
 

 
Table of EMS Codes and Recommended Detection Limits for HiVol metals package 
 (units = mg/L of digestate, unless shown otherwise) 

 
Element EMS Code 

(nitric/perchloric 
acid digestion 

EMS Code 
(aqua regia 
digestion) 

MDL 

Silver - Total Intermediate 
 Loading (24 hr) 

Arsenic - Total Intermediate 
 Loading (24 hr) 

Boron – Total Intermediate 
 Loading (24 hr) 

Beryllium - Total Intermediate 
 Loading (24 hr) 

Bismuth - Total Intermediate 
 Loading (24 hr) 

Cadmium - Total Intermediate 
 Loading (24 hr) 

Cobalt - Total Intermediate 
 Loading (24 hr) 

Chromium - Total Intermediate 
 Loading (24 hr) 

Copper - Total Intermediate 
 Loading (24 hr) 

Manganese - Total Intermediate 
 Loading (24 hr) 

Molybdebum - Total Intermediate 
 Loading (24 hr) 

Nickel - Total Intermediate 
 Loading (24 hr) 

Phosphorus - Total Intermediate 
 Loading (24 hr) 

Lead - Total Intermediate 
 Loading (24 hr) 

Antimony - Total Intermediate 
 Loading (24 hr) 
 

AG-T 5038 
AG-T 5312 

AS-T 5038 
AS-T-5312 

B--T 5038 
B--T 5312 

BE-T 5038 
BE-T 5312 

BI-T 5038 
BI-T 5312 

CD-T 5038 
CD-T 5312 

CO-T 5038 
C0-T 5312 

CR-T 5038 
CR-T 5312 

CU-T 5038 
CU-T 5312 

MN-T 5038 
MN-T 5312 

MO-T 5038 
MO-T 5312 

NI-T 5038 
NI-T 5312 

P--T 5038 
P--T 5312 

PB-T 5038 
PB-T 5312 

SB-T 5038 
SB-T 5312 

AG-T 6038 
AG-T 6040 

AS-T 6038 
AS-T 6040 

B--T 6038 
B--T 6040 

BE-T 6038 
BE-T 6040 

BI-T 6038 
BI-T 6040 

CD-T 6038 
CD-T 6040 

CO-T 6038 
CO-T 6040 

CR-T 6038 
CR-T 6040 

CU-T 6038 
CU-T 6040 

MN-T 6038 
MN-T 6040 

MO-T 6038 
MO-T 6040 

NI-T 6038 
NI-T 6040 

P--T 6038 
P--T 6040 

PB-T 6038 
PB-T 6040 

SB-T 6038 
SB-T 6040 

0.003 mg/L 
0.002 ug/m3 

0.2 mg/L 
0.1 ug/m3 

3.0 mg/L 
2.0 ug/m3 

0.0002 mg/L 
0.0001 ug/m3 

0.024 mg/L 
0.01 ug/m3 

0.06 mg/L 
0.03 ug/m3 

0.003 mg/L 
0.002 ug/m3 

0.02 mg/L 
0.01 ug/m3 

0.6 mg/L 
0.4 ug/m3 

0.01mg/L 
0.008 ug/m3 

0.004 mg/L 
0.002 ug/m3 

0.02 mg/L 
0.01 ug/m3 

0.04 mg/L 
0.02 ug/m3 

0.5 mg/L 
0.3 ug/m3 

0.14 mg/L 
0.09 ug/m3 
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Table of EMS Codes and Recommended Detection Limits for HiVol metals package 
 (units = mg/L of digestate, unless shown otherwise) 

 
Element EMS Code 

(nitric/perchloric 
acid digestion 

EMS Code 
(aqua regia 
digestion) 

MDL 

Selenium - Total Intermediate 
 Loading (24 hr) 

Silicon - Total Intermediate 
 Loading (24 hr) 

Tin – Total Intermediate 
 Loading (24 hr) 

Strontium - Total Intermediate 
 Loading (24 hr) 

Tellurium - Total Intermediate 
 Loading (24 hr) 

Titanium - Total Intermediate 
 Loading (24 hr) 

Thallium - Total Intermediate 
 Loading (24 hr) 

Vanadium - Total Intermediate 
 Loading (24 hr) 

Zinc - Total Intermediate 
 Loading (24 hr) 

Zirconium - Total Intermediate 
 Loading (24 hr) 
 

SE-T 5038 
SE-T 5312 

SI-T 5038 
SI-T 5312 

SN-T 5038 
SN-T 5312 

SR-T 5038 
SR-T 5312 

TE-T 5038 
TE-T 5312 

TI-T 5038 
TI-T 5312 

TL-T 5038 
TL-T 5312 

V--T 5038 
V--T 5312 

ZN-T 5038 
ZN-T 5312 

ZR-T 5038 
ZR-T 5312 
 

SE-T 6038 
SE-T 6040 

SI-T 6038 
SI-T 6040 

SN-T 6038 
SN-T 6040 

SR-T 6038 
SR-T 6040 

TE-T 6038 
TE-T 6040 

TI-T 6038 
TI-T 6040 

TL-T 6038 
TL-T 6040 

V--T 6038 
V--T 6040 

ZN-T 6038 
ZN-T 6040 

ZR-T 6038 
ZR-T 6040 
 

0.02 mg/L 
0.01 ug/m3 

0.11 mg/L 
0.07 ug/m3 

0.03 mg/L 
0.02 ug/m3 

0.17 mg/L 
0.1 ug/m3 

0.02 mg/L 
0.01 ug/m3 

0.07 mg/L 
0.04 ug/m3 

0.03 mg/L 
0.02 ug/m3 

0.005 mg/L 
0.003 ug/m3 

0.17 mg/L 
0.1 ug/m3 

0.006mg/L 
0.004 ug/m3 

 
 
Procedure a) Use the filter cutter to remove 2 discs from the HiVol filter, two blank 

portions from an unexposed filter should be analyzed separately. 
 

 b) Add the filter discs to 75 mL calibrated digestion tubes. 
 
 c) Add two mL HNO3 and heat cautiously to oxidize any organic matter; 

do not take to dryness. 
 
 d) Cool, then add 3.75 mL HClO4, heat until dense white fumes are 

present.  
 
 e) Cool and  make up to 75 mL with deionized water, final matrix = 5% 

HClO4.  
 
 f) Filter through Whatman #41 filter paper and collect the filtrate in a 250 

mL polyethylene bottle. 
 
 g) Analyze for As, Cd, Cu, Pb, Zn by ICP by procedures given in Section – 

C.  
 



 
G - 52 

 
 

Calculation: From the results obtained in mg/L from the ICP analysis, select the 
calculation method appropriate to the reporting requirements. 

 
 a) Total µg on digested portion of filter:  
 
   µg = µg/mL   X   75 mL 
  
 
  b) Total µg on filter:   
   
     µg = mg  x  0.075 L x   0.043 m2              x  1000 µg  

                       L                         0.003322 m
2          mg 

 
  c) Total µg/m

3 based on flow rate of the sampler and exposure time of the 
filter: 

 
µg/m

3
= mg   x 0.075L x   0.043 m2               x  1 Min.      x   1 hr. x     1       x 1000 µg   

 L 0.003322 m
2  1.1355 m

3  60 Min   # hrs       
 mg 
 
or:   µg/m

3
 = mg/L x 14.249  

                                         #hours 
 

 where:  0.075 L = volume of digestate   
 0.043m

2
 = total area of filter exposed 

 0.003322m
2
 = area of filter analyzed (2 discs 4.6 cm diameter) 

 1.1355 m
3
/Min. = flow rate   

  # hours = number of hours filter exposed. 
 

Accuracy The recovery of Cd, Pb, and Zn from Standard reference filters was 102%, 
99%, and 103%, respectively with coefficient of variation of 4, 12 and 2%.  
The concentration ranges were 1 to 10, 7 to 300 and 10 to 100 µg/filter for 
Cd, Pb, and Zn. 

 
Quality Control Digest two filter blanks with each batch of 35 or fewer filters, plus two sample 

filters in duplicate for each batch.  Blank results should be less than twice the 
MDL, otherwise  the digestion must be repeated.  Duplicate filter digests 
should agree within ±30%.  Blanks and duplicates should be recorded in a 
database.  When sufficient data is available, a duplicate control chart should 
be constructed for each metal. 

 
References None listed. 
 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories; 

and at their request, a note was added regarding 
substitution of aqua regia digestion for perchloric 
acid digestion procedure. 
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 January 12, 1998: EMS codes added and confirmed; minor editing. 
 March 19, 1998: Table reformatted for clarity. 
 December 31, 2000: Minor editing; Supplement #2 merged with main 

Lab Manual.   Reference to the 1994 Lab Manual 
deleted.  Preference for use of aqua regis 
digestion noted. 

  
 
Note: Aqua regia digestion is preferred over the nitric/perchloric acid digestion procedure.  

Note that these different procedures have been assigned different EMS codes. 
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    Air/Inorganic 
                      Revision Date:  December 31, 2000 

 

Total Particulate – HiVol - Anions - Ion Chromatography  
 
Parameter Nitrate-Soluble 
 Sulphate-Soluble 
 Chloride-Soluble 
 
Analytical Method Water Extr; Ion Chr.-Anion. 
 
EMS Code    Intermediate Loading 
 Nitrate-Soluble  NO3-  5068 NO3-  5022 
 Sulphate-Soluble SO4-  5068 SO4-  5022 
 Chloride-Soluble CL-S  5068 CL-S  5022 
 
Units a)  Intermediate results:   mg/L 
 b)  Loading results:  µg/m3 
 
Introduction Ambient air is sampled on a HiVol air  filters (teflon) using the procedure 

entitled “Total Particulate - Teflon - HiVol”. 
 
Method Summary Discs cut from the HiVol filter are extracted with deionized water and the 

resulting anions are separated and measured using an ion chromatograph 
yielding intermediate results with units of mg/L. (See Anions – Ion 
Chromatography – Precipitation, methods NO3- 5068, SO4- 5068, and  

 Cl-S 5068.) Values are then connected to units of µg/m3. 
 
MDL Intermediate 
 Nitrate-Soluble 0.01 mg/L as NO3 
 Sulphate-Soluble 0.01 mg/L as SO4 
 Chloride-Soluble 0.01 mg/L  
 
Matrix Ambient Air Particulates  
 
Interferences and 
Precautions Interferences can be caused by substances with retention times similar to 

those of the ion of interest.  Large amounts of an anion can interfere with 
peak resolution of an adjacent anion.  Note that unlike water samples, Nitrate 
is reported on an ion weight basis, i.e., as mg NO3/L and µg NO3/m

3
. 

Principle or  
Procedure 
 
Apparatus a) Filter cutter, 4.6 cm diameter 
 b) Oscillating hot plate 
 c) An ion chromatography system consisting of: 
  1) selectable eluent supply 
  2) high pressure, pulseless pump 
  3) sample injection port and sample loop 
  4) anion guard and separator columns 
  5) anion micro membrane suppressor 



 
G - 55 

 
 

  6) conductivity detector 
  7) data station 
  8) auto sampler 
 
Reagents a) Concentrated Stock Eluent:  Dissolve 15.12 g sodium bicarbonate 

(NaHCO3) and 18.02 g sodium carbonate (Na2CO3) with deionized 
water into a 1.000 L flask.  Dilute to volume and store in a 1 liter poly 
bottle. 

 
 b) Working Eluent Solution:  Dilute 10.0 mL of concentrated stock eluent 

to 1.000 L in a volumetric flask.  (1.8 mm NaHCO3 / 1.7 mM Na2CO3)  
Filter before use. 

 
 c) Regenerent Solutions:  0.025 N Sulphuric acid (H2SO4) - Dilute 26.8 

mL concentrated sulphuric acid to one liter to prepare a 1.00 N H2SO4 

solution.  Dilute 25.0 mL of this solution to one liter. 
 
 d) Stock Chloride Standard Solution:  Dry 2 to 3 g of sodium chloride 

(NaCl) at 140°C for 2 hours and cool in a desiccator.  Dissolve 1.648 g 
NaCl in deionized water and dilute to 1.0 liter (1.00 mL =1.00 mg Cl).  
Store in a poly bottle under refrigeration. 

 
 e) Stock Nitrate Standard Solution:  Dissolve 1.630 g anhydrous 

potassium nitrate (KNO3) in deionized water and dilute to 1.0 liter (1.00 
mL = 1.00 mg NO3).  Store in a poly bottle under refrigeration. 

 
 f) Stock Sulphate Standard Solution:  Dissolve 1.479 g anhydrous sodium 

sulphate (Na2SO4) in deionized water and dilute to 1.0 liter (1.00 mL = 
1.00 mg SO4).  Store in a poly bottle under refrigeration. 

