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ABSTRACT
THE ROLE OF SUSPENDED SEDIMENTS IN THE BIOACCUMULATION

OF POLYCHLORINATED BIPHENYLS BY
FATHEAD MINNOWS (PIMEPHALES PROMELAS)

By
Paulette M. Queener

A proportional diluter system was used to deliver PCB-contaminated
suspended sediment to four flow-through aquaria. Fathead minnows were
exposed to suspended sediment in five experiments lasting six to 24 days, using
three different soils. Twa of the soils were contaminated in the lab with Aroclor
1254 and the other soil contained Aroclor 1242 as a result of environmental
contamination. The soils contained 1.0, 5.5, and 12.6% organic matter. Fathead
minnows exposed for 14 days to suspended sediment with 5.5% organic matter
and contaminated with 100 ug/g of Aroclor 1254 accumulated over twice as
much Aroclor 1254 as did fatheads exposed under the same conditions with a
suspended sediment of 12.6% organic matter.

Fathead minnows exposed for six days to suspended sediment with 1%
organic matter environmentally contaminated with Aroclor 1242 accumulated
high levels of Aroclor 1242. Also, the rates of uptake of Aroclor 1242 were high
when compared to uptake of Aroclor 1254.

Fish appeared to accumulate the lower chlorinated congeners, however,

this phenomenon was not statistically significant.
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INTRODUCTION AND OBJECTIVES

An estimated 353.8 million kg of polychlorinated biphenyls (PCBs) have
\i\entered the environment by various routes (Shea, 1973). Much of it has been
directly dumped into aquatic environments by industries. It was reported that up
to 14 kg a day were at one time being dumped into the Hudson River (Hellman,
1976). Atmospheric fallout, especially rainfall, is thought to be a large source of
PCBs now entering aquatic environments (Murphy and Rzeszutko, 1978). A
recent study estimates 4,800 kg of PCBs are deposited in Lake Michigan by
rainfall in one year (Murphy and Rzeszutko, 1978).

The resulting bioconcentration of these compounds by fish has caused
serious problems for sport and commercial fisheries. Fish sampled from Lake
Michigan in 1971 contained PCBs similar to Aroclor 1254 and ranging in
concentrations from 2.7 ug/g in smelt to 15 ug/g in lake trout.. PCB
concentrations in fish sampled from Lake Superior on 1972-1973 ranged from
0.12 ug/g in sculpins to a high of 5.6 ug/g in a large lake trout (5.6 kg).
However, most of the smaller trout contained less than 5 ug/g which is the
tolerance level set by the U. S. Food and Drug Administration for human
consumption (Veith, 1975; Veith et al., 1977). As a result of the widespread
environmental contamination by PCBs, much research has been conducted on the
toxicity, accumulation and fate of PCBs in aquatic environments.

f Envu'onmental contammatlon of flsh by PCBs has been most closely
)

+
« associated with hlghly mdustrlahzed grgas. Vexth (1975), in his survey of Lake

Michigan, generally found higher concentrations of PCBs in fish from the
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southern half of the lake which is surrounded by highly industrialized areas.
Rivers with industrial sites also have a serious contamination problem. In 1972
fish from the Hudson River were averaging 200 ug/g and Ohio River and
Allegheny River fish were averaging 100 u g/g (Stalling and Mayer, 1972). Fish,
in both lakes and rivers, have been exposed to very high concentrations of PCBs
in the water, however, since direct dumping of PCBs is no longer allowed, water
concentrations have been greatly reduced. The problem now is the reservoir of
PCBs in the sediments leaching into the water providing a continuing source of
contamination for aquatic biota. If the sediments are left undisturbed the PCBs
wdu!d_ slowly leach from the sediments into the water at low levels (Green,
1974), but little is known about the availability of PCBs from a contaminated
sediment which is resuspended in the water column. In such a case the suspended
sediments would be in direct contact with fish, possibly increasing the uptake of
PCBs.

The object of this study is to investigate the availability of PCBs from
resuspended sediments to fish. Specific objectives include: (1) the determination
of the availability of PCBs sorbed to different soils to fish, (2) the determination
of the effects of organic matter content and other soil parameters on the
availability of PCBs to the fish and (3) to test a sediment from an aquatic
environment that has already been contaminated with PCBs, to compare with our

artificially-contaminated soils.



LITERATURE REVIEW

Toxicity data for PCBs varies a great deal depending on species of fish
tested and chlorine content of the biphenyl. It also has been observed that
toxicity is inversely related to the percentage of chlorine in the compound
(Stalling and Mayer, 1972) and that direct exposure via the water is more toxic
than dietary uptake (Stalling and Mayer, 1972; Gruger et al.,, 1975). Flow
through tests yield 30-day LC50 values ranging from three to 433 ugR in three
different species of fish for Aroclors 1242, 1248, 1254 and 1260 (Mayer et al.,
1977).

Bioconcentration values range from 104 to 106

depending on percent
chlorine content, the usual pattern being that higher chlorinated PCBs are
concentrated to a greater extent than lower chlorinated isomers (Branson et al.,
1975; DeFoe et al., 1978; Gruger et al., 1975; Mayer et al., 1977; Metcalf et al.,
1975; Sanbord et al., 1975; Veith, 1975; Veith et al., 1977). In a feeding study

conducted on juvenile coho salmon (Oncorhynchus kisutch) comparing a

tetrachlorobiphenyl with two hexachlorobiphenyls, it was found that after 108
days there was a significantly (90% c.f.) higher accumulation of each
hexachlorobiphenyl compared to the tetrachlorobiphenyl (Gruger et al., 1975). In
the same study, after a starvation period, the hexachlorobiphenyl concentrations
in the juvenile coho increased while the concentration of the tetrachlorobiphenyl
decreased. They concluded that there was a mobilization or a transformation of
the chlorobiphenyls probably due to metabolization of the lower chlorinated

biphenyls or the difference in the partition coefficients of the chlorobiphenyls in
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aqueous media. This conclusion is supported by a model ecosystem study

suggesting that Gambusia affinis can hydroxylate tetrachlorobiphenyls (Metcalf

et al., 1975). Another study indicated that green sunfish (Lepomis cyanellus)

were able to hydroxylate trichlorobiphenyls while tetra- and
pentachlorobiphenyls were much less susceptible to hydroxylation (Sanborn et al.,
1975). Other studies also have indicated a rapid depletion of lower lchlorinated
biphenyl residues in fish (DeFoe et al., 1978; Mayer et al., 1977).

Many organochlorine pollutants, including PCBs, readily adsorb to
suspended particulate matter in the water or become associated with the
sediments. Therefore, sediments play a major role in the translocation of PCBs
in aquatic environments. This role, however, is not clearly defined, but much
depends upon the physical, chemical and biological characteristics of the
sediments involved.

Among the characteristics of the sediment that can affect the adsorption
and release of chlorinated hydrocarbons, and similar compounds, it is generally
considered that organic matter content and particulate matter are the two most
important. Other important factors to consider are pH of the soil and water
solubility of the compound involved.

