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INTRODUCTION

Since the publication of Silent Spring (Carson, 1962) the

- general public has become increasingly aware of the potentially

dangerous effects of pesticides in the environment. Carson's book

‘centered on the group of pesticides commonly known as the

organochlorines. These pesticides were initfally hailed as ideal
because of their toxicity to target organisms and apparently
innocuous effects on non-target organisms, particuiarly fish,

birds, and mammals.

DDT is a good example of the fleeting fame this group
experienced. In 1948 Paul Muller received the Nobel Prize in
Medicine and Physiology for work that led to the discovery_of the
insecticidal properties-of DDT (Brinkley, 1964). This insecticide
alone has saved millions of human 1lives through its use in
combating malaria (Williams, 1963). However, adverse
environmental effects of DDT, such as eggshell thinning in
raptorial birds, mortality of fish eggs and fry, and mortality of
bird populations, were subsequently well docuﬁented by many
scientists. As a result, the sale, manufacture, or use of DDT was
banned 1in 1971 by the U.S. Environmental Protection Agency
(USEPA).

The objectives of this study were:
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to determine the concentrations of major organochlorine

contaminants in fishes from selected Lake Erie tributary

- mouths and identify fish in excess of the U.S. Food and

Drug Administration (FDA} and International Joint
Commission (IJC) Timits on contaminant levels;

to determine differences in concentrations of these con-
taminénts between fish of the same species and age group
in different tributaries;

to estimate the uptake rates of these contaminants by
fish in selected tributaries; and

to assess, where possible, the relationships between
toxic substances in the nearshore areas adjacent to the
tributary mouths and contamination of fish tissue.
(This objective is dependent upon making valid compar-
isons between previously generated toxic substances'data

and results obtained from this study.)

Herbicides, insecticides, and fungicides are the principal

kinds of pesticides in use in the United States. Agricultural use

consumes approximately 75 percent of current annual pesticide

production in the United States. The majority of pesticides cur-

rently in

use were developed within the last 40 years largely for

tﬁe alleviation of agricultural pest problems. War-directed

research during the 1940's resulted in the development of organo-

chlorine pesticides {(Cremlyn, 1978). This group is used primarily

=2 -




as an insecticide. In 1974 organochlorines comprised 24 percent

of agricultural pesticide use, (USEPA, 1980).

In general, organochlorine pesticides are nan-polar compounds

that are readily retained in adipose tissue. Organochlorine:

pesticides metabolize slowly. Environmental and biological half-
1ife data show that organochlorine pesticide values range from
months to years. This pesticide group acts on target organisms by
disrupting nerQous system function (Cremiyn, 1978). Organo-
chlorine pesticides act as neurotoxins by binding to the axon,

thus interfering with the transmission of nerve impulses.

The decline, and in some cases prohibition, of organochlorine

pesticide use s a direct result of their persistence’ as

environmental contaminants. The previously mentioned physical and

chemical characteristics of organochlorine pesticides give

credence, in some cases, to the justification for their removal.

The potential of a particular organic compound for bicaccumulation

is indicated by the partition coefficient (P.C.) of the compound,

which is defined by the following equation:

P.C. = C; octano]
02 water

where Cl and C2 are the concentrations of the compound in octanol
and in water, respectively. Polar compounds will concentrate in

water, resylting in a low partition coefficient. Most organo-




chlorine compounds havé an affinity for octanol and this results
in a high P.C. value. Lipids found in organisms exhibit a similar
affinity for organochlorine pesticides. Once these compounds have
concentrated in 1ipid tissue, their degradation and metabolism are

very slow.

The bicaccumulative and persistent ability of organochlorine
compounds permits their buildup in the environment. Tributaries
are ideal areas for organochlorine contaminant buildup due to the
variety of routes these chemicals can take when entering these
aquatic environments. According to Khan (1977), ranking of the
main sources of pesticide -pollution of rivers, in order of highest
to lowest was: industrial effluent, agricultural runoff; and
atmospheric fallout. The degree to which these sources pollute
lakes depends on the watershed type(s) associated with each

tributary (i.e., agricultural, industrial, or residential).

Organochlorine contaminants generally have low water solu-
bilities and tend to associate with the sediments of streams,
tributaries, and nearshore areas of large lakes. This charac-

teristic enables sediments to serve as reservoirs for persistent

.pesticides. A comprehensive study by Frank (1977) showed that

Lake Erie sediments serve as sinks for organochlorine pesticides.

The source of these sediments is attributed to the more than

2,775,100 tons of sheet erosion received annually by Lake Erie




(USEPA, 1971). Transport of this sediment is accomplished fn

large part by the major tributaries of Lake Erie.

Fish can concentrate organochlorine contaminants many times
greater than levels found in water. Pesticide concentrations in
sediments are generally higher than those found in water due to the
sorption of these compounds onto soil particles through cation-
anion exchange. A generalized flow chart of transport and fate of
pesticides is shown in Figure 1. Fish bioaccumulate pesticides
either through water-biota or biota-biota exchange. Biomagni-
fication is defined here specifically as accumulation of pesti-
cides through the biota-biota (predator-prey) pathway (Figure 1).
Fish concentrate pesticides primarily through the water-biota
pathway (Hamelink et al., 1971}. This fis in contrast to the
previously held belief that biomagnification accounted for the
majority of pesticide residue levels in fish tissue (Macek and
Korn, 1970). The extent of organochlorine contaminant concen-
trations in fish tissue depends on the level and duration of
exposure, species, route of contaminant movement, and the ability
of the fish to accumulate, metabolize, and excrete these

contaminants. For example, age group IV carp (Cyprinus carpio)

may have higher organochlorine contaminant concentrations than age

group 1 spottail shiners (Notropis hudsonius) from the same
tributary. The discrepancy in concentrations could be attributed

to the carp being older than the spottail shiners, therefore
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Figure 1. Flow Chart of pesticides in the Aquatic Environment

(Ketchum, 1967).
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allowing allongef period of time to accumulate organochlorine

contaminants.

Detrimental health effects of organochlorine contamination on
the environment have been well documented. This effect can range
from a large fish %ill on the Rhine River (Greve, 1872) to the
death of several Japanese by polychlorinated biphenyl (PCB}
poisoning (University of Wisconsin, 1976). Low levels of PCBs and
other contaminants are believed to be carcinogenic, mutagenic, and
teratogenic. Laboratory tests on mammals have shown that PCBs can
cause reproductive failures, gastric disorders, skin Tesions, and
tumors {Dhio Environmental Protection Agency, 1977).
pontam%nation of fish by organochlorine compounds has caused
mortality (immediate and delayed), decreased reproduction, stunted
growth, and reduced immunity to disease (Johpson and Mayer, 1972).
The kepcne contamination of the James River, Virginia, in addition
to the harmful effects on the fish population, has had far reaching
consequences to that area's industrial and recreational-interests

(Bors and Stewart, 1977).

The degree of organochlorine pollution in fish from Lake Erie
énd ité tributaries has been reported previously. The FDA began
monitoring contaminants in Lake Erie fish in 1970. Carr et al.
(1972) reported early results of FDA monitoring. Concentrations

of organochlorine contaminants were also determined in Lake Erie

-7 -




fish by Frank et al. (1978) and Gessner and Griswold {1978}. Most
recently, the Ohio Department of Agriculture, in cooperation with
the Ohio Department of.Natural Resources, began testing Lake Erie
fish for PCBS in 1979. These efforts have been designed primarily
as monitoring studies of organochlorine pesticide concentrations
in various fish species. They have not attempted to relate
contaminant concentrations to age in the fish tested. Recent
evidence indicates that these concentration Tlevels are more
dependent upon the age of the fish than body Tength and weight
(Frank, 197@, and Delfino, 1979). Additionally, these previous
studies have confined their fish collections to the open waters of
Lake Frie. Comparisons between concentrations of contaminants in
fish of the same species and age group from different Lake Erie
tributaries have not been attempted. The majority of comparisons
have been made between fish of different species and age groups

from the open water areas of Lake Erie.

Previous studies on the uptake of organochlorine compounds by

fish have been performed primarily under controlled laboratory

‘conditions. Other than Skea et al. (1979), no known studies have

been attempted to estimate field uptake rates of organochlorine

contaminants by fish.

Increasing industrial development, population growth, and

chemical production within the Great Lakes region indicate that

-8 -
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the contaminant issue is potentially a dangerous environmental
pfob1em. Specifically, organochlorine contamination threatens
both fish and human populations due to their toxic nature. Some
organochlorine compounds have been cancelled from use or manu-
facture by the USEPA (Table 1). Previous studies have shown
certain Lake Erie fish to be in the excess of some FDA and IJC

guidelines for human consumption.
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ORGANOCHLORINE CONTAMINANTS CONSIDERED IN THI
HAVE BEEN PARTIALLY OR COMPLETELY CANCELLED

TABLE 1

STUDY WHICH
FROM USE

BY THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WITH MAJOR ALLOWABLE USES

Contaminant Cancellation Major
Date AlTowable
Uses
Aldrin 26 June 1972 termites
BHC {o and B) 21 July 1978 none
Chlordane 6 March 1978 termites
DDD 18 March 1971 none
DoT 31 December 1972 none
Dieldrin 26 June 1972 termites
Endrin 24 August 1979 nuisance
' birds
orchard vermin
control
Heptachlor 6 March 1978 termites
Mirex ’ 1 December 1977 none
PCBs 1979 none
Toxaphene 10 March 1972 soil insects
(corn)
swine and sheep
ectoparasite
control

1U S. Environmental Protection Agency, 1979 (cancelled refers to

most recent date of partial

manufacture and use of the contaminant).

- 10 -
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CHARACTERIZATION OF STUDY AREAS

Collections of fish for this study came from 11 tributary
mouths of Lake Erie. Two of these tributaries (Walnut Creek,
Eennsy1vania and Cattaraugus Creek, New York) yielded insufficient
numbers of fish for analysis and subsequently are not discussed in
this section. Figure 2 and Appendix E illustrate these study

areas. Geological coordinates are listed in Table 2.

River Raisin

The River Raisin is a low to medium gradient stream which
drains primarily a flat agricultural area. The river begins near
Hudson, Michigan and flows east, merging with the Saline River
before entering Lake Erie at Monroe, Michigan. This covers a total
distance of 80 km. Monroe is an industrialized city and must be
considered as a primary source of industrial pollution to the
River Raisin. The drainage area of the river is 2699 sg. km (IJC,
1976). It has a mean discharge of 19 cms; this ranges from a high
of 38 cms to a low of 5 cms. Major agricultural land uses are.

corn, soybean, alfalfa hay, and wheat.

Maumee River
The Maumee River 1is a low gradient stream and drains
primarily flat farmlands. It is the largest tributary of the Great

Lakes (Reutter et al., 1978). The river begins in Fort Wayne,

- 11 -
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TABLE 2

GEOGRAPHICAL COORDINATES FOR LAKE ERIE

TRIBUTARY FISH COLLECTION SITES

Tributary Latitude Longitude

(N) (W)
River Raisin, Michigan 41954.5" 83%22.5"
Maumee River, Chio 41°43.5" 83°28.5'
Toussaint River, Ohio 41°35° 83°05.2"
Sandusky River, Ohio 41%26" 83°%02"
Black River, Ohio 41°28.3" §2%12.8"
Cuyahoga River, Ohio 41°30" 81%45:
Chagrin River, Ohio 41%40.1" §1%25.2"
Grand River, Ohio 41%14 6" 81°16.6"
Ashtabula River, Ohio 41%54.5" 80%a7.9"
Walnut Creek, Pennsylvania 42%.,5° 80°14.5'
Cattaraugus Creek, New York 42%34.1" 79%08"

- ]_3 -




Indiana at the merger of the St. Joseph and St. Marys rivers. The
Maumee River then flows northeast to Toledo, Chio, where it enters
Lake Erie. This is a total distance of about 217 km. Toledo is an
industrialized area and is considered to be a major source of

pollution to the river.

The average gradient of the river is 0.24 m/km with a mean
discharge of 131 cms; this ranges from a high of 2632 cms to a low
of 0.896 cms (Herdendorf and Cooper, 1975). The Maumee carries a
heavy silt and sediment load from agricultural drainage of north-
western Ohio and northeastern Indiana. Major agricultural Tand

uses are soybean, corn, wheat, and alfalfa hay (I1JC, 1976).

Toussaint River

The Toussaint River begins approximately & km northeast of
Bowling Green, Ohio and continues to flow in a northeast direction
where it empties into Lake Erie at the town of Toussaint, Ohio.

This distance is approximately 51 km.

The land surrounding the river is very flat and is a heavy
agricultural area. Drainage is poor, but the Tand is very fertile
if drained. Major crops of this area are soybean, corn, wheat, and

alfalfa hay (IJC, 1976).

- 14 -
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Sandusky River

The Sandusky River begins near Crestiine, Chio and flows in a
westerly direction to the town of Upper Sandusky. It then turns
northward toward Lake Erie. The Sandusky then enters Muddy Creek

Bay which joins Sandusky Bay. The Sandusky River drainage basin is

" 3,680 sq. km. The length of the river is 209.5 km and the average

gradient is 0.75 m/km (Krolczyk, 1960). The mean discharge rate of
the river is 26.8 cms, rénging from a high of 792.9 cms to a
minimum of 0.1 cms (Baker, 1975).

The Sandusky River drains primarily flat farmlands. Majof
crops of this area include soybean, corn, wheat, and alfalfa hay

(1JC, 1976).

Black River

The Black River is located in a highly populated, highly
industrialized, and highly polluted portion of the Lake Erie
drainage basin. This £1ver begins with the joining of the West
Branch and East Branch rivers at Elyria, Ohioc. It then flows

north, emptying into Lake Erie at Lorain, Ohio.

Flow characteristics of the Black River at Elyria, Ohio show

a total drainage area of 955 sq. km (IJC, 1976). A mean annual
discharge of 8.5 cms with a méximum of 13.4 cms and a minimum of
3.6 cms is reported. Agricultural land use of this area fis

- 15 -




insignificant when compared to the major industrial activities.
Major crops for this area are clover and timothy hay, corn, soy-

bean, and wheat.

Cuyahoga River

- The Cuyahoga River begins in Geauga County and flows in a

sputhwestern direction to Akron, Ohio. The river then heads

north, emptying into Lake Erie at Cleveland, Ohio. This river is
highly polluted in the Cleveland area. It is valuable to
Cleveland’'s industrial complex as a route of transport for the

steel industry.

The Cuyahoga River at Independence, Ohio has a drainage area
of 1831 sg km (IJC, 1976). It has an annual discharge of 21 cms; a
high of 32.8 cms to a Tow of 7.8 cms. Agricultural land use is
minimal. Major crops include clover and timothy hay, corn,

soybean, and wheat.

Chagrin River

The Chagrin River begins in the central portion of Geauga
County. It flows in a southeasterly direction for 24 km and then
flows north to Eastlake, Ohio where it empties into Lake Erie. The
total distance covered by the river is 29 km. The river basin is
located in a rural area with a minimum of industrial activity at

the river mouth.

- 16 -
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Flow characteristics of the Chagrin River at Willoughby, Ohio
show a drainage area of 637 sq km (IJC, 1976). This area has an
annual discharge of 8.8 cms; this ranges from a high of 12.6 cms to
a Tow of 4.1 cms. Agricultural land use is greater than in either
the Black or Cuyahoga River Basins, but is still low. Major crops

include clover and timothy hay, corn, soybean, and wheat.

Grand River

The Grand River empties into Lake Erie at Fairport Harbor,
Ohjo. It begins in Trumbull County and flows rorth, where it joins
Mill Creek. The river then turns west and flows into Lake County.

This is a total distance of 48 km.

The .river basin is located in an area that is both rural and
industrial. Flow characteristics of the Grand River at Madison,
Ohio show a drainage area of 1505 sq km with an annual mean dis-
charge of 18.3 cms; this ranges from a high of 30 cms to a low of 9
ems (I3C, 1976). Major agricultural crops are clover and timothy

hay, corn, soybean, and wheat.

hshtébu]a River

The Ashtabuia River flows in a northwest direction before
emptying into Lake Erie at Ashtabula, Ohio. Thé river basin is
found in a predominantly rural area. The total d%stance covered by

this river is 27 km.

- 17 -




The drainage area at Ashtabula is 313.4 sq km (IJC, 1976},
] Annual discharge is 4.2 cms; this peaks at 5.9 cms to a low of 2.4
) cms. Major crops include clover and timothy hay, corn, soybean,

and wheat.
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BACKGROUND INFORMATION ON PARAMETERS

Aldrin

This has been one of the most widely used soil insecticides in
the past 20 years {(McEwen and Stephenson, 1979). Use on corn has
been cancelled in the United States. It is very persistent in the

environment, though biological oxidation converts it to Dieldrin.

Dieldrin

This compound has been widely used as a soil insecticide and
was developed along with Aldrin during the Tate 1940s. Dieldrin is
very persistent in aguatic environments. Most uses in the United
States have been canceiled since 1972. It is presently used for

termite control.

BHC

This_insecticide, containing g, g, and v isomers, has been
cancelled from use in the United States since 21 July 1978. Formu-
lations containing only the vy isomer (Lindane) are currently used
by agricultural and residential interests to control soil insects,

houseflies, and cockroaches.

Chlordane

This insecticide has been used effectively for control of
mosquitoes, cockroaches, termites, and agricultural soil insects.

It is particularly persistent in soils, therefore potential exists
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for movement into the aquatic environment via erosion and sediment

transport.

DDT and Metabolites

DDT has been cancelled from use in the United States since 31
December 1972. It was widely used as an effective insecticide
against a variety of agricultural and household pests. DDD was

also found to have similar insecticidal properties, but it too was

‘cancelled from use as of 18 March, 1971. DDE is a degradation

product of both DDT and DDD.

Endosulfan

This insecticide is used against a wide variety df insect
pests. The technical product contains ¢ and 38 1somérs;
a-Endosulfan < is much less persistent in the environment than
g-Endosulfan. This compound has been found to be very toxic to

fish.

Endrin is very persistent in the environment and extremely
toxic to fish. It was used for the control of insect pests of
cotton, wheat, barley, and cats. These uses have been cancelled
and it is now primarily applied to control nuisance birds and

orchard vermin.

- 20 -
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Heptachlor

This insecticide has been cancelled for use on most crops.
Present use includes ground treatment for termites. Heptachlor is
similar to Chlorddne in that it was isolated from this compound in
the late 1940s (McEwen and Stephenson, 1979).  Heptachlor is
metabolized by many animals to form the epoxide (Brooks, 1969), a

product that bioaccumulates in animal tissue.

Hexachlorobenzene. The fungicide hexachlorobenzene is used on

Ohio crops for seed protection. In 1978 its use was limited to
wheat seed treatment (Carter et al., 1980). It has been shown that
hexachlorobenzene, when percutaneously absofbed through the skin -

can cause porphyria (Brown, 1978).

2,4-D. Use of the Herbicide 2,4-D in Ohio is primarily for broad-

leaf weed control in corn, wheat, oats, and other cereal crops
{Carter et al., 1978). It 1is an effective and widely used
pesticide. It exhibits a high degree of volatility after appli-
cation, and the isopropxi ester has been found to be highly
adsorptive to clays (McEwen and Stephenson, 1979 and Faust and

Aly, 1964).

Methoxychlor. Methoxychlor is used as an insecticide and has

served as an adequate replacement for DDT. It is relatively non
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persistent, owing to the fact that many vertebrates detoxify it to

harmless metabolites {McEwen and Stephenson, 1979}).

Mirex. Mirex waS developed to combat the fire ant problem in the

southern U.S. It is extremely persistent in the environment
(McEwen and Stephenson, 1979). It has been cancelled from use in
the U.S. after it was discovered to be the cause of severe debili-

tating illnesses in humans.

Toxaphene. This s a persistent insecticide extremely toxic to
fish {McEwen and Stephenson, 1979). It is used on range grass,

potatoes, corn, and oats for insect control,

Trifiuralin. Trifluralin is one of the most freguently used
herbicides in the country. It is an effective weed control agent
for soybean, wheat, and barley. Trifluralin 1is extremely
volatile. It is readily degraded by bacteria in soil. It is
adsorbed onto soil particles and has been found to be toxic and

moderately persistent in fish (McEwen and Stephenson, 1979).

PCBs. PCBs are no longer manufactured or soid in the U.S. They
are largely of industrial origin, but have been used as carriers
for insecticides. PCBs have been used in a variety of industrial

products such as transformers, capacitators, paints, plastics,

- 22 -




adhesives, sealants, and hydraulic fluids. Pronounced environ-
mental persistence and ubiquity of this compound has caused wide-
spread alarm with regard to concentrations in agquatic ecosystems

(Livingston, 1977)..

PCBs were manufactured in a variety of mixtures cailed
Aroclors. Fach Aroclor contained a different percent chlorination
on a biphenyl molecule. Aroclor 1016 is a mixture which contains
41 percent chlorine and was developed to replace Aroclor 1242 in
the manufacture of capacitators (Skea et al., 1979). Aroclbr 1254
contains 54 percent chlorination; Aroclor 1260 contains 60 percent

chlorination.

