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PREFACE

The technical review concerned with the effects of PCBs, as pro-
vided on the following pages, summarizes the findings reported in the
following documents:

e "The Epidemiology of PCBs" by William Gaffey, a Monsanto pub-
lication, (1981).

¢ "A Review and Evaluation of Carcinogenicity Studies in Mice
and Rats and Mutagenicity Studies with Polychlorinated Bi-
phenyls" by George Levinskas, a Monsanto publication, (1981).

e "The Toxicity of Aroclor Products 1242, 1254, and 1260 to the
Liver of Albino Rats" by George Levinskas, a Monsanto puolica-
tion, (1981).

® "Human Health Effects of Electrical-Grade PCBs” by J.F. Brown,
Jr., J.T. Coe, and H,D. Pocock, Jdr., a General Electric publi-
cation, (198Bl).

o "Technical Review of the Health Effects of PCBs" by Robert
James, Morris Cranmer, and Raymond Harbison, a New England Gas
Association publication, (1981).

¢ “Assessment of Carctnogenic Risks From PCBs 1n Food" by Kenny
S. Grump and Marjory Masterman, prepared for the United States
Congress Office of Technology, contract # 933.1350.0, (1979).
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The reader will note that, with the exception of the section on
risk assessment, the summaries in this report contain no specific ref-
erences to other documents. Since the documents listed above, which
review the pertinent literature on PCB health effects to date, give
specific references for further study, it was not thought necessary to
repeat these same citations in the body of this report. For a more
in-depth review of the pertinent PCB literature and <pecific cita-
tions, it is suggested that the reader refer to the documents listed
above.
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EXECUTIVE SUMMARY

In this paper we examined the human health risks associated with
exposure to PCBs, To accomplish this purpose, we reviewed all signif.
icant published or readsly available studies of the effects of PCBs as
well as the pertinent current theories of carcinogenesis, the scien-
tific body of knowledge which supports these theories; and have pro-
vided an analysis of the chemical carcinogenesis testing performed
with commercial PCBs. As a result of this review and evaluation, it
is our independent professional opinion that “any exposure to PCBs"
does not pose a significant health risk to humans. These conclusions
are based on data of the primary exposure to commercial grade P(BS.

After reviewing the carcinogenesys test data, we have concluded
that commercial PCBs do not represent a carcinogenic {genotoxic/
initiator) risk and that, even if they possess oncogenic (eptgenetic/
promoting) activity, the risk at low exposures is insignificant., This
mechanistic distinction is a very important basis from which to
address the cancer risk., To paraphrase a succrnct summary of this
distinction by Weisburger and Williams, promoters {oncogens) share the
characteristic of being active only at high, sustained doses, and up
to a certain point, the lesion may be reversible, Thus, these types
of carcinogens represent only quantitative hazards to humans, and safe
levels of exposure may be established by carrying out proper dose-
response studies.

Attempts to estimate the potential risk of cancer to man caused
by PCB exposure using data developed n rodents represents a contro-
versial but crucial dilemma. Numerous studies involving both mice and
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rats have been reported, but only one Study exists to date that sug-
gests P(Bs may cause an increase in hepatocellular carcinoma. When
the paucity of convincing data 1s compared to the 'arge numoer of neg-
ative tests, and when other important contributing factors are con-
sidered (e.g., the spontaneoys rate of liver njury and liver regener-
ation, thereby promoting aberrant hepatocellular growth; etc.), 1t is
difficult 10 conclude that PCHs represent a significant cancer risk in
man,

Analysis of published animal data leads to the conclusion that,
in animals, commercial PCBs represent a low acute exposure hazard:
that mutagenic, teratogenic, and reproductive risks are minimal; and
that the carcinogenfc potential of this compound has not been conving-
ingly demonstrated in an animal model relevant to man. This lack of
suggestive risk based on animal data has been further borne oyt by the
fact that neither liver nor other cancers in man have been positively
linked to PCB exposure in recent epidemiologic studies utilizing large
study populations,

At worst, PCBs at high or elevated doses meet some of the cri-
teria for a chemical promoter, i.e., they enhance tumor growth through
epigenetic mechanisms but do not induce new tumor growths. This dis-
tinction is of extreme importance and can be made based upon the known
mechanisms for genotoxic carcinogens and those for promoting agents.
PCBs demonstrate many characteristics of the latter and none of the
former. A further importance of this distinction is that P(Bs have
only been shown to possess a weak promoting activity at most. There-
fore, the thresholds both proposed in theory and observed n animal
studies suggest that there are safe exposure levels for PCBs.

The occupational exposures are certainly the most extensive and
longest-term human PCB exposures that we are currently aware of, and
are therefore probably most representative of what adverse effects
might be expected. A comparative review of these occupational-
exposure studies reveals that, like other chemicals, PCBs can cause
adverse health effects, but in many respects these have been minimal
While dermatitis and chloracne, which were reversible after discon-
tinuing the exposure, have been noted n some cases, no other sig-
nificant findings were routinely made. Even though several studies
incorporates clinical chemistry analysis as indications of organ
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dysfunction or other physical disorders, no remarkable clinical fing-
ings have been uncovered. Furthermore, several investigators have
commented to the effect that there 15 a “paucity of abnormal resylts”
and that "there is no evidence of physical harm resulting from working
with PCBs." 1In spite of over 50 years of use, no Causal relationship
has been established for any specific type of cancer, nor has it baen
proved that the i.cidence of cancer mortality has increased. The
largest study, by the National Institute for Occupational Safety and
Health (NIOSH), which involved over 2,500 persons, did not detect any
statistically significant excess in the cancer mortality. Since this
study failed to demonstrate an excess cancer rate in a high exposure
popul ation, it provides some reassurance that it is unlikely that
future studies will show any increased risk of cancer from PCBs,

In sunmary, epidemiologic studies have demonstrated that PCBs are
not remarkably tox1¢ chemicals after acute exposure, and that when
excess exposure does occur, the usual conseguences are dermatologic
and not of a serious or permanent nature, Chronic exposures have
added little or no additional adverse effects of note to this picture.
The preponderance of studies has not identified a ¢linical disease
associated with exposure to PCBs, nor has it provided persuasive
evidence of health impairment, There 15 no evidence of an excess in
total mortalfty or in mortality due to cancer, cardiovascular disease,
or nervous system disease associated with occupational exposure to
PCBs. PCBs have not been linked to any human cancer, and studies to
date indicate it is highly unlikely future studies will establish such
a link, Therefore, it appears that PCBs are not a remarkable toxi.
cant, but & chemical which requires high doses to produce harmfu)l
effects.

The chemical analyses of PCBs have shown that they often contain
polychiorinated dibenzofurans (PCOFs) at low levels. The concentra-
tions of these toxic contaminants are generally in the parts.per-
million range in pure PCB mixtures, but percent of contamination can
be substantially increased as a result of industrial use. Since
levels of PCBs generally found in the environment are 1in the parts-
per-million range or lower, the concomitant concentrations of PCDFs
would be expected to be unmeasurable, For this reason and because
the toxicity data of all PCB exposures have probably included this
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contaminant, the concern for low level exposures to PCDFs 15 st1]]
expected to be minimal. However, the conclusions reached in this
report apply to exposure to commercial PCBs and cannot be applied to

all environmental PCB exposures, which may include exposure to concen-
trated contaminated waste mixtures.
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1, MAMMALIAN TOXICOLOGY OF PCBs

Any assessment of hazards posed by exposure to a chemical must
consider the doses required to elicit each toxic response as well as
the spectrum of toxicities the chemical is capable of inducing. AN
of these factors must be cageful1y incorporated into the final estima-
tion of risk. Many toxicity tests depend upon clearly observable
effects, such as organ injury or tissue damage. For these tests,
detection of the effects in question is clear, and the results can
directly be extrapolated to determine the potential for a simitar
adverse effect in man. However, a complete safety assessment and
evaluation must also include tests designed to measure mutagenic or
carcinogenic potential. MWhile the biological manifestations for these
tests may be easily measured and reproduced, what the experimental
results represent with respect to the expected human response is less
clear, Therefore, results from the latter tests should not necessar-
i1y overshadow findings in the former tests. Instead, the results
from at! tests must be evaluated for internal consistency. As new
data emerges, this information should likewise be incorporated and, if
necessary, the risk reassessed,

Polychlorinated biphenyls (PCBs) are not capable of causing imme-
diate life-threatening responses in animals except at very high doses,
When given as a single oral dose to rats, mice, or rabbits, the dose
Tethal to 50% of the test species lies in the 1,000 to 16,000 mg/kgq of
body weight dosage range. According to the scheme proposed by the
American Industrial Hygiene Association, this dosage range for acute
or immediate toxicity classifies PCBs as only a slightly toxic to
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practically nontoxic chemical. E£thyl alcohol is 1n the same toxicity
class. The most consistent pathologlic findings associated with the
Tethality of short-term tests are fatty infiltration of the liver,
1iver injury, and centrilobular necrosis of the liver. This 15 not an
unexpected finding. Many chlorinated organic chemicals produce liver
or kidney injury in mammals. Other effects observed in acute studies
tnclude depression and lethargy, decreased pain response, anorexia
(loss of appetite), ataxia {unsteady gait), and diarrhea. These are
signs of chemical intoxication that are also commonly seen with many
other organi¢ chemicals,

PCBs applied directly to the skin of rabbits produce dermal re-
sponses such as erythema, hyperkeratosis, blisters, and desquamation.
These effects are not a particularly remarkable finding for any or-
ganic chemical. In monkeys, the epidermal disorders from oral dosages
of 250 to 400 mg/kg are facial edema, hair loss, and acne. wWhile
chloracne has been reproduced in humans after high occupational expo-
sures, 1t can also be produced by exposure to other chlorinated ben-
zene derivatives. Other than discomfort and some scarring in severe
cases, it is a reversible effect.

Subchronic studies have revealed other effects. Weight loss and
liver injury become a more consistent finding in the rodent species,
with liver enlargement and an induction of liver metabolism occurring
at lower doses. P(Bs are potent inducers of the mixed function oxi-
dase system, more potent in fact than either phenobarbital or DOT,
which have been used extensively as experimental! tools for this pur-
pose. PCB mixtures are also uniguely capable of inducing both cyto-
chrome P-450 and cytochrome P-448.

