APPENDIX VI-B

Figures of Modelling Results
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Tables of Modelling Results |
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APPENDIX VI-D

. Sensitivity Analyses
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Concentration in soil at source {mg/kg)
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Sensitivity Analysis - foc.

Naphthalene, Point Source, Darcy Velocity = 12.6 miyear,
Unsaturated Depth = 0 m, Distance from source to receptor =10 m
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Protective of Drinking Water
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APPENDIX VI-E

DETERMINATION OF REMEDIATION CRITERIA
" PROTECTIVE OF DRINKING WATER

1.0  SOIL CONCENTRATION

Acceptable soil concentrations for petroleum hydrocarbon indicator parameters are
determined by equatmg the proportions of the acceptable concentration to the target”
Jazard index (0.1) and an arbitrary concentration (1 mg/kg) to its calculated hazard index
(see Exhibit VI-E.1). The hazard index, given a petroleum hydrocarbon soil
concentration of 1 mg/kg, is determined by combining the calculated hazard quotients of
the appropriate surrogates. The concentration of each surrogate ‘at the receptor for a
petroleum hydrocarbon soil concentration of 1 mg/kg is required in order to determine the
intake which, in turn, is needed to calculate the hazard quotients of each surrogatc This
is predxcted using the groundwater model gwen the surrogate soil concentrations
calculated according to their composition in 1 mg/kg of petroleum hydrocarbon in soil. '

_1.1 " Groundwater Concentration at the Source

The groundwater model predicts the groundwater concentratlon at the source for each
surrogate given their soil concentrations calculated according to their composition in 1
mg/kg of petroleum hydrocarbon in soil. Since the groundwater concentration at the
source is directly proportional to the soil ‘concentration, the. acceptable groundwater '
concentration of each surrogate at the source is the product of the: ‘calculated acceptable
‘petroleum hydrocarbon soil concentration and the predicted surrogate groundwater
concentranon at the source for a petroleum hydrocarbon soil concentration of 1 mg/kg.
. The acccptable surrogate groundwater concentrations at the source are then combined
according to their composition in the petroleum hydrocarbon parameters to nge the
acceptable groundwater concentration at the source for each indicator.

12 Drinking Water Con'centrat'ion

The method used to calculate acceptable drinking water concentranons is similar to the
one outlmed in Exhibit VI-E.1. A petroleum hydrocarbon water concentration of 1 mg/L

Golder Associates
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is the arbitrary value chosen and the surrogate concentrations in water are calculated
according to their composition in each indicator. ' '

1.3 Drinking Water Concentration of Surroﬁates

The risk based concentrations (RBC) ‘were based on the most sensitive residential
- receptor for drinking water (7 month to 45 year old). A target exposure ratio of 1 was
used as-a risk estimate, as this is an acceptable level. The oral reference dose (RfD) for
each of these chemicals was used to determine the RBC. The RfD’s were compiled. from
geveral sources, mcludmg the Massachusetts Department of Environmental Protection
(1994), Staats Creative Sciences (1994), U.S. EPA (1992) Health Effects Assessment
Summary Tables and U.S. EPA (1993) Integrated Risk Information System. '

JARPT-95\MAR\942- 1902\A6E.DOC

Golder Associates



EXHIBIT VI-E.1
Illustration of the Calculations to Determine the
VPH Crlter:on for the Protectlon of Drinking Water

Relationship used to determine VPH soil criterion

Cvreu _ Cven
HI HI

Fate & Transport Modelling (Unsaturated thicknéss: 0 m, small source =
1 m x 5 m, distance to receptor =10m) '

S P .

' Chexane - CVPH X Falk X fhexane
s ) .

