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Polychlorinated biphenyls (PCBs) became a national problem in 197) when several uccidental

contaminstions of foods were reported. Extensive efforts were successfully undenaken by FDA

10 reduce the residues of PCBs in food. However, the PCB levels in scveral species of freshwater

fish have raiscd concern about PCB residues fram environmental contamination. This copcemn

prompted 2 resssessment of the human risk involved in consumption of such fish. The best

evidence that a chemical may produce adverse health effects in humans is provided by adequate

epidemiologic duts confirmed or supplemented by dats from valid animal tests. Traditionally.

where the regulatory agencies have uscd results of animal wxicology cxperiments 1o cvaluae

hazard and predict hypothetica! ssfety for humans. “safety factors™ such as 1 10 10 or 1 16 100

have been used. The size of the safety factor and the potential exposure 1o a chemical are

P cstablished by properly informed scientific judgment. More recent ¢ffonts have involved use of
4 a combination of human and snimal da1z and a varietv of mathematical modcls to deiermine
risk. The human cpidemiology data and the animal toxicity duws of PCB cxposure are revicwed.

as well as risk assessment in generul. Specific examples of risk assessment are presented in which

animal data are extrapolated 10 humans, based on several Ievels of human exposure to PCBs

in hsh.
INTRODUCTION

Of the estimated 4.3 million chemicals in existence, some 63,000 are believed o
be used in the United States and up to 1000 new ones are introduced each year.
Although the discovery and increasing us¢ of new substances have improved the
guality of lifc in the United States in many ways, many of them have proven to be
hazardous to man and animals. A major challenge for regulatory agencies such as
the U. S. Food and Drug Administration (FDA) is to determine how best to reconcile
these potential hazards and potential benefits. This problem is reflected in numerous
laws and regulations. Some statutes require that a chemical shown 1o pose hazards
to human and animal health be banned; others require that a chemical be controlled
50 as 10 reduce the hazards resulting from its use (Cordle and Kolbye, 1979). Perhaps
the most important issue in policy decisions relating to toxic substances in the en-
vironment is ap assessment of the human risk from exposure to them,
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Humans ingest or are exposed to a variety of substances under the regulatory

o~ control of FDA, such as foods, food additives, color additives, and to a lesser degree,
¥ an , environmental contaminants such as industrial chemicals, metals, and pesticides. The
Supply statutes and regulations used by FDA to control these substances vary with the form

~ of ingestion or exposure and the kind, amount, and length of exposure.

The best evidence that an agent is toxic 1o humans. or is a human carcinogen with
subsequent human risk that can be quantified, is provided by adequate epidemiology
data backed by confirmatory animal data. However, for practical purposes, most

drug ' decisions on human toxicity and carcinogenicity are based on animal studies. Tra-
ditionally, the regulatory agencies have used information obtained in animal toxicology
experiments 10 evaluate hazard and predict hypothetical safety in humans by the
application of so-called “‘safety factors,” e.g., 1 to 10, or more often 1 to 100. The
size of the safety factor and the potential exposure to a chemical are established by
properly informed scientific judgment.

More recent efforts involve using a combination of data to provide a reasonable

oy assessment of the risk of a variety of adverse health effects caused by exposure to
hwater environmental contaminants (Cordle, 1981; Cordle ez al., 1982). To aid in determining
oncers the proper action for regulating a toxic chemical in the environment, whether it be
he best a feed additive, industrial pollutant, or natural toxicant, it is helpful 10 have some
icquate i knowledge about the background level of the particular adverse health effect that
onally, ; . , NN . .
valuate might be expected from exposure 10 a given substance. This kind of information is
10 100 usually difficult. if not impossible, 1o obtain directly from human data. It then becomes
cal are necessary 1o use a combination of data (human epidemioclogy, animal toxicology,
- use of residue, and human exposure) either 10 set an acceptable level through the use of
:c":‘:;‘ . safety factors based on human exposure to the substance and extrapolation from
+ which i animal data t0 human outcome. or to select among a variety of mathematical models
) PERS to predict risk.
HUMAN DATA

A recent report from the Office of Technology Assessment (OTA, (981) on improving
methods to determine cancer risks indicated that despite the current antiregulatory

elieved to
sach vear. mood in the U. S, the public dread of cancer is not likely 10 decrease and Americans
roved the still favor regulations that protect public health and the environment. Surveys taken
wen 10 be by the Yankclovich, Skelly, and White polling firm show that public support for
= such as vigorous food and drug régulation remains extremely high. A
 reconcile The continuing concern about cancer and environmental insults which may increase
sumerous the risk of cancer are likely to provide impetus for continuing efforts 10 reduce the
« hazards incidence and improve the treatment of cancer. Although efforts to improve treatment
-antrolled excite little controversy, efforts to reduce cancer incidence by regulatory intervention
\. Perhaps generate great debate about whether the expected benefits from the regulations justify
‘1 the ¢ne their costs. Underlying the problem is the lack of adequate data, both human epi-
demiological and animal toxicological. 10 make such determinations. especially in
the areds of cancer incidence and morntality, subtle adverse human effects from en-
vironmental exposure, and improvements due to regulatory or program intervention.
As an example, the principal data deficiencies for epidemiological assessment of
cancer risks, particularly in the regulatory area to determine risk of cancer incidence
or mortality, are inadequate information about exposures (10 what substances, for
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254 FRANK CORDLE

how long, by what method) and lifestyle characteristics such as diet, occupation, and
aleohol and tobacco use. Since cancer has a long latency period, relating cancer in
the present population to particular exposures might require information from 20 or
more years ago. Even when information was collected, records may have been destroyed
before they could become useful in cancer cpidemiology studies. The following dis-
cussion of problems associated with various data sources may be a useful preliminary
to a discussion of the present controversy over adverse human health effects resulting
from exposure to a wide variety of environmental contaminants, e.g., polychlorinated
biphenyls (PCBs), polybrominated biphenyls (PBBs), dioxins, other industrial chemicals
and metals, and the debate over animal tests vs epidemiological studies to yield data
describing increases or decreases in risks. '

Although studies of trends over time in cancer incidence and montality in defined
populations may provide clues to its etiology (provided the data are adequate and
valid) unfortunately no national reporting system is available 10 define the incidence
of cancer in the entire United States. As a result, debate continues about the use of
incidence data collected by the various National Cancer Institute (NCI) surveys and
montality daia collected by the National Center for Health Statistics (NCHS; in the
interpretation of cancer trends in the United States.

Three frequently analyzed surveys are the so-called National Cancer Surveys: the
first (FNCS), 1937-1939; the second (SNCS). 1947-1948; and the third (TNCS).
1969-1971. Devesa and Silverman (1978) have described in detail the methods used
in these surveys. Because these surveys could not be conducted in the same geographical
areas. only seven metropolitan areas are common to all three (SCA). For the TNCS.
several new areas were added. including two entire states, so that the cancer incidence
in rural areas could be described. »

Although the population surveyed in each of the three studies was reported to
represent 10% samples of the population of the United States at the time of the
survey. unfortunately this is not entirely accurate. In fact, no attempt was made to
design a valid 10% probability sample of the U. S. for purposes of the studies, The
potential problems associated with any inferences direcied toward the country as a
whole must thereforc be recognized. Moreover, when the seven common areas of
the three studies are used for comparison, population bases become 5.0, 5.2, and
7.2% of the total U. S. population at the time of each respective survey, rather than
the often cited 10%.

NCI started the Surveillance, Epidemiology, and End Results (SEER) program in
1973 1o obtain annual cancer incidence and patient survival data on a population
base (Devesa and Silverman, 1978). When the SEER program was established in
1973, there were eight geographic participants: Puerto Rico, Detroit, San Francisco,
Connecticut, Hawaii, New Mexico, Utah, and Iowa. By 1976 the program included
11 areas: § entire states, 5 large metropolitan areas, and the entire Commonwealth
of Puerto Rico. The purpose of the SEER program is to measure cancer incidence
and patient survival on a continuing basis, so that a new survey does not have 1o be
undertaken every few years 10 measure cancer incidence. The participating organi-
zations were sclected for their demonstrated ability to operate a population-based
c;nccr registry system and for the unique population subgroups that each of them
offered.