The other systemic effects reported are porphyria; increased thy-
roid metabolism; gastric hyperplasia; increases in triglycerides,
cholesterol, and phospholipids; and atrophy of the spleen and thymus.
Estrogenic activity for PCBs has been reported in rats, and prolonged
menstrual cycles and increased bleeding have been observed in monkeys.
Of the above effects, the thymic change and the immunosuppressive
effects of P(Bs are probably of most concern. Changes in the immune
system could lead to increases in the susceptibility to and ‘severity
of infectious and neoplastic diseases. However, attempts to verify
that the immunosuppressive effects of high doses of PCBS might
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increase the cancer risk from other causative agents have produced
inconsistent results. PCBs have been reported to inhibit the tumor
growth of Walker 256 carcinosarcoma cells, to enhance the growth rate
of MCB cells derivad from the moloney sarcoma virus, and to be without
any effect on the moloney leukemia virus,

Test procedures designed to indicate serious long-term or chronic
effects have been somewhat variable, but these too have -provided
fairly unremarkable effects when compared to the potential harm caused
by other useful industrial chemicals that have been similariy tested,
Mammalian studies indicate that there is little reproductive risk as-
sociated with moderate to high doses of PCBs. Studies using up to 100
mg/kg/day did not affect reproduction in the rat, and symilar results
have been reported from tests in mice and monkeys, PCBs do, however,
cross the "placental barrier." Primates born to exposed mothers have
shown symptoms of intoxication. Also, those doses high enough to dis-
rupt the estrus cycle have been shown to decrease the implantation
rate. Yet PCBs did not produce any histopathological changes in the
reproductive tracts of either sex of rats, caused no chromosomal dam-
age or arrested spermatogenesis, and were negative in the dominant
lethal test for inheritable damage to germ cells. More mportantly,
PCBs have not significantly altered embryo or fetal development in
either rodents or nonhuman primates at doses that were not maternally
toxic; thus, it can be concluded that there appears to be little or no
teratogenic or reproductive risk associated with exposure to PCBs.

The overall mutagenic potential of PCBs is inconsequential. Di-
rect mutagenic activity as measured by point mutations in bacterial
tester strains has been recently reviewed by Levinskas (l198l). Ac-
cording to the results of seven different studies, a group of chlori.
nated biphenyl compounds did not demonstrate any mutagenic activity,
Although there is one report in the literature that 4-chlorobiphenyl
might have mutagenic activity, other researchers have not been able to
reproduce this observation. Additionally, Aroclor 1254 was found not
to stimulate unscheduled ONA synthesis in the rat hepatocyte. In
tests designed to observe chromosomal aberrations or alterations in
number, the results were also overwhelmingly negative. PCBs were

MONS 212959
1-3



negative when tested in the Drosoph)ia melanogaster, negative in cyto-
genetic analysis of in vitro human !ymphocytes, negative in cytoge-
netic preparations of rat sperm and bone marrow celis, and negative in
the dominant lethal assay. Thus, chlorinated biphenyis have not
demonstrated any mutagenic potential when tested with the majority of
commonly used and well-substantiated mutagenicity procCedures.

Attempts to estimate the potential risk of cancer to man caused
by PCB exposure using data developed in rodents represents a contro-
versial but crucial dilemma. HNumerous studies involving both mice and
rats have been reported, but only one study exists to date that sug-
gests PCBs may cause an increase in hepatocellular carcinoma. When
the paucity of convincing data is compared to the large number of
negat ive tests, and when other important contributing factors are con-
sidered (e.g., the spontanecus rate of liver cancer in rodents; the
inductive and cejlular growth-promoting potential of PCBs; the poten-
tial for P(Bs to induce recurrent liver injury and liver regeneration,
thereby promoting aberrant hepatocellular growth; etc.), it is dif-
ficult to conclude that PCBs represent a significant cancer risk in
man, This lack of suggestive risk based on animal data has been
further borne out by the fact that neither 1iver cancer nor other
cancers in man have been positively linked to PCB exposure n recent
epidemiologic studies utilizing large test populations.

Industrial-grade PCBs may not be just a mixture of chlorinated
biphenyls but a mixture that may also contain chemical contaminants,
the polychlorinated dibenzofurans {PCDFs}. Therefore, when consider-
ing all of the data summarized in preceding paragraphs, an assessment
of the toxicity and risk to PCB exposure may be complicated by the
fairly recent recognition and acknowledgement of PCOF contamination.
Tetra-, penta-, and hexachlorodibenzofurans have been measured in
Aroclors 1248, 1254, and 1260 in concentrations on the order of 0.1
ppm for each isomer. Studies of Japanese brands of PCBs ingicate that
they ¢ontained concentrations which were several times higher,

Of even more concern is the possibility that dibenzofurans may be
formed in significant amounts when PCBs are exposed to high heat and
some reactable form of oxygen. This concern was first expressed after
the Yusho incident when it was discovered that the PCOF content was
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approximately 1,000 times higher than expected for commercial Japanese
PCB mixtures. Studies have revealed that the oxidation of PCBs to
PCOFs 1s 2% to 3% for Aroclor 1254 at 550° to 600°C and that, during
combustion, the rate of formation is time and temperature dependent.
However, these conditions do not exi1st in the normal manufacture or
use of PCBs nor in the normal use of PCBs in capacitors or trans-
formers. These conditions might have otCurred, however, in some heat
exchange equipment., So, at present, the conditions for and the extent
of PCOF contamination in PCB wastes is unknown,

While it should always be considered that PCOFs may increase the
toxicity of commercial PCB mixtures, the variety of acute and chronic
tests reviewed on the preceding pages are tests 1n which the contribu-
tion of PCIF toxicity was, no doubt, unconsciously measured. There-
fore, concern for the greater toxicity of this contaminant, when it is
in concentrations approximating those previous!y measured in commer-
cial PCB mixtures (i.e., about 1 ppm), should be tempered by the
possibility that its risk is that reflected by the animal test data
gathered for what was previously considered to be a PC8 mixture alone.

To reiterate the original premise, evaluating the hazard of any
chemical on the basis of animal data requires careful consideration of
(1} the spectrum and types of toxic responses induced; (2) the degree
of species variation or consistency of the effects monitored; (3} the
relevancy and validity of the test performed; (4) the dosage required
to elicit the response; and (5) the level of relevance of the toxic
effects observed, based upon the expected level of himan exposure.

Thus, many of the PCB-induced adverse effects would be expected
for a chlorinated organic compound of the PCB type, or at least these
effects are consistently produced by many chlorinated organics. These
effects include liver injury, liver enlargement, liver enzyme induc-
tion, frritation when applied to the skin, chloracne, and possibly a
disruption of the estrogenic balance in females because of increased
liver metabotism. Although these may indeed be considered adverse
effects, all chemicals are capable of altering some physiologic func-
tion at & high enough dose. [n the more relevant reproductive, tera-
togenic, mutagenic, and carcinogenic tests, chlorinated biphenyls were
consistently negative with only a few exceptions. These exceptions
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can be discounted because of tnadequate study design, disputable
interpretations, and unusual tests Thus, it seems unnecessary to
display a disproportionately high concern for those few controversial
studies, especially when thelr findings were not reproduced in sub-
sequent studies under similar or 1dentical conditions. In the vast
majortty of experiments, the effects were produced by PCBs at high
doses. Since the expected ang likely human exposure to PCBs is jow,
the results of the tests using high-exposure conditions are not rele-
vant to the expected human exposure level,

Therefore, it appears that PCBs are not a remarkable toxicant,
but 2 chemical which requires high doses to produce harmful effects
and one which clearly represents minimal or no risk to humans because
of the limited nature of anticipated human exposure, While PC8s can
be toxic, and their toxfcity can be dramatically increased by high
levels of dibenzofuran contamination, the mammalian toxicity data sug-
gest that, in general, PC8 mixtures can be tolerated under most real.
world congitions.
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2, THE ROLE OF PCBs IN PRODUCING CANCER

Chemically induced carcinogenesis is a special aspect of toxicol-
o9y, for the toxicants may or may not observe traditional toxicologic
principles. For example, although carcinogens show dose-response
relationships, may undergo biotransformation to active or inactive
metabolites, and demonstrate specific structure activity relation-
ships as other toxicants do, they may also be unlike other toxicants:
they may not demonstrate thresholds and there may exist a long and
indefinite latency period between the critical biochemical event and
any cellular or physiologic expression.

In recent years, the scientific community has concluded that even
among chemical carcinogens there exist vast differences in the mechan-
isms by which they induce cancer. One can separate chemical carcino-
gens into two groups. One group obeys traditional toxicologic princi-
ples while the other does not. This classification of carcinogens has
been described by Weisburger and Williams in Casarett and Doulls'
“Toxicology: The Basic Science of Poisons.” These authors separate
carcinogens into genotoxic (initiator) and epigenetic (promoter) car-
cinogens, the distinction being that genotoxic carcinogens induce can-
cer by initiating a permanent change in DNA. Epigenetic chemicals
comprise those chemicals which alter the manifestation of cancer by
other than genetic means and include hormones, immunosuppressants,
cocarcinogens, and promoters., This distinctton 1s extremely important
because genctoxic carcinogens are irreversible and may not have
thresholds; therefore, some risk is present at any dose. Promoting
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agents (epigenetic chemicals), on the other hand, do have demonstrable
threshold levels; thus, there are exposures for which the risk is
minimal or the risk exists only for some finite interval after expo-
sure.

For our discussion of the carcinogenic potential of PCBs, we
reviewed the data for evidence to determine to which of these two
classes of tumorogenic chemicz's PCBs belong, and in our discussion we
refer to the epigenetic class as promoters (i.e., chemicals that only
increase the manifestation of cancer cells) and to the genotoxic class
as initiators.

After reviewing the carcinogenic test data, we have concluded
that PC8s do not represent a genotoxic (initiator) risk and that,
while they may possess some promoting activity, the risk at low expo-
sures 1s insignificant. This mechanistic distinction is a very impor-
tant basis from which to address the cancer risk. To paraphrase a
succinct summary of this distinction by Weisburger and Willtams, pro-
moters share the characteristic of being active only at high, sus-
tained doses, and up to a certain point, the lesion may be reversible.
Thus, these types of carcinogens represent only quantitative hazards
to humans, and safe levels of exposure may be established by carrying
out proper dose-response studies. The following paragraphs summarize
the data supporting this important distinction and address their sige
nificance for PCBs.

There has been great controversy about the relevance and nomen-
clature of rodent hepatic lesions. Most of this controversy surrounds
the criteria used to diagnose cancer. The National Cancer Institute
{NCI} has recommended a scheme for the classification of hepatocel-
Tular tumors and reltated lesions in rats. These recommendations have
not been universally accepted, but are utilized in many of the reports
of PCB carcinogenesis. The NCI classification scheme is extensive and
specific in defining neoplastic lesions. It was concluded by NC! that
benign hepatic cell tumors, i.e., without potential for malignant be-
havior, could not be diagnosed consistentiy. Therefore, terms such as
Yadenoma," which refers to a benign tumor, were not recommended. It
was also determined that the term “"hepatoma,” used to dencte a benign
Tiver tumor, was imprecise in its usage and was not recommended for
the description of any of the lesions under discussion. In contrast
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to tradition, detectfon of vascular invasion or metastases was rot
considered by NCI to be essential for the diagnosis of hepatocellular
carcinoma. Instead, the utilization of inclusive cytological criterta
describing changes which may or may not have the potential to become
the disease process we call cancer, including many responses which
will never progress to cancer, was accepted at the expense of the more
definitive criteria of malignant or invasive neoplasms.

