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1. INTRODUCTION

This report presents estimates of the likely magnitude of risks to 

human health resulting from consumption of fish contaminated with poly­

chlorinated biphenyls (PCBs), caught by sports fishermen in Lake Michigan. 

It includes discussion of likely additional risks to consumers of fish 

caught near a local source of PCBs at Waukegan, Illinois. This report is 

based primarily on an earlier study by Crump and Masterman (ref 1, 

attached hereto as Appendix A), conducted in 1979 for the U. S. Congress 

Office of Technology Assessment. However, this report extends the 

analysis by Crump and Masterman in several ways and includes a fuller 

discussion of the range of uncertainty in the estimates. This report does 

not include background information on the chemistry, environmental 

behavior, or toxicity of PCBs: the reader is referred to extensive 

accounts in references 1-3.

The analysis in this report progresses in three stages, as follows:

1. Estimation of the number of persons consuming substantial 

quantities of sports fish from Lake Michigan.

2. Estimation of the quantities of PCBs ingested by these 

persons.

3. Estimation of health risks resulting from this exposure.

None of these quantities has been measured directly (except (2) for 

a limited number of people), so these estimates are derived from available 

data, using various assumptions which are stated as explicitly as possible.
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Each of these assumptions introduces uncertainty into the final 

estimates of risks. As shown below, the largest uncertainties 

result from the use of toxicological studies in animals to estimate 

likely risks to humans. Because of these uncertainties, no attempt 

is made to make precise estimates at any stage in the analysis.

In the present state of scientific knowledge, even the best-documented 

estimates of health risks resulting from chronic exposure to toxic 

chemicals are likely to be accurate only to within an order of 

magnitude (i.e. , within a factor of about 10).

II. NUMBER OF CONSUMERS OF FISH FROM LAKE MICHIGAN

According to data cited in a report by Humphrey (ref. 4), about 

381,000 licensed fishermen reside in the 18 counties bordering Lake 

Michigan. In 1974 these fishermen caught about 14,000,000 lb of fish 

in Lake Michigan, including about 4,000,000 lb each of Lake Trout and 

Chinook Salmon, about 3,000,000 lb of Coho Salmon, and about 2,500,000 lb 

of Rainbow and Steelhead Trout.

It is difficult to estimate how many people eat these fish, because 

fish consumption varies greatly between individuals. Assuming that each 

fisherman provides fish that are eaten by 2-3 people, the total number 

of people who eat Lake Michigan fish would be about 1 million, and their 

average consumption would be about 14 lb (as raw fish) annually. At the 

other extreme, heavy consumers of Lake Michigan fish eat between 24 and
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180 lb/year, with an average of about 47 lb/year (as dressed fish *) 

(Table 13 in ref. 4.) Assuming that about one half of each fish 

consists of edible tissues, this would correspond to an average of 

about 54 lb/year of raw fish. Hence the total catch of 14 million lb 

would suffice for about 150,000 heavy consumers.

Thus, two estimates of the number of consumers of Lake Michigan 

fish are possible: about 1,000,000 consumers (eating an average of

14 lb/year), or about 150,000 heavy consumers (eating an average of 

94 lb/year). In practice, the difference between these estimates is 

of little consequence for risk estimation. As shown below, estimates 

of health risks depend primarily on the total quantity of PCBs ingested 

by the population, and not on their distribution among the population.

III. QUANTITIES OF PCBs INGESTED

Humphrey (ref. 4) measured concentrations of PCBs in portions of 

cooked fish eaten by heavy consumers of Lake Michigan fish included in 

his study. Average PC3 concentrations in the cooked portions fell in the 

range 2.22 - 4.02 parts per million (ppm) for Lake Trout, 2.20 - 2.78 ppm 

for Salmon, and 0.59 - 1.43 ppm for other fish (Table 12 in ref. 4).

These measurements were much lower than those in raw fish (Table 1 in 

ref. 4), indicating substantial losses during preparation and cooking.

* lief. 4 did not state explicitly whether the figures presented for 
fish consumption refer to raw fish or to edible portions. However, the 
statements on p. 10 strongly imply the latter. Consumption of 47 lb of 
raw fish would be only about twice the average annual fish consumption 
per capita in the U. S. and would not qualify as heavy consumption.
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Humphrey used these direct measurements of PCB concentrations in cocked 

fish to estimate the average annual intake of PCBs by 91 heavy consumers 

as 46.5 mg/year (range 14-114 mg/year). This corresponds to an average 

daily intake of 130 ug/day,* or 1.7 ug/kg body weight/day (Table 14 in 

ref. 4). It can also be expressed as an average dietary concentration 

of 0.087 ppm, assuming an average daily consumption of about 1.5 kg of 

food per day.