 
Procedure a) Use a filter cutter to remove 3 discs from the hi vol (teflon) filters. 
 
 b) Add the exposed filter discs to a 200 mL. tall plastic beaker. 
 
 c) Add 50 mL deionized water. 
 
 d) Extract at room temperature for 2 hours, with swirling, using the 

oscillating hot plate. 
 
 e) Filter using Whatman No. 40 filter paper and collect the filtrate into a 

100 mL flask. 
 
 f) Quantitatively transfer the extract to a 100 mL. volumetric flask and 

dilute to volume with deionized water. 
 
  Determine the anion concentrations according to the procedures for an 

anion scan given below: 
  1) Allow all samples and standards to reach laboratory 

temperatures before analysis. 
  2) Establish a constant background conductivity using the following 

instrument conditions: 
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Eluent:    .0018 M NaHCO3 / 0.0017 M Na2CO3 
Separator:    4 x 50  Anion Precolumn (Guard) 
 Dionex IONPac®-AG4-SC 
 4 x 250  Anion Separator Column 
 Dionex IONPac®-AS4-SC 
Suppressor:    Anion Micro Membrane Suppressor 
 Dionex AMMS-1 
Eluent Flow:    2.0 mL/min. 
Operating Pressure:  900 psi 
Regenerent:  0.025 N H2SO4 
Regenerent Flow:  2.0 - 3.0 mL/min. 
Backgrd. Conduct: 12 - 16 µS 
Injection Volume:  25 µL 

 
  3)  Pipette 5.0 mL of each sample or standard solution into a 5 mL 

autosampler  vial  (Dionex  Polyvial™) , then add 50 µL of 
concentrated stock eluent.  Cap vial with a 0.22 µm filter cap and 
shake.  Load into the autosampler. 

 
  4) Run a blank and at least a four point calibration curve of 

composite standards for each detector range.  The calibration 
curve should include at least one calibration point for each 
decade of the concentration range.  Calibration should be run 
daily when the analysis is run. 

 
  5) Run samples through the chromatograph with standards after 

every five samples. 
 
Calculations Calibration curves are programmed into the data station to be read directly off 

the chromatogram in terms of peak heights and in units of mg/L of anions in 
the filtrate.  Subtract blanks before calculations. 

 
 a) To convert the results of anions in the filtrate to air sampled. 
 

µg/m3=   mg x 0.100 L x  0.043 m2                x 1 Min.        x 1 hr.        x 1    x 1000 µg 
  L   0.003322 m

2
      1.1355 m

3      60 Min.    # hrs         mg 

  where: 0.100 L = volume of filtrate 
   0.043 m

2
 = total area of filter exposed 

   0.003322 m
2 = area of filter analyzed ( 2 discs 4.6 cm diameter ) 

   1.1355 m
3
/Min. = flow rate 

   # hrs = number of hours filter exposed. 
 
  Simplified:   µg/m

3
 anion X = mg/L x 18.999 anion 

                          # hrs 
 
 b) To convert the results of anions in filtrate to High Vol filters: 
 
   mg anion X = CV, 

  where: C = mg/L anion X in the filtrate 
   V = 0.100 L of filtrate. 
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Precision RSD = 1.18% at 31.0 mg NO3/L (water) 
 RSD = 1.49% at 98.5 mg SO4 /L (water) 
 RSD = 2.29 % at 10.0 mg Cl/L (water) 
 
Accuracy 100.7%  at 31.0 mg NO3/L (water) 
 104% at 98.5 mg SO4 /L (water) 
 98.2% at 10.0 mg Cl/L (water) 
 
Quality Control Digest two filter blanks or reagent blanks with each batch of 35 or less filters, 

and two sample filters in duplicate for each batch.  The filter blanks may be 
high; therefore data should be blank subtracted.  Duplicate filter digests 
should agree within ± 30%. 

 
References a) J.P. Smith, D. Grodjean and J.N. Pitts, J.Air Pollut. Contr. Assoc. 28, 

930 (1978).   
 
Revision History April 30, 1996:  Initial Draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 July 14, 1997: Minor editing; MDL code for µg/m3; SEAM code 

replaced by EMS code; Intermediate EMS codes 
added 

 January 12, 1998: EMS codes confirmed 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual.  Units added.  Reference to out of 
print manual deleted. 

 
 

Note 1: While anions and cations are usually reported for water samples on an elemental basis, 
for air samples, the convention is to report on an ion weight basis. Thus, ammonia is 
reported as mg/L and µg/m3/d as NH4 and nitrate is reported as mg/L and µg/m3 as NO3. 

 
 
Note 2: Note that the listed anions and cations may alternatively be analyzed according to any 

relevant procedure specified in this edition of the BC Environmental Laboratory Manual. 
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Total Particulate - HiVol - Sodium - Ion Chromatography  
 
Parameter Sodium - Soluble 
 
Analytical Method Ion Chromatography – HiVol extrn 
 
EMS Code a) Intermediate results NA-S 5318 
 b) Loading results NA-S 5018    
 
Introduction Ambient air is sampled on a HiVol air  filters (teflon) using the procedure 

entitled “Total Particulate - HiVol - Teflon” 
 
Method Summary Discs cut from the HiVol filter are extracted with deionized water and the 

soluble sodium is determined on an ion chromatograph.  The sodium is 
separated from other ions through a cation ‘guard’ and cation ‘separator’ 
column with a methane sulphonic acid eluent.  A self regenerating membrane 
suppressor is attached to the end of the column to neutralize the acid before 
detection.  

 
MDL 0.01 mg/L Na (intermediate result) 
 
Units a) Intermediate result: mg/L 
 b) Loading:  µg/m

3
 

 
Matrix Ambient Air Particulates 
 
Interferences and 
Precautions Interferences can be caused by substances with retention times similar to 

those of the ion of interest.   
 
Principle or  
Procedure 
 
Apparatus a) Filter cutter, 4.6 cm diameter 
 b) Oscillating hot plate 
 c) An ion chromatograph consisting of: 
  1)   selectable eluent supply 
  2)   high pressure, pulseless pump 
  3)   chromatography module 
  4)    cation guard and separator columns 
  5)    cation membrane suppressor 
  6)   conductivity detector 
  7)  data station 
 
Reagents a) Methane sulphonic acid stock (2.0 M):  Weigh 96.1 g methane 

sulphonic acid and dilute to 500 mL with Deionized water. 
 
 b) Eluent (0.02  M):  dilute 10.0 mL of 2.0 methane sulphonic acid stock to 

1L. Filter through a 0.45 µm nylon membrane filter. 
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 c) Sodium standard 1000 mg/L:  Dissolve 2.542 g predried sodium 
chloride (Analar) in 1 L deionized water.   

 
Procedure a) Use the filter cutter to remove 3 discs from the hi vol (teflon) filters.  

Carry two blanks through all steps of the procedure. 
 
 b) Add the exposed filter discs to a 200 mL tall plastic beaker. 
 
 c) Add 50 mL deionized water and let stand. 
 
 d) Filter using Whatman No. 40 filter paper, quantitatively transfer to a 100 

mL volumetric flask and dilute to volume with deionized water, and 
collect the filtrate. 

 
 e) Allow all samples and standards to reach laboratory temperature 

before analysis. 
 
 f) Establish a constant background conductivity using the following 

instrument conditions: 
 
 Eluent:     0.020 M methane sulphonic acid 
 Regenerant: Deionized water 
 Separator: 4x50  Cation Precolumn (Guard) 
  Dionex IonPac CG12 
  4X200 Cation Separator Column 
  Dionex ionPac CS12 
 Suppressor:  Cation Self Regenerating Suppressor 
  Dionex CSRS-1 
 Eluent Flow Rate:     1.0 mL/min. 
 Operating Pressure:     900 psi 
 Regenerent Flow rate:  10 mL/min. 
 Regenerent Current: 200 mA 
 Background Conductivity:  2-6 µS 
 Injection Volume:      25 µL 
 
 g) Load extract into auto-sampler. 
 
 h) Run a blank and a four point calibration curve of standard for each 

detector range.  
 
 i) After thirty samples, rerun a new calibration curve. 
 
Calculations A calibration curve is normally programmed into the data station to be read 

directly off the chromatogram in terms of peak heights and in units of mg/L of 
sodium in the filtrate.  Subtract blanks before calculations. 

 
 a)  To convert the results of sodium in the filtrate to air sampled: 
 

µg/m3=   mg x 0.100 L x 0.043 m2         x  1 Min.      x  1 hr.      x   1    x   1000 µg 
  L  0.003322 m2       1.1355 m3    60 min.   # hrs        mg 
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  where: 
  0.100 = volume of filtrate 

  0.043 m
2
 = total area of filter exposed  

  0.003322 m
2
 = area of filter analyzed (2 discs 4.6 cm in diameter) 

  1.1355 m
3
 = flow rate 

  # hrs = number of hours filter exposed 
 
  Simplified: µg/m

3
 Na = mg/L x 18.999 Na 

          # hrs 
  
 b) To convert the results of sodium filtrate to High Vol. filters: 
 
  mg Na = CV, 
 
  where: 
  C =  mg/L Na in the filtrate, 
  V = 0.100 L of filtrate. 
 
Precision In the ministry’s contract laboratory, authentic samples gave the following 

coefficients of variations (C.V.) 3.7 % at 0.8 mg/L and 3.5% at 0.16 mg/L. 
 
Quality Control Digest two filter blanks or reagent blanks with each batch of 35 or fewer 

filters, and two sample filters in duplicate for each batch.  The filter blanks 
may be high; therefore data should be blank subtracted.    

 
References a) Dionex Corporation.  Basic Ion Chromatography, 1228 Titan Way, 

Sunnyvale, CA.  94088-3603,  U.S.A. 
 b) Dionex Corporation. Self-Regenerating Controller Users Guide, 

Document No.034720, 1228 Titan Way, Sunnyvale, CA. 94088-
3603,U.S.A. October 1992. 

 c) Dionex Corporation. Installation Instructions and Troubleshooting 
Guide for the Cation Self-Regenerating Suppressor-1 (4mm), 
Document No. 034651, 1228 Titan Way, Sunnyvale, CA. 94088-3603, 
U.S.A. June 1993. 

 d) Dionex Corporation. Installation Instructions and Troubleshooting 
Guide for the IONPAC CS12 Analytical Column, Document No.034657, 
1228 Titan Way, Sunnyvale, CA. 94088-3603, U.S.A. March 1992. 

 e) J.P. Smith, D. Grosjean and J.N. Pitts, J. Air Pollut. Contr. Assoc. 28, 
930 (1978). 

 
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 

Note regarding alternative methods added. 
 January 12, 1998: EMS codes added; minor editing 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual.  Erroneous EMS code (for loading) 
corrected. 

 
 
Note: Note that the sodium may alternatively be initially analyzed according to any relevant 

procedure specified in this edition of the BC Environmental Laboratory Manual. 
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Air/Inorganic 
Revision Date: December 31, 2000 

 

Sulfation Index 
 

Parameter Sulfation Index.  
 
Analytical Method Turbidimetric Analysis:  Intermediate Result. 
 Turbidimetric Analysis:  Loading Result 
 
EMS Code a) Intermediate results SUFI 5000 
 b) Loading results SUFI 5001 
 
Introduction A lead oxide plate is exposed to ambient air for a period of 30 days.  During 

this time sulfur dioxide and sulfur trioxide in the are collected by lead oxide as 
the result of both oxidation and absorption processes and converted to lead 
sulfate. 

 
Method Summary The lead oxide plates undergo extractions and the sulfate ion is converted to 

a barium sulfate suspension under controlled conditions.  The resulting 
turbidity is determined using a spectrophotometer and compared to a curve 
prepared from standard sulfate solutions.  

 
MDL 0.02 mg SO3/plate or 0.5 mg/L SO3  
 
Units Intermediate result:  mg/L as SO3 
 Loading result:  mg/dm

2
/d 

 
Matrix Lead oxide paste  
 
Interferences and 
Precautions Care must be taken to ensure that the plates are prepared in a uniform 

manner and that the paste will adhere to the bottom of the plate. 
 
Sample Handling and 
Preservation Plates should be handled with care to avoid dislodging the dried absorbent 

paste.  
 