The first report of PCB-induced tumors was that of an increased
tncidence of hepatomas. A later publication of the first study, which
appears to have included the animals from the original report, terms
the previously described hepatomas as well-differentiated hepatocel-
1ular carcinomas. Similarly, another study describes the production
of hepatomas by PCBs in mice, but later the hepatomas are described as
neoplastic nodules. Changes in liver cellular morphology were
observed in mice only when the PCB chlorine content was 52% to 54%,
and then only at exposure levels of 300 to 500 ppm. Lower doses did
not produce tumors, angd those PCBs with a chlorine content below 52%
to 54% did not induce tumors. Further, the reported study of PCB-
induced cancer in mice included only 12 mice studied for 32 weeks.
This is not an acceptable bioassay procedure because of the small num-
ber of experimental animals used and the short time of exposure.

Also, there was an inconsistency in reporting terminology. The liver
changes were reported as hepatocellular carcinoma and also as hepato-
mas or tumors or nodular hyperplasia. A better bioassay was performed
later that included larger numbers of test animals exposed for longer
periods of time, and no increased incidence of tumors was reported.
Subsequent studies were consistent with this larger study, and the
majority of scientific literature supports the claim that PCBS are not
carcinogenic in mice.

Similarly, only PCBs with a chlorine content of 50% produced
those cellular morphological changes in rat liver that were classified
using NCI guidelines as hepatocellular carcinoma. However, this same
PCB mixture was tested in another strain of rat and did not signifi-
cantly increase the incidence of tumor formation. Moreover, four
other studies alsoc failed to show any PCB-induce¢ tumors. With one
exception, there is a consistent absence of reports finding PCB.
induced hepatocellular carcinomas. Again, those PCBs with a chlorine
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content below 52% to 54X did not produce tumors 1n rats. These
resuits are similar to those for mice. Neither were tumors induced
when the average PCB chiorine content was 52X to 54X. The two studies
using an average chlorine content of 60% reported no induction of
hepatocetlutar carcinomas.

There is only one report of PCB-induced hepatocellular carcinoma
in rats  Since this report used the criteria developed by NCI for
classifying liver pathology, we must weigh the importance of this
report against the majority whose data are negative. As previously
stated, utitization of these inciusive cytological criteria to define
cancer will define some hepatocellular changes as cancer that wil}
never progress to cancer. Furthermore, investigations have shown that
the vast mijority of regenerating or hyperplastic nodules reported as
cancer dissppear upon removing the animals from the chemical exposure.
While some investigators have considered the use of the tnciusive
cytological criteria for classifying hepatocellular lesions, many have
refected this classification scheme because of its lack of diagnostic
discrimination. Thus, the single report of PCB-induced cancer in rats
uses a pathological description in opposition to the usual terminology
for describing a benign tumeor.

Chemical carcinogens are those substances capable of initiating
cancer. (ancer is defined as the production of 1ife-threatening
malignant tumors of potentially unlimited growth that expand localiy
by invasion and systemically by metastasis. Chemical carcinogens
irreversibly initiate and ultimately produce cancer. This is an
important distinction and requires careful and accurate evaluation of
the kind of tumors produced. Chemicals that promote benign tumors are
not carcinogens. Therefore, tumor type is critical to determining
whether a compound is a carcinogen. Failure to distinguish between
tumor types will place equal importance on test results regardless of
whether a malignant or benign tumor is produced as a result of expo-
sure to a chemical. Therefore, it is absolutely essential to define
the tumor type associated with chemical exposure to be able to evalu-
ate the outcome and apply the data to humans.

Equally important, it is essential to determine the mechanism by
which tumors are produced. Failure to distinguish the mechanism by
which tumors are produted will place equal importance on chemicals
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which are initiators (genotoxic) and on those which are promoters
(epigemetic). The following discussion of cancer will make the impor-
tance of this point clear.

Initiation of cancer 1s the process of producing damage to ONA of
a magnitude sufficient to be sustained, but of a nature which permits
cell survival and thereby predisposes the capacity of uncontrolled
growth. Those cells containing damaged DNA then produce clones con-
taining an inheritable mutation. Mutagenicity is defined as produc-
tion of an inheritable aiteration in the genome of a cell. An altered
genome will increase the probability of cellular dysfunction. There-
fore, inheritable mutations or initiation of genes responsible for
cellular regulation increase the probability of producing cancer, a
condition of regulatory dysfunction expressed as uncontrolled growth.
Since mosi mammalian genes exist in allelic pairs and the malignant
phenotype 1is probably recessive for nonviral induced cancers, a reces-
sive mutation would not normally express itself as cancer until a sec-
ond mutation occurred in the other allele., While there is normally a
Tow probability of this occurring spontaneousty by chance, given
enough mutations in enough cells and a prior inheritance of suscepti-
ble genes through the germ cell line, the chance of having a success-
ful mytation within both alleles of a critical gene, thereby producing
a dysfunction in cellular regulation like cancer, becomes probable.

Thus, we can easily see how genotoxic agents (initiators) can
apply selective pressure upon the cell toward the cancerous state.
However, in our most often used test species, the mouse and the rat,
there is a normal background incidence of the initiation process lead-
ing to cancer in the liver. Thus, where there is a history of spon-
taneous cancer incidence, there is 1ittle doubt that cancer wiil oc.
cur; only the rate and the time required to develop cancer (latency)
is unknown. In this situation, the risk of cancer increases with time
and the magnitude of the initiated response is a cumulative probabil-
ity. In rodents, several factors have been shown to alter their back-
ground cancer incidence including total dietary calories, fat contant,
vitamin £, stress, crowding, and gender. Therefore, to define a chem-
fcal as a carcinogen (finitiator) rather than another promoting factor
in these species by using changes 1n liver cytoarchitecture requires
proof that the chemical is an initiator and not a promoter of the
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spontaneously occurring disease state. To do this, it must be shown
that the compound initiates sustained damage to DNA in a dose-
dependent manner,

On the other hand, promoters are chemicals that mod1fy gene ex-
pression and cellular communication. Promoters can alter the ability
to control various genes, thereby providing a selective growth advan-
tage. Promotion is defined as enhancing the selective proliferation
of previously initiated cells. 8y definition, promotion camnot occur
until a critical gene is initiated. Wounding, growth stimuli, necrg-
sis, inflammation, and certain chemicals can selectively and rapidily
allow cells containing the mutated gene to form a clone of semiiniti-
ated cells., C(Cell death, cell trauma, and cell hyperplasia are all
produced by PCBs and can be expected to yield conditions favoring
preferential growth of (promotion of} previously initiated cells, One
can safely generalize that the tumorigenic properties of PCBs result,
at least, in greatest part from alteration of the homeostasis of con-
trol mechanisms. Thus, changes seen in rodents with a high incidence
of liver tumors must be interpreted carefully so as not to mistake
toxic responses and promotion for initiation. Additionally, processes
only promoting cancer in situ would be expected to regress upon re-
moval of the promoter and not change the ratio of metastasizing to
nonmetastasizing tumors. It is noteworthy that often such appears to
be the case with 1iver cancer in rodents produced by cyclic chlori-
nated compounds.

In summary then, it has been documented that PCBs do not increase
the incidence of tumors at any site except the rodent liver., Liver
tumors are a common part of the natural disease process of rodents.
Thus, changes seen in rodents with a natural history of a high inci-
dence of liver tumors must bDe interpreted carefully so that toxic re-
sponses and promotion are not mistaken for initiation. Liver cell
death, trauma, and hyperplasia are all produced by PCBs and can be
expected to yleld conditions favoring preferential growth of cells
with dormant neoplastic phenotypes. Therefore, one can safely gener-
alize that the tumorigenic properties of PCBs in the rodent liver re-
sult, at least, in greatest part from these alterations of homeosta-
sis, The following summarizes the data delineating P{Bs as a poten-
tial promoting agent (epigenetic} but not an initiator (genotoxic car-
cinogen).
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Comparison of the Characteristics of Promoting Agents and Effects of
PCBs

1. Promoters produce increases of spontaneous tumors at selected
sites. PCBs produce only liver tumors.

2, lumors produced by promoters usually do not increase the
metastatic characteristics of spontanegus tumors of the same
site. PCB-increased liver tumors do not metastasize.

3, Promoters do not produce transplantable tumors unless the
naturally occurring tumor is capable of transplantation, PCB
tumors do not transplant.

4. Tumors influenced by promoters are often affected by factors
such as nutrition, stress, chronic injury, and sex of the
animal, Liver tumors are affected by these factors.

5. Promoters need not be mutagenic. PCBs are not mutagenic,

6. Neoplastic lesions increased by promoters may be reversible,
PCB-increased liver tumors regress,

7. Progression of differentiation of neoplastic lesions
increased by promoters often ceases when the stimulus is
removed. Continued presence of PCBs is required to sustain
11ver neoplasia.

8. MNeoplastic effects of promoters are usually associated with
the chronic dysfunction of the affected site. PCBs produce
chronic hepatotoxic responses.

9. Promoters do not necessarily increase the effect of carcino-
gens acting at the target site. PCBs reduce the response of
several other liver carcinogens,

10. Promoters affecting the 1iver often increase microsomal
enzyme activity and eventually produce evidence of metabolic
dysfunction. PCBs stimulate LME and produce metabolic dys-
function.
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11.

12,

Promoters rarely, 1f ever, increase tumor Incidence at expo-
sure levels producing no toxic effects. PCBs are tumorogens
only at toxic doses.

Promoter effects often require continued presence of the
stimulus. Contynued presence of PCB is required to sustain
neoplastic alterations of the liver,

Comparison of the Characteristics of Carcinogens (Initiators/Genctox-

ic) and the Effects of PCBs

Carcinogens usually produce neoplastic lesfons at multiple
sites. PCBs increase lesions of the liver only.

Carcinogens often increase the malignancy of spontaneous tu-
mors at the same site. PCB-increased liver tumors are of low
malignancy.

Carcinomas irreversibly progress once a critical tissue mass
1s established. PCB-increased tumors can regress.

Carcinogens produce tumors which metastasize, PCB-increased
liver tumors do not metastasize.

Carcinogens produce lethal tumors. PCB-increased liver tu-
mors are not lethal.

Carcinogens produce transplantable tumors. PCB-increased
liver tumors do not transplant.

Carcinogens are often effective at single exposures. PCBs
Increase liver tumors only after prolonged, continuous
exposures.

Carcinogens are often active at nontoxic doses. PCBs only
increase liver tumors at hepatotoxic doses.

Initiators are mutagens. PCBs are not mutagens and therefore
are not initfators.
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[t 1s apparent that the neoplastfc effects of PCBs match the def-
initions of a promoting agent and do not match the definitions of an
initiator.