Unfortunately, the nature of the selection process introduced distortions in pop-
ulation distribution. Thus, although the participants as a whole came from areas that
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represented 10% of the total U. S. population (again, not a 10% random sample of
the U. S. population), they represented only about 9% of the black population but
a larger proportion of other ethnic groups, e.g., 47% of American Japanese, 36% of
American Chinese. and 15% of American Indians. With each new study the number
of geographic areas that might be compared are reduced; the three NCI surveys
comprised seven areas, only four of which were comparable with the SEER program.

Although monality data by specific cause, age, sex, race, and a variety of demographic
variables have been available since 1935, variations in the reporting methods by
various states and changes that have gradually occurred in assigning International
Classification of Diseases (ICDA) codes to cause of death increase the difficulty of
assessing cancer trends over time on the basis of mortality. For example, data on
mortality before 1949 are not available for several cancer sites. Trends in monality
from cancer of the uterine cervix and corpus before 1949 are not available for several
cancer sites and cannot be evaluated separately because the subsite of the uterus was
not coded until the sixth revision of the ICDA. In the fourth and fifth revisions of
the ICDA, primary and secondary liver cancers were assigned the same ICDA code.
and were not coded separately until 1949,

In addition to the numerous classification changes that have occurred in the past
45 years. the rules for assigning cause of death were substantially revised in 1949,
and could introduce artifacts in any observed trends. Perhaps the most important
factors affecting error and bias in both monality and incidence dawa over time are
as follows:

improper diagnosis;

improvements in case ascertainment:

inclusion of prevalent cases:

incomplete or incorrect information on death certificates:
increased access t0 medical care;

changes in diagnosis over time, among others.

IR SIF R

Doll and Peto (1981) have published a thorough discussion of the various strengths
and weaknesses, as they see them, of the various data sources that describe the incidence
and monality of cancer in the United States. Besides discussing the difficulties of
epidemiological interpretation of data from the NCI surveys and the SEER program
to determine cancer incidence and mortality trends over time. Doll and Peto (1981)
have also described some general considerations about the current status of the use
of epidemiology to determine risk in a variety of settings. They reported that when
positive epidemiologic results show an association between exposure or some other
variable and cancer, based on a valid study, they tend to dominate any decision to
be made on carcinogenicity. However, even risks that will ultimately kill 1% or more
of the exposed population may be overlooked or anributed to chance unless a very
large-scale investigation is undertaken. In these circumstances, too, when cancer rates
among exposed people are only a modest multiple of those among the unexposed,
problems of interpretation may become acute, and it may be extremely difficult to
disentangle the various contributions of biased information. confounding of two or
more factors, and cause and effect. Thus, unless epidemiological studies have been
carried out in reasonably large, well-defined groups of people who have been heavily
cxposed to a particular substance for 2 or 3 decades without apparent effect. they
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256 FRANK CORDLE

can offer no guarantee that continued exposure to moderate levels will in the long
run be without some increase in risk.

- Human evidence can never be totally dispensed with, but the weight that can be
given 10 it varies greatly with the duration and intensity of the exposure experienced
by individuals. Positive evidence is always important. Negative human evidence may
mean very litue, ualess it relates 1o prolonged and heavy exposure; however. it may
justify the conclusion that for practical purposes the agent need not be wreated as a
human carcinogen (Doll and Peto. 1981) if it does relate 10 human exposure, if it is
consistent in a variety of studies (correlation studies over time, cohort studies of
exposed individuals. and case-control studies of affected patients), and if the laboratory
evidence is also limited in its scope (for instance, to a particular type of tumor in a
few species). ‘

Epidemiology has. at present. an undeservedly poor reputation among administrators
and regulatory decision mazkers, who condemn it for failing to achieve ends that jt
has neither the resources nor data to meet. Epidemiology starts. not with a series of
rodents under carefully controlled laboratory conditions over a relatively short lifetime.
but with péople in an uncontrolled environment and with little possibility of controlling
lifetimt exposure 1o a variety of chemnical substances, Although epidemiology is more
likely than laboratory studies 10 overlook many small effects of various chemicals, it
is much less likely 1o overlook the potentially large determinants of contemporary
cancer rates and trends, especially if these are environmental pollutants or dietary
¢onlaminants.

ANIMAL DATA

In discussing the use of animal data in general in risk determination. a fundamental
problem with biologic extrapolation is how closely test animals resemble humans.
This problem is relaled 10 differences in the greater genetic variability of human
populations. Populations of test animals are highly inbred and genetically uniform;
populations of humans are outbred and include greatly differing genotypes. There is
no way to deal with the problem of the human who may differ in sensitivity because
there is seldom, if ever, a way 10 associate sensitivities with the individual. An additional
component of the problem concerns poorly understood and unidentified differences
in metabolism between test animals and humans.

Although extrapolation techniques are used 1o estimate the probability of human
cancer from test results, opinions differ strongly about the extent to which, and how,
extrapolation mecthods should be used in estimating the amount of human cancer
that might be caused by exposure o a carcinogen (OTA, 1981). Various extrapolation
modcls produce estimates of cancer incidence that differ by factors of 1000 or more
al levels of human exposure. Given such uncertainty, many individuals refuse to
choose one mode] over another and oppose the use of quantitative extrapolation.
Fewer objections are raised against choosing 2 mode} to establish priorities for further
evaluation of carcinogens as to their likelihood of causing cancer. Regardless of which
particular model is chosen, it should produce approximately the same relative ranking
as any other. _

Proponents of quantitative extrapolation arguc that carcful attention to the available
data is helpful in choosing the correct model and reduces chances for error. There
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are now no coavincing data to dictate which extrapolation model is best for estimating
humsan cancer incidence or even that one model will be consistently better than all
others. However, one particular model for estimating human incidence from animal
data (linear, no threshold extrapolation; relating animals and humans on the basis
of total lifetime exposure divided by body weight) has been reported to estimate
human cancer incidence within a factor of 10 to 100 compared to incidence measured
by epidemiological studies. Although this agreement may be gratifying, good data to
make these comparisons exist for fewer than 20 substances.

As indicated previously, the scientific data base needed to support & quantitative
estimate of risk to human health as a result of exposure to environmental contaminants
is generally inadequate to accurately quantify such risk. In a typical case, there are
at least four major areas of uncertainty (NRC, 1978a,b):

(1) A lack of adequate information about the exposures. that occur in human
populations at environmen:al levels of the contaminant;

(2) a lack of dose-response data in humans to support projections of the effects
of likely levels of exposure;

(3) a comparable lack of dose-response data, even in laboratory animals, at the
very low levels of exposure ti:at commonly occur in the environment; and

{(4) alack of understanding of the interactions and influences that environmental
variables and characteristics of the exposed population may have on the effects of
the contaminant.

The state of scientific knowledge at present makes it unlikely that these uncertainties
can be eliminated. However, it is possible to simplify the analysis by making a number
of assumptions, for instance:

(1) “Typical” exposure levels can be calculated from limited data. or can be
estimated arbitrarily to encompass what appears to be a reasonable range.

(2) Dose~response curves derived from animal studies can be used as analogs
to estimate human responses.

(3) The dose-response curve can be extrapolated. using best scientific judgment
concemning its probable form, from known responses at high doses to estimated
responses at much lower doses.

(8) For lack of any sounder choice, the influence of confounding variables can
simply be left out of the caleulations.