Table 3 1ists the common names and structural and empirical

formulas of the organochlorine contaminants.
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TABLE 3

ORGANIC CONTAMINANTS WITH COMMON NAMES AND STRUCTURAL

AND EMPIRICAL FORMULAS

Contaminant Common Structural and
Namel Empirical Formulas
c
|
(s
Aldrin N.A. -~
¢
CyzMgCls endo-exo
H H
! I
cl cl
Va4
a-Hexachlorocyclohexane a-Benzene NH Gl
(HCR) Hexachloride H / A
() L
CeHelle
B-HCH R-BHC
-y =HCH Lindane
(_fl Cl
ci Cl
C: ‘I @.
Chiordane N.A.
c
CioHalla
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TABLE 3 (continued)

ORGANIC CONTAMINANTS WITH COMMON NAMES AND STRUCTURAL

AND: EMPIRICAL FORMULAS

Contaminant Common Structural And
Namel Empirical Formulas
_ fIBHCIZ
Qb0
o0,p'-Dichlcrodiphenyl- DDD ol
dichloroethane
CieHi0Cle
(|:Hc12
n,p'-Dichlorodiphenyl- DoD ol —Q_CH-—Q_C‘
dichloroethane '
CmHmch
P
| — Mg
o,p'-Dichlorodiphenyl- DDE =
dichloroethene c
C,4HaCly
c:cuz
0,p'-Dichlorodiphenyl- DDE _Q— _Q_
dichloroethene
CiaHaCls
© CCly
l
0,p'-Dichlorodiphenyi- poT
trichloroethane ol
CraltsClg
cct,
p,p'-Dichlorodipheny]- oDt _Q—CHO
trichloroethane
CiaHsCls
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TABLE 3 {continued)

ORGANIC CONTAMINANTS WITH COMMON NAMES AND STRUCTURAL
AND EMPIRICAL FORMULAS

Contaminant Common ‘ Strgctural And
‘ Namel- Empirical Formuias
' al
!
) 5 al
) cl
Dieldrin MN.A. : .
Gl
enda~2xo
Ci2Ha Cls0
| a
0= c
a-Endosulfan N.A. ‘oﬁ/{\)}:d
I
g-Endosulfan N.A. G
(GENERAL STRUCTURE)
CaHgCleCyS

. Cl
. | .
) Cl
Endrin . N.A.
Cl

endo-ando
CiaHyClaO

Heptachlor N.A.
’ ¢l A

CigHaCly
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TABLE 3 (continued)

ORGANIC CONTAMINANTS WITH "COMMON NAMES AND STRUCTURAL

AND EMPIRICAL FORMULAS

Contaminant Common Structural And
Name 1 Empirical Formuias
' al
i
¢l
|erc-cn 0
Heptachlor Epoxide N.A. cl
c1 H QO
CaHeCly0
cl ¢
/
a—d D¢
Hexachlorobenzene N.A. _>=<
o I |
Cellg
0 CHg
|
OCH,C—0—CH
2,4-Dichlorophenoxyacetic 2,4-D ¢l (l:H
Acid (Isopropyl Ester) - ®
Cl
?C:,
CH,D@—CH@—OCH,
Methoxychior N.A.
CI!H15C]302
Mirex N.A&. @Chz i
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TABLE 3 (continued)

ORGANIC CONTAMINANTS WITH COMMON NAMES AND STRUCTURAL

AND EMPIRICAL FORMULAS

Structural And
Empirical Formulas

Contaminant ' Common
Name

Toxaphene ‘ N.A.

Trifluralin N.A.

Pglychiorinated Biphenyls PCBs

Arocior 1016
Eroclor 1254
Aroclor 1260

CHz
Ch '@ (CHyz

H,C—N—CyHy
l

<

CF,
Bl
Cl tj:l x

{GENERAL STRUCTURE)

1N.A. refers to not applicable
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MATERIALS AND METHODS

Survey Sample Collection - Fall 1979

Samples of 12 common fish of recreational, commercial, or
trophic importance were collected in the mouths of 11 Lake Erie
tributaries during the period 6 August - 12 December, 1979 (Figure
2, Table 4). Tributaries were selected to represent the Western,
Central, and Eastern Basins of the Lake and industrial, agri-
cultural, and residential watersheds. These tributary mouths were
located in Michigan, OChio, Pennsylvania, and New York. Exact
locations of tributary sampling sites are illustrated in Appendix

E.

tollections were made primarily with experimental gill nets
(38 m} and supplemented by bottom trawling and electroshocking.
5111 nets were set in the early morning (0700-0900) and retrieved
24 hours later. An attempt was made to collect as large a number
of fish and species as possible. Return trips to certain tribu-

taries were necessary because of inadequate collections from

previous sampling.

Immediately following removal of gill nets from the water,
the fish were stored in acetone-rinsed metal containers. After
the fish were grouped together by species, total length and weight

were recorded for each fish collected, and the sex of each was
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determined by dissection or extrusion of milt or roe. Scales or
pectoral spines for age determination were collected from each
fish of age class I or older. Scales were removed from young-of-
the-year fish when less than 25 were collected in a single samp1e;

When Targe numbers of young-of-the-year fish were collected in a

. single sample, scales or pectoral spines were collected from 25-50

individuals of a species. After data collection, each fish was
wrapped in acetone-rinsed aluminum foil and labelled separately.
Fish were held in frozen storage until sample preparation and

homegenization.

Uptake Rate Experiment - Fall 1979

A pilot experiment to develop a field -technique for
estimating uptake rates of organochlorine contaminants by
hatchery-raised young-of-the-year fish was conducted at the mouths
of the Maumee and Cuyahoga rivers during the period 20 October - 17
November 1979. A nylon mesh holding pen (1.8 mx 1.8 mx 1.8 m, 6
mm mesh) supported by a framework of polyvinyl chloride (PVC) pipe
was constructed to hold fish for the experiment (Figure 3). Two
holding tanks were used to transport 111 channel catfish

(Ictalurus punctatus) and 108 yellow perch (Perca f1avescens).

Each tank was filled with well water and equipped with an
electrical agitator to provide adequate' aeration (Figure 4).
These young-of-the-year fish were purchased from Fender's Fish

Hatchery, Route 1, Baltic, Ohio 43804.
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Fish Holding Pen at Cuyahoga River Mouth, 1979
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The two holding nets were placed in the Cuyahoga and Maumee
Rivers on 20 Octoper 1879. The Cuyahoga River holding net was
placed on the east side of the river approximately 100 m from the
end of the navigation channel (Appendix E). The Tocation of the
Maumee River net was approximately 50 m from the end of the
navigation channel at the U.S. Coast Guard Station. FEach top
corner of the holding net was buoyed by a plastic styrofoam-filled
container (Figure 5). The Cuyahoga net was approximately & m
offshore in a water depth of 2 m. The Maumee River net was set in a
depth of 3 m, approximately 1 m offshore. The bottom corners were
weighted with bricks to insure stretching from top to bottom

{Figures 3 and 5). Contact with the bottom sediment was minimal.

Thirty-three channel catfish and 35 yellow perch were placed

into the Cuyahoga River holding net. The Maumee River holding net

received 34 channel catfish and 37 yellow perch. The remaining 44
channel catfish and 36 yellow perch were retained as a control
group. The experimental fish were held in the holding nets for
four weeks and removed on 17 November 1979. Transport and storage
of control and experimental fish were conducted as previously

described.

Uptake Rate Experiment - Spring 1980

A field experiment to determine uptake rates of organo-
chlorine contaminants by hatchery-raised channel catfish and
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bluegills (Lepomis macrochirus) was conducted at the mouths of the

Maumee, Cuyahoga, and Ashtabula rivers during the period 23 May - 4
July 1980. Eight hundred bluegills were purchased from Fender's
Fish Hatchery, and approximately 800 channel catfish were
purchased from the Osage Catfish Farm, Route 1, Osage Beach,
Missouri 65065. Four holding tanks were used to transport these
fish to the three experimental sites. Each tank was equipped with
an electrical agitator and oxygen bubbler to minimize stress an

the fish during transport.

A more durable cage design was employed during the Spring
1980 uptake experiment (Figure 6). Cages were made of a supporting
wood framework covered with galvanized steel (1.2 m x 1.2 m X
1.2 m, 9.5 mm mesh). A network of steel pipe (25.4 mm diameter)
connected to cinder blocks was fastened to the bottom four corners
of each cage to keep them submerged (Figure 7). Each cage had a

Tatch door for fish placement and removal (Figure 7).

Two cages were placed in each of the three experimental
sites. The six cages were set into the Maumee, Cuyahoga, and
Ashtabula rivers during the period 9 May - 10 May 1980. A steel
cable was fastened to each cage and attached on shore to prevent
vandalism and damage by boats and wave action. The Maumee River
site was identical to the Fall 1979 uptake experiment site. The
Cuyahoga River cage was placed on the west bank of the river iin
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the method of Marzolf (1955). Impressions of scales were made on

acetate slides using a roller press.

Sample Preparation

Suyrvey Samples - Fall 1979. After determinatidn of age for

each fish, the frozen samples from each tributary were sorted and
combined into sets for analysis, each set consisting of fish of the

same species and age group from the same tributary (Table 6).

Uptake Rate Experiment - Fal]l 1979. These fish were combined

into five sets prior to homogenization and analysis: (1) channel
catfish controly (2) yellow perch control; (3) yellow perch
experimental - Maumee; {4) channel catfish experimental -Cuyahoga;
and (5) yellow perch experimental - Cuyahoga. Net damage resu]téd
in the loss of all experimental channel catfish in the Maumee

River.

Upntake Rate Experiment - Spring 1980. A total of 29 sampies

were frozen prior to homogenization and chemical analysis. These
fish comprised control and experimental gfoup samples of channel
catfish and bluegills from the Maumee, Cuyahoga, and Ashtabula
rivers. The sample breakdown was comprised of the following
groups: channel catfish control (1 sample); bluegill control (1
sample); channel catfish experimental - Maumee (6 samples); blue-

gill experimental - Maumee (6 samplies); channel catfish
k
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SPECIES, AGE GROUPS, NUMBERS

TABLE 6

IN TRIBUTARY MOUTHS OF LAKE ERIE

DETERMINATION OF

AND ANALYSIS OF FISHES COLLECTED

s AUGUST-DECEMBER, 1979 FOR
TAMINANT CONCENTRATIONS

ORGANOCHLORINE CON

Tributary Speciesl Age Groups Number Groups
Analyzed
Raisin River ‘gizzard Shad 0 12 X
I 1
111 1
Northern Pike I 4
I 2
111 6
v 1
Carp 111 1
1V 3 X
VI 1
V1l 1
tmerald Shiner 0 6
1 4
11 1
Spottail Shiner I 4 X
Brown Bullhead 0 1
11 2 X
Yellow Perch 1 1
Maumee River Gizzard Shad 0 57 X
I 1
Northern Pike 11 1
I 2
Carp 111 1
v 2 X
Spottail Shiner 1 50 X
11 1
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TABLE 6 (continued)

SPECIES, AGE GROUPS, NUMBERS AND ANALYSIS OF FISHES COLLECTED
IN TRIBUTARY MOUTHS OF LAKE ERIE, AUGUST-DECEMBER, 1979 FOR
DETERMINATION OF ORGANOCHLORINE CONTAMINANT COMCENTRATIONS

Tributary Species1 Age Groups Number Groups
-  Analyzed
White Bass 0 . 4 X
. ‘ I
Yellow Perch I 2
11 42 X
Toussaint River Gizzard Shad 1
' Carp 111 3
1V 10 X
v
VI
White Bass 0
' 23
11 5 X
Yellow Perch I 2
II
Freshwater Drum 0
14 X
I
1V
v
Sandusky River - Gizzard Shad 0 24 X
' 4 X
Carp 1I 2
IT1 1
1V 4 X
v 1
Channel Catfish 0 1
V1 1 X
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SPECIES, AGE GROUPS,
IN TRIBUTARY MOUTHS
DETERMINATION OF ORGA

TABLE 6 (continued)

NUMBERS AND
OF LAKE ERIE, AUGUS
NOCHLORINE CONTAMINANT C

ANALYSIS OF FISHES COLLECTED
T-DECEMBER, 1979 FOR
ONCENTRATIONS

1

Tributary Species Age Groups Number Groups
Analyzed
White Bass 0 12 X
I 11 X
II X
Yellow Perch 0
1 X
11 9 X
Freshwater Drum 0 15 X
1 10 X
11 2
Black River Gizzard Shad 0 3.
I 11 X
11 1
Carp X 1 X
Spottail Shiner 1 7 X
1I 3 X
III 1
Brown Bullhead I 2
11 2 X
: IV 2
White Bass 3
Freshwater Drum 10
Cuyahoga River Gizzard Shad 16
Rainbow Smelt 1
Carp 111 1
1v 1
Spottail Shiner 1 26
II 22 X
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TABLE 6 (continued)

...... ; SPECIES, AGE GROUPS, NUMBERS AND AMALYSIS OF FISHES COLLECTED
IN TRIBUTARY MOUTHS OF LAKE ERIE, AUGUST-DECEMBER, 1979 FOR
DETERMINATION OF ORGANOCHLORINE CONTAMINANT CONCENTRATIONS

Tributary Species1 Age Groups Number Groups
Analyzed
White Bass 0 2 X
o Yellow Perch 11 2 X
: Freshwater Drum 0
- _ Chagrin River Gizzard Shad 0 85 X
' ' Emerald Shiner 0 4 '
. I 12
A 11 35 X
111 4
Grand River Gizzard Shad 0 40
1 11
[ 111 1
Rainbow Smelt 1 48 X
- : II
Lﬁ Northern Pike 1¥
Emerald Shiner I 9 X
11 4
B 111 37
; Spottail Shiner I 3
- Ashtabula River Gizzard Shad 0 52
- ' I 4
Lj Rainbow Smelt I 43 X
) 11
1 Northern Pike 11
Emerald Shiner 1 17 X
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TABLE 6 (continued)

SPECIES, AGE GROUPS, NUMBERS AND ANALYSIS OF FISHES COLLECTED
IN TRIRUTARY MOUTHS OF LAKE ERIE, AUGUST-DECEMBER, 1979 FOR
DETERMINATION OF ORGANOCHLORINE CONTAMINANT CONCENTRATIONS

Tributary Species1 Age Groups Number Groups
Analyzed
Spottail Shiner I 2 X
White Bass 0 2 X
Yellow Perch 11 1
Walnut Creek Common Shiner I 1
111 16
Cattaraugus Creek Spottail Shiner 11 1

1Common and scientific names according to Bailey et al. (1970)
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experimentaT - Cuyahoga (2 samples); bluegiil experimental -
Cuyahoga (2 samples); channe1 catfish experimental - Ashtabula (6

samples); and bluegiil experimental - Ashtabula (5 samples).

Sample Homogenization

Only certain groups of the total number of fish samples
collected were homogenized in preparatidn for chemical analysis.
Choice of these.groups was based on the species type, total number
of fish from the sample, and age group. This was done to maximize
the number of comparisons between species, tributary, and age
class. A total of 84 samples were homogenized using a Hobart Model
A-200-F mixer with meat chopper attachment. These 84 samples

comprised the following groups:

(1) 50 Survey Samples - Fall 1979
(2) 5 Uptake Rate Experiment Samples - Fail 1979
(3) 29 Uptake Rate Experiment Samples - Spring 1980

These samples were passed through the mixer three times, once at
setting 1 {low) and twice at setting 3 (high). The homogenates
were then wrapped in acetone- and henzene-rinsed aluminum foil.
Each sample was labelled separately according to species, age
group, number, and tributary (Table 4); The samples were then held

in frozen storage.

- 50 -

e — —— e e



ey

L

[

]

—

A

Analytical Methods

Fall 1979 Survey Samples. Samples were received in a frozen

condition at the 111 Wales Avenue facilities of Recra Research,
Inc., Tonawanda, New York on 15 March 1980. The samples were
immediately Togged in and stored in a double-sealed container in a

freezer until the time of extraction.

A1l analyses were performed according to U.S. Depariment of
Health, Education, and Ng1fare (Food and Drug Administration)

methodologies as presented in the Pesticide Analytical Manual,

vol. I (May 1978).

The choice of extraction methods was between Method #211,
General Methods for Fatty Foods, and Method #212, General Methods
for Non-Fatty Foods. Table 202.14 of the manual 1ists the
approximate percent fat expected in the edible portion of various
Fish and shellfish. Although many of the fish to be analyzed were
not included in the table, it was estimated that the fat content.of
the fish could range from 0.9-5.2%. Section 212.104 of Method #212
indicated that the method was applicable td samples containing no

more than 2'g of fat in 20-100 g of sample (2-10%). Thus, the

General Method for Non-Fatty Foods was selected. Data for the

Percent Fat analyses, in retrospect, supported the choice of

extraction method. The Percent Fat ranged from 1.2-5.0%.
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cybsection 212.13a details the actual extraction procedure

utilized.

Gas chromatographic (GC) conditions included the use of a
Hewlett packard 5880 GC equipped with 2 N163 electron capture
detector. Florisil column cleanup generated three elutions per
sample which were analyzed for the éppropriate organic
constitutents. A1l elutions were qualitatively séanned for carry-
over in pfeceeding and sdcceeding elutions. GC analyses were

performed utilizing 6' x 4 mm glass columns Toaded with. 1.5%

$P2250/1.95% SP2401 on 100/120 mesh Supelcoport.

A11 results are presented in the table of analytical results

(Appendices A and B). Pesticide results are expressed on a g/g

basis and are not corrected for percent moisture in the fish.

Percent Fat analyses were performed on an aliquot of the
initial solvent extract of the fish. Results were calcutated
based upon a gravimetric determination following solvent removal
by reduced pressure evaporation. A1l pesticide data were

corrected for removal of this aliquot.

Specific information on the samples is Jisted with the sample
identification presented in the data tables. This information was
included with the samples upon receipt. Sample identification
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thus includes the tributary, species, number of fish which were

originally homogenized (N), and the age class.

A11 values reported as N.D. indicate trace or not detected
levels for the working detection 1imits for that particular sample
and/or parameter. Values reported as "less than or equal to" Qi)
indicate that a particular compound may be present at trace

amounts relative to the particular working detection limit.

Severé emulsion problems during the extraction procedure were
encountered with many of the samples. This resulted fn exfended
preparation times. Fmulsions were broken with addition of small
amounts of anhydrous sodium sylfate as well as various physical

technigues.

Results préesented as Total Polychlorinated Biphenyls (PCBs)
are calculated by merely summing the positive values of the
specific Aroclors identified in the samb]e. Those values

expressed as "less than or equal to" ( ) were included.

Results of the pesticide analyses 1ndipated that coelution of
the pesticides with PCBs had occurred {as expected) in the initial
elution fraction from the Florisil preparation column. GC
anaiysis also 1ndicated that combinations of PCB mixtures

(Aroclors) were present as well as pesticides. Chlordane, which
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5s also a multiple component organic mixture, was also present.
Further preparatory work was not performed due to time
constraihts. Instead, a mathematical cﬁrrection procedure was
used to correct the data for chromatographic coelution. Various
mixed.standards were analyzed and subjfct%d to this correction
procedure to assure its validity. In.the presence of copious
quantities of PCBs; detection 1imits of some compounds were

necessarily elevated.

Chromatograms of the remaining eTution fractions indicated
that many interfering compounds were carried through the Florisil
column. Based on the peak shapes, these compounds were believed to
possibly be amines or organosulfur compounds. Sample extractis
which were extremely contaminated were subjected to treatment with

metaliic mercury and/or spiked with known concentrations of the

compounds of interest. This was done 1in order to ascertain.

detection 1imits.

Spring 1980 Uptake Samples. Samples were receijved 1in a

frozen condition at the 111 Wales Avenue facilities of Recra
Research, Inc. on 12 November 1980. The samples were immediately
Togged in and stored in a double-sealed container in a freezer
until the time of extraction. All samp]eé were received as homo-

genized samples.
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A1l analyses were performed based upon u.s. Department of
Health, Education, and Welfare (Food and Drug Administration)

methodologies as presented 1n the Pesticide Analytical Manual,

vol. I (May 1978).

Previous analytical experience with these types of fish had
indicated that the fat content was sufficiently low to éllow the
use of Method #212, General Methods for Non-Fatty Foods. Analysis

of the final data indicated that this assumption had been correct.

Procedures for extraction and partitioning were perfprmed
according to Section 212.13a. Only 20 grams of fish were extrac£ed
in order to maintain an acceptable 1imit of coextracted fats. A 20
ml aliguot of each sample extract was removed prior to the parti-
tioning step in order to perform the analysis for Percent Fat.
Results of the Percent Fat analysis were calculated based upon a
gravimetric determination following solvent removal by reduced
pressure evaporation. A1l pesticide data were corrected for
removal of this aliguot. The volume of petroleum gther used was

increased to 200 ml. This resulted in fewer emulsion problems.

An initial Florisil column cleanup was performed according to
Section 252.131. This extract was then placed on a second Florisil
column and eluted according to Section 212.14. Prior to the first

eluant of Section 212.14, an additional eluate of 200 m1 of hexane
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was performed. This step was introduced in an attempt to separate
PCBs from the majority of the other pesticides according to the

method of G.D. Veith and G.F. Lee (1971).