The lipophilic nature of PCBs make them easily adsorbed to organic
matter. A study with DDT demonstrated a close relationship between organic
content and high distribution coefficients, as derived from the Freundlich and
Langmuir adsorption equations (Shin, 1970). It has been generally concluded that
under field conditions organic matter is the single most important factor in the
retention of pesticides in the soil (Weed and Weber, 1974). This conelusion is
supported by data obtained from an investigation of southern Lake Michigan
sediments in which t-DDT (DDT + DDE + DDD) and dieldrin were found to be

related (r = 0.6 and 0.66, respectively) to organic carbon content of the
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sediments (Leland et al.,, 1973). Also, it was generally observed that large
accumulations of insecticides were associated with sediments containing high
amounts of organic matter (Leland et al., 1973).

Bioactivity of chlorinated hydrocarbons is affected by organic content,
especially in moist soils (Weber and Weed, 1974). Therefore, the organic content
of suspended sediments will play an important role in the bioactivity of adsorbed
chlorinated hydrocarbons. Specific studies indicate a similar relationship
between PCBs and soil as seen with other chlorinated hydrocarbons. Adsorption
studies with 2,4'-dichloro-, 2,2',5,5'-tetrachloro- and 2,2',4,4',5,5'-
hexachlorobiphenyls with humic acid, illite clay and Del Monte sand, show the
greatest adsorption for hexachlorobiphenyl followed by tetrachloro- and
dichlorobiphenyl and total adsorption of the di-, tetra- and hexachlorobiphenyls
followed the series humic acid > illite clay > Del Monte sand (Haque and
Schmedding, 1976). Therefore, adsorption generally increases with increasing
chlorine number and organic content of the soils. Haque and Schmedding (1976)
conclude that most of the transport of PCBs in aquatic systems will be by
adsorption to particulates and that movement due to solubility will be negligible
for most PCBs. In a later study it was concluded that both total organic carbon
and particle size distribution were important factors in the partitioning of two
tetrachlorobiphenyl isomers, but there was no correlation between organic
content and the partitioning of PCB mixtures (Steen et al., 1978). This suggests
that the adsorption effects of organic matter are modified by association with
various particle sizes, especially clay. In Lake Michigan a correlation (r = 0.65)
was found between clay material (<2 u) and organic carbon which led to the
conclusion. that the occurrence of t-DDT and dieldrin in the deep basins of
southern Lake Michigan is due to transport by small particles (Leland et al.,

1973). In a study on the retention of DDT and methoxychlor on soils treated with
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hydrogen peroxide to eliminate organic matter and on the same soils untreated,
it was found that in treated and untreated soils the highest retention capabilities
were shown by the clay fractions (Richardson and Epstein, 1971).

Chlorinated hydrocarbon compounds have been associated with particulate
matter in sediments. It has been determined that pesticides are associated with
various particulate components as a function of particle size in water samples
from Lake Erie (Pfister et al., 1969).

The high degree of association between clay fractions and PCBs has been
demonstrated in studies using percolating water to induce leaching of PCBs from
soils (Tucker et al., 1975). It was discovered that the amount of leaching of
PCBs was related to the clay content of the soils. When leaching did occur it
included only the lower chlorinated, more water-soluble isomers from those soils
with a low percent clay content.

The greater water solubility of the lower chlorinated isomers is well
documented. A solubility study found that two different batches of Aroclor 1254
had water solubilities of 2 to 3 mg/R in fresh water, the latter having a greater
concentration of higher chlorinated isomers (Zitko, 1970). Aroclor 1221, which is
predominantly dichlorobiphenyl, was reported to have a water solubility of 5.0
mg in fresh water (Zitko, 1970). Water solubilities of Aroclor 1242 and 1016 in
one study are reported at 0.34 mgR and 0.42 mg/R, respectively (Paris et al.,
1978). A value for Aroclor 1016 was also reported at 0.225 to 0.250 mg/% (Tucker
et al., 1975). The values cover a wide range and depend on the method used to
solubilize the PCBs in water. The suspendion of sediments in the water column
can greatly influence the transport of sorbed PCBs. It has been noted that when
water is added to soils it displaces sorbed chlorinated hydrocarbon pesticides on
soils (Green, 1974). The increased surface area caused by resuspension of

sediments increases the competition between water and PCBs for adsorption
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sites and increases the amount of PCBs solubilized in water. In accordance with
the solubility values it is the lower chlorinated isomers that are displaced first
and become more readily available for direct absorption from the water by
aquatic organisms.

The pH of the suspended sediment-water system can influence the
adsorption and release of organic compounds with the soil. Being essentially
non-polar, PCBs are not greatly affected, however, there is a general trend of
increased sorption with decreased pH due to enhanced hydrogen bonding (Shin,
1970).



METHODS

I. Experimental Plan

As described in the literature review, the dynamics of the relationship
between PCBs, soil and water have been examined closely. Halter and Johnson
(1977) combined these components with a system containing fish forming a model
aquatic system to investigate the "dynamies" of Aroclor 1254. PCB desorption
from sediments and accumulation by fish were studied under flow-through and
static water conditions with undisturbed bottom sediments contaminated with
Aroclor 1254. The experiments by Halter and Johnson were continued in this
study using the same model aquatic system to study suspended sediments
contaminated with Aroclor 1254 under flow-through water conditions. The
purpose of this study was to verify the prediction that PCBs sorbed to sediments
would be more available to fish if the sediments were suspended. Also that
sediment characteristics, such as percent organic content and particle size
distribution, were important factors in the desofption of PCBs from the
suspended sediment and the accumulation of PCBs by the fish,

The model aquatic system used throughout this study consisted of a
proportional diluter system which continuously delivered contaminated suspended
sediment to four aquaria where fish were exposed to four different
concentrations of suspended sediment. A fifth aquarium received water frl‘)m
the diluter that contained no suspended sediment or PCBs and acted as a contr(;l.

Five experiments were conducted using two different sediments and one

soil which were selected for their differences in percent organic content. Two



9
of the soils were contaminated in the laboratory with PCBs prior to use in the
diluter system and the third soil had been contaminated with PCBs in the
environment. In all experiments the three components of the system, fish,
suspended sediment and water, were sampled and analyzed for PCB content.

The first experiment, lasting 24 days, was conducted primarily to
determine if the diluter system could deliver reproducible amounts of suspended
sediments to the aquaria and to determine a reasonable time scale for future
experiments. Suspended sediment levels (mg/ water) were monitored as well as
PCB concentrations in suspended sediment, fish and water. The distribution of
the various isomers present in Aroclor 1254 (as represented by different peaks on
the chromatograph) was examined in fish, water and suspended sediment and
compared to chromatographs of standard Aroclor 1254 solutions. The isomer
distribution was monitored to determine if there was a selective retention of
isomers by the suspended sediments and/or a selective uptake by the fish.

The time span for the second experiment was shortened to 14 days since it
was determined from the first experiment that 14 days was a sufficient amount
of time for the fish to concentrate easily detectable levels of PCBs. The
distribution of Aroclor 1254 isomers was examined as in the first experiment.

The third experiment was conducted in the same manner as the second
experiment, the only difference being the type of soil used. The third
experiment utilized a soil with 12.6% organic matter (greenhouse soil) and was
used as a direct comparison to the second experiment in which a soil with only
5.5% organic matter was used. Distribution of Aroclor 1254 isomers was
examined as in experiments I and II.