Estimates of risk based on such an approach have increasingly been anempted:
for example, see the recent assessment by the National Research Council of halo-
methanes in drinking water (NRC, 1978b). The results, while crude, have some value
in decision making, if only to place in perspective the hazards of pollutants whose
toxic properties are known qualitatively (e.g., mutagenic, carcinogenic). Quantitative
assessments of this sort, however, are limited by the assumptions on which they rest.
many of which are merely pragmatic and are derived from limited information.
Therefore risk estimates of this type cannot be accepted as conclusive results but
should be viewed as initial attempts subject to revision as better information becomes
available. ,

In the case study of the regulation of PCBs to be described here. methods which
consider the safety factor approach and the mathematical mode) are used to describe
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the problems involved in attempiing 1o determine the risk of adverse human health inch

from exposure 10 PCBs in some species of fish recgulated by FDA. ‘ 4 10 b

' Tt

HISTORY OF EXPOSURE A level

kind:

The tern PCBs refers to a complex mixture of different chlorobiphenyls and isomers. " popu

PCBs were reportedly first synthesized in 1881 but were not commercially available form:

until 1930 (DHEW. 1976). The only domestic producer was the Monsanto Company. i the n

The use of PCBs in a wide variety of industrial applications steadily increased from This «

1930 until 1971, when the manufacturer voluntarily restricted their distribution in : in the

the United States to closed systems, including electrical transformers. capacitors. and Sur

heat transformers. eaten.

PCB products manufactured by Monsanto in the United States are identified by : per c:

the trade name “Aroclor.” and the particular kind of Arccior is identified by a four- ; “uncl;

digit number. e.g., Aroclor 1254 or Aroclor 1260. The first two digits refer to the 12 impor

carbon atoms that make up the bipheny! and the scoond two digits refer 10 the which

approximate percentage by weight of chlorine in the mixture, LUinder this numbering taken

system. Aroclor 1254 contains 12 carbon atoms and about 54% chlorine. and Aroclor inthe!

1260 contains 12 carbon atoms and about 60% chlorine. is impi

PCBs became a national concern in 1971. when severa] incidents of accidental 9% of
5 contamination of foods were reported. In addition. the extent of the environmental Tabl
contamination and its persistence were not precisely known. Subsequently. various FDA I
regulatory actions were taken by the agencies involved, zad with the cooperation of in thes

P the only U. S. producer. the sitiation was felt to be under control.

Then. in 1975, with the reported high levels of PCB contamination in Hudson
River fish, national auention was refocused on PCBs. It was soon apparent that the
actions and control measures of the early 1970s had not succceded in totally reducing
or even substantially alleviating the problems associated with PCB contamination in —
the environment. ‘

Despite the many industrial applications of PCBs in the U. S. for 40 years, there
is scant information on human exposure and its effects on human health in the
United States. In this country, sources of minimal human exposure of the population

to PCBs are food, air, and water: perhaps the most significant human exposures are Species
limited to sports fishermen consuming freshwater fish from contaminated streams intere:
and lakes and 1o occupational exposure in industrial workers, However, the PCB
levels in several species of fish have raised concern about the PCB residues from g“}: "
environmental contamination, and these concerns have prompted a reassessment of 8:}?:10
the PCB action levels. A typical PCB residue from fish resembles the Aroclor 1254 Fresh water
mixture more closely than it does other Aroclors (Veith, 197S; Zitko el al.. 1972). Sex wout

A review of the data on fish residues gathered by various agencies indicates a serious Bass
incompatibility among sampling programs for obtaining data that reliably define g:‘":‘h
trends in PCB levels. The Food and Drug Administration's primary concern is the - Scup (porgy)
levels in the edible portion of commercially important fish marketed intersiate. There- Drum
fore, in most cases, the heads, entrails, skin, and fins are excluded. Furthermore, Mackerel
FDA has not generally sampled fish that are caught and consumed locally; sampling . All others
usually has been limited to the most important consurmnption species, which are Tuzs and
primarily of marine origin and generally do not contain as high PCB levels as freshwater the tolcranee
species from certain locations. An FDA 1978-1979 survey of PCB residues in fish, *No wlera;

R —— 300561 -
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1an health including freshwater species, presented some evidence that freshwater fish continue
e to be the major source of high PCB residues in the food supply.

To determine human exposure to PCBs through dietary fish, one must know the

levels of PCB residues in the edible portions of fish and the amounts of the various

kinds of fish consumed by the population at large and by special subgroups of the

d isomers. population. The National Marine Fisheries Service (NOAA, 1976) has compiled in-

- gvailable formation on the most important types of fish eaten in the United States today and

~ompany. the mean daily amount of each type eaten by the subpopulations of actual users.

ased from This study included a sample of 25,947 fish eaters selected 1o represent all fish eaters

ibution in in the United States.

:itors. and Survey results indicate that some 20 species comprise 95% of all fish products
eaten. Although 93% of the U. S. population (197 million) eat fish, the average annual

ntified by per capita consumption is small: 15.0 b/year. with major consumption of a large

by a four- “unclassified™ fish fraction that exists in the U. S. diet, ranking just below tuna in

‘o the 12 : importance. This “unclassified” fraction represents a variety of fish species, each of

‘er 10 the which separately contributes only a minor proportion of the diet. However, when

umbering taken as a group, those species represent a major contribution to fish consumption

d Aroclor in the United States. The major portion of many of our most familiar types of seafood
is imporied, and freshwater species, ied by trout, bass, and catfish, comprise about

iccidental 9% of our total fish diet. .

onmental Table | describes the 12 species of interest, i.e., those spesies of fish found in the

v, various FDA 1978-1979 survey to have the highest PCB residue levels and mean PCB levels

sration of in these species. Table 2 describes the daily intake of PCBs in these people who ate

1 Hudson TABLE |

t that the

come MEeaN PCB LEVELS IN FDA 19781979 DOMESTIC SURYEY DY SPECIES

N OF INTEREST (CORDLE ! al., 1982)

. Assumed Assumed Assumed
ars. there Assumed tolerance = § tolerance = 2 toleranece = |
th in the tolerance = (* ppm ppm ppm
Jpulation Mean Mecan Mean Mean
‘sures are Species of PCB. PCB, PCB. PCB.

i streams interest® ppm N ppm N ppm N ppm N
the PCB Carp 110 s& 050 s2 068 46 054 38
~::e:?g;' Catsh 70 295 1is 28 073 a8 038 150
e uffalo 0.50 36 0.50 36 0.43 35 0.30 31
sor 1254 Fresh water trout 136 87 1.28 8s 0.76 58 0.37 40
197Dy, Sea trout 0.56 10 0.56 10 0.56 10 0.27 8
a2 serious Bass 1.28 15 ;.28 15 0.77 11 0.7 10
iv define Chubs .14 19 114 19 0.96 17 0.58 9
1 is the Blucfish 0.53 23 0.53 23 0.44 2 0.37 20
Scup (porgy) 0.72 10 0.72 10 0.72 10 0.53 3
¢. There- Drum 0.45 12 0.4% 12 0.49 12 0.32 i0
nermore, Mackers! 0.53 2 0.53 2 0.53 21 0.28 17
sampling All others 0.26 206 0.26 206 0.24 204 0.22 201
pich are
sshwater “Tuna and shellﬁ.f.‘h were as-sumed to have 0.0 level of PCB. For assumed tolerance. PCB values below
! the tolerance were eliminated in calculating the mean,
s in fish, * No tolersnce.
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260 FRANK CORDLE

TABLE 2

INTAKE OF PCBs rrRom FisH FOR EATERS OF SPECIES OF INTEREST {3939/25.947) (CORDLE ¢! gl., 1982)

Inwake at 50th percentile Inmake 2t 90th percentile

Assumed®
toleranee, ug per rpm of ng/ke body ug per ppm of sp/ke body
ppm day diet" weight” day diet” weight”
o 8.46 0.0056 0.72 22.1 . 0.0147 0.32
] 7.57 0.005) Q1! 203 0.0135 0.29
2 5.59 0.0037 0.08 14,9 0.009% 0.21
1 3.30 0.0022 0.05 8.22 0.0061 0.13

¢ For assumed tolerance PCB valucs below the \olerance were eliminated.
* Assumed 1500 g daily intake.

