CTmadw s yv \ERAs L iwmD | EFH mIBRDRT L LT LYRe L L18UD FAGE. 4713

Janet Springer*t

fish, are presented.

introduction

. Perhaps the most important issue in policy decieions

relating to toxie substances in the environment is
- an assessment of the human riek from exposure to
such toxic substances. The best evidence that an
agent is toxic to humans or is a human carcinogen
with subsequent humen risk thet can be quantified
is provided by adequate epidemiology date backed
by confirmatory animal data. However, for practical
purposes, most decisions on human toxiclty and
carcinogenicity are based.on anima! studies. To &
large degree, the problems involving risk to human
health from exposure to polychlorinated biphenyls
| PCBs) in.some epecies of fish require extrapolation

*Epldemiology end Cllnlcﬂ'l‘oxleelogy Unit, HFF-108, Buresu

f Foods, Food snd Drug Administration, 200 C Street, S.W.,
ashington, D.C. 20204, ,
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Risk Assessment in a Federal Regulatory
Agency: An Assessment of Risk
Associated with the Human Consumption
of Some Species of Fish Contaminatad -
with Polychlorinated Biphenyis (PCBs)

by Frank Cordle,* Raymond Locks,*t and

.

The probiem of polychlorinated biphenyls (PCBs) became a national concern in 1971 when
several accldentn] contaminations of foods were reported. Extensive effarta were undertaken hy
FDA to reduce the residues of PCBs in food, However, the PCB levels in severa) species of
fresh-watér fish heve reised concern about the PCB residues from environmental contamination,
and it s this concern which has prompted a reatsessment of the human risk involved from
consumptlon of such fish. The human epidemiclagy and animal toxiclty of PCB -exposure are
reviewed, as well as risk assessment In genernl. Specific examples of risk assessment involving
extrapolation of animasl data to humans, based on severs) Jevelz of human exposure to PCBs in

to humans with sll of the uncertainties inherent in -

such methods. .
The term PCBs refers to & compléx mixture of
different chlorobiphenyls and isomers. Isomers are

two compounds which have the same number of -
chlorine substitutents on the biphenyl molecule but

at different locations, :
- PCBs were reportedly firat synthesized in 1881

but were not commercially avsilable until 1930 (1), .

The only domestic producer was the Monsanto

Company. The use of PCBs in & wide variety of .

industrial applications steadily increased from 1830
untll 1971, when the manufacturer voluntarily
restricted their distribution in the U.S. to closed
systems, Including electrical transformers, capacitors,
and heat transformers.

PCB products manufactured by Monsanto in the
U.8. are !dentifled by the trade name Aroclor, and

the particular kind of Aroclor is identified by &

four-diglt number, e.g., Aroclor 1264 or Aroclor
1280. The first two digits refer to the 12 carbon

atoms that make up the biphenyl and the second -
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two digits refer to the approximate content, in
weight percentage, of chlorine in the mixture.
Under this numbering system, Aroclor 1264 contains
12 carbon atoms and about 54% chlorine, while
Araclor 1260 contains 12 carbon stoms and about
60% chlorine.

PCBs became a national concern in 1871, when

several Incidents of accidental -contamination of
foods were reported. In addition, the extent of the
environmental contamination and its persistence
were not precieely known. Subsequently, various
regulatory sactions were taken by the agencles -
involved, and with the cooperation of the only U.S.
producer, the situation was felt to be under control.

Then, in 1875, with the reported high levels of
PCB contamination in Hudson River fish, national
attention was refocused on PCBs. It was soon
apparent that the actiona and control measures of
the early 1070s had not succeeded in totally reducing
or even subatantially alleviating the problems
associsted with PCB contamination in the en-
vironment. ~ :

Despite the many industrial applications of PCBs
in the U.S. for 40 years, informstion on human
exposure and on adverse human heslth effects from
such expogure in the U.S. ig seant. In this country,
sources of minimsal human exposure of the population
to PCBs are limited to food, air, and water; perhaps
the most significant hurnan exposures are limited to
sports fishermen consuming fresh-water fish from

contaminated streams and lakes, and to occupational -

exposure In industrial workers. However, the PCB
levels in several species of fish have ralsed concern
about the PCB residues from environmental con-
tamination, and these concerns have prompted a
reassessment of the PCB .action levels. A typical
PCB residue from fish resembles the Aroclor 1254
n;ixture more closely than it does other Aroclors (2,
. '

A review of the data on fish residues gathered by
various agencies indicates a serious incompatibility
among sampling programs for obtaining data that
reliably define trends in PCB levels. The Food and
Drug Administration's primary concern is the levels
in the edible portion of commercially important fish
marketed interstate. Therefore, in most cases, the
heads, entralls, skin, and fins are excluded. Fur-.
thermore, FDA has not generally sampled fish that
are caught and consumed locally, and the sampling
usually has deslt with the most important con-
sumption species, which are primarily of marine
origin and generally do not contain as high PCB
levels as fresh-water specles from certain locations.
An FDA 1978-1979 survey (unpublished) of PCB
residues in fish, including fresh-water species,
presented some evidence that fresh-water fish

18195411405 PAGE. 3/13

CORDLE, LOCKE AND SPRINGER

continue 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 flsh, and the
amounts of the various kinds of fish consumed by
the population at large and by special subgroups of
the populetion. Information has been compiled by
the National Marine Fisheries Service-NOAA (4)
on the most important types of fish eaten in the
U.S, todsy and the mean daily amount of each type
eaten by the subpopulations of actual users. This

study included a sample of 25,847 fish esters

ssetl:cted to represent all fish eaters in the United
tes. .
Informstion from the survey indicates that some
20 species comprise 85% of all the flsh products
eaten. Although 98% of the U.S. population (197
million) est fish, the average annual per capita
consumption is emall: 15.0 lb/year, with major

" consumption of a large “unclassified” fish fraction

that exdsts in the U.S. diet, ranking just below tuna
in importance. This “unclassified” fraction of fish
reEresenta a variety of fish species, each of which,
taken separately, would contribute only 8 minor
proportion of the diet. However, when taken as &
group, those species represent a major contribution
to fish consumption in the U.S. The major portibn
of many of our most familiar types of seafood is
imported, and fresh-water species, led by trout,
bass, and catflsh, comprise ahout 8% of our tofal
fish diet.