Comparison of the second and third experiments was expécted to show that
PCBs adsorbed to a suspended sediment with a high organic matter content

would be less available to fish by direct or indirect absorption than PCBs
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adsorbed to a suspended sediment with a low organic matter content. The
defintion of direct absorption, as used here, is the absorption of PCBs by fish as
a result of contact with PCB-contaminated suspended sediment. In other words,
the PCBs are absorbed directly from the suspended sediments by the fish.
Indirect absorption is the uptake of PCBs by fish from water resulting from the
PCB desorption from soil to water. The exact mechanism of uptake by fish is
not known but is probably a combination of both direct and indirect absorption.

A fourth experiment was conducted to monitor the movement of a single
PCB isomer, 2,5,3',4'-tetrachlorobiphenyl. The soil used in this experiment
contained 12.6% organic matter. The purpose of this experiment was to collect
data on tetrachlorobiphenyl uptake by fish where the source of contamination
was the suspended sediment. These data were to be compared with literature
values of fish uptake of tetrachlorobiphenyl where the source of contamination
was water with no suspended sediment present. The nature of the suspended
sediment was expected to have a modifying affect on accumulation of
tetrachlorobiphenyl by fish because of higher retention of PCBs on the high
organic content soil.

In the final experiment a soil was used which had been obtained from a
stream that had been contaminated with PCBs. The soil contained only 1%
organic matter and the experiment was intended to be used as a direct
comparison to the second and third experiments in which soils containing 5.5 and
12.6% organic matter were used. However, a direct comparison of experiments
was not possible for the following reasons. First, the soil used in the last
experiment contained mostly Aroclor 1242 and in the previous experiments the
soils had been dosed with Aroclor 1254. The higher percentage of
tetrachlorobiphenyls in Aroclor 1242 increased the desorption from soil to water

since tetrachlorobiphenyls are more water soluble than penta- and
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hexachlorobiphenyls which are the predominant isomers in Aroclor 1254.
Secondly, there was a limited amount of soil available in the last experiment
which made it necessary to reduce the experiment to six days, whereas the other
experiments that were intended for comparison lasted 14 days. While no direct
comparisons could be made with previous experiments, this final experiment was
valuable in providing data on the movement of PCBs in the environment under
conditions where environmentally-contaminated sediments are redistributed

through the water column.

0. Sediments

Three different soils were used in the experiments (Table 1). In
experiments I and II, the sediment used was obtained from a pond in Fenner
Arboretum, Lansing, MI. This sediment was selected because the arborteum had
not used any pesticides for several years, therefore reducing the chance of
interfering compounds being present (especiauy other organo-chlorine
compounds). The arboretum soil had a 5.5% total organic conent, a pH of 7.2 and
the following percentages of fractions: sand, 85%; silt, 13%; and cl_ay, 2%.
Organic content of the fractions was 5.2%, 20.68% and 12.65% for sand, silt and
clay, respectively.

The soil used in experiments III and IV was obtained from the Michigan
State University Pesticide Research Center greenhouse and showed no PCB-
interfering peaks upon analysis. The greenhouse soil had a total organic content
of l12.696, a pH of 7.7,. and sand, silt and clay percentages of 75, 8 and 17,
respectively. Percent organic content of the fractions was 9.91, 17.73 and 17.13
for' sand, silt and clay, respectively.

The soil used in experiment V was dredged from the south branch of the

Shiawassee River, Livingston County, Michigan (approximately 153 m west of
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Highway 59 just north of I-96). An Ekman dredge was used to sample the
sediment in approximately one foot of water. This sediment had been
contaminated with PCBs, and contained only 1.0% total organics and had a pH of
7.4. The sand fraction accounted for 89% of the soil, silt, 4%, and clay, 7%.
Organic content of the fractions was as follows: sand, 2.38%; silt, 12.97% and
clay, 25.50%.

The percentages of sand, silt and clay for each soil were determined by the
hydrometer method (Bouyoucous, 1927; 1928; 1929).

All soils were filtered in a no. 60 standard sieve (opening size 0.0098
inches, approximately 0.25 mm) to remove large debris and most of the heavy
sand to minimize settling in the diluter and aquaria. Soil fractions were
separated by sieving with a no. 230 standard sieve (0.0025 inch mesh,
approximately 0.06 mm) to remove the sand fraction. The remaining fraction,
containing the silt and clay, was suspended in water (using the Bouyoucous
method) and allowed to separate by settling out the heavier silt in 30 minutes.
The silt fraction was all that had settled out in 30 minutes. The material
remaining in suspension at the end of 30 minutes represented the clay-colloid
fraction and was separated from water by centrifugation. The three fractions
were analyzed for percent organic matter and PCB concentration.

Total percent organic matter of the soil as a whole and percent organic
matter for each fraction was determined by combustion in a muffle oven at
500°C for two hours.

For experiments I, II, and III the soils were dosed with Aroclor 1254 at 100
ug/g soil. The Aroclor was dissolved in excess acetone and mixed with the dry
soil in a shallow pan. The acetone was allowed to evaporate and then the pans
were covered with aluminum foil to minimize volatilization of the PCBs. In

experiment IV the soil was dosed at 50 ug/g soil with 2,5,3',4'-

-
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tetrachlorobiphenyl in the same manner. In experiments I, III and IV the dosed
soils were prewashed by allowing water to flow over them for 14 days, stopping
the flow of water twice, stirring the sediment, allowing it to settle, then
resuming the flow of water. This was done to eliminate any excess PCB that was
not tightly bound to the soil therefore simulating a sediment contaminated in an
aquatic environment.

Before being introduced into the diluter system the soil was mixed with
water to form a slurry which was constantly stirred in a reservoir. The slurry
was pumped through 0.49 em i.d. silicone tubing, via a flex pump, to the mixing
box of the diluter.

OI. Fish

Fathead minnows (Pimephales promelas) were raised in outdoor ponds and

were acclimated to well water in indoor holding tanks at least two months prior
to each experiment. Aquaria were stocked with 30 fish each, in experiment I,
and 20 fish each, in all remaining experiments.

Fish were fed a diet of crushed Purina Trout Chow (residue-free) every day
during acclimation and experiment I, but only two or three times during each

remaining experiment, generally 25 g every four days.

IV. Water Supply

Water for the fish holding tanks and the diluter sysatem was supplied from
a well. It was pumped into large storage tanks and then delivered to each system
via PVC piping. The water temperature averaged 13°C. Total hardness was 300

mg/ as CaCO3, pH was 7.4 and dissolved oxygen averaged 8.6 mg/L.
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V. Exposure Methods

PCB-contaminated sediment was introduced into the mixing box of the
proportional diluter where it was mixed with incoming well water. The
suspended-sediment solution was delivered into separate diluter boxes from
where it was simultaneously siphoned with well water into four separate aquaria,
each receiving a different amount of suspended sediment. The control aquaria in
the system received water without suspended sediment. The bottom of each
aquaria was screened off (approximately 1 ecm mesh) to prevent fish from
directly contacting any contaminated soil which had settled out. Aquaria with a
50-liter capacity were used initially, however, due to a high rate of settling of
suspended material, smaller aquaria (35 liter) were used. The use of smaller
aquaria decreased the total flushing time, therefore decreasing the amount of
time the suspended material had to settle out and reducing the amount of
sedimentation. Reducing sedimentation was important because non-suspended
sediment could still release PCBs into the water. Therefore, by minimizing
sedimentation it was assumed that most of the PCBs in the water column were
released by the suspended sediment. Also the fish spent much of their time at
the bottom of the aquaria where high concentrations of PCBs released from

sedimented soil could occur.