Gas chromatographic {GC) conditions included the use of a
Hewlett Packard 5880 GC eguipped with a NiB3 electron capture
detector. Florisil column cieanup generated four elutions per
sample which were analyzed for the appropriate organic
constituents. A1l elutions were qualitatively scanned for carry-

over in preceeding and succeeding elutions. &C analyses were

performed utilizing a 6' X 4 mm glass column Tloaded with 1.5%

sp2250/1.95% SP2401 on 100/120 mesh Supelcoport. Confirmatory
analyses were performed utilizing a 6' x 4 mm glass column Toaded

with 5% SP2250 on 80/100 mesh Supelcoport.

GC analyses were performed on portions of the final extracts
which were spiked with dibutyl phthalate. The majority of the
pesticides were identified using relative vetention times with

dibutyl phthalate as the reference.
A11 results are presented in the table of analytical results

(Appendices C and D). Pesticide results are expressed on a ug/g

basis and are not corrected for percent moisture in the fish.
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Specific information on the samples is listed with the sample
identification presented in the data tables. This information was

included with the samples upon receipt. Sample identification

“thus includes the river, species, number of fish which were

originally homogenized (N), and the date of sampling.

A1l values reported as N.D. indicate trace or nqt detected
1evels for the working detection Timits for that particular sampie
and/or parameter. Values reported as "Jess than or equal to" (<)
jndicate that a particular compound may ‘be present at trace

amounts relative to the particular working detection Timit,

Results presentéd as Total Polychlorinated Biphenyls (PCBs)
are calculated by merely summing the positive values of the
specific Aroclors identified in the sample. These values

expressed as "less than or equal to" (<) were included.

Quality Control

Fall 1979 Survey Samples. Percent coefficient of variation

is presented as a mean of N determinations. The symbol, N.D.,
indicates that all N values were below the working detecfion Timit

and that the particular compound was "not-detectable". The

elevated mean percent coefficients of varjation are primarily due

to the fact that the majority of the values were near the detection

- 57 -




1imits and are not unexpected. Percent coefficient of variation

(% C.V.) was calculated using the following equation:

% C.V. = Standard a:;;at1on X 100

Percent coefficient of variation data is calculated from five
preparatory duplicates and seven GC analytical duplicates. Two of
the GC analytical duplicates were performed on the preparatory

duplicates.

Due to limited amount of sample, only three samples were
measured for percent recovery. Due to ekpected chromatographic
coelution problems concerning the multiple peak response
parameters, they were specifically not included in the program.
Due to §1m11arities in structures, percent recovery of these
parameters could be extrapolated by correlation to the recoveries

of those pesticides which were measured.

percent recoveries ranged from 15 to 85%. According to the

Pesticide Analytical Manual, typical recoveries should have been

greater than 80%. The poorest recoveries resulted for Dieldrin
(17%) and Endrin (15%). This is believed to be the result of the
extreme chromatographic interferences which were encountered in

the elution fraction containing these two compounds. Without the
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TABLE 7

QUALITY CONTROL SUMMARY OF ORGANIC ANALYSIS
OF FISH - 1979 SURVEY SAMPLES

Parameter Mean Percent Mean Percent
Coefficient of Variation Recovery

percent Fat 30 *
Aldrin 18 62
o -BHC 16 69
B -BHC 6 62
v -BHC N.D. 85
Chlordane : 2 *,
o,p'-D0OD 35 *
p,p'-DDD 6 84
o,p'-DDE 9 : *
p,p'-DDE 16 43
o,p'-D0T 13 *
p,p'-DDT 19 66
Dieldrin 10 17
o -Endosuifan 25 *
B -Endosulfan N.D. 15
Endrin P 45
Heptachlor 25 : 59
Heptachlor epoxide 17 4}
Hexachlorobenzene 20 *
2,4-D (Isopropyl ester) N.D. *
Methoxychlor 25 *
Mirex 39 *
Toxaphene N.D. *
Trifiuralin 13 *
Polychlorinated Biphenyls

Aroclor 1016 N.D. *

Aroclor 1254 19 *

Aroclor 1260 12 *
Total Polychlorinated 10 *

Biphenyls

*Not pDetermined
NOTE: N.D. refers to not detectable.
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data for these two compounds, the percent recoveries ranged from

41 to 85%.

These low recoveries could have resulted from the severe
emulsions which were encountered during the ted{ous extraction
procedure. Coelution with PCBs and the calculation correction
procedure could have resulted in values which were calculated to
be slightly lower than actual. This could have easily changed the
percent recoveries to the expected values. The mean of all percent

recoveries, excluding Dieldrin and Endrin, was 62%.

Table 7 contains a summary of the quality control performed

on the 1979 survey samples.

Spring 1980'Uptake Samples. The guality control summary for

these samplies is contained in Table 8. Calculation of percent
recovery and coefficient of variation was identical to the 1979

survey samples. The elevated mean percent coefficients of

variation are again primarily due %o the fact that the majority of

the values were near the detection 1imits. The percent recoveries
ranged from 40 to 104%. The average of all the mean percent

recoveries is 72%.
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TABLE 8

CONTROL SUMMARY OF ORGANIC ANALYSIS
OF FISH - 1980 UPTAKE SAMPLES

Parameter Mean Percent Mean Percent
Coefficient of Variation Recovery

Percent Fat 7 *
Aldrin 16 98
a-BHC 20 40
g-BHC 18 70
y=BHC 7 65
Chlordane N.D. 44
o,p'-DDD N.D. 54
p,p'-D0D 28 71
o,p'-DDE 47 103
p,p'-DDE 14 104
o,p'-DDT 8 87
p,p'-DOT N.D. 90
Dieldrin 38 54
a-Endosulfan N.D. *
g-Endosulfan 7 52
Endrin 9 45
Heptachlor 112 g6
Heptachlor epoxide 4 74
Hexachlorobenzene N.D. 67
2,4-D (Isopropyl ester) 0 *
Methoxychlor 28 76
Mirex N.D. *
Toxaphene N.D. 53
Trifluralin 22 63
Polychiorinated Biphenyls

Aroclor 1016 N.D. a0

Aroclor 1254 0 *

Aroclor 1260 0 a0

*Not Determined

NOTE: N.D. refers

to not detectable.
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RESULTS

Survey Samples - Fall, 1979

Table 9 summarizes the occurrence of organochlorine
contaminants in Tishes collected in Lake Erie tributary mouths,
August-December 1979. The occurrence ranged from O to 96%; this
included a high of 96% for p,p'-DDD to 0% for Endosulfan (o and )
and Toxaphene. .The overall mean occurvence for all contaminants
was 48%. The range for all the organoch1ofine contaminants was
fFrom 0.01 to 15.00 ppm. Most of the contaminants (63%) had maximum
concentrations less than 0.50 ppm. Nineteen percent of the
contaminants had maximum concentrations greater than 0.50 ppm but
less th§n 1.0 ppm; this group was comprised of Aldrin, Chlordane,
o,p'~DBE, p,p'-DDE, and o,p'-DDT. Maximum concentration levels in
excessiof 1.0 ppm were found for v -BHC, Aroclor 1016, Aroclor 1254,

Aroclor 1260, and Total PCBs.

The majority of the contaminants (77%) had mean concentration
Jevels iess than 0.10 ppm (Table 9). Those contaminants exceeding
this level were v-BHC, Chlordane, Aroclor 1016, Avoclor 1254,
Aroclor 1260, and Total PCBs. Maximum values for each contaminant

t

are reported in Table 10.

Gizzard Shad

Age Group O gizzard shad were analyzed from the following
tributaries: Raisin, Maumee, Sandusky, Cuyahoga, Chagrin, Grand,
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SUMMARY OF THE 0CC

IN FISHES CCLLE

URRENCE O
CTED IN LAKE ERI
AUGUST - DECEMBER 1979

TABLE 9

F ORGANOCHLORINE CONTAMINANTS
E TRIBUTARY MOUTHS,

i

Contaminant N1 Percent2 Range3 Mean4
(PPM) (PPM)
Aldrin 31 62 0.01-0.55 0.07
o -BHC 33 66 0.01-0.41 0.05
B -BHC 7 14 0.01-0.34 0.07
¥ -BHC 7 14 0.01-2.30 0.42
Chlordane 38 76 0.05-0.93 0.16
DDT and Metabolites
o,p'~DDD 14 28 0.01-0.29 0.07
p,p'-D00 48 96 0.01-0.39 0.06
o,p'-DDE 38 76 0.01-0.57 0.08
p,p'-DDE 41 82 0.01-0.60 0.06
o,p'-DDT 34 68 0.01-0.60 0.08
p,p'-DDT 21 42 0.01-0.22 0.04
Dieldrin 38 76 0.01-0.17 0.05
s -Endosulfan 0 0
g -Endosulfan 0 0
Endrin 11 22 0.01-0.23 0.06
Heptachlor 15 30 0.01-0.25 0.10
Heptachlor Epoxide 12 24 0.01-0.10 0.07
Hexachlorobenzene 24 48 0.01-0.08 0.03
2, 4-D 2 4 0.03-0.05 0.04
Methoxychlor 41 82 0.01-0.46 0.06
Mirex 22 44 0.01-0.06 0.03
Toxaphene 0 0
Trifiuralin 34 68 0.02-0.21 0.06
PCBs
Aroclor 1016 6 12 0.20-15.00 2.00
Aroclor 1264 45 80 0.05-1.80 0.41
Aroclor 1260 44 88 0.05-2.80 0.40
Total PCBs 46 92 0.10-17.60 1.60
1,

detection limit.
2Refers to the percent of occurrence out of 50 samples.

3

Refers to number of samples greater than or egual to the

Range values include only those concentrations greater than or
equal to the detection 1imit (PCB concentration levels less
than or equal to the working detection 1imit are considered
equal to the working detection limit and reported as such).

4Mean calculations based on range values.
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WAXIMUM VALUES OF ORGANOCHLORINE CON
LAKE ERIE TRIBUTARY MOUTHS,

TABLE 10

TAMINANTS IN FISH SAMPLES FROM
AUGUST - DECEMBER 1979

Contaminant  Species Age Tributary ppm1 Number2
Group
Aldrin Carp IV Cuyahoga 0.07 1
Maumee 0.23 2
Raisin 0.55* 3
a -BHC Yellow Perch 11 Maumee 0.20 42
Emerald Shiner I Ashtabuia 0.28 17
White Bass 0 Ashtabula 0.41% 2
g -BHC Gizzard Shad Ashtabula 0.34% 52
Carp v Raisin 0.13 3
v -BHC Gizzard Shad I Sandusky 0.21 4
Gizzard Shad 0 Ashtabula 0.30 52
White Bass 0 Ashtabula 2.30% 2
Chlordane Channel Catfish VI Sandusky 0.93* 1
Carp IX Biack 0.71 1
o,p'-DDD Channel Catfish V1 Sandusky 0.29% 1
p,p'-DDD Channel Catfish Vi Sandusky 0.39% 1
Carp IX Black 0.21 - 1
Carp 1v Maumee 0.17 2
Spottail Shiner 1 Raisin 0.16 4
o,p'-0DE Channel Catfish VI Sandusky 0.24 .1
Carp IX Black 0.57* 1
Carp IV Cuyahoga 0.17 1
Spottail Shiner 1 Maumee 0.22 50
Carp 1V Maumee 0.17 2
Spottail Shiner I Ashtabula 0.12 2
Spottail Shiner I Raisin 0.10 4
p,p'-DDE Channel Catfish VI Sandusky 0.60* 1
Carp IX Black 0.25 1
Spottail Shiner I Maumee 0.11 50
Spottail Shiner I Raisin 0.08 4
o,p'-DDT White Bass 11 Sandusky 0.15 5
Channel Catfish VI Sandusky 0.60* 1
Gizzard Shad 1 Black 0.49 11
Carp IX Black 0.29 1
Spottail Shiner 1 Raisin 0.10 4
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MAXIMUM VALUES OF ORGANOCHL
LAKE ERIE TRIBUTARY MOUT

TABLE 10 (cont'd)
ORINE CONTAMIN

ANTS IN FISH SAMPLES FROM

HS, AUGUST - DECEMBER 1979

Contaminant  Species Age Tributary ppm1 Number2
Group
p,p'-DOT Channel Catfish VI Sandusky 0.22* 1
Carp IX Black 0.12 1
Dieldrin Channel Catfish Vi Sandusky 0.14 1
arp IX Black 0.17* 1
Gizzard Shad 1 Grand 0.12 11
Carp IV Raisin 0.15 3
o -Endosulfan A1l below working detection Timits
g -Endosulfan A1 below working detection 1imits [
Endrin " Ccarp IX Black 0.17 1
Carp IV Raisin 0.23* 3
Heptachlor Carp v Maumee 0.16 2
Gizzard Shad 0 Ashtabula 0.14 52
White Bass 0 Ashtabula 0.25% 2z
Carp IV Raisin 0.25% 3
Spottail Shiner i Raisin 0.13 4
_ Brown Bullhead I Raisin 0.17 2z
Hept. Epoxide Carp X Biack 0,10* 1
: : Carp 1V Raisin 0.09 3
HCB ‘Gizzard Shad 0 Chagrin 0.07 55
Carp v Raisin 0.08%* 3
Freshwater Drum 1 Toussaint 0.06 14
2, 4-D gizzard Shad I Black 0.05% 11
(Isop. ester) Gizzard Shad 1 Grand 0.03 11
Methoxychlor Gizzard Shad 0 Sandusky 0.13 24
. White Bass II Sandusky 0.36 5
Yellow Perch 1 Sandusky 0.16 2
Carp IV Sandusky 0.10 4
Spottail Shiner I Grand 0.23 3
Gizzard Shad 0 Chagrin 0.11 55
Emerald Shiner I Chagrin 0.46% 12
Carp 1v Raisin 0.14 3
Mirex Gizzard Shad 0 Sandusky 0.06* 24
Spottail Shiner I Raisin 0.06 - 4
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MAXIMUM VALUES OF ORGANOCHLORINE CONTAMIN
LAKE ERIE TRIBUTARY MOUTHS, AUGUS

TABLE 10 (cont'd)
ANTS IN FISH SAMPLES FROM
T - DECEMBER 1979

Contaminant  Species Age Tributary ppm1 Number2
Group

Toxaphene A11 below working detection 1imits

Trifluralin Carp 4 X Black 0.10 1
Gizzard Shad 0 Maumee 0.11 57
White Bass 0 Maumee 0.10 4
Smelt 1 Ashtabula 0.12 43
tmerald Shiner 11 Chagrin 0.21* 35

Aroclor 1016 Gizzard Shad 0 Raisin 1.80 12
Carp IV Raisin 15.00% 3
Brown Bullhead 1I Rajsin 8.00 2
Spottail Shiner I Raisin 3.81 4
Carp v Maumee 2.70 2

Aroclor 1254 Carp 1V Raisin 1.70 3
Spottail Shiner I Raisin 1.03 4
Carp iX Black 1.30 1
Channel Catfish VI Sandusky 1.80* 1

Aroclor 1260 Carp 1V Raisin 0.90 3
Spottail Shiner I Raisin 0.92 4
channel Catfish Vi Sandusky 2.80* 1

Total PCBs Freshwater Drum’ I Toussaint 1.07 14
Gizzard Shad 1 Sandusky 1.06 a4
Channel Catfish VI Sandusky 5.10 1
Carp IX Biack 2.47 1
Spottail Shiner 1 Cuyahoga 1.26 26
Spottail Shiner 11 Cuyahoga 1.03 22
Carp IV Cuyahoga 1.02 1
Spottail Shiner 1 Maumee 1.70 50
Yellow Perch 11 Maumee 1.40 a2
White Bass 0 Maumee 1.56 4
Carp _ v Maumee 3.78 2
tmerald Shiner I Chagrin 1.22 12
Carp 1V Raisin 17.60% 3
Spottail Shiner 1 Raisin 5.76 4
Brown Bullhead 11 Raisin 9.61 2
fizzard Shad 0 Raisin 3.20 12

*Max imum concentration recorded from field sampl

leoncentration in parts per million @ g/g)

2Total number of fish in sampie
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and Ashtabula (Table 6). Age group I samples were analyzed from

the Sandusky, Black, and Grand rivers.

Age Group 0. Most df the concentration levels were less than
0.10 ppm. Table 11 1ists concentration levels for selected
contaminants in gizzard shad from the seven Lake Erie tributaries.
These contaminant 1levels i1lustrate marked differences between
tributaries. The River Rajsin sample had the highest concen-
tration of Aldrin (0.16 ppm) and Total PCBs (3.23 ppm). The
Ashtabula River sample contained concentrations of 0.34 ppm for B-
BHC and 0.30 ppm for Y-BHC.  The R-BHC level of 0.34 ppm
represented the highest concentration found in all of the 50 fish
samples. Concentration Jevels of not detected {N.D.) to 0.19 ppm
were found for Chlordane, o,p'-DDE, Methoxychlor, Mirex, and
Trifluralin. The Maumee River sample contained the highest
concentration of Chlordane, o,p'-DDE, and Trifluralin. The
Sandusky River sample had the highest levels for Methoxychlor and
Mirex; the Mirex level of 0.06 ppm was the maximum concentration
found in the 50 fish samples. Total PCBs ranged from 0.20 to 3.23

ppm; the peak concentration coming from the River Raisin sample.

Age Group 1. Age Group I gizzard shad analyzed from the
Sandusky, Black, and Grand Rivers generally showed lTow levels of

organochlorine contaminants. The Black River sample was found to

contain a concentration of o0,p'-DDT at 0.49 ppm; this
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was the maximum concentration from all fish samples (Table 6). The
Black and Grand river samples contained 2,4-D {Isopropyl ester)
concentrations of 0.05 and 0.03 ppm, respectively; this
contaminant was not detected in any of the other 50 samples. Total

PCBs ranged from 0.79 to 1.06 ppm.

Emerald Shiners

A total of four emerald shiner samples were analyzed from the
Chagrin, Grand, and Ashtabula rivers. Each of these three
tributaries yielded one age group I sample for analysis.
Additiona]jy, an Age Group II sample from the Chagrin was

analyzed.

Age Group I. Thé majority of the organochiorine contaminant
jevels were found in N.D. or Tow concentrations. Twenty-one.of the
27 contaminants were found at concentrations less than 0.10 ppm.
Those contaminants found at higher levels were o -BHC,
Methoxychlor, Aroclors 1016, 1254, and 1260, and Total PCBs. The
Ashtabula River sample contained the highest o-BHC concentration
of 0.28 ppm. The highest concentration of:Methoxychlor was found

in the Chagrin River sampie at 0.46 ppm. Total PCBs ranged from

0.29 to 1.22 ppm; the peak concentration being found in the Chagrin

River sample.
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Age Group II. This single group from the Chagrin River

contained primarily N.D. or Jow contaminant concentrations.
Trifluralin was detected at 0.21 ppm; this level represents the

maximum concentration from all 50 samples.

Spottail Shiner

Eight age group 1 spottail shiner samples were analyzed from
the following tributaries: Rajsin, Maumee, Black, Cuyahoga,
grand, and Ashtabula. Additionally, the Black and Cuyahoga rivers

had age group II samples analyzed.

Age Group 1. The concentration levels of selected organo- -

chlorine contaminants varied between tributaries (Table 12). The
River Raisin had maximum concentrations of Aldrin, p,p'-DDD, o,p'-
DDT, Dieldrin, Heptachlor, Mirex, Aroclors 1016, 1254, and 1260,
and Total PCBs (Table 12). Maximum concentrations of Chiordane,
o,p'-DDE, p,p'-0DE . were found in the Maumee River sample. The
Cuyahoga River sample also contained the maximum concentration of

Chlordane while the grand River sample contained the highest

Methoxychlor concentration.

Age Group II. The majority of the age group 11 spottail

shiner samples from the Black and Cuyahoga rivers Were found to

have N.D. or Tlow levels. , Only four contaminants (Chlordane,
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TABLE 12

SELECTED ORGANOCHLORINE CONTAMINANT CONCENTRATIONS (PPM) FOUND IN
AGE GROUP 1 SPOTTAIL SHINERS COLLECTED FROM LAKE
ERIE TRIBUTARIES, FALL 1979

Contaminant Tributary

Rajsin  Maumee 3lack Cuyahoga Grand Ashtabula

N:4 N:50 N:7 N:26 N:3 N:2
Aldrin 0.29 . N.Du N.D. 0.04 N.D. 0.02
Chlordane N.D. 0.20 0.08 0.20 0.10 0.17
p,p'-DDD 0.16 0.10 0.06 0.05 0.03 0.07
o,p'-DDE 0.10 - 0.22 N.D. 0.03 0.08 0.12
p,p'-DDE 0.08 0.11 0.07 0.06 0.02 0.08
o,p'-DDT 0.10 0.06 0.03 0.02 N.D. 0.08
Dieldrin 0.10 0.05 0.02 0.05 0.04 N.D.
Heptachlor 0.13 0.02 N.D. N.D. N.D. N.D.