Table 1 describes the 12 species of interest, i.e.
those species of fish found in the FDA 1878-1979
survey to have the highest PCB residue levels ‘as
well as the mean PCB levels in these species. Table
2 describes the daily intake of PCBs in these people
who ate the 12 specles of interest (3838 individuals
out of the total of 25,947) at the 60th and 80th
percentilea. ' :

Epldemiology of Human E’xposufe

Considerable scientific interest has centersd ‘on
the Yusho incident in Japan. In 1968, human
intoxication with Kanechlor 400, a PCB manufactured
in Japan, was noted when a heat exchanger leaked
this PCB into rice oil (“Yusho” oill) that was
consumed by Japanese families. _

The typical clinical findings included chloracne
end increased pigmentation of the skin, incressed
eye discharge, transient visusl disturbances, feeling
of weakness, numbness in limbs, headaclies and
disturbances in liver function. Most of the bables
born to affected mothers had skin .discoloration
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Table 1. Mean PCB levels in FDA 18781878 domestic survey by species of lntereut_.‘

Assumed 'ugleranoe

Assumed tolerance

-Assumed tolerance Assumed tolerance

= ( = § ppm = 2 ppm = 1 ppm
Mezn PCB, Mean PCB, Mean POB, Mean PCB,

Specics of interest " ppm N M N PPM N vpm
Carp : 1.10 b4 0.80 62 0.88 48 - 0.54 a8
Cstfish 1,70 205 1.18 1281 0.78 216 0.88 150
Buffslo 0.60 - 86 0.50 86 0.48 86 0.30 al
Fresh water trout 1,88 87 1.28 8b 0.78 &8 0.97 40
Bea trout 0.66 10 0.68 10 0.58 10 0.27 8
Bass 1.28 16 1.28 16 0.77 u 0.27 10
Chuba 14 19 114 19 0.68 17 0.58 ]
Bluefish 0.58 ) 23 0.58 .28 0.44 22 0.37. 20
Seup (porgy) 0.72 10 0.72 10 0.72 10 0.58 8
Drum 0.49 12 0.49 ©1e 0.49 12 082 - 10
Mackersl 0,58 21 0.68 21 0.58 2 0.28 17
All others 0.28 206 0.26 208 0.24 - 204 - 0.22 201

*Tuna and shellfiah werp assumed to have 0.0 level of PCB. Far sssumsd tolarance, PCB valies below the tolerance were eliminsted .
in caleulpting the mesn,

®No tolerance.

Table 2. Intake of PCBs from fish for eaters of species of Interest (3889/25,947).*

Intrke st 50th percentile Intake st B0th pereentile
Assumed ug per m of wg/kg body Ppm of " ugfkg body
tolerance, ppm gny pgiet‘ ~ welght* #g per day diet® weight®
0 8,48 _ 0.0066 0.72 - 22.1 0.0147 -0.82
5 .57 0.005) 0.11 20.8 0.0135 0.2¢8
2 5.60 - 0.0087 0.08 14.9 0.0089 -0.21
1 3.30 0.0022 0.06 0.22 -0.0061 0.18

*For nesumed tolerance, PCB velués below the talerance were eliminated.

*Assumed 1600 g dally intaks,
*Assuming body welght of 70 kg,
“No tolerance.

which slowly regressed es the children grew. Adult
patients had protracted clinical disease with a slow
regression of symptoms and signs, suggesting 2
slow metabolism and excretion of the PCB In
humans, probably due to s lorig biological half-life.

A review of the literature extant in 1872 reveeled
the following facts. The average PCB content of the
rice ofl in the dose-response epidemiologic study
was 2600 pgm. In this study, the average cumulative
intake of PCBs leading to overt symptomatology
was 2000 mg, and the lowest dose leading to overt
symptomatology was 500 mg. Originally, rice ofl
contaminated with e heat exchanger, Kanechlor
400, a polychlorinated biphenyl, was assoclated
with Yusho symptomatology. POBs were identified
in the contaminated rice of! ronsumed and in the
blood and tissues of petients. Therefore, the effects
seen were attributed to PCBs.

In the review by Kuratsune et al, (5) & new factor
was introduced into the system; namely, the canned
rice ofl was elso contaminated with chlorinated
dibenzofurans (PCDFe) {o the extent of 5 ppm. In

addition, in this same paper Kuratsune presented
data of Nagayama et al. (6) showing polychlorinated

dibenzofurans to be present in the liver and adipose

tissue of Yusho patients, while none was found in
that of a contrel group. Nagayama et al. (6)
reported that the ratios of POBs to PCDFs in.
Kanechlor 400, in a Yusho oil of February &5 or 6,.
1968, in adipose tlssue, and in liver from & patient.
were 50,000, 200, 144 and 4 to 1, respectively.
Thus, relative to Yusho of], the liver with a
PCB/PCDF ratio of 4 to 1 appears to concentrate.
PCDF's selectively relative to the POBs, If PCDF.
is 200 to 500 times more toxic than PCB, the
contaminated rice ofl would be 2 to 8.5 times more:
toxic than expected from the PCB contént alone.
Additional work hes indieated that the original
estimate of PCBs in the rice ofl was in error

‘because the analysis was based on total organic

chlorine present, and that the rice ofl contained
approximately 1000 ppm of chlorinated quaterphenyls
in addition to the PCB residues. A discussion of the
use of these date in attempting to set so-called safe
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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 workera to PCBs in this country are
probably those of Schwartz (7), who described skin
lesions and symptomas of eystemic poisoning among

workers who were said to have inhaled chloro-

biphenyls; their complaints included digestive die-
turbances, burning of the eyes, impotence and
hematuria. Patch tests with the chlorobiphenyls
were negative, and Schwartz speculated that

mechanical plugging of the folliclea of the skin ag

the fumes solidified on it wis responsible for the
skin lesions. The chlorine present in the products
was thought to then exert an {rriteting effect on the
plugged follicles and to thus cause suppuration, No
quantitative data were reported, but 8 number of
preventive practices were recommended.