V1. Sampling

Fish, water and suspended sediment samples were taken on the same day.
Each experiment was sampled four or five times at approximately three-day
intervals. Three to five fish were sampled from each tank. Fish from the same
tank were wrapped together in aluminum foil and immediately frozen.

Water was sampled with a bent glass siphon tube so that the same depth
could be sampled in each tank. ngples were then filtered in buchner funnels

using Whatman GF/C glass microfiber paper (effective retention = 1.2 um)



16
(Campbell and Elliott, 1975). The filters were pre-extracted in a hexane/acetone
solution and dried to a constant weight in an oven at 110°C.

Suspended sediment samples were collected on preweighed filters by
filtering 500 or 1000 m? of water. Two suspended sediment samples were taken
for each tank. One was dried and weighed to determine suspended sediment
concentration expressed as mg/R. The other filter containing the sample was
placed in a small Erlenmeyer flask and capped for later PCB analysis.

Experiment I lasted 24 days with samples taken on days 2, 4, 8, 12 and 24.
Experiments II and III lasted 14 days and the samples were taken on days 3, 6, 8,
11 and 14 in experiment II and days 3, 8, 10, 12 and 14 in experiment III.
Experiment IV ran for five days with samples taken on days 1, 2, 3, and 5.
Experiment V lasted six days with sampling done on days 1, 3, 5 and 6.

VII. Analytical Methods

Filtered water samples (1 liter) were extracted with three 100 m{ portions
of hexane in a 2000 m separatory funnel. The combined extracts were filtered
through anhydrous sodium sulfate then evaporated to approximately 1 m? for gas
chromatography analysis.

The filters containing the suspended sediment samples were kept moist
until extracted four times with 25 mf portions of a 1:1 hexane/acetone mixture
on a wrist shaker. To increase extraction efficiency dry soil samples were
wetted thoroughly by shaking with water before extraction (Bellar and
Lichtenburg, 1975; Richardson and Epstein, 1971). The extracts were combined
in a separatory funnel and washed with 100 mf distilled water. The wash water
separated from the extracts was back extracted with 25 mf hexane, which was
added to the other extracts. The combined extracts were then washed with

three 100 m? portions of distilled water. The washed extract was then filtered
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through anhydrous sodium sulfate in a fritted glass buchner funnel. The filtered
extract was evaporated to approximately 1 mi. The florisil used for cleanup was
prewashed with 50 mf hexane then oven dried at 130°C. A 2 em i.d. column was
packed with a glass wool plug, 11.5 em florisil and 2 cm. anhydrous sodium
sulfate. The column was prewashed with 50 m¢ hexane and the sample was added
and rinsed with a few milliliters of hexane. The column was eluted with 100 m?
6% diethyl ether in hexane. The eluate was evaporated to a suitable volume for
gas chromatography analysis. This procedure was slightly modified from that of
Goerlitz and Law (1974).

Environmental soil samples were more difficult to extract because of
interfering substances. A column extraction technique was used where 50 g of
the air-dried soil was placed in a 2 em. i.d. chromatographic column and eluted
with 250 m of a 1:1 hexane/acetone mixture. The eluate was washed with 300
m distilled water which was back-extracted with 20 m¢ of 15% methylene
chloride in hexane. The extract was added to the original eluate and the
combined extracts were washed twice with 100 m¢ distilled water. The washed
extract was filtered through sodium sulfate and evaporated to approximately 1
m&. A florisil column as described previously was used for cleanup. The column
was eluted with 100 mL 6% diethyl ether in hexane and the eluate evaporated to
approximately 10 mf for gas chromatography analysis (U.S.E.P.A., 1977).
Interference due to elemental sulfur was eliminated by treatment with mercury
at this point by adding a small drop of mercury to the final solution and mixing
well (Goerlitz and Law, 1971).

The fish were thawed, blotted dry and weighed. Whole fish extractions
were made in hexane with a tissuemizer. Alternate methods were mortar and
pestle grinding with soxhlet extracation in hexane or in a ground-glass tissue

grinder with hexane. A total extraction volume of 100 mf was used, of which 10
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mf was placed in pre-weighed pan, air-dried and weighed for percent fat analysis.
The remaining extract was evaporated to approximately 5 m& for column
cleanup. A florisil column, as used for water and soil cleanup, was also used for
fish samples and likewise eluted with 100 m 6% diethyl ether in hexane. The

eluate was evaporated to between 1 and 10 mf for gas chromatography analysis.
—+ Computer-assisted gas chromatographic analysis was used for PCB
/N ";f(,’vc) . identification. The glass column was 1.8 m (6 feet) long and packed with 3% SE-
30 on 60-80 mesh Gaschrom Q. Detection was by electron capture with a
Nickel-63 detector. Column temperature was 180°C. for Aroclor 1254 analysis
and 160°C. for Aroclor 1242 analysis. Inlet temperature and detector
~ temperature were 225°C and 350°C., respectively. The detectable limit for
. Aroclor 1254 was approximately 0.5 mg/. The total peak area was used as a
Lmeasure of total PCB. Specific peaks were not included in total peak area due

to interference in the samples (DDE interference was confirmed by standard

DDE injection on the gas chromatograph). These peaks were also excluded from

/”. )’; / b
/0“C )\ individual peak areas as measured by the computer.
(¢ ! ‘

standard total peak area. Total peak area was calculated as the sum of the

The presence of Aroclor 1242 in the Shiawassee River sediment was
confirmed by high pressure liquid chromatography using a C-18 reverse phase
mode with Octadecyl Silane as stationary phase and methanol as the mobile
phase. Flow was 1 ec/min., injection volume was 20 u%, R = 0.20, wavelength of

235 nm.



RESULTS

I. Suspended Sediment and Water

In experiments I and I, using Arboretum soil dosed at 100 ng/g with
Aroclor 1254, suspended-sediment samples yielded levels of Aroclor 1254 higher
than the dosage level. The same phenomenon occurred in experiment III with
greenhouse soil dosed at the same level. In the first three experiments Aroclor
levels in the suspended sediment varied widely over the course of the experiment
(Table 2) but there was no significant difference (Appendix 1, 90% c.f.). It also
was noted in each experiment that some suspended material settled to the
bottom of the aquaria while smaller, lighter particles remained suspended in the
water column. When water samples were siphoned to obtain suspended-sediment
samples, it was the smaller particles that made up the sample. Considering this,
it was theorized that the smaller particles (i.e., silt and clay), which probably
contained most of the organic matter, adsorbed most of the PCBs. This theory
was confirmed by analyzing each fraction (sand, silt and clay) for percent
organic content and PCB concentration (silt and clay fractions were combined
for PCB analysis due to small sample sizes). In each soil sample analyzed, the
silt and clay fractions were composed of more organic matter than the sand
fraction and correspondingly had higher concentrations of PCB. This pattern was
especially evident in the Shiawassee River sediment (Table 1).

