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ABSTRACT

This project was part of the City of Winnipeg's continuing
program to dispose of sewage sludge in an efficient, economical and
environmentally sound manner. The primary objective of the study was
to assess the environmental impact of sub-surface injection of raw
sewage sludge into agricultural soil. The determination of the types
and numbers of pathogenic organisms in raw sludge and their fate in
heavy clay soils was examined as were the types and quantities of
organic micropollutants and their fate in agricultural soil. A
secondary objective of the study was to assess the impact of anaero-
bically digested sludge injected into agricultural soil. An additional
objeétive was to inject sludge using a production model injector to
determine practical application rates under full-scale operation.

Extensive sampling and analysis of sludges, soils, surface
water, groundwaters and wheat plant material was conducted. The in-
organic, microbiological and organic micropollutant sampling and
analytical methodologies are discussed in the report.

It was concluded that subsurface injection of raw sludge
appears to be an environmentally acceptable method of sludge disposal.
Post injection soil sampling revealed very little difference between
raw and digested sludge test sites.

Winnipeg sludgesexhibit typical domestic sewage heavy
metal levels, very low organic micropollutant concentrations con-
sisting mainly of phthalates and high levels of microbiological con-
tamination. Raw sludge from the South End Water Pollution Control Centre
(S.E.W.P.C.C.) had faecal coliform levels ranging from 41 MPN/100 ml

to greater than 1.5 X 105 MPN/100 ml, and it was found that 83% of



the samples contained Salmonella and 21% viruses. The North End Water
Pollution Control Centre (N.E.W.P.C.C.) raw sludge showed similar levels.
However, an insufficient number of samples were collected to allow for

a statistical comparison. The anaerobically digested sludge showed

lower initial faecal coliform levels ranging from 49 MPN/100 ml to
greater than 1.5 X 105 MPN/100 ml, with 17% of the samples being
positive for Salmonella. No viruses were detected.

It was found that the microorganisms diffused vertically and
laterally from the raw sludge injection trench and that there was a
progressive decrease in microorganism levels one month and three months after
injection with a return to near background levels one year following in-
jection. Post injection soil sampling following digested sludge in-
jection revealed a similar pattern to raw sludge injection, with return
to background levels after one year.

Although numerous parasites were seen in the sludges and
soils, it was not possible to differentiate between sludge-derived
parasites and indigenous soll parasites and, therefore, no conclusions
could be drawn. It was observed, however, that raw sludge injection
site parasite levels were no higher than those observed following
digested sludge injection.

Although the analyses were somewhat inconclusive, the runoff
water indicated that there is a very low probability of contamination
from inorganics, toxic organics or microorganisms from sludge injected
into the soil. The analyses of groundwater indicated that it was un-
affected by the sludge injection activities adjacent to the S.E.W.P.C.C. The

microbiological analyses of wheat plant material indicated that there does not



appear to be any crop contamination resulting from the injection of
raw sludge.

Finally, extensive testing of the production model injector
indicated that injection is a viable sludge disposal alternative for
six months of the year. Economic analysis showed that the cost for
injection would approximate the present (1981) cost for hauling sludge
from the S.E.W.P.C.C. to the N.E.W.P.C.C. for anaerobic digestion and

treatment and ultimate disposal.



FOREWORD

The following report "A Study To Assess the Environmental Impact
of Injecting Raw Sewage Sludge Into Agricultural Soil' has been prepared
to describe the work performed and results obtained from a study under-
taken by the City of Winnipeg, Waterworks, Waste and Disposal Department.

This project was jointly funded by the Federal Government under
Contract # 1SS80-00232 and the City of Winnipeg following an unsolicited
proposal by the City of Winnipeg to the Science Procurement Branch of
the Department of Supply and Services.

The work was performed by the City of Winnipeg, Waterworks,
Waste and Disposal Department, with the microbiological phase being sub-
contracted to the Cadham Provincial Laboratory of the Province of Manitoba
Health Services Commission, and the organic micropollutant phase being sub-
contracted to the Pesticide Research Laboratory, Department of Soil Science
of the University of Manitoba.

The Scientific Authority under this contract was Dr. M. D. Webber
of the Wastewater Technology Centre for the Environmental Protection

Service, Environment Canada, in Burlington, Ontario.
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1.0 INTRODUCTION

1.1 Background

The City of Winnipeg began its pollution control efforts in

1935. The progam has expanded and continued to the point where, at

present, all domestic and industrial wastewaters produced within the

City's jurisdiction are treated to the secondary level. The City has

three major wastewater treatment facilities, namely: the North End,

South End and West End Water Pollution Control Centres.

The North End Water Pollution Control Centre (N.E.W.P.C.C.)

is an air-activated sludge facility, with anaerobic sludge digestion,

with a current design capacity of 247 ML/d. Engineering for the ex-

pansion and conversion of this facility to a 319 ML/d oxygen-activated

sludge facility is currently underway.
The South End Water Pollution Control Centre (S.E.W.P.C.C.)
is an oxygen-activated sludge plant with a design capacity of 45 ML/d.

This plant does not have a sludge treatment capability. Raw and waste

activated sludges are transported by tank truck to the N.E.W.P.C.C.

anaerobic digestion facilities.

The West End Water Pollution Control Centre (W.E.W.P.C.C.)

is a combination of an extended aeration facility and conventional

lagoons that treat a total flow of 27 ML/d. Sludge produced at this

facility is contained in the lagoon system and no further handling or

treatment takes place.



The anaerobically digested sludge from the N.E.W.P.C.C. is
dewatered by means of sludge drying beds, located approximately five
kilometres from the treatment plant site. The dewatering operation
relies on sludge settling by gravity to effect the solids/liquid separa-
tion, with the supernatant being routinely decanted off the beds and
returned to the N.E.W.P.C.C. for complete sewage treatment. After de-
canting the supernatant ligquor, the dewatered sludge is allowed to freeze
during the winter months. During an annual cleaning operation the sludge
is pulverized and removed in the frozen state and is spread on adjacent
agricultural lands at a rate of 56 tonnes of dry solids per hectare.

This operation is conducted in compliance with regulations issued by the
Manitoba Clean Environment Commission. These regulations were issued
subsequent to lengthy public hearings during which submissions were heard

from various health, agricultural and environmental control agencies.

1.2 General

As stated earlier, sludge from the S.E.W.,P.C.C. is hauled by
tanker truck to the N.E.W.P.C.C. for anaerobic digestion and disposal.
This method has been used since the S.E.W,P.C.C. went into operation in
1974. It has proven to be a satisfactory and cost-effective method of
dealing with the sludge produced at that facility.

As waste volumes and loadings increase at the N.E.W.P.C.C.,
expansion of the anaerobic digestion system and sludge drying beds has
become necessary. Recent studies reveal that immediate digester up-

grading is required (Ross. 1981 and James F. MaclLaren Limited. 1976).



A recent study of the drying bed operation revealed an immediate need for
additional drying bed capacity for winter operations (Borlase. 1977).
Subsequently, the City of Winnipeg constructed two new cells in 1981.
Drying bed volumes will soon become critical, as sludge loadings increase
from the N.E.W.P.C.C. because of expanded and more efficient primary and
secondary treatment components, and as sludge loadings increase from the
S.E.W.P.C.C. as that plant approaches its design capacity.

The alternatives that exist to the expenditure of capital

funds for expanded capacity for South End sludge at the North End facility
include:

a) construction of sludge digestion and disposal
facilities at the S.E.W.P.C.C. location.

b) construction of sludge digestion facilities at the
S.E.W.P.C.C. and utilization of N.E.W.P.C.C. dewatering
facilities.

c) wutilization of an innovative strategy such as sub-surfaze
injection of raw and/or digested sludges.

It has been estimated that alternative '"(a)"would incur a

present value (1978) expenditure of 9.36 million dollars and alternative
“(b)" 8.26 million dollars. The cost of expanding the existing digestion
system at the N.E.W.P.C.C. has been estimated at 5.05 million dollars

(W. L. Wardrop. 1979). Preliminary investigations by the City of Winnipeg
into sub-surface injection of sludges in agricultural soil indicated that
the economic§ ofva fully operational sludge injector program might compare
favourably with the present cost for hauling S.E.W.P.C.C. primary sludge

to the N.E.W.P.C.C. anaerobic digestion facilities (Carroll and Ross. 1981).



It can be seen from the magnitude of these dollar values that
there are significant economic advantages to the City of Winnipeg should
sub-surface injection of raw and/or digested sludges prove to be a viable

ultimate disposal technique.

1.3 Study Objectives

The primary objective of this study was to assess the environment-
al impact of sub-surface injection of raw sewage sludge into agricultural
soil. A secondary objective of the study was to assess the environmental
impact of sub-surface injection of anaerobically digested sludge into
agricultural soil. An additional objective was to inject sludge using a
production model sludge injector to determine practical application rates
under full-scale operation.

Specifically, the objectives were as follows:

a) to monitor selected nutrients and heavy metals to further
assess the physical and chemical ramifications of this
sludge disposal technique. These objectives are essentially
a continuation of the preliminary investigations conducted

in 1980.

b) to determine the types and numbers of pathogenic organisms
in raw and digested sludges and to assess the fate of these

organisms in heavy clay soil.



c) to determine the types and quantities of organic micropol-
lutants in raw and anaerobically digested sludges and to
determine their fates in heavy clay soils. For the purposes
of this study, micropollutants are defined as potentially
toxic industrial organic compounds in sludge that occur

at very low concentrations.

d) to determine the potential for contamination of growing crops
with pathogenic organisms and organic micropollutants con-
tained in sludges injected into soil.

This project commenced on May 1, 1981. Field sampling and

analytical work was completed by December 21, 1981.



2.0 SUB-SURFACE SLUDGE INJECTION

Land application of animal manure and wastewater sludges has
been practiced for centuries. 1t has been shown that land application of
sewage sludge in Canada is the most popular method of disposal. In
Ontario alone,63 per cent of the water pollution control plants surveyed
in 1975 practiced sludge disposal to agricultural land (Webber, Schmidtke,
and Cohen. 1978). The City of Winnipeg has disposed of sludge on land
since the inception of wastewater treatment in the Winnipeg area in 1937
(Carroll. 1976).

The primary function of agricultural land is the production of
food and feed for humans and livestock. If land is to be used as a
receptor and assimilator of wastes, application must be done in such a
manner that it does not impair the quality or quantity of food produced
(Webber and Hilliard. 1974).

For the most part, land application of sludge in Canada has in-
volved spreading anaerobically digested sludge on the surface of soil.
The reasons for this are two-fold. Anaerobic digestion signifizantly re-
duces the numbers of pathogenic organisms in sludge (Fuller and Litsky.
1950), and surface application is the least expensive land application
technique.

However, raw sludge injection has been done in several juris-

dictions outside Canada (Public Works. 1976) and the technology is develop-

ed to an extent that it may be a cost effective land application alter-

native (McKyes et al. 1979).



2.1 Sludge Injection Considerations

The City of Winnipeg has long recognized sewage sludge to be a
soil conditioner and fertilizer supplement that results in beneficial
physical and chemical changes to soil properties (Ross. 1978). As a soil
conditioner, sludge improves aggregation and permeability, increases water
holding and absorptive capacity and generally enhances productivity. As
a fertilizer supplement, sludge contains variable but significant amounts
of the major plant nutrients and virtually all other nutrients essential
for plant growth.

Sludge injection is a land application technique that safeguards
against odours, aesthetic problems and contamination of surface waters
(EPA. 1974). The sludge can be handled entirely in closed containers
prior to being incorporated below the soil surface. Moreover, the sludge
is placed in the best possible position for rapid degradation and utilization
by plants (Reed. 1973). For example, Lue-Hing et al. (1975) have reported
that about 80 per cent of the ammonia in sludge injected into soil was re-
tained and available for plant uptake.

The restrictions that must be observed during sludge injection
into soil are similar to those for other land application techniques. For
example, leaching of soluble waste constituenﬁs must be controlled to main-
tain groundwater quality. Heavy metal, pathogen and toxic organic compound
loadings to soil must be controlled to maintain soil productivity and crop
quality. 1Injection causing excessive structural damage to or compaction of
wet soil should be avoided.

Sludge injectors may clog or be ineffective in hard or frozen

soil (Simonen. 1977).
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2.2 Preliminary Field Work and Investigation
2.2.1 McGill University Sludge Injection Study

In 1976, the Agricultural Engineering Department of McGill Univer-
sity developed an efficient sub-surface injector to incorporate liquid
manure into agricultural soil (Negi et al. 1976). 1In 1978, they under-
took a sludge injection feasibility study (McKyes et al. 1979). The
latter study was funded by a Department of Supply and Services contract
under the supervision of the Environmental Protection Service, Environ-
ment Canada.

Its objectives were:

a) to adapt the Macdonald College liquid manure injector for

use as a sludge injector as a possible solution to municipal
sludge disposal problems in Canada,

b) to test the injection system in varying soil conditions,

from dry to adversely wet agricultural soil as well as
frozen ground.

¢) to perform a preliminary economic analysis of sub-surface

injection in different seasons in Canada for sludges with a
range of solids content.

The McGill study examined the various mechanics of sludge injection,
two different soil types, different solids concentrations using pig manure
and digested sludge and different application rates.

Some of the conclusions from the McGill study were as follows:



a) The injector did not work well in frozen soils or in very dry
heavy textured soils. Medium and light textured soils gener-
ally exhibited uniform backfilling of soil and little surface
disturbance.

b) No odours were noticed when the sludge was well covered with
soil.

c¢) The actual sludge application rate was much higher than the
calculated theoretical rate, probably because sludge dissipated
rapidly into the soil surrounding the injection trench and the
soil cover floated on the sludge, increasing the effective
volume of the trench.

d) A preliminary economic analysis indicated that injection is
a feasible sludge disposal technique that would not be more
costly than other systems at eight and sixteen kilometres

distance from the sewage treatment plant.

2.2.2 City of Winnipeg Study (1980)

In 1980, the City of Winnipeg conducted a preliminary examination
of the viability of disposing of raw, waste activated and anaerobically
digested sludges by means of sub-surface injection into soil.

The study was a continuation of the work begun in the McGill study. The
program was designed to utilize the final injector foot design from the
McGill study in the soil types and under the climatic conditions encountered
in the City of Winnipeg area.

The study was concerned with the physical and chemical ramific-

ations of injecting sludge into heavy clay soil. Physical parameters in-



cluded determination of the optimum sludge loading rate by observation of
soil covering characteristics at different loading rates, and observations
for odours. Soil samples were collected at various distances and depths
from the injection furrow and were analyzed for nutrients and heavy metals.
Microbiological analyses were conducted to determine pathogen loadings in
sludge and rates of attenuation following sludge injection into the soil.
Financial limitations severely limited the level and intensity of the
microbiological monitoring.
A report of the 1980 preliminary study was prepared (Carroll and
Ross. 1981), and some of the conclusions follow:
a) The heavy clay soils in the City of Winnipeg area can be
successfully used as an injection medium for sewage sludges.
b) At an application rate of 44.7 litres per metre, using the
MzGill injector, there were no problems of odours, run-off
or inadequate soil coverage of the injected sludge. For
comparative purposes, this translates into an application
rate of 12.9 dry tonnes per hectare using the McGill in-
jector, assuming a 1.8 metre distance between injection fur-
rows and a primary sludge concentration of 5.2 per cent total
solids. Or, this rate translates to an application rate of
31.7 dry tonnes per hectare, using a production model with a
five-shank injector with a unit width of 3.66 metres, and
sludge with a total solids concentration of 5.2 per cent. How-

ever limited testing with a production model sludge injector

indicated that actual, practical injection rates would be lower.

c¢) The heavy clay soils appeared to limit the amount of sludge

component migration from the injection trench, although



d)

e)

£)

g)

migration increased with an increase in application rate.
Deep-tillage of the soil prior to sludge injection increased
the migration of sludge components into the soil and improved
the soil coverage characteristics.

Because of the relatively low application rates employed, the
sludge constituent concentrations in the soil tended to be in
the range of background levels monitored for this and/or other
City of Winnipeg sludge disposal projects. It should be
mentioned that sampling and analysis performed subsequent to

this study to verify heavy metal results showed that sampling

. within the injection trench at the 150 millimetre depth did

not always penetrate into the sludge layer. This layer fluct-
uated with undulations in topography and/or operator inatten-
tion to the injection depth.

Preliminary microbiological testing was inconclusive. Addit-

ional testing was recommended.

Preliminary analysis of Winnipeg sludges indicated the presence,

in low concentrations of several organic micropollutants.
Further studies to monitor the levels and fate of these com-
pounds in the soil environment were recommended.

Preliminary analysis of the economics of sludge injection on

a full-scale basis indicated that the costs might compare
favourably with the costs to haul sludge from the S.E.W.P.C.C.

to the N.E.W.P.C.C.



2.3 Contract Program (1981)

The relative success of the preliminary investigations by McGill
University and the City of Winnipeg showed that sub-surface injection of
sewage sludges might be a viable, full-scale, ultimate disposal method,
for the City of Winnipeg, and for other jurisdictions in Canada. However,
its adoption and wide spread use would be contingent upon proof that it
was environmentally acceptable.

The chief environmental concerns were soil and run-off water
contamination with pathogenic organisms and organic micropollutants.

There was also a concern for zrop uptake of organic micropollutants and
pathogens.

The results of the preliminary investigations justified a more
intensive and comprehensive study. 1In 1981 a study was undertaken, fund-
ed jointly by the City of Winnipeg and by a grant from the Department of
Supply and Services and Environment Canada under Contract # 15580-00232.
Scientific Authority for the project was provided by the Wastewater
Technology Centre of the Environmental Protection Service, Environment
Canada, in Burlington, Ontario. The project was divided into four phases:
field experimental, inorganic, microbiological and organic micropollutants.

The objectivesof the field experimental program were to provide
test furrows for the other phases, using the McGill injector at different
times of the year, to confirm the optimum rate determined in the 1980 pre-
liminary investigations, to test a production model sludge injector under
various climatic conditions and to determine the length of the season that
sludge injection could be conducted in the Winnipeg area.

This phase of the project was conducted by the City of Winnipeg,

Waterworks, Waste and Disposal Department's Laboratory Services Branch, in



association with the Operations Branch.

The inorganics phase of the project was concerned with the deter-
mination of the levels of nutrients and heavy metals in the soil before and
after incorporation of sludge, the extent of their migration over time, and
their fate in the soil environment over time. It was also concerned with
nutrients and heavy metals in run-off water and groundwater. This phase
was essentially a continuation of the work done during the preliminary
investigations conducted by the City in 1980. It was conducted by the
Laboratory Services Branch of the City of Winnipeg.

It is known that raw wastewaters and sludges contain a wide
variety of pathogens. It is also known that the soil environment can
diminish the number of pathogens. The objective of the microbiological
part of the project was to determine the fate of pathogens in sludge
injected into soil.

Previous studies involving sub-surface injection of sludge have
not adequately addressed the questions of pathogen migration, attenuation
and fate in the soil environment. This phase of the program was sub-con-
tracted to the Cadham Provincial Laboratory of the Manitoba Health Ser-
vices Commission under the direction of Dr. L. H. Sekla, Assistant Dir-
ector.

Recently, much concern has been expressed regarding toxic
chemicals that can accumulate in sewage sludges; While there is con-
siderable knowledge regarding the féte of heavy metals in sludges applied
to land, very little is currently known of the fate of organic micro-
pollutants. The organic micropollutant phase of the project was intended

to increase that body of knowledge.



Preliminary organic screening studies of Winnipeg sludges, con-
ducted by the Environmental Protection Service in 1980, had indicated the
presence, in low concentrations, of numerous long chain alkanes, chlorinated
and nitrated phenols, phthalates, polychlorinated biphenyls (PCB's) and
several pesticides.

This phase of the project was sub-contracted to the Pesticide
Research Laboratory of the Soil Science Department of the University of
Manitoba, under the direction of Dr. G. R. B. Webster, Associate Professor.
Dr. Webster coordinated his analyses with the analytical unit at the Waste-

water Technology Centre in Burlington, Ontario.



3.0 METHODOLOGY

3.1 Site Description and Management

The City of Winnipeg owns approximately 267 hectares of land
adjacent to the S.E.W.P.C.C. This land is leased to local farmers for
the production of cereal crops. A 28.3 hectare area:;was retained for the
1980 and 1981 investigations. Figure 3.1 shows the location of the test
area in relation to the S.E.W.P.C.C.

The test area was subdivided into seven plots. It was. deep-
tilled during the spring of 1980, and small topsoil dykes were constructed
around each plot to contain runoff. The plots, 4.04 hectares in size,
received various sludge types and application rates. The test plots and
sludge injection furrows were staked to ensure that they could be located
in 1981.

The same seven plots were used for the 1981 sludge injection
program. The 1980 program required only a part of the test plots and
there was sufficient unused area remaining in each to conduct the 1981
program while ensuring that there would be no cross-contamination from the
previous tests. Mid-way through the 1981 program, the plots were disked
to control weed growth. The plots had not been deep-tilled in the spring
of 1981 to avoid disturbing the previous injection furrows which were to
be sampled one year after injection.

The soil in the area of the sludge injection plots is classified
as a mixture of Osborne and Red River clays. The top soil is 20 - 25
centimetres deep and has a heavy clay texture. It is calcareous, with a pH
around 8.0 and a cation exchange capacity of 35 - 50 meq per 100 grams -

(Mills and Zwarich. 1975). The topography of the area is flat and typical
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of the Red River Valley. The soil is subject to spring flooding.

It has been shown that the aquifer is over-laid by 18 - 27
metres of unfissured, plastic clay and clay-silt deposits (Render. 1970).
This overburden virtually seals it from surface infiltration. Soil cores
taken during the construction of the S.E.W.P.C.C. confirmed Render's
analysis. The aquifer in this area contains potable, slightly saline
water. However, it 1s not generally used for potable purposes. The
probability of materials leaching from the surface soil to the aquifer
in this area is considered to be extremely low. Groundwater sampling
and analyses were routinely conducted during the 1981 project. The

results are discussed in Section 4.

3.2 Injection Equipment

3.2.1 McGill University Sludge Injector

The sludge injector used for this research project was design-
ed by staff of the Department of Agricultural Engineering at McGill
University's Macdonald College (Figure 3.2). 1t is owned by the Environ-
mental Protection Service, Environment Canada.

The injector consists of a hollow shank injector foot through
which sludge passes into the ground. Various sizes of injector feet can
be bolted to the shank (McKyes et al. 1979). The injector is mounted
in front of a 3600 litre tank wagon equipped with a vacuum/pressure
pump (Figure 3.2). The injector unit was pulled behind a 100 HP Massey-

Ferguson Model 1100 tractor. The vacuum/pressure pump was driven by

a hydraulic pump powered by the tractor power take-off. A 180 litre



Ag-gator 3004 Injector
Sludge Injection Equipment Employed

Figure 3.2



tank was mounted on the front of the tractor to provide sufficient
hydraulic fluid cooling capacity. Lifting and lowering the injector to
the desired depth was accomplished by a hydraulic cylinder operated from
the tractor's hydraulic pump system. The 3600 litre tank wagon was con-
nected with a 102 millimetre I.D. flexible hose to the injector shank.
A gate valve controlled the rate of flow of sludge to the injector.
During the 1980 preliminary investigations, an optimum applic-
ation rate in the City of Winnipeg soil types was determined for the
McGill injector unit. The optimum application rate was defined as the
maximum sludge loading to the soil where the furrows still covered over
satisfactorily, with no sludge exposed and no odours detected. 1In order
to maintain this optimum application rate of 44.7 litres per metre (or, 12.
dry tonnes per hectare for the McGill unit - see Section 2.2.2) for the
1981 contract program, it was necessary to re-determine the proper com-
bination of gear ratio and engine speed. This was necessary because the
85 HP tractor (Model 1085) used in the 1980 preliminary investigations

was unavailable and a 100 HP tractor (Model 1100) was used instead.