“ Assuming body wa of 70 kg,

¢ No 1olerance,

the 12 species of interest (3939 individuals of the total of 25,947) at the 50th and
90th percentiles.

EPIDEMIOLOGY OF HUMAN EXPOSURE

Considerable scientific interest has centered on the Yusho incident in Japan. In
1968. human intoxication with Kanechior 400, 2 PCB manufactured in Japan, was
noted when a heat exchanger leaked this PCB into rice oil (“Yusho™ oil) that was
consumed by Japanese families.

The typical clinical findings included chloracne and increased pigmentation of the
skin. increased eye discharge. transient visual disturbances, feeling of weakness,
numbness in limbs, headaches, and disturbances in liver function. Most of the babies
born 1o mothers with Yusho had skin discoloration, which slowly regressed as the
children grew. Adult Yusho patients had protracted clinical disease with a slow regres-

sion of symptoms and signs, suggesting a slow metabolism and excretion of the PCB

in humans, probably due to a long biological half-life.

A review of the literature extant in 1972 revealed the following facts: in the dose~ -

response epidemiologic study the average PCB content of the rice oil was 2500 ppm,
the average cumulative intake of PCBs leading to overt symptomatology was 2000
mg, and the Jowest dose leading to overt symplomatology was 500 mg. Originally,
rice oil contaminated with a heat exchanger, Kanechlor 400, 2 polychlorinsted bi-
phenyl, was associated with Yusho symptomatology. PCBs were identified in the
contaminated rice oil consumed and in the blood and tissues of Yusho patients.
Therefore, the effects seen were attributed to PCBs.

In the review by Kuratsune ef al. (1976) a new factor was introduced, namely, the
canned rice oil was also contaminated with chlorinated dibenzofurans (PCDFs) to
the extent of S ppm. Kuratsune also presented data of Nagayama et af. (1975) showing
that polychlorinated dibenzofurans were present in the liver and adipose tissue of
Yusho psticnts but not of a control group. Nagayama ez al. (1975) reported that the
ratios of PCBs to PCDFs in Kanechlor 400, in 2 Yusho oil of February 5 or 6, 1968,
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in adipose tissue, and in liver from a Yusho patient were 50,000, 200, 144, and 4 to
1, respectively. Thus, relative to Yusho oil. the liver with a PCB/PCDF ratio of 4 10
1 appears to concentrate PCDFs selectively compared to the PCBs. If PCDF is 200
10 SO0 times more toxic than PCB, the contaminated rice ail would be 2 to 3.5 times
more toxic than expected from the PCB content alone. Additiona! work has indicated
that the original estimate of PCBs in the rice oil was in error because the analysis
was based on total organic chlorine present, and that the rice oil contained approx-
imately 1000 ppm of chlorinated quaterphenyls in addition to the PCB residues. A
discussion of the use of these data in attempting to set so-called safe levels of PCBs
in the diet will be presented in a later section of this report. :

The earliest reports of adverse health effects due to exposure of workers 1o PCBs
in this country are probably those of Schwartz (1936) who described skin lesions and
symptoms of systemic poisoning among workers who were said to have inhaled
chlorobiphenyls: their complaints included digestive disturbances, burning of the eyes,
impotence, and hematuria. Patch tests with the chlorobiphenyls were negative, and
Schwartz speculated that mechanical plugging of the follicles of the skin as the fumes
solidified on it was responsible for the skin lesions, The chlorine present in the
products was thought to then exert an irritating effect on the plugged follicles and
thus to cause suppuration. No quantitative data were reported, but a number of
preventive practices were recommended.

There have been numerous reports over the ensuing years (Dennis. 1976) of cu-
taneous cruptions, and systemic manifestations as well. among marine electricians.
machinists, capacitor and transformer manufacturing workers. and others occupa-
tionally exposed 1o PCBs. However. in many of these reports the subjects were exposed
to mixtures of chlorinated hydrocarbons. quite ofien of chlorinated naphthalenes
and PCBs. -

The skin lesions described by Schwartz (1936) have come4o be designated generally
as chloracne. Chloracne can be produced by a number of chcmical compounds.
including chlorinated dibenzofurans and certain isomers of the chlorinated diben-
zodioxins (Kimbrough. 1974). Oily skin and large pores seem 10 predispose to the
disease and smooth, tender skin 1o resist it.

Part of the chioracne lesion resembles adolescent acne. but it is generally more
severe, and lesion distribution is inconsistent with adolescent acne although it may
be superimposed upon it. It is known that chloracne can be produced by either the
systemic absorption of chlorinated biphenyls or the direct application of chloracnegenic
compounds to the skin, Systemic effects sometimes result after occupational chloracne
has manifested itself; thesc may include loss of appetite, nausea, edemna of the face
and bands, abdorminal pain, vomiting, and burning and soreness of the eyes. No fully
sausfactory explanations have been made of the development of chloracne. Chloracne
is generally very persistent, and there is no preferred control measure.

As indicated previously, low levels of human exposure to PCBs in the U. S. pop-
ulation may occur from air and water. Samples of ambient air were collected in
suburban areas of Miami, Florida: Jackson, Mississippi: and Fort Collins. Colorado.
Preliminary results (Kutz and Yang, 1976) for samples taken in April. May, and
June 1975 show that PCBs were present at all locations. Although the data varied.
the average concentrations at each of the three locations was approximately 100
ng/m>. Initial identification of the PCBs indicated that they were most comparable
to the Aroclor 1254 standard.

ZlD Bi4 2&00 . 11724
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Dennis (1976) has also reported that data gathered from monitoring activities of
surface waters and botiom sediments of the major drainage basins of the United
States indicate the widespread occurrence of PCBs in both surface water and bottom
deposits. A preliminary assessment of PCB levels shows mean residue levels in water
ranging from 0.0! to 0.05 up/liter. The 0.05 pg/liter levels were found in the South
Allantic Slope and Eastern Gulf of the Mexico drainage basin. In general, the lowest
PCB residue Jevels were found in drainage basins west of the Mississippi.

The Great Lakes area is also contaminated with PCBs. The Michigan Water Re-
sources Commission (Humphrey er al.. 1976) reports that many surface water samples
contained PCBs at concentrations above the detection limit of 10 parts per trillion.

In this study. residues of PCBs were found at 10 locations from rivers and streams.

discharging into the Great Lakes. Efluents from wastewater treatment plants servicing
industrialized communities have been found to be highly contaminated.

Sampling surveys of Great Lakes fish have shown that most species 1ested contained
detectable levels of PCBs and that residue levels were gencrally proportional 10 fish
size (age) and were highest in the predator specics. Except for whitefish, the species
of commercial or sport interest (trout and salmon) from Lake Michigan were found
1o be highly contaminated with PCBs, Data obtained from lake trout collected from
various areas of Lake Michigan show mean PCB levels ranging from 3.06 1o
11.93 ppm.

The Michigan Department of Public Health has reported the results of a study
(Humphrey er al., 1976) which attempied 10 assess some of the consequences of
human exposure 1o PCBs from the consumption of sportsfish caught in different areas
of Lake Michigan. The study included exposed and contro! subjects from five areas
of Michigan bordering on Lake Michigan. Exposed study subjects were those indi-
viduals who consumed at least 24 10 26 Jb of Great Lakes fish per year. Contro}
subjects were those individuals who consumed Jess than 6 Ib of Great Lakes fish
per year.

An zssessment of the findings in the study indicates that the most frequently
recorded quantity of fish consumed by the study participants was in the 24-25 Ib/
vear range. The highest recorded fish consumption over the 2-year period of the study
was 180 Ib/per year and the highest single-season consumption was 260 1b. Mean
PCB levels in whole lake trout were reported as 18.93 ppm in 1973 and 22.91 ppm
in 1974, and as 12.17 ppm in Coho selmon in 1973 and 10.45 ppm in 1974. However,
comparisons of PCB levels in raw vs cooked fish indicated that actual human exposure
to PCBs from fish consumption is less than might be expected from the raw fish data.
This is not unexpecied, since preparation (trimming away fatty tissue) and cooking
decrease the amount of PCBs in fish actually consumed. For example, the PCB level
in cooked lake 1rout consumed by the study participants ranged from 1.03 10 4.67
ppm; in cooked salmon from 0.48 10 5.38 ppm; and in other cooked fish from 0.36
10 2.06 ppm. These levels are decidedly Jower than me leve] of PCB contamination
reporied in raw trout or salmon.