It might also be mentioned that Butler and Jones {1978) have pre-
viously stated that certain compounds, especiaily persistent chlorin-
ated compounds including PCBs, increase the incidence of only liver
tumors in rodents and that these tumors may not be malignant. In
fact, halogenated chemicals are the most numerous class of chemicals
to induce rat or mouse liver tumors alone, and most are known not to
be mutagenic. These chemicals produce liver cell damage and regenera-
tion and/or induction of hypertrophic and hyperplastic changes. Thus,
1t 1s 1ikely that these nonmutagenic chemicals are causing rodent
tumors by an epigenetic mechanism.

This distinction concerning the halogenated hydrocarbons has been
noted by other scientists as well, For example, Weisburger and Wil-
11ams have stated:

Validation of this concept of a promoting rather than a
genotoxic action of chlorinated hydrocarbons 1s not only an
important distinction from a theoretic point of view, but is
even more relevant in terms of regquiatory actions indicated
to prevent chronic disease,

They further reiterated this idea by stating:

If, on the other hand, no convincing evidence for genotox-
icity is obtained, but the chemical is carcinogenic in
animal bioassays, then the possibility exists that the chem-
ical 1s an epigenetic carcinogen. The strength of this con-
clusion depends on the relevance of the in vitro tests. For
example, the finding that certain stable organochlorine
pesticides do not display genotoxic effects in lTiver cel)
systems, which are identical to the in vivo target cell for
these carcinogens, strongly supports the interpretation that
these carcinogens may act by epigenetic mechanisms. The
nature of these mechanisms is poorly understood at present
and is probably quite different for different classes of
carcinogens. They may invqlve chronic tissue injury,
immunosuppressive effects, hormonal imbalances, blocks in
differentiation, promotion of pre-existing altered cells, or
processes not yet known.

In conclusion, we have raised the question, Does one experiment
utiiizing prolonged exposures at high levels, in a singie sex of a
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single strain, incriminate commercial PCBs as a carclinogen? To answer
this question, we have reviewed the pertinent current theories of
carcinogens, the scientific body of knowledge which supports these
theories, and have provided an analysis of the chemical carcinogenesis
testing performed with PCBs. On the basis of the data that have been
reported in the last few years, PCBs do not appear to be carcinogens
(1nitiators).

At worst, PCBs at high or elevated doses meet some of the cri-
teria for a chemical promoter, f.e,, they enhance tumor growth through
epigenetic mechanisms but do not induce new tumor growths. This dis-
tinction is of extreme 1mportance and can be made based upon the known
mechanisms for initiators and those for promoting agents., PCBs demon-
strate many characteristics of the latter and none of the former, A
further importance of this distinction is that PCBs have only been
shown to possess a weak promoting activity, at most. Therefore, the
thresholds both proposed in theory and observed in animal studtes sug-
gest that there are safe exposure levels for PCBs.
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3. RISK ASSESSMENT AS PART OF THE REGULATION OF PCBs: STATEMENT
OF PURPOSE, NEED, AND LIMITATION

The increasing use of chemicais and our ever-growing realization
of their impacts on human health necessitate a scientific basis from
which to determine the Targest quantity of a chemical, if any, that
could be absorbed over an indefinite period without producing adverse
health effects. For this purpose, the toxicologist has long relied on
dose-response relationships to guide extrapolation downwards from the
observed range to estimate a “safe” dose. A general premise of toxi-
cojogy has been that the extent of induced adverse effects 1s ciosely
related to the extent of exposure. Some interested parties have
called for an exception to this established toxicological concept,
suggesting that chemicals should be considered either as carcinogens
or noncarcinogens, regardless of dosage involved. Many toxicologists
continue to maintain that carcinogenesis, although compiicated, 1s n
fact consistent with classical toxicological concepts. Nationai ef-
forts have been made by several government agencies to develop a data
base for evaluating test procedures used in the detection of cancer,
as well as to develop methodologies for performing risk estimations
for chemically induced cancer.

Undeniably, chemical technology has in a large measure contrib-
uted to the achfevement of the present standard of iiving, [t has
produced many of the tools and resources needed to reduce human suf-
fering and to modify selective pressures of the environment. Accompa-
nying these benefits, however, is the possibility that tox ¢ proper-
ties of certain chemicals have the potentiai to threaten man‘s health,

- MONS 212975



Therefore, a rational policy for chemical utilization is to produce
the highest standard of living consistent with a quantitatively ac-
ceptabie hazard-to-benefit ratig.

A product containing chemicais should be approved for use if
there is an acceptable margin of safety between the anticipated expo-
sure and Lhe levei estimated as hazardous to humans or the environ.
ment. Yet, to accomplish this task, the toxicologist.must face the
dilemma of estimating the risk to an enormous and variable human popu-
lation by extrapolating the hazards determined from studies conducted
on smal) numbers of environmentaliy controiled and genetically homo-
geneous experimental animals. With the limitations of present experi-
mental and theoretical techniques, there is considerable potential for
error in assessing both sides of the hazard-to-benefit ratio., For
thes® reasons, the 1imitations of toxicological evaluations should be
cleariy stated. [t never has been, and is not now possible to guaran-
tee absolute safety, Smail populations of experimental subjects,
either animal or human, may provide an imprecise estimate of hazard
for comparison to a large human population of variable genetic disease
states, cultural backgrounds, and ages. Ways of overcoming these 1im-
{tations are slowly being recognized, and techniques for extrapolation
must make maximum use of available data.

Thresholds

As a prologue to the discussion, it must be stated that we should
resist falling into the intellectual and experimental quagmire called
“"threshold" and the mischief of "value judgement." There is no mathe-
matical reason to distinguish cancer from many other toxicological
effects. For cancer or any measurable response that may theoreticaily
Tack a threshold, the no-effect dose merely becomes a sampie-sile-
dependent phenomena. To argue threshold is to obfuscate. We will
later deveiop the thesis that time is the critical point of considera-
tion.

The concept of a threshold dose {is based on the premise that un-
less a specific set of conditions exists, some smaller dose will not
produce the measured effect. For carcinogens (i.e., 1nitiators},
since tnere always exists the possibility of a response, the threshoid
ifmits of an effectively measured response only depend upon the sample
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size 1n A statistically significant evaluation. This does not mean
that thresholds do not exist, nor does t mean that thresholds cannot
be estimated 1n a practical manner It does not mean that bounds can-
not be established, It only means that thresholds are not absolute
and cannot be defined with absolute certainty. In fact, 1f known,
they might yieid little practicz) relief %o our current dilemma, since
under the preceding limitations time, rather than dose, may become the
eritical and determining factor of risk. This stems from our percep-
tion that as the dose decreases the latency period increases. There-
fore, time is the most appropriate medium to describe the magnitude of
excess risk or reduced quality and guantity of 1ife due to neoplast:c
lesions. Finally, we have demonstrated that PCBs are not genotoxic;
therefore, the no-threshold arguments do not apply,

Germane to the modification of risk determinations by combining
socially accepted values is the consideration of the hazard/benefit
margin, Some chemicals may be considered essential insofar as there
is no substitute process considered less hazardous, or for which the
requirements of a repiacement strategy outweigh or replace the origi-
nal health concerns. For such chemicals, a relevant approach to con-
trolling the risk s to permit only those uses for which the absence
of hazardous exposures of the chemical can reasonably be assured. The
cornerstone of this strategy requires that we define the hazard, then
determine the amount of exposure which is not expected to be hazard-
ous, which in turn defines the limits of the sensitivity of the ana-
lytical methodologies required.

Rephrased, the requirements of the analytical methodology and the
limitations of chemical use would be defined toxicologically by the
acceptable risk rather than as a function of the state of the art of
analytical chemistry., The alternatives, ero-residue ruies {such as
found in the Delaney [lause) or risk analysis based upon an endless
series of conservative presumptions, are inadequate and unusable 1in
several respects. Such alternative approaches provide a false sense
of security by 1gnoring the probiem of "false negatives,” which may
result from chance or inadequate testing. [n addition, they encourage
poor and limited experimentation, since the less we do and the less
precise we are, the less chance we have of determining anything at a
statistically signmificant level. Moreover, these alternative
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approaches capriciously eliminate from consigeration the use of chemi-
cals whose benefits might be documented to outweigh a worst-case cail-
culation of the carcinogenic hazard.

Value Judyement and Emphasis

Ambiguities in the process of articulating an acceptable safety
policy will automatically arise if proposed criteria require incorpor-
ation of Lhe unobtainable goal of attempting to prove scientifically
that no deleterious effect wili take place, 1.e., to prove the absence
of the possibility of an occurrence in some future time. Examples
have been described by Or, Alvin Weinberg as “transcience." Such a
policy postulates society's need to insure an absence of pasitive
findings beyond the range of the methods available for data collec-
tion. Toxicologists' tools, however, are limited to experiments em-
ploying the scientific method. These experiments are usually designed
to establish that phenomena resulting from repeated experimental ma-
nipulations are real, are not artifacts, and have not occurred simply
by chance,

We are all aware that positive as well as negative findings may
be artifacts and that in most scientific disciplines there is a posi-
tive reward for investing in adequate techniques and replication of
experiments. Insistence on any desired degree of assurance against
making a wrong conclusion is standard operating procedure, The gual-
ity of safety evaluations will suffer if we adopt ingrained unidirec-
tional attitugdes which demand that, once we find a positive carcino-
genic effect, no number of negative studies provide an adequate coun-

terbalance. Such attitudes inappropriately ignore false positives and
discourage rigorous and repeated experimentation by even the most re.
sponsible sponsor. In addition, this emphasis places the sponsor and
the conscientious regulator alike in the position of being bludgeoned
with experiments carried gut by third parties under conditions that
often are not appropriate for safety evaluation or for which the re-
sults have not been validated. This dilemma ferments frustration, and
{nevitably intellectual problem-solving deteriorates into arguments of
the wrong issue--for example, thresholds.
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why Are Traditional Models inapplicable?

When direct measurements are impossible, assumptions must be made
if we are to be able to extrapolate a cancer hazard from animal stud.
ies at relatively high dose rates to human population cancer hazards
at intermittent and low dose rates. Thus, one set of assumptions we
must face concerns the description of the function reiating the real
hazard measured at high dose rates to a theoretically estimated animal
risk 4t low dose rates. The magnitude of low dose risk is highly de-
pendent upon the assumed shape of the dose-response function, and for
neoplastic disease we must consider time. Unfortunately, the shape of
the curve at low dose rates for most models {is much more sensitive to
manipulating the extrapolation procedure than to the experimenta}
data. This has led to the discouraging observation that, for most
models advanced to date for regulatory purposes, extensive experimen-
tation and quality assurance means less than arbitrary mathematical
manipulation, e.q., worst-case confidence limits.