Principle or  
Procedure 
 
Apparatus a) Test tubes, 23 x 200 mm 
 b) Vortex mixer 
 c) UV/visible double  beam spectrophotometer 
 d) Spectrophotometric cells, 5 cm, glass or quartz 
 
Reagents a) Sulfation Plates:  

1) Add 500 mL 10% ethanol and 5.0 g glass fibre filters to a Waring 
2) blender. 
3) Blend for 1 hour and then add 2.5 g gum tragacanth. 
4) Blend for a further 10 minutes and then add 100 g Lead oxide 

(PbO2). 
5) Blend for 10 minutes and then adjust the blending speed so that 

it is just sufficient to maintain a mixing action. 
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6) Add 5.0 mL of the prepared suspension to each 48 mm plastic 
petri dish - approximately 75 plates may be prepared. 

7) Dry overnight at 60°C. 
8) Add a drop of chloroform to the centre of the plate and apply 

pressure till dry, to provide adhesion of the material to the petri 
dish. 

9) Place covers on the petri dishes. 
 

 b) Sodium phosphate buffer (1000 mg/L with respect to phosphate): 
dissolve 4.0g Na3PO4. 12 H2O in deionized water and dilute to one litre. 

 
 c) Acid reagent: to 100 mL of glacial acetic acid add 30 mL concentrated 

HCl. Dilute to 200 mL with deionized water. 
 
 d) Barium chloride crystal, reagent grade. 
 
 e) Stock sulfur solution (100 mg/L S):  dissolve 0.5499 g K2SO4 in 

deionized water and dilute to one litre. 
 
Procedure Note:  carry a blank through all steps of the procedure 
 
 a) Quantitatively transfer the exposed lead oxide plate to a 250 mL 

beaker. 
 
 b) Add 50 mL buffer solution. 
 
 c) Allow to extract overnight and then heat to boiling temperature and hold 

for 2 minutes. 
 
 d) Cool.  Filter through Whatman # 40 filter paper and collect the filtrate. 
 
 e) Transfer to a 100 mL volumetric flask and dilute to volume with 

deionized water. 
 
 f) Prepare a series of standards (1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0 

mg/L S) by pipetting 1, 2, 3, 4, 6, 8, 10, 12 mL of stock solution into 100 
mL volumetric flasks and diluting to volume.  Also prepare a reagent 
blank. 

 
 g) Pipette 25.0 mL sample, standard and blanks into 24 x 200 mm test 

tubes. 
 
 h) Add 2.0 mL acid reagent. 
 
 i) Mix on a Vortex mixer. 
 
 j) Add 0.5 g Barium Chloride crystals. 
 
 k) Cover the tubes with Parafilm. 
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 l) Mix on Vortex mixer to dissolve the barium chloride. 
 
 m) Allow to stand for 30 minutes and then invert 6 times.  Immediately 

read the absorbance of the solutions at 420 nm using 5 cm cells. 
 
 
Calculation Prepare a calibration curve from the readings of the standard solutions.  

Determine the concentration of sulfur in the samples by comparing the 
"sample - blank" reading with the calibration curve. 

 
 mg SO3 = 2.5 CVF 
 
 where: C = mg/L Sulphur in extract, 
   V = litres extract as diluted, 
   F = reactivity factor for lead oxide.  
 
Precision A study of replicate plates exposed to ambient air for intervals of 14 to 21 

days gave a relative standard deviation of 5.2 %. 
 
Quality Control Carry a reagent blank and an unexposed plate through all steps of  the 

procedure.   
 
References a) N. A. Huey, J. Air Poll. Contr. Assoc. 8, 610 (1968). 
 b) A. J. Lynch, N. R. McQuaker, & M. Gurney. Environ. Sci. and Technol. 

12, 169 (1978).   
     
Revision History April 1, 1996: Initial draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 January 13, 1998: Minor editing and EMS codes confirmed. 
 February 16, 1998: Revision of EMS codes to eliminate redundant 

code for intermediate results; MDLs updated. 
 December 31, 2000: Minor editing; Supplement #2 merged into main 

Lab Manual. 
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Air/Inorganic 
   Revision Date: December 31, 2000 

 

Fluoridation Index 
 
Parameter Fluoridation Index. 
 
Analytical Method Specific Ion Electrode (Intermediate results) 
 Specific Ion Electrode (Loading results) 
 
EMS Code a) Intermediate results FLRI 5003 
 b) Loading results FLRI 5004 
 
Introduction A calcium oxide plate is exposed to ambient air for a period of 30 days.  

During this time fluoride in the ambient air is collected as calcium fluoride.   
 
Method Summary The plates undergo an extraction and the fluoride which is isolated is 

determined using the selective ion electrode procedure.  
 
MDL Intermediate results: 0.1 mg/L F 
 Loading results: 0.05 µg/dm2/d 
 
Matrix Calcium oxide paste 
 
Interferences and 
Precautions The plate extract may suppress the response of the ion selective electrode, to 

correct for this results are calculated by 3 point standard addition method. 
 
Sample Handling and 
Preservation Plates should be handled with care to avoid dislodging the dried absorbent 

paste.  
 
Stability Expected to be stable  
 
Precision A study of replicate plates exposed to ambient air for intervals of 14 to 21 

days gave a relative standard deviation of 5.9%. 
Principle or  
Procedure 
 
Apparatus Expanded scale digital ion analyzer fitted with a double junction   
 reference electrode and a fluoride selective ion electrode.  
 
Reagents a) Fluoridation Plates:  

1) Add 500 mL deionized water and 5.0 g glass fibre filters to a 
Waring   Blender 

2) Blend for 1 hour and then add 50 g of calcium oxide 
3) Blend for a further 10 minutes and then adjust the blending 

speed so it is just sufficient to maintain mixing action 
4) Add 3.5 mL of the prepared suspension to a 48 mm plastic petri 

dish.  Approximately 100 plates may be prepared 
5) Dry overnight at room temperature 
6) Add a drop of chloroform to the centre of each plate and apply 

pressure until dry, to provide adhesion of the material to the plate 
7) Place the covers on the petri dishes 
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8) Retain at least four plates from each batch to be used as blanks 
 
 b) Hydrochloric acid, concentrated. 
 
 c) Hydrochloric acid, 6N: Dilute 500 mL of concentrated HCl to 1 L with 

deionized water. 
 
 d) Sodium hydroxide 6N: Dissolve 240 g NaOH in deionized water and 

dilute to 1 L with deionized water. 
 
 e) Total ionic strength adjustment buffer (TISAB):  Dissolve 116 g of 

sodium chloride in approximately 1 L of deionized water.  Add 114 mL 
of glacial acetic acid and 50 mL of CDTA stock solution.  Adjust the pH 
to 5.8 by adding 10N sodium hydroxide.  Adjust to volume with 
deionized water, in a 2 L volumetric flask. 

 
 f) CDTA Stock Solution: dissolve 36 g of CDTA (1,2 

cyclohexylenediamine tetra acetic acid ) in 200 mL of 1 N NaOH. 
 
 g) Fluoride solution I (1000 mg/L F):  dissolve 2.210 g of anhydrous NaF 

in deionized water and dilute to 1 L. 
 
 h) Fluoride solution II (50 mg/L):  dilute 50 mL fluoride solution I to 1000 

mL with deionized water. 
 
 i) Stabilization solution:  dissolve 0.5 g gum arabic in 100 mL 1 + 1 glacial 

acetic acid, and filter.  Keep refrigerated. 
 
Procedure a) Quantitatively transfer the exposed Calcium oxide plate to a 150 mL 

polyethylene beaker. 
 
 b) Use deionized water to adjust the final volume to about 40 mL and then 

add 1.0 mL concentrated HCl.  Also prepare at least  two  blank 
unexposed plates in the same manner as the sample. 

 
 c) Allow to extract overnight.  
 
 d) Use 6 N HCl or 6 N NaOH as required to adjust the pH to slightly 

acidic.  Adjust volume to 50 mL.  
 
 e) Pipette two aliquots of sample and spike with 0.5 mL and 1.0 mL 

respectively with fluoride solution II. (0.5 mg/L and 1.0 mg/L). 
 
 f) Add TISAB in 1:1 ratio with sample. 
 
 g) Analyze  the samples and the above spiked samples using a  fluoride 

selective ion electrode. 
 
 h) Calculate the result from the spike additions and the raw fluoride 

results.  Results should be blank corrected. 
 
Quality Control Carry at least two blank unexposed plates and a reagent blank through all 

steps of the procedure.  
 
References a) A.J. Lynch, N.R. McQuaker and M. Gurney, Environ. Sci. Technol. 12, 

169 (1978).   
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Revision History April 1, 1996: Initial Draft 
 October 29, 1996: Procedure vetted by private sector laboratories. 
 January 13, 1998: Minor editing; EMS codes verified. 
 March 20, 1998: Revision of EMS code to eliminate redundant 

variable for intermediate results. 
 December 31, 2000 Minor editing; Supplement #2 merged with main 

Lab Manual. 
 
 
 
 
 
Extracted by: 

   

FLUORIDATION PLATES 

  

   100mL of samples that includes 50 mL TISAB 
 

Date 
Extracted 

 

       
units:  

 
mg/L  except  where show 
otherwise 

         

Sample Number Raw 
Result 

0.5 mg/L  
Spike  
Result 

1.0 mg/L 
Spike 
Result 

 
 Days of 
Sampling 

Average 
Percent 
Recovery 

Concentration 
Standard 
Additions 

Blank 
correction 
mg/L 

Final Result,  
from ug  
  

         
unit correct: 

Blank A 0.217 0.594 1   0.282 average mg/l x1000 
ug/mg x0.05 

spike recovery  75% 78%  77%  0.329 gives ug per 
plate. 

Blank B 0.291 0.645 1.13  Avg. 
blank 

0.376   

spike recovery  71% 84%  77%    

         

sample #26672 0.656 1.14 1.7   0.652 0.323 16.14 

spike recovery  97% 104%  101%    

sample #28210 0.403 0.872 1.44   0.408 0.079 3.94 

spike recovery  94% 104%  99%    

         

         

        Corrections for 
days of sampling 
not shown since 
data not 
available 
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Air/Organic 
Revision Date: December 31, 2000 

 

PAH - Polycyclic Aromatic Hydrocarbons 
 
Parameter Polycyclic Aromatic Hydrocarbons (see list below). 
 
Analytical Method a)  Puff GC/MS 
 b)  XAD2: GC/MS 
EMS Codes:  

 Puff GC/MS XAD2 GC/MS 
Acenaphthene PA01  PAH1 PA01  PAH2 
Acenaphthylene PA02  PAH1 PA02  PAH2 
Anthracene PA03  PAH1 PA03  PAH2 
Benzo(a)anthracene* PA04  PAH1 PA04  PAH2 
Benzo(a)pyrene PA05  PAH1 PA05  PAH2 
Benzo(b)fluoranthene PA06  PAH1       — 
Benzo(g,h,i)perylene PA07  PAH1 PA07  PAH2 
Benzo(k)fluoranthene PA08  PAH1       — 
Benzo(b+k)fluoranthene PA17  PAH1 PA17  PAH2 
Chrysene PA09  PAH1 PA09  PAH2 
Dibenz(a,h)anthracene PA10  PAH1 PA10  PAH2 
Fluoranthene PA11  PAH1 PA11  PAH2 
Fluorene PA12  PAH1 PA12  PAH2 
Indeno(1,2,3-cd)pyrene PA13  PAH1 PA13  PAH2 
Naphthalene PA14  PAH1       — 
Phenanthrene PA15  PAH1 PA15  PAH2 
Pyrene PA16  PAH1 PA16  PAH2 

 * synonymous to Benz(a)anthracene 
 
 EMS Codes for Surrogates  
 (Surrogates are reported as Percent Recovery with units of “%”.) 

 Puff GC/MS XAD2 GC/MS 
Acenaphthalene d10 ACEN PAH1 ACEN PAH2 
Chrysene d12 CHRY PAH1 CHRY PAH2 
Fluorene d10 FLUO PAH1 FLUO PAH2 
Naphthalene d8 NAPH PAH1 NAPH PAH2 
Perylene d12 PERY PAH1 PERY PAH2 
Phenanthrene d10 PHEN PAH1 PHEN PAH2 

 
 
Introduction Polycyclic aromatic hydrocarbons (PAHs) have received increased attention 

in recent years in air pollution studies because some of these compounds are 
highly carcinogenic or mutagenic.  In particular, benzo[a]pyrene (B[a]P) has 
been identified as being highly carcinogenic.  To understand the extent of 
human exposure to B[a]P, and other PAHs, a reliable sampling and analytical 
method has been established.  This document describes a sampling and 
analysis procedure for B[a]P and other PAHs involving a combination quartz 
fibre filter/adsorbent cartridge with subsequent extraction and analysis by gas 
chromatography (GC) with mass spectrometry (MS) detection (GC/MS).  The 
analytical methods are a modification of EPA Test Method 625, Methods for 
Organic Chemical Analysis of Municipal and Industrial Wastewater, and 
Methods 8270, Test Methods for Evaluation of Solid Waste. 