PCBs were found in all blood specimens collected from the 182 study participants
during the study period, including controls. The values ranged from a low of 0.007
ppm in blood in the control group to 2 high of 0.366 ppm in the exposed group.
Although there was a wide range of blood values for each quantity of fish consumed,
there was a positive correlation between the reported quantity of Lake Michigan fish
consumed and the concentration of PCB in the blood of study participants. No annual
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ctivities of variation in PCB blood levels in humans could be demonstrated. The mean PCB
h ited : blood values for the control and exposed groups did not appear to change markedly
nd wottom ; " from 1973 to 1974. In addition, abstinence from consumption of Lake Michigan fish
Is in water for 90 days or more did not change the PCB blood levels significantly. PCB blood
the South levels during the abstinence showed variation but no steady decline in PCB: in fact,
the lowest more subjects showed no change or a rise than showed a decline in PCB blood levels
over time.
Water Re- ; The calculated quantity of PCBs ingested by eating Lake Michigan fish averaged
er samples E 46.5 mg per year and ranged from 14.17 to 114.31 mg per year. PCB ingestion for
er trillion. ; each individual was determined by proportioning his/her reported annual fish con-
id streams . : sumption by frequency of species eaten and the cooked fish PCB levels for those fish.
s servicing " The community average for cooked fish was used in instances in which cooked fish
o determination was not available for study participants. Because fish consumption
contained varied from year to vear, the average annual consumpton for each individual for
nal to fish the two baseline years of study was used in each case.
he species Results from this study indicate that the calculated mean daily dose received by
ere found the exposed group is 1.7 ug/kg/day and ranges from 0.09 to 3.94 ug/kg/day. If the
cred from average annual rate of PCB ingestion from fish indicated by these study resuits con-
1 3.06 w0 tinued over the years. the average sports fisherman consuming contaminated fish
could receive a total PCB dose equal to 200 mg in approximately 4.3 years. Under
f a study the same set of assumptions, individuals consuming greater than average amounis
uences of of contaminated fish would reach the total dose level sooner. No adverse health effects
rentareas or groups of symptoms that were clearly related to PCB exposure could be identified
five areas in the exposed group. This implies that exposure to PCBs from eating contaminated
jose indi- fish at the levels observed and the presence of PCBs in these exposcd persons have
., Conrtrol not caused any observable adverse health effects similar to those observed in the
A" 4sh Yusho population. However, this does not exclude the possibility that effects too
subtle for detection are occurring, or the possibility of long-term health effects.
requently " A recent report describing the residue levels of PCBs in human breast milk by
14-25 b/ Wickizer er al. (1981) illustrates the potential long-term presence of such residues in
the study humans who have been exposed in the past and the need 10 continue reducing such
Ib. Mean exposure. Results of the study, which was carried out in the State of Michigan. indicate
191 ppm that of the 1075 breast milk samples collected from 68 of the state’s 83 counties, all
However, contained PCB residues ranging from trace amounts to § parts per million (ppra) on
exposure a fat basis. The mean level was approximately 1.5 ppm; 49.5% of the samples had
fish data. PCB levels of 1-2 ppm, 17.4% had levels of 2-3 ppm. and 6.14% had levels of 3
! cooking ! ppm or greater. The public health significance of PCB residues in human breast milk
*CB level ’ and its eflects on breast-fed infants are unclear at the present time. Although public
3 to 4.67 : health officials and pediatricians have become increasingly concerned about PCB
om 0.36 residues in human breast milk and its potential adverse effect on breast-fed infants.
nination ) given the known benefits of breast feeding avthorities have been reluctant to rec-
-, ommend changes in current breast-feeding practices.
ticipants ' Because of the lack of sufficient human data, risk assessments for potential toxic
of 0.007 effects of chemicals raust of necessity be estimated from animal experiments. In the
d group. i absence of contradictory kinetic or metabolic data, the animal data are used to estimate
nsumed, potental human risks. The numbers of animals used in tests are limited: therefore
igan fish doses above the human exposure levels are used 10 increase the probability of detecting
s annual - potentially toxic chemicals. Thus, the risks at low doses must be estimated from
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higher experimental doses. The linear (or when necessary one-hit) extrapolation from
high 1o low doses is often used (Brown, 1976; Guess et al.. 1977; Crump er al.. 1976,
1977) because the low end of the dose-response curve cannot be observed with
precision. The many uncertainties involved in risk estimation require a conservative
approach that errs in favor of public health, Also, linear (onc-hit) extrapolation is
the limiting case for the multistage model of carcinogenesis at low doses. Since the
shapes of dose-response curves at low doses are unknown. actual estimates of risk
are not being obtained. Based upon plausible assumptions, however. it generally is
possible 1o place upper bounds on potential risk by use of linear (onc-hit) extrapolation
based upon animal data.

ANIMAL DATA

Several elements related to risk must be considered in any assessment of animal
data. For example (a) the similarity of exposure in animals compared to humans
(most human exposure is 10 Aroclor 1254, and a typical residue from fish resembles
the Aroclor 1254 mixture more closely than it does the other Aroclors) (Veith. 1977:
Zitko ¢t al., 1972), and (b) the kinds of outcome that might be comparable 1o those
for humans. In this case risk assessment, or the estimation of the acceptable daily
intake, will be based an general toxicity. carcinogenicity. and the effects on repro-
duction. for which there is little or no previous experience in such risk assessment.

The acute toxicity (oral and dermal) of the PCBs is of relatively low order when
the subsiances are administered as a single dose. In contrast, the subacute toxicity
of both the PCBs and individual chlorinated biphenyls appears 1o be of far greater
concern: species sensitivity and cumulative toxic effects appear after continuous ex-
posure at low levels (Kimbrough ef a/.. 1973: Kimbrough and Linder, 1974: Altman
el al.. 1979; McConnell ef al. 1979). The effects of various PCB compounds have
been studied in a number of animal species. and the results have been compiled and
evaluated in recent reviews (DHEW, 1976: TARC, 1978). In assessing the possible
toxicological hazard posed by PCBs for humans. it is preferable to use animal feeding
studies in which the PCBs are added at low levels to the diet and the treatment is
continued essentially throughout the life span of the animals. Of the few such long-
term studies of the toxicity of PCBs currently available, three long-term studies are
discussed in detail below: (a) the National Cancer Institute's bioassay of Aroclor 1254
for possible carcinogenicity in male and female Fischer 344 rats, (b) the study of
Kimbrough er al. (1975) on the induction of liver tumors in Sherman strain female
rats by Aroclor 1260, and (c) the 1 1-month study by Kimbrough and Linder (1974)
of the toxic effects of Aroclor 1254 in male BALB/¢) mice. In addition, because of
the known extreme sensitivity to PCB-related toxicity of the rhesus monkey compared
10 rodent species, the short-term study by Allen and Norback (1976) of the pathological
responses of rhesus monkeys 10 PCB exposure is also discussed as a basis for risk
assessment.

In the National Cancer Institute’s bjoassay of Aroclor 1254 (National Cancer In-
stitute, 1978), groups of male and female Fischer 344 rats (24 of cach sex per group)
were administered the test compound in the diet at 25, 50, or. 100 ppm for 104-103
weeks. Matched controls consisted of groups of 24 untreated rats of each sex. All
animals were observed daily for signs of toxicity and palpated for tissue masses at
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each weighing. Moribund animals were sacrificed and subjected 10 gross and micro-
scopic pathological examination, as were the animals sacrificed at the end of the
experimental period. It ‘was concluded that, under the conditions of the bioassay,
Aroclor 1254 was not carcinogenic in Fischer 344 rats: however, it was suggested that
the high incidences of hepatocellular proliferative lesions of the gastrointestinal tract
in the Aroclor-treated males and females might be associatcd with Aroclor 1254
administration.