Croluene = CypH X Fyx X fioluene

Estimation of Hazard Quotients (Receptor = 13 kg child drinking 1 litre/day)

CR e X1 litre / day

Intake of hexane = . = 2.2 x 102 mg/kg/day
| _ 13 kg BB
Intake of toluene = Croluene X 1litre / day = 2.2 x 10* mg/kg/day
T 13kg |
Intake of Hexane 22X 10712 o :
H = = = 3.67 x 101! /d
Qexane Re ference Dose 0.06 ! . mg/ke ay
Intake of Toluene 22x107* ,
H = , = = 1.1 x103 /d
Qotuenc = - " Reference Dose 0.2 mg/ke a),’
HI = HQhexane +HQqolgene = 1.1 x10-3 mg/kg/day
Risk-based Remediation C;iterion for VPH
C xHI 1m ]k x0.1 5
Cypn = VPR ~—TEE = 91 mg/kg

HI 11x1073




.- : s
| concentrations of Clexane and Covene

Parameter Definition Default
Curt Risk-based remediation criterion to be derived -
for VPH in soil. '
CHI Hazard index adjusted to include toxicity for 0.1 .
presence of other similarly acting chemicals
Cvpy Arbitrary value of VPH concentration in soil. | 1 mg/kg
HI Calculated hazard index based on ingestion of -
s drinking water containing VPH concentrations
determined by the groundwater model for an
» assumed soil concentration of 1 mg/kg.
c3 Soil concentration of surrogates based on the | 0.018 mg/kg,
Sexanc assumed VPH concentration of 1 mg/kg 0.12 mg/kg
Ctohluer_le ' ‘ ' ‘ 7
Fax Prbporti_on of alkanes 0.6
Firo Proportion of aromatics 0.4
fhexane Proportion of hexane in alkane chemical class 0.03
fiotuene | Proportion of toluene in aromatic chemical 03
class
Cﬁexa 'e_ Concentration at receptor determined by the | 2.9 x 104 mg/L,
R ! groundwater “model for the assumed soil 2.8x 103 mg/L
“Choluene ' '

JAWORDS\MISC-951952-1826.DOC




Tables VI-E

Table 1 : Surrogate concentrations based on an assumed petroleum hydrocarbon indicator parameter solf concentration of 1 mg/kg

Table 2: Remediation criteria protective of drinking water 10m from the source for petraleum hydrocarborindicalor parameters

VPH LEPH HEPH TPH
® Scenano Depth Cs Cagw Cs Cgw Cs Cow. Cs Cgw
_ m | mgkg mgn | mokg mol | mgkg mon | mokg moh
1. Smali Source (1m x 3m) ‘
V =126 miyear o 92 22 7400 420 | 2.0E+08 2.0E+D5|2.0E+08 2.0E+05
: D.5_11.3E+05 22 5.2E+09 420 | 7.BE+16 2.0E+05|7.8E+16 2.0E+05
V = 30 mfyear o 76 7 1000 24 | 8.1E+D6 3.3E+03}8.1E+06 3.3E+03]
0.5 | 1.1E+05 7 7.2E+08 24 | 3.0E+15 3.3E+03} 3.0E+15 3.3E+03
2. Large Source (5m x 30m) ’
" V=126 miyear o 93 15 7600 200 | 2.2E+08 1.5E+05|2.2E+08 1.5E+05
0.5 |14E+05 15 5.3E+09 250 | B.1E+16 1.5E+05]B8.1E+16 1.5E+05
V =30 m/year 1] 65 5 870 17 | 6.7E+06 2300 |B6.7E+06 2.3E+03
0.5 J9.6E+04 5 BOE+08 17 | 24E+15. 2300 |24E+15 2.3E4+03
Table 3: Surrogate Parameters
__Parameter Toluene He#ane Naphthalene |Decane (Pyrene |Eicosane
Rid (mg/kg/day} 0.2 - 005 0.004 133 003 0.8
Percent 12 18 0.6 B 0.2 24

Cdw (mgl} - 25 0.78 0.052 17.3 g3gf 78

Table 4 : Acceptable drinking water concentrations for petroleum hydrocarbon indicator parameters

. Parameter VPH LEPH HEPH TPH
"~ Concentration {mg/i) 1.4 0.83 12 14.2

C% Soil concentration {see Exhibit VI-E.1, step 2). K

C™ Groundwater concentration at the receptor 10m away from the source. Determined by the groundwater model.
Cs: Soil concentration at source, refer to Exhibit VI-E.1. . .

Cgw: Groundwater congentration at source, based on Cs and the compaosition of the surrogates.

Rid: Relerence Dose )

Percent: Average percentage of surrogale in petroleum hydrocarbon products based on composition given in Tables £.3, 5.4 and 5.5.