There have been numerpus reports over the
ensuing years (1) of cutaneous eruptions and of
systemic manifestations as well, among marine
electricians, machinists, capacitor and transformer
manufacturing workers, and other occupationally
exposed to PCBs. However, in many of these
reports the exposures are described ag having been
to mixtures of chlorinated hydrocarbons, quite
often of chlorinated naphthalenes and PCBs.

The skin lesions deseribed by Schwartz (7) have
come to be designated generally as chloracne.
Chloracne can be produced by a number of chemical

compounds, including chlorinated dibenzofuransand -

certain isomers of the chlorinated dibenzodioxins
(8). Oily skin and large pores seem to predispoge to

the disease, while the opposite is the case for .

smooth, tender skin.

Part of the chloracne Jesion resembles adolescent
acne, but it is generally more severe, and lesion
distribution 18 inconsistent: with adolescent acne

although it may be superimposed upon it. It is

known that chloracne ean be produced by either the
systemie absorption of chlorinated biphenyls or the
direct application of chloracnegenie compounds to
the skin. Systemie effects sometimes result after
occupational chloracne has manifested itself; these
may include loss of appetite, nausea, edema of the
face and hands, abdominal pain, vomiting end
burning and soreness of the eyes. No fully satisfactory
exlplanations have been mede of the development of
chioracne. Chloracne ia generally very persistent,
and there is no preferred control measure.

As indicated previously, low levels of human
exposure to PCBs in the U.S. population may occur
from air and water. Samples of ambient air were
collected In suburben areas of Miami, Florida;

. Jackson, Mississippi; and Fort Colling, Colorado.

Preliminary results (9) for samples taken in Apxl,
May and June of 1975 show that PCBs were present

. ofthe
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. at all locstions. Although the data varled, the
- mverage concentrations at each of the three locations

was ugproximutely 100 ng/m®, Initial identification
CBs indicated that they were most comparsble

to the Aroclor 1254 standard. .
Dennis (10) has also reported that data gathered
from monitoring activities of surface waters and
bottom sediments of the major drainage basing of
the United States indicate the w!desgzead occurrench
of PCBs in both surface water and bottom deposits,
A preliminery sssessment of PCB levels shows

-mean residue leve!ls in water ranging from 0.01 to

0.06 ug/l. The 0.06 pg/l levels were found in the
south Atlantie slope and eaétern Gulf of Mexico
drainage bagin. In genersl, the lowest PCB residue
levels were found in drainage basins west of the
Missiseippi. : : 4

The Great Lakes represent another area of the
nation contaminated with PCBs. The Michigan
Water Resources Commission (11) reports that
many surface water samples contained PCBs at
concentrations above the detection limit of 10 perta

er trillion. In this study, residues of PCBs were
found at 10 locations from rivers and streams
discharging into the Great Lakes, Effluents from

weastewater treatment plants servicing industrialized -

communities have been found to be highly con
taminated. :

Sampling surveys of Great Lakes fish have shown
that most species tested contained detectable levels
of PCBs and that residue levels were generally
proportional to fish size (age) and were highest in
the predator specles. Except for whitefish, the
species of commereial or sport interest (trout and
selmon) from Lake Michigan were found to be
highly contaminated with PCBs. Data obtained
from lake trout collected from various aresas of Lake
Michigan show mean PCB levels ranging from 8.06
ppm to 11.98 ppm.

The Michigan Department of Public Health hda
recently completed a study (11) which attempted to

. assese some of the consequences of human exposure
to PCBs from the consur;xj;ztion of sportsflsh caught

in different areas of Lake Michigan. The study
included exposed and control subjects from five
areas of Michigan bordering on Lake Michigan.
Exposed study subjects were those individusls who
consumed at least 24 to 26 Ib of Great Liakes fish per
year, Control subjects were those individuels who
consumed Jess than 6 1b of Great Lakes fish per
year,

An mssessment 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/year range. The highest recorded fish
consumption over the two-year period of the atudy

"was 180 lb/year and the higheat single-season

FAWE. D/ ) >
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consumption as 260 lb. Mean PCB levels in whole
leke trout are reported as 18.98 ppm in 1978 and
22,81 ppmin 1974, and as 12,17 ppm in Coho selmon
in 1873 and 10.45 ppm in 1974, However, comparisons
of PCR levels in raw versus cooked fish indicated
that actual human exposure to PCBs from fish

consumption is less than might he expected from

the raw fish data. This is not unexpected, since

‘ 1;_)A:;epxn'xat.lm'& (trimming away fatty tissue) and cooking

ve resulted in 8 decresase in the amount of PCBs
actually consumed in fish. For example, the PCB
level in cooked leke trout consumed by the study
participants ranged from 1.03 to 4.67 ppm; in

cooked salmon from 0.48 to 5.38 ppm; and in other -

cooked fish from 0.36 ppm to 2.06 ppm. These levels
are decidedly lower than the level of PCB con-
tamination reported in raw trout and salmon,
PCBs were found in all blood specimens collected
from the 182 study participants during the study
period, including controls. The velues ranged from
a low of 0.007 ppm in blood in the control group toa
high of 0.386 ppm in the exposed group. Although

there was a wide range of blood values for each -

guentity 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
variation in PCB blood levels in humans could be
demonstrated. The mean PCB blood values for the
control and exposed grougs did not appear to
change merkedly from 107

abstinence from Lake Michigan fish consumption
for a period of 90 days or more did not change the
PGB blood levels significantly. PCB blood Jevels
over the ahstaining period show varlation but no
steady decline in PCB. In fact, more subjects

showed no change or a rise than showed & decline in .