The extreme differences between models for extrapolating to low
risks have been reviewaed in detail eisewhere and a summary is pre-
sented in Table 3-1. The probit, logistic, and one-hit curves can all
be shown to calculate that one-fourth of a dose producing a 50% tumor
incidence will produce a 16% tumor response. The families of curves
generated by these models are indistinguishable in the range usually
described by most experiments, that 1is, the 8% to 92X tumor response.
However, several thousand animals would have to be tested wn order to
distinguish with confidence between predictions by the probit and lo-
gistic models n the 2% to 4% response. Hence, extreme differences
between the estimated doses generated by the three models are noted
when extrapolating to an upper confidence of no more than a one 1n a
million risk,

The "extreme value" curve, another possible mode!, would gener-
ally lie between the probit and logistic, depending on the slopes se-
lected. The choice of an extrapolation mode! 15 critical, but the
parameters to be adjusted in the use of the model, particularly the
slope and upper confidence intervals, are even more critical,

The logistic analysi1s can also be rejected because the logistic
function, as originally proposed by Reed and Berkson 1n 1923, 15 an
empirical form of a series of at least six equations obtained by data-
fitting and not by any form of derivation. In addition, the forms of
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Table =1

DOSES REGUIRED TO PLACE UPPER LIMITS
ON ESTIMATED RISKS

Cotimated Rimk Probat Logietic

One-Hyt
1073 1/67 1/323 17718
1076 17714 1/9.8 x 10° 1/7.14 x 10°
1072 1/2080 1/6.3 » 10° 174 x 107
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the logistic are uncertain since different investigators use different
equations, and the different slopes and intercepts thus obtained are
without physical meaning, even 1n well.defined chemical or biochemical
systems. lhe logistic equation has a mathematical form similar to the
Hill equation that s based on the mass-action law. Thus, there seems
to be no reason to use the logistic function,

Even for a particular model, for example the probit, nondata fac-
tors influencing the model can produce widely different extrapolation
results (Table 3-2). For comparative purposes, dose-reduction factors
for a risk not to exceed one in a million are given in Table 3-3 using
probrt of slope of one.

It is obvious that application of the most refined methods of
observation or changing diagnostic criteria can lower any observed
threshold. For example, if we consider hyperplasia as the endpoint
rather than neoplasia, we shift the threshold. Repeating the bioassay
w1l] demonstrate variability even among genetically equivalent indi-
viduals, Phenotypic heterogeneity of any population and micro-
environments will be expressed and will influence the responses ob-
served. Almost all toxicologists belreve that for any compound and
for given conditions a "biologically insignificant dose" exists,

There is little doubt that this is true; however, so far no acceptable
approach has emerged for cancer risk assessment since a consensus on
the definition of "insignificant" has not been reached,

Low Dose Models

Most investigators grappling with low dose extrapolation problems
agree that we must continue to develop mathematical models describing
hazards from carcinogenesis, A more fundamental insight into the re-
lationship which undoubtedly prevalls between dose and excess response
at low constant dose rates is of critical importance. Much effort has
already been expended. Crump et al. (1), Guess et al. (4), and Peto
{5) have invoked certain hypotheses of carcinogenesis to argue that
the possibility of linear responses at low doses must be considered.
For example, Crump et al. (1) and Guess et al. (4) offer the prodos:-
tion that the probabiltty, P(d), of response at dose rate 3$ given by:

P(d) = l-exp[-(agy + a1d + a2d2 + .01, a2 0.
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Table 3-2

FRACTION OF EXPCRIMENTAL DOSE YIELDING IERQ TUMDRS
USING PROBLT EXTRAPOQLATION WI1TH DIFFERENT SLOPES
FOR AN ESTIMATED RISK NOT TO EXCEED
ONE IN 100 MILLION

Frection of Doess X Not Excesding Risk

Tumers Dbastved

ot Qoee Slope = 1 Slope = 1,5 Slope = 2.0
0/50 X/18,000 X/6%0 X135
0/100 X/ 8,300 X/610 X9
0,500 X/ 1,800 150 X7 42
0/1000 X/ 1,000 X/100 X/ 32
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Teble 33

FRACTION OF EXPERIMENTAL DOSE USING PROBIT EXTRAPOLATION
WITH A SLOPE OF ONE WHICH IS CALCULATED TO PROOUCE AN ESTIMATED
UPPER LIMIT RISK NOT TO EXCEED OME IN A MILLION

Tumure Observed st Doss X Fraction of Experimental Dossge
0/50 X/2,500
0/100 X/1,140
0/500 X/ 250
0/1,000 X/ 160
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When P(d) is small, the excess risk P(d)-(0) 15 approximately
P(d)-P(0) = ajd + apd2 « ...,

and the pseudo-question of nonthreshold low-dose linearity for pur-
poses of inodeling is determined by whether or not the coefficient aj
is zero, There are plausible assumptions, such as detoxification
mechanisms, ONA repair, or the necessity for multiple molecular inter-
actions, that lead to a; = 0. There are also plausible assumptions
for some agents that can lead to positive values for a;. We will
almost never have the knowledge to completely discriminate between
these alternatives. Acceptable approaches to extrapolation must make
efficient use of what experimental data we have or can get. I[njection
of value judgements, such as selected worst-case confidence )imits in
place of central expected values for the coefficients a), incorpor-
ates a bias value judgement into the extrapolation procedures that
aimost always outweighs the information inherent in the data. when
one applies selected worst-case confidence limits rather than the cen-
tral expected value (i.e., the most likely value) for aj 1t is
equivalent to accepting that aj; 15 positive. At low dose rates,

this value judgement (such as an arbitrary worst-case confidence 1lim-
1ts) dominates the remaining terms, The requirement to use upper con-
fidence Timits rather than central expected values in fact guarantees
that models will yield nonthreshold linearity at low dose rates. Mas-
querades should not be necessary. If a policy calls for the selection
of nonthreshold linear models, let us state so clearly and forth-
rightly., The arguments associated with masked conservatism have be-
come redundant, predictable, and intellectually unappealing.

The lack of mathematical logic supporting certain value judge-
ments becomes apparent when they are applied to the procedures of
Crump et al. (1) and Guess et al. (4), Techniques become untenable
when they are insensitive to responses at experimental dosages and
fail to distinguish between low levels of potent carcinogens and non-
carcinogenic substances. Guess et al. (4) have documented this by
constructing two sets of dose response data for a noncarcinogenic
agent, One simulation contained 150 responses at each of 10 dose
rates, while the second was made up of 300 responses at each of 5 dose
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rates, In both cases, as was predicted, the 30% upper confidence
limit on a; was positive. It then follows that the upper confidence
1imits on curves relating 1imits of possible extra response to dose
rate will always appear to be linear at low dose rates. The predicta-
bility of false positive prediction of nonexistent risk supports the
contention that the value judgement inherent in the use of worst-case
confidence limits is not always appropriate. Value judgements should
be delineated or completely separated from the quantitative use of
mathematical models,

Another example of a mathematical procedure is provided by Gaylor
and Kodell (3) in their study of 14 sets of toxicological dose re-
sponse dala previously described by the Scientific Committee of the
food Safely Council (2). The behavior of a gamma multihit mode! was
purported to be compared to the Armitage-Doll multistage model for low
dose extrapolation using the technigue given by Crump et al. (1), The
Gaylor and Kodell Armitage-Doll multistage model results did not
exactly agree with the Scientific Committee of the Food Safety Council
data because the limits calculated by Gaylor and Kodel did not assume
a maximum degree of dose in the exponential term, whereas the limits
calculated by the Food Safety Council took the degree of dose as
fixed. Gaylor and Kodell (3) concluded that: "Conceptually linear
extrapolation would (should) be more conservative, but this is not the
case in actuality, apparently because more stringent mathematical as-
sumptions and conditions are required" (by the gamma one-hit mode}).
Selected examples are given in Table 3-4,

The examples given in Table 3-4 reinforce the recommendation mace
by the Scientific Committee of the Food Safety Council (2) caliing for
reason when mathematical interpretations affect real-life decisions:

Although the value judgement {nvolved in the use of conser-
vative risk assessments may seem appropriate in the light of
the many scientific unknowns {nvolved, once formalized as a
specific mathematical procedure it escapes the control of
the decision-maker and can lead to undesirable and unsound
results by distorting the balance between risk and benefit,.
We, therefore, recommend the separation of the mathematical
and societal aspects of the problems, with the extrapolatien
procedure chosen to provide 'best estimates' of risk as well
as their upper or lower limits,

The toxicological and mathematical uncertainties associated with
extrapolating risks from relatively hign experimental dosages in
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Table 3-4

LOWER 97,5% CONFIDENCE LIMIT FOR OOSAGES PREDICTED
TO HAVE A RISK OF LESS THAN OME MILLION IN RODENT POPULATIONS

Dose Sci1, Com.
Substance Unit FSC 1978 Linger Armitage-Ooll
-5 -6 -6
Afletoxan By ppb 3.4 x 10 7.9 x 10 5.9 x 10
- -4
Vinyl Chloride ppm 1.6 x 10 ’ 7.1 x 10 5.2 x 10-6
-i} -8 -
Ethylenethioures ppm 4.4 x 10 1.0« 10 3,2 x 10
Dieldrin ppm 9.8 x 1078 5,7 4107 2.9 x 107
- -5 -
por ppm 2.0 x 10 2 3.4 x 10 2.6 x 10 3
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animals to low human exposure leve'ls are often ci:ted as a pringipal
concern of those who call for complete prohibition when a chemical has
been "demonstrated” to be a carcinogen. A slight modifrcation of this
approach 1§ to use a series of conservative assumptions for data
presentation followed by linear extrapclation or eguivalent "model™
use from upper confidence limits of the experimental results to a zero
response at zero dosage. Since rodents, the principal bioassay
species, have substantral rates of néoplastic disease at many sites,
such an approach invites the option of dectaring almost any thoroughly
studied compound a carcinogen, PCBS are just such an exampile when one
weighs all the negative studies against the single positive study of
Kimbrough,

Evaluation of Criterta and Calculations of Risk from PCBs for Hu-

mans by Lrump
We have now discussed the tack of mathematical logic supporting

use of certain value judgements. In addition, Crump violated hi's own
criteria for justifying the selected model for PCB risk analysis,
This can be demonstrated with Crump's own words. Crump states 1n ex-
ptaining his approach to risk anatysis for PCBs:

Tumors of so many different types arise i1n such a diversity
of different tissues, their etiotogy 15 so little under-
stood, and the agents that cause tumors affect a subject sn
such diverse ways, that it might seem that no generatl con-
ciusions can be drawn. However, for a certain broad class
of 'directiy-acting' chemical carcinogens the range of un-
certainty associated with the shape of the dose response
curve at low doses can be greatly narrowed. As used 1n this
paper, the term "directly-acting carcinogen" encompasses
{Guess, Crump and Peto, 1977) carcinogenic agents for which
either the agent itself or a metabolite acts directly at the
ceilular level and produces a hereditabie change which even-
tually leads to the formation of a tumor. Carcinogens which
are carcinogenic by reasons of their mutagenicity should
fall into the category of 'directly-acting carcinogens.'
Accordingly, carcinogens which test positively using the
Ames mutagenicity screening test for carcinogenicity are
very likely to be directly-acting,

The available data suggest that even 1f Crump's statement was
true, the concept could not be appropriately apptied to PCB risk
analysis since PCBs are not direct-acting carcinogens as demonstrated
by screntific literature  For example, the Ames assay utilizes
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Salmonella typhimurium to detect reverse-point mutation at the histy-
dine locus. Oniy é4-chlorobiphenyls have demonstrated any activity in
the Ames 1538 tester strain. In this same study, PCBs such as 2, 2',
5, 5' tetrachlorobiphenyl, 1254, and 1260 were negative. In subse-
quent studies, not even the positive for monochlorobiphenyl could be
reproduced.