3.2.2. Ag-Gator Sludge Injector

Production model tests to evaluate performance were conducted
using an Ag-Gator Model 3004 injector (Figure 3.2). This testing was
conducted during the months of July and August, under both good and
adverse operating conditions. Testing was conducted at the eastern

boundary of the 28.3 hectare area, as discussed in Section 3.4,



The Ag-Gator Model 3004 is a diesel-powered, 4-wheel-drive
self-propelled sludge injector having a 12,000 litre capacity. This
unit was equipped with an optional five shank injector, with adjustable
guage wheels and "floating" tool bar to maintain a consistent injection
depth regardless of terrain.

The field work with the Ag-Gator Model 3004 involved the in-
jection of S.E.W.P.C.C. raw sludge and N.E.W.P.C.C. raw and digested
sludges. Of prime importance was the determination of the optimum
application rates in various field conditions. These optimum rates were
developed by combining various engine speeds and gear selections with the
sludge discharge rate.

It should be stressed that the production model trials were
concerned only with physical loading, based on soil covering character-
istics, detection of odours, examination of the sludge in the furrows
and observations for flies and other vermin. 1In addition the economics
of the production model sludge injector were examined.

From an agricultural point of view, there is no one general
application rate because crop requirements for nutrients, especially
nitrogen, vary widely (EPA. 1978). The problems of applying nitrogen
in proper amounts are familiar to farmers who use commercial fertilizers
and manures.

In December, 1981, a field trial to assess the sludge inject-
ion characteristics of a production model injector in frozen soil was
conducted. The Ag-Gator Model 3004 unit was not available and a 13,680
litre Terra-Gator Model 2505 self-propelled sludge injector was used.

This unit was equipped with the standard, hydraulically elevated four shank



injector, with a two-way spring tension system to prevent damage tO the
injection shank from underground obstructions. This trial was con-

ducted using S.E.W.P.C.C. raw sludge.

3.3 Types of Sludge Used

The solids separated from wastewater during sewage treatment are

a complex array of organic and inorganic residues. The solids portion of

the sewage removed by sedimentation in the primary settling tanks is
ralled raw or primary sludge. Primary sludge has a high organic content.

Suspended and dissolved solids not removed in the primary set-
tling process are transported into the aeration tanks for biological
(secondary) treatment. When agitated in the presence of air or pure
oxygen, the suspended solids form nuclei on which biological life develop
and gradually build up to larger particles known as activated sludge
(New York State Department of Environmental Conservation. 1978). The por-
tion of the activated sludge not returned to the aeration tanks to maintain
the biological population is wasted to the sludge digesters or holding
tanks and thus is referred to as waste activated sludge (W.A.S.).

When primary sludge and waste activated sludge undergo anaerobic
digestion, the resulting products are methane and carbon dioxide, and a
relatively stable or inert organic and inorganic material known as
anaerobically digested sludge. As stated in Section 1.2, the facilities
required for anaerobic digestion are capital intensive.

During the 1981 contract program, three types of sludge were
used. The first, raw plus waste artivated sludge from the S.E.w.P.C.C.,
is primarily domestic in origin, with some commercial and virtually
no industrial components. Hereafter it is referred to as S.E.W.P.C.C.

raw sludge. Also, N.E.W.P.C.C. raw plus waste activated sludge, contain-



ing domestic, commercial, and industrial components, was used. Hereafter,

it is referred to as N.E.W.P.C.C. raw sludge. 1In addition, anaerobically
digested sludge from the N.E.W.P.C.C. was used.

The S.E.W.P.C.C. raw sludge was taken from a holding tank be-
neath the centrifuge bay at that plant by using the vaccuum pumps on
the injection units. The N.E.W.P.C.C. raw sludge was taken from an out-
let valve located on the transfer line in the clarifier control area of
the primary clarifier installations. The N.E.W.P.C.C. digested sludge
was taken from an outlet valve located on the line carrying digested

sludge to the sludge drying beds.

3.4 Field Experimental Program

Sludge injections, with the McGill and Ag-Gator units, were
carried out during the months of June to September, 1981 inclusive in
order to study the fate of the sludge over time with varying soil and
climatic conditions. Heavy rains and cold weather in October prevented
further sludge injections with the McGill injector. An attempt to inject
sludge into frozen soil was conducted with the Ag-Gator injector.

For the 1981 contract program, the McGill unit injected all
the sludge types in all locations at the previously determined optimum
rate of 44.7 litres per metre (12.9 dry tonnes per hectare). Each
injection event consisted of three 65 metre rows. Observations of the
soil covering characteristics, detection of odours, examination of the
sludge in the furrow and observations for flies and other vermin were

made after each injection event.



Figure 3.3 diagramatically shows the seven 4.04 hectare experi-
mental plots, the relative locations of the 1980 and 1981 sludge injections
and the sludge types used for each injection event.

Plot # 1 was used for the re-determination of the optimum appli-
cation rate to account for the difference in tractor horsepower from 1980
to 1981, as discussed in Section 3.2.1, and as a demonstration plot to
show the injection process to interested persons.

Plots # 2 - 5 were used for the injection of the different
sludge types monitored in soil in 1981. For example, S.E.W.P.C.C. raw
sludge and N.E.W.P.C.C. raw and digested sludges were injected in Plot # 2
in June. The same sludge types were injected into Plot # 3 in July, and so
on. It should be noted that injections of N.E.W.P.C.C. raw and digested
sludges in Plot # 5 in September had to be cancelled due to inclement weather.
The purpose of using one plot each month was to provide an opportunity to
inject sludge under various climatic conditions and to attempt to deter-
mine the most practical length of the season that sludge injection can be
conducted in the Winnipeg area.

The eastern ends of Plots #1 - 5 were used for the production
model tests in both 1980 and 1981. The objectives of these tests were
to determine the optimum application rate with the production model units
and to observe the soil covering characteristics, furrows and presence of
flies and vermin, plus the detection of odours, under various climatic and
soil conditions. 1In 1981, the Ag-Gator used S.E.W.P.C.C. raw sludge only.
The unit was tested in dry soil, soil saturated with water, and frozen
soil.

Plot # 6 was not used in the 1981 contract program.
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In 1980 and 1981, it was intended that Plot # 7 serve as a
control plot from which unsludged soil could be monitored for compara-
tive purposes with the sludge injected soil. As it turmned out, back-
ground (no sludge) soil monitoring was conducted directly at each sludge
injection site just prior to injection and, therefore, little use was
made of Plot # 7.

Finally, in the Field Experimental Program, three small experi-
mental plots of wheat were planted. The locations of these are shown
in Figure 3.3. One was planted in Plot # 7. One wheat plot was plant-
ed in Plot # 4, in an area containing S.E.W.P.C.C. raw sludge inject-
ed at 41.7 litres per metre during the 1980 project. This site,
representing the most convenient site injected at a rate close to the
44.7 metre per litre optimum rate, was used because the wheat had to
be planted in early June to ensure maturation, and the 1981 injection
program had not yet begun. The third wheat plot was planted in Plot
# 2 in the area of a 44.7 litre per metre N.E.W.P.C.C. raw sludge
injection site from the 1981 contract program. This represented a
"worse case’ because the N.E.W.P.C.C. raw sludge contains virtually

all the industrial load.

3.5 Sampling Analysis

Extensive sampling and analysis of sludges, soils, surface
water, groundwaters and wheat plant material was conducted during the

1981 contract program.



3.5.1 Sludge

3.5.1.1 1Inorganics

Sludge samples were not collected for this portion of the study.
The City of Winnipeg Laboratory Services Branch routinely monitors the
quality of the sludges from the S.E.W.P.C.C. and N.E.W.P.C.C. as part of

the normal operation of these plants.

3.5.1.2 Microbiological

Prior to each sludge injection event, samples of the sludge to
be incorporated into the soil were collected as part of the microbiological
portion of the project. Samples of the S.E.W.P.C.C. raw sludge, and
the N.E.W.P.C.C. raw and digested sludges were collected in dis-
posable plastic specimen cups. Approximately 200 - 250 grams of sludge
were collected each time. The samples were collected as grab samples mid-
way through loading the sludge injector. Each sample was appropriate-
ly labelled and registered in a log book. The samples were split, with
one aliquot sent to each of the environmental bacteriology, virology and
parasitology sections of the Cadham Provincial Laboratory. Another
aliquot was stored at -70°C.

All sludge samples were collected by personnel from the Cadham
Provincial Laboratory.

Each microbiological parameter is discussed separately below.
Many of the techniques had to be developed or amended in order to be
useful for examining the sludge samples. Further discussion of the micro-

biological analyses is included in Appendix I.



Bacteriological Analysis

Analyses were performed for the quantification of indicator
bacteria and Salmonella.

Testing for indicator bacteria included Standard Plate Count
(SPC), reflecting the general bacterial population, total coliform counts
measured by the Most Probable Number (MPN) and Membrane Filtration (MF),
and faecal coliform counts measured by the MPN and MF methods. These
indicator bacteria analyses were conducted using Standard Methods
procedures (APHA et al. 1980).

The analysis for Salmonella involved adding a one per cent
sample solution to a selenite cystein enrichment broth and incubating
overnight at 42.5°C. Cultures were plated onto two XLD agars and were
identified by the API system. Serotyping was done first using a poly-

valent and then a specific Salmonella antiserum.

Parasitological Analysis

For this parameter, five procedures were used. These were
zinc sulphate flotation, sodium nitrate, formalin-ether sedimentation,
Baermann procedure, and Harada-Mori culture on filter paper.

The first three procedures are concentration procedures com-
monly used in medical and veterinary parasitology. The last two pro-
cedures allow for the hatching of eggs and the collection of larvae and
protozoa from the samples. All cultures were examined microscopically.

Parasites were identified on the basis of their characteristic morphology.



Virological Analysis

Standard virological procedures were used after suitable pre-
paration of the samples. Sample preparation included the removal of
heavy metals known to have a toxizc effect on cultures from the sludge
specimens, in accordance with Standard Methods (APHA et al. 1980).

The prepared samples were then immediately put on cell cul-
tures. The cell culture used was a primary African Green Monkey Kidney
GCell line (AFGMK). Flasks containing tissue cultures were observed
daily for plaques for a two week period before being discarded as
negative. Any plaque that appeared was picked, placed in tubes of
AFGMK cells and repassed again. Any virus producing a 4+ cytopathic
effect (CPE) was identified by a microneutralization test using

specific antisera.

3.5.1.3 Organic Micropollutants

Samples of S.E.W.P.C.C. raw sludge and N.E.W.P.C.C. raw

and digested sludges were collected in May, July and October. Each of

the samples represented seven-day composites. The samples were collected

in glass containers by Laboratory Services Branch personnel and stored
at 4°C. Upon completion of the seven day sampling, the composite
samples were immediately delivered to the Pesticide Research Labora-
tory at the University of Manitoba. Upon arrival at the laboratory,
the sludge samples were frozen pending analysis. For the analysis,
the samples were allowed to thaw overnight, with 100 millilitres of

methanol added as a preservative.



An 80 millilitre portion of each sludge sample was placed in a
stainless steel blender with 20 millilitres of saturated magnesium
sulphate solution. The solution was adjusted to approximately pH 2.0.
This mixture was blended with 80 millilitres of methylene chloride for
one minute and then centrifuged for 15 minutes. The aqueous layer was
decanted off. The remaining solution was centrifuged again and the
organic layer was drawn off. The two layers were combined after methylene
chloride extraction and filtration through a granular sodium sulphate
filter. The sample was concentrated by removal of the methylene chloride.

Sulphur contamination of the samples was removed by shaking the extract

with copper powder and passing the extract through a silica column.

The analysis was performed using a Varian Series 2400 gas
chromatograph equipped with an SGE inlet splitter. The chromatograph
was equipped with a J & W fused silica capillary column. The carrier
gas was helium; the make-up gas was five per cent methane in argon.

Preliminary screening of the Winnipeg sludges in 1980 using
GC/MS indicated the presence of small amounts of four types of toxic
organic compounds. They were chlorinated phenols, nitrated phenols,
pesticides and phthalates. For the 1981 contract program, sludge
analyses were conducted for one compound from each of these groups.
Analyses were conducted for 2, 4-dichlorophenol, 4-nitrophenol, 2, 2',
4, 4', 5, 5'-hexachlorobiphenyl and bis (2-ethylhexyl) phthalate,
respectively.

Further details regarding these analyses are included in

Appendix 1II.



3.5.2 Soil

Soil samples were taken using a 38 millimetre diameter screw—
type auger at five locations for each sludge injection treatment as
illustrated in Figure 3.4. As stated previously, each injection includ-
ed three 65 metre rows. Samples were taken at 10 metres from each end
of both outside injection furrows and from the middle of the center fur—
row. Samples were taken prior to sludge injection and one week, one
month, three months and one year following sludge injection. The initial
sample taken prior to injection was used as the background (no sludge)
sample. No post-treatment background samples were taken. Since injections
took place throughout the summer, a record of background soil microbial
conditions was obtained. Samples from the same depth and position relative
to the injection trench were combined to form composites for each treatment
at each sampling. The sampling locations were moved slightly with time to
ensure that no two samples were taken from the exact same location.

Prior to sludge injection, samples were taken with the auger
from the 130 - 170 millimetre zone across the 150 millimetres depth and
from the 280 - 320 millimetre zone across the 300 millimetres depth. For
convenience, these will be referred to as the 150 and 300 millimetre
depths, respectively. One background sample was taken at the 450 milli-
metre depth. Following injection, samples were taken at depths of 150
and 300 millimetres, at lateral distances of 150 and 300 millimetres
from the trench. Figure 3.5 illustrates a cross—section of a sludge
injection trench and this sampling pattern. In addition, a shovel was

used to expose a cross-section of the trench and samples were taken from
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1

the 55 — 95 millimetre zone, the 130 — 170 millimetre zone and the 430 -
470 millimetre zone. As with the above, for convenience these will be
referred to as the 75, 150 and 450 millimetre depths, respectively.

This was done to sample both the sludge within the trench and the soil
beneath the trench.

All soil samples were stored in disposable plastic sample bags.

3.5.2.1 TInorganics

The soil samples for each injection treatment were split. One
portion was air-dried prior to analysis. The air-dried samples were ground
to a powder in order to mix the samples completely and to produce a
consistent texture. The second portion was placed in a plastic bag and
frozen in the event that the air-dried sample was contaminated or lost.

The soil inorganic analyses were done by the City of Winnipeg
Laboratory Services Branch, in accordance with Standard Methods (APHA
et al. 1980) and the soil analysis manual developed by the Branch (Ross.
1977).

Sodium bicarbonate extractable phospharus and nitrate-nitrogen
were measured with a Technicon Auto-Analyzer 11, following mixing of a
measured amount of powdered soil sample with a 0.5 M sodium bicarbonate
solution, agitating, and then filtering through Whatman # 30 filter paper.

Soil, cadmium, copper, lead, zinz, nickel and chromium were
measured on aqua regia extracts of each soil sample with an Instrumentation

Laboratory Atomic Absorption/Atomic Emission Spectrophotometer Model 257.



3.5.2.2 Microbiological

Soil sampling for microbiological analysis was similar to that
for the inorganic analysis except that some of the sampling depths
differed and the auger required sterilization prior to sampling at each
site. Samples were taken at depths of 75, 150, 300 and 450 millimetres,
at lateral distances of 150 and 300 millimetres from the injection trench.
These depths represent the same types of zones discussed in Section 3.5.2.
The auger was sterilized by soaking in a 70% alcohol solution, wiping off
the excess alcohol, flaming the auger using a propane torch, and cool-
ing and rinsing with de-ionized water.

In addition, soil samples were taken from a cross-section
through the sludge injection trench at depths of 75, 150, 300 and 450
millimetres. These samples were scooped from the cross-section by hand
using disposable surgical gloves that were replaced prior to each sampling.

All soil samples for microbiological analysis were collected
by Cadham Laboratory personnel, with assistance from the City of Winnipeg
Laboratory Services Branch. The samples were placed in sterile plastic
bags. One portion of each sample was stored at ~70°C. Another portion

of each soil sample was homogenized in a blender, following the addition

of 125 millilitres of sterilized distilled water in preparation for analysis.

Sample preparation included the removal of heavy metals known to have a

toxic effect on tissue cultures from soil specimens (APHA et al. 1980).
The soil microbiological analyses were done according to

sludge analyses procedures described in Section 3.5.1.2. Further de-

tails regarding these analyses are included in Appendix I.
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3.5.2.3 Organic Micropollutants

Soil samples were collected following the July injections of
S.E.W.P.C.C. raw and N.E.W.P.C.C. raw and digested sludges only. Soil
samples were collected one week, one month and three months following
injection of each sludge type. 1In addition, background (no sludge)
soil samples were taken from the Plot # 7 control area.

Soil sampling for organic micropollutant analysis differed
from that for inorganic and microbiological analysis in that the auger
was not used. The samples were taken by digging a cross-section of the
injection furrow with a shovel. Samples of the sludge/soil in the center
of the trench were scooped into glass jars. Samples for each sludge type
were collected from a number of locations along the appropriate furrows.
Soils were sampled by personnel of the Pesticide Research Laboratory of
the University of Manitoba and were frozen at -35°C pending analysis.

Twenty-five grams (wet weight) of thawed soil was placed in
a pre-extracted Whatman cellulose extraction thimble to avoid contam-
ination from the thimble. The soil was then Soxhlet extracted for four
hours with acetone/benzene (30/40) and for four hours with methanol. The
acetone/benzene extract was concentrated on a Rotavapor, combined
with the methanol extract, and concentrated again. The resulting aqueous
residue was combined with 25 millilitres of saturated aqueous magnesium
sulphate and extracted with methylene chloride.

The methylene chloride extracts were analyzed with a Varian
Series 2400 gas chromatograph for the same four compounds measured in
the sludge (Section 3.5.1.3).

Further details regarding these analyses are included in

Appendix II.



3.5.3 Surface Water

Another important component of the program that required monitor-
ing was the surface water resulting from snow melt and rainfall. Samples
were taken from ditches adjacent to the sludge injection sites and from
ponds of free-standing water on the injection sites when these occurred.
Surface water samples were collected in the spring of 1981, following the
1980 preliminary investigations. During the summer of 1981, precipitation
fell either in small amounts over many days, as in June, or fell as intense
rainfall for one or two days, as in July or August. Berause of very dry
soil conditions, most of the snow-melt and rainfall that occurred in 1981
soaked quickly into the soil, and there were few instances when there was
sufficient surface water to sample. Locations of the surface water sampling

from the 1980 and 1981 projects are shown in Figure 3.6.

3.5.3.1 1Inorganics

The surface water samples were collected by personnel from the
City of Winnipeg Laboratory Services Branch. The samples were taken in
disposable plastic specimen cups and were stored at 4°C until analyzed.

The surface water samples were analyzed for parameters indicative
of contamination resulting from sludge injection activities. The 1980 - 81
spring snow-melt samples were analyzed for ammonium and nitrate-nitrogen.
Run-off samples collected during the 1981 contract program were analyzed
for ammonium, nitrate-nitrogen and cadmium.

The analyses were conducted in accordance with Standard Methods
(APHA et al. 1980), using a Technicon Auto-Analyzer II for ammonium and

nitrate-nitrogen, and atomic absorption for cadmium.
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3.5.3.2 Microbiological

These samples were collected concurrently with the sampling
discussed in Section 3.5.3.1. The samples were collected in 100 milli-
litre sterilized glass bottles and were stored at 4°C until analysis.
Sampling was conducted by personnel from the City of Winnipeg Labora-
tory Services Branch. Once collected, the samples were taken immediate-
ly to the Cadham Laboratory for analysis.

The surface water samples were analyzed for total coliform
and faecal coliform counts measured by the Most Probable Number, as
described in Section 3.5.1.2. Further details regarding these analyses

are included in Appendix T.

3.5.3.3 Organic Mizropollutants

The surface water samples were not analyzed for organic micro-
pollutants. The Scientific Authority, the Project Manager and Dr.
Webster of the University of Manitoba decided that the quantities of

organics would be insignificant.

3.5.4 Groundwater

Although analysis of the groundwater was not thought to be
a major concern because of the extreme thickness of the overlying
plastic clays, it was included as part of the project to ensure com-

pleteness.



The Province of Manitoba Water Resources Division maintains a
30 metre deep groundwater observation station in the S.E.W.P.C.C. The
S.E.W.P.C.C. is located in a downstream position, in terms of ground-
water flow, from the sludge injection areas. The location of the ground-
water station in relation to the test plots is shown in Figure 3.6.

The Water Resources Division routinely observes the grouhdwaterlelevation
in the well and conducts periodic chemical analyses.

In order to integréte groundwater data into the contract program,
an independent, routine sampling program was established. Samples were
collected monthly from May to October, inclusive. Because of the extremely
slow downward movement of water through the soil types in the sludge
injection areas, the groundwater may be routinely sampled for several
years.

The groundwater samples were obtained by the use of a gasoline-
powered GSW self-priming centrifugal pump. The sampling area was vented
by using a portable electric ventilator fan that vented the exhaust
to the outside. A 27 millimetre I.D. PVC hose was placed in the well to
a depth of approximately 10 metres. The pump and hoses were purged

with groundwater for approximately 15 - 20 minutes prior to sampling.
3.5.4.1 1Inorganics

For each of the monthly samplings, approximate}y 0.5 litres of
groundwater was collected in disposable plastic specimen cups: The
samples were refrigerated at 4°¢C until analyzed.

In order to obtain the most comprehensive picture of the
groundwater at the S.E.W.P.C.C., a full range of parameters was chosen.

These included alkalinity, hardness, pH, specific conductance, suspended



solids, turbidity, ammonia, nitrate-nitrogen, total organic carbon and

chloride. These were analyzed using various standard instrumental and

Wet chemistry techniques. 1In addition, seven heavy metals, namely,
cadmium, copper, chromium, iron, lead, nickel and zinc, were analyzed
using atomic absorption.

All the analyses were conducted by the City of Winnipeg

Laboratory Services Branch, in accordance with Standard Methods (APHA

et al. 1980).

3.5.4.2 Microbiological

Groundwater samples for microbiological analysis were col-

lected by personnel from the Cadham Laboratory concurrently with the

sampling for inorganics by Laboratory Services Branch personnel. Sam-

ples were collected in 100 millilitre sterilized glass bottles. A one

litre sample was collected for parasite analysis.

In addition, approximately 400 - 500 litres of groundwater

Were passed through one-10 micron and one-1 micron string-type prefilter

cartridge. The water then passed through a 0.2 micron electropositive
filter. This 293 millimetre diameter filter was double-layered and
held in place by a Millipore filter holder. The flow rate was set at
five litres per minute. The 0.2 micron filter medium was intended to
capture particles to be analyzed for viruses.

The groundwater microbiological analyses were done as des—

cribed in Section 3.5.1.2. Further details regarding these analyses

are included in Appendix I.




3.5.4.3 Organiz Micropollutants

The groundwater samples were not analyzed for organic“micfo—
pollutants. The Scientific Authority, the Project Manager and Dr.
Webster of the University of Manitoba decided that the concentrations.”
of organics would be insignificant.

3.5.5 Wheat

As discussed in Section 3.4, three experimental plots of wheat

' were planted, as shown in Figuré 3.3." Plant material samples were taken

from each plot at the one and five leaf stages..Samples of graih were
taken from mature plants in the control -plot -and the 1980 S.E.W.P.C.C.
raw sludge plot. No grain was availaBle from the 1981 N.E.W.P.C.C. raw

sludge treatment because the wheat was planted too late to reach matur-

ity.
3.5.5.1 Inorganics

Sampling was conducted by City of Winnipeg Laboratory Services
Branch personnel. The samples'wefe placed in disposabléypolyethyléne .
sample bags. Upon arrival at the 1_ab‘0rat01‘y,'they were-’washedr‘with dé-
ionized wacér, placed in new sample bagsvand‘weré_ffozen;

The whéat samples were not analyzed. Previous investigations
and analysis of‘crops grown in soil éppiied Qith the same 'sludge tybeé

used in this study, and at higher applicatibn rates than those used



in this study, did not reveal significant uptake of nutrients and heavy
metals into wheat. Metals uptake by the plants tended to concentrate
in the roots, with no translocation to the grain kernels (Ross. 1978).
For this reason, and because the nutrient and metal loadings to the soil
were relatively low, the Scientific Authority and the Project Manager

deleted these analyses.

