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ABSTRACT 

The presence of pesticides and particularly the chlorinated hydrocarbon 
insecticides in Lake Michigan water is responsible for biological 
accumulations that affect a wide variety of legitimate uses. The data 
collected from waters, wastewaters, invertebrate organisms and fish all 
suggest that DDT plus analogs and dieldrin are observed consistently at 
levels that warrant concern from both a public health and wildlife 
preservation standpoint. The sources of these chlorinated hydrocarbon 
insecticides include not only industrial and wastewater effluents but 
also diffuse sources such as from agricultural activities and municipal 
pest control programs. 

The evaluation of the chlorinated hydrocarbon insecticides in both 
wastewater and biological specimens is complicated by the presence of 
products such as polychlorinated biphenyls and phthalates. These 
products interfere with the analysis for the target insecticide and, 
indeed, have biological implications of their own. 

This report is submitted in fulfillment of four cooperative grants to 
the Lake Michigan Enforcement Conference participating state under the 
sponsorship of the Environmental Protection Agency and include grant 
numbers 16050 EYV (Wisconsin), 16050 EYS (Indiana), 16050 EFV (Michigan) 
and 16050 ESP (Illinois) for an investigation of "Evaluation of Pesticide 
Sources and Levels Tributary to lake Michigan". 
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SECTION XI 

CONCLUSIONS 
1. The analysis of water samples from the open waters of Lake Michigan 
strongly suggests a real and inherent variability that makes water samp-
ling for the purpose of developing general residue levels impractical. The 
concentrations present challenge the limit of detectability of the analytical 
methods employed. Several laboratories recorded substantial analytical 
discrepancy when analyzing split samples, thereby further complicating 
interpretation of results. 

2. After cautious interpretation of the data, the committee generally 
agreed that the most likely concentrations of DDT in open lake waters 
were between one and ten parts per trillion. Those analyses that revealed 
unusually high levels of pesticide were probably the result of artifacts 
such as surface scums of floating oils, suspended debris or in-laboratory 
contamination. 

3. The data accumulated by municipal water intake sampling strongly 
suggest concentrations of chlorinated hydrocarbon pesticides in the inshore 
waters were higher than in open lake waters and much more variable. The 
biological accumulation potential is, therefore, greater in inshore waters 
since most of the important biological representatives spend an extended 
period of time within these inshore water areas. 

Tributary streams to Lake Michigan discharge chlorinated hydrocarbon 
pesticides into the lake. Urban and fruit-growing areas are the more 
significant contributors of pesticides to the lake than are diversified 
agriculture areas. 

5. Dieldrin levels in tributary streams and lake waters were generally 
at the limit of detectability, one part per trillion or less. 
6. Most sewage treatment plant discharges contained less than ten parts 
per trillion DDT. For those plants with more than ten parts per trillion 
total DDT, there were likely point sources. However, in the City of 
Milwaukee, no point source was found. The Milwaukee system is so complex 
that it is virtually impossible to eliminate all potential sources by 
field investigation. Sewage treatment plants with dieldrin concentrations 
above the detectable levels also had identifiable point sources. 

7. Lake Michigan waters contain many substances that are extractable and 
measureable by commonly used methods for pesticide analyses and are, 
therefore, potential interferences in typical pesticide analytical proce-
dures. The polychlorinated biphenyls constitute a complex of such substances 
that are present in Lake Michigan. Fhthalate esters more recently have 
been identified at detectable levels. These chemicals are present in 
greater concentrations in biological and wastewater samples than in open 
lake waters. The polychlorinated biphenyls are present in sufficient 
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quantity, with sufficient evidence of biological impact, to warrant an 
independent evaluation. 

8. Biological sampling with sentinel organisms (clams) reflected 
unusually high pesticide concentrations and sources. Subtle concen-
tration differences that might be brought about by a relatively small 
discharge relative to the stream could not be detected by clam 
analyses. Resident arthropods generally contained higher levels of DDT 
and its analogs than sentinel clams. Resident fish appeared to be 
the most reliable biological monitor. 

9. The biological magnification of chlorinated hydrocarbon insecticides 
in sport and commercially valuable species of fish suggests that fish 
should be used to reflect concentration trends in the lake water. It 
is believed that the residue levels established during the last two 
years will be adequate to serve as a base line to establish the trend 
in future years. It seems unlikely these trends can be conveniently 
established by water sampling because of analytical and sampling 
complications. 

10. The levels of DDT in sport and commercially valuable species of fish 
exceed the five parts per million action level established by the Food 
and Drug Administration, essentially preventing sale of Lake Michigan 
fish. Other chlorinated hydrocarbon pesticides do not exceed the establish-
ed residue tolerances, although dieldrin levels approach the action limit. 
Exotic chemicals other than chlorinated hydrocarbons were not measured in 
this study. 