PCB blood ievels over time.

The caleulated quantity of PCBs ingeated by
eating Leke Michigan flah averaged 46.56 mg/year
and ranged from 14.17 to-114.81 mglyear. PCB
ingestion for each individual was determined by
propartioning his/her reported annual fish consump-
tion by frequency of gpecies eaten and the eooked
fish PCB levels for those fish. The community
average for cookéd fish was used in instances in
which cocked figh determination was not available
for study participants. Becsuse fish consumption
was found to vary from year to year, the average
annual consumption for each individual for the two
baseline years of study was used in each cage.

Results from this study indicate that the cslenlated

mean daily dose received by the exposed group is
1.7 pg/kg/dey and ranges from 0.08 to 8.94 ng/
kgfday. If the average annua] rate of PCB ingestion
from fidh indicated by these study results were
continued over the years, the average sports

to 1974. In addition, -

178

fisherman consuming conteminated fish could receive
a totel PCB dose equal to 200 mg in epproximately
4.8 years. Under the same set of assumptions,
individuals consuming greater than aversge amounta
of contaminated fish would reach the total dose
leve)] sooner. No adverse health effects or groups of
symptoms that were clearly related to PCB exposure

- -could be identified in the exposed group. This

implies thet exposure to PCBs from eeting con-
taminated fish at the levels observed and: the
presence of PCBs in these exposed persons have
not caused any observable adverse health effects
similar to those observed in the Yusho po?ulntlon.
However, this does not exclude the possibility that
effects too subtle for detection are occurring, or the
possaibility of long-term health effects. Because of
the lack of sufficient human data, risk assessments
for potential toxic effects of chemicals must of
neceseity be estimated from animsl experiments.
In the absence of contradictory kinetle or metabolic
data, the animal datz are used to estimate potential
human risks. Because the numbers of animals used
in tests are imited, doses above the human exposure
levels are used to increase the probsbility of
detecting potentially toxic chemieals.

Thus, the rigks at low doses must be estimated
from higher experimentsl doses. Because of the
inability to cbrerve the low end of the dose response
curve with precision, the linear (or when necessary
one-hit) extrapolstion from high to low doses is
often used (12-15). Because of the many uncertainties
involved in risk estimation, this approach ie con-
servative and errs in favor of public heglth. Alep,
inear (one-hit) extrapolation is the limiting case for
the multlstage model of carcinogenesis at low

doses. Since the shapes of dose-response curves gt -

low doses are unknown, it must be remembered
thet actual estimates of risk are not being obtained.
Based upon plausible aspumptions, however, it
generally is possible to place upper bounds on
gotential risk by use of linear (one-hit) extrapolation
ssed upon animal deta. :

Animal Data

Severzl elements related to risk must be considered
in any sssessment of animal deta: for example, the
similarity of exposure in animals compsared to
humens, e.g., types of Aroclors wsed in arimal

experimentations (most human exposure is to Aroclor -

1254, and a typical residue from fish resembles the
Aroclor 1254 mixture more closely than it does the

other Aroclors) (£, 8), and the kinds of outcome that
might be comparable to these for humens. Risk.

aspessment-—or the estimation of the acceptable
deily intake—will be based an general toxicity,
carcinogenicity and the effects on reproductlon for

800547
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which there is little or no 'prev'ioué experience in
such riek essessment.

The acute toxieity (oral and dermal) of the PCBs

is of relatively low order when the substances are
administered as & single dose. In contrast, the

subacute toxieity of both the PCBe and individus! .

chlorinated biphenyls appears to be of far greater
cancern; species sensitivity and cumulative toxie
effecta appear after continuous exposure at low
levels (16-18). The effects of various PCB compounds
have been studied in a8 number of animal specles,
and the results have been compiled and evaluated
in recent reviews (1, 19). In assessing the possible
toxicological hazard posed by PCBs for humans, it
is preferable to utilize animal feeding studies in
which the PCBs are added at low levels to the diet
and the treatment is continned essentially throughout

- the life span of the animals. Few such long-term

‘studies of the toxicity of PCBs are currently

available. For assessing the risk posed to humans -

a5 8 result of exposure to PCBs, three long-term

- studies have been chosen. which are cited and

discussed in detail below: the National Cancer

- Institute’s bioassay of Aroclor 1264 for posaible

carcinogenicity in male and female Fischer 344 rats

(20), the study of Kimhrough et al. (21) on the

induction of liver tumors in Sherman strain female
rats by Aroclor 1260, and the 11-month study by
Kimbrough and Linder (16) of the toxie effects of
Aroclor 1254 in male BALB/eJ mice. In addition,
because of the known extreme sensitivity to PCB-
related toxicity of the rheaus monkey compared to

rodent species, the short-term study by Allen and -

Norback (22) of the pathological responses of these

primates to PCB exposure as a basis for rigk .

assessment i8 also described.

In the National Cancer Institute’s bioassay of
Aroclor 1254 (20), groups of male and female
Fischer 844 rats (é4 of each sex per group) were
administered the test compound in the diet at 25, 50
or 100 ppm levels for a period of 104-106 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 each welghing. Moribund animals were sacrificed
and subjected teo gross and microscopic pathologicsl
examination, as ware the animals secrificed st the
end of the experimental peried. It was concluded
that, under the eonditions of the bicassay, Aroclor
1264 was not carcinogenic in Fischer 344 rats;
however, it was suggested that the high incidences
of hepatocellular proliferstive leslons of the gas-
trointestinal tract in the Aroclor-trested males and
females might be associated with the administration
of the compound. -.