3.5.5.2 Microbiologizal

Plant material samples were collected by the Cadham Laboratory
and City of Winnipeg personnel. The samples were collected in sterile,
dispusable plastic sample bags at the same time that the City personnel
collected samples for the inorganics phase. Sample preparation con-
sisted of the homogenization of the wheat samples prior to analysis.

The microbiological analyses were done as described in Section
3.5.1.2. Further details regarding these analyses are included in

Appendix 1.

3.5.5.3 Organizc Micropollutants

The samples were collected by personnel from the City of Winnipeg

Laboratory Services Branch. The samples were placed in wide-mouth glass

jars. Upon arrival at the City's laboratory, they were washed with de-

ionized water, placed in new glass jars and were frozen.

The plant material was not analyzed. The Scientific Authority,
the Project Manager and Dr. Webster of the University of Manitoba decided

that only if the sludge and soil samples showed significant quantities of

organics would the wheat be analyzed.




4.0 RESULTS AND DISCUSSION

4.1 Climatic Conditions

The weather conditions that prevailed during this project were
very different from those during the 1980 preliminary investigations. |
Whereas the Winnipeg area experienced drought conditions in 1980, avérage
monthly precipitation levels were generaily higher tﬁan normal during
1981. Precipitation in .June fell in small amounts 6ver many days,
whereas in July and August, there were a few days of intense.rain_
fall. Average temperatures were generally at or slightly higher thanv
normal. This enhanced the evaporative processes at the soil surface.

Despite the higher than average precipitation, surface water
was detected only three timesduring the trial period. The sludge
injection season ended with heavy rains and freezing temperatures in

the latter part of October, 1981.

4.2 Eguigment

The only problem encountered with the MzGill unit occurred in
October when the loading valve froze shut.‘ Sludge injection with this
unit was discontinued at that time.

The Ag-Gator Model 3004 production model sludge injector was

tested in both favourable and adverse summer conditions. Optimum load-



ing rates were determined by trying different combinations of gear select-
ion and engine speed. Parameters used to determine optimum sludge appli-
cation rates were: 1injection to a depth of 15 to 25 centimetres, adequate
sludge coverage with soil, and the absence of sludge pooling on the soil
surface. Cross-sections of the injection furrows were made in order

to confirm that the sludge depth parameter was met. The opotimum loading
rate for the Ag-Gator was reduced significantly by Qet soil. The wheels
caused rutting and soil coverage of the injection trench was reduced.

It was noted that the injector shanks had to be lowered an additional

five to eight centimetres to compensate for mud sticking to the Ag-Gator's
tool-bar wheels. However, the unit was able to operate in wet soil.

(See Figure 4.1)

The Ag-Gator unit operated very well mechanically. Only minor
mechanical problems were encountered during the active trial period, the
most serious of which was a slipping of one of the four-wheel drive
differential units. Loading the unit from both the holding tank at the
S.E.W.P.C.C. centrifuge bay and from a nurse tank truck, and unloading
the unit by sub-surface injection did not result in problems. There was
no clogging of valves, hoses or injector feet with rags or other debris
contained in the raw sludges.

The average loading time was six to seven minutes. The average
turn-around time between loadings was 20 - 30 minutes, with the majority
of that time consumed by travel to and from the injection site.

In December, 1981, a trial took place at the S.E.W.P.C.C.
sludge injection test site to observe if a production model sludge in-

jector could operate in frozen ground conditions in the City of Winnipeg
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area. For the purposes of this trial, a Terra-Gator Model 2505 unit was
used because the Ag-Gator Model 3004 was unavailable. Tt was observed
that the injection feet (cultivators) could nor readily penetrate un-.
plowed soil ffdzen to a depth of approximately 25‘millimetres. Pene-

tration was slightly improved (approximately 80 - 150 millimetras) in

plowed soil with the same degree of freezing. According to the equip-

ment dfstributor. the Ag-Gator Model 3004 has heavy duty cultivator
shanks that are capable of penetrating a‘60 mil]imetré layer of frost.
However? the resulting vibration would p%obably damage the hydrauljc. 
system and/or the cultivators, resulting in downtime and high main-

tenance cCosts.

4.3 Injection Rates

As mentioned in Section‘3.4, the McGill'exéerimental sludge
injector had an optimum applicatioﬁ rate of 44.7 litres per metre (12.9
dry tonnes per hectare). At this rate, the furrows ;overed over satis-
factorily, with no sludge exposed'and no odours detected.

Trials witﬁ the Ag-Gator production model injec£0r resulted in
three different optimum rates. The ratesvfbr S.E;ij.C.C. énd N.E.W.P.C.
raw sludges injected when the soii conditions were favourable (dry soil)
are much g%eater than for S.E.W.P.C.CQ raw sludge injectad into wet
soil (Table 4.1). The reduced loadinglrate in wet séil was due mainly

to poor coverage of the sludge injection trench.



TABLE 4.1

AG-GATOR MODEL 3004 TEST RESULTS

Optimum Area Optimum Area
Application Application Solids Loading
Sludge Type Rate* Rate Rate**
(1/m) (1/ha) (dry tonnes/ha)
S.E.W.P.C.C. Raw
(dry soil) 141.7 387,000 16.3
S.E.W.P.C.C. Raw
(wet soil) 82.0 224,000 9.4
N.E.W.P.C.C. Raw
( dry soil) 111.9 306,000 11.9
* 5 injection shanks used.
K Assuming an average S.E.W.P.C.C. raw sludge total solids content

of 4.2% and an average N.E.W.P.C.C. raw sludge total solids content

of 3.9%.

Note:

Maximum loading of sludge allowed under Clean Environment Commission Order

No. 921 VO is 56.1 dry tonnes/ha.



The N.E.W.P.C.C. raw sludge consistently had a lower optimum
injection rate than the S.E.W.P.C.C. raw sludge. It appears that the
different physical properties of sludge, including density and particle
size, can alter the application rate.

No optimum injection rate was determined for the N.E.W.P.C.C.
digested sludge. Pooling of sludge at the soil surface occurred for all
practical unit speeds. Even at the lowest speeds pooling orcurred because
of the very thin sludge seeping upward through the disturbed soil despite
the amount of cover. This may have been due to a combination of physical
factors such as increased soil porosity, sludge density and sludge particle

size or agglomeration.

4.4 Contract Program Analytical Results

Analytical results of the extensive analysis of sludges, soils,
surface water, groundwater and wheat plant material for the 1981 contract

program are presented in this section.

4.4.1 ‘Sludge

4.4.1.1 1Inorganics

As stated in Section 3.5.1.1, sludge samples were not collected

for this portion of the study because the City of Winnipeg Laboratory

Services Branch routinely monitors the heavy metals of the sludges from

the S.E.W.P.C.C. and N.E.W.P.C.C. as part of the normal plant operations.



The 1981 average annual heavy metal concentrations for the Winnipeg
sludges are shown in Table 4.2.
Heavy metal concentrations in sludge are largely a function

of the amount of industrial wastes received at a treatment plant. Since

.the S.E.W.P.C.C. sludge is almost entirely domestic in origin, the

metal component 1is felaﬂively low compared-ﬁo the N.E.W.P.C.C. It can
be seen from‘Tablé 4.2 that the nickel and copper components are higher
for the S.E.W.P.C.C. siudge. This may be due té the Royal Canadién
Mint, which is the only major industrial flowvﬁo the S.E.W.P.C.C. The.
heavy metals for the N.E.W.P.C.C. digested sludge have higher concen-—
t;ations‘than thelraw sludge because'cohcentpation occurs during
anaerobic digés;iqn. Removal of Qolatiie éblids AQring digestion in-
creases the concentration of non;volacilé comﬁoneﬁts, expressed on a

dry weight basis (EPA. 1979).
4.4.1.2 Microbiological

The micrébiologicallanalyses wgre_exténsive, including
Standérd Plate Count (SPC), total aﬁd faécal coliforms-by both the Meﬁ—
brane Filter (MF) and Most Probably Number'(MPN) ﬁethods, Salmonella,
viruses and parasites. The SPC was used to.reflect the general bact-
terial pobulation iﬁ the sludges and soil. Total and‘faecal coliforms
afé standard indicators of pollution and two techniques were used for
comparative purpoges. It was found that thg use of MF values is not

common on this substrate type and that MPN values are usually used.



TABLE 4.2

1981 AVERAGE ANNUAL METALS CONTENT* OF WINNIPEG SLUDGES

Cadmium Copper Lead Zinc Nickel Chromium
S.E.W.P.C.C.
Raw Sludge 4.5 1056 202 288 125 319
N.E.W.P.C.C.
Raw Sludge 13.0 340 860 2408 42 1318
N.E.W.P.C.C.
Digested Sludge 17.1 679 1100 3151 73 1766

* All values in mg/kg dry weight

Source: City of Winnipeg historical data



in this applicafion,and, therefore, only the MPN values will be discuss-
ed. Salmonella and viruses were measured to determine the actual levels
of viable pathogens. Finally, parasites in the sludges and soil,were
measured. Methodologies to identify or.differen;iate the parasites in
detail werevnot available to the Cadham Provincial Laboratory. Attemﬁts
to locate more advanced methodologies.met wi;h limited successvowing to
the time constraints of the project. A lite}atdre search did not reveal
any similar sludge disposal studies wheré réw sludge was microbiologicélly,
monitorgd, and to which the Cadham Provincial Laboratory data cquld be.
compared.

Although various types of parasites were fddﬁd in thé sludges
and soil, no differentiation between iﬁdigenous sdil parasites and
sludge~derived parasites could be made. No;hqman pathdgens were observ-
ed. A significant observation was that;there.was no increase iﬁ the’
number of parasites in the soil as a result of éluage L%éatment.'

All of the mirrobiolog1ral data has been included in Appendix
I. Because of the large volume of data rol]erted, only the most perti-
nent microbiological data was selected for discussion. -Summafies of
selected micfobiological data are presented'throughout this discussion.

A summary of the microbiological daﬁg Eor the Fhreé sludge
types studied is presented in Table 4.3. ‘As expec;ed, the'ra; sludges
contained high levels of microbiological contamination.- For bdth‘ﬁhe
S.E.W.P.C.C. and NTE.W.P.C.C. raw sludges, the‘éPC and the £otél’éha
faecal coliform results were very.high. FSalmogeilavwas found éoﬁsistj
ently in the S.E.W.P.C.C. sludge. Eﬁteric’virﬁs (polio) was identifiéa
in varying amounts in 21 per cent of the South End sludge samplééT Fér
the North End raw sludge, Salﬁonella'wasfdegec;ed? EuL'no_vkrgseglwéfé

detected. Protozoa and nematodes were detected in the raw sludges.
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From a microbiological standpoint, the Cadham Provincial
Laboratory was unable to determine if there were any significant differ-
ences between the S.E.W.P.C.C. and N.E.W.P.C.C. raw sludges. The reason
for the uncertainty was based on the fact that only two samples of
N.E.W.P.C.C. raw sludge were analyzed.

The digested sludge samples‘varied greatly in their microbial
content. This probably occurred because of mechanical and otHer operat-—
ional problems in the N.E.W.P.C.C. anaerobic digestion process in 1981.
With one digester out of service and the entire process at capacity, the
retention time of the sludge undergoing anaerobic treatment‘was reduced.
This resulted in incomplete pathogen destruction and other variability
in sludge quality;

The SPC for the digested sludge varied from greater than 3.0
X 108 on one occasion to 5.5 X 106 on another. Faecal coliform results
varied from 39 MPN to greater than 150,000 MPN. Salmonellé was detected
in 17 per cent of the samples. As with the raw sludges, protozoa and
nematode parasites were detected. No enteric viruses were detected.

By way of comparison, digested sewage sludges used in land
disposal studies.at‘the University of Guelph exhibited similar micro-
biological properties. In one study, Salmonella was detected in 37 pef
cent of North Toronto anaerobically digested sludge.samp]es. Faecal

coliform counts varied from less than 200 MPN to 500,000 MPN (Bates

et al. 1978).



4.4.1.3 Organic Micropollutants

Of the four organic compounds se]ectedvfor investigation, none
were detected in the S.E.W.P.C.C. raw sludge in 1981. Trace amounts of
bis (2-ethylhexyl) phthalate were detected in the N.E.W.P.C.C. raw
sludge. These amounts are considered to be of negligible environmental
significance. Tables of results are shown in Appendix II. Examples of
the chromatograms are also included in Appendix I1.

The analyses of the N.E.W.P.C.C. digested sludge indicated the
presence of significant levels of a number of phthalates. The quantity
and types of phthalates varied with each sample. Phthalates occur widely
in wastewaters and accumulate in sludges (Bridle. 1982). However, from
an environmental standpoint, any phthalates that may have been in the
sludge do not appear to pose a problem. Recent research into the biode-
gradability of organic priority pollutants has shown that soil micro-
organisms biodegrade all phthalates in a very short period of time (Tabak

et al. 1981).
4.4.2 Soil
4.4.2.1 TInorganics

The results for the nutrient and heavy metals analysis of soil
treated with S.E.W.P.C.C. raw sludge are summarized in Table 4.4. Similar
results for the N.E.W.P.C.C. raw sludge are shown in Table 4.5 and for
the digested sludge in Table 4.6. Each table shows thé background results

of samples taken prior to injection, results one week, one month and three
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months after injection, at various depths within the injection trench and
various depths and distances from the trench. Each table shows the numbers
of samples analyzed and the ranges of results. The application rate was
the same for all injections.

Nitrate concentrations were monitored because application of
sludge may produce more nitrate than can be assimilated by plants, causing
nitrate enrichment that may lead to surface water contamination or, al-
though highly unlikely in the Winnipeg area (see Section 3.1), ground-
water contamination.

The results of the nitrate analysis for soil injected with all
three sludge types generally show that the nitrate appears to be well
contained within the injection trench. For all these sludge types,
there was a marked increase in the nitrate levels in the sludge pocket
within one week to one month following injection. This appears to have
been due to nitrification of the sludge within the pocket. Subsequent
plowing of the sludge injected fields would disperse the nitrate. Out-
side of the injection trench, the nitrate levels generally were at or
slightly higher than the background levels monitored within the experi-
mental area. However, they were lower than many background levels
monitored as part of other City of Winnipeg sludge disposal programs
(City of Winnipeg. 1981).

Phosphorous was analyzed because of its importance in soil
fertility and crop growth. Sodium bicarbonate extractable phosphorous
is an index of plant-available phosphorous in soil. It is thought that
sodium bicarbonate extractable phosphorous added to the soil system is
converted within a short period of time to forms that are relatively

insoluble (Seto and DeAngelis. 1978).



The sodium bicarbonate extractable phosphorous analysis for the

samples of soll injected with the three sludge types shows little effect

- of sludge on the soil outside the injection trench. The concentrations

in the soil injected with S.E.W;P.C.05 raw sludge appeared to be slightly

‘higher away from the trench after three months. However, the increases

were too small to be of concefn.

Generally, the heavy metals analyses of the soil samples did
not indicate concentrations higher than.the background levels except with-
in the injection trench. The variability in the cadmium concéntrations
outside the trench was within analytical error and was not indicative of
metals migration. At the applicatioﬁ rétes used, there were no variations
in heavy metal levels with depth and time. Generally, the heavy_metals
appeared to be adsorbed onto the soil particles within the trench and
were not removed by infiltration, percolation or capillary action. This
finding was expected and is related to the high pH soils (7.0 - 8.5)

found in the Winnipeg area.
4.4.2.2 Microbiological

Summaries of the selected microbiologiéal data for thebsampléS"
of treated soil are presented in Tab]éé 4.7 - 4.13 inclusive. The‘com-
plete data are included in Appendixbl.

Table 4.7 is a summary of the microbiologi?a] data for soii
before injection with sludge. ' The table shqws the range, median and

number of samples for soil depths of 150, 300 and 450 millimetres. The

s
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data are typical of the microbiology expected in soil; that is, low num-
bers of total coliforms, very low numbers of faecal coliforms and no
viruses. Since this data was collected throughout the summer, it re-
presents typical soil microbiology.

Table 4.8 illustrates the microbiological properties of soil

-

&

before and after treatment with S.E.W.P.C.C. raw sludge within the in-
jection trench. While this data is for a specific sludge type, it is
typical of the fate of the microorganisms within the injection trench
(the 150 milimetre depth) over time for all three sludges. Generally,
all the indicator bacteria concentrations in the injection trench in-
creased sharply following sludge injection but showed signs of progres-
sively decreasing at one month and three months. The indicator bacteria
concentrations had returned to normal one year following injection. The
exact magnitude of the one year samples is not known since unfortunate
dilution errors were made resulting in the reporting of 'less than"
values. However, based on the SPC values, and on the one year coliform valuas
for £he N.E.W.P.C.C. raw and digested sludges(Table 4.9), it is anticipated
that the coliform levels were comparable with the background {(no sludge)
levels. With only one exception, the virological analyses were negative.
Table 4.9 shows the effect of each of the three sludge types on
the microbiological properties of the soil at the 150 millimetre depth
within the injection trench. Since the samples all come from the centre
of the trench, this table illustrates the "worst case' microbiological
loading to the soil. Again, there was a sharp increase in the indicator
organisms after sludge injection, followed by a progressive decrease
after one month and a return to normal levels after one year. No €nteric

viruses were detected at this depth.
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Mizrobiological properties of soil before and after treatment
with S.E.W.P.C.C. raw sludge at distances away from the injestion trench
are shown in Table 4.10. The samples were taken 150 and 300 millimetres

from the trench. This table shows that there was definite lateral move-

ment of the microorganism but that there was die-off over time. The results

for Salmonella gradually decreased and were all negative after one year.
Two viruses were detected after one month. This data from soil injected
with S.E.W.P.C.C. raw sludge best illustrates this movement and die-off.
The N.E.W.P.C.C. raw and digested sludges produced the same results to

a lesser degree. There does not appear to be a reasonable explanation
for this rapid outward movement of microorganisms. However, this phen-
omenon consistently occurred subsequent to sludge treatment and did not
appear to be related to soil conditions, climate or sludge type.

Table 4.11 illustrates the microbiological properties of soil
near the location of the S.E.W.P.C.C. raw sludge injection trench one week
after application. One week following injection into the soil appears to
be the "worst case" of microbiological loading to the soil. This data
shows that the diffusion of microorganisms was very rapid within the first
week after application and that the movement appears to go beyond the 450
millimetre depth and beyond 300 millimetres laterally. The vertical move-
ment appeared more pronounced than the lateral movement, likely because
of the increased soil porosity within the trench created by the injection
process. The extent to which this migration was influenced by precipit-
ation was not determined.

Table 4.12 shows the data for the N.E.W.P.C.C. raw sludge and
Table 4.13 shows the data for the N.E.W.P.C.C. digested sludge one week
following application. As with the S.E.W.P.C.C. raw sludge, there was

both vertical and lateral movement of the microorganisms. The properties
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of the soil and/or the sludge type appear to influence the diffusion.
The N.E.W.P.C.C. raw sludge values away from the injection trench are
similar to, but slightly lower than, the S.E.W.P.C.C. raw sludge values.
This would be expected in view of the fact that the microbiology was
similar for these sludges (see Table 4.3). The vertical and lateral
movement of coliforms for the digested sludge was lower in magnitude.
This finding was consistent with the fact that the digested sludge con-
tained lower levels of coliforms (see Table 4.3). Therefore, these
data tend to substantiate that rapid microbiologicalmovement away
from the injection trench takes place. The mechanism for this mové—
ment is unkown, and in view of the limited numbers of pathogens and
the rapid die-off observed, the phenomenon is probably not environ-
mentally significant.

In summary, the.microbiological analyses indicated the fol-
lowing general properties in the soil following sludge injection: a
sharp increase in the numbers of microorganisms following injection,
with maximum numbers generally observed at one week; rapid move-
ment of the microorganisms through the soil during the first week;with'
the vertical movement being more pronounced than the lateral movement;
a progressive decrease in the microérganisms one month after injeétion;
and a return to background levels one year following sludge injection.
These properties were génerally similar for the S.E.W.P.C.C. raw ahd‘thé
N.E.W.P.C.C. raw and digested sludges.

Because of different die-off rates for microorganisms in
different climates and geographical locaticns, and because of insuf—
ficient research, objective criteria for the assessment of the health

risk associated with the disposal of sewage sludges in soil need to be



defined (Sekla. 1982). 1t would appear, however, that digested sludges
containing viable Salmonella and parasites are routinely land spread

in many jurisdictions throughout the world. From the information

gathered in this study, it appears that sub-surface injection of raw

sludge would be as environmentally acceptable as the surface application of

digested sludges, from a microbiological stand-point.

4.4.2.3 Organic Micropollutants

The analyses of the sludge-injected soils indicated only trace
amounts of phthalate and none of the other compounds of interest. This
indicates that they occurred in soil at levels below the detection
limit or that they degrade rapidly in the soil environment as reported
by Tabak et al (1981). The analysis also indicated rapid degradation
of other organic compounds, such as alkanes and alkenes, normally con-
tained in sewage sludge. Examples of the chromatograms are included
in Appendix I1. It appears that the injection of Winnipeg sewage
sludges into agricultural soil does not pose environmental problems due

to organic micropollutants.
4.4.3 Surface Water
4.4.3.1 Inorganics
The results for the surface water samples taken during the

summer of 1981 (that is, during the contract program) are shown in

Table 4.14,



TABLE 4.14

ANALYSES OF SUMMER 1981 SURFACE WATERS

NITRATE CADMIUM TOTAL COLIFORM

SAMPLE » FAECAL COLIFORM
IDENTIFICATION*  (mg/1) (mg/1) (MPN/.IOO ¢1) (MPN/100 m1) 
June 16

Control <0.04 NA#* . 46,000 4,600

# 1 <0.04 NA 150,000+ 1,500

# 2 <€0.04 NA 110,000 7,500
#3 <0.04 NA | . 110,000 ‘1,100
44 <0.04 NA 110,000 460
August 13

Control £0.04 0.1 46,000 1,100
#1 <0.04 <0.1 46,000 4,600

# 2 <0.04 <o.1- - vza,ooo 240
#3 <0.04 0.1 24,'000 93.

# 4 <0.04 £0.1 11,000 64
October 6

Control <0.02 < 0,002 7 0
#1 £ 0.02 < 0.002 1,500+ 43

# 2 <0.02 <o0.002 93 23

# 3 < 0.02 £ 0.002 | 43 0

# 4 43

<0.02 £0.002 93

Refer to Figure 3.6

*d NA - Not Analyzed.



The results for the surface water-samples taken during the
spring of 1981 (that is, approximately one year following the 1980 pre-
liminary sludge injection study) are shown in Table 4.15.

The locations where the samples were taken are shown in Figure
3.6.

The inorganic parameters examined for the surface water-samples
reveal very low concentrations. These low results indicate that sludge
injection does effectively attenuate inorganic sludge constituents and

that there is a very low probability of surface water contamination.

4.4.3.2 Microbiological

The microbiological results for the surface water samples are
included in Table 4.14 for the samples collected during the summer of
1981, and in Table 4.15 for the samples collected one year following the
1980 preliminary sludge injector study. Sample locations are shown in
Figure 3.6.