In experiment IV the greenhouse soil was dosed with 2,5,3',4'-
tetrachlorobiphenyl at 50 ug/g, and the suspended-sediment samples yielded

tetrachlorobiphenyl levels near the dosage level. The greenhouse (high organic)

19
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soil contained 10% more silt and clay combined than did the Arborteum (low
organic) soil. The combined silt and clay fractions of the high organic soil
contained a higher level of PCB than did the combined silt and clay fractions of
the low organic soil. It was speculated that more of the greenhouse soil would
stay in suspension due to the higher percentage of silt and clay, therefore
allowing more opportunity for desorption of PCB from soil to water resulting in
high PCB concentrations in the water. However, there was no significant
difference in PCB concentration in suspended sediment between experiments II
and I (Appendix 1, 90% c.f.). Also water concentrations of PCB were compared
for experiments II and Il and no significant difference (90% c.f.) was found
except in aquarium number 3 (corresponding aquaria in each experiment were
compared, see Table 3 and Appendix 2). Therefore the higher percentage of silt
and clay did not greatly affect the suspended sediment and water concentrations
of PCB. In all experiments PCB concentrations in the water fluctuated in
response to the total amount of suspended sediment present. As the suspended
sediment concentration increased, the PCB concentration in the water increased
and decreased when suspended sediment decreased. In experiment III using the
high-organic greenhouse soil, the suspended sediment levels were slightly lower
than in experiment II using the low-organic, Arboretum soil (Table 4). However,
there was no significant difference (90% c.f.) in suspended sediment
concentrations between corresponding aquaria in the two experiments (Appendix
3). Correspondingly, the PCB concentrations in the water were lower in
experiment II than in experiment II. The smal'l difference between PCB
concentrations in the water samples of the two exper;iments was felt to be due to
the difference in suspended sediment concentration but there was no signficant
difference (90% ec.f.) in the concentrations of PCB in the water samples of the

two experiments.
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The concentration of tetrachlorobiphenyl in water samples of experiment
IV, using greenhouse soil dosed at 50 u g/g, was similar to Aroclor concentrations
in experiments II and I (Table 3) even though the suspended sediment
concentrations in experiment IV were much lower than in the previous two
experiments (Table 4). This was probably due to the relatively high water
solubility of the tetrachlorobiphenyl compared to the penta- and

hexachlorobiphenyls that constitute most of the Aroclor 1254 mixture.

. Isomer Distribution Analysis

Statistical comparison of average percent peak areas between each of the
parameters (fish, water suspended sediment) and standard chromatograms
revealed a pattern of distribution between the three parameters that can be seen
generally in Figure 1. Peaks 1 and 2 are mixtures of tetrachlorobiphenyls, 3, 4, 5
and 6 are mixtures of pentachlorobiphenyls, and 7, 8 and 9 are mixtures of
hexachlorobiphenyls. Peaks 1, 2, 3, 4, 6, 7, 8 and 9 were used for comparison
when no interference was present.

Chromatograms of samples in experiment I after 24 days were selected
randomly and compared with an equal number of standard chromatograms
(usually from the same day that the samples were analyzed on the G.C. because
G.C. response varied from day to day). Table 5 gives the results of the
calculated 'student t' values compared with the 'critical t' value at the 90%
confidence level. In the suspended sediment, peaks 2 and 3 (tetra- and
pentachlorobiphenyl) were significantly lower in percent area than standard
peaks 2 and 3 and percent area of peak 8 (hexachlorobiphenyl) was higher than in
the standards. For peaks 1, 4, 6, 7 and 9, there was no significant difference in

percent peak area when compared with standard peak area.
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Figure 1. Sample Chromatographs of PCBs in Fish, Water, Soil and a
Standard Aroclor 1254 Chromatograph
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In water samples peak 1 (tetrachlorobiphenyl) represented a significantly
higher percent area, while peaks 4, 6, 7 and 8 (penta- and hexachlorobiphenyls)
were significantly lower in percent peak area compared to standards. Peaks 2, 3
and 9 (tetra-, penta-and hexachlorobiphenyls respectively) showed no significant
difference.

In fish samples the only significant difference was found in peak 6
(pentachlorobiphenyl) which was slightly higher in percent peak area than the

corresponding standards. No difference was found for peaks 1, 2, 3, 4, 7, 8 and 9.

IlI. PCB Accumulation by Fish

As expected the highest suspended sediment loads resulted in the highest
PCB concentration in the fish. The highest suspended sediment loads were
received by aquarium 2 followed by aquaria 3, 5 and 4. In experi.ments IVand V
the order was reversed between aquaria 4 and 5, but in all experiments the two
aquaria (4 and 5) were very similar (Table 4). Likewise, the concentration of
PCBs in fish were highest in fish from aquarium 2 followed, in decreasing
concentration, by fish in aquaria 3, 4 and 5 (Table 6). The PCB concentration
values in fish were compared using the last sample day values.

Figure 2 show‘s the general pattern of PCB accumulation by fish in the four
different suspended sediment loads in experiment I. By day 2 they had all
accumulated approximately the same amount of PCB. By day 4 fish from
aquaria 3, 4 and 5 were similar in PCB concentration but fish in aquarium 2 were
beginning to accumulate higher loads of PCB. By the end of the experiment fish
in aquaria 4 and 5 were still increasing their concentrations of PCBs but there
was not much difference between the two groups. Fish from aquarium 3 were
not sampled after day 8 because of fish mortality due to entanglement in the

siphon tube. Fish in aquarium 2 had accumulated approximately twice as much
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Figure 2.  Aroclor 1254 Uptake by Fathead Minnows (Pimephales
promelas) in Four Aquaria in Experiment I
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PCB by the end of the experiment as compared to fish in aquaria 4 and 5 even
though suspended sediment loads averaged only 1.5 times higher in aquarium 2.
This suggests that even a small increase in suspended sediment load over a long

period of time can result in a high PCB concentration in fish.

IV. Effeets on Accumulation by Organic Matter

Direct comparison between experiments II and III shows the effects of low
organic and high organic suspended sediments on PCB accumulation by fish.
Statistically, conditions were the same in both experiments. That is, there was
no significant difference (90% c.f.) in suspended sediment load, PCB
concentration in the suspended sediment, or water concentrations of PCB
(Appendices 1, 2 and 3). Corresponding aquaria were compared between the two
experiments. If all conditions were similar then any difference in PCB
accumulation by fish should be due to suspended sediment type, i.e.,.low or high
organic matter content.

A comparison of corresponding aquaria in each experiment shows the large
difference in rate and amount of PCB uptake by fish in the two experiments (see
Figures 3, 4, 5 and 6). A comparison of regression slopes of Figures 3, 4, 5 and 6
was made using an 'approximate t' test assuming heterogenous variance
(Appendix 4). The results indicated a significant difference between the slopes
on each graph at the 95% confidence level (Table 7).

The 'student t' test was used to compare accumulation of PCB by fish at
the end of experiments II and Il (Table 6 and Appendix 5). The results showed no
significant difference in PCB uptake between fish in corresponding aquaria in
experiments II and III at the 90% confidence level. In conclusion, there was no

significant difference in PCB exposure between the two experiments, however,
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there was a significantly higher accumulation of PCB by fish exposed to low

organic suspended sediment.

V.  Bioconcentration

Even though no statistical difference (90% c.f.) in the concentration of
PCB in water existed between experiments II and III, experiment III levels
averaged slightly lower and may have been responsible for less accumulation of
PCB by the fish in experiment IMI. Therefore bioconcentration values were
compared between the two experiments to determine the relative uptake of PCB
by fish due to PCB concentration in the water (Table 8). Bioconcentration
factors were calculated by dividing the average PCB concentration in the water
into the average PCB concentration in the fish on the last day of the experiment.
This was calculated for fish in each aquaria in experiments II, Il and IV.