In the study by Kimbrough et al. (21), 200
Sherman strain female rats were fed a diet containing

PR
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100 ppm of Aroclor 1260 for approximately 21
months, and treatment was discontinued for 6
weeke before the animsls were sacrificed st 28

" months. A group of 200 untrested femsle rats

served as controls. All animale were observed
daily, and moribund animals were sacrificed and
subjected to gross and mieroacopic pathelogical
examination, as were the snimals sscrificed at the
end of the experimental period. The authors concludeéd
that Aroclor 1260, when fed in the diet, had a
hepatocarcinogenie effect in these rats. No significant
digerences could be observed between experimental
and control animals with regard to the incidence of
tumora in other organs. In the study by Kimbrough
(8), 60 male BALB/cJ mice were fed a diet containing
300 ppm of Aroclor 1254 for a period of 11 months.
Another group of 50 male mice received & diet
containing 800 ppm of Aroclor 1264 for a period of 6
months and a control rat chow diet for the next 5
months, Control maleg were fed a plain rat chow
dlet throughout the l1-month study. Food con-
sumption and body weight were monitored through
the study. The animals were sacrificed st the end of
11 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 800 ppm of: Aroclor 1254 for 11°
months, nine animals exhibited hepatomas. One of
the 24 mice which had recelved s diet containing
800 ppm of Aroclor 1264 for 6 months and the
control diet for the next 5 months exhibited a
hepatoma. None of the control animals devsloped
hepatomas during the course of the experiment.

- Allen and Norback (£2) have investigated, among
other things, PCB-related reproductive disfunctions
in the rhesus monkey, an animal species known to

. be more suseceptible then rodents to the toxic

effects of PCBs. In one series of experiments, eight
female monkeys were fod a diet containing 2.6 p&m
of Aroclor 1248 for 8 months, eight other females
wers fed s diet containing 5.0 ppm of Aroclor 1248,
and 12 females served as controls. At the end of 6
months, all experimental and.contro! animzls were
bred to control males. _ :
Six of the eight animals receiving the test compound
at 5.0 ppm in the dlet conceived. The remaining two
were bred on five separate occasions without
conceiving. Four of the six animale which did
concelve experienced abortions esrly in gestation,
and one gave birth to a stillborn infant, Eight
females receiving diets containing 2,5 ppm of Aroclor
1248 were able to conceive, but only five females in
this group were able to carry their infants to term,
while the remaining three animals experienced
abortions. The infents born.to all experimental

. mothers recejving the tegt comnpound at aither 2.5

- Pt - -
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ppm or 5.0 ppm in the diet were small at birth and
exhibited detectable concentrations of POBg in the
skin. All of the 12 control females conceived and
had norme! births. Each of the three toxicological
studies of PCBs deseribed above was used to assess
the carcinogenic or reproductive risks posed by
these compounds.

Risk Assessment

As indicsted previously, the sclentific dats base
needed to support & quantitative estimate of risk to
human health gs & result of exposure to environmental
contariinants is neerly always inadequate to quantify
such risk accuretely. In a typleal case, there are at
least four mejor areas of uncertainty (25): (1) a lack
of adequate information about the exposures that
océur in human populations at environmentel levels
of the contaminant; (2) & lack of dose-response data
in humans to support projections of the effects of
lkely levels of exposure; (8) a comparable lack of
dose-response dsta, even in laboratory animals, at
tha very low levels of exposure that commonly
occur in the environment; &nd (4) & lack of un-
derstanding of the interactions and influences that
environmental veriebles and characteristics of the
exposed populetion may have on the effects of the
contaminant. ,

The state of scientific knowledge at present
msekes it unlikely that these uncertainties can be
eliminated. However, it is possible to simplify the
analysis by meking a number of assumptions (29).
One can assume, for instance, that “typical” exposure
levels can be caleulated from limited data, or can be
estimated arbitrarily to encompass what appesrs to
be a ressonable range; that dose-response curves
derived from animal studies an be nsed as anslogs
to estimate human responses; that the dose-response
curve can be extrapolated, using best sclentific
Judgment concerning its probable form, from known
responses at high doses to estimated responses at
much lower doses; or that for lack of eny sounder
choice, the influence of confounding varlables can
simply be left out of the caleulations.

Estimates of risk based on such an approach have
Increasingly been sttempted: sn exemple is the
recent assessment by the National Research Couneil
of halomethanes in drinking water (24). The results,
while crude, have some value in decision-making, if
only to place in perspective the hazarde of pollutants
whose toxie properties are known qualitatively
(e.g., mutagenie, carcinogenie). Quantitative se-
sessments of this sort, however, are no stronger
than the structure of assumptions on which they
rest. Beceuse meany of the assumptiona are merely
pragmatic and are derived from limited information,
risk estimates of this type cannot be accepted 88

SMvE. DS

-

conclusive results. They should instead be viewed

a8 initial attempta that are subject to revision as

better information becomes available,

 In attempting to estimate risks from exposure to '
PCBs through the consumption of PCB residues in

certain specles of fish, several problems are readily

apparent. One, there is no measurement of PCBsin -
‘the fish ectuglly consumed by individuals, PCB-

residues are measured in fish from one survey,

‘while fish consumption is measured in enother.

Second, the risks are computed from a veriety of
animal studies which include different animels species:
exposed to s variety of Aroclors and levels of.
Aroclors in the diet with effects measured in’
different weys, e.g., general toxicity, carcinogenicity

.and problems of reproduction.

In the risk aessessment deseribed below, the.
average and an ug&er limit for PCB intake per day
are estimated. The  nationwide survey of fish
consumption conducted for NMFS-NOAA during
1878-1974 has been used to estimate consumption of
fish. This survey included 25,947 persons repre-

sentstive of the U.S. population who recorded their .
. fish and seafood consumption for each family member

for a one-month period. Of these 25,847 persons,
8889 ate the species of fish which have levels of
PCB above 1 ppm. :

Since the effect of instituting a tolerance of PCB
- levels down to 1 ppm would change the PCB

contributed to the diet by fish only in those fish
which showed PCB levels above 1 ppm, risks
corrésponding to tolerances of 6 ppm, 2 ppm, 1
ppm, or 0 were calculated for those 3639 persons
who ate the species of interest. Because analyties)
methods for regulatory purposes are not 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, that is, 8838/25,847, or 16.2%. :