It has been demonstrated that PCBs do not cause significant clas-
togenic effects in rat bone marrow or sperm cells even at high doses.
Aroclor 1242 was given at a single dose of 1,250 to 5,000 mg/kg and at
500 mg/kg for four days (a regimen causing the condition of the ani-
mals to deteriorate), while Arocior 1254 was given at doses of 75 to
300 mg/kg for five days. These findings are consistent with the lack
of chrompsoma) aberrations observed in human lymphocyte cultures with
doses of 100 mg/kg Aroclor 1254.

The possible mutagenicity of PCBs has atso been studied using the
dominant lethal test. There was no statistically significant increase
in the number of dead implants, again at high dosages of Aroclor 1242
and 1254. This test, the dominant lethal assay, has been repeated and
again the results were negative. PCBs do not have significant muta-
genic potential,

Crump continues to try to justify his models and approach taken
for risk estimation for PCBs by stating:

A partial solution to the low-dose extrapolation problem for
the case of directly-acting chemical carcinocgens has been
given in Peto (1977{, Crump, Hoel, Langley and Peto (1976),
and Guess et al. (1976). The key result 15 that, at least
as long as background carcinogenesis 1s present, we should
expect the dose response curve not to be absolutely flat at
zero dose. What this means 15 simply that when risk is
ptotted against dose response on ordinary linear scales, the
tangent 1{ne to the dose response curve at zero dose should
have a positive slope. When a dose response function has
this property we will say it {s linear at low dose.

Crump also offers a possible explanation of why the dose response
function should be linear at low dose when background 15 present
(Crump, et al. 1976), as does Peto (1977), which will be briefly out-
lined here. Crump et al. and Peto argue that when background carcino-
genesis is present, tne cellular mechanisms through which the test
agent produces cancer should already be operative in producing back-
ground tumors. When this is true, the effect of the test agent is to
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add to any already ongoing process. The dose response curve 15 for
all tumors produced through the mechanisms through which the test
agents acts. Background carcinogenesis is allowed for oy an effective
background dose d,. In this case, the added risk caused by a dose ¢
of the test agent could be expected to increase approximately linearly
near d = 0 (i.e., the tangent line at d = 0 will have a positive
slope). Implicitly assumed 15 the fact that an added dose of a car-
cinogen acting through this mechanism does not produce a smaller risk,
If background carcinogenesis 1s allowed for by positing an effective
background dose d, estimated from the data, then the wide range of
risks obtained using different models effectively disappears {Peto
1977) because they atl approach a simple linear modet.

The Crump and Peto argument does not apply to PCBs. That the
1iver cancer rate induced by direct-acting carcinogens is not added to
by PCBs has been demonstrated on several occasions. The effects of
PCBs on carcinogenicity of various chemicals have been investigated by
numerous groups. Kanechlor-500 in combination with 3' methyl-4.
dimethylaminoazobenzene, N-Z-f1uoreny1acetam1de, and diethyinitrosa-
ming in the ciets of rats markedly decreased the formation of hepato-
carcinomas. Kimura et al. demonstrated that pretreatment with Kane.
chtord0) in diets of rats 4 months prior to and 2 months during treat-
ment with 3' methyl-4-dimethyulaminoazobenzene protected the rats
against the formation of hepatocarcinomas induced by this carcinogen.

The two-stage system of mouse skin tumorigenesis allows one to
evaluate ¢ritically the initiation and promotion phases of carcinogen-
esis individually. This system allows one to study the effects of
modifiers on initiation and promotion separately in 2 skin carcinogen-
esis assay. The results of Berry et al. demonstrate that PCBs possess
the capacity to decrease tumor inftiation in a mouse skin assay and
that at the doses utitized, PCBs had no nitiating or promoting prop-
erties. Their study tested PCBs for promoting activity wn mouse skin
with a high {200 nmol} {nitiating dose of DMBA. In a 30-week treat-
ment pericd, the normal DMBA-inititated, TPA-promoted controls yielded
approx'mately 8 papillomas per mouse. PCBs (at doses of 100 ug/mouse
given twice weekly) did not promote the development of skin tumors.
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When tested without DMBA initiation, P(Bs drd not demonstrate any car-
cinogenic activity. PCBs did not produce any observable skin lesions.
Crump himself invalidates the model's use with the linear low

dose assumption for PCB risk analysis when he states:

The evidence for iow-dose-linearity given above applies

mainly to directly-acting carcinogens. An findirectly acting
carcinogen might be one which causes some gross physiologi-

cal change such as suppression of ovuiation which could pre-
dispose the subject to cancer. For such carcinogens the

shape of the dose response curve at low dose is highly spec-
utative, There could possibly be a threshold dose below )
which t?e agent has no carcinogenic effect at all on an in-
dividual.

The reader should be reminded that for the purposes of the dis-
cussion, promoter and indirect carcinogen can be used interchangeably.
That PCBs are at worst an indirect carcinogen 1s supported by a large
amount of data. PCBs induce microsomal mixed-function oxidases and
cause hepatomegaly in rodents and other mammals. Heptomegaly has been
interpreted by Kimbrough to be the result of the hypertrophy of indi-
vidual hepatocytes. Hyperplasia aiso commonty occurs and increased
mitotic activity can occasionally be noted. Hepatocytes enlarge and
may accumulate lipid in their cytoplasm. At the ultrastructural
level, entarged hepatocytes show an increase in smooth endoplasmic
reticutum and inclusions within the cytoplasm, which appear like con-
centric whorls, surrounding 1ipid vacucles. Morphologic changes in
the mitochondria have atso been described (Kimbrough et al. 1972).

In addition to these alterations, PCBs induce experimental hep-
atic porphyria. In the rat, experimental hepatic porphyria only oc-
curs in the Sherman strain femate. This observation indicates a
unique sensitivity for the Sherman female rat. On microscopic exami-
nation, an increase in macrophages and prominent Kupffer cells con-
taining brown ceroid pigment and necrobiosis of liver cells 1s promi-
nent., Lipid accumulates in the cytoplasma of hepatocytes, resulting
at times in hepatocytes with foamy cytoptasm.

Acute as wall as chronic toxicity of PCBs has been studred in
rats, monkeys, mice, and cows. The organ consistently affected was
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the liver, For exampie, when male Sprague-Oawley rats were fed a diet
containing mixtures of PCB isomers (Aroclor 1248, 1254, and 1260) at a
concentration of 100 ppm in the diet for 52 weeks, there was an 1n-
crease in their serum tipids and choltestercl, and a transient 1ncrease
in triglycerides accompanied by distinct morphological changes in the
liver. Generalized liver hypertrophy and focal areas of hepatocellu-
lar degeneration were followed by a wide spectrum of repair processes.
The tissue levels of PCB were greater in the animal receiving the high
chlorine mixtures and high levels persisted after the-PCE treatment
had been discontinued. i

Summary Supporting the Statement that PCBs Are at Worst Indirect
Carcinogens {Fromoters)

1. Promoters produce increases of spontaneous tumor at selected
sites. PCBs only produce liver tumors 1n rodents for which
there is a spontanecus occurrence.

2. Tumors produced by promoters usually do not increase the
metastatic characteristics of spontaneous tumors of the same
global {direct-acting) site. PCB increased liver tumors do
not metastasize.

3. Promoters do not producte transplantable tumors unless the
naturally occurring tumor is capable of transplantation. PCB
tumors do not transplant.

4. Tumors influenced by promoters are often affected by factors
such as nutrition, stress, chronic 1njury, and sex of the
animal. Rodent liver tumors are affected by these factors.

5. Promoters need not be mutagenic. PCBs are not mutagenic.

6. MNeoplastic lesions increased by promoters may be reversibte.
PCB increased tiver tumors regress.
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10.

1l.

Progression of differentiation of neoplastic lesions in-
creased by promoters often ceases when stimulus 1s removed
Continued presence of PCBs 45 required to sustain liver neg-
plasia.

Neoplastic effects of promoters are usually associated with
the chronic dysfunction of the affected site. PCBs produce
chroni¢c hepatotoxic responses.

Promoters do not necessarily increase the effect of carcino-
gens acting at the target site., PCBs reduce the response of
several other liver carcinogens.

Promoters affecting the liver often increase microsomal en-
zyme activity and eventualty produce evidence of metabolic
dysfunction. PCBs stimulate LME and produce metabolic dys-
function,

Promoters rarely if ever increase tumor incidence at exposure
tevels producing no toxic effects. PCBs are tumorcgens onty
at toxic doses.

Characteristics of Initiators (Direct=Acting Carcinogens)

1.

Initiators usually produce neoplastic lesions at multiple
sites., PCBs only increase tesions of the liver,

Initiators often increase the malignancy of spontaneous tu-

mors at the same site. PCB-increased tiver tumors are of low

malignancy.

Carcinomas irreversibly progress once a c¢ritical tissue mass
is established. PCB-increased tumors can regress.

Initiators produce tumors which metastasize. PCB-increased
1iver tumors do not metastasize.
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5. Intiators produce lethal tumors. PCB-increased liver tumors
are not lethat.