For a consumer eating 14 lb of Lake Michigan fish per year, the 

Intake of PCBs can be estimated as about 14/54 times the above estimate 

for heavy consumers. This leads to an estimated annual intake of 7 mg/ 

year, an average daily intake of 19 ug/day or 0.25 ug/kg bodyweight/day, 

or an average dietary concentration of 0.013 ppm. These figures are 

estimates of the average intake of approximately 1 million potentially 

exposed persons (see Section II).

IV. ESTIMATES OF POTENTIAL CARCINOGENIC RISKS TO EXPOSED PERSONS

Studies of the carcinogenic (cancer-causing) effects of PCBs are 

reviewed and summarized in refs. 1-3 and 5. In brief summary:

1. Two studies have reported excess frequency of cancer in 

groups of humans highly exposed to PCBs, but these studies 

are not conclusive because the persons involved were also 

exposed to other toxic chemicals.

• 2. Several studies have shown that various commercial mixtures

of PCBs induce cancer in rats and mice following prolonged 

administration.

*This quantity was erroneously tabulated as 0.130 ug/day in ref. 4,
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3. PCBs increase the activity of several enzymes in the liver 

that can metabolize chemicals into active carcinogens and mutagens.

Under appropriate circumstances, PCBs can increase or decrease the 

effects of other carcinogens.

These results together provide strong evidence that PCBs are likely 

to increase the risk of developing cancer among persons exposed to them, 

either directly or indirectly (by augmenting the effects of other cancer- 

causing agents). However, the studies in humans are insufficient to 

serve as the basis for estimating the magnatude of the risks. Accordingly, 

it is necessary to use the results of controlled experiments in laboratory 

animals as the basis for such estimates.

The scientific basis for the use of animal experiments to estimate 

risks to humans is discussed at length in pp.47 - 79 of ref. 1 (see 

Appendix) and in Chapter II (pp. 19 - 59) of ref. 5. The process involves 

two stages: (i) extrapolation of effects observed in animals at high doses 

to predict risks to animals at doses similar to those to which humans are 

exposed; (ii) prediction of low dose effects in humans from estimated low- 

dose effects on animals. Stage (i) involves the use of one or more math­

ematical models of the dose-response curve; stage (ii) involves the use 

of one or more scaling factors to extrapolate from animal species to 

humans. For stage (i), the "multi-stage” model of the dose-response 

curve is generally preferred, because it is based on a well-supported 

biological theory of the initiation and development of cancer, and be­

cause it often gives a good fit to experimental data (see Appendix A, 

pp. 68 - 79). Other models generally give comparable results for moderate 

degrees of extrapolation, but usually yield much lower estimates of risk 

if attempts are made to extrapolate by factors of more than 1,000 - 

10,000 in dose (see Appendix A, p 76). For stage (ii). several different
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scaling factors are available, and it is not clear which should be used 

in any specific case (see below).

In the case of PCBs, only 3 experiments have been conducted for the 

full lifetime of the experimental animal species, and hence are suit­

able for estimating lifetime risks to exposed humans. The results of 

these experiments are summarized in refs. 1 and 2 (see Appendix A, pp 24­

30), and only brief summaries are included here. .

1. In an experiment reported by Kimbrough et al (ref. 6),

200 female Sherman rats were exposed for 21 months to Aroclor 1260 at a 

concentration of 100 ppm In the diet; 200 rats served as controls. On 

sacrifice at the age of 23 months, 26 of the 164 exposed rats had hepato­

cellular carcinomas and 144/184 had hepatic neoplastic nodules. The 

frequency of these pathological conditions on the controls was 1/173 and 

0/173, respectively.