11. The four states in the Lake Michigan Drainage Basin have adopted 
legislation authorizing various pesticide use control programs. Wisconsin, 
through basic legislation and subsequent rules, has essentially prohibited 
the use of chlorinated hydrocarbons that have been found in Lake Michigan. 
Michigan and Indiana have adopted adequate use control legislation but 
the rules have not yet been promulgated. Illinois has a legislative 
restriction on DDT but not on other chlorinated hydrocarbons. Michigan, 
Illinois, and Indiana have adopted legislation regulating commercial 
pesticide applicators. Wisconsin legislation regulating commercial 
applicators is still pending. 

12. The effect of the pesticides in Lake Michigan on fish reproduction 
potential is not resolved as yet - this concern in part generated the 
establishment of a technical committee to review pesticide pollution 
in the lake. Both Wisconsin and Michigan are able to hatch and rear 
coho fry in adequate numbers to sustain the anadromous fish stocking 
program using Lake Michigan brood fish. The effect on natural repro-
duction in lake trout is not known. 

13. The pesticides in Lake Michigan through biological magnification 
may have a potential effect on both domestic and wild animals that 



eat fish or other organisms from the lake. Hazards to wild bird popu-
lations and mink ranching operations are being investigated. Prelimi-
nary data suggest that exotic chemicals including chlorinated hydro-
carbon insecticides produce measurable changes on reproductive potentials. 
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SECTION II 
RECOMMENDATIONS 

1. Fish sampling for pesticide residues should be established in 
accordance with the Bureau of Sport Fisheries and Wildlife and Com-
mercial Fisheries' recommendations. This monitoring should be con-
ducted within the Federal structure or should be contracted to an 
agency with the ability both to collect and process the collections 
from the entire lake. Analyses and sampling must be performed in the 
same way in order to compare data or correlation data must be estab-
lished if new collection or analytical techniques are used. 

2. A water quality monitoring program should be initiated for inshore 
waters in order to determine whether the pesticide burden of fish is 
related to the pesticide concentration of inshore waters. 

3. The conferees should insist on adequate legislation to record 
pesticide usage of other than the chlorinated hydrocarbons. 

k. As with pesticides, the discharge of polychlorinated biphenyls, 
phthalates and other persistent chemicals should be abated to prevent 
accumulations of these persistent compounds in Lake Michigan. Particular 
attention should be devoted to possible replacements for chlorinated 
hydrocarbons such as toxaphene, methoxychlor, chlordane and benzene 
hexachloride. 

5. The levels of metal contamination of Lake Michigan water and/or 
fish should be clearly established at this time so that residue trends 
can be assessed in the future. 
6. Polychlorinated biphenyl concentrations should be ascertained for 
water and fish. Control programs for polychlorinated biphenyls and 
other exotic chemicals should be initiated. 
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SECTION III 

INTRODUCTION 

In the late 19^0's, when the organic insecticides first became avail-
able for general distribution, an extensive scientific effort was 
extended toward evaluating the toxicity of these new products. Cottam 
and Higgins, 19^6, evaluated the effects of DDT on fish and wildlife 
principally from forest land and aquatic habitats. The authors concluded 
that DDT should be used only where the need for specific control was 
carefully evaluated. Metcalf, 19^8, summarized the mode of action of 
organic insecticides and evaluated the toxicity data available to that 
date. In the early 1950's, Rudd and Genelly reviewed the literature 
concerned with the toxicity of pesticides to both wild and domestic 
animals. Rudd and Genelly, 1956, summarized the toxicological data 
available to that time. In general, the chlorinated hydrocarbons and 
particularly DDT were recognized as only moderately toxic to mammals. 
The California Pesticide Information and Safety Manual, 1968, gives the 
acute oral toxicity of DDT to rats as approximately 120 rag/kg. The 
dermal toxicity of DDT is approximately 2,500 mg/kg. Both dieldrin and 
aldrin are semewhat more toxic to mammals than DDT. Both of these 
compounds have an oral toxicity of approximately 50 mg/kg and an acute 
dermal toxicity of perhaps 90 mg/kg. Endrin is the most toxic of the common 
persistent chlorinated hydrocarbons with an oral toxicity to rats of 
approximately 10 mg/kg, and a dermal toxicity of approximately 15 mg/kg. 
It is apparent that the aquatic organisms are substantially more sensitive 
than terrestrial organisms and in the early use of these products, 
efforts were made to avoid exceeding acceptable levels in water. In 
general, the acute toxicities of the chlorinated hydrocarbons were 
recognized as legitimate risk factors when weighed against the benefits 
accrued in both agriculture and public health. 