Cdw: Risk based acceptable drinking water concentration based on HQ of 1 and body weight (13 kg) and ingestion rate {1 Liday)
. for a seven month to four year old child.

Acceptable drinking watsr concentrations for petroleum hydrocarban parametars were calculated in a similar way to the methodology

described in Exhibit VI-E.1. . | : . ’

ARPT- P2 10T 2010025 _ B Golder Associcles

~Toluene Hexans Naphthalene “Decane "~ Pyrene | Eicosane
Scenario Depth [ C° c c c" c c c ch ¢ ct ] ct ¢
: m mg'kg malL mghg mgh | mghkg mgl | mgkg mgl |mokg mot |mgkg mot
1. Small Source (1m x 3m)
V = 12.6 miyear 0. 012 2.8E-03 0.018 28E-11] 0008 7.0E-07] 008 2.1E-159 0.002 2.0E-10] 0024 ©
0.5 0.12 2.0E-06 0.018_E.0E-30] 0.006 1.0E-12]| 0.08 e 0.002 5.0E-19(0.024 O
V = 30 mfyear 0 0.12 34E-03 0.018 1.0E-08] 0008 50OE-DE| 0.08 3.6E-105{0.002 4.8E-09|0.024 O
0.5 0.12 2.3E-06 0.018 20E-27l 0006 7.2E-12f 0.08 0 0.002 1.3E-17]0.024 O
2. Large Source (5 x 30m}
V = 12.6 mfyear : 0 012 2.8E-03 0.018 29E-11] 0006 68E-07| 008 21E-153|0.002 1.8E-i0} 0024 C©
. 05 0.12 1.9E-06 0.018 B59E-30f 0.006 9.8E-13! 0.08 0 |0.002 48E-18]0024 O
V = 30 mfyear 0 0.12 4.0E-03 0.018 1.2E-0Bf 0.006 6.0E-06]  0.08 4.2E-105]|0.002 5.8E-08(0.024 O
0.5 0.12 2.7E-06 0.018 2.4E£-27] 0.006 B.EE-12| 0.08 0 0.002 1.6E-17{ 0024 O

Page 1ol 5 #8heRE
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APPENDIX VII

,CALCULATION OF RISK BASED REMEDIATION CRITERIA
: FOR LIVESTOCK

This simple analysis outlines how_ livestock watering objectives were derived usiﬁg
~ exposure to cattle from ingestion of contaminants via di-inking water. It should be noted
that the livestock watering objectives were derived in consideration of long-term survival
for cartle. They do not consider thé health .implications of contaminant transfer to
humans consuming livestock or by-products of livestock. ‘

-

1.0 - RISK-BASED CONCENTRATION OF CONTAMINANTS FOR
" CATTLE BASED ON WATER CONSUMPTION

The total contaminant dose associated with drinking contaminated water can be estimated
according to: '

EDI=Cx IR;,, x BA x FIx BW" ,
' : , t)]

- where: EDI = estimated daily intake from drinking water (mg/kg-BW/d)

C = contaminant concentrations in water (mg/L)

IR;,; = Water ingestion rate (L/d)

BA = oral availability of contaminant (unitless)

BW = body weight (kg) 7
FI = fraction of water ingested from site, conservatively assumed to be 1.0 for this
analysis ' '

The maximum acceptable concentration that could be safely consumed is easily derived
by rearranging the equation and solving for the contaminant concentration:

C=EDIx BW x IR, x BA"

@ .
where EDI is set to equal the chemical exposure limit (i.e., equivalent to setting the

- -

hazard quotient equal to 1.0).
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An example of the maximum acceptable concentration for contaminants in drinking water
- supplies used by cattle is based on the following input values.

i1  Body Weight (BW)

The average live weight for grazing steer has been reported to be ap_quxi_iI;ately 319 kg
(Hyer et al,, 1991). '

‘1.2  Water Intake Rates (IR, )

-4

Caidcr and Braun (1983) calculated water intake rates for mammals (in litres per day) as:
IR, = 0.099BW*®

where the body weight (BW) is given in kilograms. Based on a 319 kg grazing steer, one
individual would be expected to ingest approximately 17.7 litres of water per day.