2. In an experiment conducted by the National Cancer Institute 

(ref. 7), groups of 24 Fischer 344 rats of each sex were exposed to 

Aroclor 1254 at one of three concentrations, 25, 50, or 100 ppra, in the 

diet for two years; 24 rats of each sex served as controls. Exposed rats 

showed a higher incidence of hepatocellular carcinomas and hepatocellular 

adenomas (an alternative name for "neoplastic nodules") than control rats, 

as shown in Table 1 below.
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TABLE 1. INCIDENCE Or LIVER TUMORS IK RATS 
EXPOSED TO AROCLOR 1254 (ref. 7)

Dose Hepatocellular Hepatocellular
(ppm) Carcinomas Adenomas

Male Female Male Female

0 0/24 0/23 0/24 0/23

25 0/24 0/24 0/24 0/24

50 1/24 0/22 0/24 1/22

100 2/24 0/24 1/24 2/24
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Although the increases were not statistically significant, the small 

group sizes cade the experiment insensitive. Crump and Kasterman 

(Appendix A, pp. 26-27) showed that the results in the males were 

consistent with those in the females in the Kimbrough experiment.

3. In an experiment conducted at Industrial Bio-Test 

Laboratories, groups of 50 male and 50 female Charles River rats were 

exposed to Aroclors 1242, 1254, or 1260 at one of three dietary con­

centrations, 1, 10, or 100 ppm, for two years; 50 rats of each sex 

served as controls. Although the survival of the rats was poor, rats 

exposed to each of the three PC8 mixtures showed a significant increase 

in incidence of liver tumors and of hepatic nodular hyperplasia, as 

shown in Table 2 below. Although this experiment has not yet been 

fully reported, the results in Table 2 are useful for three purposes:
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TABLE 2. INCIDENCE CF LIVER TUMORS AMD MODULES IN RATS EXPOSED TO 
AROCLORS 1242, 1254 and 1260 (frwi ref. 1, Table D2A)

MIXTURE DOSE
____ (pH_____

"HEPATOMAS” OR ' 
"CH0LAMG10HEPAT0MAS"

NODULAR
HYPERPLASIA

0 0/23 1/23

Aroclor 1242 ' l 0/31 0/31

" 10 0/30 2/30

" 100 3/20 8/20

Aroclor 1254 1 0/31 0/31
l( 10 0/26 3/26
tl 100 6/27 13/27

Aroclor 1260 1 . 0/25 0/25

" 10 0/23 9/23
tl 100 7/27 7/27
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the results in Table 2 are useful for three purposes:

(i) the results with Aroclor 1260 are quantitatively consistent 

with the results of the Kimbrough experiment;

(ii) they show that Aroclors 1242 and 1254, as well as Aroclor 

1260, induce liver tumors in rats;

(iii) they show that Aroclors 1242 and 1254 produced similar 

responses in rats to those produced by Aroclor 1260 in the Kimbrough 

experiment (155 and 225 incidence of liver tumors, respectively, versus 

145 in the Kimbrough experiment).

Since Aroclor 1248 is intermediate between (and overlaps substantially 

with) Aroclors 1242 and 1254 in composition (ref. 1), these results justify 

the use of the Kimbrough data obtained with Aroclor 1260 to predict the 

likely response of humans to a PCB mixture resembling Aroclor 1248.

In summary, the results of the Kimbrough study form the most satis­

factory basis for quantitative extrapolation, but the results of the other 

two studies are consistent with it and provide evidence that it can be 

applied to Aroclor 1248. '

Crump and Masterman (Appendix A, pp. 31-35) fitted the data from 

the Kimbrough study to the multi-stage model. At low doses the multi­

stage model reduces to a simple linear form:

Excess probability of developing a tumor (following lifetime 

exposure to dietary concentration d) « qld, 

where d is the dietary concentration in ppm and qi is a constant to be 

determined from the data. Crump and Masterman calculated that qj* 0.0015 

from the Kimbrough data on hepatocellular carcinomas, and ql * 0.016 from
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the Kimbrough data on neoplastic nodules.* Since neoplastic nodules are 

usually considered to be stages in the development of liver tumors, either 

of these figures could be considered as estimates of tumor risk, but the 

latter would apply only to tumors that develop at the very end of life.

For a rat consuming food containing 0.087 ppm PCBs (the concentration 

appropriate to heavy human consumers of Lake Michigan fish), the lifetime 

risk of developing hepatocellular carcinoma is then estimated to be 0.087 X 

0.0015 * 1.3 X 10 "4, or about 1 in 8,000 (see Appendix A, p. 13). The 

lifetime risk of developing neoplastic nodules is about 1.4 X 10 "3, or 

1 in 700.