By the mid 1950's, conservationists were convinced that the organochlo-
rine insecticides were causing more damage than was generally recognized. 
Evidence of reproductive failures associated with organochlorine pesti-
cides was noted in mid-1950 literature (Genelly and Rudd, 1956). The 
mortality of grebes associated with DDD applications on Clear Lake, 
California, demonstrated biological magnification. Many of the early 
investigations of organochlorine implications in the environment were 
seriously hampered by the inability to detect pesticides at levels that 
have since been shown to produce significant, sublethal effects. 

Prior to i960, the standard analytical technique for DDT was the 
Schechter-Haller method (Schechter et al., 19^5). This technique was 
adequate for residue analysis in higher organisms where accumulations 
were in the part per million range but it was not adequate to measure 
residue levels in water or lower organisms where accumulations were 
not that high. 
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By the early 1960's, there were many instances of wildlife mortality 
due to organochlorine insecticide applications and especially DDT 
applications. Rachel Carson (1962) highlighted actual and potential 
environmental damages of pesticides in a popular* and controversial 
review which focused public attention on the problem. The Carson 
review precipitated a report by the President's Science Advisory Com-
mittee (May, 1963) that generally recognized concern for the environ-
ment. However, the report recommendations related mainly to developing 
data substantiating or refuting allegations of detrimental effects. 
The committee did recognize the persistence of some pesticides and 
recommended that there be an orderly reduction of these materials. 

In i960, Dale Coulson successfully applied the gas chromatograph 
technique to residue analysis, but his colorimetric detector lacked 
sensitivity desirable in residue analysis. Lovelock and Lipsky, i960, 
first suggested the potential of the electron capture detector in 
residue analysis. The electron capture detector was radically different 
from conventional detectors and has extreme sensitivity but lacks 
qualitative certainty. 

During the 1960*s, literally hundreds of papers were published in 
which the investigators utilized the gas chromatograph separation and 
the electron capture detector for residue analysis. Hunt and Bischoff, 
i960, clearly traced the effect of DDD applications on a resident 
grebe population and Burdick et al., (1964) found a correlation of 
lake trout hatchery mortalities with DDT residues in the eggs. These 
two studies clearly indicated that the acute toxicity was not the only 
cause for concern for natural fish and wildlife populations, but that 
residue accumulations had a far-reaching impact that could be attri-
buted to a wide variety of sublethal mechanisms. 

The former Wisconsin Conservation Department in a survey report issued 
in February, 1966, reported on pesticide residue analyses on 126 samples 
from Wisconsin rivers and lakes (Wisconsin Conservation Department 
Survey Report, February 1966). Although most analyses were less 
than one part per million of DDT and analogs, the report noted that 
"every sample contained DDT and its analogs and about three-fourths 
of them contained dieldrin". Hickey, 1966, working in cooperation with 
the Wisconsin Conservation Department, developed residue data in herring 
gulls associated with the Lake Michigan ecosystem and showed relatively 
higher levels attributed to food chain magnification. Hickey et al., 
(1966) found higher residues at virtually all trophic levels in Lake 
Michigan than in organisms not associated with the lake. 

The Bureau of Commercial Fisheries between 1965 and 1967 processed 
approximately ̂ 50 fish samples from Lake Michigan and observed both 
DDT, its analogs and dieldrin at levels substantially higher than 
observations from Wisconsin lake fish (Carr and Reinert, 1968). 
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In June, 1968, the Wisconsin Department of Natural Resources initiated 
a survey of pesticides in invertebrate organisms as a method of evaluat-
ing point sources and regional contamination. This approach was later 
revised, as a result of the Lake Michigan Enforcement Conference Pesti-
cide Committee (November, 1968) to include mussel monitoring as proposed 
by Bedford et al., 1968. 

In the early 1960's, several agencies initiated investigations on the 
Great Lakes, particularly Lake Michigan, to evaluate the effect of 
pesticides on various aspects of the lake ecology. 

In January, 1968, the Federal Water Pollution Control Administration 
called a Four-State Enforcement Conference on Pollution of Lake Michigan. 
In March, 1968, the conferees concluded, "Pesticides are found in 
Lake Michigan and its tributary streams resulting from the application 
of these materials. The ever-increasing use of these materials threatens 
water uses for recreation, fish and wildlife and water supplies." 
The conferees took positive action toward a review and study of the 
pesticide problem in Lake Michigan in the following recommendation: 

"A technical committee on pesticides will be 
established to be chaired by a member of the 
Federal Water Pollution Control Administration 
with representatives from each State. The 
Committee shall evaluate the pesticide problem 
and recommend to the conferees a program of 
monitoring and control. The first report will 
be submitted in six months to the conferees. 
The States shall seek legislation to license 
commercial applicators." 