1.3 Exposure Limit (EDY) and Bioavailability
1.3.1 Benzene

Risk assessment of the oral toxicity of benzene is currently under review by the U.S. EPA
(1995). An oral RfD of 1.26E-2 mg/kg body weight/day has been suggested by Health
Canada for benzene (BCE, personal communication).

No data were located regarding the oral bioavailability of benzene. In the absence of
data, a conservative estimate of bioavailability of 100% was used for the ingestion of
benzene. '

132 Ethylbenzene

No specific data were located on the oral toxicity of ethyibenzene to cattle. In the
absence of receptor specific data, an oral RD of 1.9 mgfkg body weight/day was
derived based on a subchronic rat oral bioassay conducted by Wolf et. al. (1956). The
U.S. EPA (1995) reported a NOAEL of 97.1 mg/kg body weight/day for liver and kidney
toxicity in rats for the above study. Assunung an uncertamty factor of 10 to account for
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'_ the'subchmnic léngth of the study and 5 to account for interspecies extrapolation, an oral
RfD of 1.9 mgkg body weight/day was estimated (RfD = 97.1. mg/kg body
weight/day/50) for cattle.

.No data were located regarding the bioavailability of ethylbenzené. In the absence of
data, a conservative estimate of bioavailability of 100% was used for ingestion of
ethylbenzene.

1.3.3 Toluene

-

No specific data were located on the oral toxicity of toluene to cattle. In the absence of
receptor specific data, an oral RfD of 2.2 mg/kg body weight/day for cattle was derived -
based on a 13-week rat gavage study conducted by the NTP (1989). The U.S. EPA
(1995) reported a NOAEL of 223 mg/kg body weightlday for changes in liver and kidney
weights in rats for the above study. Assuming an uncertainty factor of 10 to account for
the subchronic length of the study, 5 for _interspeéies extrapolation and 2 to account for
the limited data available (lack of reproductive and developméntal toxicity studies), an
oral RID of 2.2 mg/kg body weight/day was estimated (RfD 223 mg/kg body
welght/day/ 100) for cattle. ‘

No data were located regardnng the bioavailability of toluene. In the absence of data,
conservative estlmatc of bxoavallablhty of 100% was used for the mgestion of toluene.

1.3.4 Xylene

No specific data were located on the oral toxicity of xylene to cattle. In the absence of
‘receptor specific data, an oral RfD of 50 mg/kg body weight/day for cattle was derived
based on a chronic oral gavage study in laboratory rats conducted by the NTP (1986).
The U.S. EPA (1995) reported a NOAEL of 250 mg/kg body weight/day for
hyperactivity, decreased body weight and increased mortality in rats for the above study.
Assuming an uncertainty factor of 5 to account for interspecies extfapo]ation an oral RfD
of 50 mg/kg body weight/day was estimated (RfD 250 mg/kg body weight/day/5) for
cattle.
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No data were located regarding the bioavailability of xylene. In the absence of data, a
conservative estimate of bioavailability of 100% was used for ingestion of xylene.

"1.3.5 Nap- hthalene

No specific data were located on the tﬁxicity of naphthalene to cattle. In the absence of
reéeptor specific data, an oral RfD of 2.7 mg/kg body wéighﬂday was derived based on
a 90-day laboratory mouse study by Shopp et al. (1984). Using the NOAEL of 133 mg/kg
bod;‘i;eightlday established by Shopp et al. (1984), and an uncertainty factor of 50 (5 for

* extrapolation between species and 10 to account for the subchronic length of the study),
an RfD of 2.7 mg/kg body weight/day is recommended for livestock watering.

A bioavailability factor of 75% for ingestion was assumed based on a study by Rahman
et. al. (1986). S : .