" Methoxychlor 0.07  0.02 0.01 0.03 0.23 0.02
Mirex 0.05 0.01 0.04 N.D. N.D. N.D.
Aroclor 1016 3.81 0.50 N.D. 0.30 N.D. N.D.
Aroclor 1254 1.03 0.68 0.30 0.54 D.14 0.28
Aroclor 1260 0.92 0.52 0.32 0.42 0.16 0.32
Total PCBs - 5.76 1.70 0.62 1.26 0.30 0.60

NOTE: N refers to t
N.D. refers to Not D

otal number of fish.
etected (trace 0
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Aroclors 1254 and 1260, and Total PCBs) were found in levels

greater than 0.10 ppm (Appendix A).

Smelt _

Age group I Smelt were analyzed from the Grand and Ashtabula
rivers.  All contaminants, with the exception of Chlordane,
Trifluralin, Aroclors 1016, 1254, and 1260, and Total PCBs, were
at N.D. or low levels (1ess than 0.08 ppm}. The Grand River sample
contained a Chlordane concentration of 0.10 ppm. Trifluralin was

found in the Ashtabula River sample at O.lz.ppm.

Freshwater Drum

Four freshwater drum samples Wwere analyzed from the
Toussaint, Sandusky, and Black rivers; this included two Age Group
0 samples from the Sandusky and Black Rivers and two age group 1

samples from the Toussaint and Sandusky Rivers.,

Age Group 0. This age group was found to contain N.D. or very
low concentration Tevels for all 27 organochlorine contaminants.
The maximum contaminant level was found to be 0.07 ppm for
Methoxychlor in the Sandusky River sample. Individual Aroclors

and Total PCBs were 1ess than the detection 1imit for both samples.

Age Group 1. This group was found to have N.D. or Tow

concentrations of contaminants with the exception of the Toussaint
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River sample for Chlordane, p,p'~DDD, Aroclors 1016, 1254, and
1260, and Total PCBs (Appendix A). Chlordane was detected at 0.26
ppm while p,p'-DDD was found at 0.11 ppm. Total PCBs for the

Toussaint River sample was 1.17 ppm.

Yellow Perch

Four yellow perch samples were analyzed from the Maumee,
Sandusky, and Cuyahoga Rivers. Each of these three rivers yielded
age group II samples while the Sandusky River also had an age group

1 sample analyzed.

Age Group I. The single yellow perch sample was found to have
N.D. concentration levels for 18 of the 27 contaminants. Only
five of the remaining nine contaminants were equal to or in excess
of 0.10 ppm; these were Chlordane (0.10), Methoxychlor (0.16),
Aroclor 1254 (0.13), Aroclor 1260 (0.25), and Total PCBs (0.38).

Age Group II. Table 13 Tists the levels of selected organo-

chlorine contaminants found among the three Lake Erie tributaries.
Twenty-one of the 27 contaminants were found at N.D. or low concen-
tration levels (Tless than 0.10 ppm). The Maumee River sample
contained the highest concentration levels for the six selected

contaminants (Table 13).
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SELECTED ORGANOC
FOUND IN AGE

HLORINE- CONTAMINANT
GROUP 1I YELLOW PERCH FRO
TRIBUTARIES, FALL 1979

TABLE 13

CONCENTRATIONS (PPM)
M LAKE ERIE

Contaminant Tributary
Maumee Sandusky Cuyahoga
N:42 N:9 N:2

a-BHC 0.20 N.D. N.D.
Chlordane 0.20 0.08 0.11
Aroclor 1016 0.40 N.D. N.D.
Aroclor 1254 0.53 0.14 0.17
Aroclor 1260 0.47 0.21 0.19
Total PCBs 1.40 0.35 0.36

NOTE: N refers fo total number of fish.

N.D. refers to Not Detect
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White Bass

A total of nine white bass samples were analyzed from the
Maumee, Toussaint, sandusky, Black, Cuyahoga, and Ashtabula
rivers. The sample breakdown hy age group was as follows: age
group 0; Maumee, Sandusky, Black, Cuyahoga, and Ashtabula rivers,

age group 1; Toussaint and Sandusky rivers,. age group 11

Toussaint and Sandusky rivers.

Age Group 0. The majority (19 of 27) of the contaminants were
found at concentrations equal to or less than 0.1C ppm. Those
contaminants in excess of this limit are 1isted in Table 14. The
Ashtabula River sample was found to contain the highest concen-
tration tevels for a-BHC, v-BHC, and Heptachlor. These levels
were the maximum detected for both Age Group 0 white bass and for
the 50 fish samples analyzed. Chlordane levels ranged from N.D. to
0.20 ppm; the highest concentration found in the Maumee River
sample. Total PCBs ranged from 0.27 to 1.56 ppm; the highest

concentration again being found in the Maumee River sample.

hlorine contaminants were found

Age Group 1. A1l 27 organoc
in N.D. or ow concentration tevels (Appendix Ay. Only three

contaminants, Aroclors 1254 and 1260, and Total PCBs, were found
at levels exceeding 0.09 ppm. concentration levels of Total PCBs
for the Sandusky and Toussaint samples were 0.63 and 0.41 ppm,

respectively.
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TABLE 14

SELECTED ORGANOCHLORINE CONTAMINANT CONCENTRATIONS
(pPM) FOUND IN AGE GROUP O WHITE BASS FROM
LAKE ERIE TRIBUTARIES, FALL 1978

Contaminant ' Tributary

Maumee Sandusky glack Cuyahoga Ashtabula
: N:3 N:?2

N:d N:12 N:2
a-BHC ~ 0.06 0.01 N.D. 0.02 0.41
Y-BHC N.D. N.D. N.D. N.D. 2.30
Chlordane 0.20 N.D. 0.06 0.15 N.D.
Heptachlor 0.04 N.D. N.D. N.D. 0.25
Total PCBs 1.56 0.27 0.27 0.71 0.76

NOTE: N refers to total number of fish.

N.D. refers to Not Detected (trace or not present).
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Age Group II. The Sandusky River sample was found to have

N.D. or low concentrations (1ess than 0.10 ppm) for 20 of the 27
contaminants {Appendix A). Those contaminants equal to or in

excess of 0.10 ppm were: Chlordane (0.14), o,p'-DDT (0.15),
Dieldrin (0.10), Methoxychlor (0.36), Aroclor 1254 {0.51), Aroclor
1260 (0.35), and Total PCBs (0.86). The Toussaint River sample was
found to have N.D. levels for 17 of the 27 contaminants. Only
Aroclors 1254 and 1260, and Total PCBs were found at concen-

trations greater than 0.06 ppm. Total PCBs were found at 0.71 ppm.

Brown Bullhead

Age Group 11. Brown bullhead samples were analyied from the
Raisin and Black rivers. The Raisin River sample was found to have
N.D. and low concentrations (less than 0.0% ppm) for 20 of the 27
contaminants (Appendix A). Those contaminants found at levels
exceeding 0.09 ppm were: Aldrin (0.28), Heptachlor (0.17),
Arocior 1016 (8.0), Aroclor 1254 (0.84), Aroclor 1260 (ﬁ.76), and
Total PCBs {9.60). The Biack River sample was found to contain
N.D. or low concentrations (less than 0.08 pﬁm) for 24 of the 27
contaminants. Only Aroclors 1254 and 1260, and Total PCBs were

found 1in concentrations greater than 0.07 ppm.

Channel Catfish

Age Group ¥I. A single channel catfish from the Sandusky

River comprised this sample. Fifteen of the 27 contaminants were
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found in N.D. or low concentrations. The following contaminant‘
Tevels (ppm) were found to be maximum concentrations for all 50
samples analyzed: Chlordane {0.93), o,p'-DDD (0.29), p,p'~-DDD
(0.39), p,p'-DDE (0.60), o0,p'-DDT (0.60), p,p'-DDT (0.22), Aroclor
1254 (1.8), and Aroclor 1260 (2.8). The o,p'-DDE concentration

was 0.24 ppm and Dieldrin was found to he 0.14 ppm.

_CarE

six samples of carp were analyzed for organochlorine
contaminants. Age group IV samples were analyzed from the Raisin,
Maumee, Toussaint, sandusky, and Cuyahoga rivers. A single age

group IX sample was analyzed from the Black River.

Age Group 1v. Table 15 1lists selected contaminant levels for
this group. These concentrations were among the hignest for the 50
fish samples. For example, the River Raisin sample was found to
have the maximum concentrations for the following contaminants:
Aldrin, g -BHC, Endrin, Heptach1or, Hexachlorobenzene, Aroclor
1016, and Total pCBs (Tables 10 and 15). Additionally, the River
Raisin samp1e was found to have the highest levels of o,p'-DDD,
Dieldrin, Heptachlor Epoxide, Methoxychlor, Aroclor 1254, and
Aroclor 1260 for all age group IV carp (Table 15)., The Maumee
River sample contained the highest concentrations of p,p'-DDD and

o,p'-DDE. Samples from the Toussaint, Sandusky, and Cuyahoga
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SELECTED ORGANOCCHLO
- {PPM) FOUND I
LAKE ERIE TRIBUT

TABLE 15

RINE CONTAMINANT CONCENTRATIONS
N AGE GROUP 1V CARP FROM
ARIES, FALL 1979

Contaminant Tributary

Raisin - Maumee Toussaint Sandusky Cuyahoga

N:3 N:2 N:10 N:4 N:1
Aldrin 0.55  0.23 0.02 N.D. 0.07
g-BHC 0.13 0.02 N.D. N.D. N.D.
Chlordane N.D. 0.25 0.17 0.14 0.14
o,p*-DDD 0.12 0.08 0.03 N.D. 0.03
p,p'-DDD 0.13 0.17 0.09 0.06 0.05
o,p'-DDE N.D. 0.17 0.04 0.08 0.17
Dieldrin 0.15 0.04 0.06 0.05 0.02
Endrin 0.23 N.D. N.D. N.D. N.D.
Weptachlor ~ 0.25 0.1 N.D. N.D. N.D.
Hept. Epox. 0.09 0.01 N.D. N.D. 0.06
HCB 0.08 0.02 0.03 N.D. N.D.
Methoxychlor 0.14 0.02 0.01 0.10 N.D.
Aroclor 1016 15.00 2.70 N.D. N.D. 0.40
Aroclor 1254 1.70 0.80 0.29 0.14 0.50
Aroclor 1260 0.90 0.26 0.58 0.43 0.1z
Total PCBs 17.60 3.76 0.87 0.57 1.02

NOTE: N refers to tot
N.D. refers to Not D

al number of fish
etected {trace ©
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Jevels with the control group concentrations shows slight increase
or decrease for 14 contaminants. The remaining 13 contaminant

concentrations did not change.

Cuyahoga River

Comparisons of the yellow pérch sample with the control group
concentrations show 12 of the contaminants increasing slightly by'
the end of the holding period. Nine of the contaminant levels did
not change. six contaminants (a,p'-DDD, o,p'-DDE, p,p'-DDT,
Hexachlorobenzene, Mirex, and Trifluralin) increased markedly.
Similar comparisons of the channel catfish sample with the control
group show slight 1increases for eight contaminants. Seven
contaminants decreased s1ightly, with o,p'-DDE decreasing markedly
from 0.48 to 0.09 ppm. Seven cd;taminants remained unchanged.

Four contaminants (g -Endosulfan, Hexachlorobenzene, Methoxychlor,

and Trifluralin) increased markedly.

Hexachlorobenzene and Trifluralin increased substantially in

both the yellow perch and channel catfish samples (Figure 10).

Uptake Rate Experimént - Spring 1980

Samples of approximately 30-50 channel catfish and bluegills

were removed from the Maumee, Cuyahoga, and Ashtabula rivers Over
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a six-week period (Table 16). Control group samples for both

species were removed at the beginning of the experiment on 23 May.

Table 17 summarizes the ocﬁurrence of the organochlorine
contaminants by the caged fish. six contaminanis, Chlordane,
p,p'-0DT, a-Endosulfan, Hexachlorobenzene, Mirex, Toxaphene, and
Aroclor 1016 were not detected in any of the 27 experimental
groups. The majority (19 of 27) of the contaminants occurred 1ess
than 50 percent of the time in the 27 experimenta1 groups. Six of
the eight contaminants found in excess of 50 percent occurrence
were detected at concentration Tevels greafer than 0.10 ppm.
These siX contaminants were: p,p'=DDD, p,p'~DDE, Dieldrin,
Trifluralin, Aroclor 1254, and Total PCBs. Additional
contaminénts found in excess of 0.10 ppm, but occurring in 1ess
than 50 percent of the samples, Wwere 4-BHC,  0,p'-DDE, B~

Endosulfan, Heptachior, and 2,4-D (1sopropy] Ester).

Appendices ¢ and D list the analytical results for the
control . and experimental group channel catfish and bluegill
samples. The control group channel catfish were found to contain

detectable concentrations (ppm) of p,p'~DDD (0.03), o,p'~-DDE
(0.02), and p,p'-DDE (0.09). The control group bluegill sampie

was found to contain detectable concentrations for only one
contaminant - p,p'-DOE (0.03).
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GA, AND ASHTA

TABLE 16

30 May - 4 July, 1980

RESULTS OF SAMPLE REMOVAL OF EXPERIMENTAL GROUP
TEISH AND BLUEGILLS FROM MAUMEE,
BULA RIVER MOUTHS

Date Tributary

Maumee Cugahoqa __gshtabu1a

CCF BG CCF BG CCF BG

30 May X X X X % X
6 June X X X X X X
13 June X X N.S. N.S. X X
20 June X X N.S. N.S. X X
27 June X X N.S. N.S. X b4
X b N.S. N.S. X N.

4 July

NOTE: CCF refers to

BG refers to
N.S. refers to

Channel Catfish

Riuegills

No Sample
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TABLE 17

SUMMARY OF THE OCCURRENCE OF ORGANOCHLORINE CONTAMINANTS

BY CAGED YOUNG-OF -THE-YEAR FISH RECOVERED FROM THE

MOUTHS OF THE MAUMEE, CUYAHOGA, AND ASHTABULA RIVERS
30 MAY - 4 JULY, 1980

Contaminant N percent Range (ppm)
Aldrin 3 11 0.02-0.04
a-BHC 4 15 0.04-0.18
g-BHC 3 11 0.02-0.05
v-BHC 7 26 0.02-0.04
Chlordane 0 -— -—
o,p'-DDD 1 4 -
p,p'-DOD 23 85 0.02-0.12
o,p'-DOE 9 33 0.02-0.11
p,p'-DDE 22 8l 0.03-0.14
o0,p'-D0T 14 52 0.02-0.05
p'-00T 0 - -—
Dieldrin 22 81 0.02-0.12
«-Endosulfan 0 -—- ——-
g -Endosuifan 3 11 0.08-0.12
Endrin 4 15 0.02-0.03
Heptachlor : 4 15 0.02-0.28
Heptachlor Epoxide 15 55 0.02-0.06
Hexachlorobenzene 0 - —-—-
2,4-D (Isopropyl Ester) 4 15 0.12-0.14
Methoxcyhior _ 1 4 -
Mirex 0 -— -
Toxaphene 0 - -—
Trifluralin 19 70 0.01-0.16
Aroclor 1016 0 -— -
Aroclor 1254 25 a3 0.05-0.20
Aroclor 1260 11 41 0.05-0.08
Total PCBs 25 - 93 0.05-0.24

TE_vawes based on total number of channel catfish and bluegill
samples greater than or equal to the detection 1imit.

— -
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Maumee River Samples

Twelve contaminants were not detected in any of the channel
catfish samples and 16 contaminants were not found in any of the
bluegill samples (Table 18). Contaminants present were generally
found at levels Just above the detection 1imits. Certain
contaminants (p,p'-DDD, p,p'-DDE, nieldrin, Heptachlor Epoxide,
and Aroclor 1254) wére found throughout the six-week sampling

period in hoth channel catfish and bluegill samples (Table 18 and

Appendix D).

Uptake of p,p'-DDD by channel catfish showed a general
increase over the six-week period (Figure 11). The corresponding
bluegill samples were found to be at lower concentrations, but the
4 July sample péaked at 0.04 ppm. Levels of p,p'-0DE varied little
over the first four weeks for both species, but peak concen-

trations in the fifth week (27 June) were detected for channel

catfish and bluegill samples.

Uptake of Dieldrin shoWed no real pattern of gradual increase
or decreaée for either species (Figure 12). Maximum concen-
trations for both species were attained in the jnterval 6 June to
13 June. The only detectable concentration (ppm) of Aldrin (0.02)
for channel catfish was from the 13 June sample; this corresponds
with the maximum Dieldrin concentration (0.11) for channel catfish
on 13 June.
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PERCENT OCCURRENCEl OF ORGANOCHLORINE CONTAMINANTS
BY CHANNEL CATFISH AND
AND ASHTABULA RIVER M

TABLE 18

BLUEGILLS IN

MAUMEE, CUYAHOGA,
OUTHS - 30 MAY - 4 JULY, 1980

Contaminant Maumee Cuyahoga Ashtabulia
CCF BG CCF BG CCF BG
Aldrin 17 17 50 0 0 0
o -BHC 33 0 50 50 0 0
g -BHC 0 0 0 0 50 0
~v -BHC 0 - 33 0 0 67 20
Chlordane 0 0 0 0 0 0
o,p'-DDD 17 0 0 0 0 0
p,p'-DDD 100 83 100 100 100 40
o,p'-DDE 0 0 0 , 50 83 60
p,p'-DDE 100 100 100 50 33 100
o,p'~-0DT 33 50 50 0 67 80
p.p'-DOT 0 0 0 0 0 0
Dieldrin 100 100 100 100 . 50 60
o -Endosulifan 0 4] 0 0 0 0
B -Endosulfan 33 0 50 0 0 0
Endrin 17 0 50 0 33 0
Heptachlor 17 0 0 0 33 20
Hept. Epox. 83 83 100 100 17 0
HCB 0 0 0 0 0 0
2,4-D 0 0 0 0 33 40
(Isop. est.)
Methoxychlor 0 0 50 0 0 0
Mirex 0 0 0 0 0 0
Toxaphene 0 0 0 0 0 0
Trifluralin 100 17 100 100 83 60
Aroclor 1016 0 0 0 0 0 0
Aroclor 1254 100 83 100 100 100 100
Aroclor 1260  50° 50 50 0 33 40
Total PCBs 100 83 100 100 100 80

NOTE:

1Percentages based on number of samples >

CCE = Channel Catfish; BG = Bluegill
the detection limit.
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Uptake of Heptachlor Epoxide shows a general increase through
the six-week period for the channel catfish samples (Figure 13).

The bluegill samples also show this trend, but at lower levels.

Trifluralin was detected in 100% of the channel catfish
samples, but only 17% occurrence was reported for the biuegill
samples (Table 18). Figure 14 illustrates the uptake of
Trifluralin by both species. Most concentrations were less than
0.03 ppm, but the 13 June levels of 0.04 ppm for channel catfish
and 0.02 ppm for bluegill are maximum concentrations for both

species.

There was no uptake of Aroclor 1016 by any of the samples
(Table 18); Aroclor 1260 was detected in 50% of the channel
catfish and bluegill samples. Aroclor 1254 was found 1in 100%
;hanne1 catfish samples and 83% of the bluegill samples. Uptake of
Arocior 1254 by both species showed a drop in concentration in the
second week (6 June), followed by a gradual increase in the

remaining four weeks (Figure 15).

Cuyahoga River Samples

Only two sémpling dates were completed on the Cuyahoga River
due to the mortality of the caged fish (Table 16). The 6 dJune
channel catfish sample was found to have the following max imum

contaminant concentrations (ppm) for all 27 experimental groups
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analyzed: p,p'-DDD (0.12), p,p'-DDE (0.14), g-Endosulfan (0.12),
and Trifluralin (0.16}. Trifluralin increased markedly in the
channel catfish samples (Figure 16). The bluegill sample also
increased, but at much lower levels. Certain contaminants ( B-BHC,
p,p'-DDD, Dieldrin, Heptachlor Epoxide, Trifluralin, and Aroclor
1254) were detected from the two sampling dates in both channel

catfish and bluegill samples (Table 18).

. Ashtabula River Samples

‘Twelve contaminants were not detected in any of the channel
catfish samples {(Table 18). Fifteen contaminants were not
detected in any bluegill samples. Concentrations (ppm) of 8 -BHC
(0.05), y-BHC (0.04), Heptachlor (0.28), and 2,4-D (0.14) in the
channel catfish samples were the maximum levels from all 27

experimental groups analyzed.

No general pattern in the uptake of p,p'-DDD was found for

either species (Figure 17). The channel catfish were found to have

higher concentrations than the bluegill samples, but the control

group concentration of 0.03 ppm may have been a factor in elevating
the channel catfish levels. Uptake of o,p'-DDE by both species
showed a general trend of increase during the first itwo weeks,
followed by a decline and rise in levels in the last four weeks

(Figure 18).
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Uptake of Dieldrin by both species did not show any pattern.
Concentration levels decreased for both species in the last three

weeks (Figure 19).

The detection of 2,4-D (Isopropyl Ester) was 1imited to
Ashtabula River sampies (Table 18). Uptake of 2,4-D {Isopropyl
Ester) was detected in both species during th 13 June to 27 June

sampling interval (Figure 20).