The technical committee completed the "Report on Insecticides in Lake 
Michigan" in November, 1968. The report identified potential problems 
resulting from pesticide use in the Lake Michigan Basin and made recom-
mendation for monitoring and control. The pesticide committee con-
cluded early that only insecticides appeared to warrant consideration 
since there was no evidence suggesting significant amounts of other 
pesticides in the Lake Michigan ecosystem. This conclusion was a 
matter of priority and meant that there were immediate and pressing 
problems that warranted consideration first. 

Probably, there was more information available on Lake Michigan than 
the other Great Lakes, but the only significant data available were 
on DDT and dieldrin residues in fish. Concentration estimates of these 
chemicals in the waters of Lake Michigan were essentially nonexistent 
and those that were recorded were open to question because of analytical 
and collection methods. 



An Immediate review of the hazards of pesticides to the Lake Michigan 
ecosystem was difficult since the quantity of pesticides in the water 
had not been established. The committee, through the Bureau of Com-
mercial Fisheries, collected open water samples from both the southern 
and northern basins. Split sample analyses by three independent labor-
atories gave reasonable reproducibility with the following levels of 
insecticides reported: 

DDT 2.0 nanograms/liter (parts per trillion) 
DDD 1.0 nanograms/liter (parts per trillion) 
DDE 0.5 nanograms/liter (parts per trillion) 
Dieldrin 1.0 nanograms/liter (parts per trillion) 

These levels of insecticides challenged the limits of detectability 
of the most sensitive quantitative techniques available and left the 
impression that the levels were essentially zero. However, one part 
per trillion is 1.67 x 1012 molecules per liter and the samples from 
open lake water, collected throughout the greater portion of the lake, 
when viewed in this respect, were contaminated. Furthermore, it was 
suspected that inshore areas had variable but higher concentrations. 
The committee subsequently reviewed the potential hazards these 
insecticides might produce in the Lake Michigan system. 

The Lake Michigan Enforcement Conference Technical Committee on Pesti-
cides in its report dated November, 1968, outlined an investigational 
program designed to elucidate information essential to evaluating the 
impact of pesticides on Lake Michigan. In February, 1969, the Lake 
Michigan Enforcement conferees accepted the pesticide committee report 
which called for monitoring of chlorinated hydrocarbon pesticides in 
Lake Michigan water, tributary streams, fish and other biological 
specimens. 
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SECTION XI 

PESTICIDE MONITORING - LAKE MICHIGAN OPEN WATER 

The pesticide committee recommended two sampling areas in the central 
portion of the lake, one in the northern basin and one in the southern 
basin, and three collections per year at these sites. It was further 
recommended that the Chicago water intake at the Central District Fil-
tration Plant be sampled weekly for insecticides. 

The original proposal planned for the City of Chicago was to provide 
the analytical support to this program as part of its routine water 
analysis. Unfortunately, that support did not materialize and in 
April, 1970, the Lake Michigan Basin Office of the Environmental Pro-
tection Agency began the analysis. Between April, 1970, and January, 
1971, twenty-one samples were processed in accordance with the analy-
tical procedure outlined in Appendix I, Procedure 1. The data are 
tabulated in Appendix I, Table 1. 

The data revealed the common presence of ten chlorinated hydrocarbons. 
Total DDT plus analogs recorded during the summer ranged between 2 and 
66 parts per trillion, principally as DDT. These values appear high 
when compared with the original lake data which suggested two parts 
per trillion in open lake water collected in the summer of 1968. 
The committee recognized this analytical discrepancy and subsequently 
initiated through the Lake Michigan Basin Office of the Environmental 
Protection Agency, a series of quality control samples so that the 
analytical procedures and data reliability could be evaluated among 
participating laboratories. These analytical comparisons are provided 
in Appendix I, Table 2. 

These data were reviewed by the committee on April 13, 1971, and the 
following conclusions regarding the analytical reliability of pesti-
cide analysis on lake water were drawn: 

1. The levels of chlorinated hydrocarbon pesticides present in Lake 
Michigan water challenged the sensitivity of the techniques that 
were employed and available at the initiation of the program. 

2. The presence of interfering compounds probably accounts for the 
interpretations suggesting the presence of sill except DDT, DDE 
and dieldrin. Phthalates and polychlorinated biphenyls are at 
least two compounds known to be present in Lake Michigan waters 
that produce false pesticide readings. 

