




























































































































































































Preliminary work at the University of Utah indicated that the spraying

of chlorinated effluent resulted in the emission of approximately 1.5
times the number of viable biological aerosols emitted by a trickling

filter(48). A study by Napolitano and Rowe(37) indicated that acti-
vated sludge plants may emit up to 10 times as many coliform organisms

as high rate trickling filters.

In summary, it can be stated that the spray irrigation of effluent will

result in the formation of aerosols, perhaps containing pathogenic

microorganisms. A number of these organisms will remain viable for
periods of several hours and may be carried by winds for considerable
distances from the irrigation site. Since the inhalation of pathogenic
organisms may lead to infection, it has been suggested that protective
zones or buffer strips should be maintained around effluent irrigation
sites. The direction and force of prevailing winds and the nature of
topographic, vegetation, and cultural features of the surrounding land-
scape will determine the need for, and the dimensions of, buffer strips.
Where buffer strips are considered necessary, they should be of suffi-
cient width to include the mist zone under most wind conditions. Peri-
meter hedges of trees and shrubs and low-trajectory, low-pressure spray
systems can be used to reduce the spread and formation of aerosols.

[y

Pathogen Survival on Soils and Plants

Several studies on, the survival time of various‘organisms on soils and
and plants havg béen reported. In the:Canada—Bfitish Columbia Okanagan
Basin Agreement, Oldham(dz) concluded that theré was 90% die-off of
total coliforms énd 99% of fecal coliforms on alfalfa after one week
following effluen{ irrigation. He also felt thét sewage coliforms could
survive, and eyén,multiply, on alfalfa<hay baled‘aﬁ,a sufficiently high
moisture‘contég;, but that fecal coliforms would survive only a few

weeks on drier hay.
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waters and found that'vegetables irrigated with waters of high coliform

. , K )?:
Norman and Kabler examined crops irrigated with sewage-polluted

count exhibited a higher coliform flora than vegét%ﬁies irrigated with
relatively pure water. More coliforms were found on leafy vegetables

than on smooth,vegetables grown under similar conditiops.
.i , A ‘\ 1.
In a discussion qé$thé hygieni'c aspects of water pollution, Hynes noted
that although we knew;little about the fate of viru% particles in water,
it was "well-established that most of the pathogenic bacteria are un-
able to reproduce‘out%ide the hody and that they slbwly die off in river

water". Rudolfs_gz_il(4g’50)

Teviewed literature Qh the survival of
various parasites on soils and crops. It was generally found that desic-
cation was an important factor controlling die-off of parasites. Cysts

of Entamoeba histolytica were killed by drying at room temperature for

five to ten minutes. ' Rudolfs 93'21(50) concluded thatycysts of Entamoeba

histolytica would survive less than three days above ground during dry

periods. Under any climatic conditions, none of the cysts would sur-
vive as long as ten days. To reduce the dangers of transmitting amoebic
dysentery through crop contamination to a minimum, they recommended

that applications of contaminating matter should cease at least one

week before harvest.

The survival of Ascaris and Trichuris eggs on soils is related to temp-

erature, humidity and shading factors - desiccation is the greatest
lethal factor to the development of Ascaris eggs. Thus, although eggs
may survive for many years under favourable conditions, they may be
degenerated in a few weeks in unshaded areas of low relative humidity

and high temperature.

(51) (

Sepp (9) 18) have reviewed literature on the sur-

vival of pathogenic microorganisms in soils and water and on various

, Bryan and Dunlop

plants. Their findings are summarized below in Table 5.
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TABLE 5

SURVIVAL OF CERTAIN PATHOGENS IN SOIL AND ON PLANTS

Organism

Media

Survival Time

Days
Coliform Soil Surface 38
Vegetables 35
Grass and Clover 6-34
Streptococci Soil 35-63
Fecal streptococci  Soil 26-77
Salmonella Soil 15->280
Vegetables and Fruits 3-49
Grass or Clover 12->42 (and over
winter)
Salmonella typhi Soil 1-120
Vegetables and Fruits <1-68
Shigella On Grass (raw sewage) 42
Vegetables 2-10
_ In Water Containing Humus 160
Tubercle Bacilli Soil >180
Grass 10-49
Vibrio Cholerae Vegetables and Fruits <1-29
Water and Sewage 5-32
Leptospira Soil . 15-43
Water 5-32
. Sewage 30
Entamoeba Soil 6-8
Histolytica Vegetables <1-3
Cysts oo Water 8-40
Enteroviruses } Soil + 8
Vegetables 4-6
Ascaris Ova " Soil . “Up to 7 years
\ Vegetables and Fruits ! 27-35
Hookworm Larvae, Soil . » 42
1,
In Dry Hay Few weeks