Uptake of Trifluralin was detected at Tow concentrations in
hoth species (Figure 21). Both species showed a drop in
concentration in the second week (6 June), followed by an increase

and decrease over the remaining .sampling dates.

Aroclor 1254 was detected at 0.20 ppm in both channel catfish
and bluegill samples; this level represented the maximum concen-
tration from all 27 experimental group sampies {Table 17).
Channel catfjsh samples showed increasing Aroclior 1254 levels for
the first three weeks of the uptake experiment, then decreased in
concentration in the finalttwo weeks (Figure 22): The bluegill
samples showed a cimilar trend at slightly lower concentration

Jevels.
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DISCUSSION

This study was actually two separate but related projects - a
syrvey study of organochlorine contaminant concentrations in
fishes from Lake Erie tributaries and a study to determine the
uptake rate of these organochlorine contaminants "at selected Lake
Erie tributaries. Over 900 fish representing 12 different species
from 11 tributaries were collected as part of the 1979 survey
study. The pilot uptake study of 1979 Tled to the 1980 uptake
experiments at the mouths of the Maumee, Cuyahoga, and Ashtabula
rivers., Objectives one and two, as set forth in the introduction
of this paper, were achieved through the completion of the survey

study. The achievement of objective 3 was met in that the uptake

experiments during the spring of 1980 were completed. The

determination of uptake rates was dependent upon detection of

these organochlorine contaminants in the experimental group fish.
However, the majority of the contaminants were found at N.D. or low

concentration levels {Appendices C and D}.

Certain problems were encountered throughout the study and
subsequent analysis. Collections of many species were largely
dependent on the sampling conditions and tributary. Many samples
analyzed from the survey study consisted of only 3-5 fish. These
low N values do not support the representative specimen sample

desived in scientific studies such as this. Quality Control
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(Q.C.) data of the chemical analysis of the fish samples resulted
in the calculation of percent vrecovery and mean percent
coefficient of variation for the 27 contaminants {Tables 7 and 8).
In some cases problems were 1ﬁcurred with the samples during the
tedious analytical procedures that resulted in low percent
recoveries and elevated mean percent coefficient of variance.
Additional QC requifements become increasingly cost prohibitive.

These values should be kept in mind when analyzing the data.

Some assumptions were made in the sfudy in order to
facilitate the analysis of the data. A1l fish captured at the
tributary mouths were considered residents of the riverrin which
they were collected. This assumption discounts, but does not
deny, ]ong.range £ish movements from other streams or areas of Lake
Erie. Time of collection is not considered a factor in the
contaminant concentrations for the survey samples. The survey
samples were coliected over the interval August-December 1979.
Certain samples may have contained more or less contaminant levels
depending on when they were captured. This is a valid
consideration, but is not considered in this discussion due to the
mixing of collections to achieve homogeneous samplies of the same

species, age group, and tributary.

1 shall approach the discussion of the 1979 survey sample

results by examining organochlorine contamint concentration levels
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in each tributary. Since the results section presented the survey
sampie data according to fish species and age class, discussion of
the survey' samples by tributary will allow for discussion of
contaminant 1eve15‘1n fish populations as a function of Tocation
(tributary mouths). Additionally, consideration is made of signi-
ficant differences of contaminant concentrations as a function of

fish species.

The 1979 and 1980 uptake rate experiment resulis will be
discussed according to tﬁe tributary mouth, experimental fish
species, and the time interval during which the experimenﬁ was
performed.

| SURVEY SAMPLES - FALL 1979
River Raisin

Samples of gizzard shad, carp, spottail shiner, and brown
bullhead were analyzed for organcchlorine contaminants (Table 6).
Comparison of these groups with other tributary samples of the
same species and age group show that these samples were generally
found to have the highest concentration levels of contaminanis
(Tables 9, 10, 11, 12, and 15). Relatively high levels of Aldrin,
DOT and metabolites, Dieldrin, Mirex, and Total PCBs were found in
the majority of the samples. The spottail shinef, brown bullhead
and carp samples were found to be in excess of FDA 1im1ts for Total
PCBs (Table 19)}. Aroclor 1016 was found to be in high concen-

trations in every sample, although this contaminant was
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practically not found in sampies from other tributaries (Appendix

A).

Explaining these high contaminant levels in fish tissue
cannot be based on current use in the environment due to their
removal by the EPA (Table 1). The industrial activities of Monroe,
Michigan must be considered as a possible source of PCB
contamination. Detectable concentrations of Mirex and Aroclors
1254 and 1260 in sediment sampies from this tributary have been
reported (Appendix F). Previous data has shown high PCB levels in
fish samples from the Monroe area (Gessner and Griswold, 1978).
The uptake and retention of Aldrin, DDT and metabolites, Dieldrin,
and PCBs by River Raisin fish may be related to their presence in
sediments qf the tributary mouth and nearshore area. Further
evidence that may suggest the sediments as a possible contaminant
sgurce is found in the fact that the highest concentrations were
found in hottom-feeding fish, namely the carp and brown bullhead
samples. However, these bottom-feeding species were also the
oldest fish analyzed, and therefore would have the longest time to

accumulate organochlorine contaminants.

Maumee River
Gizzard shad, carp, spottail shiner, white bass, and yellow

perch samples were analyzed for organochiorine contaminant Tevels
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(Table 6). These samples contained relatively high concentrations
of Chlordane, o,p'-DDE, Mirex, Aroclor 1016, and Total PCBs
(Tables 9, 10, 11, 12, 13, 14, and 15). Comparison of contaminant

‘levels between fish species shows that the highest concentrations

were found in the carp sample while the lowest levels were detected
in the gizzard shad samp1e. This may suggest the method of feeding
as a possible factor in concentrating contaminants; carp are
omnivorous bottom-feeders while gizzard shad are considered

planktivores.

Many of the concentrations detected were of contaminants not
presently restricted from use by the EPA (Table l).. For example,
Chlordane's occurrence in the samples may be related to
residential use of this insecticide for termite control (Table 1).
The agricultural and industrial activities which surround the
Maumee River Basin also can be considered as a probable source of

pesticide and PCB contamination.

Contaminant concentrations found in sediment samples
correspond to contaminant concentrations in the Maumee River fish
samples of this study (Appendix F).  The presence of these

compounds in sediment samples make them a possible source of con-

taminants to the Maumee River fish. For example, all of these

samples were found to be in excess of FDA limits for Mirex (Table
19).
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Toussaint River

The Toussaint River samples consisted of carp, white bass,
and freshwater drum. Contaminants for all of these samples were
found to be N.D. or very low levels. These low contaminant levels
are believed to be an indication of relatively unpolluted nature

of this tributary.

Sandusky River

A total of six species representing gizzard shad, carp,
channel catfish, white bass, yellow perch, and freshwater drum
samples were analyzed. These six species were generally found to

have N.D. or low levels of organochlorine contaminants.

Mirex was detected in five of the six species collected
(Appendix A). These Mirex concentrations are low, but represent
levels of a banned pesticide in excess of IJC standards (Tab]es 1

and 19).

Low - concentrations of Chlordane and Methoxychlor were
detected in the samples. The presence of these insecticides is not
unusual; both Chiordane and Methoxychlor are used by farmers and

residential owners as effective soil insecticides (Table 20).

The channel catfish sample contained maximum concentrations

for Chlordane, o,p'-DDD, p,p'-DDD, p,p'-DDE, o,p'-DDT, p,p'-DOT,
- 110 -
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Aroclor 1254, and Aroclor 1260 (Table 10). The DDT and metabolites
were found to be in excess of IJC standards (Table 19). A possible
explanation for these high coricentrations, particularly the DDT
and metabolite compounds, is that this fish was six years old;
therefore allowing it a longer time to accumulate organochlorine
contaminants than younger fish. Channel catfish, 1ike carp, are

bottom-feeders and this also may have an influence.

- Black River

Black River samples of gizzard shad, carp, spottail shiner,
brown bullhead, white bass, and freshwater drum were analyzed.
Comparisons of these samples to different tributaries containing
the same species and age class show the Black River samples to
contain N.D. or very Jow concentrations of the 27 organochlorine
contaminants (Tables 12 and 14}. Only DDT and metabolite concen-
trations in the age group IX carp sample were found at relatively

high levels (Appendix A).

__ Possible explanations for these low levels may be reiated to
the land use of this -area. The Black River flows through an
industrialized area of Ohio. Since there is little agriculture
use of land, the potential for pesticide contamination of fish is
small. The high levels of DDT and metabolites found in the age

group IX carp may be attributed to this species age and bottom-
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feeding method. Another possible source of DDT and metabolite
contamination is their presence in sediment samples (Appendix F).

A

Cuyahoga River

The Cuyahoga River samples were comprised of gizzard shad,
carp, spottail shiner, white bass, "and yellow perch (Table 6).
Detectable concentrat1ons of Chlordane and Total PCBs were common
in all of these samples {Tables 11, 12, 13, 14, and 15). The carp
sample contained relatively high concentrations of DDT and
metabolites (Table 15). Contaminant levels do not appear to
differ éppreciab]y between the various samples, although the carp
and spottail shiner groups contain the highest levels of Total

PCBs.

These low concentration levels are not unexpected due to the
highly industrialized nature of the Cuyahoga River and'surrounding
area. The presence of Chlordane in the samples may be attributed
to residential and industrial use for termite control (Table 1).
Levels of DDT and metabolites and PCBs may be related to industrial

activity and release of these compounds from the sediment (Table

19).

Chagrin River

Samples of gizzard shad and emerald shiners were analyzed

from the Chagrin River (Table 6). Low or N.D. concentration levels
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were found for the majority of the contaminants. The emerald
shiner samples contained the maximum levels for Methoxychlor and
Trifluralin (Table 10). The source of these high contaminant
levels may be from the app]icatfon of Methoxychlor and Trifluralin
on hay and soybean crops, respectively (Table 20}. Both of these

crops are grown in the Chagrin River area.

Grand River

Samples of gizzard shad, rainbow smelt, emerald shiner, and
spottail shiner were analyzed from the Grand River (Table 6). Very
Jow or N.D. concentration levels were found in all these samples.
The age group I gizzard shad sample was found to contain 0.03 ppm
of 2,4-D (Isopropy] Ester). A possible source of this herbicide is
from 2,4-D applications on corn and wheat crops of the Grand River
area (Table 20). A possible éource of organochlorine contaminants
is sediment contaminant concentrations in the tributary and

nearshore area (Appendix F).

Ashtabula River

The following samples were analyzed from the Ashtabula River:
gizzard shad, rainbow smelt, emerald shiner, spottail shiner, and
white bass (Table 6). Most organochlorine contaminants were found

at N.D. or low concentration levels.

The gizzard shad, emerald shiner, and white bass samples were

found to contain very high Tevels ofa, B andy‘—BHC and Heptachlor
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(Tables 10, 11, and 14). Comparisons of these contaminant levels
between the different fish species show that the highest Tlevels
were generally found in the white bass sample, followed by gizzard
shad and emerald shiner samples, respectively. Comparisons of
these contaminant levels to other tributaries with the same
species and age group show the Ashtabula River samples to contain
much higher concentrations (Tables 11 and 14, and Appendix A).
The source of the o and g-BHC concentration levels probably
is not related to 1979 pesticide applications in the area bhecause
of the banning of BHC formulations containing and  isomers in
1978 (Table 1). B -BHC is known to be persistent in the
environment, therefore its presence in the fish samples probably
is related to previous app]ications of this pesticide on crops of
the Ashtabula River area. The Y-BHC contaminant levels may be a
result of agricultural and residential use to control soil
insects, houseflies, and cockroaches. A possible explanation for
the high Heptachlor levels may be related to previous applications
of this insecticide on corn Crops and use for termite control

(Tables 1 and 20).
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UPTAKE RATE EXPERIMENT - FALL 1979

Maumee River

The differences existing between the contaminant
concentrations of the control group yellow perch sample and the
experimental group yellow perch sample were found to be minimal
and insignificant (Appendix B). Analysis of the data reveals that
although the majority of the experimental group contaminant levels
increased over the four-week holding period, the increases were SO
slight that any suggestion of significant uptake by the experi-
mental yellow perch would be misleading. The data suggests there
was no appreciable uptake of organochlorine contaminants by yellow

perch over the four-week holding period.

Cuyahoga River

Only one yellow perch and two channel catfish were reirieved
from the Cuyahoga River. These 1ow recoveries do not constitute
adequate samples and this fact must be considered when analyzing
the data. The yellow perch sample was found to increase markedly
for o,p'-DDD, o,p'~DDE, p,p'-DOT, Hexachiorobenzene, ¥Mirex, and
Trif]ﬁra]in over the four-week holding period {Appendix B).
Sediment samples removed from the Cuyahoga River in 1979 were
found to contain detectable levels of o,p'-DDD, o,p'-DDE, and
p,p'-0DT (Appendix F). This may suggest that the yellow perch were
obtaining these contaminants from concentrations in sediment. The

presence of -Mirex may also be related to sediment concentrations
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of this insecticide from previous applications (Table 1). Hexa-
chlorobenzene and Trifluralin are pesticides presently in use by
Ohioc farmers. Hexachlorobenzene, a fungicide, is used primarily
for wheat seed treatment while Trifluralin, a hefbfcide, is used
as an effective weed controlling agent for soybean Crops (Table
20). Since wheat and soybean are major cCrops of the Cuyahoga River
area, the presence of Hexachlorobenzene and Trifiuralin in the
yellow perch sample may be related to agricultural use of these

pesticides.

The channel catfish sample showed marked increases of 8-
Endosulfan, Hexachlorobenzene, Methoxychlor, and Trifluralin over
the four-week holding period (Appendix B). The presence of the
insecticide g-Endosulfan is probably related to agricultural and
industrial app]itations in the Cuyahoga area; it is very
persistent in soil. Methbxych]or's presence is not uncommon due
to jts use as an insecticide on hay crops (Table 20). Concen-
trations of Hexachlorobenzene and Trifluralin increased rapidly
over the ho]diné period (Figure 105. Their presence in the fish

samples is probably related to agricultural use in the area.
The concentration of o,p'-DDE decreased substantially over

the four-week holding period. This may represent elimination or

conversion of o,p'-DDE by the channel catfish.
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UPTAKE RATE EXPERIMENT - SPRING 1980

Maumee River

The majority of the experimental group samples were found to
contain N.D. or low contaminant concentration levels {Table 18,
Appendix D). w-BHC, p-Endosuifan, and Endrin were detected
sporadically in the channel catfish samples. The g-Endosulfan and
Endrin levels probably reflect agricultural use within the
watershed. @=BHC levels may be related to previous agricu{tura1

use before elimination of this pesticide by the EPA (Table 1). v-

BHC was detected in the 6 June and 13 June bluegill samples. These '

levels also are believed to reflect agricultural use within the

watershed (Table 20).

A gradual increase of p,p'-DDD was found for channel catfish
over the six-week period (Figure 11). . Bluegill samples did not
éxhibit a gradual increase. Levels of p,p'-DDE for both species
did not show any pattern of‘increase or decrease. The channel
catfish contained higher p,p'-DDE levels, but it is believed these
elevated values are caused by higher control group concentrations
(Appendix C). The uptake of p,p'-0DD énd p,p'-DDE by the fish may
be related to the release of these contaminants from suspended and
particulate matter in the sediment (Salem et al., 1978 and
Appendix F). The higher levels of these contaminants in channel
catfish may be associated with the fact that this species is a

bottom-feeder and therefore in close contact with the sediment.
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Uptake of Dieldrin by both species did not appear to follow
any pattern (Figure 12).  Channel catfish samples generally
contained the higher concentration levels. Since most uses of
Dieldrin have been cancelled the most probable source is from
suspended sediment material (Appendix F)}. Movement of Dieldrin by
runoff and erosion has also been documented (Haan, 1971). The 13
June channel catfish sample was Tound to contain detectable levels
(ppm) of both Dieldrin (0.11) and Aldrin (0.02). This may suggest
"a biological conversion of Aldrin to its Epoxide Dieldrin.
Bulkley et .a1. (1874} showed that Dieldrin levels 1in channel
catfish were seasonal. His study indicated that Dieldrin levels
increased within a few weeks after the peak of the corn planting
season. Although Aldrin has been banned by the EPA (Table 1) its
former use on corn was widespread. This evidence may serve to

explain the occurrence of Dieldrin in the fish.

Heptachlor Epoxide was found in 83% of the channel catfish
and bluegill samples (Table 18). These levels may be the result of
biological conversion of Heptachlor to Heptachlor Epoxide (Brooks,
1969). Heptachlor Epoxide increased gradually for both species;
this suggests a continuous source of Heptachlor in the area

(Figure 13).

Trifluralin was detected in all of the chanpel catfish
samples but only one of the bluegill samples (Table 18). The 13
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June sample for both species showed the maximum concentration
levels during the entire sampling period. These peak concen-
trations may reflect application of Trifluralin to crops by ioca]
farmers (Figure 14, Table 20).
k

Levels of PCBs found in the two species showed that Aroclor
1954 was detected in more samples and in higher concentrations
than either Aroclor 1016 or Aroclor 1260 (Table 18). Sediment
values also contained much higher concentrations of Arocior 1254-
than 1260 (Appendix F). This may suggest why Aroclor 1254 was
found in the majority of the fish samples. The higher levels again
were found in the channel catfish; this again may suggest bottom-
feeding species concentrate organochlorine contaminants by their

association with sediments (Figure 15).

Cuyahoga River

Discussion of the Cuyahoga River samples is difficult due to
the mortality of all the fish during the & June sampiing period.
Any analysis of trends and possible relationships for the
contaminant levels must therefore be restricted to only two

sampling periods.

The following contaminants ﬁere detected from the same
sampling dates in both channel catfish and bluegiil samp1és: a-
BHC, p,p'-DDD, Dieldrin, Heptachlor Epoxide, Trifluralin, and
Aroclor 1254. The o -BHC and p,p'~-DDD concentration levels may be
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attributed to previous pesticide applications prior to EPA removal
(Table 1). Heptachlor Epoxide and Dieldrin levels may reflect
agricultural use or biological conversion of Heptaghlor and Aldrin
from sediment sources {Appendix F). The Trifluralin levels are
probably due to .agricu1tura1 use in the Cuyahoga River agri-
cultural areas (Figure 16). Aroclor 1254 levels may be related to
the high_copcentrations of this industrial contaminant - found in

sediment samples from the Cuyahoga River (Appendix F).

Ashtabula River

Sporadic concentrétion levels of 8-BHC and Heptachlor in the
channel catfish sampies are believed to be caused by release of g -
BHC from sediments and agricultural and residential use of
Heptachlor (Table 20 and Appendix F); v-BHC and Héptach1or levels
detected in the bluegill samples were also sporadic and probably
reflect agricultural use of these insecticides. It is interesting
to note that the survey samples - Fall 1979 collected from the
Ashtabula River contained the maximum o, g, and y-BHC levels for

all 50 samples analyzed (Table 10). The presence of these BHC

isomers in the uptake experiment samples reinforces the helief

that the fish are concentrating these contaminants as a result of

" past insecticide applications in the Ashtabula River watershed

(Tables 17, 18, and 20 and Appendices C and D).
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tevels of p,p'-DDD were found to show no uptake pattern for
either species during the holding period (Figure 17)}. Uptake of
o,p'-DDE also did not appear to follow any pattern, although the
concentration levels were higher for o,p'-DDE than p,p'-00D.
Concentration levels of DDD and DDE found in sédiment samples from
the Ashtabula River mouth may be a source of these contaminants to

the experimental group fish (Appendix F).

Dieldrin levels were detected at low concentrations and did

not appear to show any trend or pattern of uptake for either
species (Figure 19). The channel catfish and bluegill samples
showed N.D. Dieidrin levels during the last two sampiing periods.
This may be related to biclogical conversion and elimination of

Dieldrin by the fish.

The presence of 2,4-D (Isopropyl Ester) was unusual because
it was not found in any other samples and because the detectable
Jevels were found within a three-week period (Figure 20). Since
laboratory studies have shown no strong evidence for bioac-
cumulation of 2,4-D by these species {Sikka et al., 1977}, the
levels found during the 13 June to 27 June period are probably
caused by local agricultural use. Large quantities of this
herbicide are used in Ohio for weed control on corn, pat, and wheat

crops (Table 20).
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Levels of Aroclor 1254 found in both species may be related to
the release of this industrial contaminant from suspended sediment
particles (Figure 22 and Appendix F). Aroclor 1254 levels were
found to gradually increase and peak during the first four weeks;
this may suggest bioaccumulation of Aroclor 1254 during periocds of
high agricultural runoff’and erosion (Pionke and Chesters, 1973

and Waldron, 1973).
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SUMMARY AND CONCLUSIONS

In order to determine watershed sources of organochlorine
contaminants in Lake Erie fishes, concentrations of 27 major
contaminants were determined in whole fish collected in nine Lake
Erie tributary mouths during August - December 1979 (Survey
Samples). Additionally, field experiments to determine the uptake
rate of these contaminants by hatchery-raised young-of-the-year

fish were conducted during Fall 1979 and Spring 1980.