3. The level of DDT plus analogs in Lake Michigan water (southern 
basin) is somewhere between one and ten parts per trillion. No 
judgment was made on actual variability of these pesticides in 
the water. 
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k. Laboratory or sampling contamination may account for unusually 
high recording since the analysis challenges the limits of detec-
tability and yet is sensitive to one part per trillion. 

The Lake Michigan Basin Office of the United States Environmental 
Protection Agency made 22 collections, all in the southern basin, on 
11 dates during 1969 and 19T0. Appendix I, Table 3 is a summary 
tabulation of those data with station locations identified in Appen-
dix I, Figure 1. The data suggest similar concentrations in surface 
water and deep water for total DDT on six of ten occasions. On four 
occasions the difference between surface and bottom collections was 
apparent but the concentration of DDT appeared to be distributed verti-
cally throughout the water mass. These data further permit comparison 
of the analyses from a single laboratory at the Chicago water intake 
and other Lake Michigan waters (southern basin). A nonpaired com-
parison of the concentration of total DDT in sanples from the Chicago 
water intake (Appendix I, Table l) and from the southern basin of Lake 
Michigan (Appendix I, Table 3) indicates a calculated student's "T" 
value of 2.1+6, indicating a significant difference. From these data 
one might conclude that even if the absolute levels recorded are in 
error, there is a high probability that there is more total DDT at the 
Chicago water intake than in open lake waters. Unfortunately, there 
are sufficient seasonal differences in the data from the Chicago intake 
to temper this conclusion. 

The Wisconsin Department of Natural Resources also provided analyses 
of open water of Lake Michigan as part of its general sampling program. 
The data are tabulated in Appendix I, Table The analytical pro-
cedures utilized by the Wisconsin Department of Natural Resources for 
water analysis are described in Appendix I, Procedure 2. 

Thirteen samples were collected from Green Bay, two of which contained 
DDT plus analogs, at detectable levels. Typically the limit of detec-
tability would be two parts per trillion, but several of the Green 
Bay samples had impaired the detectable concentration of twenty-five 
open lake water samples collected from Lake Michigan between Sturgeon 
Bay and Kenosha. One sample (#359) had 1,510 parts per trillion DDT 
(the collection was made five miles off Sturgeon Bay so it was prob-
ably without shoreline influence and it is possible that an oil slick 
frcm the vessel engine could have accounted for this residue level), 
13 samples had less than two parts per trillion, four samples contained 
five parts per trillion or less, and three had ten parts per trillion 
or more. These residue levels are considerably less than those recorded 
by the Lake Michigan Basin Office and are consistent with the determin-
ation of July, 1968. 

Two one liter open water samples were collected with a brass kemmerer 
water sampler at 100-foot intervals and composited into a single analy-
sis to be compared with the surface collection. At one station, 25 
miles off Milwaukee, both the surface sample and the profile sample 
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contained approximately three parts per trillion. A second compari-
son five miles off Kewaunee revealed no pesticides in the surface 
water sample and 11 parts per trillion in the profile sample composite. 

A second series of profile samples was collected off Two Rivers at 
different depths in April, 1971 and analyzed individually. The four 
profile samples taken between the surface and 325 feet have remarkably 
reproducible levels of total DDT as shown below: 

Depth (feet) Total DDT (parts per trillion) 

3 ^ 
loo 3 
200 5 
325 3 

Profile analyses were completed after an additional sample collected 
from Port Washington was processed to determine the extraction effi-
ciency. The raw water sample contained eight parts per trillion total 
DDT and one part per trillion dieldrin. It was spiked and analyzed by 
the procedure in Appendix I, Procedure 2 and the results are tabulated 
below: 

Total $ $ 
DDT Efficiency Dieldrin Efficiency 

Raw Water 8 — 1 — 
With 10 ppt dieldrin 8.8 78$ 
With 20 ppt dieldrin 20.0 95$ 
With 20 ppt DDT 33.5 128$ 
With hO ppt DDT 57.0 123$ 
Slightly more DDT was recovered than was added, suggesting the extrac-
tion efficiency is acceptable. The Wisconsin Department of Natural 
Resources analyzed Lake Michigan waters from six municipal water in-
takes and there was <1 ng/l DDT in 10 of the 22 samples processed. 
Twelve samples with DDT >1 ng/l had unusual variability, with one 
sample from Milwaukee showing 221 ng/l. These data are presented in 
Appendix I, Table 5. An explanation for the apparent variability 
in these samples is that the water intakes are inshore and subject to 
wave action and lake currents. 

The Michigan Water Resources Commission analyzed 20 samples from Lake 
Michigan municipal water intakes. Appendix I, Table 6 is a summary 
of that data, collected from November, 1970 to April, 1971. The results 
frcm inshore water are consistent with the Wisconsin data. 