 
 The analytical methodology is well defined, but the sampling procedures can 

reduce the validity of the analytical results.  Recent studies have indicated 
that non-volatile PAHs (vapour pressure <10- 8 mm Hg) may be trapped on 
the filter, but post-collection volatilization problems may distribute the PAHs 
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down stream of the filter to the back-up adsorbent.  A wide variety of 
adsorbents such as Tenax GC, XAD-2 resin and polyurethane foam (PUF) 
have been used to sample B[a]P and other PAH vapours.  All adsorbents 
have demonstrated high collection efficiency for B[a]P in particular.  In 
general, XAD-2 resin has a higher collection efficiency for volatile PAHs than 
PUF, as well as a higher retention efficiency.  However, PUF cartridges are 
easier to handle in the field and maintain better flow characteristics during 
sampling.  Likewise, PUF has demonstrated its capability in sampling 
organochlorine pesticides and polychlorinated biphenyls. PUF has 
demonstrated a lower recovery efficiency and storage capability for 
naphthalene and B[a]P, respectively, than XAD-2.  In addition XAD2 has a 
higher naphthalene blank than PUF; therefore PUF is better when 
naphthalene is to be determined. 

 
 There have been no significant losses of PAHs, up to 30 days of storage at 

0o C, using XAD-2.  It also appears that XAD-2 resin has a higher collection 
efficiency for volatile PAHs than PUF, as well as a higher retention efficiency 
for both volatile and reactive PAHs.  Consequently, while the literature cites 
weaknesses and strengths of using either XAD-2 or PUF, this method covers 
the utilization of both XAD-2 and PUF as the adsorbent to address post-
collection volatilization problems associated with B[a]P and other reactive 
PAHs. 

  
Method Summary a) Filters and adsorbent cartridges (containing XAD-2 and/or PUF) are 

cleaned in solvents and dried.  The filters and adsorbent cartridges are 
wrapped in clean aluminum foil and stored in two separate sealed 
heavy plastic bags.  The cartridge and bags are then inserted into a 
cardboard mailer tube with fitted end caps.  The end tubes are taped to 
exclude all light. 

 
  Note:  Insure that the cleaned filters and the adsorbent cartridges have 

all traces of solvent removed.             
        
  PUF by itself is used for PAHs.  PUF plus XAD-2 is used for the 

broader range semi-volatiles. 
 
 b) Approximately 325 m3 of ambient air is drawn through the filter and 

adsorbent cartridge using a calibrated General Metal Works Model PS-
1 Sampler, or equivalent (breakthrough has not shown to be a problem 
with sampling volumes of 325 m3). 

 
 c) The amount of air sampled through the sampling head is recorded 

against the label on the sampling head.  The sampling head is resealed 
with the aluminum plate cover, hexane rinsed aluminum foil and plastic 
bag, then returned to the field laboratory for removal of the filter paper, 
adsorbent cartridge and placement into the shipping container (double 
wrapped plastic bag and cardboard mailer tube).  The sample must be 
stored in a deep freeze while awaiting shipping.  The cardboard mailer, 
containing the sample head and filter paper, along with any blank filter 
and adsorbent cartridge is shipped in a cooler containing dry ice to the 
analytical laboratory for analysis. 

 
 d) The filters and adsorbent cartridge are extracted by Soxhlet extraction 

with dichloromethane.  The extract is concentrated by rotary 
evaporator, followed by silica gel clean-up using column 
chromatography to remove potential interferences prior to analysis by 
GC/MS. 
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  Note:   cleanup may not be necessary for most indoor air samples by 
GC-MS. 

 
 e) The eluent is further concentrated by evaporation, then analyzed by 

gas chromatography with MS detection.  The analytical system is 
verified to be operating properly and calibrated with three to five 
concentrations of calibration solutions. On-going calibration checks a 
mid-point standard.  This response must be within 20% of the original 
response line, otherwise a five point calibration must be repeated. 

 
 f) The sample is injected into the GC-MS system. If all the components 

are within the linear range, the data is accepted and reported.  If the 
sample is above the linear range, an appropriate dilution is made and 
the sample is re-run. 

 
 g) The samples and the blanks are analyzed and used (along with the 

amount of air sampled) to calculate the concentration of PAH in 
ambient air. 

 
MDL This method covers the determination of PAHs specifically by GC/MS and 

enables qualitative and quantitative analysis.  The PAHs are: 
 

Acenaphthene 50 pg/m3 
Acenaphthylene 50 pg/m3 
Anthracene 50 pg/m3 
Benzo(a)anthracene* 50 pg/m3 
Benzo(a)pyrene 50 pg/m3 
Benzo(b)fluoranthene 50 pg/m3 
Benzo(g,h,i)perylene 100 pg/m3 
Benzo(k)fluoranthene 50 pg/m3 
Benzo(b+k)fluoranthene 50 pg/m3 
Chrysene 50 pg/m3 
Dibenz(a,h)anthracene 100 pg/m3 
Fluoranthene 50 pg/m3 
Fluorene 50 pg/m3 
Indeno(1,2,3-cd)pyrene 100 pg/m3 
Naphthalene 50 pg/m3 
Phenanthrene 50 pg/m3 
Pyrene 50 pg/m3 

 *synonymous to Benz(a)anthracene 
 
 To obtain these detection limits at least 100 m3 of air must be sampled. 
 
 
Matrix Interferences 
and Precautions Ambient Air 
 a) Method interferences may be caused by contaminants in solvents, 

reagents, glassware, and other sample processing hardware that result 
in discrete artifacts and/or elevated baselines in the detector profiles.  
All of these materials must be routinely demonstrated to be free from 
interferences under the conditions of the analysis by running laboratory 
reagent blanks. 

 
 b) Glassware must be scrupulously cleaned.  
 
 c) The use of high purity water, reagents and solvents helps to minimize 

interference problems.  Purification of solvents by distillation in all-glass 
systems may be required. 
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 d) Matrix interferences may be caused by contaminants that are 
coextracted from the sample.  Additional clean-up by column 
chromatography may be required. 

 
Sample Handling and  
Preservation Conditions during sample transport and analysis should be considered.  Heat, 

ozone, NO2 and ultraviolet (UV) light may cause sample degradation.  Where 
possible, incandescent or UV-shielded fluorescent lighting should be used 
during analysis. 

 
Stability Samples should be extracted within 2 weeks of receipt in laboratory. XAD2 

exposed cartridges have been shown to be stable for 30 days at 0°C.  PUF 
samples have a hold time of 20 days.  

 
Safety a) The toxicity or carcinogenicity of each reagent used in this method has 

not been precisely defined; however, each chemical compound should 
be treated as a potential health hazard.  From this viewpoint, exposure 
to these chemicals must be reduced to the lowest possible level by 
whatever means available.  The laboratory is responsible for 
maintaining a current awareness file of MSDS information.    

 
 b) Benzo[a]pyrene has been tentatively classified as a known or 

suspected, human or mammalian carcinogen.  Many of the other PAHs 
have been classified as carcinogens.  Care must be exercised when 
working with these substances.  This method does not purport to 
address all of the safety problems associated with its use.  It is the 
responsibility of the user to consult and establish appropriate safety 
and health practices and determine the applicability of regulatory 
limitations prior to use.  The user should be thoroughly familiar with the 
chemical and physical properties of targeted substances (EPA TO-13 
Table 1.0 and Figure 1.0). 

 
 d) Treat all polycyclic aromatic hydrocarbons as carcinogens.  Neat 

compounds should be weighed in a glove box.  Spent samples and 
unused standards are toxic waste and should be disposed of according 
to regulations.  Regularly check counter tops and equipment with "black 
light" for fluorescence as an indicator of contamination. 

 
  e) Because the sampling configuration (filter and backup adsorbent) has 

demonstrated greater than 95% collection efficiency for target PAHs, 
no field recovery evaluation will occur as part of this procedure. 

  Note:  Naphthalene, an exception, has demonstrated significant 
breakthrough using PUF cartridges, especially at summer ambient 
temperatures. 

Principle or 
Procedure 
 
Apparatus Sample Collection: 
 a) General Metal Works (GMW) Model PS-1 Sampler, or equivalent 

[General Metal Works, Inc., 145 South Miami Ave., Village of Cleves, 
Ohio, 45002, (800-543-7412)]. 

 b) At least two Model PS-1 sample cartridges with a filter, PUF and XAD-2 
adsorbent material. 

 c) GMW Model PS-1 calibrator and associated equipment - General Metal 
Works, Inc, Model GMW-40, 145 South Miami Ave., Village of Cleves, 
Ohio, 45002, (800-542-7412). 
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 d) Data sheets for each sample for recording the location and sampling 
time, duration of sample, starting time, and volume of air sampled. 

 e) Clean white cotton (freshly laundered) gloves, tweezers, heavy plastic 
zip-lock plastic bags, cardboard mailer tube with end covers (sized for 
a snug fit), aluminum foil and hexane for rinsing the foil and tweezers. 

 f) Disposable polyethylene [powder free] gloves for handling the sampling 
heads in the field, aluminum foil and plastic bags.  To be used when 
installing/ removing the sampling head in the Model PS-1 sampler.   

 g) Dry-ice maker requiring a liquid CO2 cylinder equipped with a siphon, 
kryo-gloves for handling the ice blocks and specially designed 
transportation cooler for handling dry-ice and samples. 

 
 Sample Clean-up and Concentration: 
 a) Soxhlet extractors capable of containing the GMW Model PS-1 filter 

and adsorbent cartridges (2.3" x 5" length), fitted with a 500 mL 
reservoir. 

 b) Oven for heating silica gel. 
 c) Glass vial lined with Teflon-faced silicone disk seal, 40 mL. 
 d) Erlenmeyer flask, 50 mL.  [Glassware cleaning: Rinse glassware with 

the last solvent used in it and then with high-purity acetone and hexane.  
Wash with hot water containing detergent.  Rinse with copious amount 
of tap water and several portions of de-ionized water.  Drain, dry, and 
heat in an oven at 325°C for 8 hours.  After the glassware is dry and 
cool, store it inverted or capped with solvent-rinsed aluminum foil in a 
clean environment.] 

 e) Clean white cotton gloves for handling (loading) cartridges and filters. 
 f) Minivials - 2 mL, borosilicate glass, with caps lined with Teflon-faced 

silicone disks, and a vial holder. 
 g) Stainless steel spatulas and spoons. 
 h) Rotary evaporator. 
 i) Adsorption columns for column chromatography - 1 cm x 10 cm with 

stands. 
 j) Glove box for working with extremely toxic standards and reagents with 

explosion-proof hood for venting fumes from solvents, reagents, etc. 
 k) Concentrator tubes and a nitrogen evaporation apparatus with variable 

flow rate. 
 l) Laboratory refrigerator with chambers operating at 0°C and 4°C. 
 m) Boiling chips - solvent extracted, 10/40 mesh silicon carbide or 

equivalent. 
 
Reagents Sample Collection: 
 a) Acid-washed quartz glass fibre filter, 105 mm, micro quartz fibre 

binderless filter, General Metal Works, Inc., Cat. No. GMW QMA-4, 
145 South Miami Ave., Village of Cleves, OH, 45002, 800-543-7412, or 
Supelco Park, Bellefonte, PA, 16823-0048. 

 
 b) Polyurethane foam (PUF) - 3 inch thick sheet stock, polyether type 

(density 0.022 g/cm3) used in furniture upholstering (General Metal 
Works, Inc., Cat. No PS-1-16, 145 South Miami Ave., Village of Cleves, 
Ohio, 45002 [800-543-7412] or Supelco Inc., Cat. No. 1-63, Supelco 
Park, Bellefonte, PA, 16823-0048). 

 
 c) XAD-2 resin - Supelco Inc., Cat. No. 2-02-79, Supelco Park, Bellefonte, 

PA, 16823-0048. 
 
 d) Hexane-rinsed aluminum foil - best source. 
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 e) Hexane-reagent grade, best source. 
 