1.3.6 * Benzo(a)pyrene

. No specific data were located on the oral toxicity of benzo(a)pyrene to cattle; however,
benzo(a)pyrene is known to induce carcinogenic effects in laboratory animals (U.S. EPA,
1995). In the absence of receptor specific data, an RsD of 0.001 mg/kg body
weight/day for cattle was derived based on carcinogenicity studies in mice and rats
conducted by Neal and Rigdon (1967), Rabstein ef .al. (1973) and Brune et. al. (1981). |
In ‘these studies, increases in forestomach, squamous cell, larynx and esophagus
papjllomas and carcinomas were observed in mice and rats. The U.S. EPA (1995) -
calciilated an oral slope factor of 7.3 mg/kg body weight/day based on a geometric mean
of four slope factors obtained by différing modeling procedures'combining multiple data
sets from the above studies. Based on an oral slope factor of 7.3 mg/kg body weight/day,
a dose of 0.001 mg/kg body weight/day would produce a risk of one in a hundred of
developing cancer based on increased tumor incidence as a result of exposure through the
diet (RsD = 1 x 10?/7.3 mg/kg body weight/day) for cattle.

A bioavailability factor of 25% for ingestion of benio(a)pyrene was assumed based on a
study by Rahman et. al. (1986). '
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20 ~RECOMMENDED LIVESTOCK WATERING Qﬁ,IEQTIVES

Using equation 2 and the above input variables, acceptable ground water or surface water
concentrations were calculated for cattle, and are listed in the table below as “Livestock

Watering.”

‘Chemical ~ R(D Oral Livestock
: Cattle Bioavailability Watering
_ (mg/kg-d) : . (mg/L)

benzene 0013 - 1 ‘ .0.23

= toluene. 22 . 1 ... . 40

ethylbenzene 1.9 1 - 34

xylene - 50 1 900

naphthalene ' 2.66 0.75 - 65

benzo(a)pyrene 0.001 (RsD) 0.25 0.07
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APPENDIX VII

RISK CALCULATIONS FOR OUTDOOR SOIL INGESTION AND
INHALATION PATHWAY

1.0  SOIL INGESTION PATHWAY RISK ESTIMATES

The unadjusted risk-based acceptable soil cdnccritrétions, obtained using the
methodology described in Section 6.2 are presented in Table VIIL.1. As shown, for non-
scarcinogens, the acceptable soil concentrations are back-calculated using the maximum
HQ based on the doses calculated for each age category repre'senting the composite
receptor (résidcntial case). The maximum HQ was obtained for the infant receptor (0-6
months) with a slighﬂy lower HQ obtaim::zd for the yourig child'(7 months to 4 years).

Relatively high acceptable soil concentrations were obtained for most chemicals. The
lowest acceptable soil concentration was obtained for the residential scenario for
benzo(a)pyrene (2.6 mg/kg) followed by benzene (662 mg/kg).

All risk-based soil concentrations exceed the soil saturation limits presented in Table 8.4
with the exception of benzo(a)pyrene and benzene for residential case. Although not a
_requirement for the ingestion model, it is recommended that the risk-based criteria
exceeding the soil saturation limits be replaced with the soil saturation 'limits for
consistency with other pathways. '

20 OUTDOOR INHALATION PATHWAY RISK ESTIMATES

The unadjusted risk-based acceptable soils concentrations and soil saturation
concentrations, obtained using the methodology described in Section 6.3, are presented in
Table VIIL.2. The risk-based criteria are not replaced with the soil saturation
concentrations in Table VIIL.2 in order to illustrate the magnitude of the calculated risk-
based values. To fulfill the model -assumptions, risk-based concentrations that exceed the
soil saturation limit should be replaced with the soil saturation limit. '
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As shown, acceptable soil concentrations are back-calculated using the maximum HQ .
based on doses calculated for the composite receptor (residential case). The maximum
HQ was obtained for the infant receptor (0-6 months).

The lowest acceptable soil concentrations were obtained for the carcinogens, benzene and
benzo(a)pyrene. For the residential case, the acceptable soil concentrations are 23 mg/kg
for benzene and 1.5 mg/kg for benzo(a)pyrene. |

JAWORDS\RPT-95\MAR\942-19024A8-1502.D0C
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- ~ TABLE VIIL1
Risk-Based Soil Criteria for Outdoor Ingestion Pathway

(Based on EPA RAGS, Part B)
ICLR =7E-06
HQ=1
Soil Residential Commercial
o Saturation Carcinogens | Non-carcinogens | Carcinogens | Non-carcinogens
Chemical ' Cen : (MaxHQ) (Max HQ)
(mg/kg) (mg/kg) (mg/kp) (mg/kg) (mg/kg)