If PCB accumulation by fish is due only to PCB concentrations in the water
then the bioconcentration factors should be similar given the same amount of
time for accumulation. This was not the case in experiments II and ImI.
Bioconcentration values were two to five times higher in experiment II than in
experiment Ill. Even between aquaria in experiment II there is a wide range of
bioconcentration values indicating that another factor is involved in the

accumulation of PCB by fish.

VI. Transfer Coefficients

Another way of comparing PCB accumulation in fish is by transfer
coefficients (Ha;lter and Johnson, 1977). As described by Halter and Johnson
(1977), the water-to-fish transfer coefficients are calculated by " ... dividing the
slope of the uptake regression line by the exposure concentration and represent

time-independent expressions of the bioconcentration factor."
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Figure 3.  Aroclor 1254 Uptake by Fathead Minnows (Pimephales
romelas) in Aquarium No. 2 in Experiments II (Low Organic
Soil) and II (High Organic Soil)
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Figure 4. Aroclor 1254 Uptake by Fathead Minnows (Pimephales
romelas) in Aquarium No. 3 in Experiments II (Low Organic
Soil) and I (High Organic Soil)
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Figure 5. Aroclor 1254 Uptake by Fathead Minnows (Pimephales
romelas) in Aquarium No. 4 in Experiments II (Low Organic
Soil) and III (High Organic Soil)
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Figure 6.  Aroclor 1254 Uptake by Fathead Minnows (Pimephales
romelas) in Aquarium No. 5 in Experiments II (Low Organic
Soil) and I (High Organie Soil) :
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Table 7. Results of Approximate t' Test on Slopes of Uptake Regression Lines
from Experiments II and III

Experiment Aquarium ~
Number Number Slope t' Critical t' \'}
o 2 5.12
I 2 0.56 8.555 3.182 2.89
i 3 2.63
I 3 0.49 6.544 2.776 3.47
o 4 1.34 3.623 2.776 3.53
m 4 0.34
i 5 0.98
m 5 0.24 3.071 2.776 3.84

t«/2,Va =0.05TABLE 7
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Comparison of the transfer coefficients in Table 9 shows transfer
coefficient values in experiment II, two to six times higher than in experiment
. IMI. Again, the data indicate that the difference in PCB accumulation by fish is

due to more than just PCB concentrations in the water medium.

VII. Experiment IV

In this experiment the high organic greenhouse soil was dosed with 2,5,3',4'-
tetrachlorobiphenyl at 50 ug/g. Results show that suspended sediment levels
were lower than in any of the other experiments (Table 4). Water concentrations
of the tetrachlorobiphenyl were also lower than the PCB concentration in the
water of other experiments (Table 3). Subsequently, PCB uptake by fish was the
lowest of all the experiments (Table 6 and Figure 7). Comparing
bioconcentration values for experiments III and IV in Table 8 (both experiments
with high organic soil), show that they are similar, even though experiment IV
ran less than half the time of experiment II. A better comparison is with
transfer coefficients which are time independent and take into account the rate
of uptake. Transfer coefficients in experiment IV are much higher than those in
experiment III (approximately two to four times, see Table 9) and more closely
resemble transfer coefficients in experiment I (low organic soil). So even
though overall concentrations were lower in experiment IV the fish accumulated

relatively high levels of tetrachlorobiphenyls.

VIII. Experiment V

There was no statistically significant difference (90% c.f.) between Aroclor
1242 concentrations in the Shiawassee River snkpended sediment used in
experiment V and Aroclor 1254 concentrations in suspended sediments used in

experiments I and Il (Appendix 1). The Aroclor 1242 concentrations did average
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Figure 7.  2,5,3',4'-Tetrachlorobiphenyl Up;take by Fathead Minnows
(Pimephales promelas) in Four Aquaria in Experiment IV
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higher than the Aroclor 1254 concentrations but there was a great deal of
fluctuation (Table 2).

Suspended sediment concentrations were similar in experiment V to those
in experiments II and Il with the exception of aquaria 2 which received very high
-loads of suspended sediment due to a mechanical failure in the diluter system
(Table 4). Other than that, suspended sediment conditions and PCB
concentrations in the sediment were simlar between experiments I and I (using
Aroclor 1254) and experiment V (Aroclor 1242).

Water concentrations of PCB were much higher in experiment V than in
experiments II and III (three to ten times, see Table 3). A higher concentration
of PCBs in the water was expected due to the low organic content of the
Shiawassee River sediment (1.0%) and the higher content of tetrachlorobiphenyls
in Aroclor 1242 making it more water soluble. Therefore it was assumed that
fish would be able to accumulate more PCBs, however, this was not the case
(Figure 8). Bioconcentration values were lower in experiment V (Table 8) than in
any of the other experiments. This was not too surprising because of the shorter
duration of experiment V. Transfer coefficients, on the other hand, take into
account the time factor but these too are lower in experiment V than in any of

the other experiments (Table 9).



49

Figure 8. PCB (as Aroclor 1242) Uptake by Fathead Minnows
(Pimephales promelas) in Four Aquaria in Experiment V
(Shiawassee River Sediment)
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DISCUSSION

L. Distribution of Isomers

In the suspended sediment the higher chlorinated isomers were retained
while the lower chlorinated isomers were released. This corresponds with the
isomer distribution in the water where there were high concentrations of
tetrachlorobiphenyls and low concentrations of penta- and hexachlorobiphenyls.
This was expected because of the higher water solubility of the
tetrachlorobiphenyls.

The only significant difference in isomer distribution in fish was a higher
accumulation of pentachlorobiphenyls as represented by peak 6. Although no
statistically significant differences (90% c.f.) were seen in most of the isomers
of fish samples it was observed that the general trend was to accumulate the
lower chlorinated isomers. Figure 1 is a good illustration of what was usually.
seen. The lack of statistical difference was probably due to low sample numbers
and a high degree of variation among the samples.

Under similar experimental conditions Halter and Johnson (1977) found a
similar isomer uptake pattern in fish (i.e., accumulation of the lower chlorinated
isomers). However, other studies indicate an opposite trend (DeFoe et al., 1978;

Mayer et al., 1977).
II. Effects on Accumulation by Organic Matter
These experiments suggest that fish exposed to PCBs sorbed on a high

organic soil will accumulate less PCB and at a slower rate than fish exposed
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under the same conditions with a low organic soil. Comparison of regression
slopes, bioconcentration factors and transfer coefficients are fairly conclusive in
pointing out the difference in PCB accumulation by fish in the two treatments.
The difference in bioconcentration factors and transfer coefficients indicates
that the source of PCBs for the fish is not just PCB concentrations in the water,
since levels were essentially the same in both treatments. The fish may be
directly absorbing PCBs from the suspended sediment by direct contact with gill
and/or body surfaces and/or by intake of suspended particles with food. The fish
treated with low organic suspended sediment accumulated more PCBs because
the compounds were not as tightly bound as in the high organic suspended
sediment. Also, within each treatment, the higher chlorinated isomers are going
to be more tightly bound than the lower chlorinated isomers explaining, in part,
Figure 1, where the peak profile of the fish sample shows accumulation of the
tetra-and pentachlorobiphenyls and the peak profile of the soil sample indicates
retention of the hexachlorobiphenyis.