 Sample Clean-up and Concentration: 
 a) Dichloromethane - chromatographic grade, glass-distilled, best source. 
 
 b) Sodium sulfate, anhydrous - (ACS) granular anhydrous (purified by  

heating at 350°C for 8 hrs in a shallow tray). 
 
 c) Boiling chips - solvent extracted, approximately 10/40 mesh (silicon 

carbide or equivalent). 
 
 d) Nitrogen - high purity grade, best source. 
 
 e) Hexane - chromatographic grade, glass-distilled, best source. 
 
 Column Clean-up: 
 a) Silica gel - high purity grade, type 60, 70-230 mesh; cleaned and 

activated by heating in a foil-covered glass container for 12 hours at 
325°C. 

 
 b) Sodium sulfate, anhydrous - (ACS) granular anhydrous (See #7). 
 
 c) Pentane - chromatographic grade, glass-distilled, best source. 
 
 Sample Analysis - Gas Chromatography Detection: 
 a) Gas cylinders of  helium - ultra high purity, best source. 
 
 b) Combustion air - ultra high purity, best source. 
 
 c) Native and isotopically labelled PAHs isomers for calibration and 

spiking standards - [Cambridge Isotopes, 20 Commerce Way, Woburn, 
MA, 01801 (617-547-1818)].  Suggested isotopically labelled PAH 
isomers are:  

   o  perylene - d12 o  naphthalene - d8 
   o  chrysene - d12 o  phenanthrene - d10 
   o  acenaphthene - d10 
 
 d) Decafluorotriphenylphosphine (DFTPP) - best source, used for tuning 

GC/MS. 
 
 e) Gas Chromatograph with Mass Spectroscopy Detection (EPA TO-13 

Figure 7) Coupled with Data Processing System (GC/MS/DS). 
 
 f) The GC must be equipped for temperature programming, and all 

required accessories must be available, including syringes, gases, and 
a capillary column.  The GC injection port must be designed for 
capillary columns.  The use of splitless injection techniques is 
recommended.  On-column injection techniques can be used but they 
may severely reduce column lifetime for nonchemically bonded 
columns.  In this protocol, a 1-3 uL injection volume is used 
consistently.  With some GC injection ports, however, 1 uL injections 
may produce some improvement in precision and chromatographic 
separation.  A 1 uL injection volume may be used if adequate sensitivity 
and precision can be achieved.  [Note:  If 1 uL is used as the injection 
volume, the injection volumes for all extracts, blanks, calibration 
solutions and performance check samples must be 1 uL.] 
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 g) Gas Chromatograph-Mass Spectrometer Interface.  The gas 
chromatograph is usually coupled directly to the mass spectrometer 
source.  The interface may include a diverter valve for shunting the 
column effluent and isolating the mass spectrometer source.  All 
components of the interface should be glass or glass-lined stainless 
steel.  The interface components should be compatible with 320°C 
temperatures.  Cold spots and/or active surfaces (adsorption sites) in 
the GC/MS interface can cause peak tailing and peak broadening.  It is 
recommended that the GC column be fitted directly into the MS source.   
Graphite ferrules should be avoided in the GC injection area since they 
may adsorb PAHs.  Vespel® or equivalent ferrules are recommended. 

 
 h) Mass Spectrometer. The mass spectrometer should be operated in the 

selected ion mode (SIM) with a total cycle time (including voltage reset 
time) of one second or less (EPA TO-13 Section 14.2). 

 
 i) Mass spectrometer.  Capable of scanning from 35 to 500 amu every 

1 second or less, using 70 volts (nominal) electron energy in the 
electron impact ionization mode.  The mass spectrometer must be 
capable of producing a mass spectrum for 
decafluorotriphenylphosphine (DFTPP) which meets all of the criteria 
(EPA TO-13 Section 14.5.1). 

 
 j) Data System.  A dedicated computer data system is employed to 

control the rapid multiple ion monitoring process and to acquire the 
data.  Quantification data (peak areas or peak heights) and multi-ion 
detector (MID) traces (displays of intensities of each m/z being 
monitored as a function of time) must be acquired during the analyses.  
Quantifications may be reported based upon computer-generated peak 
areas or upon measured peak heights (chart recording).  The detector 
zero setting must allow peak-to-peak measurement of the noise on the 
baseline. 

 
 k) GC Column.  A fused silica column (30 m x 0.25 mm I.D.) DB-5 

crosslinked 5% phenyl methylsilicone, 0.25 um film thickness (Alltech 
Associates, 2051 Waukegan Rd, Deerfield, IL, 60015, 312-948-9600) 
is utilized to separate individual PAHs.  Other columns may be used for 
determination of PAHs. For separation of (b+k) fluroanthene a DB5- 
EPA625 column is used.  Minimum acceptance criteria must be 
determined as per EPA TO-13 Section 14.2.  At the beginning of each 
12-hour period (after mass resolution has been demonstrated) during 
which sample extracts or concentration calibration solutions will be 
analyzed, column operating conditions must be attained for the 
required separation on the column to be used for samples. 

 
 l) Analytical Balance. 
 
 m) Pipettes, micropipettes, syringes, burets, etc. to make calibration and 

spiking solutions, dilute samples if necessary, etc., including syringes 
for accurately measuring volumes such as 25 uL and 100 uL. 

 
Sampling Preparation Sampling Head Configuration: 
 a) The sampling head consist of a filter holder compartment followed by a 

glass cartridge for retaining the adsorbent.  The present method is 
written to facilitate using the standard GMW PS-1 sampling head.  
However, Battelle-Columbus Laboratory has investigated  the use of a 
smaller sampling head.  The basic difference is that the Batelle head 
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uses a 47 mm filter followed by the adsorbent.  Approximately the 
same amount of XAD-2 (50 - 60 grams) is used in both sampling 
heads.  The reason for going to a smaller head was to reduce the size 
of the Soxhlet extraction apparatus, consequently the volume of solvent 
used from 500mL to 200mL during the extraction procedure.  All 
preparation steps for cleaning the filters and adsorbents are the same, 
regardless of size filter used. 

 
 b) Before field use, both the filter and adsorbent must be cleaned to <10 

ng/apparatus of PAHs. 
  Note:  recent studies have determined that naphthalene levels may be 

greater than 10 ng per apparatus even after successive cleaning 
procedures. 

 
 Glass Fiber Filter Preparation: 
 a) The glass fiber filters are baked at 600°C for five hours before use.  To 

verify acceptable blanks, they are extracted with dichloromethane in a 
Soxhlet apparatus, similar to the cleaning of the XAD-2 resin. 

 
 b) The extract is concentrated and analyzed by GC.  A filter blank of 

<10 ng/filter of PAHs is considered acceptable for field use. 
 
 c) The filter is placed in a transportation dish with an identification number 

marked on the outside. 
 
 XAD-2/PUF Adsorbent Preparation: 
 a) For initial cleanup of the XAD-2, a batch of XAD-2 (approximately 60 

grams) is placed in a Soxhlet apparatus and extracted with 
dichloromethane for 16 hours at approximately 4 cycles per hour. For 
preparation of the PUF sandwich in this section refer to PUF Cartridge 
Preparation. 

 
 b) At the end of the initial Soxhlet extraction, the spent dichloromethane is 

discarded and replaced with fresh reagent.  The XAD-2 resin is once 
again extracted for 16 hours at approximately 4 cycles per hour. 

 
 c) A nickel or stainless steel screen (mesh size 200/200) is fitted to the 

bottom of a hexane-rinsed glass cartridge to retain a 2.54 mm PUF 
plug prior to adding the XAD-2 resin. 

 
 d) The Soxhlet extracted dried XAD-2 resin is placed  (using clean white 

cotton gloves) into the sampling cartridge sandwiched between two 
2.54 mm PUF plugs to a depth of approximately 2 inches.  This should 
require between 50 and 60 grams of adsorbent. An alternate method 
for cleaning XAD-2 resin is summarized as follows:  in a 600 g batch, 
XAD-2 resin is Soxhlet-extracted with dichloromethane for 16 hours.  
After extracting, the resin is transferred to a clean drying column.  Then 
the resin is dried with high-purity nitrogen using Teflon® tubing from the 
nitrogen cylinder with a charcoal tube in line.  As a test for total system 
breakthrough of sampled compound a surrogate compound is injected 
at this time midway into the centre of the upper PUF plug.  Select one 
or more surrogate to use at this point in the procedure.  The following 
surrogate standards are suggested for use at the 100 µg level: 

 
Naphthalene d8 
Acenaphthene d10 
Phenanthrene d10 
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Chrysene d12 
Perylene d12  

 
  (Recovery level 40 - 130%).  
 
 e) The glass module containing the PUF/XAD-2 adsorbent is wrapped 

with hexane-rinsed aluminum foil, placed in a labeled plastic bag (zip-
lock) and tightly sealed with Teflon® tape.  This is repeated with a 
second plastic bag.  Be sure to extract all excess air remaining in the 
bag before they are sealed.  Load the glass module, in plastic bags, 
into a cardboard shipping container fitted with end caps. Note:  The 
aluminum foil must be baked in an oven overnight at 325°C, after 
rinsing with hexane to ensure no residuals remain. 

 
 f) At least one assembled cartridge from each batch must be analyzed, 

as a laboratory blank, using the procedure for samples described 
below, before the batch is considered acceptable for field use.  A blank 
of <10 ng/cartridge of PAHs is considered acceptable. 

 
 PUF Sampling Cartridge Preparation: 
 a) The PUF adsorbent is a polyether-type polyurethane foam (density No. 

3014 or 0.0225 g/cm3) used for furniture upholstery. 
 
 b) The PUF inserts are 6.0-cm diameter cylindrical plugs cut from 5 cm (3 

inch) sheet stock and should fit, with slight compression, in the glass 
cartridge, supported by the wire screen.  During cutting, the die is 
rotated at high speed (e.g., in a drill press) and continuously lubricated 
with water. 

 
 c) For initial cleanup, the PUF plug is placed in a Soxhlet apparatus and 

extracted with dichloromethane for 14-24 hours at approximately 4 
cycles per hour.  When cartridges are reused, DCM is used as the 
cleanup solvent. 

 
 d) The extracted PUF is dried at room temperature until no solvent odour 

is detected. 
 
 e) The PUF is placed into the glass sampling cartridge using clean white 

cotton gloves.  The cartridge is wrapped with hexane-rinsed aluminum 
foil, placed in a labeled zip-lock plastic bag and tightly sealed with 
Teflon® tape.  A second bag is used to protect the first making sure 
any excess air is removed from the bags before they are sealed.  The 
PUF sampling cartridge and wrappings are loaded into a cardboard 
mailing tube with end caps  while awaiting shipment into the field. 

 
 f) At least one assembled cartridge from each batch must be analyzed, 

as a laboratory blank, before the batch is considered acceptable for 
field use.  A blank level of <10 ng/plug for single compounds is 
considered to be acceptable. 

 
Sample Clean-up 
and Concentration a) Samples are stored at  0°C in an ice chest until receipt at the analytical 

laboratory. 
 



 

H - 11  

 b) When the sample(s) arrive at the analytical laboratory the inside 
temperature of the cooler is immediately recorded and noted on the 
FIELD TEST DATA SHEET.  The samples are then stored at 0°C if 
analysis is not scheduled to occur within two hours.  If the analysis is 
scheduled to occur within two hours the samples are stored at 4°C. 

 
 Sample Identification: 
 a) The samples in the glass sample containers containing the filter and 

adsorbent are returned to the analyzing laboratory in the special 
transportation coolers containing dry ice. 

 
 b) The samples are logged in the laboratory logbook according to sample 

location, filter and adsorbent cartridge number identification and total 
air volume sampled (uncorrected). 

 
 c) If the time span between sample registration and analysis is greater 

than 24 hrs., then the samples must be kept below 0°C.  Minimize 
exposure of samples to fluorescent light.  All samples must be 
extracted within one week, after receiving the sample at the analytical 
laboratory. 