The results varied greatly and indicated that surface water
contamination may have taken place. The high faecal coliform results
found at the control location referred to in Table 4.14 and at various
locations shown in both Tables 4.14 and 4.15 may have been caused by
faecal coliform aerosols created as a result of lawn sprinkling. Lawn
sprinkling operations at the S.E.W.P.C.C. use secondary effluent that
has not been disinfected. These operations usually take place from May
to September each year. 1t is, therefore, difficult to interpret the

bacteriological results for the surface water.



TABLE 4.15

ANALYSES OF SPRING 1981 SURFACE WATERS

- s = o |

SAMPLE © NITRATE AMMONIA TOTAL COLIFORM FAECAL COLIFORM
IDENTIFICATION™® mg/1 mg/1 MPN/100 ml MPN/100 ml
Control £ 0.04 £1.0 <2 <2

#5 8.0 <1.0 <2 <2

#6 1.6 <1.0 <2 <2

# 7 < 0.04 <1i.0 <2 <2

# 8 0.14 <l1.0. 2 <2

#9 < 0.04 <1.0 2 <2

# 10 0.05 <1.0 12 <2

# 11 0.20 1.0 2 2

# 12 NA¥#* NA 12 <2

# 13 0.08 1.0 42 40

# 14 <0.04 1.0 <2 <2

# 15 €0.04 2.0 <2 <2

# 16 €0.04 {1l.0 20 20

# 17 {0.04 <1.0 6 6

# 18 £ 0.04 1.0 8 <2

Sasle
W

Refer to Figure 3.6

NA - Not Analyzed



4.4.3.3 Organic Micropollutants

As discussed in Section 3.5.3.3, the surface water samples

were not analyzed for organic micropollutants.

4.4.4 Groundwater

4.4.4.1 1Inorganics

The results of the inorganic analyses of the groundwater are
shown in Table 4.16. The results show that the groundwater was not
affected by the sludge injection activities adjacent to the S.E.W.P.C.C.
For comparative purposes, maximum drinking water quality standards from
the 1978 Guidelines for Canadian Drinking Water Quality, and the 1979
average analyses of City of Winnipeg drinking water have been included.

The City of Winnipeg will continue to monitor the groundwater,
although it is highly unlikely that sludge constituents will permeate the

deep clay layer above the groundwater.

4.4.4.2 Microbiclogical

The results for the microbiological analyses on the groundwater

did not indicate any effects from sub-soil injection of sludges. All

microbiological analyses for bacteria, viruses and parasites were negative.



75

TABLE 4.16

1981 CONTRACT PROGRAM
S.E.W.P.C.C. GROUNDWATER SAMPLING
INORGANIC ANALYSIS

PARAMETER

OCT. WINNIPEG

wlal.

PO
Iy Ply

NA - Not Analyzed.

- analyzed in Instrumentation Laboratory Atomic Absorption furnace.

MAY JULY AUG.  SEPT.
AVERAGE¥  ACCEPTABLE
Alkalinity (CaC03) 80 224 222 232 260 240 % -
Hardness (Ca03) %0 53 504 532 | 528 550 77 . Very hard
pH 08 7.6 73 28 7.7 74 1.5 6.5 8.5
Specific Conductance | : ,
(urhos /em @25°C) 740 2600 2700 2700 2500 2570 158 -
Suspended Solids 4.0 9.0 8.01 8.0 | 6.0 9.0 ‘2.1 _ -
Turbidity (NTU) | 4.7 32.2 15.9 18.9 .20.0 12.0 0.98 5.0
Ammonia Nitrogen <d.5 (1,0 | 1.0 (1.0 ( .o <o0.5 | 0.02° -
Nitrate Nitrogen 0.0 <0.06 <0.04  €0.04  :< 0.02 €0.02 o.oj - 10,0
Organic Carbon : ) | . R
(Total) 3.0 3.0 11.0 <20 50 <€l.0 '12.0 ° -
Chloride 100 520 540 510 570 570 | 4.0 250
" Cadmium €0.002 €0.002  0.0001*** € 0.002 £0.002 <0.002 N " 0.005
Copper 0.06  0.65 NA - 0.10 | 0.04 0.24 N 1.0
ChromiL.Im {0.02 <0.02  £0.02 - -<0.02 < 0.0:; | <0,02;  Na " 6.05,
Iron 1.28  5.20 NA 2.30  3.39 :' 2.03 f 0.05 0.30
Lead {0.02  0.04 0.02 ¢0.02 €0.02 | 0.06 NA . 0.05
Nickel €0.02 €0.02 <0.02  €0.02 0.002 o.doﬁ NA _
Zinc 1.30  0.52 0.40 0.19 0.3 0.5 5.0
Note — unless otherwise shown, all concentrations in mg/l |
K - average analyses of Winnipeg drinking water - 1979 o
ot ~ 1978 Guidelines for Canadian Drinking Water Quality (where available).



4.4.4.3 Organic Micropollutants

As stated in Section 3.5.4.3, the groundwater was not analyzed

for organic micropollutants.

4,.4.5 Wheat

4.4.5.1 1Inorganics

As discussed in Section 3.5.5, the wheat samples were not

analyzed for inorganics.

4.4.5.2 Microbiological

A summary of the microbiological data for the wheat plant mater-
ial is presented in Table 4.17. The complete microbiological data is in-
cluded in Appendix I. The data indicates the presence of some indicator
bacteria at both the one leaf stage and at maturity. At the one leaf
stage, Standard Plate Count and total coliform bacteria were detected
in both the S.E.W.P.GC.C. raw sludge area from the 1980 preliminary study
and in the N.E.W.P.C.C. raw sludge area from the 1981 contract program.
However, at both the one leaf and mature stages, there were fewer indicator
bacteria on plant material grown on sludge-treated soil than on control
(no sludge) soil. No faecal coliform, Salmonella or enteric viruses were
observed. In comparison, research at the University of Guelph showed

in one study that approximately two per cent of samples taken from corn
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and grass crops grown on land which had received liquid digested sludge
were contaminated with Salmonella (Bates et al. 1978).

Protozoa, nematodes and mites were detected in the kernels
sampled as part of the 1981 contract program, including the samples
from the control (no sludge) area. This relates back to the problem of
identifying free-living soil parasites. No parasites were detected in
the wheat plant material grown on the 1980 raw sludge-injected plot.

From the microbiological analyses, it does not appear that
any crop contamination resulted from the injection of raw sludge into
the soil. From this project and other City of Winnipeg sludge disposal
projects, and from studies conducted by the University of Guelph, it

appears that, if reasonable care is observed during application, sludge

will not pose a serious health risk through the crops grown.

4.4.5.3 Organic Micropollutants

As discussed in Section 3.5.5.3, the wheat plant material was

not analyzed for organic micropollutants.



5.0 ECONOMIC ANALYSIS

The economics of operating a production model sludge injector have
been examined. The City of Winnipeg has estimated the costs based on two
scenarios, namely, a City-owned operation, and a lease-arrangement operation.
The estimates have been based on current (1981) prices and costs, with in-
put from local equipment dealers. These estimates can be compared to the
present sludge hauling costs (1981) of $158,000, which will increase to
approximately $190,000 in 1982, plus the estimated cost (1981) of $40,000,
reflecting the costs to anaerobically digest and ultimately dispose of
S.E.W.P.C.C. raw sludge at the N.E.W.P.C.C. That is, the total estimated

present cost to haul, treat and dispose of S.E.W.P.C.C. raw sludge is

approximately $198,000 per year.

5.1 City-Owned Operation

The delivered purchase price of a production unit of the size
used in the 1981 -ontract program has been estimated to be approximately
$160,000.00.

The costs of a City-owned operation have been summarized in Table

5.1, The total hourly operating cost for the unit is estimated to be
approximately $91.00 per hour, including amortizacion costs over five years.
Assuming 840 operating hours per year and adding a 15 per cent contingency
allowance to anticipate increased costs of wages, fuel, parts and service,
the total annual operating costs are estimated to be approximately
$88,000.00 per year, at present sludge volumes. For the remainder of the
year, the sludge would be hauled to the N.E.W.P.C.C. for digestion and

ultimate disposal, at a cost (1981) of approximately $99,000. That is,



TABLE 5.1

CITY-OWNED SLUDGE INJECTION OPERATION ESTIMATED COSTS

Purchase of sludge injection unit
(F.0.B. Winnipeg CAN $)

a)

b)

Amortization costs: Purchase Price ($160,000)

Paid off over 5 years @ 15% = $47,000/year
or, assuming 840 hours per year,

Operating costs:

Fuel: $1.80/gal. @ 6 gal./hour
Lubricants, filters & grease, etc.
Tires

Repairs

Operator's wages (incl. overhead costs)
Total Estimated Hourly Operating Costs
Total Estimated Costs

Based on 840 hours per year

" Including 15% contingencies - approximately

$

160,000.00

$
$

56.00

10.80

2.00

4.30

3.30

15.00

35.40

91.40

76,800.00

88,000.00

per

per

per

per

per

per

per

per

hour

hour

hour

hour

hour

hour

hour

hour

year
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the total estimated cost of a City-owned sludge injection program plus six
months of hauling sludge to the N.,E.W.P.C.C. for treatment and disposal
would be approximately $187,000 per year.

Because of the physical proximity of the S.E.W.P.C.C. to the
adjacent City-owned fields, it is practical to use the production model
injection machine as a transfer vehicle.

The advantage of a City-owned operation is that there is more
flexibility in where and. how the machine will be used.

The disadvantages are that this approach requires a large
capital investment and that the City is responsible for all maintenance

and employee (operator) administration costs.

5.2 Lease-Arrangement Operation

The costs of a lease—arrangement operation have been estimated
by local equipment dealers, based on present sludge production rates. The
total hourly lease rate is estimated to be approximately $150.00 per hour.
Assuming an annual operating period of about six months with operations at
five hours per day, seven days per week, the total annual leasing costs
would be in the order of $126,000.00 per year. For the remainder of the
year, the sludge would have to be hauled to the N.E.W.P.C.C. for digestion
and ultimate disposal, at a cost (1981) of approximately $99,000.00.

That is, the total estimated cost of a lease-arrangement sludge injection
program plus six months of hauling sludge to the N.E.W.P.C.C. for treat-
ment and disposal would be approximately $225,000 per year.

The advantages of a lease-arrangement are that the City would
not have a capital investment on the unit and that all maintenance and

overhead costs would be included in the contract.



The disadvantages are that the City would not have total control
to use the machine in other locations or for other uses. Also, the City

could be subject to sharply escalated rental cost.
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CONCLUSTIONS

Field Work

The optimum loading rate for the McGill injector of 44.7 litres per
metre (12.9 tonnes of dry solids per hectare) established in the
1980 preliminary investigations was confirmed. Trials with a pro-
duction model sludge injector resulted in three different optimum
rates, namely, 28.3 litres per metre (16.3 dry tonnes per hectare)
for South End raw sludge under favourable (dry soil) conditions,
16.4 litres per metre (9.4 dry tonnes per hectare) for the same
sludge under wet soil conditions, and 22.4 litres per metre (11.9
dry tonnes per hectare) for North End raw sludge under favourable
(dry soil) conditions.

At the above optimum application rates, there were no problems of
odours or run-off and there was complete soil coverage of the in-
jected sludge.

The production model sludge injector was able to operate in wet soil;
however, the wheels caused rutting. The only mechanical adjustment
was a lowering of the injector shanks to compensate for mud sticking
to the tool-bar wheels. Testing of a production model injector in
slightly frozen ground revealed that the injectors did not penetrate
adequately to ensure complete soil coverage of the sludge.

The optimum sludge injection season in the Winnipeg area appears to

extend from May 1 to October 31, inclusive, depending on rainfall.



6.2 Sludge

1) The nutrient and heavy metals concentrations in the sludges used for
experimentation were typical of municipal sludges. Nickel and copper
concentrations for the S,E.W.P.C.C. raw sludge were higher than
the N.E.W.P.C.C. sludges probably because discharges from the Royal
Canadian Mint are treated at the South End Plant.

2) The raw sludges contained high levels of microbiological contamination.
The digested sludge samples varied greatly in their microbial content
but were comparable to North Toronto digested sludges.

3) Bis (2-ethylhexyl) phthalate was the only organic micropollutant of
those selected for analysis to be detected during the 1981 contract
program. The concentrations were low. Phthalates occur widely in

wastewaters and accumulate in sludges.

6.3 Soil

1) The heavy clay soils in the City of Winnipeg area appeared to
limit migration of the nutrients and heavy metals contained in
the sludges. At the application rates employed in this study,
these sludge components remained in the injection trench.
2) 1t is probable that processes such as nitrification, immobilization,
adsorption, mineralization and dissolution limited the migration
of nutrients and heavy metals in the soil. Because of these mechan-
isms and the low application rates, injection of Winnipeg sludges
appeared to have minimal effects on the soil from an inorganic viewpoint.
3) The microbiological analyses of the soil indicated a sharp increase

in the numbers of microorganisms following injection, with the maximum



4)

5)

6)

6.4

1)

2)

numbers generally observed at one week; rapid movement of

the microorganisms through the soil during the first week, with

the vertical movement being more pronounced than the lateral

movement; a progressive decrease in the microorganisms one month after
injection; and a return to background levels one year following

sludge injection.

From a microbiological standpoint, raw sludge does not appear

to pose more of an environmental risk than digested sludge when
applied using the sub-surface injection techﬁique.

The presence of sludge derived parasites in the soil could not’ be
established conclusively. The Cadham Provincial Laboratory was

unable to accurately identify all these organisms and to differentiate
between indigenous soil parasites and slﬁdge—derived parasites. No
human pathogens were observed. There did not appear to be an

increase in parasites in the soil as a result of sludge injection.

The analyses of the sludge tteated soils indicated only trace amounts
of phthalate and none of the other organic micropollutant combounds

of interest in this study. It appears that the injection of Winnipeg
sewage sludges into agricultural soil does not pose enviranmeﬁtal

problems due to organic micropollutants.
Surface Water

The inorganic parameters examined for the surface water revealed very.
low concentrations. 71t appears that sludge injection effectively
avoids contamination of surface water with these sludge constituents.,

Microbiological testing of surface water was inconclusive. There

-



1)

2)

6.6

1)

2)

was some question as to whether contamination resulted from sludge
injection operations, airborne coliforms resulting from lawn
sprinkling with sewage effluent, or from some as yet unidentified

source. Testing of the effects of lawn sprinking is necessary.

Groundwater

The inorganic analyses of the groundwater did not show any effects
of the sludge injection activities adjacent to the South End Water
Pollution Control Centre.

All microbiological analyses for bacteria, viruses and parasites

in the groundwater proved to be negative.

Wheat

From the microbiological analyses, it does not appear that any

crop contamination resulted from the injection of raw sludge into
the soil.

From this and other studies, it appears that, if reasonable care

is observed during injection, sludge will not pose a serious health

risk through the crops grown.
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2)
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RECOMMENDATIONS

1t is recommended that the sludge injection investigations be
expanded to a fully operational experimental basis at the
S.E.W.P.C.C. for a pre-determined period of time. This will

allow the Operations Branch to evaluate this method from a full-

‘scale standpoint. Also, it will allow additional gathering of

microbiological and chemical data.

1t is recommended that additional microbiological testing should
include in situ experiments consisting of seeding known amounts

of bacteria, viruses and parasites into the soil in a pre-
determined, well isolated location, followed by regular quantit-
ative and qualitative monitoring of these organisms. In addition,
improved methodologies to identify and differentiate tﬁese sewage

organisms from free-living types should be obtained or developed.
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APPENDIX I

MICROBIOLOGY



. Microbiological Study of the Fnvirommental Impact of

Incorporation of Raw Sewvage Sludge in Agricultural Soil

The study sponsored by the City of Winnipeg was conducted as ori-

ginally designed except for minor modi fications which will be mentioned

in the appropriate sections.

1 Type of Specimens Collected and Frequency of Collection

In collaboration with City personnel, the following types of samples

were obtained:

i Raw and digested sludges to be injected in the soil.

ii Post injection soil samples.

iii Soil samples from a site injected in 1980 with raw sludge.
iv  Background soil samples.

v Samples of wheat grown on injected and background plots.
vi Samples of ditch and well vaters.

A schematic representation of the area under study is presented in
Figure 1.

The schedule of injections and dates of collection of samples is sum-—
marized in Table 1 and 2. Plot 3 sites 2 and 3 were not included in the
microbiological study. From all other sites, specimens were collected
before injection (background), then 1 week, 1 month and and 3 months post-in-
jection. Specimen collection started on May 28 and ended December 3, 1981l.
Ditch water was tested in June, August and October, 198l. Well water sam-
ples were collected on a monthly basis from June till October 26, 1981.
Wheat samples were éollected at the shoot blade stage in June and at the

kernel stage in August, September and October.
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Method of Collection

Digested sludge from the North End (NE) was collected in plastic screw
top containers containing 200 - 250 gms.
Rav sludge from both NE and SEWPCL were collected in plastic screw top

containers containing 200 - 250 gns.

Soil samples: background or post injection were collected in sterile

ﬁlastic bags.

a. Background samples were obtained from depths of 6", 12" and 18".
b. Post injection samples were obtained from depths of 3v, 6" and

18" at site of injection.
c. 6" and 12" lateral to site of injection at depth of 6".
d. 6" and 12" lateral to site of injection at depth of 12".
From each of the above mentioned sampling locations a 250 gm composite
specimen was obtained by pooling 5 samples (50 gms each) taken from
5 sites: one from each of the 4 corners and one from the Centre.
Soil samples were collected using a manual 1" diameter auger. Dif-
ficulties were encountered in obtaining the 18" angle sample because
of the quality of the soil; solved by first taking a 6" sample with
the auger, then digging a trench to the injected sludge and taking a
12" samples from the injected sludge, digging for a further 2" and then
taking the 18" sample with the core sampler.
Precautions were taken to avoid cross contamination of sites. Soil
samples were removed with surgical gloves and the glers changed with
each sample.
The auger wassterilized after each site was reached. Sterdilization
was achieved by soaking in 70% alcohol, wiping excess of alcohol and

flaming it using a propane torch, then cooling it with distilled water
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prior to drilling.
Wheat samples were collected using sterile plastic gloves, sterile
scissors and sterile plastic bags. Samples were cut 2" above ground
level and inserted into plastic bags.
Well water was obtained from the SEWPCC well; a gas driven pump was

used to obtain the 100 gallons of water needed for analysis.

Ditch water was collected in 100 ml water sample bottles.
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III Distribution of Samples in the CPL

Fach sample obtained was labelled, entered in a log book and an aliguot

stored at —70°C and aliquots sent to the environmental bacteriology, viro-

logy and parasitology sections.

1.

— P

Sludge specimens was aliquoted into 3 samples: 2 ml were tested for
bacteria, 15 ml for parasites and 10 gms for viruses.

Soil samples were homogenized in a stomacher after addition of 125 ml
of distilled water and then aligquoted. 2 ml were tested for bacteria,

15 ml for parasites and 10 gms for viruses.

Ditch water: 100 ml volumes were collected in the bacteriology water
bottles and sent to the cdrresponding bench for TC and FC.

The well water was distributed as follows: 2 x 100 ml for bacteria,
1 litre for parasites and 100 gallons processed for viruses.

The vheat samples were examined for hacteria (50 gns), parasites (20

gns) and viruses (10 gms).
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Laboratory Methodology

Samples vere tested for bacteria, parasites and viruses using proce-

dures descirbed in standard laboratory text books. A list of references

is attached. The procedures used are presented briefly as follows:

Al

Bacteriological Procedures

Tests were performed for the quantification of Indicator bacteria and

for the detection of Salmonellae as a representative of pathogenic bacteria.

ii

iii

The Indicator bacteria consisted of:

Standard Plate Count (SPC) reflecting the general bacterial population
with results expressed as number/1 ml of sample. ‘

Total Coliform counts measured by the Most Probable Number (MPN) and
the Membrane Filtration (MF) methods expressed as number/100 ml.
Faecal Coliform counts measured by MPN and MF methods expressed as

nunber/100 ml.

2 ml of the sample to be tested were received and diluted into 200 ml

of sterile distilled water.

1.

107 ml were tested for SPC, Total and Faecal coliforms, using the pro-

cedures described in Standard Methods for the Examination of Waters

and Wastewaters, 15th Edition.

100 ml were added to a selenite cystein enrichment broth and incubated

overnight at a temperature of 42.500. Cultures were plated onto 2 XLD

agars, were identified by the API system and salmonella serotyped using

first a polyvalent, then a specific antiserum.



B Parasitological Procedures

Five procedures were used:
1. Zinc sulphate floatation
2. Sodium nitrate
3. FSrmalin—Ether sedimentation
L. Baermann

5, Haradq-Mori Culture on filter paper
The first 3 procedures are concentration procedures commonly used in

medical and veterinary parasitology. The last 2 procedures allow for the

hatching of eggs and the collection of larvae and protozoé from faecal,

tissue and environmental samples. All examination were done microscopically

and parasites identified on the basis of their characteristic morphology.
Difficulties were encountered in differentiating free-living from parasitic
forms resulting in the decision to report on the presence of parasites with
a minimal attempt at classifying them into:

1. Protozoa

2. Nematodes

3. Arthropods.
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C Virological Procedures

Standard virological procedures were used after suitable preparation
of the samples; the latter involved the removal of heavy metals known to
have a toxic effect on tissue cultures from sludge and soil specimens, the
concentration of large volumes of well water and the homogenization of the
wheat samples.

Sludge, soil and wheat samples were treated using 0.5% isoelectric
casein (pH 9.0) and dithiozone in chloroform.

Well water was passed through 2 cartridge prefilters (first 10_um and
second 1 4m in porosity) then passed through a circular 293 mm diameter
electropositive filter, double layered, held in place by a Millipore fil-
ter holder. Particles caught on the filters were recovered by backflushing
the prefilters using an eluent and by cutting the electropositive filter
into small pieces and stomaching in the eluent for 10 minutes. The eluent
used were a beef extract pH 9.5 for the samples tested in June and July
only and isoelectric casein, pH 9.0 since then. Further concentration of
the beef eluent was accomplished by adjusting the pH to 7.0; passing it
through a 47 mm electropositive filter, eluting from this with a 5 ml volume
of beef extract, pH 9.5 and then adjusting the pH of the final eluent to
7.0. Concentration of the isoelectric.casein eluent was accomplished by
lowering the pH to 4 using 1 M glycine of pH 1.8 - 2.0, centrifuging at
2,000 rpm for 2 minutes, removing the supernatént and resolubilizing the
floc in 5 ml of 0.15 M Na2HP0h at pH 9.0.

The final concentrate was then treated by the dithizone-chloroform
. procedure to remove heavy metals and bacteria, then split into 2 aliquots,
one to be put on cell culture immediately and the other held at -20°¢C.