13 



The Illinois Environmental Protection Agency analyzed six water samples 
from water intakes of Illinois communities. All were less than one 
part per trillion total DDT and 0.1 part per trillion dieldrin, sub-
stantially lower than those levels reported by Wisconsin, Michigan, 
and samples analyzed by the United States Environmental Protection 
Agency. Indiana did not analyze lake water for chlorinated hydro-
carbon insecticides. WARF, Inc., sampled Lake Michigan in July, 1969, 
using private funds. This survey included water, sediment, fish and 
plankton from tributary streams as well as the lake. Sixty-six sites 
were sampled between July 8 and July 29, 1969. Open water collections 
were made at 3k of the 66 sample sites and processed in accordance with 
the procedures outlined in Appendix I, Procedure 3. The data on open 
water are tabulated in Appendix I, Table 8. Twenty-one of the 3^ 
samples revealed less than five parts per trillion total DDT, thirteen 
samples exceeded five parts per trillion, and one sample exceeded 
20 parts per trillion. These data are consistent with the Wisconsin 
open water data. 

Dieldrin concentrations obtained by the WARF survey revealed much less 
variability than did total DDT, but residue levels were higher than 
anticipated. This absence of variability in dieldrin concentrations 
suggests that extraction efficiency is reasonably efficient or at 
least consistent and that the variability observed is indeed real and 
not merely analytical scatter. WARF found benzene hexachloride in 
open lake waters. It appeared as a gas chromatograph peak in virtu-
ally every sample and was confirmed by thin layer chromatography tech-
niques. It seems most unlikely to be a result of pesticide applica-
tion since relatively little benzene haxachloride has been used and 
furthermore, benzene hexachloride is more degradable than other chlor-
inated hydrocarbons. The WARF report (1970) calls particular attention 
to the presence of unknown hexane-soluble, electron-capturing compounds 
that may be part of peaks identified and quantified as pesticides by 
gas chromatography. In spite of this potential source of over-estimates 
of pesticides, the levels in water developed by WARF are relatively 
low with a most probable number of total DDT at less than five parts 
per trillion. 
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SECTION V 

TOTAL PESTICIDE IN LAKE MICHIGAN 

In view of the analytical difficulties associated with water analysis, 
it is not possible to offer confident poundage estimates of the pesti-
cides in the lake. It seems feasible, however, to offer the range 
that the poundage might include. The volume of the lake is approxi-
mately 1,170 cubic miles or 108 x lO1^ pounds of water. Assuming 
conservatively that the water has two parts per trillion of DDT plus 
analogs (suggested by the Wisconsin and WARF data), then the total DDT 
in Lake Michigan water is 21,600 pounds. 

The Lake Michigan Basin Office data suggest approximately 20 parts 
per trillion of DDT plus analogs as 216,000 pounds of DDT in the lake 
water. Even the higher of these levels is reasonable if one consi-
ders the tonnage of DDT that was utilized in the Lake Michigan Drain-
age Basin. If the lower figure is accurate, the lake seems efficient 
in purging itself of DDT, presumably through precipitation to the bot-
tom sediment where it may be biologically less active than when in the 
water. A second explanation, if the lower figure is accurate, is that 
pesticide contributions to the lake are really very small. It is more 
likely that the truth is in a combination of relatively substantial 
use in the basin over the years, relatively little contribution to the 
lake itself and a comparatively inefficient precipitation and/or de-
gradation process. 
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SECTION XI 

LAKE MICHIGAN TRIBUTARY WATERS 

Water and biological monitoring on tributary streams was intended for 
two purposes: 

1. To permit a material balance calculation of pesticide input and 
loss. 

2. To identify unusual pesticide sources. 

The monitoring of river water was completed by the states. The ten 
largest were selected for more intensive sampling because they had 
the majority of flow into the lake. Two stations were selected on 
the Milwaukee River to separate the urban and rural contribution. 
The rivers selected are tabulated in Appendix II, Table 1 and are 
geographically identified in Appendix II, Figure 1. 

The Wisconsin Department of Natural Resources sampled four stations 
on three rivers: the Menominee River (boundary water between Wiscon-
sin and Michigan), the Fox River, and two stations on the Milwaukee 
River. In addition to these major stream sampling sites, the Wiscon-
sin Department of Natural Resources made pesticide analyses on other 
Wisconsin tributary waters with lesser flow. 

Composite samples were recommended to minimize the hazards of grab 
sampling of stream waters but the method of composite collection was 
left to the states. The Wisconsin Department of Natural Resources 
used variable flow tube pumps for composite collections. Three-day 
composites were collected in 20-liter, hexane-washed carboys and the 
contents were sub-sampled for analysis. The results are tabulated 
in Appendix II, Table 2. 