In the study by Kimbrough er al, (1975), 200 Sherman strain female rats were fed

a diet containing 100 ppm of Aroclor 1260 for approximately 21 months, and treatment
was discontinued for 6 weeks before the animals were sacrificed at 23 months. A
group of 200 untreated female rats served as controls, All animals were observed
daily, and moribund animals were sacrificed and subjected 10 gross and wmicroscopic
pathological examination, as were the animals sacrificed at the end of the experimental
period. The authors concluded that Aroclor 1260, when fed in the diet, had a he-
patocarcinogenic effect in these rats, No significant differences in the incidence of
tumors in other organs could be observed between experimental and control animals,
In the study by Kimbrough and Linder (1974), 50 male BALB/c) mice were fed a
diet containing 300 ppm of Aroclor 1254 for 11 months. Another group of 50 male
mice received a diet containing 300 ppm of Aroclor 1254 for 6 maonths and a control
rat chow diet for the next 5 months. Control males were fed a- plain rat chow diet
throughout the 1 l-month study. Food consumption and body weight were monitored
through the study, The animals were sacrificed at the end of |! months and the
organs were examined grossly for pathology.

The liver and any other abnormal-appearing tissues were examined microscopically.
Of the 22 surviving animals which had received a diet containing 300 ppm of Aroclor
1254 for 11 months, nine animals exhibited hepatomas. One of the 24 mice which
had received a diet containing 300 ppm of Aroclor 1254 for 6 months and the control
diet for the next 5 months exhibited a hcpatoma. None of the control animals developed
hepatomas during the course of the experiment.

PCB mixtures also appear to enhance hepatocarcinogenesis when they are given
coincidentally with some chemical carcinogens (Ito er al. 1973) and to inhibit he-
patocarcinogenesis when they are given with other chemical carcinogens (Makuira
etal.. 1974; Hendricks et al,, 1977). Preston er al. (1981) have reported the promoting
effects of Aroclor 1254 and polychlorinated dibenzofuran-free Aroclor 1254 on di.
ethylnitrosamine(DENA )-induced tumors in rats. The rats were treated with DENA
in drinking water for 5 weeks and then given a controlled diet or a diet supplemented
with either Aroclor 1254 or Aroclor 1254 from which the polychlorinated dibenzofurans
(PCDF) were removed. Hepatocellular carcinomas developed in 16% of the rats re-
ceiving DENA alone, 64% of the rats treated with DENA followed by the diet containing
Aroclor 1254, and 84% of the rats treated with DENA followed by Aroclor 1254 free
of PCDF, :

Allen and Norback (1976) investigated PCB-related reproductive dysfunctions in
the rhesus monkey, a species known to be more susceptible than rodents to the toxic
effects of PCBs. In one series of experiments, eight female monkeys were fed a diet
containing 2.5 ppm of Aroclor 1248 for 6 months, eight other fernales were fed a
diet containing 5.0 ppm of Aroclor 1248, and 12 females served as controls. At the
end of 6 months, all experimental and contro! animals were bred to control males.

Six of the eight animals receiving Aroclor 1248 at 5.0 PPm in the diet conceived.

LD L4 D200 F.lDrza
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The remaining two were bred on five separate occasions without conceiving. Four
of the six animals which did conceive aborted early in gestation, and one pave birth
to a stillborn infant. Eight females receiving diets containing 2.5 ppm of Aroclor

1248 were zble to conceive, but only five in this group were able to carry their infants

‘1o term; the remaining three females aborted. The infants born to all mothers receiving
Aroclor 1248 at either 2.5 or 5.0 ppm in the diet werc small at birth and exhibited
detectable concentrations of PCBs in the skin. All of the 12 control females conceived
and had normal births. Each of the three toxicological studies of PCBs described
above was used to assess the carcinogenic or reproductive risks posed by these com-
pounds.

In antempting 10 estimate risks from exposure to PCBs through the consumption

. of PCB residues in certain species of fish, several problems are readily apparent. First.
PCBs are not measured in the fish actually consumed by individuals. PCB residues
are measured in fish from one survey; fish consumption is measured in another.

- Second, the risks are computed from a variety of animal studies which include

“different animal species exposed 10 a variety of Aroclors and levels of Aroclors in the
djet and different ways of measuring effcets, e.g.. general toxicity, carcinogenicity.
and problems of reproduction.

In the risk assessment described below, the average and an upper limit for PCB
intake per day are estimated. The nationwide survey of fish consumption conducted
for NMFS-NOAA during 1973-1974 has been used to estimate consumption of fish.
This survey included 25947 persons representative of the U. S. population who
recorded their fish and seafood consumption for each family member for | month.
Of these 25.947 persons. 3939 ate the species of fish that contained levels of PCB
above ! ppm.

Since the effect of Jowering the tolerance for PCB residues to 1 ppm would change
the PCB contributed to the diet by fish only in those fish which contained PCB levels
above | ppm, risks corresponding 1o tolerances of 5, 2, 1, or 0 ppm were calculated
for those 3939 persons who ate the species of interest. Because no regulatory analytical
methods are now presently available for levels less than 1 ppm. no risks were calculated
for lower levels. The calculated risks could then be extrapolated to that proportion
of the total U. S. population which is expected to eat these species: 3939/25.947.
or 15.2%.

For these persons, the consumption per day of each type of fish was multiplied by
a mean PCB leve] estimated for each tolerance 1o give a total PCB intake from fish
per person per day. The 50th and 90th percentiles of PCB intake from fish for those
eaters of the species of interest were then used to calculate risks.

Estimating the mean PCB level when a given tolerance is in effect is perhaps the
most difficult part of the risk estimation. The effect of a tolerance on the distribution
of PCB levels depends largely on the actual distribution of PCBs before a tolerance
is established. The most recent data available on PCB levels in fish were the 1978
and 1979 FDA survey data, consisting of 713 samples for 1978 and 179 samples for
.1979 collected from all of the FDA districts. This sampling is not representative or
extensive enough 10 estimate an underlying nationwide distribution by species. As a
rough approximation of the effect of a tolerance on the distribution, the values of
PCB above the assumed tolerance were eliminated from the sample distribution and
the mean was recalculated for each species. The resulting mean levels are shown in
Table. 1. It should be noted that assuming a zero tolerance is not equivalent to using
all values, inasmuch as the 1978~1979 survey was carried out when a tolerance of 5
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ing. Four : ppm was in effect. Thus, the effect of going from 0 to a tolerance of 5 ppm would
1ay*~irth , be greater than shown here. Tuna and shellfish were assumed to have 0.0 mean levels
£  Jor | of PCB. The limited data available on tuna show mean levels of less than 0.01 ppm.
dir infants ! The values in Table | were then multiplied by consumption figures as described
receiving f above to obtain intake of PCBs per day.
exhibited The total intake of PCB per day from fish for eaters at the SOth and 90th percentiles
:onceived , is shown in Table 2. The ppm of the diet is calculated by assuming 1500 g total food
described intake per person per day.
1ese cotm- Data from the NCI! bioassay program in which Aroclor 1254 was fed to Fischer
, rats are presented in Table 3, which shows the numbers for total malignancies, liver
sumption . carcinomas plus adenomas, and malignancies of the hematopoietic system in males.
ant. First, i females, and males and females combined at various feeding levels. Similar data are
} residues also presented in Table 3 for the feeding studies of Kimbrough in which female
tother. Sherman rats were fed 100 ppm Aroclor 1260 and BALB fernale mice were fed 300
h include ppm Aroclor 1254, and for the Allen reproductive data in which Aroclor 1248 was
ors in the fed at 2.5 or 5.0 ppm.
sgenicity, - Using the data for Table 3, the upper confidence lirnits (99%) on lifetime risks for
cancer and problems of reproduction in eaters of the 12 fish species of interest at the
_for PCB S0th percentile are presented in Table 4. Upper limits on estimated human risks have
onducted been computed from the NCI data for total malignancies for males plus females.
’n of fish. liver carcinomas plus adenomas in males plus females, and malignancies of the he-
tion who matopoietic system in males plus females. Risk computed from the Kimbrough data
I month. and from the Allen data are dlso presented in Table 4. The various risks shown are
s of PCB based on PCB values in fish, assuming zero tolerance or a tolerance of S. 2.
or | ppm.
|d change In deseribing the po:ennal risk to human health from exposurc to PCBs it seems
CB.levels appropriate also to review the gencral scheme of establishing safe regulatory levels
‘ed based on toxicity in general compared to carcinogenicity or problems of reproduction.
inaydcal In the Yusho incident the individuals consumed an average of 15.000 mg/day of the
:alculated contaminated oil. The oil itself was contaminated at levels of 2000-3000 ppm PCBs
roportian and other contaminants (such as polychiorinated quaterphenyls); the average level
3/25.947, of the contamination in the oil was 2500 ppm. The levels of contamination of
the rice oil were calculated at the time of the incident by comparing the known