Field collections were made using experimental gill nets and
ten common species of recreational, commercial, or trophic
importance were tested. Length, weight, sex, and age of each fish
were determined, and different age groups within eaéh species were
analyzed separately in order to make comparisons between fish of
the same species and age groups in different tributaries. The Fall
1979 uptake rate experiment involved the placement of hatchery-
raijsed young-of-the-year channel catfish and yellow perch in a
nylon mesh holding cage at the Maumee and Cuyahoga tivers for a
four-week holding period. At the end of the holding period the

fish were removed from the holding pens and analyzed for the 27

contaminants. In the subsequent Spring 1980 wuptake rate

experiment hatchery-raised young-of-the-year channel catfish and
bluegill were held in cages at the mouths of the Maumee, Cuyahoga,

and Ashtabula rivers for six weeks. Approximately 30-40 fish were

- 124 -




.

|

removed from the cage each week for analysis of the same 27
contaminants. Control groups were retained at the beginning of
the holding periods for both the Fall 1979 and Spring 1580

experiments.

Results of the survey samples showed that of the 27
contaminants tested, e-Endosulfan, B ~-Endosulfan, and Toxaphene
were not detected in any of the fish collected from the tributary
mouths. Concentrations of Total PCBs exceeded 1.0 ppm in fish
samp]és from the Raisin, Maumee, Toussaint, Sandusky, Black,
Cuyahoga, and Chagrin rivers. A white bass sample from the
Ashtabula River contained a concentraiion of y-BHC in excess of
1.0 bpm. A11 other contaminants were found in concentrations less
than 1.0 ppm. Differences were observed in concentrations of
contaminants between fish of the same species and age groups in
di%ferent tributaries. Certain tributary mouths contained fish
samples with higher contaminant concentrﬁtions than others.

Bottom-feeding species from these tributary mouths were found to

contain the highest contaminant concentrations.

The Fall 1979 uptake rate experiment was only partially
successful due to the Tow number of recovered fish from the holding
nets. Most of the contaminants were not detected, although a few
contaminants increased markedly over the four-week holding period.

The Spring 1980 uptake rate experiment also showed that the
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majority of the contaminants were not detected. Certain
contaminants (p,p'-DDD, p,p'-DDE, Dieldrin, Trifluralin, and
Aroclor 1254) were present in the majority of the expérimental
group fish samples throughout the six-week holding period, but in

low concentrations.

Possible sources of organochlorine contamination to the
collected fish comprising the Fall 1979 Survey Samples and tne
young-of-the-year experimental group fish were: pesticide use
within watershed, release of contaminants from sediment, and agri-

cultural runoff from precipitation and erosion.

This study resulted in the following conclusions:

»

SURVEY SAMPLES - FALL 1979

1. In general, the concentrations of organochlorine contaminants

found in fish samples from Lake Erie tributary mouths were

site dependent.

2. Concentrations of organochlorine contaminants in fishes of
the same species and age group varied considerably among the

tributary mouths sampied.
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The highest concentrations of the greétest number of organo-
chlorine contaminants in fish samples were found in the River

Raisin and Maumee River.

Excessive concentrations (i.e.> 1.0 ppm for pesticides, 5.0
ppm for total PCBs) of the following contaminants were found:
¥-BHC (Ashtabula River}, total PCBs (River Raisin, Maumee
River, and Sandusky River). All other contaminants were

found at Tow concentrations & 1.0 ppm}.

In general, the highest concentrations of organechlorine
contaminants were found in certain bottom feeding species

(spottail shiner, brown bullhead, carp, and channel catfish).

Hypothesized sources of the organochlorine contaminants in
the fish sampies are current pesticide appiications within
watersheds of the tributaries sampled and remobilization of

contaminants contained in sediment.

UPTAKE RATE EXPERIMENTS - FALL 1979 AND SPRING 1980

Results obtained from the fall 1979 experiment were
inconclusive, however, the increase of certain contaminants
(Hexachlorobenzene and Trifluralin) over the holding period

suggested rapid uptake.
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8. The majority of the organochlorine contaminants in the fish
| ; samples from the spring 1980 experiment were found in

undetectable concentrations (trace or not present).

P | 9. Uptake of certain contaminants (p,p'-DDD, p,p’'-DDE, Dieldrin,
Heptachlor Epoxide, 2,4-D, Trifluralin, and Aroclor 1254)

observable but generally in Tow concentrations.

10. Results of the spring 1980 study suggest slow uptake of

certain contaminants at low concentrations. Possible sources

T
. H
o

of those contaminants taken up by the experimental group fish

are:

a. current pesticide use within watershed

-

b. remobilization of contaminants from sediments

¢. agricultural runoff from precipitation and erosion

L

It is my opinion that the results from this study indicate the

general lack of substantial organochlorine contamination in fish

1 i

from those lake Erie tributary mouths sampled and studied.
Ld ' Concentrations of PCBs in bottom-feeding species, particularly
[: from the River Raisin, were found in excess of FDA safety 1imits

for human consumption and may have negative health implications,
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RECOMMENDATIONS

The inherent limitations encountered in this study, as with
many field studies, were $aused by the inability on the part of the
experimenter to effectively control and monitor factors that may
affect the degree of organochlorine contamination found in the
fish collected from the Lake Erie tributary mouths. Controlled
laboratory experiments effectively eliminate these limitations,
but sacrifice the "real" field conditions so ofte; preferred by
scientists. A major limitation of this study is the inability to
make more concrete conclusions on the watershed sources of organo-
chlorine contaminants in fish from Lake Erie tributary mouths.
This inability is largely a result of the lack of data on organo-
chlorine contaminant concentrations in water and sediment samples
taken concurrently with the field collections of fish. Previous
studies (Meeks, 1966) have included the analysis of water and
sediment sampieg, in addition to biota samples, and this has
allowed for more precise explanations on the origin and dynamics
of organochlorine contaminants in aquatic environments. I
recommend that future studies in this area should include water

and sediment analysis to avoid these probiemsQ
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A further problem encountered during the study was the lack
of standardization from previously generated data on organo-
chlorine contaminants in fish from Lake Erie tributaries. Large
differences in collection, analytical, and reporting procedures
exist and trend analysis will be meaningful only if standardized
procedures are adopted. For example, whole fish analyses may
imply: the whole fish, the whole fish minus the head, or the whole
fish minus the head, tail and gutted. Herdendorf et al. (1978)
noted that "Differences in species and size sampled, tissues
analyzed and collection data make any comparison.between data
difficult and unreliable”. 1 vecommend that standardized
procedures be adopted so that valid comparisons of organochlorine

contaminant concentrations in fish tissue from different times and

locations may be made.

Cost of analysis of fish tissue for organochlorine contami-
nants is high. 1 further recommend that future studies in this
area should attempt to: (1) determine which tributaries appear to
be problem areas for organochlorine contamination; (2) select only
those contaminants which pose potential health hazards; and (3)
limit collections to a few representative species. Limiting
chemical analytical analysis according to these criteria will

minimize the cost of menitoring and uptake studies without

reducing the validity of results.
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ANALYTICAL RESULTS OF ORGANIC CON
CONCENTRATIONS AND PERCENT
IN TRIBUTARY MOUTHS OF LAKE ER

APPENDIX A

FAT IN FISH COL
1E, AUGUST-DECEMBER, 1979

TAMINANT
LECTED

RAISIN R. RAISIN R. RAISIN R.
PARAMETER]- CARP SPOTTAIL 5. BROWN B. H.
N: 3 AGE: TV ‘N: 4 AGE: 1 N: 2 AGE: II

Percent Fat° 1.4 2.2 1.7

Aldrin 0.55 0.29 0.28
.a=BHC N.D. N.C. N,D.
g-BHC 0.13 ~ N.D. N.D.
y-BHC ¢ N.D. N.C. N.D.
Chiordane M.B. N.D. N.D.
o,p'-00D 0.12 N.C. N D.
p,p'-D0D 0.13 g.16 0.08
o,p'-DDE N.D. 0.10 0.02
p.p'-DDE M 0.07 0.08 VN.D.
o,p' -00T N.D. 0.10 N.D.
p,p'-00T N.D. N.D. §.0.
Dieldrin. 0.15 0.10 0.08
o-Endosulfan N.D. N.D. 0.0,
g=-Endosulfan N, D. N.O. N.D,
Endrin 0.23 2.04 0.37
Heptachlor 0.25 0.13 0.17
Heptachlor epoxide 0.09 0.02 1.0,
Hexachlorobenzene 0.08 N.D. 0.04
2,4-0 {Isopropyl ester) N.D. N.D. N.D.
Methoxychlar 0.14 0.07 N.D.
Mirex N.D. 0.05 N.D.
Toxaphene N.D. ‘N.O, N.D.
Trifluralin N.O, N.D. N.D.
Aroclor 1016 ' 15 3.81 8.0

Aroclor 1254 1.7 1.03 0.584
Aroclor 1260 0.90 0.92 Q.76
Jotal PCBs 17.60 5.76 9.6d
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ANALYTTCAL RESULTS OF ORGANIC CONTAMINANT
CONCENTRATIONS AND PERCENT FAT IN FISH COLLECTED

APPENDIX A

IN TRIBUTARY MOUTHS OF LAKE ERIE, AUGUST-DECEMBER, 18789

MAUMEE R.

RAISIN R. MAUMEE R.
PARAMETER G. SHAD G. SHAD SPOTTAIL 5.
N: 12 AGE: O N: B7 AGE: 0 N: 50 AGE: I
. Parcent Fat 4.8 5.0 2.3
Aldrin 0.16 0.08 - N.D.
a-BHC N.D. 0.06 0.03
5-BHC N.D. 0.02 N.D.
¥-BHC N.D. 0.01 N.D.
Chlordane N.D. 0.19 .20
o.p'-000 N.D, 0.06 N.D.
p,p'-DOD 0.07 0.09 0.10
a,p'=DDE 0.06 0.15 0.22
n,p'-DDE N.D. 0.04 0.11
o,p'-00T N.D. N.D. Q.06
p,p'-007T N.D. N.D. N.D.
Digldrin N.D. 0.03 0.05
a-Endosuifan N.D. N.D. N.D.
" g-Endosulfan N.D. N.D. N.D.
Endrin N.O. N.D. N.D.
Heptachlor 0.06 0.05 0.02
Heptachlor epoxide 0.01 0.04 N.D.
Hexachlorobenzens 0.03 0.02 N.D.
2,4-0 (Isopropyl ester) N.D. N.D. N.D.
Methoxychlor 0.02 0.03 0.01
Mirex N.D. 0.03 0.02
Toxaphena N.D. N.D. N.D.
Trifluralin N.D. 0.11 0.06
Aroclor 1016 1.8 N.D. <0.05
Aroclor 1254 0.67 0.50 0.68
Aroclor 1260 0.76 0.42 0.52
Total PCBs 3.23 0.92 1,78
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APPENDIX A

ANALYTICAL RESULTS CGF ORGANIC COMTAMINANT
CONCENTRATIONS AND PERCENT FAT IN FISH COLLECTED
IN TRIBUTARY MOUTHS OF LAKE ERIE, AUGUST-DECEMBER, 1979

‘ MAUMEE R. MAUMEE R. MAUMEE R.
PARAMETER Y. PERCH W. BASS CARP
N: 42 AGE: II N: 4 AGE: O W: 2 AGE: IV
Percent Fat 2.8 3.4 3.4
Aldrin (.08 N.D. 0.23
a~BHC 0.20 0.086 Py 0.04
3-BHE N.D. 0.01 0.02
¥-BHC _ N.D. N.D. N.D.
Chilordane 0.20 D.20 0.25
o,p!-00D _ N 0.05 : 0.08
p,p'-000 . N.9, N.D, 0.17.
o,p'-DDE .09 0.10 Q.17
p,p’-DDE 0.07 0.03 0.08
0,p'-0DT 0.07 0.02 : N.D.
p,p'-D0T 0.0t 7 N.D. M.D.
Dieldrin . 0.04 0.05 0.04
a=Endosulfan ‘ N.D. - K.D. N.D.
g-Endosulfan ' N.D. N.D. N3,
Endrin . N.D. N.D. N.D.
_ Hegptachlor 0.03 0.04 0.16
Heptachlor epoxide N.D. 0.02 0.01
Hexachlorobenzene KD, N.D. 0.02
2.,4-D {Isoprooyl ester) N.D. N.D. ) N.D.
Methoxychlor 0.01 0.01 0.02
Mivex 001 0.03 0.01
Toxaphene N.O. N.D. N.D.
Trifluralin 0.04 G.10 0.09
Aroglor 1016 0.4 <0.3 _ 2.7
Aroclor 1254 0.53 0.73 0.20
Aroclor 1260 0.47 0.53 0,26
Total PCBs 1.40 1.56 .3.76
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APPENDIX A
ANALYTICAL RESULTS OF DRGANIC CONTAMINANT

CORCENTRATIONS AND PERCENT FAT IN FISH COLLECTED
IN TRIBUTARY MOUTHS OF LAKE ERIE, AUGUST-DECEMBER, 1979

TOUSSAINT R.

TOUSSAINT R.

TOUSSAINT R.

PARAMETER WHITE BASS WHITE BASS . F. W. DRUM
N: 23 AGE: 1 N: 5 AGE: 11 N: 14 AGE: I
Percent Fat 1.5 2.3 1.1
Aldrin N.D. 0.01 0.01
a-BHC N.D. N.D. 0.02
B-BHC _ N.D. N.D. N.D.
v-BHC N.D. N.D. N.D.
Chlardane 0.06 0.06 0.26
o,p’-DOD N.O. N.D. N.D.
o,p'-000 0.83 0.04 0.11
o,p'-0DE 0.02 N.D. 0,07
p,p'-00E 0.02 0.05 0.07
0,p'-DOT 0.03 0.05 0.07
p,p'-00T 0.02 N.D. N.D.
Dieldrin N.D. 0.05 N.D.
a-Endosuifan N.D. N.D. N.D.
g-Endosulfan N.D. N.D. N.D.
Endrin N.D. N.D. N.D.
Heptachior N.D. N.D. N.D.
Heptachlar epoxide N.D. N.D. N.D.
Hexachlorgbenzane N.D. N.D. 0.08
2.4-0 {Isopropyl ester) N.D. N.D. N.D.
Methoxychlor N.D. 0.01 N.O.
Mirex N.D. N.D. N.D.
Texaphene N, 0. N.D. N.D.
Trifluralin N.D. N.D. 0.05
Arvoclor 1016 N.D. N.D. <0.3
Aroclor 1254 0.317 0.25 0.28
Aroclor 1260 0.24 0.46 0.59
Total PC8s ) 0.41 0.71 1.17
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APPENDIX A

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT

CONCENTRATIONS AND PERCENT FAT IN FISH COLLECTED

IN TRIBUTARY MOUTHS QF LAKE ERIE, AUGUST-DECEMBER, 1879

SANDUSKY R. SANDUSKY R. SANDUSKY R.
PARAMETER G. SHAD G. SHAD W. BASS
N: 24 AGE: O N: 4 AGE: I N: 12 AGE: 0

Percent Fat 3.2 3.1 2.7
Aldrin N.D. 0.05 _ N.D.
a-BHC N.D. 0.03 0.01
g-8HC N.D. N.D. N.D.
¥-BHC N.D. 0.21 N.D.
Chlordane 0.13 0.12 N.D.
o,p'-000 N.D. 0.04 N.D.
p,p'-D0D 0.03 0.07 0.03
o,p'-DDE N.O. 0.10 0.06
p,p'-BRE 0.02 0.05 0.03
o,p'-D0T .04 N.D. 0.03
p,p'-0DT 0.02 N.D. (.02
_Die'ldr‘in 0.04 0.05 0.02
a-Endosulfan N.O. N.D. N.D.
g-Endosulfan N.D. ~ N.D. N.D.
Endrin N.D. N.D. N.D.
Heptachlor N.D. 0.02 N.D.
Heptachlor epoxide N.D 0.03 N.D.
Hexachlorobenzene 0.01 N.D. N.D.
2.,4-D (Isopropyl ester) N.D. N.D. N.D.
“Methoxychior 0.13 0.02 - 0.01
Mirex 0.06 “N.D. N.D.
Toxaphene N.D. N.D. N.D.
Trifluralin 0.03 0.04 N.D.
Aroclor 1016 N.D. 0.34 N.D.
Aroclor 1254 <0.1 9.34 0.16
Aroclor 1260 <0.1 0.38 0.11
To_ta'i PCBs <0.2 1.06 0.27
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APPENDIX A

ANALYTICAL RESULTS OF 0
COKCENTRATIONS AND PERCENT
IN TRIBUTARY MOUTHS OF LAKE ERIE,

RGANIC CONTAMINANT
FAT IN FISH COLLECTED

AUGUST-DECEMBER, 1978

, BLACK R. BLACK R. BLACK R.
| PARAMETER G. SHAD _SPOTTAIL S. SPOTTAIL S.
l N: 11 AGE: I N: 7 AGE: I N: 3 AGE: 11
. Percent Fat 2.0 2.2 2.8
P Aldrin 0.04 N.D. 0.01
L a=-BHC 0.02 0.01 0.02
3 g-BHC N.D. N.D. N.D.
s y-8HC N.D. N.D. N.D.
[ Chlordane 0:13 0.08 0.10
i ) o,n'-D0D N.D. N.D. N.D.
[ p,p'-0DD 0.06 0.06 0.05
1 0,0'-00E 0.06 N.D. 0.02
p,p'-DDE 0.03 0.07 0.03
I 0,p'-D0T 0.49 0.03 0.03
‘ p,p'=D0T N.D. N.D. N.D.
Dieldrin t 0.04 0.02 N.D.
" a~Endosulfan N.D. N.D. N.D,
L a~Endosulfan N.D. N.D. N.D,
Endrin N.D. N.D. N.D.
[ Yaptachier 0.01 N.D. N.D.
L’ Heptachlor epoxide 0.03 N.D, N.D.
Hexach]orobénzene 0,01 N.D. N.D.
2,4-D {Isopropyl aster) 0.08 N.D. N.D.
]_‘ Methoxychlor 0.01 0.01 0.02
Mirex §.D. 0.04 N.D.
Toxaphene N.D. N.D. N.D.
( : Trifluralin 0.05 0.03 0.04
B Aroclor 1016 <0.3 N.D. N.D.
o Arpclor 1254 ~4.31 0.30 0.24
L Aroclor 1260 0.20 0.32 0.29
Total PCBs 0.81 0.62 0.53
] |
E
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AMALYTICAL RESULTS OF
CONCENTRATIONS AND PERCENT FAT
T4 TRIBUTARY MOUTHS OF LAKE ERIE,

APPENDIX A

ORGANIC CONTAMINANT
IN FISH COLLECTED
AUGUST-DECEMBER, 1978

BLACK R. BLACK R. BLACK R.
PARAMETER F. W. DRUM W. BASS BROWN B. H.
N: 10 AGE: O N: 3 AGE: N: 2 AGE: II
Percent Fat 1.5 2.0 1.7 |
Aldrin N.D. N.D. 0.02
a=BHC N.D. N.D. 0.02
g-BHC N.D. N.D. N.D.
v-BHC N.D. N.D. N.D. __j
Chlordane 0.06 0.06 .07 |
o,p' ~D0D N.D. N.D. ND.
p,p’-0D0 0.02 0.01 0.03
0.p’ -DDE N.D. £.02 0.06
p,p'-00E N.D. 0.02 0.03
o,p'-0DT 0.93 0.01 N.D.
p,p’' =0T N.D. 0.01 N.D.
Dialdrin N.D. N.D. 0.02
a-Endosulfan N.D. N.D. N.D.
g-Endosulfan N.D. N.D. N.D.
Endrin 0.01 N.D. N.D.
Heotachlor N.D_. N.D. N.D.
Heptachler epoxide N.D. N.D. N.D.
Hexach]orobenzeng 0.01 N.D. 0.02
2.,4-d {Isopropyl ester) N.D. N.D. N.D.
Methexychlar N.D. 0.01 N.D.
Mirex 0.04 N.D. §.D.
Toxaphene N.D. N.C. N.O.
Trifluralin N.D. 0,02 0.04
Arpclor 1016 N.D. N.O. N.DO.
Aroclor 1254 N.D. 0.12 0.24
Aroclor 1260 N D, 0.15 0.10
Total PCBs N.D, 0.27 0.34
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b . ANALYTICAL RESULTS OF ORGANI
CONCENTRATIONS AND PERCENT
- IN TRIBUTARY MOUTHS OF LAKE E