For these persons, the consumgtion per day of
each type of fish was multiplied by a mean PCB
level estimated for each tolerance level to give a
total PCB intake from fish per person per-day. The
50th and 80th percentiles of PCB inteke from fish
for those eaters of the species of interest were then
used to esleulate risks. o

The mean PCB level estimated when a given
tolerance is in effect is perhaps the most difficult
part of the risk estimation. The effect of & tolerance
on the distribution of PCB levels depends to & large
degree on the actual distribution of PCBs before.a
tolerance is ingtituted. The most recent data availeble
on PCB levelr in fish were the 1978 and 1979 FDA
survey data, eonsisting of 713 samples for 1978 and
178 samples for 1979 collected from all of the FDA
districts. This sampling is not representative br
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Femele mankeys fed Aroclor 1248 (2¢)

Problems of reproduction

178
Table 8. Animal data veed for risk extrapolation te humans.
Dase of Aroclor fed, ppm
Study Parameter 0 2.5 50 28 50 100 %00
Fischer rats fod Aroclor 1264 (#0) :
Total malignaneles
Msles 5724 2/24  0/24 1224
Females 4/24 13724 B2¢ 0724
Combined /48 165748 17/48 21/48
Liver carcinoma and adenomss
Males 0/24 024 124 228
Females 024 0/24 R4 224
Combined 0/48 0/48 248 448
: Hematopoistic aystem :
Malas 3/24 224 624 924
. Femalea . 424 624 B8/24 824
Combined : ) ’ /48 8/48 1148 1548
Female Sherman rats fed Aroclor 1260 (21) Hepatocellular carcinomas v178 267184 .
BALB/c] male mice fed Aroelor 12564 (16) Hepatamas, neoplastic nodules  0/5 prae

0Nz 388 18

*For the monkeys f¢4d Aroclor 1248, assuming 8 body welght af 5 kg and daily food eonsumption of 250 g: 2,6 ppm- = 126 ugfkg bedy

weight/dey; 5.0 ppm = 269 whkg body welght/day.

extensive enough tc nermit estimation of an un-
derlying nstionwide distribution by species. As a
rough approximation of the effect of a tolerance on
the distribution, the values of PCB shove 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 agsuming a zero
tolerance is not equivelent to using all values,
inasmuch as the 1976-1979 sprvey was carried out
when a tolerance of 5 ppm was in effect. Thus, the
effect of going from zero tolerance to a tolerance of
& ppm would be grester than shown here. Tuna and
shellfish were sssumed to have 0.0 mean levels of
PCB. The limited data available on tuna show mean
levels of less than 0.01 ppm. The values in Table 1
wers then multiplied by consumption figures as
described above to obtain intake of PCBs per day.

The total intake of PCB per day from fish for
eaters at the 50th and 80th percentiles is shown in
Table 2. The ppm of the diet is calculated by
assuming 1600 g total food intake per person per

- day.

Data from the NCI bioasssay program in which
Aroclor 1264 was fed to Fispher rats are presented
in Table 8, which shows the numbers for totsl
malignancies, liver carcinomes plus adenomas and
malignancies of the hematopoietic system in males,
females and males arid fernsles combined at various
feeding levels. Similar data are also presented in
Table 8 for the feeding studies of Kimbrough in
which female Sherman rats were fed 100 ppm-
Aroclor 1260 and BALB female mice were fed gOO
ppm Aroclor 1254, and for the Allen reproductive

data in whiéh Arochr 1248 was fed at 2.6 or 5.0

Using the data for Table 8, the upper confidence
limita (99%) on lifetime risks for cancer and problems

* of reproduction in eaters of the 12 fish species of

interest st the 50th percentile are presented in
Table 4. Upper limits on estimated human risks
have been computed from the NCI data for total
malignancies for males plus fengles, liver carcinomas
plus sdenomas in males plus ferhales and malignancies
of the hematopoietic system in males plus females.

. Risk computed from the Kimbrough data snd from

the Allen data are also presented in Table 4. The
various risks shown are based on PCB values in
fish, assuming 2ero tolerance, or a tolerance of 5, 2
or 1 ppm. ‘
In describing the potential risk to human health
from exposure to PCBs it seems appropriate also to
review the genersl scheme of establishing safe
regulatory levels based on general toxicity as
opposed to carcinogenicity ar problems of repro-
duction. In the Yusho incldent, the individuals
consumed an average of 1‘5,006 mg/day of the
contaminated oil. The oil itself was contaminated at
levels of 2000-8000 ppm PCBs and other contaminarits
(such as polychlorinated quaterphenyls); the sverage
level of the contamination in the oil was 2500 ppm.
The levels of contamination of the rice oll were
calculated at the time of the incident by comparing
the known organie chiorine content of the rice oil
mh the known organic chlorine content of Kanechlor
Based on the two average levels (consumption of
rice oil and residue levels in the rice oil), the
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Table 4. Upper confidence limits (B0%) on lifetime risks o’! uho:'r and problems of reproduction (n eators of fish species of '_
- Interes : -
: r
Lifetime risks per 100,000 _ -
50th perosntile eaters 80th pereentilo satera : '

Assumed Assumed Assumed Ansumed Assumed Aseumed Assumed Assumed

- no  tolerante tolerence tolerance no  tolerance tolerance toleranceé
Study Basls perameter/épecies toleranoe = § ppm® = 2 ppm = 1 ppm tolersnce = § ppm = 2 ppm = 1l ppm - X
NGl @) Tatal malignancies -