6. Imtiators produce transptantable tumors. PCB-increased
tiver tumors do not transplant.

7. Initrators are often effective at single exposures. PCBs
increase liver tumors only after prolonged continuous expo-
sures. -

B. Initiators are often active at nontoxic doses. PCBs only
increase tiver tumors at hepatotoxic doses.

9. Initiators are mutagens. PCBs are not mutagens and therefore
not inftiators.

It is apparent that the neoplastic effects of PCBs match the defini-
tions of a promoter and do not match the definitions of an initiator,
We have established that the rationale for justifying the technique
for anatysis of PCBs by Crump is inappropriate when compared against
Crump's own criteria,

Conclusions About the Agaégcation of Linear Extrapotation and the
Equivatent Nonthreshold e1s Lo Risk Analysis of PLBS

We will establish our thesis when we thoroughly analyze the risk
anatysis offered by Crump. When referring to his modeling efforts,
Crump states, "The expected numbers of extra cases of hepatocellutar
carcinomas per year resulting from a nationwide exposure at a dietary
tevel detected in the 1976 Total Diet Study (3.3 wg/day) would range
between 220,000 (288,000 x 70) = 11.1 cases/year and 220,000,000/
(764,000 x 70) = 4.1 cases/year. "

Crump misteads the reader by suggesting that the mathematical
mode! used to generate these numbers brings logic to the effort. For
exampte, if one simply takes the ratio of animals with and without
Yiver tumors at 100 ppm 1n the Kimbrough study, divides by the est1-
mated human exposure {1 ppb), then multiplies by the si1ze of the human
population in the United States (220 mliion), and finally divides by
the human Yifespan of 70 years, one gets the same answer as Crump:
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26 turwors/184 animals 1 ppb PCB/200 ppm PCB/70 years = 4.3
cancers/year,

Crump's analysis of risk to infants 1s markedly overstated, A
rat consumes approximateiy 10% of 1ts body weight per day. Feed with
100 ppm PCB equals a consumption of 100 mg/kg. Therefore, a rat con-
sumes the equivalent of 10 mg PC8/kg/day. 1If the human milk sample
was 2% fat, then the whole milk would contain 2% of the 4 ppm Crump
considered, or .08 ppm. A liter of milk wouid contain .08 mg of PCB.
A child weighing § kg would have to consume 750 titers of milk a day
to equat the exposure of the rats. I[f the child truly only consumes
1.5 liters a day, then there is a 500-fold difference in exposure rate
between rat and baby.

If the baby 1s exposed, as suggested by Crump, for oniy 1/140 of
1ts 1ifespan, this has to be considered. The 500-fold difference
times the 1/140 of the lifespan is equal to a 70,000 exposure differ-
ential, The 1inear risk as calculated by Crump's technique would be
2/1,000,000, not the 1/4,800 reported by Crump.

I1f we approach the problem another way, we obtain other interest-
{ng comparisons. The PCB dose to high exposure women averaged 1.7
ug/kg/day. A lactating female maintaining her weight would then have
1.7 ug x 50 kg, or 85 ug/day of PCB, available for transfer to the
baby. If the baby weighs 6 kg, the dose is 14 ug/kg/day, This, when
compared to the 10 mg/kg/day dose to the rats, yields an exposure
ratio differential of 700 times. The exposure period of /140 times
the exposure ratio ylelds a total exposure risk of 98,000 times less
for the human than the rat. The tinear risk as calculated by Crump's
technique would be 1.4 x 10 =%, not the 1/4,800 reported by Crump,

If we insist on linear extrapolation, what are the retative risks?
Let us assign an average exposure resulting in 500 ppb blood level to

capacitor workers, 70 ppb to the heavy fish eaters in Michigan, and 20
ppm to the general Michigan popuiation. Let us assign an exposure of
12 ug/kg/day to the capacitor workers, 1.7 ug/kg/day to the fish
eaters, and .5 ug/kg/day to the general population. These estimates
were taken from the documents of Crump and the EPA water quality
criteryva for PCBs.
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The rats in the Kimbrough study were exposed to 10,000 ug/kg/day.
Therefore, the ratio of exposure between rats and man 1s:

Capacitor worker/rat = 0012
Figsh eater/rat = 00017
General population/rat = .0000S

The chances of dying from liver cancer can be expressed in several
ways. For exampte, 816.3/100,000 Americans die each year from all
causes. The incidence of liver cancer disease is 3/100,000. This
translates to a .37% chance of liver cancer. Expressed another way,
there will be about 2,000,000 deaths in 1981 and 9,400 are estimated
to be from tiver cancer. Therefore, 9,400/2,000,000 equals a .47%
chance that the registered death will result from liver cancer. This
estimate will be rounded off to a .5% chance for the purposes of our
discussion.

If the risk were linear (and the risk to humans 1is the same as in
rats, or .14}, then the risk in man would be .Q0017 for capacitor
workers, .000Z4 for fish eaters, and .0Q0007 for the general popula-
tion. Expressed another way, the risk to humans for tiver cancer
would increase to:

Capacitor worker .005 + .00517 = .0i0l7
Fish eater .005 + 000024 = .005024
General poputation .005 + 000007 = .005007

Thus, the cancer mortality data suggest that there is only a
slight possibility that the actual risk for capacitor workers would be
higher; however, the data are far from conctusive., It ts also obvious
that it would be impossible to determine epidemiologically the tiny
increases expected to occur either in the fish-eating population or 1n
the general population,

Let us approach the problem from a different viewpoint, Let us
suppose that our risk analysis should be conducted on a relative risk
basis, If the relative risk to rats at 100 ppm {is 26, and the same
gxposure ratios between rat and man hold, then the risks are as fol-
Tows:
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Capacitor worker  .005 + .0012 x 26 = .0362 (724% background)
Fish eater .005 + .00017 x 26 = .0094 {188% background)
General poputation .005 + .00005 x 26 = .00552 (110% background)

Again, this hypothesis cannot be rejected at the lower exposures
because it 1s not possible to analyze it on the basis of {nformation
available. However, the capacitor workers aid in the evaluation of
this hypothesis since the highly exposed individuals would demonstrate
an incidence which is seven times the background incidence,

How 0id EPA Analyze the [ata?

The preceding discussion of human exposure makes clear the fact
that a high percentage of the United States population has been and is
exposed to low levels of PCBs in food, water, and air. Those groups
at particular risk for PCB exposure inClude industrial workers exposed
in the workplace and individuals consuming large amounts of contami-
nated fish, such as sport fishermen (42 FR 17487).

An assessment of carcinogenic risk was made by EPA performing
extrapolation from animal data using a linearized multistage (non-
threshold)} model. The extrapolation used was reported to take into
account the bioaccumulation of PCBs in fish and shellfish. [t {s as-
sumed that an average of 2 1/day of water are consumed along with
6.5 g of fish taken from that water source. Exposures from other food
sources, air, or occupational exposure are not included in the crite-
rion level derived by this model.

Among the studies reviewed by EPA, onty one was considered suirt-
able for use in the cancer risk assessment. EPA made the remarkabte
statement that, "Of the rat studies, the only one involving long-term
exposure and adequate numbers of animatls is the study of Sherman rats
by Ximbrough et at. (1975)." EPA goes on to state, "Because there is
no recognized safe concentration for a human carcinogen, the recom-
mended concentration of PCBs in water for maximum protection of human
health is zero." 3ince attaining a zero concentration level may be
infeagible in some cases, and in order to assist the agency and states
in the possible future development of water gquality regulations, the
concentration of PCBs corresponding to several incremental lifetime
cancer risk levels have been estimated. A cancer risk level provides
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an estimale of the additional incidence of cancer that may be expected
in an exposed population. A risk of 10-3, for example, indicates

a probability of one additional case of cancer for every 100,000 peo-
ple exposed, a risk of 10-% indicates one additional case of can-

cer for every million people exposed, and so forth.

In the Federal Regfster Notice of Avaflability of Oraft Ambient
Water Quality Criteria, EPA stated that it is considering setting
criteria at an interim target risk levels of 10-5, 10-6, and 10-7,
as shown in Table 3-5. |

If such 1is the EPA's estimate, 80 ug/day, how does it compare
with other EPA statements and those results gathered in the NIDSH and
FOA studies? Even when one makes ail the conservative assumptions
utilized in official PCB cancer risk estimations, one arrives at an-
swers which are so low as to escape our capability of detecting a pos-
{tive effact via epidemiology. Therefore, one must conclude that
mathematical risk estimation, even for the occupationally exposed,
ylelds estimates which are vanishingly small. However, the overzeal-
ous use of mathematical models and the assumptions made by the EPA
without comparing these results to reality are easily demonstrated.
EPA states in the Federal Register Notice of Availability of Oraft
Ambient Water Quality Criteria that the following risk to cancer from
PCBs exists, 102 cancer risk = 80 ng PCB/day.

Table 3-6 summarizes known human exposures to the risks calcu-
lated by an extrapolation of the values.

Using estimates performed on preceding pages calculated from ac-
tual cancer rates in the United States, 9,400/2,000,000 equals a .47%
chance of dying from liver cancer. This estimate will be rounded off
to a .5X chance for the purposes of our discussion. Using these com-
parisons, it can be seen from the table above that 1f the EPA esti-
mates are correct then 10% of the liver cancer in the United States
would be due to PCB exposure; the Michigan control population wouid
expect a 100X increase in liver cancer incidence, the Michigan fish
eaters would have a 3-fold increase, the average capacitor worker
would have a 10X incidence of liver cancer or a 20-fold increase, and
the highly exposed capacitor worker would have a 25X incidence of
liver cancer or a 50-fold increase. No human evidence supports any of
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Tabie 3-5
EPA INTERIM TARGEY RISK LEVELS

Exposure Assumpt ione Risk Levels and Corrssponding Criteris’
1077 106 1073

2 liters of drinking
water and consumpt lon

of 6.5 g fieh 0.0079 ng/l 0.079 ng/l 0.79 ng/l
shwllfish t'.ll'dy".“:l (80 ug/dey)
Coneumpt iore of fish .007% ngrl 0.079 ng/l 0.79 ng/l
orxd shalifish only (80 ug/dey}

Calculeted by applying o linesrized multistesge model as discusesd in
the Human Heelth Apperdices to the October 1980 Federel Register

not ice which snnounced the aveilasbility of thie document. Since the
estrepoletion model is lineer st low doses, the sdditionsl lifetime

risk ie directly proportional to the weter concentretion. Iherefors,
weter concentzetions shown in the tasble sbove very by fectore of 10,
100, 1,000, snd wo forth,

2Approximetely 99 percent of the PCB exposurs cesulte from the con-
sumpt ion of aquat ic Ol‘gtﬂlll- which exhibit sn averege bioconcentrs-
tion potential of 31,200-fold, The remaining 1 paccent of PCB expo-
sure resulte from drinking weter.

MONS 212998

3-24



EXTRAPOLATIONS OF EPA RISK LEVELS
T0 A HIGHER LEVEL DF HuMAN EXPOSURE

Tacle 3-8

Blood Exposure

Group Blood Exposuze EPA Extrapoletsd Risk
Highly expossd
cepacitor
workere 21,000 ppb 2 mg PCB/dey 25%
Aversge capscitor
worker 500 ppb 84 mg PCB/dey 10%
Michigsn fish
seter 70 ppb 12 mg PCB/day 1.4%
Michigen control
popu letion 20 ppb .035 mg PCB/dey .5%
Gerneral pupulstion 2 ppb .0035 mg PCB/dey ,05%
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these estymates., On the contrary, it is obvious that the EPA standard
is from 10 to 100 times more severe than can be justified on the basis
of human experience, and from 10- to 20-fold more severe than can be
excluded on the basis of human experience. As our data base grows, it
is 1ikely that the standard will be found to be at least another order
of magnitude too severe.