The cell culture used was a primary African Green Monkey Kidney Cell
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line (AFGMK). The sample to be cultured was brought to a 10 ml volume
using Minimum Essential Media (MEM) containing 10% foetal calf,sérum (FCS) -
agd put in a 150 cm2 tissue culture flask containing the Africm14ieen
cell line. The sfecimen was allowed to adsorb for one hour, then removed
and the cells washed with MEM and 1% FCS and overlaid with agar and basic
media. | | |

Flasks were observed daily for plaques for a périod of 2 weeks before'
being discarded as negative. Any plaque that appeared‘was pickéd, placéd
in tubes of AFGMK cells and repassed again; an& virus producing.a 4+ éyto—
pathic effect (CPE) was identified by a microneutralization test using
specific antisera. Tests were done in duplicate in sterile micro tissue
culture plates with lids, using 3% MEM as diluént, HEPES as buffer, 0.025
nl of antiserum (LO units), 0.025 ml of suitably diluted unknown virus,
BGM cell suspension (200,000 cells/ml) and cell controls. Tests were read

on day 2 and 4.
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\Y Results
Results obtained are presented in the attached 25 pages of hand-

written data.
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Analysis of Results

Raw Sludge
SPC: Usually 3300 x lOé/hl. Range from 7 to »300 x 106/h1

TC: 150,000 + by MPN; 3 to »300 x 10° by MF/100 ml

FC: 150,000 + by MPN; 1 to 137 x 10° by MF/100 ml

Salmonella: Found in 23/28 samples examined (82%); & variety of
serotypes were identified, all capable of causing human infections.
Enteric viruses: Found in 6/28 samples (21.4%), in amounts varying
from 200 - 1,000 PFU/litre; all viruses detected were polioviruses.
Parasites: Protozoa were found in 23/28 samples (82%), nematodes in

16/28 (57%).
No differences were noticed between the NEWPCC and SEWPCC raw sludges.
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B Digested Sludge

The L specimens tested varied greatly in their microbial content indi-
cating that anaerobic digestion did not always produce a final product of
acceptable quality.

i  SPC: Varied from 5.5 to) 300 x 10°/m1

ii TC: Varied from 210 - 150,000 + by MPN and from 600 - 140,000 by MF/
100 ml

iii FC: Varied from 39 - 150,000 by MPN and from 70 - 18,000 by MF/lOO ml

jv  Salmonella was found in 1/k specimens (25%)-

v No enteric viruses were found.

vi  Parasites: Protozoa were found in 1/L specimens (25%) and Nematodes

in 1/4 (25%).
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Background Samples

Two types of background samples were obtained.

Three samples were collected from Plot # 7, kept as a control plot.
i  SPC: 33 x 106/m1

ji TC: 9 - 11,000 by MPN and <100 by MF/100 ml

iii FC: O - 3 by MPN and <100 by MF/100 ml

iv  Salmonella: None detected

v Enterie viruses: None detected

vi Parasites: None detected

Samples collected pre-injection from Plots 2, 3, 4 and 5. Great
variations were found from site to site indicating the fallacy of
relying on one plot as control for all the others.

i SPC: »3 x 106 up to a depth of 12".

44 TC: O - 243 by MPN ¢100 - 16,000 by MF/100 ml

i FC: O - 93 by MPN ¢100 - 1,000 by MF/lOO ml

" iv  Salmonella: None detected

v Enteric viruses: None detected
vi Parasites: Protozoa detected in 5/16 of the samples tested (31.2%)

Nematodes detected in 4/16 of the samples tested (25%)
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Raw Sludge Injection

SPC

At site of injection (6"): similar to raw sludge ( 300 x 106) for
3 months.

At 3" similar to raw sludge for 1l week indicating that the bacteria

moved upwards; then similar to background.

at 18" similar to raw sludge for 1 week indicating that the bacteria

moved downwards; marked reduction of SPC after 1 month and further
reduction at 3 months to 2.8 - LO x 106/h1.

Lateral movement of bacteria was demonstrated in Site'l, Plot 2 when
the counts at Z? 12 ¥ one month after injection were similar to those
of the rawv sludge injected.

Total Coliforms

One week after injection of raw sludge)countSlower than those of raw

sludge, but much higher than those of the background were found at

all depths 3", 6", 18", as well as laterally at 6" and 12", confirming
that the bacteria moved in all directions. !
One month later counts were markedly reduced, but still higher than A
the background ones.

Three months later bacteria were still detected by MPN in numbers higher

than those found in the background samples for this plot.

Faecal Coliforms

One week after injection of raw sludge counts lower tﬁan those of the
raw sludge, but much higher than those of the background were found at
all depths, as well as in the lateral samples, confirming that the bac-
teria moved in all directions.

—
One month later, faecal coliform counts were markedly reduced and at 12
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6"land '1—2-> lz'é/had returned to background values.
Three months later only the 6" injection site had detectable FC in-
dicating that faecal coliforms did not survive as much as the total
coliforms.
Salmonella
One week post-injection of raw sludge,.galmonella spp were found in 5/6
of the sites samplei, at the injection depth (6"); in 2 of these sites,
salmonella was found at a depth of 18", as well indicating a downward
displacement.
One month post injection, Salmonella spp weré found in L/6 of the sites

sampled_at the injection depth (6"); in one of those sites (one from

which no salmonella had been detected 1 week post injection). Salmonella

was detected at ]? lzs)indicating a lateral displacement as well.
Three months post injection, a Salmonella was detected at the injection
depth (6") in one of the six sites tested. This finding illustrates
the fact that a pathogen found in the sludge may survive in the soil
for at least 2 months and may migrate from the site of injection.
Viruses

Specimens taken from various sites and depths 1 week, 1 month and 3
months post injection of raw sludge were all negative with the excep-
tion of 1 sample collected 1 week . after injection from a depth of 3.
This finding indicates fhat potential pathogenic viruses may survive
for at least 1 week’. and may migrate upwards.

Parasites

Protozoa and Nematodes vere detected 1 week, i month and 3 months

post injection of raw sludge at all depths. Since the_background had

similar forms it is difficult to interpret these results; however, it
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is clear that post injection samples had more parasites than background

samples.
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Digested Sludge Injections

SPC! 1In plot 2 site 2 injected in June, 1981, counts were higher than
those of the digested sludge at depths of 3", 6" and 18" and 6
and then returned to background levels. |
In plot 4, site 2 injech{in August, counts were as high at those of

the digested sludge (similar to raw sludge at levels of 3", 6" and 18".
Three months later at all depths, including lateral ones, counts were
higher than the background ones, but much lower than those of the in-
jected sludge. These findings may be difficult to explain, however,

they may reflect the germination of spores.

Total Coliform

Counts as high as those of the digested sludge were found at 3", 6" and
18" depths at 1 week, 1 month and 3 months post injection. Lateral
displacement was noticed at 1 week and 1 month only.

Faecal Coliforms

Findings similar to those of Total Coliform, indicating upward, down-
ward and lateral migration of the coliforms.

Salmonella

No salmonella was detected.

Viruses

No viruses were detected.

Parasites

Protozoa and nematodes were detected 1 week, 1 month and 3 months post

injection at the injection depth (é"), as well as 3", 18" and 6" and

12" lateral samples. Results are difficult to interpret, but may indi-
cate survival of parasites for up to 3 months as well as migration in

all directions.

—
124 7
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1 Year Post Raw Sludge Injection

_ SPC: Same as background 3 x 106 up to a depth of 12".

TC: Similar to background

FC: Similar to 5ackground by MF; however, MPN counts slightly higher
at depth of 6", 12" and 18".

Salmonella: None detected

Enterie¢ viruses: None detected

Parasites: Pérasites detected in 1/6 samples tested, pfotozoa and

nematodes were found in this sample.
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Wheat Samples !

SPC: Varied from 1.4 - 83 x 106/m1 in short blades and from 149 -
750 x 106/m1 in kernel.

Wheat grown in plot 4 injected in 1980 had a count of 80 million in the
shoot blades tested.

TC: Tested by MPN, had counts of O -~ 9 in the shoot blades and O -

> 11,000 in the kernels. Shoot blades grown on 1980 injection - sites
had an MPN of O.

FC: Tested by MPN was nil in all samples tested.

Salmonella: All negative.

Viruses: All negative with the exception of 2 pseudo plaques found in
a kernel grown in a trench.

Parasites: Protozoa, nematodes and mites we;e found in 4 of the 8

samples tested (all kernels). No parasites were detected in the wheat

grovn on the 1980 raw sludge injected plot.
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Ditch Water

TC: MPN varied from 7 - 150,000 + /100 ml. MF was done on specimen
collected on October, July; counts varied from 10 - 120/100 ml.
FC: MPN varied from O - 7,500/100 ml. MF on the October samples

varied from ¢10 to 20/100 ml. It must be stressed that the collection

of ditch water was probably not close enough to the sites.
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Well Water

TC: Negative

FC: Negative
Salmonella: Negative
Viruses: Negative

Parasites: Negative
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Discussion and Recommendations

The results just presented indicate that within a year of the injection
of sludge into the soil at the site selected by the City of Winnipeg,
no pathogens were detected. However, Salmonella was still detected in
the soil ?’month after injection of raw sludge. Results also show
that microorganisms migrate upward, dovnward and laterally. How much
migration is influenced by rainfall remains to be determined. The
presence of parasites is difficult to interpret accurately since we
were not able to differentiate between free-living and parasitic forms;
however, it appears that soil§ injected with sludge have more parasites
than non-injected céntrol soils.
Though the techniques used were the most advanced available
they clearly were inadequate to measure with accuracy changes in
microbial loads due to sludge incorporation into the soil. A consider-
able amount of developmental work is required.
Variations in the microbial load of digested sludge limit its use as
a "safer" product for soil inJjection. Variations in the microbial load
of control background samples limit the use of such samples to pre-
injection specimens collected at the site of injection.
The particular nature of the soil at the site selected for the study
is bound to have affected the results of the Microbiological study,
therefore, similar results should not be expected in locations with a
different type of soil. |
The study has demonstrated a need for future "on-site" experiments,
consisting of seeding known amounts of bacteria, viruses and parasites
in the soil in a predetermined well isolate? location; then collecting

samples at regular intervals and testing them quantitatively and qual-
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itatively for those organisms.
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Table 2

Collection of Wheat samples

Shoot Stages

Plot # L (trench) June 24
Plot # 7 June 24
Plot # 2 September 2
Plot # 4

Collection of Ditch Waters

June 5, 1981 5 samples
August 6, 1981 5 samples
October 6, 1981 5 samples

Co}lection of Well Waters
June 25, 1981

July 30, 1981

‘ August 27, 1981
September 23, 1981

October 26, 1981

Kernel Stage

August 12 and October 9
August 12 and October 9
Not Done

October 9




v .};"i 3 4 Jume :"-\l“\{. Tul, e "4f( 31"',{'(
Tf ’)I()‘l- Wi 55( l ¢ I
gl; S-i' l‘“‘".‘ . , —.___i e
1
I, - ’,b’t oL si,,c oL T 224 J-ms(o""‘ jJU a:)q "‘f{ RN
p 8
S, NE. }itjcs‘tcL -
- b
i Mo e 3 T 26" T“U 2L %.“{, e &1,1.991
3 - ’ \ .
S, )N.E. v o
—

Iq— rb’f.B Sd'a’

. Celeber Tt i

- . £- resd j
54 . /—7 ‘t 1 ___. = T
T, - Ak 3 sk 3 3y 21|y ot
. digested l ‘ —
St J ,
— n

T, - r\t\i 3 sk 3
S]_-; N.‘E row .

pRmpT——

I rlot 4 side A,jui :,/“1 A'UU-{ iyt &Tl 180 | Krwember 167
Sq-S.E, row - ' I
:I;- rlo't 4’ S'Ch; - Aujutpab ,&f'mLu (s QT{ a4y }/m;?v
S¢- ME. A'Lsed’tdy H

, \ y aém
T, ,‘ala{f i sile 3 A:r,t b \ﬁ‘l”‘“‘ Gt 2Bl Mo
$q -~ N.E vaw | 5 I
17(:"?“"5 sife | /gfiwl*k&fl Tiad [/ XEW b 3ol
Sjp -S.E. Pad

ﬂ\ LSes
wed &
unc "l

et

HE O O BN G 0 On Sh I BE B O O GE BN O A a .




MICROBIOLOGICAL DATA

CONTROL PLOT RESULTS

SE RAW SLUDGE RESULTS

NE DIGESTED SLUDGE RESULTS

NE RAW SLUDGE RESULTS

WELL WATER RESULTS

DITCH WATER RESULTS

WHEAT CROP RESULTS

1980 ONE YEAR FOLLOW UP RESULTS*
PLOT 2 SITE 1 INJECTED SE RAW:*

PLOT SITE 2 INJECTED NE DIGESTED*
PLOT SITE 3 INJECTED NE RAW¥*

PLOT SITE 1 INJECTED SE RAW*
INJECTED SE RAW*
INJECTED NE DIGESTED*
INJECTED NE RAW*

PLOT SITE
SITE

SITE

PLOT

2
2
3
PLOT 4 SITE
4
4
PLOT 5

_— W N =

INJECTED SE RAW*

Note: To express coliform results as MPN/100 ml and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.




CONTROL PLOT



BACTERIOLOGY

PLOT #7 VIROIOGY PARASTTOLOGY
STANDARD PLAQUES
CONTRQL PYATE COUNT TOTAL COLIFORM FECAL CCLIFCRM SAIMONELLA IDENTIFICATION
BACKGROUND
SAMPLE
6" >3 million MF - <IOO MF -<100
MPN - 9 MPN - 3 (~ve) (~ve) (—ve)
12 >3 million MF - €100 MF -<100 (-ve) (~ve) (-ve)
MPN - 11,000 MPN - O
18" >3 million MF - 400 MF -<100 (-ve) (~ve) {(~ve)
MPN - 43 MPN - 0



SE RAW SLUDGE



. BACTERIOLOGY VIROLOGY PARASI'TOLOCY
SE Ral
E&EZEE STANDARD PLAQUES
e PILATE COUNT TOTAL COLIFORM FECAL, QOLTFORM  SAIMONELLA TDENTIFICATION
21:06:30 »300 million MF - 3,400,000 MF - 154,000 Sal. typhimirium (-ve) cilate amoeba
MPN - 150,000+ MPN - 150,000+ wvar. copenhagen
81:07:02 2300 million MF - 2 million MF - 650,000 Sal. thampsaon (-ve) amoeba
MPN - 150,000+ MPN - 150,000+ Sal. typhimurium ciliate,
flagellate
81:07:07 2300 million MF - 250,600 MF - 110,000 Sal. thampsaon (-ve) amoeba ciliate,
MPN - 150,000+ MPN - 150, 000+ flagellate
81:07:09 2300 million MF - 7,800,000 MF - 1,900,000 Sal. muenchen (—e) adult nematodes
MPN - 150,000+ MPN - 150,000+
81:07:14 >300 million MF -~ 59,000,000 MF --12,000,000 Sal. heidelberg (-ve) adult nematodes
MPN - 150,000+ MPN - 150,000+
81:07:14 3300 million MF - 59,000,000 MF - 12,000,000 Sal. heidelberg (—ve) amoeba
MPN ~ 150,000+ MPN - 150,000 Sal. typhimurium hockworm
var. copenhagen
81:07:16 2300 million MF - 63 million MF - 9 million Sal. typhimurium (-ve) flagellate
MPN - 150,000+ MPN - 150,000+ ciliate
81:07:21 )300 million MF - 10.5 million MF - 1.7 million Sal. heidelberg (—ve) amoeba
MPN - 150,000+ MPN - 150,000+ Sal. thampson
81:07:23 2300 million MF - 11 million MF - 13 million Sal. typhimarium (-ve) (—ve)
MPN - 150,000+ MPN - 150,000+
81:07:28 2300 million MF - 15 million MF - 3.2 million Sal. bovis marbificans (-ve) ciliates
MPN - 150,000+ MPN - 150,000+ Sal. typhimurium
81:07:30 5300 million MF - 51 x 10° MF - 36 X 10° Sal. bovis morbificans (-ve) flagellates
MPN - 150,000+ MPN - 150,000+
81:08:04 2300 million MF - 202 million MF - 31 million Sal. bovis morbificans (-ve) protozoa

MPN - 150,000+

MPN - 46,000
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SE RAY BACTERTIOLOGY VIROLOGY PARASTTOLOGY
SLUDGE
STUDY STANDARD PLAQUES
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELLA TDENTIFICATION
81:08:06 2300 million MF ~ >300 million MF - 46 million Sal. typhimurium (—ve) protozoa
MPN - 150,000+ MPN - 150,000+ strongles ova -
81:08:11 >300 million MF - )300 million MF - 137 million Sal. typhimurium (~-ve) . strorgles ova
‘ MPN - 150,000+ MPN - 150,000+ Sal. bovis morbificans '
21:08:13 7300 million MF - 106 million MF - 29 million Sal. muenchea (—ve) protozoa
MPN - 150,000+ MPN - 150,000+ Sal. heidelberg strongles ova
81:08:18 2300 million MF - 23 million MF - 14 miilion Sal. typhimarium ‘(1) 200 pfu/litre nematode
MPN - 150,000+ MPN - 150,000+ (polio 1) larvae
strongles ova
81:08:20 2300 million MF - )300 million MF - 29 million Sal. typhimurium (5) 1000 pfu litre nematode
MPN - 150,000+ MPN - 150,000+ (4 polio 2) larvae
(1 polio 1)
81:08:25 >300 million MF - 53 million MF - 12 million Sal. infantis (—ve) protozoa
MPN - 150,000+ MPN - 150,000+
81:08:27 »300 million MF - 50 million MF - 11 million Sal. thompson (4) 800 pfu/litre protozoa,
MPN - 150,000+ MPN - 150,000+ Sal. infantis (polio 1) nematode larvae
ascarid ova
81:09:01 00 million MF - 112 million ~MF - 26 million Sal. typhimurium (1) 200 pfu/litre (-ve)
oo MPN - MPN - (polio 1)
81:09:10 23 million MF - 15 million MF - 4 million Sal. (-ve) (3) 600 pfu/litre (-ve)
: 'MPN - 150,000+ MPN - 150,000+ (polio 1)
81:09:15 6.7 million MF - 3 million MF - 1 million Sal. (-ve) (-ve) strangles ova

MPN - 150,000+

MPN - 150,000+



SE.

RA

STUDGE BPACTERIOLOGY YV IROLOGY PARAS T'IOLLCY
STUDY \
ST/H0ARD PLAQUES
PLATE COUNT TOTAL COLITORM FECAL COLIFORM  SATMONEITA IDENTIFICATION
81:09:17 38 million MF -.5.4 million MF - 600,000 Sal. typhimurium (-ve) protozoa, nematode
MPN - 150,000+ MPN - 150,000+ var. copenhagen larvae, strongles owv:
81:09:22 600,000 MF - 4,000 MF - 1000 (—ve) (-ve) protozoa
MPN - 6 MPN - 41
81:09:24 100,000 MF - 1,000 MF - <1,000 (-ve) (-ve) protozoa
MPN - 6 ' MPN - 41
81:09:29 230 million MF - 25 million MF - 3.4 million Sal. bovis (=ve)  (~ve)
MPN - 150,000+ MPN - 150,000+ marbificans
81:10:01 2300 million MF - 20 million MF - 2 million Sal. heidelberg (-ve) strongles ova
MPN - 150,000+ MPN - 150,000+
81:10:07 >32 million MF - 7 million MF - 700,000 Sal. typhimurium (1) 200 protozoa
MPN - 150,000+ MPN - 150,000+ pfu/litre strongles ova
(polio 2)
81:10:13 7 million MF - 1,000 MF - (1,000 . (-ve) (-ve) (-ve)
MPN - 4,600 MPN - 1,500



NE DIGESTED SIUDGE



E DIGESTED

BACTERIOLOGY VIIOLOCY PAIASTIOLLCY
SLUDGE STANDARD PLAQUES
STUDY DILTT CCUNT TOTAL COLIFOR{  FECAL COLIFOR4  SAIMONETIA IDEITIFICATION
1:06:22 30,000,000 MF - <100 MF - {100 (~ve) (=ve) (-ve)
MPN - 4600 MPN - 4600
11:06:28 5,500,000 MF - 6000 MF - 70 (=ve) (=ve) (-ve)
MPN - 210 MPN - 39
11:07:06 2300 million MF - 140,000 MF - 18,000 Sal. typhimurium (-ve) amoeba protozoa
MPN - 150,000+ MPN - 150,000+ Sal. typhimurium
var. copenhagen
11:07:26 200 million MF - 90,000 MF - 10,000
MPN - 110,000 MPN - 7,500 (-=ve) (=ve) (~ve)
$1:08:16 30 million MF - 600 MF - 400
MPN - 15,000 MPN - 11,000 (=ve) (=ve) nematode larvae
Strongles ova
11:08:26 2300 million MF - 40,000 MF - 30,000
MPN - 46,000 MPN - 24,000 (-ve) (-ve) protozoa,

nematode larvae



NE RAW: SLUDGE



NE RAW BACTERIOLOGY VIROLOGY PARASITOLCGY
SLUDGE STANDARD PLAQUES
STUDY PLATE COUNT TOTAL COLIFORM FECAL COLIFORM SALMONELLA IDENTIFICATION o
81:06:03 »300 million MF - 490,000 MF - 150,000 Sal. typhimurium (-ve) (-ve)
MPN - 150,000 MPN - 150,000+ Sal. typhimurium
var. copenhagen
81:06:26 2300 million MF - 44,000 MF - 11,000 (-ve) (-ve) protozoa,

MPN - 110,000

MPN - 21,000

strongles ova,
nematode larvae



WELL WATER



WELL SAMPLE TOTAL FECAL SAMPLE SAMPLE

WATER SIZE COLIFORM COLIFORM SAIMONELILA SIZE VIRUS §1ZE PARASITES
81:06:25 100 m1 0. 0 (-ve) 100 gal. (-ve) 4 1itres (-ve)
81:07:30 100 mL 0 0 (-ve) 100 gal. (=ve) 2 litres (-ve)
81:08:27 100 mb 0 0 (-ve) 100 gal. (—ve) 15 ml (=ve)
81:09:23 100 ml 0 0 (—ve) 100 gal. (-ve) 2m (-ve)
81:10:26 100 mi 0 0 (—=ve) 100 gal. (=ve) 1 litre (—ve)



DITCH WATER



SEWPCC

DITCH
WATER TOTAL, COLIFORM FAECAL. COLIFORM
05:06:81
#1 MPN - 46,000 MPN - 4,600
#2 MPN - 150,000+ MPN - 1,500
#3 MPN - 110,000 MPN - 7,500
#4 MPN - 110,000 MPN - 1,100
#5 MPN - 110,000 MPN - 460
06:08:81
#1 MPN - 46,000 MPN - 1,100
#2 MPN - 46,000 MPN - 4,600
#3 MPN - 24,000 MPN - 240
#4 MPN - 24,000 MPN - 93
#5 MPN - 1,000 MPN - 64
06:10:81
#1 C MPN - 7 MPN - 0
ME - 10 MF - <10
#2 MPN - 1,500+ MPN - 43
MF - 190 MF - 20
#3 MPN - 93 MPN - 23
MF - 90 MF - {10
#4 MPN - 43 MPN - O
MF - 50 MF - <10
#5 MPN - 93 MPN -~ 43

- o on = ' as um o == wi



WHEAT CROP
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WHEAT BACTERIOLOGY VIROLOGY PARASTTOLOGY
SAMPLES COLLECTION  STANDARD TOTAL FECAL
STAGE DATE PLATE COUNT COLIFORM COLIFORM SATMONELLA

Plot #7 One-leaf 81:06:24 83 million MPN 9 MPN 0 (~ve) (~ve) (=ve)

Plot #4 One-leaf 81:06:25 80 million MPN O MPN 0 (=ve) (~ve) (-ve)

1980 Injected

Plot #7 kernels 81:08:12 151 million MPN )>11,000 MPN O {(-ve) (-ve) (—ve)

Plot #4 kernels 81:08:12 149 million MPN 2,900 MPN O (=ve) 2 pseudo plaque strongle ova

Trench ' protozoa

Plot #4 81:08:12 124 million MPN 2,100 MPN O (-ve) (—ve) protozoa
nematode larva

Plot #2 One-leaf 81:09:02 1.4 million MPN 3 MPN 0 (=ve) (=ve)

N.E. Raw

Plot #4 kernels 81:10:09 >500 million MPN 350 MPN O (-ve) (=ve) nematode
larvae mite

Plot #4 kernels 81:10:09 310 million MPN 38 MPN O (—ve) (~ve) (~ve)