Benzene . : 1124 0662 - 8880 -

Toluene 1011 - 1 - 48000 - 2450000

FEthylbenzene 1024 ~ 24000 - 1230000

Xylenes 417 - 480000 - 24500000

Naphthalene 251 - - 960 - 49100

B(a)P - 21 2.63 - 35.3 -

n-Hexane 517 - 14400 - 736000

n-Nonane : - 24000 . - ' - 1230000

Eicosane 36 - 1000000 - 5000000

Pyrene 73 - S 7200 - : 368000

Decane 218 - 320000 - 16300000

JATABLES\TAB-9SVUNZG- 1902.XLS . Golder Associates o o ' PageJof 1 -



TABLE VIIL2 _
Risk-Based Soil Criteria for Outdoor Inhalation Pathway

(Based on EPA RAGS, Part B)
ICLR =7E-06 .
HQ=1
. {Volatilization/Particulate Emissions)
7 Soil Residential Commercial
‘Chemical | Saturation | Carcinogens | Non-carcinogens | Carcinogens | Non-carcinogens
Ciu (Max HQ) (Max HQ)
(mgfkg) | (mg/ke) (mg/kg) (mg/ke) (mg/kg)
Benzene - - 1124 231 L= 382 -
Toluene 1011 - 5910 - 1. 90
«f Ethylbenzene 1024 - 31300 | - | . 51500
Xylenes 417 - © 158000 |~ | 7 260000
Naphthalene . 251 - 1800 - 2970
B(a)P 21 1.54 - 2.56 -
n-Hexane 517 . | - - 927 - 1520
n-Nonane -1 - . 194 | - 1310
Eicosane 36 - 56000000 - 92000000
Pyrene , 73 : - 576000 - e - 949000
Decane 218 - 1380000 - 2280000

JATABLES\TAB-05UUN\ZG-1902.XLS Golder Associates : : Page 1 of 1
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SUPPLEMENT I o
Considerations for Alternative Calculations for VPH and LEPH

10 BACKGROUND

This supplement was developed in response to comments and concerns respecting the
- applicability of VPH and LEPH-based remediation criteria when the surrogates n-hexane
and naphthalene, respectively, are demonstrated to be absent (i.e., not detectable). n-
Hexane is considered the most toxic alkane of:the VPH fraction (RfD:=-0.06 mg/kg.day),
»and as such may needlessly bias a VPH remediation criterion in a conservative manner if
it is, in fact, absent from the VPH fraction found at a contaminated site. Similarly,
naphthalene may also be absent. To accomodate this concern, an alternative approach' of
~ using n-nonane as the VPH alkane surrogate and 1-methlnaphthalene ‘as the LEPH
aromatic surrogate, are considered in the criteria derivation process. Finélly,
consideration is given to the degree of conservatism used for the target hazard index.

20 TOXICITY OF n-NONANE

n-Nonane is the longest carbon-chain member of the VPH fraction (Cs to Cy) and has fate -

~ and transport properties similar to n-hexane. However, unlike n-hexane, n-nonane does
not demonstrate the peripheral neuropathies, giant axonal s'wclling or nasal turbinate
lesions observed with n-hexane. n-Nonane has been reviewed by both the Massachussets
Department of Environmental Protection',(MDEP,-*:-1994) -and- Staats Creative Sciences
(SCS, 1994) and ascribed an eq'uiva!ent_oralf.referencc.'dose {based: on the same rat
inhalation study conducted by Carpenter, et al,, 1978) of 0.6 and 1.017 mg/kg-d,
respectively. '

Examination of the rationale in the derivation of the RfD suggests both reviews should
ascribe a greater degree of conservatism to the RfD. In.the case of the SCS review, a
NOAEL was assigned to an exposure regime which was associated with reduction in
growth rate (1,600 ppm). The MDH review considered the NOAEL to be the next lowest
exposure rc'gime (590 ppm) .and noted this-to be approximately 10-fold less toxic than the
NOAEL for n-hexane observed in a subchronic mouse inhalation study (Dunnick, et al.,
1989). Consequently, they adopted an RfD for n-nonane 10-fold greater (i.e., less toxic)
than n-hexane.. This, however, does not correspond to the dose rate observed in the
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original n-nonane study, nor does it address the observation that the subchronic study was
- only 62 days rather than the preferred 90 day duration.