 
 Soxhlet Extraction and Concentration: 
 a) Place the adsorbent and filter together in the Soxhlet apparatus (use of 

an extraction thimble is optional) if using XAD-2 adsorbent in the 
sampling module.  [Note:  The filter and adsorbent are analyzed 
together in order to reach detection limits, avoid questionable 
interpretation of the data, and minimize cost.]  The adsorbent is Soxhlet 
extracted overnight with dichloromethane. 

 
 b) A surrogate standard (i.e., a chemically inert compound not expected to 

occur in an environment sample) should be added to each sample, 
blank, and matrix spike sample just prior to extraction or processing.  
The recovery of the surrogate standard is used to monitor unusual 
matrix effects, gross sample processing errors, etc.  Surrogate 
recovery is evaluated for acceptance by determining whether the 
measured concentration falls within the acceptance limits.  The 
following surrogate standards have been successfully utilized in GC/MS 
analysis: 

 
  Surrogate Standard   
  Naphthalene d8 
  Acenaphthene d10 
  Phenanthrene d10 
  Chrysene d12 
  Perylene d12 
 
  Note:  The deuterated standards will be added (see Calibration 

Techniques, Internal Standard Calibration Procedure a)). Add the 
surrogate standard to the Soxhlet solvent at the current step. 

 
 c) For the XAD-2 and filter extracted together, add 300 mL of 

dichloromethane to the apparatus and reflux for 18 hours at a rate of at 
least 3 cycles per hour. 

 
 d) For the PUF extraction the same procedure is used as for XAD-2. 
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 e) For the filter extraction, add 300 mL of dichloromethane to the 
apparatus and reflux for 18 hours at a rate of at least 3 cycles per hour. 

 
 f) Concentrate the extract to a volume of about 2 mL in rotary evaporator. 
 
 Sample Cleanup: 
 Cleanup procedures may not be needed for relatively clean matrix samples.   
 
Analysis a) The analysis of the extracted sample for PAHs is accomplished by an 

electron impact gas chromatography/mass spectrometry (EI GC/MS) in 
the selected ion monitoring (SIM) mode with a total cycle time 
(including voltage reset time) of one second or less.  The gas 
chromatograph is equipped with a DB-5 fused silica capillary column 
(30m x 0.25 mm ID) with helium carrier gas for analyte separation.  The 
gas chromatograph column is temperature controlled and interfaced 
directly to the MS ion source. 

 
 b) Ion Used for Mass spectrometry: 
 
  Parameter Name Quantitation Ion Confirming Ion 
  Acenaphthylene 152 153 
  Acenaphthene 154 152 
  Fluorene 166 167 
  Phenanthrene 178 179 
  Anthracene 178 179 
  Fluoranthene 202 203 
  Pyrene 202 203 
  Benzo(a)anthracene 228 229 
  Chrysene 228 229 
  Benzo(b)fluoranthene 252 253 
  Benzo(k)fluoranthene 252 250 
  Benzo(a)pyrene 252 250 
  Indeno(1,2,3-c,d)pyrene  276 277 
  Dibenz(a,h)anthracene   278 279 
  Benzo(g,h,i)perylene  276 277 
  Acenaphthene d10 164 160 
  Phenanthrene d10 188 189 
  Anthracene d10 188 189 
  Chrysene d12 240 241 
  Perylene d12 264 265. 
 
 c) The laboratory must document that the EI GC/MS system is properly 

maintained through periodic calibration checks.   
 
 d) The GC/MS system should have the following specifications: 
 
  Mass range:   35-500 amu. 
  Scan time:   1 sec/scan. 
  Column:   30 m x 0.25 mm ID, DB-5  
   crosslinked 5% phenyl methyl  
   silicone, 0.25 µm film thickness,  
   capillary or equivalent. 
  Initial column temp. and hold time:  50°C for 1 min. 
  Column temperature program:   50-300°C at 10°C/min. 
  Final column temperature hold:   300°C for 19 minutes. 
  Injector temperature:  250°C. 
  Transfer line temperature:   250°C. 
  Source temperature:  300°C . 
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  Injector:  split, splitless. 
  EI Condition:   70 eV. 
  Mass Scan:  follow manufacturer instruction   
   for select ion monitoring (SIM) 
    mode. 
  Sample volume: 1 µL on-column injection 
  Carrier gas:  helium at 30 cm/sec. 
 
 e) The GC/MS is tuned using a 1 ng/µL solution of 

decafluorotriphenylphosphine (DFTPP).  The DFTPP permits the user 
to tune the mass spectrometer on a daily basis. 

 
Calibration Techniques Note:  The typical GC/MS operating conditions are outlined above.  The 

GC/MS system can be calibrated using the external standard technique or 
the internal standard technique. 

 
 External Standard Calibration Procedure: 
 a) Prepare calibration standard of PAHs at a minimum of five 

concentration levels by adding volumes of one or more stock standards 
to a volumetric flask and diluting to volume with dichloromethane.  The 
stock standard solution of PAHs (0.1 µg/µL) must be prepared from 
pure standard materials or purchased as certified solutions. 

 
 b) Place 0.01 grams of native PAHs on a tared aluminum weighing disk 

and weigh on an analytical balance. 
 
 c) Quantitatively, transfer to a 100 mL volumetric flask.  Rinse the 

weighing disk with several small portions of dichloromethane.  Ensure 
all material has been transferred. 

 
 d) Dilute to mark with dichloromethane. 
 
 e) The concentration of the stock standard solution of  PAHs in the flask is 

0.1 µg/µL.  Note:  commercially prepared stock standards may be used 
at any concentration if they are certified by the manufacturer or by an 
independent source. 

 
 f) Transfer the stock standard solutions into Teflon®-sealed screw-cap 

bottles.  Store at 4°C and protect from light.  Stock standard solutions 
should be checked frequently for signs of degradation or evaporation, 
especially just prior to preparing calibration standards. 

 
 g) Stock standard solutions must be replaced after 1 year or sooner if 

comparison with quality control check samples indicates a problem. 
 
 h) Calibration standards at a minimum of five concentration levels should 

be prepared.  Accurately pipette 1.0 mL of the stock solution (0.1 
µg/µL) into 10 mL volumetric flask, dilute to mark with dichloromethane.  
This daughter solution contains 10 ng/µL of  PAHs. 

  Note:  One of the calibration standards should be at a concentration 
near, but above the method detection limit; the others should 
correspond to the range of concentrations found in the sample but 
should not exceed the working range of the GC/MS system. 

 
 i) Prepare a set of standard solutions by appropriately diluting, with 

dichloromethane, accurately measured volumes of the daughter 
solution (1 ng/µL). 
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 j) Accurately pipette 30 µL, 100 µL, 300 µL, 1000 µL and 3000 µL of the 

daughter solution (10 ng/µL) into each 10 mL volumetric flask, 
respectively.  To each of these flasks, add an internal deuterated 
standard to give a final concentration of 1 ng/µL of the internal 
deuterated standard (see Internal Standard Calibration Procedures a)).  
Dilute to mark with dichloromethane. 

 
 k) The concentration of PAHs in each flask is 0.03 ng/µL, 0.1 ng/µL, 0.3 

ng/µL, 1.0 ng/µL, and 3.0 ng/µL, respectively.  All standards should be 
stored at -20°C, protected from fluorescent light and should be freshly 
prepared once a week or sooner if standards check indicates a 
problem. 

 
 l) Analyze a constant volume (1-3 µL) of each calibration standard by 

observing retention time and tabulate the area responses of the 
primary characteristic ion of each standard against the mass injected.  
The results may be used to prepare a calibration curve for each 
compound.  Alternatively, if the ratio of response to amount injected 
(calibration factor) is a constant over the working range (<20% relative 
standard deviation, RSD), linearity through the origin may be assumed 
and the average ratio or calibration factor may be used in place of a 
calibration curve.    

 
 m) The working calibration curve or calibration factor must be verified on 

each working day by the measurement of one or more calibration 
standards.  If the response for any parameter varies from the predicted 
response by more than ± 20%, the rest must be repeated using a fresh 
calibration standard.  Alternatively, a new calibration curve or 
calibration factor must be prepared for that compound. 

 
 Internal Standard Calibration Procedure: 
 a) To use this approach, the analyst must select one or more internal 

standards that are similar in analytical behavior to the compounds of 
interest.  For analysis of B[a]P, the analyst should use perylene -d12.  
The analyst must further demonstrate that the measurement of the 
internal standard is not affected by method or matrix interferences.  
The following internal standards are suggested at a concentration of 
1 ng/µL for specific PAHs: 

 
  Benzo(a)pyrene- d12  is an appropriate surrogate for: 
   Benzo(a)pyrene 
   Benzo(k)fluoranthene 
   Benzo(g,h,i)perylene 
   Dibenzo(a,h)anthracene 
   Indeno(1,2,3-cd)pyrene 
   Benzo(a)anthracene 
   Chrysene 
  
  Anthracene - d10 is an appropriate surrogate for: 
   Acenaphthene 
   Acenaphthylene 
   Fluorene 
   Pyrene 
   Naphthalene 
   Anthracene 
   Fluoranthene 
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   Phenanthrene. 
 
 b) A mixture of the above deuterated compounds in the appropriate 

concentration range is commercially available. 
 
 c) Use the base peak ion as the primary ion for quantification of the 

standards.  If interferences are noted, use the next two most intense 
ions as the secondary ions.  Note:  PAHs have double charged ions 
that can also be used as secondary ions.  The internal standard is 
added to all calibration standards and all sample extracts analyzed by 
GC/MS.  Retention time standards, column performance standards, 
and a mass spectrometer tuning standard may be included in the 
internal standard solution used. 

 
 d) Prepare calibration standards at a minimum of three concentration 

level for each parameter of interest by adding appropriate volumes of 
one or more stock mixture, add a known constant amount of one or 
more of the internal deuterated standards to yield a resulting 
concentration of 1 ng/µL of internal standard and dilute to volume with 
dichloromethane.  One of the calibration standards should be at a 
concentration near, but above, the minimum detection limit (MDL) and 
the other concentrations should correspond to the expected range of 
concentrations found in real samples or should define the working 
range of the GC/MS system. 

 
 e) Analyze constant amount (1-3 µL) of each calibration standard and 

tabulate the area of the primary characteristic ion against concentration 
for each compound and internal standard, and calculate the response 
factor (RF) for each analyte using the following equation: 

    RF = (AsCis) / (AisCs), 
 
  where: 
 
  As  =  Area of the characteristic ion for the analyte to be measured,  
   counts, 
  Ais = Area of the characteristic ion for the internal standard, counts, 
  Cis =  Concentration of the internal standard, ng/µL, 
  Cs  =  Concentration of the analyte to be measured, ng/µL, 
 
  If the RF value over the working range is a constant (<20% RSD), the 

RF can be assumed to be invariant and the average RF can be used 
for calculations.  Alternatively, the results can be used to plot a 
calibration curve of response ratios, As/Ais, vs. RF.  The Table (under 
Analysis b)) outlines key ions for selected internal deuterated 
standards. 

 
 f) The working calibration curve or RF must be verified on each working 

day by the measurement of one or more calibration standards.  If the 
response for any parameter varies from the predicted response by 
more than ± 20%, the test must be repeated using a fresh calibration 
standard.  Alternatively, a new calibration curve must be prepared. 

 
 g) The relative retention times for each compound in each calibration run 

should agree within 0.06 relative retention time units. 
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 Sample Analysis: 
 a) Analyze the 1 mL extract by GC/MS.  The recommended GC/MS 

operating conditions to be used are given above (under Analysis d)).  
 
 b) If the response for any quantification ion exceeds the initial calibration 

curve range of the GC/MS system, extract dilution must take place.  
Additional internal standard must be added to the diluted extract to 
maintain the required 1 ng/µL of each internal standard in the extracted 
volume.  The diluted extract must be reanalyzed. 

 
 c) Perform all qualitative and quantitative measurements as described in 

the section on calibration techniques.  The typical characteristic ions for 
selective PAHs are outlined in that section.  Store the extracts at 20°C, 
protected from light in screw-cap vials equipped with unpierced 
Teflon-liner, for future analysis. 

 
 d) The sample analysis using the GC-MS-SIM is based on a combination 

of retention times and relative abundances of the selected ions.  These 
qualifiers are stored on hard disk of the GC-MS data computer and are 
applied for identification of each chromatographic peak.  The retention 
time qualifier is determined to be ± 0.10 minute of the library retention 
time of the compound.  The accepted level for relative abundance is 
determined to be ± 20% of the expected abundance.  Three ions are 
measured for most of the PAH compounds.  When compound 
identification is made by a computer, any peak that fails any of the 
qualifying tests is flagged as questionable.  The data should be 
manually examined by the analyst to determine the reason for the flag 
and whether the compound should be reported as found.  While this 
adds some subjective judgment to the analysis, computer generated 
identification problems can be clarified by an experienced operator.  
Manual inspection of the quantitative results should also be performed 
to verify concentrations outside the expected range. 

 
 e) Determine the concentration of each analyte in the sample according to 

the methods described below (Sample Volume and Sample 
Concentration). 