If it could be assumed that humans and rats are equally sensitive to 

PCBs when the chemicals are included in the diet at the same concentration, 

these would be estimates of the likely excess risk of developing cancer among 

high consumers of fish, exposed to PCBs in the diet at an average concen­

tration of 0.037 ppm for a lifetime. Although this is one possible way to 

scale doses between rats and humans, it is not the only plausible way. Three 

other assumptions that are frequently made are the following:

(i) Humans and rats are equally sensible to PCBs when exposed at

the same dose rate (expressed in mg/kg bodyweight/day). This leads to an 

estimate of excess risk of 5 X 10 (1 in 20,000) for hepatocellular

carcinomas (Appendix A, p. 37). .

(ii) Humans and rats are equally sensitive to PC8s when they ingest 

the same total dose (expressed in mg/kg bodyweight) in the.course of their

‘Crump and Masterman also calculated upper statistical confidence limits 
on ql as 0.0020 and 0.018 respectively. These upper confidence limits 
reflect statistical uncertainty resulting from the use of limited numbers 
of animals and are in this sense more "conservative" than the figures used 
in the text.
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lifetimes. This leads to an estimate of excess risk of 1.8 X 10 '3

( 1 In 550) for hepatocellular carcinomas.

. (ii i) Humans and rats are equally sensitive to PCBs when exposed

to the same dose rate expressed in units of mg/body surface area/day.

This leads to an estimate of excess risk of 4 X 10 (1 in 2,500) for

hepatocellular carcinomas (ref. 5, p. 794, applied to dosage of 

130 ug/day).

None of the above estimates, however, takes account of an important 

property of PCBs: their propensity to be retained for very long periods 

in the human body, with correspondingly high concentrations in body fluids 

and sensitive organs resulting from relatively small doses. Ref. 1, 

pp. 327 - 329, summarized evidence that PCBs are stored at least 20 times 

more efficiently in humans than in rats exposed to the same dietary con­

centrations. Ref. 4, Table 10, showed that PCB levels in human blood did 

not decline measurably even after 9 months of sharply reduced intakes.

In contrast, PCB levels in the blood of rats declined markedly within 

2-4 months after cessation of dosage (ref. 8).

When rats were fed a diet containing Aroclor 1254 at a concentration 

of 100 ppm, the concentration in the blood became constant after 2 months 

at about 0.40 ppm (ref. 8, Table 2). In contrast, the heavy consumers 

of fish in the Humphrey study, who were eating a diet containing about 

0.087 ppm PCBs, had blood concentrations of PC3s about 0.053 ppm higher 

than controls who did not eat fish (ref. 4, Tables 8,9 and. 14). In both 

rats and humans the ratios between PCB concentration in diet and blood were 

essentially constant over a range of doses. Hence it can be calculated 

that the heavy fish consumers studied by Humphrey had blood concentrations

• 12
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equal to those expected in rats exposed to a dietary concentration of 100 X 

0.058 r 0.40 * 14 ppm. In other words, humans retain PCBs in their blood 

160 times ( 14 t 0.037) more efficiently than rats. If it is assumed that 

humans and rats are equally at risk when their blood concentrations are the 

same, then the average excess risk of the heavy fish consumers would be 

0.022 (1 in 50)for hepatocellular carcinoma.

A final assumption that could be made is that humans and rats are 

equally at risk when the concentration of PCBs in their livers are the 

same. (This is probably the most plausible assumption of all, because the 

liver is the most sensitive organ in the rats.) Surveys in Japan have 

suggested that the average ratio between PCB concentration in body fat and 

liver is about 15 (ref. 1). Hence the estimated PCB concentration of 

4 ppm in the fat of theheavy fish consumers (Appendix A, p. 21) would 

correspond to an average concentration of about 0.3 ppm in their livers. 

Although this estimate is obtained indirectly, it is likely to be a 

reasonable estimate for the purposes of an approximate calculation of risks.

When rats were fed a diet containing Arcelor 1254 at a concentration 

of 2 ppm, the average concentration of PCBs in their livers became constant 

after 6 months at about 1.1 ppm (ref. 8, Table 3). This study indicated 

that the liver concentration was roughly proportional to the dietary concen­

tration. Hence it can be calculated that the heavy fish consumers studied 

by Humphrey had liver concentrations of PCBs equal to those expected in 

rats exposed to a dietary concentration of about 2 X 0.3 i 1.1 * 0.55 ppm.