{male and female rate) 41 8.7 2.7 16 10.6 9.8 7.2 4.4

NCl (20) Liver carcinoma and adenomas : .
{male and fomzle rata) 08 0.e 0.8 0.4 2.5 28 1.7 1.0 !
NCI (20) Hemetopoletic (meale and,- . :
female rots) 2.7 24 1.8 11 1.0 8.6 4.7 29 P
Kimbrough (21) Llver eareinoma 1.8 1.2 0.8 0.5 8.4 8.1 2.8 14 - :
Kimbrough (16) Liver hepatomns (mice) 2.0 1.8 - 5 0.8 5.2 4.8 8.8 22 - 2
Allen (82) Femele-male reproduction X
(monkey)® v 837 807 228 182 888 Bl1 - 585 867 '
. *All risks ars litime riske computed ar rates per 100,000 of the population et riak. . L
. YFor each assumed tolerance, E?:'B values below the tolerance were elimineted. ;
! *Ineamuch ae the monkeye were fed Aroclor 1248 for only € monthas, the risk computed for problems of reproduction sre not true |
lifetime riska. C ‘}*
4 ' 4
e average daily intake of the combination of con-  inthe Yusho populstion, resulting in & total allowsble }
‘ teminants was 37.6 mg/day. The average cumulative ~ exposure of 200 mg. Because of the sporadic and :
dose of the contaminants cauging an overt effect in  self-limiting nature of PCB exposure in the United ke
the Japanese victims was reported to be 2000 mg. . States, the total exposure (200 mg) was spread out .
Thus 53 days of exposure was required to consume - over the 1000-day time period, providing a tolerablé ‘
this amount. The period of exposure no doubt . daily exposure of no more than 200 pg per dsy. -
varies around this figure. However, it was estimated ~ Transforming this figure and using an average body I
that the maximum exposure time was 100 days. It  weight of 70 kg for an adult produced 8 value of 3 ¥
must aleo be assumed that the adverse heelth ~ pg/kg body weight/day. ‘ ¥
effects result from the combination of contaminants ts and young children may be more susceptible !
and that these effects are reasonably similar for the  than adults to toxicants such:as POBs. They also H
levels of PCBa as well as for the levels of chlorinated  consume & greater amount of food per kilogram of b
quaterphenyls or other contaminantas. body weight and therefore have & proportionately :
Humans in the United States have not been  greater exposure to PCBs than adults. Thus, in
exposed to PCBs 6t the high residue levels that  calculsting the temparary tolerances, it seems :
occurred in the ‘Yusho Incident. PCB exposure in ﬁfyxopriate to use an additional safety factor for :
the United States has been asumed to be sporadic ents and young children. The scceptable daily r
and self-limiting In nature, Bs far as the general  exposure for children is therefore ecslculated by ¥
public was concerned. Accordingly, in developing usin%the lowest total dose producing an adverse :
temporary tolerances based on the data from Yusho  health effect in the Yusho incident, which was ¢
incident, a time period of 1000 days of exposure was - determined to be 500 g of the contaminants, .
used. As previougly stated, this was not an analysis ~ Using the 1:10 safety factor gpread over 1000 days, g

based on lifetime exposure. Rather, it was postulated  the tolerable daily exposure is 50 pg/day. Infants

that PCB levels in food in the U.S. would steadily  and young children should, therefore, not be exposed
decrease over the 1000-day time period usedinthe to PCBs at a level greater than 1 pg/kg body :
calculation. This has in fact taken place for most  weight/day. An adult who consumes s balanced and o
food. Jelinek and Corneliussen (25) reported that  varied diet should not be expected to ingest moré .
from the 1969-1875 period, there were significant  than the tolerable dally exposure of 200 pg/day. .
o~ decreages in PCB levels in all foods with the  Similarly, infents or young children consuming a .
' exception of fish, where no particular trend had  balanced and varied diet should not be expected to ;
been noted. ingest more than their tolerable daily exposure, i

In caleulating a total allowable exposure from the In addition to the human epidemiological dsts;
average overt dose in the Yugha incident, e sefety  other data from long-term mnimal studies (two '
factor of 1 to 10 was used for those effects observed  yesrs) had appeared to estsblish that the no-effect 5
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level in rate and dogs for PCBs with three levels of
chlorination (42, 654 or 60%). was 10 ppm. These
animal data have been used with the epidemiological
data to estimate allowable daily intake in humans.
When data derived from dogs were used, 8 no-
effect level of 2.6 pgkg body weight/dsy was
estimated. When rat data were used, the estimated
no-effect level in man was 8 pgrkg body welght/day
or a level similar to the human epidemiological
data. Thus, for a 70 kg individual, an allowable level
of PCB ingestion would be' 176 to 210 pg/dey.
However, more recent analysis of these data has

raised serious questions as to the validity of the .

original interpretation of results. These datg appear
to offer little help in arriving at an allowable daily
intake level of PCBs in humans. :

Discussion :

There is considersble dlsgm'lty in reproductive
results of monkeys compared to other species. Yet
the consuming public tends to consider that monkeys
are more like humans than rodents are, Thus it s
necessary to consider why such disparities exist. It
has been pointed out by MeNulty (£6) and by Allen
et al. (22, 27) 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 inteke ranged from

260 to 400 mg.

In contrast, Keplinger et al. (28) reported low
mating indices and decreaset] survival of pups in
rodents receiving Aroclor 1242 at 100 ppm. No
reproduction effects were found with Aroclor 1242
or 12564 at 1 or 10 ppm although other studies in
rodents (29) have demonstrated reproduction effects;
.8., in Shermsn rats exposed to Arocler 1264 or
Aroclor 1260, the exposures producing such effects
have been at levels considerably higher than the 2.6
or 5.0 ppm used in the monkey studies (20, 100 or
500 ppm). '

Additional differences between the monkey and
rodent sensitivities to PCBa are illustrated by the
fact that the Sherman rats in the Kimbrough study
fed 100 ppm of Aroclor 1260 for 23 months apparently
exhibited no subacute effects, which is also true of
the NCI study in which Fischer rats were fed 25, 60
or 100 ppm for 104-106 weeks. In contrast, the
monkeys fed 2.5 or 5.0 ppm in the Allen study
displayed some subacute effects similar to Yusho ss
early 28 2 months Into the study.