 
 GC/MS Performance Tests: 
 a) Daily DFTPP Tuning - At the beginning of each day that analyses are to 

be performed, the GC/MS system must be checked to see that 
acceptable performance criteria are achieved when challenged with a 1 
µL injection volume containing 1 ng of decafluorotriphenylphosphine 
(DFTPP).    Analysis should not begin until all those criteria are met.  
Background subtraction should be straightforward and designed only to 
eliminate column bleed or instrument background ions.  The GC/MS 
tuning standard should also be used to assess GC column 
performance and injection port inertness.  Obtain a background 
correction mass spectra of DFTPP and check that all key ions criteria 
are met.  If the criteria are not achieved, the analyst must retune the 
mass spectrometer and repeat the test until all criteria are achieved.   

 
  The performance criteria must be achieved before any samples, blanks 

or standards are analyzed.  If any key ion abundance observed for the 
daily DFTPP mass tuning check differs by more than 10% absolute 
abundance from that observed during the previous daily tuning, the 
instrument must be retuned or the sample and/or calibration solution 
reanalyzed until the above condition is met. 
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 b) Daily 1-point Initial Calibration Check: -   At the beginning of each work 

day, a daily 1-point calibration check is performed by re-evaluating the 
midscale calibration standard.  This is the same check that is applied 
during the initial calibration, but one instead of five working standards 
are evaluated.  Analyze the one working standards under the same 
conditions the initial calibration curve was evaluated.  Analyze 1 µL of 
each of the mid-scale calibration standard and tabulate the area 
response of the primary characteristic ion against mass injected.  
Calculate the percent difference using the following equation: 

     
  Percent Difference =  ( RFC - RFI) / RFI X 100, 
      where: 
 
  RFI =  average response factor from initial calibration using mid-

scale standard, 
  RFc = response factor from current verification check using mid-

scale standard. 
 
  If the percent difference for the mid-scale level is greater than 10%, the 

laboratory should consider this a warning limit.  If the percent difference 
for the mid-scale standard is less than 20%, the initial calibration is 
assumed to be valid.  If the criterion is not met (>20% difference,), then 
corrective action MUST be taken.  Note:  Some possible problems are 
standard mixture degradation, injection port inlet contamination, 
contamination at the front end of the analytical column, and active sites 
in the column or chromatographic system.  This check must be met 
before analysis begins.  If no source of the problem can be determined 
after corrective action has been taken, a new five-point calibration 
MUST be generated.  This criterion MUST be met before sample 
analysis begins. 

 
 c) 12-hour Calibration Verification - A calibration standard at mid-level 

concentration containing B[a]P or other PAHs must be performed every 
twelve continuous hours of analysis.  Compare the standard every 12-
hours with the average response factor from the initial calibration.  If 
the % difference for the response factor (see GC/MS Performance 
Tests, b) is less than 20%, then the GC/MS system is operative within 
initial calibration values.  If the criteria is not met (>20% difference), 
then the source of the problem must be determined and a new five-
point curve MUST be generated. 

 
 d) Surrogate Recovery - Additional validation of the GC system 

performance is determined by the surrogate standard recovery.  If the 
recovery of the surrogate standard fall between 40 to 130%, then the 
sample extraction, concentration, clean-up and analysis is certified.  If it 
lies outside of this range, then determine the cause of the problem and 
correct. 

  
Calculations  Sample Volume 
 a) Retrieve the data logger and download to the computer. Note:  all 

volumetric flows have should have been corrected to standard 
conditions. 
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 b) The total sample volume (Vm) is calculated from the periodic flow 
readings (Magnehelic readings taken in the field) using the following 
equation: 

 
  Vm =   (Q1 + Q2.....Qn / N)  X  T / 1000    
 
  where: 
   
  Vs =   total sample volume at STP conditions, M

3
, 

  Q1,Q2….Qn  = flow rates determined at the beginning, end, and 
intermediate points during sampling, L/minute, 

  N  =   number of data points, 
  T =   elapsed sampling time, minutes. 
 
 c) The volume of air sampled can be converted to standard conditions 

(760 mm Hg pressure and 25°C) using the following equation: 
 
   Vs =  Vm x (pA / 760) x 298 / (273 + tA) 
 
  where: 
 
  Vs = total sample volume (m3) at standard temperature and 

pressure (25°C and 760 mm Hg pressure), 
  Vm  =  total sample flow under ambient conditions (m3), 

  pA  =  ambient pressure (mm Hg), 

  tA  =  ambient temperature (°C). 
 
 Sample Concentration: 
 a) When an analyte has been identified, the quantification of that analyte 

will be based on the integrated abundance  of the primary characteristic 
ion.  Quantification will utilize the internal standard technique.  The 
internal standard used shall be the one nearest the retention time of the 
given analyte. 

 
 b) Calculate the concentration of each identified analyte in the sample as 

follows: 
         
       Concentration, ng/m3  = [ ( Ax ) ( Is ) ]  /  [ ( Ais ) (  RF ) ( Vs ) ] 
         
  where: 
 
  Ax  =  area of characteristic ion(s) for analyte being measured, 

counts, 
  Is   =  amount of internal standard injected, ng, 
  Ais  =  area of characteristic ion(s) for internal standard, counts, 
  RF   =  response factor for analyte being measured, 
  Vs  = total sample volume at standard temperature and 

pressure (25°C and 760 mm Hg), m3. 
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 c) The analyte concentration can be converted to ppbv using the following 
equation: 

 
   CA ( ppbv ) = CA  ( ng/m3 )  x   ( 22.4 / MWA )   
      
  where: 
 
  CA  =    concentration of analyte calculated above in ng/m3, 
   MWA  =    molecular weight of analyte, g/g-mol. 
 
 General System QA/QC: 
 a) The laboratory is required to operate a formal quality control program.  

The minimum requirements of this program consist of an initial 
demonstration of laboratory capability and an ongoing analysis of 
spiked samples to evaluate and document quality data.  The laboratory 
must maintain records to document the quality of the data generated.  
Ongoing data quality checks are compared with established 
performance criteria to determine if the results of analyses meet the 
performance characteristics of the method.  When results of sample 
spikes indicate atypical method performance, a quality control check 
standard must be analyzed to confirm that the measurements were 
performed in an in-control mode of operation. 

 
 b) Before processing any samples, the analyst should demonstrate, 

through the analysis of a reagent solvent blank, that interferences from 
the analytical system, glassware, and reagents are under control.  Each 
time a set of samples is extracted or there is a change in reagents, a 
reagent solvent blank should be processed as a safeguard against 
chronic laboratory contamination.  The blank samples should be carried 
through all stages of the sample preparation and measurement steps. 

 
 c) For each analytical batch (up to 20 samples), a reagent blank, matrix 

spike and deuterated/surrogate samples must be analyzed (the 
frequency of the spikes may be different for different monitoring 
programs).  The blank and spiked samples must be carried through all 
stages of the sample preparation and measurement steps. 

 
 d) The experience of the analyst performing gas chromatography is 

invaluable to the success of the methods.  Each day that analysis is 
performed, the daily calibration sample should be evaluated to 
determine if the chromatographic system is operating properly.  
Questions that should be asked are:  a) do the peaks look normal?; 
and b)  is the response window obtained comparable to the response 
from previous calibrations?  Careful examination of the standard 
chromatogram can indicate whether the column is still good, the 
injector is leaking, the injector septum needs replacing, etc.  If any 
changes are made to the system (e.g., column changed), recalibration 
of the system must take place. 

 
 Process, Field, and Solvent Blanks: 
 a) One cartridge (XAD-2 or PUF) and filter from each batch of 

approximately twenty should be analyzed, without shipment to the field, 
for the compounds of interest  to serve as a process blank.  A blank 
level of less than 10 ng per cartridge/filter assembly for single PAH 
component is considered to be acceptable. 
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 b) During each sampling episode, a minimum of one sampling head per 
episode, or one sample head every two months (whichever is more 
frequent) must be treated as a field blank.  A field blank is a sample 
head that has had the wrappings removed and the cartridge loaded into 
the sample head.  The sample head is transported to the field then 
returned to the field laboratory without being exposed in the sampler.  
The field blank is then removed from the sample head and re-wrapped 
and returned to the analytical laboratory for routine processing.  The 
field blank is to serve as a control for contamination introduced in the 
field handling process.  A sampling episode is defined as a group of 
samples obtained from one location over a period of time. 

 
 c) During each sample episode, a minimum of one split sample, or one 

split sample every two months, should be obtained.  Split sample pairs 
must be run simultaneously in samplers that are located no more than 
three metres apart and no less than 2 metres apart.  The exposed 
heads are processed routinely after exposure. 

 
 d) During the analysis of each batch of samples at least one solvent 

process blank (all steps conducted but no cartridge or filter included) 
should be carried through the procedure and analyzed.  Blank levels 
should be less than 10 ng/sample for single components to be 
acceptable. 

 
 e) Because the sampling configuration (filter and backup adsorbent) has 

been tested for targeted PAHs in the laboratory in relationship to 
collection efficiency and has been demonstrated to be greater than 
95% for targeted PAHs except naphthalene, no field recovery 
evaluation will occur as part of the QA/QC program outlined in this 
section. 

 
 Breakthrough Criteria: 
 a) The mass spectrometer be tuned daily with DFTPP and meet relative 

ion abundance requirements. 
 
 b) A minimum of five concentration levels of each analyte (plus deuterated 

internal standards) be prepared to establish a calibration factor to 
illustrate <20% variance over the linear working range of the calibration 
curve. 

  
 c) The verification of the working curve each working day (if using the 

external standard technique) by the measurement of one or more 
calibration standards.  The predicted response must not vary by more 
than ±20%. 

 
 d) The initial calibration curve is to be verified each working day (if using 

the internal standard technique) by the measurement of one or more 
calibration standards.  If the response varies by more than ±20% of 
predicted response, a fresh calibration curve (five point) must be 
established. 

 
 e) The sample analysis using the GC-MS-SIM is based on a combination 

of retention times and relative abundances of selected ions. 
  
 f) The initial calibration curve is to be verified every twelve continuous 

hour of analysis by a mid-level calibration standard.  The response 
must be less than 20% different from the initial response. 
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 The surrogate standard recovery must not deviate from 100% by more than 
20%. 

 
References a) EPA Method TO-13 "The Determination of Benzo(a)pyrene and other 

polycyclic aromatic hydrocarbons (PAHs) in ambient air using GC/MS", 
June 1988. Note reference numbers in text are from this document. 

 
Revision History April 26, 1996:  Initial Draft 
 October 29, 1996:  Procedure vetted by private sector laboratories. 
 January 14, 1998:  Minor editing; EMS codes added and confirmed. 

Randy Englar of PESC confirmed 
benz(a)anthracene is synonymous to 
benzo(a)anthrecene and dibenz(a,h)anthracene 
is synonymous to dibenzo(a,h)anthracene. 

 March 20, 1998:  Table of EMS codes for surrogates added. 
 December 31, 2000: Merged into main Laboratory Manual; main edit 

changes to first page only. 
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Air/Organic 
Revision Date: December 31, 2000 

 

Formaldehyde 
 
Parameter Formaldehyde  
 
Analytical Method Trap formaldehyde on DNPH cartridge, analyze by HPLC. 
 
EMS Code FO10  DNPA 
 
Introduction This is a method for the determination of formaldehyde in ambient air utilizing 

solid adsorbent followed by high performance liquid chromatography (HPLC).  
Formaldehyde has been found to be a major promoter in the formation of 
photochemical ozone.  Short term exposure to formaldehyde is known to 
cause irritation of the eyes, skin and mucous membranes of the upper 
respiratory tract. 

 
Method Summary Ambient air is drawn through a pre-packed silica gel cartridge coated with 

acidified 2,4-dinitrophenylhydrazine (DNPH) reagent, at a sampling rate of 
500 - 1200 mL/min.  Aldehydes and ketones readily form a stable derivative 
with DNPH reagent.  These derivatives are analyzed using HPLC.  This 
method uses a coated adsorbent for sampling formaldehyde.  The reaction of 
organic carbonyl compounds (aldehydes and ketones) with DNPH-coated 
cartridges in the presence of acid, forms a stable derivative.  The sampling 
method gives a time weighted average and can be used for a 1-24 hours 
ambient air sampling time where the concentration of formaldehyde is in the 
low ppb (1-20 v/v) range or for short term (5-60 min) of source-impacted 
atmosphere where the concentration is in the ppm range.  Sampling flow rate 
is limited to 1.5 L/min because of the high pressure drop across the DNPH-
coated silica gel cartridges.  This procedure is therefore not compatible with 
pumps used in personal sampling equipment. 