Trench

Plot #7 kernels 81:10:09 »750 million MPN 15 MPN 0 (~ve) (-ve) nematode
larvae

strongle ova



1980
1 YEAR FOLLOW-UP



PLOT #4 BACTERIOLOGY VIROLOGY PARASITOLOGY
1980 STANDARD PLAQUES
PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM  SAIMONELLA IDENTIF ICATION
Raw Sludge Injected in 1980
1 Year Later
6" >3 million MF - (100 MF - (100 (-ve) (~ve) (—ve)
MPN - 290 MPN - 240
Trench 12" >3 million ME - (100 MF - {100 (-ve) (-ve) ' (+ve) protozos,
MPN - 15,000 MPN - 15,000 nematode larvae s
strongles ova
18" 1,030,000 MF - {100 MF - <100 (~ve) (~ve) (~ve)
MPN - 75 MPN - 75
6 12 >3 million MF - (100 MF - {100 (~ve) (~ve) (~ve)
MPN - 11,000 MPN - 0
¢ 18V 2,200,000 MF - <100 MF - <100 (~ve) (~ve) (-ve)
MPN - 43 MPN - 0
= | .
12 12V 3 million MF - <100 MF - {100 (—ve) (~ve) (-ve)
MPN - 27 MPN - 0



L

Note:

PIOT 2 SITE 1

INJECTED SE RAW SLUDGE

To express coliform results as.MPN/lOO ml and MF/100 ml,
SPC results as colonies/ml, multiply these results by 2.

and



PLOT # 2 BACTERIOLOGY VIROLOGY PARASITOLOGY
Sitel STANDARD PLAQUES
PILATE QOUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELIA IDENTIFICATION
Back
Ground
Samples
6" 23 million MF £ 100 MF < 100 (-ve) (-ve) (-ve)
MPN -0 MPN -0
pRYA 2,800,000 MF £ 100 MF < 100 (-ve) (-ve) (-ve)
MPN -43 MPN -0
SEWPCC
Sludge > 300 million MF -47 million MF 1.9 million Salmonella 8 1600 pfu/litre flagellate
June 3/81 MPN -150,000% MPN -150,000* infantis all polio 2 amoeba
ONE WEEK LATER
3n 262,000,000 MF -2,600,000 MF -100,000 (-ve) 1 200 pfu/litre flagellate ciliate
MPN -150,000+ MPN -15,000 polio 1 protozoa
6" >'3OO million MF -15,000,000 MF -1,130,000 Salmonella (-ve) flagellate
MPN -150,000+ MPN -150,000* infantis protozoa
8" 213,000,000 MF -920,000 MF -107,000 (-ve) (-ve) (~ve)
MPN -150,000% MPN - 46,000
—9
12 6% 56,000,000 MF —2000 MF < 100 (-ve) (=ve) (-ve)
MPN -21,000 MPN -210
—
12 124 9,000,000 MF -30,000 MF -1,000 (-ve) (-ve) (~ve)
MPN -1100 MPN -1100
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PLOT #2 BACTERTOLOGY V1HULUGY PAIAS LIULLGY
Site 1 STANDARD PLALUES
PLATE QOUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELIA IDENTIFICATION
One Month Later
3 8,000,000 MF - 20,000 MF - 1,200 (-ve) (-ve) flagellate
MPN - 21,000 MPN - 1,500 protozoa
6" > 300 million MF -1,300,000 MF - 31,000 (-ve) (-ve) nematode larva, hookworm
MPN - 150,000+ MPN - 24,000 flagellate protozoa
18" 310,000 MF < 100 MF <L 100 (=ve) (-ve) (-ve)
MPN - . 460 MPN - 4
~p
6 6J 11,500,000 MF - 10,000 MF - 2,000 (-ve) (-ve) (-ve)nematade larvae
MPN - 11,000 MPN - 460
-g -lZJ, ;>300 million MP - 70,000 MF - 2,000 (-ve) (-ve) amoeba, protozoa, nematode
’ MPN - 150,000+ MPN - 4,600 adult, nematode larvae
v 4, 5,200,000 MF - 4,000 MF < 100 (-ve) (~ve) protozoa
: MPN - 75 MPN - 0 nematode larvae
= -
12 12 4. 4,800,000 vr L 100 MF < 100 (-ve) (-ve) amoeba, protozoa, strongles
MPN - 43 MPN - 0 ova, nematode larvae
Three Months Later
3" 10 million MF < 100 MF < 100 (-ve) (~ve) protozoa,
MPN - 1,500 MPN - 0 nematode larvae
6" 6 million MF - = 400 MF - 100 (-ve) (-ve) nematode larvae,
MPN - 1,500 MPN - 93 strongles ova
18" 2.8 million MF - 100 MF £ 100 (=ve) (-ve) protozoa
MPN - 460 MPN - 0
-’
6 6¢ 3.7 million MF < 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 460 MPN -~ 0
ﬁ
6 12§ 5.6 million MF < 100 MF < 100 (-ve) (-ve) Protozoa
‘MPN - 1,500 MPN - 0 -
—>
12 64 2.6 million MF < 100 MF < 100 (-ve) (-ve) protozoa, nematode
MPN - 43 MPN - 0 larvae
= ~ :
12 12§ 8.5 million MF - 200 MF < 100 (-ve) (-ve) protozoa
MPN - 7,500 MPN - 0]




BACTERTIOLOGY VIROLOGY PARASITOLOGY
PLOT 2 STANDARD TOTAL FECAL PLAQUES
sITE 1 PLATE COUNT COLIFORM COLIFORM  SAIMONELLIA IDENTIFICATION
1 YEAR
LATER .E. RAW SLUDGE INJECTED
3n 2 x 10° MF- < 1000 MF-<1000 4 alive Killed
MPN - 3 MPN - 0 (—ve) (—ve) 6 larvae 2 dead by HCL
6" 3 x 10° MF- €1000  MF<1000 :
MPN - 43 MPN - O (=ve) (=ve) 2 larvae
18" 7 X 10° MF- < 1000 MF-1000
MPN- 1500 MPN - 1500 (~ve) (~ve) (~ve)
66V 2 X 10° MF- < 1000 MF-¢1000
) MPN- 23 MPN - 23 (~ve) (=ve) (=ve)
7Y 6
6 12 1 X 10 MF- < 1000 MF-£1000
MPN- 93 MPN - 93 (=ve) (~ve) (=ve)
—> \l/‘ 6
12 6 1X10 MF-< 10060  MF-{1G00
MPN- O MPN- 0 (=ve) (~ve) (-ve)
NP p )
1% 12 2 X 10 MF- <1000 MF-<1000
MPN- O MPN - 0 (—=ve) (=ve) (=ve)
Well
Water ND MPN - 4 MPN - 0 (=~ve) (=ve) (=ve)
MF - &1 MF -£1



]

Note:

PIOT 2 SITE 2

INJECTED NE DIGESTED SLUDGE

To express coliform results as MPN/100 ml and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.



BACTERTOLOGY VIROLOGY PARASTTOLOGY

PLOT #2
cite o STANDARD PLAQUES
PLATE CQOUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELIA IDENTIFICATION
Background Samples
6" 37,000,000 MF & 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 43 MPN - 13
12" 15,000,000 MF < 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 20 MPN - 12

N.E. Digested Sludge

30,000,000 MF & 100 MF < 100 (-ve) (-ve) (=ve)
MPN -4600 MPN -4600
One Week Later
3" 2 300 million MF -~ 400 MF £ 100 (-ve) (-ve) nematode larvae
MPN ~ 210 MPN - 7
6" P 300 million MF - 11,000 MF - 200 (-ve) (-ve) (-ve)
MPN - 2,400 MPN -1100
18" > 300 million MF < 100 MF £ 100 (-ve) (-ve) (-ve)
MPN - 120 MPN - O
-
6 64 5,600,000 MF < 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 21 MPN - O
=3
6 12¢ 300 million MF < 100 MF < 100 (=ve) (~ve) nematode larvae
MPN - 23 MPN - O
17 6) 7 million MF - 4,400 Mr < 100 (-ve) (~ve) (~ve)
MPN - 39 MPN - O
—
12 12y 12 million MF < 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 1,100 MPN - 15




BACTERIOLOGY

PLOT #2 VIROLOGY PARASITOLOGY
Site 2 STANDARD PIAQUES
PILATE CQOUNT TOTAL COLIFORM FECAI, QOLIFORM SATMONELILA IDENTIFICATION
One month later ’
3 15.2 million MF - 1400 MF - 100 (-ve) (-ve) amoeba protozoa
MPN - 1100 MPN - 43
6" 2.7 million MF - 6000 MF - 100 (-ve) (-ve) (-ve)
MPN - 3900 MPN - 0
18" 1.0 million MF - 100 MF < 100 (=ve) (-ve) nematade larvae
MPN - 463 MPN - 23 :
=
6 6L 1.5 million MF - 3000 MF < 100 (-ve) (-ve) (-ve)
MPN - 93  MPN - 0
—>
6 12‘]/ 2.3 million MF - 200 MF £ 100 (-ve) (=ve) (-ve)nematode larvae
MPN 240 MPN - 0
—_—>
12 6} 1.3 million MF - 4400 MF < 100 (-ve) (-ve) (-ve)
MPN - 1100 MPN - 7
=
12 124 3.0 million MF - 100 MF < 100 (-ve) (-ve)
MPN - 1500 MPN - 0
3 months later
3 17 million MF - 1000 MF < 1000 (-ve) (-ve) strongles ova
MPN - 64 MPN - 9 nematode larvae
6" 7.7 million MF - 2000 MF < 1000 (-ve) (-ve) protozoa
MPN - 460 MPN - 21 nematode larvae
18" 1.4 million MF <L 1000 MF < 1000 (-ve) (-ve) : (-ve)
MPN - 3 MPN - 0
——-’ . N
6 6 L 2 million MF < 1000 MF Z 1000 (-ve) (-ve) nematode larvae
MPN - 4 MPN - 4
——
6 12, 4.3 million MF < 1000 MF < 1000 (-ve) (-ve) (-ve)
MPN - 0 MPN - 0
—y <
12 6V 4.2 million MF _ 1000 MF < 1000 (-ve) (-ve) (-ve)
MPN - 0 MPN - 0 e
—> L
12 129 5.8 million MF < 1000 MF.. < 1000 ~(=ve) . (=ve)  (=ve)
' MPN - 21 MPN - 0 - .




BACTERTOLOGY VIROLOGY PARASITOLOGY
PLOT 2 STANDARD TOTAL FECAL PLAQUES
SITE 2 PLATE COUNT COLIFORM COLIFORM  SAIMONELIA IDENTIFICATION
1 YEAR
IATER N.E. DIGESTED SIUDGE
" 6
3 1X 10 M- {1000 MF- <1000
MPN - 9 MPN - 9 {(-=ve) (~=ve) 4 ova
6" 8 X 10° MF- <1000  MF-< 1000
MPN - 93 MPN - 0 (-ve) {(=ve) 1 live larva - Killed by
HCL
18" 3 X 10° MF- <1000 MF- <1000
MPN - 7 MPN - 0 (-ve) (-ve) (—ve)
2oV 3 X 10° MF- {1000  MF- <1000
) MPN - 4 MPN - 0 (~ve) (~ve) (=ve)
T2V 5 {
12 14 X 10 MF- {1000 MF- € 1000
MPN - 75 MPN - 0 (~ve) (~ve) (-ve)
>
12 6 v 6 X 10° MF- <1000 M- <1000
MPN - 0 MPN - 0O (-ve) {~ve) (—=ve)
1>2 Y 1x 10° M- <1000 M- <1000
MPN - 0 MPN - 0 (=ve) (—ve) (=ve)




Note:

P1IOT 2 SITE 3

INJECTED NE RAW SLUDGE

To express coliform results as MPN/100 ml and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.



PLOT #2 BACTERIOLOGY VIROLOGY PARAS I'TOLLGY
Site 3 STANDARD PLAQUES
- " PLATE CQOUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELIA IDENTIFICATION fo o
Background Samples W
6" 15,000,000 MF < 100 "MF & 100 (-ve) (-ve) (=ve)
MPN - 23 MPN - 23
72" 6,000,000 MF < 100 MF <& 100 (=ve) (-ve) (-ve)
MPN - O MPN - O
N.E. Raw Sludge
2 300 million MF - 490,000 MF - 150,000 (A) Sal. typhimuriun (-ve) (-ve)
MPN - 150,000 MPN- 150,000+ (B) Sal. typhimurium
variety copenhagen
One Week Later
3 7 300 million MF - 25,000 MF - 10,000 (-ve) (-ve) ciliate protozoa
MPN - 150,000+ MPN - 11,000 strongles ova
6'" > 300 million MF - 300,000+ MF - 74,000 Salmonella (-ve) flagellate,
MPN - 150,000+ MPN - 150,000+ infantis nematode larvae, protozoa
18n 130,000 MF - 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 460 MPN - 23
—_—
6 6\1, 430,000 MF - 8,000 MF < 100 (-ve) (-ve) ciliate protozoa
MPN - 150 MPN - 0
—»
6 12 §, 310,000 M < 100 MF < 100 (-ve) (-ve) (-ve)
MPN - 1500 MPN - 0
—
12 6§ 50,000 MF - 150,000 v € 100 (-ve) (-ve) (-ve)
MPN - 1,500 MPN - 9
12 124 150,000 e < 100 M < 100 (=ve) (-ve) (~ve)
MPN - 1,100 MPN - 23




PLOT #2 BACTERIOLOGY

VIROLOGY PARASTITOLOGY
Site 3 STANDARD PLAQUES
PLATE COUNT TOTAL COLIFORM FECAL OOLIFORM SAIMONELLA IDENTIFICATION
1 month later
3 > 300 million MF £ 1000 MF < 1000 (-ve) (-ve) nematode larvae
v MPN - 4600 MPN - 93
6" > 300 million MF -20,000 MF - 10,000 (-ve) (-ve) protozoa, strongle ova
MPN - 46,000 MPN - 4,600 nematode larvae
18" 41 million MF -120,000 MF - 100,000 (-ve) (-ve) (-ve)
MPN - 11,000 MPN - 460
—, N
6 6& 24 million MF < 1,000 MF < 1,000 (-ve) (-ve) nematode larvae
MPN - 4,600 MPN - 15
6 12 40 million MF £ 1,000 MF < 1,000 (-ve) (-ve) nematode larvae
: MPN -11,000 MPN - 15
—
12 6y 20 million MF < 1,000 MF < 1,000 (=ve) (-ve) (-ve)
‘ MPN — 4,600 MPN - 23 _
—
12 12§ 20 million MF < 1,000 MF < 1,000 (-ve) (-ve) (-ve)
. . MPN - 460 MPN - 9
3 months later . .
3n 6.6 million MF £ 1,000 MF < 1,000 (-ve) (-ve) strongles ova
MPN - 460 MPN - 0
6" 12 million MF <= 1,000 MF < 1,000 (-ve) (-ve) protozoa, nematode
MPN =~ 4,600 MPN 240 larvae
18" 3.5million MF < 1,000 MF ¢ 1,000 (=ve) (~ve) (-ve)
MPN - 240 MPN - 4
—> a
6 (5¢ 1.2 million MF - 2,000 MF £ 1,000 (-ve) (-ve) nematode larvae
MPN - 460 MPN - 43 )
e d
6" 12, 2 million MF < 1,000 MF < 1,000 (-ve) (-ve) (-ve)
MPN - 93 MPN - 9
—
12 6, 0.4 million MF < 1,000 MF 41,000 (-ve) (-ve) (-ve)
MPN — 0 MPN - 0
7 12¢ 3.3 million MF < 1,000 MF £ 1,000 (=ve) (-ve) (-ve)
MPN - 23 MPN - 4




BACTERTQOLOGY VIROLOGY

PARASITOLOGY
PLOT 2 STANDARD TOTAL FECAL PLAQUES
SITE 3 PLATE COUNT COLIFCRM COLIFORM  SAIMONELLA IDENTIFICATION
1 YEAR
TATER N.E. RAW SLUDGE
n 5 '

3 300 X 10 Mr- {100 MF- 100

MPN - 43 MPN - 0 (=ve) (-ve) 2 larva 1 dead larva
6" 300 X 10° MF- <100 Mr- <100

MPN - 0 MPN - 0 (-ve) (=ve) (-ve)
18" 18 X 10° - {100 Mr- €100

MEN - 4 MPN - 0 (~ve) (~ve) (~ve)
6 6.\‘/ 34 X 10° MF— <100 MF- < 100

MPN - 75 MPN - 3 (=ve) (—ve) (~ve)
_>
21V 200 X 10° mr- <100 MF- 100

MPN - 93 MPN - 0 (—ve) (-ve) (-ve)
9
D6V > 300 X 10° mr- <100 Mr- < 100

MPN - 23 MPN - 0 (-ve) (-ve) (~ve)
2. 5

12 Y 300 X 10 mr- {100 MF- 4100
MPN - 75 MPN - 0 (~ve) (~ve) (~ve)




Note:

PLOT 3 SITE 1

INJECTED SE SILUDGE

To express coliform results as MPN/100 ml and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.



PLOT #3 BACTERIOLOGY VIROLOGY PARAS I'OLUGY
SITE 1 STANDARD PIAQUES
PLATE QOUNT TOTAL COLIFORM FECAL OOLIFORM  SALMONELLA IDENTIFICATION
RACKGROUND SAMPLES
6" 2,500,000 MF - 3000 ME - (100 (—~ve) (=ve) (=ve)
MPN - 15 MPN - 0
2" 4,500,000 MF - 16,000 MF - <100 {(-ve) (-ve) (—ve)
MPN - 75 MPN - 0
SE RAW :
SEWAGE 300 million MF - 140,000 MF - 18,000 Sal. typhimurium 10 (2,000 pfu/litre)
MPN - 150,000+ MPN - 150,000 Sal. typhimurium allpolio 2 protozoa
copenhagen adult nematode
1 Week later
3" »>300 million MF - 64,000 MF - 17,000 (=ve) (-ve) nematode larvae,
MPN - 110,000 MPN - 24,000 adult nematode
6" Y300 million MF ~ 5,600,000 M - 50,000 Sal heidelberg (-ve) strongles larvae,
MPN - 150,000+ MPN - 150,000+ adylt nematode,
nematade larvae
18" 9,600,000 MF - 11,000 MF - 2,200 Sal t 1 1um  (=ve) (-ve)
MPN - 46,000 MPN - 46,000 Sal. newport '
? 6%/ 2,400,000 MF - 3,000 MF - 1,000 (~ve) (-ve) (—ve)
MPN - 4,600 MPN - 1,500
=
6 12V 4,700,000 MP - 2,000 MP - 100 (-ve) (-ve) (-ve)
MPN - 1,100 MPN - 150
ﬁ 6‘1’ 4,100,000 MF - 2,000 MF - 100 (~ve) (=ve) (=ve)
MPN - 460 MPN - 460
I% lZ\IJ 6,800,000 MF - <100 MF - <100 (—ve) (-ve) (—=ve)
MPN - 36 MPN - 3




PLOT 43 BACTERIOLOGY VIROLOGY PARASITOLOGY
Site 1 STANDARD BLAQUES
PIATE COUNT TOTAL COLIFORM FECAL OOLIFORM SAIMONELLA JDENTIFICATION
1 month later
3 600,000 MF - < 1,000 MF - < 1,000 (-ve) (~ve) (=ve)
MPN - 4 MPN - 0
6" > 300 million MF - 320,000 MF - 200,000 Sale typhimurium (—ve) nematode larvae,
MPN- 150,000+ MPN- 150,000+ Sal. bogis morbificans strongles ova
18" 28 million ‘MF - 360,000 MF -~ 1,000 (—ve) (-ve) (-ve)
MPN- 1,500 MPN- 1,500
—T X
6 6\‘ 21 million MF — 3,000 MF — 1,000 (-ve) (-—ve)  npematode larvae
MPN - 46,000 MPN- 1,100
—Pp
6 12‘1, 1.6 million MF - 208,000 MF - 4,000 (=ve) (-ve)  nematode larvae
MPN - 1,500 MPN - 240
T—
12 64 5.5 million MF - 1,000 MF - < 1,000 (-ve) (-ve) protozoas
MPN - 1,500 MPN - 240 nematode larvae
—
12 lZ,L 42 million MF - 2,000 MF - € 1,000 (-ve) (—ve) nematode larvae
MPN - 7,500 MPN - 7,500
Three Months Later ‘
3n 5 million MF - £ 1,000 MF - £1,000 (—ve) : (-ve) - protozoa
MPN - 93 MPN - 0 )
6" 34 million MF - 2,000 MF - £ 1,000 v (-ve) (-ve) ‘protozoa , nematode
; MPN - 1,500 MPN. - 750 ) larvae
18" 0.8 million MF - < 1,000 MF — & 1,000 (-ve) (-ve) (-ve)
MPN - 43 MPN - : 4 : -
—
6 6 L 3.6 million MF < 1,000 MF - € 1,000 (-ve) (-ve) protozoa, nematode
MPN -~ 43 MPN - 0 larvae
— v
6 12 i, 5 million MF - 1,000 MF - 1,000 (-ve) (~ve) protozoa
MPN - 43 MPN - 0
12 6 i 3.2 million MF - <€ 1,000 MF - € 1,000 (-ve) (-ve) protozoa
MPN - 1,100 MPN - 23
12 12 ¢ 2.8 million MF - < 1,000 MF - < 1,000 (-ve) (-ve) (-ve)

MPN - 14

MPN - 0




BACTERTIOLOGY VIROLOGY PARASITOLOGY
pLoT 3 STANDARD TOTAL FECAL PLAQUES
STTE 1 PLATE COUNT COLIFORM COLIFORM  SAIMONELLA IDENTIFICATICN
1 YEAR
LATER S.E. RAW SIUDGE INJECTED
3m 8 x 10° MPN - 93 MPN - 0
MF-< 1000 MF- <1000 (~ve) (-ve) 42 larvae (2 unaffected
by HCL)
6" 8 x 10° MPN - 240 MPN - 0
MF- <1000 MF- (1000 (=ve) (=ve) 16 larvae (3 unaffected
by HCL)
18" 3 X 10° MEN - 0 MEN - 0 |
] M- {1000 MF- {1000  (-ve) (~ve) (~ve)
66V 4 x 10° MPN - 0 MPN - 0
M- {1000 MF- {1000  (-ve) (-ve) 4 larvae (2 unaffected by
HCL)
>
eV 3 x 10° MPN - 0 MPN - 0
MF-< 1000 Mr- 1000 (~ve) (~ve) 4 larvae
%
l26\‘/ 3 x 10° MPN - 0 MPN - 0
MF- {1000 vF- {1000  (-ve) (~ve) 6 larvae
> .
512V 4 x 10° MPN - 0 MPN - 0
MF- € 1000 MF-{ 1000  (-ve) (-ve) 1 ova




Note:

PIOT 4 SITE 1

INJECTED SE RAW

To express coliform results as MPN/100 ml, and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.