Liver Fluke, Cysts

W

Poliovirus

In improperly Dried Hay

In Polluted Water @ 20°C

Over a year

20

PR
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Most of the pathogens discussed appear to be able to survive for a

longer time in the soil than on vegetation. Thisiis probably because
the soil protects the organlsm% from the sun's rayq «from de%1ccat10n,
and from extremes of temperature. Furthermore,~few of the pathogenic
microorganisms appear able to survive for longer than one, or at the
most two, months on plants. Worm eggs can survive fof very long

periods in soils. & ..
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VIII. CROPS, EFFLUENT TRRIGATION, AND PUBLIC HEALTH

Factors Influencing Crop Selection

Under favourable environmental conditions, the application of an ade-
quate supply of water and nutrients through effluent irrigation will
result in high yields from a great variety of crops. Crop selection
for any particular scheme will probable be made after consideration of
a number of factors, including: f
- crop suitability to local climatic, soil and topographic
conditions
- expected returns from crop sales
- compatibility of plant requirements for water and nutrients
with system design ti.e., water and nutrient conservation
or disposal)

- public health safety factors

Many types of crops, including field crops, horticultural crops, and
forest and range crops, could be considered suitable for use after
consideration of the environmental, economic, and design factors out-
lined above. This chapter will explore health factors associated with
crop selection.

Forest crops probably offer opportunities for effluent irrigation with
the fewest assac1a{ed risks to public health. However forests gener-
ally are not in need of as much additidnal water as agricultural crops.
Larger land areas.may therefore be required if a de51rab1e water bal-
ance is to be maintained. Furthermore, and perhaps more important, the
rolling, hilly,,ana often ‘rugged topography comﬁonly}associated with
forested area§¥cou1d make the design and operatien %f irrigation systems

difficult and eXpensive.

The irrigation of'ﬁndustrial crops not intended for consumption by

humans or other amimals offers an alternative to forest irrigation

g
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with a similar, low degree of risk to public healf%. Cotton and flax
or other fibre crops would be included in this catégory, but their
suitability to British Columbia conditions is very\léqited.
,1

The largest group of crops which are likely to be considered for efflu-
ent irrigation schemes are those which are consumed by%ﬁqmans or other ~
animals, either dirgctly or aft§r processing. This gro&p includes for-
age crops (hay, siﬁage, pasture), grain crops (corn,ioé£s, wheat, buck-
wheat, etc.), and vegetable crops for human consumption or for live-
stock feed (potatoeé, carrots, tomatoes, etc.). '

s
Most, if not all, outbreaks of ;ewage-borne diseases\ha&e been associ-
ated with irrigation of crops eaten raw. The likelihood of disease
outbreak can be reduced below the risk associated with this practice
by improving the degree of treatment provided, by irrigating vegetable
crops intended to bé processed before consumption, .or by irrigating
forage crops. It should also be noted that irrigating forage crops
which would be processed (dried) and stored before being fed to live- *
stock (such as hay, cubes, or pellets) would carry a lower associated

health risk due to the time lag between irrigation and consumption.

The irrigation of forage crops with treated sewage effluents provides
another buffer (animals) between people and pathogens. Other than the
intestinal parasites, diseases which may be transmitted from animals

to man include tuberculosis (which has no# been eradicated from dairy
cattle in Canada), diptheria (can be spread through milk but has not
been in the United States since 1948), scarlet fever (also can be milk-
borne, but this has not occurred in the United States since 1944),
mumps (by dogs), measles (by do%s), chickenpox (by young apes), colds
26)

(by chimpanzees), and influenza Most of the salmonella serotypes

found in man are common in other animals, although S. typhi and S.

(53)

paratyphi are specific to man only There is no adequate evidence

to implicate animals in the spread of poliomyelitis, typhoid fever,

(26) ’

and bacillary dysentery Apart from man, the Shigella group of
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organisms affects only the simian primates, a rather limited and exotic
segment of the animal kingdom. No other animal normally suffers from

shigellosis.

It would appear therefore that the irrigation of forage crops with sew-
age effluent limits the diseases which may affect the public health
through consumption of animal products to the intestinal parasites, and

(52)

tle health hazard to cattie fed hay that had been irrigated with sewage

salmonellosis. Smart found the literature to indicate there was lit-

effluent, baled when dry, and cured for 14 days, and no health hazard

to humans consuming meat from animals fed on this fodder.