tiplied by ] organic chlorine content of the rice oil with the known organic chlorine content of
from fish ! Kanechlor 400.
for those : Based on the two average levels (consumption of rice oil and residue levels in the
rice oil), the average daily intake of the combination of contaminants was 37.5 mg/
rh?PS .:he day. The average cumulative dose of the contaminants causing an overt effect in the
':";b““"“ Japanese victims was reported 1o be 2000 mg. Thus 53 days of exposure was required
:Z:r?;lfl:; 10 consume this amount. The period of exposure no doubt varies around this figure.
nples for However, it was estimated that the maximum exposure time was 100 days. It must
tative or also be assumed that the adverse health effects result from the combination of con-
sies. AS a taminants and that these effects are reasonably similar for the levels of PCBs as well
values of as for the levels of chlorinated quaterphenyls or other contaminants.
ition and Humaus in the United States have not been exposed to PCBs at the high residue
;hown. in levels that occurred in the Yusho incident. PCB exposure in the United States has
o using _ been assumed to be sporadic and self-limiting in nature, as far as the general public
ince of 5 was concerned. Accordingly, in developing temporary tolerances based on the data
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TABLE )
ANIMAL DATA USED FOR RiSK EXTRAPOLATION TO HUMANS (CORDLE ef al., 1982)
Dose of Araclor fed, ppm
Study Parameter (i] 25 5.0 25 50 100 100

Fischer rats {ed Aroclor 1254

Males Total malignandes $/24 2/24 9724 12724

Females 4/24 13724 8124 9724

Cambined 9/28 15748 17/48 21/48

Males Liver carcinoma and adenomas 0/24 0724 124 224

Females 0/24 0724 1/24 2/24

Combined 0/48 0/48 2/48 4743

Males Hematopoietic system 3/24 2/24 5124 9124

Females 4)24 6124 6124 6/24

Combined 748 8/48 11748 15748
Female Sherman rats fed Aroclor 1260 Hepatocellular carcinomas 11713 267184
BALD/c) male mice fed Aroclor 1254 Hepatomas, neoplastic nodules 075 9722
Fesale monkeys fed Aroclor 1248° Problems of reproduction 0/12 k71 ] 18

 *For the monkeys fed Aroclor 1248, assuming a body wi of 5 kg and daily food consumption of 250 g: 2.5 ppm = 125 ug/kg body wifday; 5.0 ppm = 250 ug/ks

body wi/day.
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TABLE ¢4

UPPER CONFIDENCE LIMITS (99%) ON LIFETIME RisKS OF CANCER AND PROBLEMS OF REPRODUCTION N EATERS OF FisH SPECIES OF INTEREST (CORDLE ef al, [982)

L ifetime dsks per 100,000

$0th percentile eaters 90th perventile caters
Assumed Assumed Assumed Assumed Assumed Assumed Assumed Ausumed
no tolerance tolerance tolerance no tolerance tolerance tolcrance
Study Basis parameter/species tolerauce = 5 ppm? =2 ppm = | ppm toleranoce = § ppm = 2 ppm = | ppm
NCI Total malignancies (male and
femate rats) 4.1 3.7 2.7 16 10.6 98 12 44
NCi Liver carcinoma and adenomas
{male and female rals) 0.9 09 0.6 0.4 2.5 23 17 1.0
NCt Hematopoietic (male and
. female rats) 2.3 24 1.8 1.1 10 6.5 4.1 29
Kimbrough Liver carcinoma 1.3 1.2 0.8 0.5 34 3 23 1.4
Kimbrough - Liver hepatomss (mice) 20 1.8 1.2 © 08 5.2 48 is 22
Allen Female-male reproduction
(monkey) . 17 - 307 m 132 883 8it 595 367

? All sisks are lifetime risks computed as cates per 100,000 of the population at risk.
¢ For cach assumed tolerance, PCB values below the tolerance were climinaied.

€ inasmuch as the monkeys were {ed Aroclor 1248 for only 6 months, the risk computed for problems of reproduction are rot true lifetime risks.

STANIHIE GILYNIHOTHOATOd ONILVINOTY

69C

—~———— e o

—-D s,



270 FRANK CORDLE

from the Yusho incident. a time period of 1000 days of exposure was used. AS
previously stated, this was not an analysis based on lifetime exposure. Rather, it was
postujated that PCB levels in food in the U. S. would steadily decrease over the 1000-
day time period used in the calculation. This has in fact taken place for most food.
Jelinek and Corneliussen (1976) reported that from the 1969~1975 period, PCB levels
significantly decrcased in all foods except fish, where no particular wrend had been
noted.

In calculating a to1al allowable exposure from the average overt dose in the Yusho
incident. a safety factor of ! 10 10 was used for those effects observed in the Yusho
population, resulting in a total allowable exposure of 200 mg. Because of the sporadic
and self-limiting nature of PCB exposure in the United States, the total exposure
(200 mg) was spread out over the 1000-day time period, providing a rolerable daily
exposure of no more than 200 ug per day. Transforming this figure and using
an average body weight of 70 kg for an adult produced a wvalue of 3 ug/kg body
weight/day.

Infants and young children may be more susceptible than adults 10 toxicants such
as PCBs. They also consume a greater amount of food per kilogram of body weight
and therefore have a proporntionately greater exposure 10 PCBs than do adults. Thus,
in calculating the temporary tolerances. it seems appropriate to use an additional
safety factor for infanis and young children. The acceptable daily exposure for children
is therefore calculated by using the lowest rotal dose producing an adverse health
effect in the Yusho incident, which was determined to be 500 mg of the contaminants.
Using the 1:10 safery factor spread over 1000 days, the tolerable daily exposure is 50
ug/day. Infants and young children should. therefore. not be exposed 10 PCBs at a
level greater than 1 ug/kg body wi/day. An adult who consumes a balanced and
varied dict should not be expected 1o ingest more than the tolerable daily exposure
of 200 ug/day. Similarly. infants or young children consuming a balanced and varied
diet should not be expected 10 ingest more than their tolerable daily exposure.

In addition to the human epidemiological data, other data from long-term animal
studies (2 years) had appeared 10 establish that the no-effect level in rats and dogs
for PCBs with three Jevels of chlorination (42, 54. or 60%) was 10 ppm. These animal
data have been used with the epidemiological data to estirnate allowable daily intake
in humans. When data derived from dogs were used. 2 no-effect level of 2.5 up/kg
body wi/day was estimated. When rat data were used, the estimated no-effect level
in man was 3 ug/kg body wi/day or a level similar 10 the human cpidemiological
data. Thus. for a 70-kg individual. an allowable level of PCB ingestion would be 175
to 210 ug/day. However, more recent analysis has raised serious questions as to the
validity of the original interpretation of results. and these data thus appear 10 offer
little help in arriving at an aliowable daily intake level of PCBs in humans.