APPENDIX A

FAT I

¢ CONTAMINANT
N FISH COLLECTED
RIE, AUGUST-DECEMBER, 1979

o BLACK R. CUYAHOGA R. CUYAHOGA R.
‘ PARAMETER CARP . SPOTTAIL S. SPOTTAIL 5.
I N: 1 AGE: IX N: 26 AGE: 1 N: 22 AGE: I1
) Percent Fat 2.2 3.5 3.3
|F_" Aldrin 0.0% 0.04 0.03
.- a-BHC 0.05 0.02 0.03
2-BHC N.D. N.D. N.D.
I ¥-BHC N.D. N.D. N.D.
| Chlordane 0.71 0,20 0.13
o,p'-DDD 9.11 N.D. N.D.
- p,p' =00 0.21 0.05 0.05
: 0,p'-DDE 0.57 0.03 N.D.
p,p'-0DE 0.25 £.06 0.08
i o,p'=D0T 0.29 9.02 Q.04
“ p.p'-0DT 0.12 N.D. N.D.
Bieldrin 0.17 © 0.05 0.02
i a-Endosulfan N.D. N.D. N.D.
L s-Endosuylfan N.D. N.D. N.D.
Endrin 0.17 N.D. 0.01
' Heptachlor N.D. N.D. N.D.
lu:: Heptachlor epoxide 0.10 N.D. N.D.
Hexachlorobenzeng 0.02 N.0. N.D.
{ : 2,4-D {Isopropyl ester) N.D. §.D. N.D.
| Methoxychlor N.D. 0.03 0.04
o Mirex N.D, N.D. N.0.
{ : Toxaghene N.D. N._D. N.DO.
] Trifluralin 0.10. 0.05 0.07
- _ froclor 1016 <0.5 £0.3 N.D.
["'l' Aroclor 1254 1.3 0.54 0.56
L Aroclor 1260 0.67 0.42 0.47
- " Total PCBs 2.47 1.26 1.03

——
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ANALYTTCAL RESULTS OF QRGANI
CONCENTRATIONS AND PERCENT F
IN TRIBUTARY MOUTHS OF LAKE ERI

APPENDIX A

AT I

€ CONTAMINANT
N FISH COLLECTED
E, AUGUST-DECEMBER, 1973

CUYAHOGA R. CUYAHOGA R. CUYAHOGA R.
PARAMETER G. SHAD CARP . Y. PERCH
N: 18 AGE: O N: 1 AGE: IV N: 2 AGE: 1I
Percent Fat 4.1 2.9 1.8
Aldrin N.D. 0.07 N.D.
a~EHC 0.04 0.03 N.D.
g-BHC N.D, N.D. N.D.
v-BHC N.D. N.D. N.D.
Chlordane N.D. 0.14 0.11
o,p'-00D N.D. 0.03 “ N.D.
p.p'-00D 0.04 0.05 0.03
o,p'-DOE 0.04 0,17 N.D.
p,p'-00E N.D. 0.02 0.03
o.p'-00T N.D. N.D. 0.02
o,p'-00T N.D. N.D. 0.01
Dieldrin N.D. 0.02 0.02
o-Endosulfan N.D. N.D. N.D.
g-Endosulfan N.D. N.D. N.D.
Endrin N.D. N.D. N.D.
Heptachlor N.D. N.D. N.D.
Heptachlar epoxide N.D. 0.06 N.D.
Hexachlorobenzene N.D. N.D. N.O.
2.4-0 {Isopropyl ester) N.D. N.D. ¥.D,
Methoxychlor 0.03 N.0G, 0.01
Mirex 0.01 N.D. N.D.
Toxaphene N.D. N.G. N.D,
Trifluralin Q.07 0.07 N.D.
Argclor 1016 N.D. <0.4 N.D.
Aroclor 1254 0.21 0.50 0.17
Aroclor 1260 0.08 0.12 0.19
Total PCBs 0.29 1.02 0.36
- 151 -




]

(-

APPENDIX A

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT

CONCENTRATIONS AND PE
IN TRIBUTARY MOUTHS OF LAK

RCENT FAT IN FIS
£ ERIE, AUGUST-DECEMBER, 1979

H COLLECTED

CHAGRIN R.

CUYAHOGA R. CHAGRIN R.
PARAMETER W. BASS G. SHAD EMERALD S.
N: 2 AGE: D N: 55 AGE: 0 N: 12 AGE: I

Percent Fat 3.9 3.5 4.5

Aldrin N.D. 0.01 0.03
a-BHC 0.02 0.02 0.02
8-BHC N.D. N.O. 0.01
v-BHC N.D. N.D. N.D.
{hlgrdane 0.15 N.D. N.D.
o,p' =000 N.D. N.D. N.D.
p,p'-D0D | 0.03 0.05 0.06
o,p'-DDE 0.06 N.T. 0.01
p,p'-0DE 0.05 N.D. N.D.
o,p'~00T N.D. N.D. 0.01
p,p’ 00T 0.04 N.D. 0.01
Dieldrin 0.04 N.D. 0.03
a-E_ndosu'Ifan N.D. N.D. N.D.
a-Endosulfan N.O. N.D. N.D.
Endrin N.D. N.D, N.D.
Heptachior N.D. R.D. N.D.
Heptachlor epoxide N.D. N.D. N.D.
Hexachlorohenzeng N.D. 0.07 0.03
3 ,4-D {Isopropyl ester) N.D. N.D. N.D.
Methoxychlor N.D. 0.11 0.46
Mirex N.D. 0.02 0.04
Toxaphene N.D. N.D. N.D.
Trifluralin N.D. 0.05 0.04
. Aroglor 1016 0.3 N.D. £0.3

Aroclor 1254 0.19 0.23 0.19
Aroc_'ior 1260 0.22 0.18 0.73
Total PCBs 0.71 0.41 1.22
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ANALYTICAL RESULTS OF O
CONCENTRATIONS AND PERCEN
IN TRIBUTARY MOUTHS OF LAKE

APPENDIX A

ERIE, AUGUS

RGANIC CONTAMINANT
T FAT IN FISH COLLECTED
T-DECEMBER, 1572

CHAGRIN R. GRAND R. GRAND R.

PARAMETER EMERALD S. G. SHEAD G. SHAD

N: 35 AGE: II N: 40 AGE: O N: 11 AGE: 1
Percent Fat 2.9 4,9 3.5
Aldrin 0.03 0.02 Q.03
a-BHC N.O. - 0.03 0.93
g~BHC N.D. N.O. N.D.
Y-BHT 0.07 N.D. 0.02
" Chlardane . 0.05 0.15 0.15
o,p'-D0D N.D. N.D. 0.03
p,n'-DOD Q.02 0.03 0.08
o,p'-00E 0.0} 0,01 0,06
p,n'-DOE 0.02 0.08 0.04
o,p"-00T $.01 0.07 0.03
p,p'-DOT N.D. 0.03 0.03
~ Dieldrin N.D. 0.04 0.12
n-Endosulfan N.D. ' N.D. N.D.
a-Endosulfan N.D. N.D. -N.D.
Endrin N.D. N D. 0.03
Heptat_:mor- _ 0.05 N.D. N.D.
Heptachlor epoxide ND ~ N.D. 0.03
Hexachlorobenzene N.D. _0.04 0.04
2,4-0 (1sopropyl astar) N.D. N.D. 0.03
Methoxychloy N.D. 0.05 0.01
firex N.D. 0.03 N.D.
Toxaphene N.D. N,D. N.D.
Trifluralin Q.21 0.06 0.05
Aroclor 1016 N.D. N.D. 0.2
Arqc]ot‘ 1254 0.12 0.44 0.35
Aroclor 1260 0.7 0.27 0.24
Jotal PCBs 0.29 0.71 0.7%9
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APPENDIX A

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT
CONGENTRATIONS AND PERCENT FAT
IN TRIBUTARY #QUTHS OF LAKE ERIE,

IN FISH COLLECTED

AUGUST-DECEMBER, 1979

GRAND R. GRAND R. GRAND R.
PARAMETER SMELT EMERALD S. SPOTTAIL S.
N: 48 AGE: I N: 9 AGE: I N: 3 AGE: I
Percent Fat 3.4 4.0 3.2
Aldrin N.D. 0.01 N.D.
o~BHC 0.02 0.03 0.02
5-BHC N.D. 0.01 N.D.
v-BHC N.D. N.D. N.D.
" Chlordane 0.i0 0.08 0.10
o,p'-DOD 0.03 Q.02 N.D.
p,p'-DDD 0,03 0.03 0.03
o,p' -DDE N.D. 0.Cc9 £.08
p,p'-DDE N.D. 0.02 0.02
o,p’' 00T 3.01 0.03 N.D:
p,p'-00T N.D. N.D. N.D.
Dieldrin .02 0.01 0.04
e-Endosulfan N.D. N.D. N.D.
g-Endosulfan N.D. N.D. N.O.
Endrin .03 Q.02 0.04
Heptachlor N.D. N.D. N.D.
Heptachlor epoxide N.D. N.D. N.D.
Hexachlorobenzene 0.01 0.08 0.03
2.4-D (Isopropyl ester) N.D. N.D. N.D.
Methoxychlor 0.02 (.04 0.23
Mirex N.0. 0.01 N.D.
Toxaphene N.D. N.D. N.D.
Trifluralin .03 0.05 0.04
Aroclor 1016 N.D. N.D. N.D.
Arocior 1254 0.18 0.19 £.14,
Aroclar 1260 0:18 <0.1 0.16
Total PCBs 0.37 0.29 0.30
§
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APPENDIX A

ANALYTICAL RESULTS OF OR
CONCENTRATIONS AND PERCENT

IN TRIBUTARY HMOUTHS OF LAKE E

FAT IN FISH COLLECTED
RIE, AUGUST-DECEMBER, 1873

GANIC CONTAMINANT

ASHTABULA R.

ASHTABULA R.

ASHTABULA R.

PARAMETER G. SHAD SMELT EMERALD S.
N: 52 AGE: O N: 43 AGE: 1 N: 17 AGE: I
Percent Ffat 3.1 2.4 2.9
Aldrin 0.02 N.D. 0.03
a=-BHC 0.05 0.06 0.28
g-BHE 0.34 N.D. N.D.
Y-BHC 0,30 N.D. N.D.
Chlordane 0.05 N.D. N.D.
o,p'-00D N.O. _ 0.01 N.D.
p,n' -DOD 0.03 c.02 0.04
o,p‘-D0E N.D. N.D. 0.05
p,p'-DDE N.D. 0.01 N.D.
0,p’-00T N.D. N.O. Q.01
p,n'-D0T N.D. 0.01 0.02
Dieldrin N.D. N.D. 0.02
n~Endosulfan N.D. N.D. N.D.
g-Endosul fan N.D. N.D. N.D.
Endrin N.D. N.D. N.D.
Heptachlor 0.14 N.D. 0.09
Heptachlor epoxide N.D. N.D. N.D.
Hexachlorobenzene N.D. 0.04 N.D.
2.4-D {Isopropyl ester) N.D. N.D. N.D.
Methoxychlor 0.01 0.07 Q.08
Mirex 0.02 N.D. Q.01
Toxaphene N.D. N.0. N.D.
Trifluralin N.D. 0.12 N.D.
Argclor 1016 N.D. N.D. N.D.
Aroclor 1254 0.13 0.07 Q.18
Aroclor 1260 0.13 0.12 .32
Total PCBs 0.26 0.13 0.50
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APPENDIX A

ANALYTICAL RESULTS OF QRGANTC CONTAMINANT .

COMCENTRATIONS AND PERCENT FAT
IN TRIBUTARY MOUTHS OF LAKE ERIE,

1N FISH COLLECTED
AUGUST-DECEMBER, 1972

. ASHTABULA R. | ASHTABULA R.
‘ PARAMETER SPOTTALL 5. W. BASS
N: 2 AGE: I N: 2 AGE: O
Percent Fat \ 2.8 3.5
N Aldrin | 0.02 0.03
o=BHC 0.04 0.41
, 8-BHC N.D, N.D.
= y-BHC N.D. 2.3
! Chiordane | 0.17 N.D.
, o p’-00D | 0. 05 N.D. ’
[ | p,g'-DOD- | 0.07 0.04
P 0,p'-0OE l a9.12 0.06
D,p’ -D0E l 0.08 0.01
o | 0,0'-00T | 0.08 0.01
L p,p' -DOT l 0.04 N.D.
D'ie'lt_irin N.D. 0.02
B a-Endosulfan  N.D. N.D.
w g-Endosuifan N.D. N.D.
' Endrin N.D. N.D.
i : Hentachlor N.D. 0.25
L Heptachlor epaxide 0.03 N.D.
Hexachlorobenzene 0.03 ' N.D.
2.4-D (Isopropyl sster) N.D. N.D.
L ' Methoxychlor 0.02 0.03
) i rex N.D. N.D.
[ Toxapheng ~N.D. N.D.
| Trifluralin 0.07 LD
_ I Aroclor 1016 N.D. - N.D.
(": Aroclar 1254 " 0.28 0.25
HT ‘ ) Aroclor 1260 0.32 0.51
Total PCBs 0.50 0.76
[
|
i
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APPENDIX B

Lo ANALYTICAL RESULTS OF ORGANIC CONTAMINANT

! CONCENTRATIONS AND PERCENT FAT IN CONTROL
' AND EXPERIMENTAL FISH FROM CUYAHOGA AND

MAUMEE RIVERS, 20 OCTOBER - 17 NOVEMBER 1978

- (CONTROL) MAUMEE R. - CUYAHOGA R.
{ PARAMETER! Y. PERCH Y, PERCH Y. PERCH
N: 36 AGE: D N: 17 AGE: C N: 1 AGE: O
Percent Fat® 1.5 1.2 2.3
Aldrin N.D. 0.01 0.06
a-BHC N.D. 2.02 0.05
3-BHC N.D. N.D. 0.06
i Y-BHC N.D. N.D. 0.01
{ Chiordane N.D. N.D. N.D.
o,p'-D0D 0.02 0.01 0.16
(" n,p' -DOD N.D. 0.01 0.08
] 0,p'-DDE N.D. 0.08 0.10
) n,p' -DDE N.D. 0.02 0.03
e o,p'-DOT N.D. 0.02 0.03
L‘ p,p'-DDT 0.02 0.04 0.14
Dieldrin N.D. 0.01 0.04
o a~-Endusulfan N.D. _N.D. N.D.
L a-Endosulfan .D. N.D. N.D.
Endrin N.D. N.D. 0.02
Hentachlor N.D. N.[D. 0.03
Heptachlor epoxide N.D. 0.01 0.05
Hexachiorobenzene _ N.D. 0.01 0.48
e 2,4-D {Isopropyl ester) N.D. N.D. N.D.
f Methoxychlor 0.05 0.04 0.09
Mirex N.D. 0.04 0.10
- Toxaphene N.D. N.D. N.D.
( Trifluralin N.D. 0.04 0.10
Arcclor 1016 N.D. N.D. N.D,
. Aroclor 1254 N.D. N.D. N.D.
,( ‘, Aroclor 1260 i N.D. N.D. N.D.
L. Total PCBs N.D. N.D. N.D.
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APPENDIX B

ANALYTICAL RESULTS QF ORGANIC CONTAMINANT
CONCENTRATIONS AND PERCENT FAT IN CONTROL
. AND GXPERIMENTAL FISH FROM CUYAHOGA AND
MAUMEE RIVERS, 20 OCTOBER - 17 NOVEMBER 1879

{CONTROL) CUYAHOGA R.
PARAMETER C. CATFISH C. CATFISH
N: 44 AGE: O N: 2 AGE: O
Pareent Fat 4.8 4.6
Aldrin N.D. 0.04
5-BHC 0.tz 0.09
2-8BHC N.D. 0.07
v-BHC N.D. 0.04
Chlordane N.D. 0.13
o,p'-D0D 0.17 Q.10
p.p' =000 0.06 0.03
o,p’ -DDE Q.48 £.09
p,p‘-COE 0.04 0.CE
o,p'-00T 0.07 0.04
p,p'-DDT 0.04 0.04
Dieldrin 0.05 N.D.
a~Endosulfan 0.05 N.D.
g-Endosulfan N.D. 0.2
Endrin (.04 N.D.
Heptachlor N.D. 0.02
Heptachlor epoxide 0.06 0.10
Hexachlorobenzene 0.04 ' 0.32
2.4-D (Isopropyl ester) N.D. N.D.
Methoxychlor 0.01 0.11
Mirex N.D. 0.03
Toxaphene N.D. N.D.
Trifluralin 0.04 Q.19
Aroclor 1016 N.D. N.D. .
Aroclor 1254 N.D. N.D.
Aroclor 1260 N.D. N.D.
Total PCBs N.0. N.B.
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APPENDIX D

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT

CONCENTRATTONS AND PERCENT FAT IN EXPERIMENTAL

GROUP YOUNG-QF-THE-YEAR FISH, 23 MAY-4 JULY, 1980

MAUMEE R. MAUMEE R. MATMEE R.
. C. CATFISH C. CATFISH C. CATFISH
PARAMETER N:37  6/20/80 |N:35 6/27/80 [N:46 7/4/80 "
Percent Fat 2.2 2.4 2.3
Aldrin N.D. N.D. N.D.
a=BHC ' N.D. N.D. 0.04
8 ~BHC - ¥.D. N.D. N.D.
y-BHC _ N.D. N.D. %.D.
Chlordane N.D. N.D. N.D.
o,p'-DDD N.ﬁ. N.D. K.D.
p,p'-DDD 0.05 .08 0.09
0,p'-DDE ¥.D. ¥.D. H.D.
p,p'=DDE 0.08 0,13 0.07
o,p'~DDT N.D. 0.05 0.04
p,o'-DDT N.D. N.D. ¥.D.
Dieldrin 0.04 0.07 0.06
g—-Endosulfan H.D. N.D. ¥.D.
B -Endosulfan %.D. 0.08 0.09
Endrin N.D. 0.03 N.D.
HeptachleT N.D. N.D. N.D.
Heptachlor epoxide 0.04 0.04 0.06
Hexachlorobenzene ' N.D. N.D. _N.D.
2,4-D (Isopropyl ester) ¥.D. N.D. N.D.
Me_thoxychlor H.D. N.D. ¥.D.
Mirex N.D. H.D. N.D.
Toxapheﬂ'e ¥.D. N.D. N.D.
Trifluralin 0.03 0.03 0.02
Arocler 1016 N.D. N.D. H.D.
Aroclor 1254 0.08 0.08 0.18
Arpelor 1260 0.06 0.06 0.06
Total PCBs 0.14 0.14 0.24
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APPENDIX D

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT

CONCENTRATIONS AND PERCENT FAT IN EXPERIMENTAL

GROUP YOUNG-OF-THE-YEAR FISH, 23 MAY-4 JULY, 1980

MAUMEE R. MAUMEE R. MAUMEE R.
BLUEGTLL BLUEGILL BLUEGILL
PARAMETER w:36 5/30/80 |N:335 B/6/80 iN:40 6/13/80
Percent Fat 1.8 1.5 1.5
Aldrin N.D. N.D. ¥.D.
u~BHC N.D. N.D. N.D.
B —8HC N.D. N.D. N.D.
y-BHE N.D. 0.02 0.02
Chiordane N.D. N.D. N.D.
0,p'-DDD N.D. ¥.D. ¥.D.
p.p'-DDD £.02 N.D. 0.02
o,n'~DDE N.D. N.D. ¥.D.
n,p'-DDE 0.03 0.03 0.05
o,p'=DDT N.D. N.D. 0.03
p,p -DDT N.D. N.D. N.D.
Dialdrin 0.03 0.12 .03
s~Endosulfan H.D. N.D. ¥.D.
8 -Endosulfan N.D. N.D. _N.D.
Endrin N.D. N.D. N.D.
Heprachlor N.D. N.D. _N.D.
Heptachlor epoxide N.D. 0.02 0.02
Hexachlorobenzene ¥.D. N.D. y.D
2,4-D_{Isopropyl ester) N.D. N.D N.D
Mathoxychier N.D. H.D. N.D.
Mirvex ¥.D. N.D. N.D.
‘Toxaphene N.D. N D. N.D.
Trifluralin W.D. N.D. 0.02
Aroclor 1016 N.D, N.D. N.D.
Aroclor 1254 0.07 N.D. 0.07
Aroclor 1260 0.08 N.D. =0.05
Total PCBs 0.13 N.D. 0,12
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ANALYTICAL RESULTS OF ORG
CONCENTRATIONS ANWD PERCENT FA

APPENDIX D

GROUP YOUNG-OF-THE-YEAR FISH,

ANIC CONTAMINANT
T IN EXPERIMENTAL
23 MAY-4 JULY, 1980

MATMEE R. MAUMEE R. MAUMEE R.
BLUEGILL BLUEGILL BLUEGILL
PARAMETER N:33  6/20/80 [N:32 6/27/80 iN:80 /480
Percent Fat 2.2 2.0 1.8
Aldrin - N.D. _N.D. 0.02
e-BHC N.D. N.D. N.D.
3 -BHC N.D. N.D. N.D.
y~EHC N.D. N.D. N.D.
Chlozdane N.D. N.D. %.D.
o,p'-DDD N.D. N.D. N.D.
go,p'~DID 0.02 0.02 0.04
o,p' ~DDE H.D. N.D. N.D.
p,p'—DDE 0.04 0.06 0.03
o,p’~DDT H.D. 0.03 0.03
p,p'-DDT ¥.D. N.D. §.D.
Disldrin 0.03 0.03 0.04
 a-Endosulfan ¥.D. N.D. ¥.D.
g -Endosulfan N.D. N.D. N.D.
Fndrin K.D. N.D. H.D.
Heptachlor N.D. N.D. H.D.
Heptachlor epoxide 0.02 0.02 0.04
Hexachlorcbenzene H.D. N.D. N.D.
2,4-D (Isopropyl ester) N.D. M.D. N.D.
Methoxvchlor - K.D. H.D. N.D.
Mirex N.D. ¥.D. N.D.
Toxaphene ¥.D. N.D. N.D.
Triflnral:';n ¥.D. N.D.‘ N.D.
Aroclor 1016 N.D. N.D, N.D.
Aroclor 1254 0.08 £0.05 0.12
Arcelor 1280 £0.05 _N.D. N.D,
Total PC3s 0.13 £0.05 0.12
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APPENDIX D

ANALYTICAL RESULTS OF ORGANIC CONTAMINAN
CONCENTRATIONS AND PERCENT FAT IN ‘E.XPERD‘[ENTAL

GROUT YOUNG-OF—THE—YEAR FISH, 23 MAY-4 JULY, 1980
CUYAHOGA R. CUYAHOGA R. ‘l
C. CATFISH ¢. CATFISE
PARAMETER W:37 5/30/80 | W:133 6/6/3
gcent Fat ‘ 2.4 1
D.ldrin \ N.D. \ o.oa __\
| q-puc \ N.D. i 0.06 |
l—_-mc l N.D. \ N.D. 4\
rY-BHC \ N.D. \ ¥.D. J
Chlordane j N.D. \ N.D. J
o,p"-DOD \ N.D. \ N.D. J
p,p' -DDD \ 0.02 l 9.12 _l
0,2 ~DDE l N.D. \ H.D. __t
p,p'-DDE l 0.06 1 0.14 __t
a,n'~0DT l ¥.D. 1 0.02
p,p'-BDT \ H.D. l N.D.
Dieldrin \ _ 0.02 l Q.04
a=Endosulfan \ N.D. N.D. 4\
g -Endosulfan \ N.D. 0.12 J
Endrin \ N.D. 0.03 __l
Heptachlor 1 N.D. ¥.D. __\
Heptachlor epoxide ‘ N.D. . l 0.06 __\
Hexachlgrohenzene l N.D. l . N.D. __\
2,4-D (Isopropyl ester) \ N.D. l ¥.D. __\
l—M:thochhlor \ . K.D. \ 0.03 _}
Wirex \ H.D. l N.ﬁ. j
G:xanhene ‘ N.D. \ N.D.
Trifluralin \ 0. ﬁl \ 0.16 J
Aroclor 1016 \ ¥.D. ‘ ¥.D. _\
Aroclox 1254 \ 0,07 ‘ 0.10 __\
[ sroclor 1260 \ . | 009 |
‘ Total ECHs \ 20.07 ‘ 0.19 4]
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ANALYTICAL RE

APPENDIX D

SULTS OF ORGANIC CONTAMINANT

CORCENTRATIONS AND PERCENT FAT TN EXPERTMENTAL

CROUP YOUNG-OF-THE-YEAR TISH, 23 MAY-4 JULY, 1580

‘7 CUYAHOGA R. CUYAHOGA R.