 
 Cartridges can be user prepared from Sep-PAK chromatographic grade silica 

gel cartridges to which acidified DNPH is applied in situ or commercially 
prepared DNPH cartridges. Three randomly selected cartridges should be 
taken from each production lot to determine formaldehyde background levels.  
Cartridges in glass culture tubes with polypropylene caps should be kept in 
the cold when not in use. 

 
MDL 0.03 µg per cartridge. 
 
Matrix Ambient Air  
 
Units µg / m3 

 
Interferences and 
Precautions It has been recently shown that ozone can react with the formaldehyde- 

DNPH derivative in the cartridge.  This can lead to a lowering of the 
ìapparentî formaldehyde concentration in the air sample.  It is recommended 
that the sample be draw through a 3 foot length copper tube coated with 
potassium iodide.  Any ozone present in the air will be scrubbed out in the 
copper tubing. (See ‘Apparatus’ under Procedure heading below for 
preparation of scrubber).  Certain isomeric aldehydes or ketones that are 
unresolved by HPLC may interfere.  Organic compounds with the same 
retention time and significant absorption at 360 nm will interfere.  
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Interferences may be eliminated by altering the HPLC columns or mobile 
phase. 

 
Sample Handling and 
Preservation a) After charging, DNPH cartridges should be sealed at their ends 

withTeflon tape. 
 
 b) The cartridge should then be placed in a 40 mL amber glass vial 

containing a DNPH soaked filter paper, and sealed with a teflon lined 
cap or in the aluminum packing bag used by commercial suppliers. 

 
 c) The vial is then placed in an individual Zip-Lock bag containing a 

second DNPH soaked filter. 
 
 d) The cartridges should be stored at 4°C. 
 
 e) Cartridges should be used within one month of preparation. Label each 

vial with date of preparation and expiry date. Polyethylene gloves 
should be worn while handling the cartridges. 

 
 f) After sampling the cartridges should be sealed and packaged as 

described above and stored at 4°C. 
 
 g) The cartridges should be shipped to and from the lab in a box, not a 

cooler since the cooler may contain formaldehyde.  Refrigeration during 
transit is not necessary because this time is short. 

 
Stability Samples should be analyzed within 2 weeks of return to laboratory. 
 
Procedure 
Apparatus a) HPLC system with UV detector.  
 
 b) Sep-PAK C-18 Cartridges (Waters Associates, MA, part # 51910) for in 

situ charging with DNPH or Sep-Pak for Solid Phase Extraction (DPNH 
on Silica gel) (Waters Associates, part # 37500). 

 
 Ozone Scrubber Construction: 
 a)  Form a coil form a 3-foot, 0.18 inch ID (1 meter, 0.46 mm ID) copper 

tube. 
 
 b) Fill the coil with a potassium iodide solution (dilute a saturated aqueous 

solution of potassium iodide 1:1 with deionized water) for 5 - 10 
minutes. One g potassium iodide dissolves in 0.7 mL of water at 25°C. 

 
 c)  Drain the coil and dry it completely by passing nitrogen through the coil. 
 
 d) This device removes ozone at a concentration of 700 ppbv ozone in air 

at a flow rate of 2 L/min for up to 80 hours. 
 
Reagents Note: the following procedure describes the in situ charging of cartridges with 

DPNH.  It is not necessary if commercial DNPH charged cartridges are used. 
 
 a) DNPH reagent: 0.3 g of DNPH and 0.5 g of ortho-phosphoric acid 

(H3PO4) in 50 mL of acetonitrile that has been glass distilled.  Both the 
DNPH and H3PO4 must be re-crystallized to eliminate hydrazone blank 
levels.  This is sufficient to prepare ~80 cartridges (4 batches). 
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 b) DNPH cartridges are best prepared in batches of 20.  Fill each 
cartridge with ~1 mL of clean acetonitrile.  Rinse slowly (drop by drop) 
with a further 2 mL of acetonitrile, and blow off the excess with 
aldehyde free Nitrogen (DNPH scrubbed).  Slowly fill each cartridge 
with 0.4 mL of DNPH reagent.  Blot the excess with a piece of 
Whatman filter paper and blow off with a stream (~1/L per minute) of 
nitrogen for ~30 seconds.  The cartridge ends are then closed with 
Teflon tape. 

 
 c) After all twenty are prepared, number each cartridge and place it in a 

screw cap 40 mL amber glass vial containing a piece of DNPH soaked 
filter paper.  Store in refrigerator.  Analyze one in twenty cartridges to 
check for clean background (< 0.1 µg of formaldehyde). 

 
  Resume normal procedure here. 
 
 d) Prepare stock solutions of hydrazone standards in methanol at about 

10 mg/100 mL.  The standards are synthesized by reacting the 
formaldehyde with DNPH and then by recrystallizing in methanol to 
chromatographic purity.  Commercial standards are available from 
Radian Corporation.  

  Note: standards are prepared using hydrazones, the amount of 
formaldehyde in the standard must be corrected by molecular weight 
ratios: 10 mg/L of formaldehyde dinitrophenyl hydrazone is equivalent 
to 1.423 mg/L formaldehyde.  [MW formaldehyde = 30, MW 
dinitrophenylhydrzine = 198, MW formaldehyde dinitrophenyl hydrazone 
= 210, loss of 1 Oxygen and 2 Hydrogen's on reaction]. 

 
 e) Synthesis of formaldehyde hydrazone: 1-2 g of DNPH is recrystallized 

using hot ethanol (150 mL) or a mixture of 60:40 acetonitrile: H2O.  
Allow the solution to cool slowly to yield large crystals.  Do not induce 
crystallization.  Store crystals in dark in refrigerator for 2 days while the 
crystallization takes place. 

 
 f) 2 mL of concentrated sulphuric acid is added to 0.4 g of DNPH in an 

Erlenmeyer flask.  3 mL of HPLC water is added dropwise to the 
solution while stirring and swirling the flask until solution is complete.  
Caution: the solution becomes HOT. 10 mL of HPLC grade 95% 
ethanol is added to the solution. 

 
 g) 0.5 g of formaldehyde is dissolved in 20 mL of 95% ethanol.  The 

freshly prepared DNPH solution (15 mL) is added and the resulting 
solution is allowed to stand at room temperature.  Crystallization of the 
2,4-dinitrophenylhydrazone usually occurs within 5-10 minutes; 
however it may be necessary to allows the mixture to crystallize 
overnight. 

 
 h) Recrystallize the hydrazone precipitate by dissolving in 30 mL of hot 

ethanol (heated on a steam cone or a hot plate).  If the precipitate 
dissolves immediately HPLC water is added slowly until the cloud point 
or until a maximum of 5 mL of HPLC water has been added.  If the 
hydrazone does not dissolve, add ethyl acetate slowly to the hot 
solution, until solution is attained.  Gravity filter the hot solution through 
fluted filter paper, and allow to stand at rooms temperature until 
crystallization is complete (~12 hours).  Suction filter using glass fibre 
filter and wash crystals with cold ethanol.  Store dried crystals in the 
dark in the refrigerator. 
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Procedure a) Sample preparation: Uncap the cartridge and place it in a small test 
tube holder with short stem up.  Add 200 µL of internal standard 
solution.  Let stand 5-10 minutes, but no longer.  Reverse the cartridge 
(short stem down) and elute with 2 mL of acetonitrile into a 2 mL 
septum vial.  Cap the vial and write the cartridge number on both the 
side and bottom using permanent ink. If a fibrous material is visible, 
centrifuge the sample.  Transfer the clean supernatant to a second vial 
and renumber it. 

 
 b) Working standards: Dilute stock standards to obtain working standards 

in the range 1 to 20 µg/mL.  Higher concentrations may be necessary if 
concentrations during air sampling exceed 20 ppb.  At least three 
working standards bracketing the sample concentrations should be 
used. 

 
 c) Pipet 1 mL of working standard and 200 µL of internal standard into a 

septum vial.  Mix the contents.  Repeat this step to produce the 
required range of working standards (1, 4, 10, 20 µg, etc.). 

 
 d) Set up the HPLC for the following conditions: 
 
  Isocratic Elution 
  Solvent: 65% acetonitrile, 35% water 
  Flow rate: 1.5 mL/min 
  Column: A 4.6 x 250 mm C18 (eg. Ultrasphere ODS -Altex) 
  detector: Variable wavelength UV set at 360 nm. 
 
  Optional Gradient elution 
  42% acetonitrile, 58% water for 20 min 
  linear increase to  
  70% acetonitrile, 30% water over 12 min 
  hold at 
  40% acetonitrile, 60% water for 2 minutes. 
 
  Allow 5 minutes between each run so column can re-equilibrate to 

initial conditions. 
 
  Calculation: 
  The amount of  formaldehyde in the cartridge is calculated as follows: 
   
  M =  (A  x 2)  /  (Rf x 7) 
 
  where: M = amount of formaldehyde in µg 
   Rf = response factor for the Formaldehyde-DNPH derivative.  
  
  The concentration of formaldehyde in air is calculated as follows: 
 
   C = (M x 24.25 x 1000) /  (V x Mo ) 
   
  where C =  concentration in ppb 
   M =  amount of formaldehyde determined in µg. 
   V  =  volume of air sampled in Litres 
   Mo =  mol wt of the formaldehyde. 
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  Since V = F x t = (Fo + F1 x t) / 2 
 
  where  F  =  average sampling flow, L/min 
   Fo =  initial sampling flow, L/min 
   F1 =  final sampling flow, L/min 
   t  =  duration of sampling in minutes. 
 
  Substitution for V yields: 
 
   C = M x 48900 / [ (Fo+ F1)x t xMo ]  
 
  which is concentration (ppb) of formaldehyde in the air. 
 
 
Precision Ten DNPH cartridges spiked at midrange level (2.74 µg) gave coefficient of 

variation of 5%. 
 
Accuracy Ten DNPH cartridges spiked at midrange level (2.74 µg) gave recovery of 

94%. 
 
Quality Control One in fourteen DNPH cartridges should be run as blanks.  Limits are <0.1 

µg/cartridge. 
 
 Field blanks should be shipped and returned for analysis for each batch of 

DNPH cartridges sent to a sampling site. 
 
 After the initial calibration a single standard should be re-run every ten 

samples throughout the run.  Duplicates standards should have a relative 
standard deviation of ≤ 10%.  

 
 One in fourteen samples should be run in duplicate.  These duplicates should 

be within 15% of each other for concentrations > 5 x MDL. 
 
 Every fourteen samples spike a DNPH blank cartridges (BMS) with 200 µL of 

250 ppm formaldehyde. Spike recovery should be in the range 80 - 120%. 
 
Documentation of QC Laboratory and field blanks, and standard and sample duplicates will be 

recorded in an ongoing database. Control chart on duplicates will be prepared 
when sufficient data (~20 pairs > MDL) is accumulated. 

 
Data Analysis See calculations above. 
 
Safety  This method may involve hazardous materials, operations and equipment.  It 

is the responsibility of the user to consult appropriate safety information. 
 
Disposal  In accordance with procedures recommended by Safety committee. 
  
References a) U.S. EPA Method TO-11,"Determination of Formaldehyde in Ambient 

Air Using Absorbent Cartridge followed by High Performance Liquid 
Chromatography", May 1988. [Note field techniques can be found in 
this reference]. 

 
 b) ENSR Consulting and Engineering, Camarillo, California, "Standard 

Operating Procedure for Analysis of Carbonyl Compounds in Air 
Samples Collected on DNPH-Impregnated Cartridges", 1990. 
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 c) B. G. Oliver, Zenon Laboratories (BC), "A study of the Stability of 2,4-
Dinitrophenylhydrazine (DNPH) Cartridges for Analysis of Ambient Air 
Concentrations of Formaldehyde: Recommended Storage and 
Handling Procedures", 1992. 

 
 d) A. Sirju and P. Shepson, “Laboratory and Field Investigation of DNPH 

Cartridge Technique for the Measurement of Atmospheric Carbonyl 
Compounds.” Environ. Sci. Technol, 1995, volume 29, 384 - 392 

 
Revision History: December 13, 1994:  Initial draft. 
 April 1, 1996:  Ozone Scrubber added. 
 October 29, 1996:  Procedure vetted by private sector laboratories. 
 January 14, 1998:  EMS codes added and confirmed. 
 December 31, 2000: Merged into main Laboratory Manual.  Minor edit 

changes; units added. 
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