1. Fox River - Brown County. 

Five composite samples were collected from the Fox River, 0.1 mile 
above the mouth. One sample contained l6 parts per trillion DDT. 
The limit of detectability was two parts per trillion in only two 
samples. Three samples had interferences that masked a low level 
of DDT. In the sampling collected on May 1, 1970, there was a strong 
suggestion of polychlorinated biphenyl interference. Of four 
grab samples collected from the Fox River on August 27-29, 19^9, 
two had a strong indication that DDT and analogs were present. 
The Fox River receives continual industrial and domestic waste-
water but the most likely pesticide concentration was less than 
ten parts per trillion, suggesting that the sewage treatment plants 
and the paper-making discharges have, at worst, a minor effect on 
the DDT and dieldrin in the stream waters. 
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2. Menominee River - Marinette County-

Four collections were made on the Menominee River, 0.2 miles above 
the mouth of the river. All were two to three day composites and 
two parts per trillion detectability was achieved on three of the 
four occasions. DDT and dieldrin were found. The collections were 
all made below the Menominee-Marinette industrial and domestic 
outfalls. The DDT levels are apparently less than two parts per 
trillion and dieldrin levels are apparently less than 1 part per 
trillion. 

3. Milwaukee River - urban 
Five urban collections were made at the Wells Street crossing in 
downtown Milwaukee. These samples revealed unusual variability. 
A sample in April had k6o parts per trillion DDT and 650 parts 
per trillion dieldrin. Two other samples had 2 parts per trillion 
DDT and three had 1 part per trillion dieldrin. This variabil-
ity suggests that if the tributary streams are responsible for 
pesticides in the lake, water analysis cannot readily be used in cal-
culating a material balance. Intensive sampling of discrete water 
strata or slug loadings would be essential to calculating a material 
balance. 

Milwaukee - rural 

The Milwaukee River rural sample was taken above the City of 
Grafton in Ozaukee County. Five composite collections (two days) 
were made during the summer of 1970. Interfering substances were 
not present and consequently the limit of detectability was at 
or near two parts per trillion. Four of the five rural Milwaukee 
River collections revealed less than two parts per trillion DDT. 
One sample revealed 16 parts per trillion dieldrin. These data 
suggest that, if the rural area is responsible for pesticide con-
tributions, slug loadings that are unpredictable and virtually 
impossible to use in developing a material balance on the lake 
are responsible. 

The Wisconsin Department of Natural Resources provided additional compo-
site and grab sample analyses on other Wisconsin streams in an effort 
to find those streams that were discharging unusual pesticide loads. 
In essence, the Sturtevant tributary and the north branch of the Pike 
River (Racine County) were the only collections that revealed high 
levels of chlorinated hydrocarbon insecticides (Appendix II, Table 2). 

Composite tributary sampling was requested of Michigan on the Grand, 
Kalamazoo, Manistee, Muskegon and St. Joseph Rivers. Three composite 
samples were collected on these rivers by the Michigan Water Resources 
Commission and one other sample was taken on each of five non-specified 
streams. The results of these analyses are tabulated in Appendix 
II, Table 3- Collection and analytical procedures for composite 
samples are described in Appendix II, Procedure 1. DDT and its 
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metabolites and isomers were found in all samples at concentrations 
from 41 to 184 parts per trillion. The highest concentrations were 
found during the fall of 1970 in the lower peninsula streams, but 
there appeared to be considerable polychlorinated biphenyl interfer-
ence in these samples. Relatively little difference in DDT concentra-
tions was found between streams or dates in the 1971 samples. 

Low levels (<1 to 3 parts per trillion) of dieldrin were found in 
21 of 29 stream samples. 

The Indiana State Board of Health processed river water samples from 
Burns Ditch, Trail Creek and the St. Joseph River. Collections of 
water samples were made with a DU-1 Brail's ford automatic sampler. 
The samples were set to fill a one gallon jug in 2k hours and were 
secured to the bank or a dock by a rope tie with enough of the coupling 
tube in the water to assure that any fluctuations in the water level 
would not interrupt the sampling. A total of 2k composite collections 
was made between June and November of 1970. The results of these 
analyses are tabulated in Appendix II, Table k. In general, lindane, 
heptachlor, aldrin, DDE, dieldrin, endrin and DDD were not detected 
at a ten parts per trillion limit of detectability. On 10 occasions, 
DDT was observed at recordable levels between 11 and Vf parts per 
trillion. These data are similar to those from Wisconsin streams. 