The data upon which the various risk projections
of carcinogenicity are made- also illustrate the
difficulties in such exercises. For example, the data
used for projection of risk for Aroclor 1254, the
most common Aroclor of humsan exposure, are

- e 4 g a— ——— b
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taken from an NCI bioassay project in which the

Aroclor 1254 was found under the conditions of the
test to be negative for carcinogenicity. In addition,
an examination of Teble 4 shows that the upper
limit of lifetime risk of cancer for the 60th percentile
of eaters of the species of interest is generally of the

“ssme magnitude in any of the studies shown.

Let us assume that what appear to be incressed
risks in reproduction from exposure to POBg based
on monkey studies sre directly associated with the
levels fed, the particulir Aroclor fed, and the
differences in spécies sensitivity, l.e., the monkeys
are considerabﬁr more sensitive to the effect of
PCBs than are rodents or humans. It then becomes
dificult to explain the differences between the

. Kimbrough study, which was positive for carcino-

genicity in female Sherman rats fed Aroclor 1260 at.
100 ppm, and the NCI feeding studies which were
negative for Aroclor 1264 fed to Fischer rats at 25,
60 or 100 ppm. ) . :

These differences in carcinogenic outcome could
be attributed to any of severel casuses: (a) the
Kimbrough study used Sherman rats whereas the
NCI study used Fischer rats; (b) three levels of the
Aroclor were fed in the NCTY study but only one in
the Kimbrough study; (¢) Kimbrough used 184 test
animals at the 100 ppm level, whereas NCI used
only 24 animals in each sex group at the 100 ppm
level. On the other hand, the difference may be
purely statistical in which outcome could be changed
in either direction by using comparable protocols
and a similar number of animals. Obviously the
other elements of unknown quantity in these or any
other similar assessments involve the adequacy of
the fish consumption data as well as the PCB
residue data.

Summary , .
In any estimates of human risk derived from the

_extrapolation of animal data, close attention should

be given not only to the levels of exposure to the
various Aroclors in a varlety of animal studies but

_also to the way in which the exposure relates to

humen experience.-For example, studies in monkeys
have reported signs and symptoms similar to those

_of Yusho after 2 months of exposure to Aroclor 1248

et levels of 2.6 and 5.0 ppm in the diet or 125 and
250 p8/kg body weight/day, respectively. Repro-
duction problems were reported in these monkey
studies at each of these levels after 6 months of
exposure. .

In contrast, problems of reproduction have been
observed in rodents only at considerably higher
levels of exposure, e.g., in rats fed 7.2 and 87.0
mg/kg body weight/dsy of Aroclor 1254 or 100 and
500 ppm in the diet. Rats fed 500 ppm or 35.4 mg/kg
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body weight/dey of Aroclor 1260 slso exhibited
reproduction problems. No problems were cbeerved
with Aroclor 1260 at levels of 5 ppm (0.89 mg/kg
body weight/dey), 20 ppm (1.5 mg/kg body weight/
day) or 100 ppm (7.4 mg/kg body weight/day).

In one study, the carcinogenicity of PCBs in rats
(Fischer strain) fed Aroelor 1264 at 25 ppm (1.9
mg/kg body welght/day), 50 ppm (8.8 mg/kg body
weight/dey) or 100 ppm (7. 16 mg/kg body weight/day)
was reported to be negativé under the test conditions.
Although some malignancies were observed, there
wag no statisticel difference between test animals
and controls. In ancther study, female Sherman

rats fed Aroclor 1260 at 100 ppm (7.4 mg/kg body

welght/day) exhibited a statistically significant
difference between test animals and cuatrols for

~ hepatocellular carcinomas, '

In contrast, there appesrs to be little evidence of
human exposure to. these levels in the United
States, especially for the consumption of fish. Even
in the Yusho experience in Japan, where clinical
eigne and symptoms were obrerved, the average
level of consumption of PCB residues in the rice oil

ids estimated to have been 0.756 mg/kg body weight/
ay. :

intake of PCBs for eaters in the 50th percentile are
8.46 pg/day or 0.72 pg/ke body weight/day (based
on a 70 kg individual) assuming no POB tolerance;
1.67 pg/day or 0,11 pg/kg body weight/day assum-
ing & tolerance of 5 ppm, 5.68 pg/dey or 0.08 pg/kg
body weight/day assuming & tolerance of 2 ppm and
3.30 ug/dey or 0.06 ng/kg body weight/day assuming
a tolerance of 1 ppm. Estimates of the intake of
PCBe for eaters in the 80th percentile are 0.32
pg/kg body weight/day assuming no tolerance and
0.29, 0.21 and 0.18 pg/kg body weight/day assuming
& tolerance of &, 2, and 1 ppm, respectively.

In Michigan sportsfishermen, who are presumed
to be among the high consumers of fish with PCB
residues, the average intake has been reported at
1.7 pg/kg body weight/day with & range of 0.08 to
8.84 ug/kg body weight/day.

Problems of interpretstions arise in comparing
the levels of the various Aroclors which have
produced effects in animals, ranging from 125 ug in
monkeys to the milligram levels in rodents, with
the exposure estimates in humans from fish con-
sumption. For example, estimates of the lifetime
human risk of cancer and reproduction problems
(Table 4) for exposure in the 80th percentile of fish
eaters, i.e., 0.28, 0.21 and 0,13 ug PCB/kg body
weight/day, indicate risk from exposure well below
the aversge Michigan exposure and certainly well
below the levels of exposure in the Yusho incident.

In light of the uncertainties upon which these
risk estimates have been made, perhaps an equally

In the United Stetes, estimates of the dail3; )
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compelling argument could be msade for the. es-
tablishment of either a 2 ppm or & 1 ppm {olerance.
As suggested previously, the difference in risk
between the two levels decreases only slightly eéven
in the species of interest. F'rom one point of view,
thie conclusion supports a rationale for proposing
the 2 ppm tolerance based on the original calculation
of an allowsble daily intske resulting from the
traditional use of the 1 to 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 rationele and logic for establishing 2
ppm can be justified from either the risk approach
or the uo-called safety approach. To others, niothing
short of gzero tolerance has any rationtle or logle.
For these, there may be no answer,
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