For the purposes of the present report, it is noted that the NOAEL exposure roughly
equates to a dose rate of 375 mg/kg-day. Applying a 1,000-fold uncertainty factor
- consistent with the SCS (1994) review yields 0.375 mg/kg-d. In light of the short
duration of the subchronic study and its uncertainty, respecting further effects, this value
‘ ginally adjusted to yield an RfD of 0.1 mg/kg-d.

30" " ALTERNATE VPH CRITERIA

Using the above-noted RfD for n-nonane, a series of transport/fate simulations were
conducted using the indoor air/scil gas transport model described in the main report. The
following tables provide the VPH concentration predicted in soil and groundwater, using
n-nonane as the VPH-alkane surrogate. The results indicate that a VPH concentration of
about 10 mg/kg in soil based on nonane and toluene surrogates, and using a conservative
HQ of 0.1. Using a conservative RfD for n-nonane of 0.1 mg/kg-day, as compared to
0.6 mg/kg-day, had only a 30% effect on the calculated VPH concentration in soil (Case
3 and 8), because of toluene’s greater contribution to the overall toxicity. For a non-
_conservative HQ of 0.5, the VPH concentration in soil would be about 50 mg/kg.

- 4.0n ALTERNATE LEPH CRITERION

[ x@:::ﬁaﬁphﬂaalené, a somewhat di'fferent approach was employed. The toxicity (i.e., RfD)
of naphthalene was retained but the transport characteristics of 1-methylnaphthalene was

used as the surrogate. The effect on the calculated value is shown in Table SI-2. Using a
HQ of 0.5 would bring the LEPH criterion from 275 mg/kg (for naphthalene + decane) to
about 1,400 mg/kg. ' |

- 5.0 RESULTS OF SENSITIVITY ANALYSI'S — VPH AND LEPH

The method used to derive criteria for VPH and LEPH, in the context of the surrogate
approach (see Chapter 5.0), requires consideration of the following information: .
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1) Petroleum hydrocarbon composition (i.e., proportion of surrogates and
hydrocarbon classes). '

2) Surrogate toxicity.
3) . Surrogate environmental fate and transport.

The derived soil criteria will vary depending on surrogates chosen for composition,

tox1c1ty and environmental fate and transport. The surrogates chosen to represent the
toxicity: and environmental fate and- transport for the generic VPH and LEPH criteria
spresented in Section 3.0.were.considered to be somewhat: conservative both in terms of
‘toxicty and mobility. The effect of -surrogatc. selection on the derived soil and
groundwater criteria was evaluated for several combinations of surrogates as presented in
Tables SI-1 and SI-2. As shown, for VPH the derived soil criteria ranged from 3.8 mg/kg‘
to 15_ mg/kg for a target hazard index of 0.1. The criteria varied over a relatively narrow
range primarily due to the relatively small differences in surrogate RfDs (e.g., RID, exane
equal to 0.06, RfDnom;. equal to 0.1. A somewhat higher VPH criteria was derived using
a nonane RfD of 0.6 (52 mg/kg). In addition, the differences in physmal/chcrmcal
parameter values between hexane and nonane are relatively small.

'The use of the propomon of the surrogate alone to derive total petroleum hydrocarbon
criteria is potentially non-conservative due to the possible presence of other compounds
- of similar toxicity within each hydrocarbon class. For this reason, the target hazard index
was adjusted to account for other compounds present. ‘However, the proportion of the
surrogate (f)to chemical =’c1'a'ss“(F):répr'esents an upper bound for the target-hazard-index.

~ For surrogates chosen for this study, the maximum f value was 0.3 for toluene followed
by 0.1 for decane. Therefore, in particular the hazard index chosen (0.1) for these
chémicals is likely too conservative. To this end it may be of interest to BCE to consider
a less conservative adjustment of the target hazard index such as a value on the order of
0.3 to 0.5. This would have the effect of raising permissible risk-based criteria up to 5-
fold, and still be reasonably conservative in light of the proportion of 'surrogate in the
hydrocarbon mixture. ' '

JARPT-95UUN\942-1902\81-1962.DOC
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