BACTERTIOLOGY VIROLOGY PARASTITOLOGY
PLOT #4 STANDARD PLAQUES
SITE 1 PLATE COUNT TOTAL COLIFORM FECAL OOLIFORM  SALMONELIA IDENTIFICATION
Background
Samples
6" 900,000 MF-1000 MF-1000
MPN-75 MPN-75 (~ve) (-ve) nematode larvae
12" 2.2 million MF-4000 MF<1000
MPN-93 MPN-93 (-ve) (-ve) (-ve)
SE Raw Sludge 2300 million MF>300 million MF-123 million Sal.typhimurium (-ve) Strongles ova
MPN-150,000+ MPN-150,000+
1 Week
Later
3" 113 million MF<1000 MF<1000 Protozoa,
MPN-1500 MPN-75 (-ve) (-ve) Nematode larvae
6" >300 million MF>3 million MF?>3 million Protozoa,
MPN-150,000+ MPN-150,000+ Sal.typhimurium (-ve) nematode larvae,
' strongles ova
8" >300 million ‘MF-110,000 MF-7,000 : protozoa
) MPN-46,000 MPN-46,000 (-ve) (-ve)
=3
6 64 110 million - MF<1000 MF<1000
MPN-1100 MPN-4 (-ve) (-ve) protozoa
— .
6 124 98 million MF<1000 MFL1000 protozoa
MPN-1100 MPN-7 (-ve) (-ve) nematode larvae
& adult 2
12 6 109 million MF<1000 MF<1000
MPN-150 MPN-4 (-ve) (-ve) (-ve)
=
12 12¢ 99 million MF <1000 MF <1000
MPN-43 MPN-7 (-ve)- (-ve) nematode larvae




BACTERIOLOGY VIROLOGY PARASITOLOGY
PLOT #4 STANDARD PLAQUES
SITE 1 PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM  SAIMONELIA IDENTIF ICATION
1 Month
Later
3" 8 million MF-9000 MF-1000
MPN-4600 MPN-1500 (-ve) (-ve) strongles ova,
nematode larvae
6" >300 million MF-150,000 MF-50,000
MPN-150,000+ MPN-46,000 Sal.typhimuriun (-ve) Protozoar strongle
ovar nematode
larvae
18" £100,000 MF<1000 MF <1000
MPN-240 MPN-93 (=ve) (-ve) (=ve)
6 6V 1.7 million MF<1000 MF <1000
MPN-9 MPN-0 (-ve) (-ve) (-ve)
6 12¢ 1.4 million MF<1000 MF <1000 protozoa,
MPN-4 MPN-0 (-ve) (-ve) nematode larvae
12 6 5 million MF <1000 MF <1000
MPN-0 MPN-0 (~ve) (~ve) (—ve)
12 12 4.4 million MF <1000 MF <1000 nematode
MPN-4 MPN-0 (-ve) (-ve) larvae
3 Months
Later
3" >300 million MF-6000 MF-2000 Sal. typhiimrium nematode larvae,
MPN-11,000 MPN-4600 var. copenhagen (-ve) strongle ova
6" >300 million MF-3000 MF-1200 nematode larvae,
MPN-1500 MPN-1500 (=ve) (-ve) strongle ovar
mites spiders
18" >300 million MF<100 MF<100
MPN-240 MPN-43 (-ve) (=ve) (-ve)
oY |
6 6\ 300 million MF <100 MF <100
MPN-0 MPN-0 (~ve) (-ve) (=ve)




BACTERTIOLOGY VIROLOGY PARAS ITOLOGY
PLOT #4 STANDARD PLAQUES
SITE 1 PLATE OOUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELLA IDENTIFICATION
CONT'D.
- j
6 12V >300 million MF<100 MF <100
MPN-0 MPN-0O (-ve) (-ve) nematode larvae
- l .
12 6 >300 million MF <100 MF <100
MPN-0 MPN-0 (-ve) (-ve) nematode larvae
12 12V >300 million MF <100 MF <100
MPN-0 MPN-0 (-ve) (~ve) (-ve)




BACTERIOLOGY VIROLOGY

, , . o " PARASITOLOGY -
PIOT 4 STANDARD - TOTAL FECAL PLAQUES
SITE 1 PLATE COUNT COLIE'ORM COLIFORM. SATMONELLA - IDENTIFICATION
1 YEAR
IATER  S.E. RAW SLUDGE INJECTED
3" 9 x 10° MPN - 75 MPN - 0
MF-< 100 MF- {100 (=ve) (-ve) 1 nematode ova
6" 2 X 106 MPN; 6 MPN. - )
MF-< 100 MF- ¢ 100 (~ve) (~ve) (-ve)
18" 4 x10° MPN - 4 MPN - 3
MF- <100 MF- <100 (-ve) (~ve) (-ve)
eV 4 x 10% MPN - 1500  MEN - 4 ‘ -
o o \ MF-<100 MF- {100 (-ve) (-ve). (-ve)
?12"‘/ 4x 100 MEN - 240 MPN - 0 ‘
R MF-<100 M- (100 (~ve) (=ve) (~ve)
=> 26
12 6 6 X 10 MPN - 14 . MEN — _
MF-< 100 MF-<100  (-ve) (~ve) (-ve)
TV exw
12 6 X100 MPN - 43 MPN - 0 .
' MF-<100 MF-<100 (-ve) (~ve) (-ve)
SITE 2 ‘ 5
6" 1.1 X 10 MPN — 460 MPN - 29
MF- <100 MF-< 100 (-ve) (~ve) ND
SITE 3 6
6" 7 X 10 MPN — 240 MPN — 0
MF-< 100 MF-<£100 (-ve) (~ve) ND




Note:

PLOT 4 SITE 2

INJECTED NE DIGESTED SLUDGE

To express coliform results
SPC results as colonies/ml,

as MPN/100 ml and MF/100 ml, and
multiply these results by 2.



VIROLOGY

BACTERIOLOGY PARASTITOLOCY
PLOT 4 STANDARD PLAQUES
SITE 2 PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM  SAIMONELLA IDENTIFICATION
Background
Samples
6" 10 million MF <1000 MF <1000
MPN-43 MPN-0 (-ve) (-ve) protozoa
12" 25 million MF <1000 MF<1000
MPN-240 . MPN-0O (-ve) (-ve) nematode larvae
NE Digested  >300 million MF-40,000 MF-30,000 protozoa,
Sludge MPN-46,000 MPN-24,000 (-ve) (-ve) nematode larvae
1 Week
Later
3" >300 million MF-900 MF-500 protozoa,
MPN-11,000 MPN-1500 (-ve) (~ve) strongles ova,
nematode larvae
6" >300 million MF-38,000 MF-23,000 protozoa,
MPN-110,000 MPN-46,000 (-ve) (-ve) strongles ova
i8" 2300 million MF-4000 MF-1400
) MPN-7500 MPN-1500 (-ve) (-ve) protozoa
6 61 200,000 MF-<100 MF-<100
MPN-43 MPN-9 (-ve) (-ve) protozoa
R
6 12 3,700,000 MF <100 MF{100
MPN-29 MPN-0 (-ve) (-ve) nematode larvae
_D
12 6 1,500,000 MF <100 MF<100 protozoa,
MPN-4 MPN-0 (-ve) (-ve) nematode larvae
12 12 6,000,000 MF <100 MF <100 protozoa,
MPN-1100 MPN-9 (-ve) (-ve) nematode larvae
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BACTERTIOLOGY VIROLOGY PARAST'IOLOCY
PLOT #4 STANDARD PLAQUES
SITE 2 PLATE COUNT TOTAL COLYFORM FECAL COLIFORM  SAIMONELLA IDENTIFICATION
1 Month
Later
3" >30 million MF-8000 MF-5000 o - nematode larvae
MPN-15,000 MPN-4600 Sal.heidelberg (-ve) protozoa -
6" >30 million MF-27,000 MF-2,000 protozoa, ..
MPN-24,000 MPN-24,000 (-ve) - (=ve) strongles ova,
nematode larvae
18" 1.5 million MF<1000 MF <1000
MPN-75 MPN-39 (~ve) (-ve) protozoa
6 6V 3.1 million MF-2000 MF <1000 . .
MPN-210 MPN-93 (~ve) (=ve) nematode larvae
T o1 1.4 million MF<1000 MF<1000 .
MPN-23 - MPN-23 (-ve) (-ve) (-ve)
- ' ,
12 eV 5.2 million - MF <1000 MF <1000 .- , protozoas
’ MPN~93 MPN-4 (-ve) (=ve) nematode  lLarvae
=3
12 12¥ 7.3 million MF<1000 MF<1000 ,
MPN-3 MPN-0 (=ve) (-ve) protozoa
3 Months
Later
3" 96 million MF-2100 MF-200 nematode larvae,
: MPN-460 MPN-43 (-ve) (-ve) mite
6" 190 million MF-100 MF <100
MPN-1100 MPN-460 (-ve) (—ve) nematode larvae
18" 41 million MF-200 MF-100
MPN-1100 - MPN-43 (-ve) (-ve) (~ve)
= U s
6 6 45 million MF<100 MF {100
MPN-15 MPN-0 (-ve) - (-ve). (~ve)
6 124 120 million MF 100 MF 100
MPN-4 MPN-4 MPN-0 (-ve) (~ve) nematode larvae




BACTERIOLOGY VIROUOOY DARASTIOLOCY
PLOT #4 STANDARD PLAQUES
SITE 2 DI 2TE QOUNT TOTAL COLIFORM FECAL QOLIFORM SATMONELILA TDENTIFICATION
CONT'D.
—_—
12 6V 52 million MF£100 MF <100
MPN-7 MPN-0 (-ve) (~ve) (~ve)
12 12“‘/ »300 million MF <100 MF<100
MPN-0 MPN-0 (-ve) (-ve) (=ve)




Note:

PLOT 4 SITE 3

INJECTED NE RAW SLUDGE

To express coliform results as MPN/100 ml and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.
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BACTERIOLOGY VIROLOCY DPARAST'IOLLCY
PLOT # &4 STANDARD PLAQUES
SITE 3 . PLATE COUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELLA IDENTIFICATION
Background
Samples
6" 30 million MF<1000 MF <1000 protozoa,
MPN-4 MPN-0 (-ve) (-ve) nematode larvae
12" 2300 million MF<1000 MF<1000
. MPN-15 MPN-0 (-ve) (-ve) protozoa
NE Raw 300 million MF 44,000 MF-11,000 | protozoa,
Sludge MPN-110,000 MPN-21,000 (-ve) (-ve) strongles ova,
nematode larvae
1 Week
Later
8" >300 million MF=-24000 MF-16000 L
MPN-110,000 MPN-7500 (-ve) (-ve) nematode larvae
6" >300 million MF-180,000 MF-153,000 Sal.typhimurium protozoa,
MPN-150,000+ MPN-150,000+  Sal, typhimurium var(-ve) nematode larvae
g : copenhagen
18" 2,500,000 MF-6000 MF-1000
MPN-11000 MPN-4600 Sal.typhimurium (-ve) protozoa
=
6 64 1300000 MF-100 MF <100
- MPN-1500 MPN-43 (-ve) (-ve) protozoa
6 12V 000,000 MF-<100 MF- {100
MPN-150 MPN-93 (-ve) (-ve) protozoa
12, eV 300,000 MF<100 MF <100
; e MPN-0 MPN-0 - (-ve) (~ve) (-ve)
12 12} 10,000,000 MF-3000 MF-200
MPN-4600 MPN-460 (-ve) (~ve) - nematode larvae




BACTERIOLOGY VIROLOGY PARASITOLOGY

PLOT # &4
Site 3 STANDARD PLAQUES
PLATE COUNT TOTAL COLIFORM FECAL, COLIFORM  SAIMONELLA IDENTIF ICATION
1 Month later
3 14.6 million MF - 14,000 MF <4 1,000 (-ve) (-ve) protozoa,
MPN - 11,000 MPN 1,500 ' nematode larvae
6" 17.2 million MF - 15,000 MF 6,000 Sal. typhimurium (-ve) nematode larvae
MPN - 24,000 MPN 11,000
18" > 30 million MF - 8,000 MF 2,000 (-ve) (-ve) nematode larvae
MPN - 11,000 MPN - 1,500
q .
6 6 ¢ 2.3 million MF < 1,000 MF < 1,000 (-ve) (-ve) (-ve)
MPN 9 MPN 4
—
6 12 § 8.2 million Mf < 1,000 MF < 1,000 (-ve) (-ve) (-ve)
MPN - 9 MPN 9
Ja——
12 6 $ 5.3 million MF < 1,000 MF £ 1,000 (-ve) (-ve) nematode larvae
MPN - 23 MPN 4
—
12 124/ 7.1 million MF < 1,000 MF < 1,000 (-ve) (-ve) protozoa,
MPN - 21 MPN 15 strongles ore
3 Months later
3 150 million MF - 500 MF 100 (-ve) (-ve) nematode larvae
MPN 11,000 _ MPN 460 o
6" 170 million MF - 400 MF < 100 (-ve) (-ve) nematode larvae
MPN - 1,100 MPN 93
18" 44 million MF - 100 MF < 100 (-ve) (-ve) mnematode larvae
MPN — 150 MPN — 4
—-’
6 6 L 54 million MF - < 100 MF - < 100 (-ve) (~ve) (-ve)
MPN — 7 MPN- 0
—>
6 12, 55 million MF - <& 100 MF < 100 (-ve) (-ve) (~ve)
MPN - 43 MPN - 0
=7
127 6 J, 69 million MF < 100 wuF < 100 (~ve) (-ve) (-ve)
MPN - 21 MPN - 0
1; 12\1 40 million MF < 100 MF < 100 (-ve) (-ve) nematode larvae
MPN - 4 MPN - 0




Note:

PLOT 5 SITE 1

INJECTED SE RAW SLUDGE

To express coliform results as MPN/100 ml and MF/100 ml, and
SPC results as colonies/ml, multiply these results by 2.



'LOT  #5 BACTERTOLOGY VIROLOGY PARASITOLOGY

Site 1 STANDARD PLAQUES
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM  SAIMONELLA IDENTIFICATION O

Background Samples ¢

6" 300,000 MF - £ 100 MF < 100 (-ve) (-ve) Protozoa
MPN — 0 MPN - 0
12" 720,000 MF £ 100 MF <100 (-ve) (-ve) Protozoa,
MPN — 93 MPN 0 nematode larvae
S.E. RAW
Sludge 70 million MF - 2.9 million MF - 1.6 million Sal. typhimurium #*ve) adult nematode
MPN - 150,000+ MPN - 150,000+ var. copenhagen (200 pfulitre)
(poliol)

1 Week Later

3" 9.7 million MF - 1,523,000 MF > 2,000 (-ve) (-ve) (-ve)
MPN - 110,000 MPN 39,000t :
6" 200 million MF - 700,000 MF 220,000 (-ve) (~ve) strongles,
MPN - 150,000+ MPN 150,000+ nematode larvae
18" 30 million MF - 160,000 MF 150,000+ (~ve) (-ve) (-ve)
MPN - 150,000+ MPN 46,000
6 61' 42 million MF - 6,000  MF 5,000 (-ve) (-ve) protozoa
MPN - 4,600 MPN 4,600
—”
6 12\J/ 6.5 million MF - 1,000 MF < 1,000 (-ve) (-ve) (-ve)
MPN - 11,000 MPN 9
_ﬂ
12 6 ¢ 5.5 million MF - 2,000 MF - 2,000 (-ve) (-ve) nematode larvae
MPN - 15,000 MPN- 1,500
—
12 IZ‘L 3.9 million MF - 1,000 MF - 1,000 (-ve) (-ve) nematode larvae
MPN - 1,500 MPN 150




APPENDIX II

ORGANIC MICROPOLLUTANTS



Report to the City of Winnipeg
Waterworks Waste & Disposal Department

on the

Analysis of Raw and Digested Sewage.SIUdge and
Sludge-Amended Soil for Organic Micro Pollutants

prepared by

B.P.KRAWCHUK and G.R.B.WEBSTER
PESTICIDE RESEARCH LABORATORY
DEPARTMENT OF SOIL SCIENCE

UNIVERSITY OF MANITOBA
WINNIPEG, MANITOBA, R3T 2N2

March 29, 1982

1. ABSTRACT

A method of sewage sludge disposal is to spread or inject it onto or
into agricultural land as an amendent. City of Winnipeg raw and digest-
ed sewage sludge was analysed, to determine whether it contained any of
the following E.P.A. organic priority pollutants; 2,4-dichlorophenol,
4-nitrophenol, 2,2°,4,4°,5,5 ~hexachlorobiphenyl, and bis(2-ethylhexyl)-
phthalate. Of these four compounds, only trace amounts of the phthalate
were detected in the raw and digested sludges.

Analysis of the sludge-amended soil (one month post-injection) did
not find any of thé phthalates originally present in the sludge. This

indicates that these compounds are degraded quite rapidly in the soil.

-1 -



2. INTRODUCTION

Raw and digested sewage sludge was sampled by City of Winnipeg per-
sonnel at the North End and South End Pollution Control Centers. The
samples, in 2.5 L bottles, were stored at -35°C until they could be
analysed. For the analysis, the bottle of sludge was allowed to thaw in
the laboratory over night, with 100 mL of methanol added to the bottle
as a preservative.

Sludge-amended soil and control soils were sampled by Pesticide Re-
search Laboratory personnel at the Southend Pollution Control Center
sludge injection field site. The samples, in 500 mL wide-mouth jars

were stored at -35°C until they could be extracted and analysed.

3. EXTRACTION PROCEDURE

3.1 RAW AND DIGESTED SLUDGE

An 80 mL portion of well mixed sludge was placed in a stainless steel
Waring blendor with 20 mL of saturated magnesium'sulphate solution and
the pH was adjusted to < 2 with 6 N sulphuric acid. This mixture was
blended with 80 mL of methylene chloride for one minute and then placed
in a 250 mL centrifuge tube and centrifuged at 1000 rpm for 15 min. The
aqueous layer was decanted into a 250 mL separatory funnel and the re-
maining organic solvent-solid emulsion was blended for 45 seconds and
centrifuged again. From the resulting liquid-solid two phase system,
the organic layer was drawn off with a pipette and placed in a 500 mL
roundbottom flask by passing it through a granular sodium sulphate fil-

ter. The solid material was reextracted with methylene chloride (2 X 50

mL).



The aqueous portion was extracted with methylene chloride (3 X 50
mL). The extracts were passed them through the sodium sulphate filter
and combined. One mL of 2,2,4-trimethylpentane was added as a keeper
and the methylene chloride was removed under reduced pressure on a Buchi
Rotovaporator~R. The concentrated éxtract (1 mL) was quantitatively
transferred to the head of a 5 gram silica clean-up column. The column
was eluted with 60 mL of methylene chloride into a 100 mL roundbottom
flask, and the methylene chloride was removed under reduced pressure.
The concentrated extract was quhntitatively transferred to a 15 mL amber
bottle with hexane. The sample was concentrated under a stream of dry
nitrogen, and taken up in 4 mL of hexane.

The samples were found to be contaminated with sulphur; the sulphur
was removed by shaking the extract with a drop of clean mercury and
passing‘the extract through a 5.0 g silica column. It was found that
this clean-up method was inadequate as it did not remove all the sulp-
hur. An alternate method of clean-up, with modification, was found to
remove all the sulphur from the samples. This method (EPA 600/8-80-038)
incorporated a small amount (0.5 -1.0 g) of bright copper powder into
the top half of a 5 g silica clean up column and eluting the extract
through it with 30 - 40 mL of methylene chloride. The eluant was con-
centrated under a stream of dry nitrogen and taken up in 4mL of hexane,

and analyzed by GC.



3.2 SLUDGE-AMENDED SOIL

25 grams (wet weight) of thawed sludge-amended soil is placed in a
pre-extracted Whatman Cellulose 25 X 80 mm extraction thimble and Soxhl-
et extracted for 4 hours with acetone:benzene (30:70) and 4 h with meth-
anol. The acetone:benzene extract is concentrated and combined with the
methanol extract and concentrated again. The aqueous residue is com-
bined with 25 mL of saturated aqueous magnesium sulphate and extracted

with methylene chloride (3 X 30 mL) and worked-up as before.

4. GAS CHROMATOGRAPHIC ANALYSIS

The analysis was performed on a Varian Series 2400 gas chromatograph
equipped with a SGE inlet splitter and a J & W fused silica capillary
column (30 m X 0.254 mm i.d.) coated with SE 54 (0.25 um). Helium car-
rier gas flow rate: 2lcm/sec, make-up gas: 5% methane in argon. Temper-
atures (C): injector, 260; column, 100 - 250 (at 4 deg/min) 250 C for 45
min; detector, 290. Injection volume of 0.4 ulL was used. The injector
split ratio was determined to be 25:1.

The Antek EC Linearizer was operated at the following settings: at-

tenuation 32; pulse interval 500 us; and pulse width 1 us.

R .



5. RESULTS

TABLE 1

Tabulation of Sludge Analysis Results

Sludge Date Sample' " Compounds Present
Description Sampled No. (1) (2) (3) (&)
Raw SEWPCC May 25-29/81 35 | - - - -
Digested NEWPCC May 22-29/81 31% - - = tr
Raw NEWPCC May 25-29/81 34 - - - e
Raw SEWPCC July 6-10/81  38* - - - -
Raw NEWPCC July 19-25/81 22 - - - -

Digested NEWPCC July 19-25/81 26 - - - -
Raw NEWPCC Aug 31-Sept 4/81 7 - - = -

Raw SEWPCC Aug 31-Sept 4/81 20 - - - -

Raw SEWPCC Oct 5-9/81 15 - - - -
Raw NEWPCC Oct 18-24/81 3* - = = tr
Digested NEWPCC Oct 18-24/81 11* - - = tr
(1) = 2,4-dichlorophenol

(2) = 4-nitrophenol

(3) = 2,2°,4,4°,5,5'-hexachlorobiphenyl

(4) = bis(2-ethylhexyl)phthalate

- = not detected
tr = trace
X = present (not quantitated at this time)

* gee attached EC chromatogram



TABLE 2

Organic Pollutants in Sewage Sludge

Description Compound Quantity
of Sludge Name in the
extract
ug/mL
May 22-29/81 pentachlorophenol 3.0
NEWPPC digest- phenanthrene 5.0
ed sludge fluorane 0.645
butylbenzylphthalate 1.5
di-n-octylphthalate 1.2

bis(2-ethylhexyl)phthalate 40.0

Oct 18-24/81  acenaphthylene .120

NEWPCC digest- anthracene and/or 7.3

ed sludge phenanthrene
fluorene 1.1
pyrene ' 1.6
N-nitrosodiphenylamine 9.4
butylbenzylphthalat; 1.6
di-n-butylphthalate 111,
di-n-octylphthalate .5

bis(2-ethylhexyl)phthalate 15.0

1,2-diphenylhydrazine .3

* based on 3.6% solids in an 80 gram sample

Quantity
in
original
sample
ug/mL
.15
.3
.032
.075
.06

2.0

. 006

.365

.06
.08
47
.08
5.56
.025
.75

015

Quantity

on a per
weight
basis*
ug/g
4.2

6.9

55.6

.167

10.1

13.1

154.2
.69
20.8

42



6. DISCUSSION

Of the four compounds selected for investigation, only one of them,
bis(2-ethylhexyl)phthalate, was detected at trace amounts (see Table 1).
A representative sample of.each of the sludge extracts was sent to Dr.
S. Lesage at the Canada Center for InIand Waters in early February. The
result; of the analysis for two of the sludge extracts are tabulated in
Table 2 They indicate that there aré significant levels of a number of
phthalates present in the digested sludges. Tabak et al. (1981) stud-
ied the biodegradability of organic priority pollutants and found that
all of the phthalates were Qegraded (93-100% degradation in 7 days).
Bis(2-ethylhexyl)phthalate and di-n-octylphthalate were found to be the
most persistent of the phthalates examined with 94-95% and 93-94% losses
respectively after 7 days;

An additional &4 samples (Figs. 1-4) were sent in early March due to
the heavy contamination of the first set with sulphur. This second set
was concentrated and cleaned-up for sulphur using the EPA copper method
(modified). Unofficial results from Dr. Lesage indicates that the large
amounts of other organics present in the sample make the analysis for
the compouﬁds of interest (Figs. 1-4) impossible.

The analysis of the amended soii shows little if any of the compounds
present in the sludge (Fig. 5 & 6).  The major peaks in these chromato-
grams are due to coextractives from the cellulqse thimbles (compare
Fig;. 5 & 6 with Figs. 7 & 8); The soil éamples exanmined were one week
and one month post injection of both raw and digested sludges. Neither
typé of sample showed any carry-over of organic pollutants, thereby in-

dicating that they are degrading in the soil fairly rapidly.
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Figure 5: E.C chromatogram of an amended soil extract, one week post=-
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7. CONCLUSIONS

0f the four compounds which were selected for analysis only the
phthalate was detected in any appreciable amount in the raw and digested
sludges. In the analysis of the slugde-amended soils, the raw injected
samples sgill gave a high reading of compounds after one week., Whereas,
after a month the sample was virtually °‘clean’ of any organic compounds
which originated from the sludge.