IlI. Experiment IV

The organic content of soils appears to have little affect on accumulation
of tetrachlorobiphenyls by fish as is evident in experiment IV. The transfer
coefficients (Table 9) were similar to those in experiment Il where a low organic
soil was used indicating the rate of uptake by fish was not greatly reduced by the
presence of a high organic sediment. This is consistent with the results of the
isomer retention study that indicated the tetrachlorobiphenyl concentrations
were significantly reduced in the suspended sediment. This is due to the
relatively high water solubility of the tetrachlorobiphenyls compared to the
penta- and hexachlorobiphenyls (Paris et al., 1978; Tucker et al., 1975; Zitko,

1970).
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Comparison of the bioconcentration factors of tetrachlorobiphenyl
obtained in experiment IV with those in the literature shows very little
difference between direct uptake from water (literature values) and
contamination from suspended sediment. Static and flow-through bioassays
yielded bioconcentration values ranging from 460 to approximately 12,000
(Branson et al., 1975; Metcalf et al., 1975; Sanbord et al.,, 1975). My
experimental results yielded bioconcentration values ranging from 10,000 to
14,500. No conclusion could be drawn as to the effects of suspended sediment on

tetrachlorobiphenyl uptake by fish.

IV. Experiment V

Comparing the bioconcentration and transfer coefficient data of
experiment V (Shiawassee River sediment) to experiments II, Il and IV indicates
that the fish in experiment V accumulated much less PCB than in any of the
other experiments. This is the opposite of what would have been predicted for a
system with a suspended sediment containing only 1% organic matter and
contamined with a high percentage of tetrachlorobiphenyls. The difference may
be due to the high PCB concentration in the water which, when divided into the
uptake regression slopes and concentration of PCB in the fish, produces
artificially low results. High levels of PCBs in the water may be due to PCB
adsorbed to particles < 1.2 ym which are not filtered out with the suspended
sediment and become part of the water sample. Comparison of the uptake
regression slopes indicates that the rate of uptake in experiment V more closely
resembles the rate of uptake in experiment I when a low organic sediment dosed
with Aroclor 1254 is used, and is two to six times higher than uptake rates in
experiment IV when only tetrachlorobiphenyl was used. The results from the

environmentally contaminated sediment are not conclusive but suggest the same
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as the results from the other experiments because of the high rate of uptake. A
longer study time with environmentally contaminated sediments is needed to
determine if fish uptake of PCBs will be significantly accelerated by suspension

of these sediments in the water column.



BIBLIOGRAPHY



1.

2.

3.

4.

8.

9.

10.

11.

BIBLIOGRAPHY

Bellar, I. A. and J. J. Lichtenburg. 1975. Some factors affecting the
recovery of polychlorinated biphenyls (PCB's) from water and bottom
samples. Water Quality Parameters. ASTM STP 573, American Society
for Testing Materials, pp. 206-219.

Bouyoucous, G. J. 1927. Determining soil colloids by the hydrometer
method. Soil Seci. 23: 319-330.

Bouyoucous, G. J. 1928. Making mechanical analyses of soils in fifteen
minutes. Soil Sei. 25: 473-380.

Bouyoucous, G. J. 1929. The hydrometer method for making a very
detailed mechanical analysis of soils. Soil Sei. 26: 233-238.

Branson, D. R., G. E. Blau, H. C. Alexander and W. B. Neely. 1975.
Bioconcentration of 2,2'4,4'-tetrachlorobiphenyl in rainbow trout as
measured by an accelerated test. Trans. Am. Fish. Soc. 104(4): 785-792.

Campbell, P. and S. Elliot. 1975. Assessment of centrifugation and
filtration as methods for determining low concentrations of suspended
sediment in natural waters. Environment Canada, Fisheries and Marine
Service, Technical Report No. 545.

DeFoe, D. L., G. D. Veith and R. W. Carlson. 1978. Effects of Aroclor
1248 and 1260 on the fathead minnow (Pimephales promelas). J. Fish.
Res. Board Can. 35: 997-1002.

DeFreitas, A. S. and R. J. Norstrom. 1974. Turnover and metabolism of
polychlorinated biphenyls in relation to their chemical structure and the
movement of lipids in the pigeon. Can. J. Physiol. Pharmacol. 52: 1080~
1094.

Goerlitz, D. F. and L. M. Law. 1971. Note on removal of sulfur
interferences from sediment extracts for pesticide analysis. Bull.
Environ. Contam. Toxic. 6(1): 9-10.

|

Goerlitz, D. F. and L. M. Law.; 1974. Determination of chlorinated
insecticides in suspended sediment and bottom material. J. Assoc. Off.
Anal. Chem. 57(1): 176-181.

Gruger, E. H., Jr., N. L. Karrick, A. I. Davidson and T. Hruby. 1975.
Accumulation of 3,4,3',4'-tetrachlorobiphenyl and 2,4,5,2',4',5- and
2,4,6,2',4',6'-hexachlorobiphenyl in juvenile Coho salmon. Current
Research %(2): 121-127.

55



12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

56

Green, R. E. 1974. Pesticide-clay-water interactions. Pesticides in Soil
and Water. W. D. Guenzi, Ed. Soil Sei. Soe. Amer., Inc., Madison, Wisc.,
pp. 33-38.

Halter, M. T. and H. E. Johnson. 1977. A model system to study the
desorption and biological availability of PCB in hydrosoils. Aquatic
Toxicology and Hazard Evaluation, ASTP STP 634, F. L. Mayer and J. L.
Hamelink, Eds. American Society for Testing and Materials.

Haque, R. and D. Schmedding. 1976. Studies on the adsorption of
selected polychlorinated biphenyl isomers on several surfaces. J. Environ.
Sci. Health. Part B. Pestic. Food Contam. Agric. 11(2): 129-1317.

Hellman, P. 1976. For the Hudson, bad news and good. New York Times
Magazine. October 24: 16-18.

Leland, H. V., W. N. Bruce and N. F. Shimp. 1973. Chlorinated
hydrocarbon insecticides in sediments of southern Lake Michigan. Envir.
Sci. & Tech. 7: 833-838.

Mayer, F. L., P. M. Mehrle and H. D. Sanders. 1977. Residue dynamics
and biological effects of polychlorinated biphenyls in aquatic organisms.
Arch. Environ. Contam. Toxicol. 5: 501-511.

Metcalf, R. L., J. R. Sanborn, Po-Yung Lu and D. Nye. 1975. Laboratory
model ecosystem studies of the degradation and fate of radiolabeled tri-,
tetra-, and pentachlorobiphenyl compared with DDE. Arch. Environ.
Contam. Toxicol. 3(2): 151-165.

Murphy, T. J. and C. P. Rzeszutko. 1978, July. Polychlorinated biphenyls
in precipitation in the Lake Michigan basin. United States Environmental
Protection Agency. EPA-600/3-78-071.

Paris, D. F.,, W. C. Steen and G. L. Baughman. 1978. Role of physico-
chemical properties of Aroclors 1016 and 1242 in determining their fate
and transport in aquatic environments. Chemosphere 4: 319-325.

Pfister, R. M., P. R. Dugan and J. I. Frea. 1969. Microparticulates:
Isolation from water and identification of associated chlorinated
pesticides. Science 166: 878-879.