DISCUSSION

There is considerable disparity in reproductive results for monkeys compared to
other species. McNulty (1976) and Allen e al. (1976; 1974) have pointed out that
rhesus monkeys are very sensitive to PCBs, not only in the subacute effects, but in
problems of reproduction as well. These monkeys received 2.5 ppm or 5.0 ppm in
the diet over a period of 6 months; total intake ranged from 250 to 400 mg. In
contrast. Keplinger er a/. (1971) reported low mating indices and decreased survival
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used. As of pups in rodents receiving Aroclor 1242 at 100 ppm. They found no reproduction

1 vas effects with Aroclor {242 or 1254 at 1 or 10 ppm although other studies in rodents
th. ,00- (Linder er al., 1974) have demonstrated reproduction effects; e.g., in Sherman rats
1ost food. exposed 1o Aroclor 1254 or Aroclor 1260, the exposures producing such effects have
’CB levels been at levels considerably higher than the 2.5 or 5.0 ppm used in the monkey studies
had been t (20, 100, or 500 ppm).

' To illustrate additional differences between the monkey and rodent sensitivities to
he Yusho PCBs, the Sherman rats in the Kimbrough study fed 100 ppm of Aroclor 1260 for
he Yusho 23 months apparently exhibited no subacute effects, nor did the Fischer rats fed 25,
e sporadic 50, or 100 ppm for 104-105 weeks in the NCI study. In contrast, the monkeys fed

exposure 2.5 or 5.0 ppm in the Allen study displayed some subacute effects similar to Yusho
able daily as early as 2 months into the study.
ind using The data on which the various risk projections of carcinogenicity are based also
3/kg body illustrate the difficulties in such exercises. For example, the data used for projection
. of nisk for Aroclor 1254, the most common Aroclor of human exposure, are taken

:ants such from an NCI bicassay project in which the Aroclor 1254 was found under the conditions
dy weight of the test to be negative for carcinogenicity. In addition, an examination of Table
sits. Thus. 4 shows that the upper limit of lifetime risk of cancer for the 50th percentile of eaters
additional of the fish species of interest is generally of the same magnitude in any of the studies.
i children Let us assume that what appears to be increased risks in reproduction from exposure
rse health to PCBs based on monkey studies is directly associated with the Jevels fed. the particular
aminants. Aroclor fed, and the greater sensitivity to the effect of PCBs of monkeys than rodents
ssure is 50 or humnans. It then becomes difficult 1o explain the differences between the Kimbrough
PCBsata study, which was positive for carcinogenicity in female Sherman rats fed Aroclor
inced and 1260 at 100 ppm, and the NCI fczding studies, which were ne@tlve for Aroclor 1254
‘ exposure fed to Fischer rats at 25, 50, or 100 ppm.
inecied These differences in carcinogenic outcome could be auributed to any of several
1L causes: (a) the Kimbrough study used Sherman rats whereas the NCI study used
m animal Fischer rats; (b) three l¢vels of the Aroclor were fed in the NCI study but only one
-and dogs in the Kimbrough study; (¢) Kimbrough used 184 test animals at the 100 ppm level
:se animal whereas NCI used only 24 animals in each sex group at the 100 ppm level. On the
1ily intake other hand the difference may be purely statistical in which outcome could be changed
2.5 ug/ke in either direction by using comparable protocols and a similar number of animals.
rfect level Obviously the other elements of unknown quantity in these or any other similar
miological assessments involve the adequacy of the fish consumption data as well as the PCB
id be 175 residue data.
sastothe ,
ar to offer : SUMMARY

1S, |
In any estimates of human risk derived from the extrzpolation of animal data.
close artention should be given not only to the levels of exposure to the various
' Aroclors in a varicty of animal studies but also to the way in which the exposure
mpared 10 ; relates to human cxperience. For example, studies in monkeys have reported signs

3 out that ; and symptoms similar to those of Yusho after 2 months of exposure to Aroclor 1248

215, but in atlevels of 2.5 and 5.0 ppm in the diet or 125 and 250 ug/kg body wt/day, respectively.

0 ppm in Reproduction problems were reported in these monkey studies at each of these levels

JO mg. In afier 6 months of exposure.

4 survival In contrast, problems of reproduction have been observed in rodents only at con-
P
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siderably higher levels of exposure, ¢.g., in rats fed 7.2 and 37.0 mg/kg body wi/day

of Aroclor 1254 or 100 and 500 ppm in the diet. Rats fed 500 ppm or 35.4 mg/kg

body wt/day of Aroclor 1260 also exhibited reproduction problems. No problems

were obscrved with Aroclor 1260 at levels of 5 ppm (0.39 mg/kg body wt/day), 20
ppm (1.5 mg/kg body wt/day). or 100 ppm (7.4 mg/kg body wt/day).

1n one study, the wcmogemcity of PCBs in rats (Fischer strain) fed Aroclor 1254
a1 25 ppm (1.9 mgfkg body wt/day), 50 ppm (3.8 mg/kg body wt/day) or 100 ppm
(7.16 mg/kg body wt/day) was reported 10 be negative under the test conditions.
Although some malignancies were observed, there was no statistical difference between
test animals and controls. In another study, female Sherman rats fed Aroclor 1260
al 100 ppm (7.4 mg/kg body wi/day) exhibited a statistically significant difference
between test animals and controls for hepatoccllular carcinomas.

In contrast, there appears to be little evidence of human exposure to these levels
in the United States especially for the consumption of fish. Even in the Yusho ex-
perience in Japan where clinical signs and symptoms were observed, the average leve!
of consumption of PCB residues in the rice oil was estimated at 0.75 mg/kg
body wi/day.

In the United States, estimates of the daily mtake of PCBs for eaters in the 50th
percentile are 8.46 wp/day or 0.72 pg/kg body wt/day (based on a 70-kg individual)
assuming no PCB tolerance: 7.57 ug/day or 0.11 ug/kg body wi/day assuming &
tolerance of $ ppm, 5.59 ug/day or 0.08 ug/kg body wi/day assuming a tolerance of
2 ppm and 3.30 pg/day or 0.05 ug/kp body wt/day assuming a tolerance of | ppm.

Estimates of the intake of PCBs for eaters in the 90th percentile are 0.32 pg/kg body -

wi/day assuming no tolerance and 0.29.0.21, and 0.13 ug/kg body wit/day assuming
a tolerance of 5, 2, and 1 ppm. respectively.

In Michigan sporsfishermen. who are presumed 10 be among the highest reported
consumers of fish with PCB residues, the average intake has been reported at 1.7 ug/
kg body wt/day with a range of 0.09 to 3.94 ug/kg body wt/day.

Thus problems of interpretations arise in comparing the Jevels of the various Ar-
oclors, which have produced effects in animals ranging from 125 gg in monkeys to
the milligram levels in rodents, with the exposure estirnates in humans from fish
consumption. For example, estimates of the lifetime human risk of eancer and re-
production problems (Table 4) for exposure in the 90th percentile of fish eaters, i.e.,
0.29, 0.21. and 0.13 ug PCB/kg body wt/day, indicate risk from exposure well below
the average Michigan exposure and certainly well below the levels of exposure in the
Yusho incident.

In light of the uncenainties upon which these risk estimates have been made,
perhaps an equally compelling argument could be made for the establishment of
eithera 2 or a ! ppm tolerance. As suggested previously, the differences in risk between
the two levels decreases only slightly even in the species of interest. From one point
- of view, this conclusion supports a rationale for proposing the 2 ppm tolerance based
on the original calculation of an allowable daily intake resulting from the traditional
use of the | 10 10 safety factor which has been described in the previous section. In
this case some similarities exist even in the face of uncertainty. To some, the rationale
and logic for establishing 2 ppm can be justified from either the risk approach or the
so-called safety approach. To others, nothing short of zero tolerance has any rationale
or logic. For these, there may be no answer.
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