The Indiana data for Trail Creek are particularly significant since 
they attempted to quantify the pesticide usage in the basin at the 
time of sampling. The land usage in the drainage basin was as follows: 

DDT usage was recorded only in the orchards amounting to 6 pounds, 
suggesting that the DDT entering the lake from Indiana is from appli-
cations made in past years. 

The Illinois Environmental Protection Agency reported on only two 
grab samples from the Waukegan River and Pettibone Creek in November 
of 1970. The samples had 6.2k and 1^.95 parts per trillion total 
DDT (Appendix II, Table 5). 

The Wisconsin Alumni Research Foundation survey of July, 1969, included 
grab water samples from 62 tributary streams discharging to Lake Michi-
gan. Samples were processed in accordance with procedures outlined 
in Appendix I, Procedure 3 and the data are tabulated in Appendix II, 
Table 6. Polychlorinated biphenyl concentrations were not included 
in this series and the limit of detectability for chlorinated hydrocar-
bons was ten parts per trillion. 

Michigan City residential 
Farmland 
Woodland and Swamp 
Orchards 

5,203 (1^.7$) 
19,9kO (56.0$) 
9,972 (27.9$) 
k99 ( l . W 

19 



Field and laboratory techniques axe described in Appendix III, 
Procedure 3. 

Concentrations of total DDT found in mussels ranged from 27 to 83 
parts per billion with a mean of 51 parts per billion. Mussels held 
in north shore streams averaged 33.2 parts per billion with no indivi-
dual collection greater than ho parts per billion total DDT. Mussels 
in the lower peninsula tributaries usually had higher concentrations 
of DDT. Two other areas with relatively high concentrations of DDT 
in the mussels were the Grand Traverse Bay-Leland Peninsula region 
and the Lake Michigan shoreline from the Manistee River to the Black 
River in Van Buren County. Mussel collections from five streams in 
these regions averaged 67.6 parts per billion and four streams aver-
aged 65.O parts per billion. All other lower peninsula streams had 
concentrations in mussels ranging between 27 to parts per billion. 

All dieldrin concentrations were less than ten parts per billion and 
most were less than three. 

Indiana Biological Monitoring 

Ten mussel samples were analyzed from Indiana streams discharging into 
Lake Michigan (Appendix III, Figure 1). The data are tabulated in 
Appendix III, Table 3. Seven mussel samples had less than ten parts 
per billion DDT, and one had 48 parts per billion DDT.when it was 
removed from Burns Ditch in July, 1970. Dieldrin was less than ten 
parts per billion. 

The Indiana Board of Health collected resident invertebrates from 
the same streams as the mussel collections and noted little correlation 
between the two. 
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SECTION VIII 

FISH MONITORING 

The Enforcement Conference Pesticide Committee recommended that four 
species of fish be collected in April and October at four sampling 
stations on Lake Michigan. Two samples of ten fish (five of each 
sex) were to be examined in accordance with the following schedule: 

Station 

Green Bay 

Species 
Alewives 
Yellow Perch 

Number of Composition of 
Samples the Samples 
2 5 males, whole body 
2 5 females, whole body 
2 5 males, whole body 
2 5 females, whole body 

Waukegan, 
Saugatuck, 
Charlevoix Alewives 

Yellow Perch 
Chubs 

Coho Salmon 

2 5 males, whole body 
2 5 females, whole body 
2 5 males, muscle only 
2 5 females, muscle only 
2 5 males, muscle only 
2 5 males, whole body 
2 5 females, muscle only 
2 5 females, whole body 
2 5 females, muscle only 
2 5 males, muscle only 

The collection and analyses were done by the Bureau of Commercial 
Fisheries. Data gathered by the Bureau between 1965 and 1968 were 
essentially the only data available to the committee when the 1968 
report was prepared. Unfortunately, the Bureau of Commerical Fish-
eries was unable to complete the schedule but did continue the moni-
toring that had been initiated in the mid-1960's and developed residue 
levels over the investigational period. 

Appendix IV, Table 1 is a summary of data accumulated by the Bureau 
of Commercial Fisheries between 1965 and 1969. The commercially impor-
tant species including lake herring, lake trout and coho salmon all 
exceed five parts per million total DDT, an action level established 
by the United States Food and Drug Administration. Apparently, the 
0.3 parts per million dieldrin tolerance is not exceeded in these 
commercially important species. 

During the summers of 1969 and 1970, the Bureau of Commercial Fisher-
ies processed chub, coho salmon, and lake trout samples for total 
DDT and dieldrin. Appendix IV, Table 2 is a summary of analyses from 
these collections (Reinert, 1970). Twenty-three lake trout were 
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