From an environmental standpoint the quantities of these pollutants
is small enough that the soil micro-organisms are able to degrade them
in a fairly short time. It would appear to be feasible to dispose of
either raw or digested sewage sludge by direct injection into agricul-
tural land, provided that it is allowed to stand undisturbed for at

least one week where digested sludge is used and, a month where raw

sludge is used.

-12 -
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APPENDIX III

INORGANICS



1981 CONTRACT PROCRAM
TNORGANIC ANALYTICAL RESULTS

INJECTLON DATE: 1981 06 03 SLUDCE TYPE: SEWPCC RAW

NUTRIENTS METALS
SAMPLE P. NO3—N Ni Cd Cu Zn Cr Pb
BACKGROUND
50 om 10.4 21.4 46 [€0.02 | 25 88 62 13
300 mm 8.4 13.8 44 [€0.02 | 23 81 61 12
I WEEK
T75 NS NS NS NS NS NS NS NS
T150 26.2 16.0 42 [€0.02 | 30 88 60 15
T450 8.0 10.4 47 |<0.02 | 28 85 60 12
A1 50 15.8 16.4 43 |<0.02 [ 25 | 87 62 13
A300 11.4 12.0 40 1<0.02 | 23 79 55 11
B150 13.8 14.8 39 |<0.02 | 21 85 56 11
5300 13.2 12.8 45 [¢0.02 | 23 82 61 12
| MONTH
T75 25.6 25.0 37 0.09 | 27 79 59 15
T 41.0 174 40 0.13° T 36 79 65 16
TL50 12.2 7.0 46 <0.02 22 69 55 12
ALSO 15.2 7.0 35 0.06 | 19 23 56 10
A0 12.0 9.8 46 1€0.02 | 20 73 75 10
B150 B 11.2 8.2 43 [<0.02 | 23 77 61 11
K300 9.2 5.4 40 1¢0.02 | 20 77 57 11
3 MONTUS
T75 24.0 18.0 38 0.11 | 23 83 55 16
1150 53.4 114 45 0.12 | 45 93 65 19
T450 11.6 16.0 44 [<0.02 | 23 87 56 12
ALDO 12.8 9.0 40 1<0.02 | 22 80 60 12
AJCO 15.2 9.4 41 0.04 | 22 76 57 11
3150 13.0 7.8 44 0.04 | 2 78 63 12
B300 19.8 12.8 43 0.06 | 21 79 60 13

All results are expressed in mg/kg dry weight of sample.

Note: Sample Locations:
T 79 - Trench 75 mm down.
T150 -

T45) - Trench 4530 mm down
Al50 150 mm from trench
A300 150 mm from trench
B150 - 300 mm from trench
B300 - 200 mm f£rom trench

, 150 mm down
, 300 mm down
, 150 mm down

Trench 150 mm down (Sludge pocket)

, 300 mm down.

1

Week — T-75-

No sample taken.




1981

CONTRACT PROGRAM

INORGANIC ANALYTLCAL RESULTS

INJECTION DATE: 1981 07 07 SLUDGE 1YPE: SEWPCC RAW
S

! NUTRTENTS METALS
SAMPLE P P. NO, - Ni cd Cu Zn Cr Pb

i
BACKGROUND ‘
150 om 7.2 5.2 40 <0.02 | 33 96 80 13
300 mm _“ j'L 10.4 7.8 47 0.08 | 29 g9 69 13

— L. .

I VIEEK ‘ !
T T 9.2 18.0 44 0.11 | 29 87 64 14
N - 36 3.8 57 0.23 1 68 115 97 27
T 11.6 14.8 42 0.10 [ 26 76 63 11
NED ' 5.2 4.6 50 0.05 | 28 84 64 12
Soo T 5.2 6.8 46 0.08 | 29 91 67 13
NEC 8.0 5.8 44 0.07 | 31 89 70 13
o0 10.0 7.6 45 0.09 | 30 90 69 13
e S ) i -
I MONTH |
7o | 18.0 18.6 42 0.16 | 29 99 63 16
T1IH0 ! 148 334 51 0.19 | 53 111 85 23
TLS0 T 8.8 42.0 42 0.07 | 28 .86 61 12
N ) 6.8 38.0 48 0.03 | 31 91 67 13
A0 8.2 18.6 45 0.06 | 30 90 67 13
R 5.2 | 11.2 | 44 0.07 | 29 89 67 12
B3 ) 9.0 10.2 45 0.09 | 29 89 62 13
3 MONTHS
h 22.6 7.0 41 0.18 | 30 100 64 17
T150 _ 106 264 47 0.13 | 50 108 79 20
T450 11.6 60.0 50 0.03 | 28 99 68 13
A150 20.0 66.0 46 0.08 | 27 92 65 13
ABTO 13.4 25.6 44 0.11 | 28 91 70 13
B150 22.0 13.0 43 0.12 | 30 101 66 15
B3O 12.8 13.8 52 0.03 | 26 89 76 12

All resulrs are expressed in

Note:  Sample Locations:

T 75 - Trench 75 mm down.
50 mm down (Sludge pocket)
T450 ~ Trench 450 mm down
Al150 ~ 150 mm from trench, 150 mm down
rom trench, 300 mm down
B150 — 300 mm from trench, 150 mm down

T150 ~ Trench 1

AJO0 -~ 150 min £

BR300 — 300 mm from

mg/kg dry weight of sample.

trench, 300 mm down.



1981

CONTRACT PROGRAM

INORGANLC ANALYTICAL RESULTS

TNJECTTON DATE: 1981 08 11 SLUDGE TYPE: SEWPCC RAW
NUTRIENTS METALS

SAMPLE P. N03—N Ni Cd Cu Zn Cr Ph

BACKGROUND

150 mm 14.2 . 19.2 40 0.14 26 88 59 12

300 mm 10.2 31.4 41 0.16 26 86 60 13

1 WEEK v

5 16.4 | 33.2° | 38 0.23 | 27 89 58 17

T150 166 52.0 55 0.49 {108 123 110 25

T450 . 8.8 184 36 0.10 22 69 55 10

A150 10.6 16.8 38 0.18 | 26 82 60 13

A300 12.4 22.6 40 0.12 25 80 61 13

B150 12.8 29.4 37 0.19 23 87 52 14

BR300 11.2 29.2 38 0.13 24 84 56 14

1 MONTH . -

T75 ) 15.2 | 58.0 39 0.19 | 26 90 56 15

T150 80.0 816 93 1.36 [342 241 236 58

T450 8.4 32.4 46 0.07 27 79 67 10

Al50 10.0 31.2 42 0.17 26 94 66 12

A300 8.3 22.9 48 0.15 27 91 69 12

3150 ) 8.4 | 24.2 44 0.17 | 26 94 64 12

R3O0 T ~ 8.0 26.0 53 0.14 | 26 81 78 11
MONTHS L

R 20.8 8.0 40 0.24 | 30 97 64 16

T150 I 140 160 54 0.48 103 124 100 23

T450 15.6 64.0 46 0.11 28 85 68 13

A) 50 12.0 30.0 40 0.18 27 92 62 13

A300 13.4 27.6 41 0.15 26 89 63 13

B150 15.6 22.4 39 0.21. | 26 93 60 . 13

B300 15.8 19.6 43 0.15 25 88 64 12

Ao surs—are—expressed—inmg/kg—dry-wedght—of—samples

Note:  Sample Louatiocns:

T 79 -= Trench 75 mm down.

T150 - Trench 150 mm down (Sludge pocket)

T450 — Trench 450 mm down

A150 — 150 mm from trench, 150 mm down

A300 - 150 mm from trench, 300 mm down \

3150 - 300 mm from trench, 150 nm down

B300 ~ 300 mm from t rench, 300 mm down.




1981 CONTRACT PROGRAM
INORGANIC ANALYTICAL RESULTS
INJECTION DATE: 1981 09 03 SLUDGE TYPE: SEWPCC RAW
NUTR1ENTS METALS
SAMPLE p. NO, -N Ni cd Cu Zn Cr Pb
BACKGROUND
150 mm 7.0 16.6 41 0.05 | 26 83 58 13
300 mm 9.2 20.8 37 0.05 | 24 70 48 10
] WEEK
75 6.8 12.4 39 0.11 | 25 85 56 15
T150 112 1.6 48 0.15 | 46 92 70 17
T450 7.0 3.0 42 0.08 | 25 82 56 11
A150 7.6 11.6 39 0.09 | 27 81 60 12
A300 7.6 11.4 36 0.08 | 24 73 54 11
B150 8.4 16.4 41 0.06 | 28 83 62 12
B300 6.8 14.4 41 0.10 | 27 80 59 12
1 MONTH
T75 12.8 10.6 39 0.12 | 30 88 61 15
T150 140 2.6 46 0.19 | 56 102 72 19
T450 9.2 7.6 39 0.08 | 27 77 57 11
A150 8.4 18.0 41 0.12 | 29 89 60 13
A300 10.6 17.4 41 0.12 | 28 88 60 14
B150 9.8 18.4 41 0.12 | 26 89 56 15
5300 8.0 17.6 38 0.12 | 26 84 56 13
3 MONTHS
T75 10.4 32.4 40 0.13 | 28 90 61 15
T150 70.0 7.8 48 0.19 | 51 103 70 18
T450 20.0 3.6 41 0.04 | 26 85 61 11
AL50 11.2 16.4 YA 0.08 | 25 89 63 14
A300 5.2 10.2 41 0.06 | 25 82 61 15
B150 6.8 14.8 46 0.03 | 23 94 64 14
1300 4.8 13.4 42 0.05 | 24 79 59 11
All results are expressed in mg/kg dry weight of sample.

Note: Sample Locations:

T 75 -~ Trench 75 mm down.

T150 — Trench 150 mm down (Sludge
T450 ~ Trench 450 mm down

Al150 -~ 150 mm from trench, 150 mm
A300 - 150 mm from trench, 300 mm
B150 - 300 mm from trench, 150 mm
B300 - 300 mm from trench, 300 mm

pocket)

down
down
down
down.




1981 CONTRACT PROGRAM
[NORGANIC ANALYTICAL RESULTS
INJECTION DATE: 1981 06 26 SLUDGE TYPE: NEWPCC RAW
NUTRIENTS METALS
SAMPLE P. NO3—N Ni cd Cu Zn Cr Ph
BACKGROUND
150 mm . 10.4 21.4 46 <0.02 { 25 88 62 13
300 mm A 13.8 4t <0.02 | 23 81 61 12
] WEEK
T75 6.4 12.0 37 0.08 | 25 83 59 14
T150 - 51.6 1.2 36 0.26 | 26 120 89 24
T4 50 3.8 8.0 34 0.07 | 21 67 52 10
4150 4.6 10.0 40 €0.02 | 25 85 63 13
A300 7.8 9.4 37 0.09 | 24 77 56 12
B150 3.4 7.0 40 0.02 | 24 80 65 11
B300 3.6 5.2 39 0.04 | 24 81 62 11
1 MONTH
T5 22.6 | 128 37 0.15 | 27 87 62 14
T150 7.8 1 193 38 0.37 | 33 145 114 31
T450 _ 8.3 23.1 35 0.10 | 23 78 59 10
A0 ] 5.2 9.2 38 0.06 | 23 81 63 12
A300 B 6.8 15.2 35 0.12 | 24 78 60 11
8150 o 5.8 18.2 38 0.06 | 23 79 62 1]
B3C0 6.4 11.4 36 0.09 | 22 73 61 12
3 _MONTHS
T75 11.8 11.0 39 0.15 | 26 88 58 14
1150 33.2 34.8 44 0,29 | 32 1372 93 31
T4650 8.4 18.2 45 0,11 | 29 87 61 12
A150 10.8 15.4 42 0,12 | 28 88 65 11
A300 7.6 17.6 39 0,12 1 25 16 51 10
B150 6.6 8.0 43 0.08 | 25 .88 62 12
B300 8.0 9,2 42 0.11_| 27 87 63 11
All results are expressed in mg/kg dry weight of sample.

150 mm down (Sludge pocket)

Note: Sample Locations:

T 7% — Trench 75 mm down.

TI50 - ‘irench

T450 - Trench 450 mm down

A150 - 150 mm from trench,
AJ00 = 150 mm from trench,
B150 — 300 mm from trench,
B300 = 300 mm from tronch,

150 mm down
300 mm down
150 mm down

300 mm down.




1981 CONTRACT
INORGANIC ANALYTTICAL RESULTS

PROGRAM

INJECTTON DATE: 1981 07 21 SLUDGE TYPE: NEWPCC RAW
NUTRIENTS METALS
SAMPLE P. N03—N N1i Cd Cu Zn Cr Pb
—
BACKGROUND
150 mm ) 4.6 3.4 L4 {0.02 27 90 67 14
300 m 8.4 8.2 42 0.06 | 28 86 63 15
| WEEK
T75 N 7.2 30.8 | 38 0.12 | 27 88 63 15
T150 84.0 10.6 42 0.59 | 38 206 109 40
T450 12.4 11.2 43 0.13 | 28 89 69 15
A150 4.8 4.8 40 0.10 | 27 78 61 12
4300 _ 4.4 9.0 39 0.10 | 26 80 59 14
B150 3.4 3.4 47 {0.02 | 27 82 61 13
B300 6.4 9.8 42 0.09 | 28 89 60 15
1 MONTH
T75 ' 11.6 29.2 40 0.12 | 28 89 63 16
T150 80.0 | 194 46 0.49 | 38 186 97 36
TL50 10.0 20.8 48 0.06 | 26 84 77 13
ALS50 3.6 7.2 43 (0.02 | 28 92 67 12
2300 5.8 12.8 bt 0.03 | 26 84 72 12
B150 4.8 10.8 42 0.08 | 27 90 68 13
B300 6.4 10.4 42 0.08 | 26 84 66 13
3_MONTHS
7S 13.2 6.8 48 0.12 | 30 92 65 14
T150 70.0 34,2 46 0.22 | 32 133 77 20
T450 6.4 25.8 47 0.07 | 27 93 70 12
A150 4.6 6.0 49 K0.02 | 29 84 72 11
A300 5.4 8.6 51 0.05 [ 27 89 78 11
B150 5.8 3.2 45 0.03 | 27 90 62 12
£300 5.4 6.6 45 0.04 | 25 77 69 11

All results are expressed in

Note: Sample

lLocations:

T 75 - Trench
T150 - Trench
T450 - Trench
A150 — 150 mm
A300 - 150 mm
B150 - 300 mm
B300 - 300 mm

75 mm down.

150 mm down (Sludge pocket)

450 mm down
from trench,
from trench,
from trench,
from 1t rench,

150
300
150
300

mm down
mm down
mm down
mm down.

mg/kg dry weight of sample.



1981 CONTRACT
INORGANIC ANALYTICAL RESULTS

PROGRAM

INJECTION DATE: 1981 08 26 SLUDGE 1YPE:  NEWPCC RAW
NUTRTENTS METALS
SAMPLE P. NO, -N N1i cd Cu Zn Cr Pb
BACKGROUND
150 mm 3.6 9.6 51 0.05 31 87 64 13
300 mm 6.0 20.0 45 0.12 | 27 88 61 14
| WEEK
T75 9.2 26.6 44 0.20 | 29 97 62 16
T150 67.2 2.8 43 0.53 | 33 135 96 23
THH0 8.0 10.2 42 0.12 | 25 79 56 12
A150 4.8 7.6 45 0.10 | 27 78 59 11
A300 5.2 16.0 44 0.12 | 22 86 58 13
B150 4.0 8.4 51 0.09 | 25 89 65 13
B300 6.0 17.8 46 0.14 | 23 89 62 14
1_MONTH
T75 11.6 38.4 46 0.22 | 24 100 65 16
T150 19.2 76 48 0.22 | 26 105 76 16
T450 32.0 44,0 43 0.16 | 23 89 64 13
AT50 5.8 10.4 43 0.09 | 21 78 55 12
A300 5.8 15.2 42 0.11 | 18 74 51 11
B150 5.2 9.4 42 0.12 | 29 80 60 13
B300 6.4 9.4 43 0.15 | 26 78 61 11
) MONTIS
T75 16.0 42.0 42 0.21 29 99 64 16
TI50 106 104 44 0.97 | 52 199 141 37
T4 50 14.0 42.0 43 0.11 | 29 85 63 12
A150 4.2 11.2 49 0.10 | 32 86 65 13
AZGO 6.4 8.2 44 0.13 ] 30 81 61 12
8150 6.0 11.2 46 0.12 | 30 88 65 13
B300 4.6 10.2 44 0.12 | 28 85 62 13

All results are expressed in

Note:  Sample Locatiows:

T 79 = Trench 75 mn down.

T150 — Trench 150 wm down (Sludge
T450 — Trench 450 mm down

A150 — 150 mm trom trench, 150 mm
A300 = 150 mm from trench, 300 mm
B150 -~ 300 mm {rom trench, 150 mm
B300 - 300 mm from trench, 300 mm

mg/kg dry weight ot

pocket)

down
down
down
down.

sample.




1981 CONTRACT PROGRAM
INORGANIC ANALYTICAL RESULTS

INJECTION DATE: 1981 06 22 SLUDGE TYPE: _ NEWPCC DIGESTED
NUTRIENTS METALS
SAMPLE P. NG, -N Ni cd Cu Zn Cr Pb
BACKGROUND
150 mm 10.4 21.4 46 | <0.021 25 88 62 13
300 mm 8.4 13.8 44 1<0.02] 23 81 61 12
| WEEK
T75 22.5 35.4 38 0.11| 28 86 67 23
T150 44.5 7.0 47 0.10] 45 87 92 19 |
T450 6.8 8.8 42 1<0.02] 27 82 63 13
A150 7.2 7.8 40 0.02| 27 93 68 13
A300 5.0 7.0 45 0.02| 28 85 72 13
B150 9.2 7.8 43 0.03] 28 89 72 13
B300 6.4 7.6 43 0.07] 27 88 72 12
1 MONTH
T75 22.6 106 39 0.15| 28 95 69 19
T150 21.0 132 44 0.06| 29 105 79 47
T450 4.2 13.0 41 0.04] 25 81 62 11
A150 3.4 8.0 48 | <0.02] 27 93 72 12
A300 8.4 13.6 42 0.07] 26 79 64 13
B150 6.4 12.4 43 | <0.02| 27 80 63 12
B300 . 6.8 8.4 41 0.06] 24 73 58 11
3 MONTHS
T75 17.8 3.4] - 38 0.12| 27 87 60 16
T150 34.0 2.4 36 0.09] 27 87 61 38
T&450 4.0 9.6 43 [€0.02] 25 82 59 12
AT50 5.8 3.6 38 [<0.02] 21 76 54 11
A300 5.8 3.0 37 0.02] 21 65 51 10
B150 7.2 4,4 44 [L0.02] 29 81 65 11
B300 7.2 6.4 41 |€0.02] 26 68 61 10

All results are expressed

Note¢: Sample Locations:

T 75 - Trench 75 mm down.
T150 - Trench 150 mm down
T450 - Trench 450 mm down
Al150 — 150 mm from trench,
A300 - 150 mm from trench,
B150 - 300 mm from trench,
B300 - 300 mm frem trernch,

in mg/kg dry weight of sample.

(Sludge,pdckéﬁ)l‘fﬁp'”

150
300
150
300

mm down
mm . down

mm- down- i

mm down. .

[



1981 CONTRACT PROCRAM
INORGANIC ANALYTICAL RESULTS

INJEGTION DATE: 1981 07 21 SLUDGE TYPE: NEWPCC DIGESTED
NUTRIENTS METALS
SAMPLE P, NO, -N N1i cd Cu Zn Cr Pb
BACKGROUND
150 mm 10.4 16.2 45 0.07 26 87 66 12
300 mm 10.4 29.0 50 0.08 27 91 79 14
1 WEEK
T75 34.2 76.0 42 0.26 | 34 134 89 22
T150 51.8 28.2 43 0.32 |36 143 101 25
TL50 8.2 16.8 41 0.09 | 29 62 66 11
A150 4,2 6.2 40 0.05 | 29 86 62 10
A300 A 11.8 42 0.09 | 27 87 66 10
B150 4.8 13.8 43 0.07 | 27 91 64 11
5300 7.6 16.0 47 0.07 |29 87 70 12
] MONTH
T75 ] B 24.0 82.0 40 0.21 | 34 110 75 21
T150 62.6 | 164 43 0.24 | 36 88 93 24
T450 6.0 28.0 41 0.05 |26 132 64 13
A150 5.6 8.4 44 0.02 |27 91 67 12
A300 . 6.8 13.2 42 0.06 | 26 87 65 12
B150 5.4 10.2 46 0.02 | 28 91 69 12
8300 7.2 12.4 48 0.05 | 27 84 69 12
3 MONTHS
T75 23.4 14.6 39 0.23 {31 106 66 18
T150 50.4 46.0 35 0.31 |33 127 79 27
T4L50 6.8 37.2 41 0.09 |27 73 55 10
A150 6.0 5.2 44 0.09 | 27 84 60 11
A300 11.2 12.0 40 0.10 123 77 57 11
3150 5.8 4.8 4) 0.11 [ 25 82 57 11
B300 5.2 7.2 46 0.10_1 28 85 64 12
All resulls are expressed in mg/kg dry weight of sample.

Note: Sample Locations:

T 79 - Trench 75 mm down.
T150 - Trench 150 mm down
T450 = Trench 450 mm down
Al50 = 150 mm from trench
ABO0 - 150 wmm from trench,
B150 — 300 mm

B300 — 300 mm from trench

(Sludge pocket)

, 150 mm down

300 mm down

from trench, 150 mm down

, 300 mmn down.




1981

CONTRACT

PROGRAM

TNORGANIC ANALYTICAL RESULTS

INJECTION DATE: 1981 08 26 SLUDGE TYPE: NEWPCC DIGESTED
NUTRIENTS METALS

SAMPLE pP. NOq—N Ni Cd Cu Zn Cr Pb

BACKGROUEQ_

150 mm 3.6 10.8 43 0.09 26 82 65 12

300 mm 6.8 16.0 42 0.11 25 1.82 65 12

1 WEEK

175 1l.4 68.0 39 0.20 | 28 99 66 15

T150 4. 58,2 8.0 42 0,51 1 40 151 101 24

1450 4 15.2 27.0 41 0,12 | 27 85 64 12

A150 1.2 8,8 44 0,10 27 88 65 12

A300 3.2 16.2 38 0.1 25 79 57 12

B150 1.8 11.0 44 0.06 | 27 78 64 12

B300 o 7.2 17.2 4] 0,11 24 83 £2 13

1 _MONTH_

175 _21.8 | 124 40 0.27 |30 108 71 17

T150 32,0 134 39 0.30 31 116 82 16

T450 7.2 25.4 38 0.24 29 105 73 15

Al59 6.6 10.8 41 0.12 26 93 61 12

A300 7.0 19.2 39 Q.14 25 87 58 13

B150 _ 5.2 12.4 44 0.09 25 93 62 12

B300 4.6 13.0 50 0.07 24 88 71 12

3 MONTHS

T75 24. 4 44.0 45 0.23 30 111 70 18

T150 34.6 128 46 0.30 31 122 78 18

T450 9.0 44 50 0.14_| 28 101 67 14

Al50 4.0 14.2 49 0.11 27 95 62 14

A300 6.6 14,6 46 Q.11 | 25 90 62 13

B150 4,4 6,8 | 56 Q.12 | 27 94 76 14

8300 b4, 4 7.8 52 0.12 | 26 92 72 13

All results are expressed in mg/kg dry weight of sample.

Note: Sample Locations:

T 75 - Trenuch 75 mm down.

T150 — Trench 150 mm down (Sludge pocket)

T450 — Trench 450 mm down

AL50 — 150 mm from trench, 150 mm down

A3OO = 150 mm trom trench, 300 mm down

B1S5G - 300 mm from trench, 150 mm down

300~ 300 mm trom trench, 300 mm down.