Recommended Practices in Other Areas

Sepp(51) reviewed literature on European sewage irrigation practices
and observed the following general rules of operation:
- sewage must receive at least primary treatment before irri-
gation of any crops -
- overhead irrigation of vegetables and fodder crops should
cease four weeks before harvest
- irrigation of hay and pasture crops should cease 14 days
before harvest or pasturing. _—

The report prepared for the World Health Organization(SS)

suggested
that primary epd secondary treatment of wastewater, followed by chlor-
ination and pérhaps by sand filtration®or polishing would produce an
effluent suitable for the unrestricteé irrigation ef agricultural crops;
such irrigation WOuld result in only limited heélth risks. If irriga-
tion was limited to crops which were only to be eaten cooked, then dis-
infection and/or pollshlng mignt not be needed., Opiy primary treatment

was con51dered necessary if the effluent was to be used for irrigation

of crops not 1ntended for direct human consumptlon

Ed
2
4
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In summary, it appears that many regulatory agenciéf have determined

that the irrigation of forage crops with primary effluent would result

in only limited risk to public health. Further treatment is required

if crops intended for human consumption are to be ir?iéated with efflu-

ent; this is particularly true if the crops are not usually cooked be-
gt ’ s

fore being eaten. = *

. - e
Recommended Practides for British Columbia

\

Primary treated effluent may be considered acceptableﬂfor spray irriga-
tion of forage crops in%many areas, but it is felt that the associated
risk to public health is too larée to recommend this practice in British

Columbia. '

It is known that spray irrigation can generate aerosols which may con-
tain pathogenic micrgorganisms. Because of the large numbers of patho-
genic bacteria and viruses which could be present in p}imary effluents,
there is a strong possibility of disease transmission by aerosols occur-

ring.

Extensive buffer zones around the irrigation site would be required to
reduce the aerosol hazard; furthermore, it would be absolutely necessary
to exclude the public from the spray and buffer areas. Both require-
ments are likely to be difficult to fulfill. ‘Furthermore, a separation
of one or two months between irrigation with primary effluent and crop
harvest would be necessary to provide reasonable assurance that most of
the pathogenic bacteria and viruses present in the primary effluent

have died off. Complete removal of worm eggs cannot be guaranteed by
primary treatment. Spray irrigation of conventional primary treated
effluent would quite probably lead to contamination of the irrigated
area with worm eggs and lead to infection of grazing animals. For these

reasons, it is believed that irrigation with primary treated effluent

cannot be recommended for British Columbia.




It is recommended that all sewage which is to .be used for irrigation should
receive secondary (i.e., biological) treatment to reduce the numbers of
pathogenic bacteria and viruses which may be pfesent. In most cases, the
effluent should also be disinfected prior to being used for irrigation
purposes. In the near future, chlorination will likely continue to be

the most common method of disinfection. Where public contact is limited,

as in the irrigation of rangelands, hay, or pasture, a chlorine (0O-tolidine)
residual of 1.0 ppm after one hour contact time, with proper mixing, should
provide adequate disinfection. If the effluents are to be used for irriga-
tion of vegetables or recreational areas, then a greater assurance of public

health safety should be provided through chlorination to residuals of 3.0
ppm.

The effluents from 1égoons of several months detention time (four to six
months or longer)are likely to have very high levels of suspended solids,
in the form of algal cells, which will significantly reduce the effective-
ness of chlorination.. Since most pathogenic microorganisms are only able
to survive for periods ranging from a few days to a few months, and since
parasite eggs will have settled during retention, it is believed that
lagoon effluents could be used without chlorination to irrigate forest
and rangelands. However, if such effluents are used for irrigation of
pasture crops, they should be disinfected; treatmént to reduce the sus-

pended solids will probably be necessary prior to chlorination.

If lands irrigated with secondary sewage are to be used for grazing or
pasturing livestdck;\it will be necessar} to ensufe that the ova and
cysts of parasites have been removed. Since thesé are resistant to
chlorination, it is Fecommended that storage for qnefweek or sand fil-
tration after secondary treatment should be provided. ,This would not be
required if the folﬁent were treated in ; lagoon'éyé%em.

%

= ¥t

!

As a final precaution, it is recommended that irrigation of pasture crops

should cease at leasgt one week prior to use of the pasture by livestock.

v




' 4
Similarly, the irrigation of hay or silage crops shouldyalso cease at

least one week prior to cutting. Such delays provide a large measure of
safety through exposure of any-micreorganisms remaining é%ter treatment
to sunlight and desiccation. Proper drying and storage of the hay and
maturation of the silage also provides final buffers of several months
between effluent irrigation and crop consumption by liveefoéi. ‘

. . “\l
L L K o

The formation and spreéhfof‘aerosols during spray'irrigatéon‘of secondary
effluent may represent a;heelth hazard within the mist zoﬂe. Buffer
strips, or non-irrigated areas around an effluent spray irrigation site
may be required to prevent the spreaé of aerosols onto adjacent properties.
The need for, and width of,‘such buffer strips should be Hetermined accord-
ing to prevailing wind conditions and the physical and cultural features

5

of the surrounding landscape.’
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