If it is assumed that humans and rats are equally at risk when their liver 

concentrations are the same, then the average excess risk of the heavy fish 

consumers would be 8.2 x 10 (1 in 1,200) for hepatocellular carcinoma.
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These five estimates of the lifetime risks of cancer likely to be 

suffered by lifetime consumers of Lake Michigan fish range from 1 in 50 to 

1 in 20,000. In my judgment, the nest reasonable estimates are those 

derived from comparisons of concentrations of PC3s in blood and liver 

(1 in 50 and 1 in 1,200, respectively), since these involve comparisons of 

the degree of exposure of target tissues, rather than comparisons of the 

quantities ingested into the gut. Hence I conclude that the most likely 

range of risks accruing to heavy consumers of Lake Michigan fish is 

between 1 in 100 and 1 in 1000. These estimates fall into the range where 

they are not strongly dependent on the mathematical model used to extra­

polate from high doses to low doses ( Appendix A, p. 76). Hence similar 

estimates could be obtained from other models in these circumstances of 

relatively high exposure.

However, there are two ways in which these estimates could substantially 

underestimate risks. First, they are based on data on hepatocellular 

carcinomas alone. In the Kimbrough experiment, there v/as a much larger 

incidence of neoplastic nodules, so that estimates of risk based upon 

these tumors would be about 10 times higher than those based upon hepato­

cellular carcinomas alone. Since neoplastic nodules appear to be early 

stages in the development of liver cancer in rats, they are sometimes used 

as the basis for estimating human risks. This procedure is not followed 

in this report, but it should be recognized that total risks may thereby 

be underestimated by a factor of 10.

' Second, the experimental data were based on studies of rats that were 

exposed to PCBs only after weaning. Hence estimates of risk derived there­

from are not applicable directly to breast-fed human infants, who are 

exposed more intensely to PCBs via breast milk than at any time later in
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life. Crump and Masterman attempted to calculate the likely magnitude 

of the risks accruing to breast-fed infants whose mothers consume fish 

from Lake Hichigan. They estimated that the risk to such infants would 

lie between 1.3 and 4.2 times that for individuals exposed after weaning 

only, depending on the assumptions made about the mechanism of action 

and duration of exposure (Appendix A, Table 15).

For the above reasons, it is my scientific judgment that the range 

of risks specified above ( between 1/100 i 1/1000) is more likely to be 

an underestimate than an overestimate of the total risks accruing to the 

population of heavy consumers of Lake Hichigan fish. Assuming that this 

population includes 150,000 people (see section II), the total number 

of excess cancers likely to result in a lifetime would be in the range 

150-1,500, or more. If the larger population of 1,000,000 persons dis­

cussed in Section II is considered, the risk to the average individual 

would be lower by a factor of about 7, but the total population would be 

larger by the same factor. Hence the overall effect on the population 

would be the same, but it would be spread over alarger number of people.

In either case, the average number of excess cancers expected in the 

entire exposed population would be of the order of 2 - 20 per year. The 

smaller figure could not be detected by any reasonable type of epidemio­

logical study. The larger figure could be detected if the cancers were of 

a distinctive type, but the effects are unlikely to be manifested for 

another 20 years or more. Hence, in the present state of scientific 

knowledge, calculations of the type presented in this report are the only 

way to estimate the likely magnitude of the health risks.
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V. OTHER TYPES OF HEALTH RISK POSED BY PCBs

In addition to increasing the risk of cancer, PCBs are known to have a 

number of other adverse effects on health in humans and experimental 

animals (refs. 1 - 3). One effect of particular concern is disruption 

of reproduction. Female rhesus monkeys exposed to PCBs at a concentration 

of 2.5 ppm in the diet for 6 months displayed an increased frequency of 

infertility and spontaneous abortions. Within two months after birth, the 

infant monkeys that were born displayed signs of PCB poisoning; three of 

six infants died within 6 months, and the remainder showed learning 

impairments (refs. 1 -3). These observations are particularly significant 

because the monkeys were exposed to Aroclor 1248, the PCB mixture most 

similar to that found in fish in Lake Michigan. The dose level that caused 

these severe effects on rhesus monkeys was within a factor of 30 of the 

average dose ingested by heavy consumers of Lake Michigan fish when 

compared on the basis of dietary concentration, and within a factor of 50 

when compared on the basis of dose per unit of body surface area per day. 