Richardson, E. M. and E. Epstein. 1971. Retention of three insecticides
on different size soil particles suspended in water. Soil Sci. Soc. Amer.
Proc. 35: 884-887.

Sanborn, J. R., W. F. Childers and R. L. Metcalf. 1975. Uptake of three
polychlorinated biphenyls, DDT and DDE by the green sunfish, Lepomis
cyanellus Raf. Bull.- Environ. Contam. Toxicol. 13: 209-217.

Shea, K. P. 1973. PCB. The worldwide pollutant that nobody noticed.
Environment 15(9): 25-28.



25.

26.

27,

28.

29.

30.

31.

32.

33.

34.

35'

57

Shin, Young-Oh. 1970. Adsorption of DDT by soils and biological
materials. Ph.D. Thesis, Michigan State University, Dept. of Crop and
Soil Sciences.

Stalling, D. L. and J. N. Huckins. 1971. Gas-liquid chromatography-mass
*ectrometry characterization of polychlorinated biphenyls (Aroclors) and

Cl-labeling of Aroclors 1248 and 1254. J. Assoc. Off. Anal. Chem. 54:
801-807.

Stalling, D. L. and F. L. Mayer, Jr. 1972. Toxicities of PCB's to fish and
environmental residues. Health Persp. 1: 159-164.

Steen, W. C., D. F. Paris and G. L. Baughman. 1978. Partitioning of
selected polychlorinated biphenyls to natural sediments. Water Res. 12:
655-657.

Tucker, E. S., W. J. Litschgi and W. M. Mees. 1975. Migration of
polychlorinated biphenyls to natural sediments. Water Res. 12: 655-657.

U. S. Environmental Protection Agency. 1977. Manual of analytical
methods for the analysis of pesticide residues in human and environmental
samples. Environmental Toxicology Div., Research Triangle Park, N. C.

Veith, G. D. 1975. Baseline concentrations of polychlorinated biphenyls
and DDT in Lake Michigan fish, 1971. Pestic. Monit. J. 9(1): 21-29.

Veith, G. D., D. W. Kuehl, F. A. Puglisi, G. E. Glass and J. G. Eaton.
1977. Residues of PCB's and DDT in the western Lake Superior
ecosystem. Arch. Environ. Contam. Toxicol. 5: 487-499.

Weber, J. B. and S. B. Weed. 1974. Effects of soil on the biological
activity of pesticides. Pesticides in Soil and Water. W. D. Guenzi, Ed.
Soil Sci. Soe. Amer., Inc., Madison, Wisc., pp. 223-256.

Weed, S. B. and J. B. Weber. 1974. Pesticide-organic matter
interactions. Pesticides in Soil and Water. W. D. Guenzi, Ed. Soil Sei.
Soc. Amer., Inc., Madison, Wisc., pp. 39-66.

Zitko, V. 1970. PCB solubilized in water by nonionic surfactants for
studies of toxicity to aquatic animals. Bull. Environ. Contam. Toxicol.
5(3): 279-285.



APPENDICES



58
APPENDIX I

Statistical Analysis to Detect a Difference in PCB Concentration
in Suspended Sediment between Experiments (u g/g)

Experiment # I I m v
91.68 161.83 161.88 276.77
104.79 209.96 115.20 381.14
124.89 194.98 183.90 554.69
146.22 201.97 176.50 190.55
157.92 159.07 163.85 113.66
96.94 245.67 190.54 350.00
125.21 237.65 160.24 372.09
208.04 213.58 211.67 162.46
186.57 219.47 275.00 150.56
163.83 194.27 242.59 188.55
221.11 231.75 300.00 178.02
194.52 204.76 134.46 240.44
81.25 176.00 135.23 303.76
181.82 184.16 219.05 291.33
149.12 103.59 356.14 268.79
X 148.91 195.91 201.75 268.19
S.D. 44.10 36.12 67.19 114.76
Variance 1814.76 1217.48 4213.01 12,291.27
n 15 15 15 15
t= X -}Tz Critical t = + t @ /2, (n+n) - 2
\/(%ODOI)Z + (SoDuz)z fOl' as 0.10
2 +t=1.701
to, = 0.108
t, O = 1.166
to,v =  0.850

tm, Vv 0.710
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APPENDIX I

Statistical Analysis to Detect a Difference in PCB Concentration
in Water Samples from Experiments II and II (u g/)

Experiment # I m
Aquaria # 2 3 4 5 2 3 4 5
X 0.77 0.80 0.62 0.66 0.55 0.47 0.40 0.46
S.D. 0.13 0.20 0.11 0.28 0.17 0.12 0.15 0.21
n 4 5 5 5 5 5 5 5
t= X -%X, Critical t = + t a /2, (n+n) - 2
(8.D.,)% + (8.D.,)° for a: 0.10
2 +t = 1.860

Aquaria II, 2 & I, 2 t =1.467
Aquariall, 3 & III, 3 t =2.000
Aquaria I, 4 & III, 4 t = 1.667
Aquariall, 5 & OI, 5 t = 0.806
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APPENDIX III

Statistical Analysis to Detect a Difference in Suspended Sediment
Concentration in Experiments II and I (mg/2)

Experiment # I it
Aquaria # 2 3 4 5 2 3 4 5
X 44.44 24.82 17.06 21.00 31.65 20.40 11.76 13.70
S.D. 5.41 5.55 3.24 8.49 8.13 5.93 3.76 4.90
n 5 5 5 5 5 5 ) 5
t= X, -X, Critical t = + t a /2, (n+n) - 2
\/ (s.D.,)? +€D.2)2 for a: 0.10
2 +t=1.860

Aquaria II, 2 & III, 2 t =1.850
Aquaria Il, 3 & I, 3 t = 0.666
Aquariall, 4 & III, 4 t = 1.510
Aquaria II, 5 & I, 5 t =1.050
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APPENDIX IV

Formula for the Statistical Comparison of Regression
Slopes Assuming Heterogenous Variance

. . _
Approximate t t' = bII bIII

y
\///v(bll) + Vibrpp)

V.®) = [(ss) - b(sP )] /(n-2)

o

»
w nn

Slope
Days
PCB Concentration in Fish ug/g

(SS,)
n
(pry) = z(xiyi) = (in)(zyi)
n
ss ss) = £(y.2 2y ziy.)? 2
( y) or (SS,) = Z(y;") or (x;7) - zly;)” or (x;)

n

g = V(b )/Vby )

Approximate D.F. v = (1 + g)2
2
g /(nII'Z) + 1/(“111'2)

ta/2, v

| +
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APPENDIX V

Statistical Analysis to Detect a Difference in PCB
Concentration in Fish (1 g/g)

Experiment # )1} m
Aquaria # 2 3 4 5 2 3 4 5
X 54.89 32.21 17.95 14.75 7.64 6.54 4.58 3.77
S.D. 25.36 10.02 6.97 5.44 0.85 1.45 0.90 0.19
n 3 3 3 3 3 3 3 3
t= X, -X, Critical t = +t a /2, (n+n) - 2
\/S.D.lfz +(S.D.,)" for a: 0.10
2 +t=2.132
Aquaria I, 2 & I, 2 t =2.633
Aquariall, 3 & II, 3 t =3.586
Aquariall, 4 & III, 4 t =2.690
Aquariall, 5 & I, 5 t=2.853



MICHIGAN STATE UNIV. LIBRARIES
(PR
31293107266847