BLUEGILL RLUEGILL
PARAMETER N:37  5/30/80 [N:248 6/6/80

F;ercen: Fat 2.1 4.9
Aldrin _N.D. N.D.
a-BHC H.D. 0.13
g -BHC ¥.D. N.D.

| y=BHC N.D. _N.D.
Chlordane N.D. X.D.
a,p'~DDD N.D. N.D.
p,p'-DDD 0.02 0.04
o,p'-DDE 0.02 N.D.

p,p ' —-DDE H.D. 0.05
o,p'~DDT © N.D. N.D.

1 p,p!-DDT K.D. K.D.
Dieldrin 0.03 0.05
a~Endosulfan W.D. W.D.

g -Endosulfan N.D. W.D.

Endrin N.D. N.D.
Heptachlor N.D. N.D.
Heptachlor epoxide ) N.D. 0.06
Hexachlorobenzene M. D, N.D.

2,4-D (Isopropyl gster) N.D. N.D.
Methoxychlor N.D. N.D

Mirex KD i T) .
Toxaphene N, D, N.D. . J
Trifluralin 0.02 0.04 -
Arpclor 1016 N.D. N.D.
Aroelor 1254 £0,07 0.07
_Aroclar 1260 N.D. K.D.

Total PCBs s0.07 0.07
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APPENDIX D

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT
CONCENTRATIONS AND PERCENT FAT TN EXPERIMENTAL
GROUP YOUNG-OF-THE-YEAR $ISH, 23 MAY-4 JULY, 1980

ASHTABULA R.
C. CATFISH
Q

C. CATFISH €. CATFISE
N:36 5/30/80 ¥:38 6/6/80 |N:39 6/13/8
| 3.6 1.8 2.6 \
] N.D- N.D. N.D. __‘
l N.D. N.D. _N.D. J
\ 0.04 N.D. 0.03 J
\ 0.03 0.02 | 0,04 __‘
t N.D. M.D. \ ¥.D. _l
l %.D. N.D. | H.D. _‘1
l 0.05 0.02 0.04
| ¥.D. \ 0.03 0.08
| 0.04 l 0.03 ¥.D.
\ N.D. l N.D. 9.02
p,p —DDT | W.D. l N.D \ H.D. J
\T)ie.ldrin ] 0.04 l ¥.D \ 0.035
r:—-Endosulfan l N.D. l N.D l N.D.
‘Bi—Endosulfan l N.D. l .~ N.D. ‘ N.D.
fndrin 1 0.03 T |~ o.02
Heptachlor | . 0.06 ‘ X.D l 0.28 4]
Heprachlor epoxide ) ¥.D 1 .D l 0.0z |
Hexachlorobenzene | N.D \ N.D. H.0 J
2,4-D (Isopropyl eSter) l N.D ‘ M.D. N.D. __1
‘Methoxychlor l N.D. N.D. N.D. _1
Mirex | X.D. X.D. w0,
.Toxa'p'hene | K.D ¥.D \ N.D. __l
frifluralin | 0.03 | c.01 \ 0.02 _]
aroclor 1016 l ¥.D. ] X.D \ N.D J
Arocior 1254 |  =0.06 | s0.05 w1 |
Hroclnr 1260 . 1 ¥.D. | N.D. l N.D. J
| Torai PcBs | s0.08 | s0.08 | 0.1 |
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APPENDIX D

ANALYTICAL RESULTS OF ORGANIC CONTAMINANT
CONCENTRATIONS AND PERCENT FAT I¥ EXPERIMENTAL

T

GROUF YDU’NG-OF—THE-YEAR FISH, 23 MaY-4 JULY, 1980

ASHTABULA R. ASHTABULA R. ASHTABULA R. )
C. CATFISE C. CATFLSH c. CATFISH
PARAMETER W:i3h 6720780 [N:33 6/27/80 |M:67 7/4/80
percent Fat 2.7 3.2 2.7
Aldrin N.D. | ¥.D. | ¥.D.
~BHC N.D. | N.D. | ®.D.
g ~BHC W.D. N.D. \ 0.02
~3HC \ 0.02 j H.D. \ N.D.
Chlordane i N.D. N.D. \ N.D.
o,p'-TOD q.D. X.D. | 8D.
+ -DDD 0.04 | 0.02 | 0.2 _\
o,p'=DDE l 0.07 0.06 | 0.1 i
' —DDE | N.D. y.D. | N.D.
a,p'-DDT 0.02 0.02 | 0.0z |
,p'-DDT B EE:E [ wo. [ x.o. 1
Dieldrin | 0.03 | ¥.D. EEE |
a~Endosulfan \ ¥.D. \ - ¥.D. l .  N.D. ﬂ
g -Endosulfan l N.D. \ W.D. \ N.D.
Eadrin | N.D. | WD ! wo.
Heptachlor | N.D. JIERE { N.D. |
Heptachlor epoxide ‘ N.D . ¥.D. \ N.D. 4\
HexachloTobenzene \ H.D N.D \ N.D _]
2,4-D (Isopropyl ester) \ 0,13 0.14 \ N.D __‘
MathoxychloT \ N.D. . N.D. \ N.D. __\
Mirex l H.D. | . ®.D. \ N.D. ;l
| M.D. 1 . | 5.0,
Trifluralin ‘ 0.03 ‘T N.D. _‘
Aroclor 1016 N.D-  wo. |
ArocloT 1254 _ .13 _ l 0.11 J
Aroclor 1260 (.05 l <0.05 __\
0.18 | o016 |
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CONCENTRATIONS

CROUFP YOUNG-O0F-THE

APPENDIX D

ANALYTICAL RESUL

AND

~YEAR FISH, 23 MAY

TS OF ORGANIC CONTAMINANT
PERCENT FAT IB EXPERIMENTAL
-4 JuLY, 1980

ASATABULA R. | ASETABULA R. ASHTABULA R;—\
BLUEGILL BLUEGILL BLUEGILL
N:32 5/30/80 | N:33 6/6/80 1M:34 6/13/80

_?ercent Fat | 2.6 j 1.5 2.8 J

- | wp. | WD | sa. \
| N.D. N.D. l __ N.D.

\ N.D. N.D. \ N.D. __‘

* N.D. N.D. \ N.D. _]

Chlordaneg l N.D. ‘ N.D. . N.D. 4‘
o,p' ~DDBD _ l N.D. ! ¥.D. N.D.
p,p'-DDD ' 0.02 l . 0.02 X.D.
a,p'—~DDE | N.D. l 0.08 | H.D.
»,p"~DDE | 0.02 | 0.03 | 0.02
o,p"~DDT | N.D. | 0.02 I 0.04
p,p'-DOT l H.D. l ¥.D. | K.D.
Dieldrin | 0.02 | 0.03 | 0.03

a—Endosulfan \ N.D- ‘ ¥.D. H.D. J
a —Endosulfan \ N.D. N.D. N.D.

|-E.ndrin ‘ N.D. N.D. N.D.

[ eprachlor | 0.04 N.D N.D.
Heptachlor epexide l N.D. \ N.D N.D. __l
ﬁexac‘nlorubenzene l N.D. ‘ X.D ¥.D. J

‘T,&-—D (Isopropyl eSter) l N.D. | ®.D 0.12
Methoxychlor . ) ‘ N.D. l ¥.D | N.D.

Mirex | N.D. t N.D | N.D.
Toxaphene l N.D. ‘ d.D l N.D.
Prifluralin \ 0.03 | N.D | 0.02 |
aroclor 1016 \ N.D. l N.D. \ _ N.D. 4\
Aroclor 1254 —‘ N.D. 1 £0.03 l 0.2 j
Aroclor 1260 H.D. \ N.D. l N.D.
Total PCBS A.D. | <0.05 |  <0.2 B
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APPENDIX D

ANALYTICAL RESULTS O
CONCENTRATIONS AND PERC
GROUF YOUNG-OF~THE-YEAR. FISH,

F ORGANIC CONTAMINANT
ENT FAT IN EXPERIMENTAL
23 MAY-4 JULY, 1980

F_ ASHTABULA R. ASHTABULA R.
BLUEGILL BLUEGILL
PARAMETER N33  6/20/80 |N:50  6/27/80
Percent Fat 1.9 2.6
Aldrin N.D. N.D.
a—BHC N.D. N.D.
8 ~BHC N.D. N.D.
v-BHC 0.02 N.D.
Chlordane N.D. N.D.
a,p"—~DOD ¥.D. N.D.
p,p'-DDD N.D. N.D.
o,p'-DDE 0.07 0.11
p,p'—ODE 0.03 0.03
a,p'=DDT 0.02 0.02
p,p' =DDT N.D. N.D.
Dieldrin N.D. ¥.D.
a—Endosulfan N.D. N.D..
_B_:_En_dgsulfan N.D. N.D.
_Endrin N.D. N.D.
Heptachlor _ N.D. N.D.
Eeptachlor epoxide H.D. W.D.
Hexachlorobenzene N.D. ]
2,4-D (Isopropyl ester) 0.13 ND
MeathoxychloT ¥.D. N.D.
Mirex H.D. N.D.
\Exaphene H.D. N.D.
Trifluralin 0.02 N.D.
Aroelor 1016 N.D. N.D.
Aroclor 1254 0.15 0.11
Aroclor 1260 20,05 20.05
l—;otal PCBs 0.20 0.16

NOTE: N.D. refers to Not Detectad (Sample < tham

Detaction Limit)

]'Unii:s of measure ug/g unless noted otherwise

Z'Units of measure %7 by weight
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APPENDIX E

Locations of Sampling and Uptake Experiment Sites

From Lake Erie Tributary Mouths, 1979-1980
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Appendix E.

Location of Maumee River, Sampling and Uptake Experiment
Sites. From U.S.G.S. - Quadrangle Oregon, Ohio -
Michigan, 7.5 Series, 1965
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Appendix E. Location of Cuyahoga River, Chio Sampling and Uptake
Experiment Sites. From U.S5.G.S. Quadrangles, Cleveland
1 North and Cleveland South, 7.5 Series 1970
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Appendix E. Location of Chagrin River, Ohio Sampling Site. From
i U.S.6.S. Quadrangle Eastlake, Ohio, 7.5 Series, 1370
li
|
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Appendix E.

Location of Grand River, Ohio Sampling Site. From
U.S.G.S. Quadrangle Mentor, Ohio, 7.5 Series, 1963
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Appendix E.

Location of Ashtabula River, Ohio Sampling and Uptake
Fxperiment Sites. From U.S.G.S. Quadrangle Ashtabula
North, Chio 7.5 Series, 1970
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Appendix E. Location of Walnut Creek, Pennsylvania Sampling Site.
b From U.S.G.S. Quadrangle Swanville, Pennsylvania, 7.5
Series, 1975
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Appendix E. Location of Cattaraugus Creek, New York Sampling Site.
o From U.S.G.S. Quadrangle Silver Creek, New York 7.5
B Series, 1960
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CONCENTRATIONS OF

SAMPLES FROM SEL
AND CENTRAL

ORGANOCHLORINE C
ﬁ?TED NEARSHORE
BASINS OF LAKE

APPENDIX F

ONTAMINANTS IN SEDIMENT
ZONES OF THE WESTERN
ERIE 1978-1979

Western Basin

Location3 Date Depth Contaminant {oncentration
{cm) (ppm)
River Raisin 1978 0-5 cm o,p'-DDD 0.026
(mouth) 1978 5-10 cm ©0,p'-DUD 0.073
1978 >10 cm o,p'-D0D 0.027
1978 5-10 cm  p,p'-DDD | 0.007
1978 >10 cm p,p'-DDD 0.005
1978 0-5 cm Mirex 0.008
1978 5-10 cm  Mirex 0.027
1978 0-5 ¢m Aroclor 1254 0.07
1978 5-10 cm  Aroclor 1254 0.16
1978 >10 cm Aroclor 1254 0.41
1979 0-5 cm Aroclor 1254 0.35
1979 5-10 cm  Aroclor 1254 0.12
1979 >10 cm Arocior 1254 0.08
1979 5-10 cm  Aroclor 1260 0.02
1979 >10 cm Aroclor 1260 0.04
Maumee River 1978 Q-5 cm Aldrin 0.01
(mouth) 1978 5-10 cm  Aldrin 0.035
1978 5-10 cm  ©o,p'-DDD 0.005
1978 0-5 cm o,p'-DDT 0.008
1978 0-5 cm Dieldrin 0.007
1978 0-5 cm Heptachlor 0.002
18978 >10 cm Methoxychlor 0.02
1978 0-5 cm Mirex 0.013
1978 5-10 cm  Mirex 0.008
1978 >10 cm =~ Mirex 0.081
1978 Q-5 cm Aroclor 1254 0.08
1978 5-10 cm  Aroclor 1264 0.07
1978 10 cm Aroclor 1254 0.84
1979 0-5 cm Aldrin 0.01
1979 5.10 cm  o,p'-DDD 0.007
1979 0-5 cm Aroclor 1254 0.12
1979 5-10 ¢cm  Aroclor 1254 0.09
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APPENDIX F (continued)

CONCENTRATIONS OF ORGANOCHLORINE CONTAMINANTS IN SEDIMENT
SAMPLES FROM SEL%?TED NEARSHORE ZONES OF THE WESTERN
AND CENTRALS BASINS OF LAKE ERIE 1978-1979

Western Basin

Location3 Date Depth Contaminant Concentration
(cm) {ppm)
" Maumee River 1979 >10 cm Aroclor 1254 0.40
(mouth) 1979 0-5 cm Aroclor 1260 0.07
1979 5-10 cm  Aroclor 1260 0.07
1979 >10 cm Aroclor 1260 0.12
- - Sandusky River 1978 5-10 cm  Aroclor i254 0.01
f (mouth}

b Central Basin

Black River 1978 0-5 cm +v-BHC _ 0.013

. {mouth) 1978 0-5 cm Heptachlor 0.047
b 1978  0-5 cm  Aroclor 1254 2.13
ri 1979 5-10 cm  B-BHC 0.009
P 1979 >10 cm B-BHC 0.005

1979 5-10 cm  o,p'-PDD 0.004

1979 >10 cm o,p'-DDD 0.006

1979 5-10 cm  o,p'-DDE 0.045

1979 >10 cm o,p'-DDE 0.052

1979 5-10 cm  0,p'=-00T 0.006

! 1979 >10 cm o,p'-00T 0.006

L 1979 5-10 cm  p,p'-DDT 0.003

1979 >10 cm p,p'-00T 0.003

- _ 1979 5-10 cm  HCB 0.004

I 1979 >10 cm HCB 0.002

B 1979 5-10 cm  Trifluralin 0.002
. 1979 5-10 cm  Mirex 0.007
| 1979 5-10 cm Aroclor 1254 0.23
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APPENDIX F (continued)

CONCENTRATIONS OF ORGANOCHLORINE CONTAMINANTS IN SEDIMENT
SAMPLES FROM SEL%?TED NEARSHORE ZONES OF THE WESTERN
AND CENTRAL BASINS OF LAKE ERIE 1978-1979

Central Basin

Location3 Date Depth Contaminant Concentration
(cm) (ppm)
Cuyahoga River 1978 0-5 cm  y-BHC 0.018
(mouth% 1978 Q-5 cm Aroclor 1254 2.22
1979 0-5 cm 8 -BHC 0.006
1979 5-10 cm  8-BHC 0.001
- 1979 0-5 cm o,p'-DOD 0.043
= : 1979 5-10 ¢m  0,p'-DDD 0.004
1979 0-5 cm o,p'-DDE 0.031
1979 5-10 em o,p'-DDE 0.028
5 1979 0-5 cm o,p'-00T 0.012
= 1979 5-10 cm  o0,p'-D0T 0.016
1979 5-10 cm  p,p'-DDT 0.01

1979 0-5 cm Héptachlor Epox. 0.001
1979 5-10 cm - Heptachlor EpoX. 0.001

1979 >10 cm 2,4-D (Ilso. Est.) 0.15

1979 0-5 cm Aroclor 1254 2.94

1979 5-10 cm  Aroclor 1254 2.08

1979 >10 cm Aroclor 1254 0.64
i Grand River: 1978 0-5 cm  y -BHC 0.002

- {mouth) 1978  0-5 cm  Aroclor 1254 0.32
J 1979 5-10 cm B -BHC 0.003
; 1979 5-.10 cm  0,p'-DDD 0.092
1979 5-10 cm. 0,p'~DDE 0.015
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APPENDIX F (continued)

CONCENTRATIONS Of ORGANOCHLORINE CONTAMINANTS IN SEDIMENT
SAMPLES FROM SEL%PTED NEARSHORE ZONES OF THE WESTERN
AND CENTRALS BASINS OF LAKE ERIE 1978-1979

Central Basin}

Location3 Date Depth Contaminant Concentration
(cm) (ppm)
Grand River 1979 5-10 cm  0,p'=D0T 0.044
(mouth) 1979 5-10 cm p,p'-DDT 0.072
1979 0-5 cm Dieldrin 0.002
1979 5-10 cm Dieldrin 0.003
1879 5-10 ¢cm  Mirex 0.002
1979 0-5 cm Arocior 1254 0.17
1979 5-10 cm  Aroclor 1254 0.42
1979 >10 cm Aroclor 1254 1.07
L Ashtabula River 1979 0-5 cm g-BHC 0.002
—— (mouth) 1979 0-5 cm o,p'-D0D 0.001
1979 5-10 cm  o,p'-DDD 0.001
; 1979 0-5 cm o,p'-DDE 0.001
- 1979 5-10 cm  0,p'-DBE 0.001
1979 >10 em Aroclor 1254 0.46

1Wester‘n Basin data from Fay and Herdendorf (1981)
2Centr‘a] Basin data fTrom Richards (1981)

_ 3Locations refer to nearshore area at respective tributary mouths.
Geographical coordinates were:

[ Latitude (N) Longitude (W)
: River Raisin 41° 53'24" 83°19'54"
Maumee River 41341'48" 83%28' 00"
. Sandusky River ~ 41.27'42" 82357‘54“
o Black River 41%28'12" 82011' 00"
L Cuyahoga River 41830'18" 819%42145"
Grand River 41785 42" 81315'50"
Ashtabula River 41°54'47" 80%47°55"
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