Furthermore, the concentration of PCBs in the milk of the nursing rhesus 

monkeys was very close to that measured and calculated to occur in the milk 

of highly exposed human mothers ( Appendix A, pp. 18-21, 39-41). Thus, at 

least for the more highly exposed consumers of Lake Michigan fish, there is 

no "margin of safety" at all. Although there are no established techniques 

for calculating the exact magnitude of reproductive risks due to ingestation 

of toxic chemicals, these individuals and their children are clearly at 

high risk. '

Several other adverse effects of PCBs on mammals have been reported at 

dose levels equivalent to dietary concentrations between 0.64 and 5 ppm.
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These effects include reproductive failure and death in mink, induction

of stomach nodules in dogs, and induction of Vfver enzynes in rats (ref.2, 

p. 356). The "margins of safety" for these effects for heavy consumers of 

Lake Michigan fish are in the range 7.5 - 60 (when compared on a dietary 

concentration basis). Again, at least the higher consumers of fish are 

likely to be at high risk.

VI. POSSIBLE ADDITIONAL RISKS TO COIISI'MERS OF 
FISH CAUGHT NEAR WAUKEGAN, ILLINOIS

Special concern has been expressed about possible additional health 

risks that may be posed to consumers of fish caught near Waukegan, Illinois. 

This concern has arisen because of high concentrations of PCBs in fish 

caught in Waukegan harbor (ref. 9). Unfortunately, the sampling of fish in 

the Waukegan area has not been sufficiently extensive to permit firm estimates 

of the likely magnitude of exposure of consumers to PCBs.

A survey of fishermen in the Waukegan area (ref. 10) suggests that about 

16,000 fish are caught annually by fishermen based at Waukegan (i.e, fishing 

in the harbor or from boats launched there). Of these fish, about 585 are 

Coho Salmon, 115 are Chinook Salmon, 135 are various species of trout, and 

175 are Yellow Perch. The catch of Coho Salmon is about 1.65 of the total 

annual catch in Lake Michigan, but as a whole the area accounts for slightly 

less'than 1 percent of the total annual catch of fish in the lake (ref. ♦, 

Table 2). Unfortunately, there appear to be no direct measurements of PC8 

levels in trout, salmon, or yellow perch from the immediate area of 

Waukegan. PCB concentrations in fish of other species collected in Waukegan 

harbor were in the range 1.7 - 39 ppm, with an overall average of 19 ppm 

(ref. 9). Hence consumers of fish caught inside the harbor are likely to be
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exposed to PCSs at levels roughly twice as high as those for Lake 

Michigan as a whole (ref. 4, pp 4 - 5). It is not known whether this 

would apply to consumers of fish caught outside tne harbor.

These incomplete data suggest that at least some consumers of fish 

caught in the Waukegan area are likely to be exposed to larger quantities 

of PCBs than consumers of fish from other parts of Lake Michigan. On the 

basis of the total catch, the number of consumers involved may be in the 

range 13,000 (heavy consumption) - 80,000 (average consumption).

VII. CONCLUSIONS

1. About 14 million pounds of sports fish are caught annually in 

Lake Michigan. The number of people who eat significant quantities of 

these fish probably lies between 150,000 (heavy consumers) and 1 million 

(general consumers).

2. Direct measurements have shown that heavy consumers of fish 

from Like Michigan ingest between 14 and 114 mg of PCBs annually (mean 

46 mg). This exposure is reflected by high concentrations of PCBs in 

their blood.

3. PCBs are carcinogenic in experimental animals and are very likely 

to pose excess cancer risks in humans exposed to them.

4. Several calculations are presented of the likely magnitude of the 

cancer risks posed by PCBs to heavy consumers of Lake Michigan fish. The 

calculations vary over a wide range, primarily because of uncertainty 

about the way in which risks should be extrapolated from data on experi­

mental animals to predict risks to humans. The most likely range of risks 

to a typical heavy consumer is between 1 in 100 and 1 in 1000 (excess risk
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of developing cancer after lifetime exposure).

5. PCBs also cause a number of other adverse effects in mammals 

exposed to than. The most serious of these effects is disruption of 

reproduction. For heavy consumers of Lake Michigan fish, there is 

little or no "margin of safety" for these effects. Although there are 

no established techniques for calculating how many persons may be 

affected, heavy consumers of Lake Michigan fish are at high risk.

6. There is insufficient information to estimate risks to 

Individuals who eat fish caught near a local source of PCS contamination 

at Waukegan, Illinois.
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