In summary, the rationale that was used by Crump and Masterman in
establishing the PCB cancer risk was based on a genotexic theory of
carcinogenesis and was compiled from a series of ultra-conservative
assumptions. These assumptions ignored the fact that PCBs are not
genotoxic; utilized only the positive data and ignored the negative
data; appiifed constraints to mathematical models which transformed
them to the equivalent of Yinear extrapolation; ignored all other com-
peting causes of death; equated cancer risk in the last moment of 1life
with the risk of a newborn; and exaggerated exposures, for example:
assumed that mother's milk was 100% fat, equated all PCBs' toxicities
as the most toxic results observed for any PCB, and ignored the rever-
sibiYity of PCBs' effects and the marked improvement in human exposure
levels that has occurred in the last five years,

Furthermore, using a mathematical model to extrapolate the risk
at lower doses does not increase the relfability of animal data. The
most important question stil) remains: "(Ooes the animal data reflect
the human situation and response?™ With the addition of the NIQSH
study on capacitor workers to the P(B literature i1t can be demon-
strated that the risks estimated using Crump's model are unrealisti-
cally conservative by serveral orders of magnitude. In a practical
sense, a substantial number of people have been chronically exposed to
higher levels of PCBs for a longer period of time than that which oc-
curs for the general population. Since no adverse health effects were
causally demonstrated in this population, no measurable adverse ef-
fects would be expected for the general population.
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4. SUMMARY AND CONCLUSIONS

In past decades, a combination of “open" systems and sloppy or
111egal disposal practices resulted in the release of large quantities
of chemicals into the surrounding environment. In the 1960s, when it
became apparent that persistent chemicals like DDT and PCBs were ubf-
quitous environmental contaminants which took years to biodegrade,
attention became focused on their potential bicaccumulation and the
possible negative effects of this on animals and humans. Even though
the principal United States manufacturer, Monsanto Industrial Chemical
Company, had voluntarily restricted PCB sales to manufacturers of
"closed” electrical equipment in 1971, Congress enacted the Toxic Sub-
stances Control Act in 1976, mandating a phaseout of PCB manufacturing
and use. QDuring this time, PCBs were considered as highly toxic and
dangerous chemicals capable of causing permanent adverse health ef-
fects such as cancer and birth defects. In recent years, however, a
substantial increase in scientific data has resulted in a better un-
derstanding of the actual effects of human exposure to PCBs, [t was
the purpose of this document to review the data regarding the health
effects of PCBs to provide an updated perspective to the PCB issue.

wWhile it s the consensus of this report that P(Bs do not pose
the health hazards once feared, this conclusion may be complicated by
a contaminant, polychlorinated dibenzofurans {PCDFs), often found in
commercial PCB mixtures, which in some special ctrcumstances may pose
an increased risk. Yet PCDFs are only a minor component of PCBs pro-
duced 1in America, probably in the range of only 0.1 to 2 parts per
million {ppm} of commercial PCBs. In addition, such commercial PCB
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mixtures were apparently the same as those extensively tested over the
years. Therefore, the concern for this level of contamination 15 ex-
pected to be no greater than that predicted for what was previously
considered to be "pure" PCBs.

It was not the intent of this document to determine the full im-
pact of PCDFs with regard to the hazards associated with PCBs., How=
ever, the PCOF content of PCBs may be increased under conditions of
high temperatures, and the possibility of increased toxicity by the
presence of this contaminant or others should always be considered
when dealing with PCB waste mixtures of uncertain origin. Since the
consequences of commercial PCB exposure alone were feared and requ-
lated in the past, it was this issue alone which was addressed in this
document. Therefore, having brought the above gualifying considera-
tions to the attention of the reader, this report focused onily on
those health hazards expected to arise from exposure to commerc!al
PCBs alone.

For the benefit of readers whose background and understanding of
the field of toxicology, and the principles upon which it is based,
is minima), the following short discussion on safety and hazards {s
provided to help elucidate the problems invoived in extrapolating test
data to human consequences.

A poison is an agent that can produce an adverse effect in a bio-
logical system. This adverse effect may be an alteration of normal
function or the destruction of life, The definition of a poison is
broad by necessity and would include most chemicals, if not all. That
is, all agents are capable of altering some function or producing
death in some biological organism. Thus, classifying a chemical as a
poison does not describe the most important feature of pofsons, which
is those circumstances and conditions under which an adverse effect
can be produced. An agent that is a poison produces harm only within
prescribed conditions of usage,

The safety of an agent can be defined in terms of its probability
for producing an alteration of normal function or causing destruction
of life under specified conditions. To determine the safety of an
agent, the toxfcity of the substance must be determined under con-
trolled circumstances. Assessment of the toxicity of the agent will
define the 1imits and conditions necessary to produce any adverse

4 MONS 213004



effects. The question then asked is, "What is considered safe and
under what circumstances?” C(ritical to this determination 1is predict-
ing the impact of the substance and the variations that are likely to
occur within the exposed poputation. A critical evaluation of experi-
mental evidence is necessary to define the probable hazard to man and
the magnitude of the hazard. The accuracy of the prediction will de-
pend on the types of experiments performed; the adequacy with which
they have been performed; and, most importantly, the interpretation of
the experimental results and the limits of the data.

The gquestions to be asked are, "Are PCBs poisons or are they
safe? And if they are poisonous, when?® The problem is thus reduced
to predicting an agent's safety based upon experimental evidence and a
comparison of the results to the 1ikely levels of human exposure,

PCBs can be poisons. That is, 1ike all other chemicals, PCBs are ca-
pable of altering normal function and can destroy 1ife under specific
circumstances and conditions. Alternatively, PCBs are safe under spe-
cific circumstances and conditions. The following summary of PCB
properties and effects is meant to provide a perspective on their
safety.

PCBs are chlorinated compounds of the biphenyl molecule. Theo-
retically, approximately 209 separate chlorinated biphenyls can be
prdduced chemically., These compounds have unigue physical and chemi-
cal properties that have made them useful and applicable to many com-
mercial needs. The physical-chemical properties that make these com-
pounds useful are their thermal stability; resistance to alteration by
acids, bases, and other chemical agents; and their ability to provide
excellent electrical insulation, fire resistance, and low volatility.
PCBs are useful as lubricants, heat transfer liguids, and hydraulic
fluids.

PCBs are ubiquitous to the human environment, as evidenced by
their detection in the fat and blood of persons not occupationally
exposed to them, These compounds have been identified in air, water,
soils, wildlife, marine organisms, fish, and in our food supply.

Thus, to minimize man's environmental exposure to PCBs, the United
States Food and Drug Administration (FDA) has set tolerances of 0.5 to
5.0 ppm for the various components of our daily food supply. In the
early 1970s, the daily consumption of PCBs was estimated by FDA to be
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about 15 micrograms per day (ug/day). However, all evidence now indi-
cates that the level of dally PCB intake by humans fs subsiding. vYet
these factors have resulted in a major concern for the potentia) long-
term effects of PCBs on human health because many of us still contaln
low levels of P(Bs,

Owing to their low solubility in water and low concentrations in
air, PCBs do not present an acute toxicity threat to either birds or
aquatic organisms. [n other words, the gquantity of PCBs necessary to
cause death within a short period of time, such as 96 hours, is
greater than the amount generally found in natural environments. P(Bs
can cause major problems for some species, however, because these
chemicals are persistent, lipid soluble, and resistant to biodegration
and/or excretion. Consequently, PCBs can bioaccumuliate {(butld up in
guantity within an organism} as well as biomagnify within food webs
(accumulate in larger amounts per group of\brgan1sms at each subse-
quent trophic level}, The greatest amounts of PCBs are present in the
long-lived predatory fish {e.g., trout, sharks) and birds (e.g., ea-
gles, hawks). Sufficient guantities of PCBs may build up such that
physiology or function is disrupted. At high levels, PCBs may de-
crease resistance to diseases, interfere with reproduction, and dis-
rupt defensive behavier. In the case of birds, increased mortality of
embryos can result as a conseguence of the thinning of eggshells.
Therefore, it has beesn concluded that P(CBs can cause major environmen-
tal disruptions, particularly within aguatic habitats. Responding to
this problem, the United States Environmental Protection Agency (EPA)
has attempted to curtall the release of PCBs into the environment by
regulating their use and disposal.

Many aspects must be considered and weighed before the hazards to
humans associated with exposure to PCBs can be estimated. The human
hazard evaluation and subsegquent risk estimation for any chemical must
address the data base utilizing thorough comparative toxicologic as-
sessments, This means that the animal and human data available must
undergo a careful consideration of 1) the breadth and variety of the
toxic responses manifested; 2) the degree of specles variation or spe-
cies consistency in the effects monitored; 3) the possible and/or pro-
posed mechanisms of toxicity; 4) the validity of the tests performed
and their relevance for extrapolations to man; 5} the dosage used in
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animal tests versus the expected human exposures; and, finally, to the
extent that the data are avarlable, 6) the outcomes of serious pofson-
ings and long-term occupational exposures, Only when a consistent
pattern of toxicity in animals is consistent with the hyman experi-
ences can safe guidelines be promuigated.

When assessing the hazards associated with human PCB exposure
based upon the mammalian test data, we must consider all of the animal
data. While concern is given to positive findings, our decisions must
also address the negative data and those doses required to induce the
toxicities seen in animals versus our expected human exposures.

A review of the PCB literature reveals that P(Bs are not very
toxic if the exposure is of short duration, The organ dysfunctions
caused by longer but nonchronic exposures also occur oniy at rela-
tively high doses. This suggests that while organ dysfunction such as
1iver injury or chloracne might occur in man, it should occur only
after high or sustained exposures. This suggestion has, in fact, been
supported by the available human data. Therefore, there is little
risk that these effects will occur in persons exposed to the generally
Jow levels of PCBs in today's environment, if exposure occurs at all,

Similarly, the animal data indicate that there is little repro-
ductive risk and that PCBs do not cause birth defects even at moder-
ately high exposures. Again the animal data reflect the findings in
humans. The Yusho incident, a high PCB exposure combined with expo-
sure to other toxic chemicals, failed to demonstrate a substantive
concern for teratogenic effects. Considering the balance of the re-
production studies and the breadth of the mutagenic tests performed,
it has been conCluded that PCBs do not pose a significant mutagenic or
reproductive hazard.

While positive carcinogenic activity has been reported in cne
study using rats, this study must be placed in perspective against a
far greater number of studies involving rats and mice that were nega-
tive. When a positive test result 1s our only available data, then
that result shouid be considered as an obvigus basis of concern for
human exposure., However, a lack of comparable resulfts in subsequent
or other similar studies surely decreases the concern for and the val-
idity of focusing on only the positive data. Such {s the situation
for PCBs. It would seem more reascnabie to place greater emphasis on
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the large amount of negative data gathered, a suggestion that s be-
coming increasingly substantiated by human exposures. In the last few
years, the reported epidemiologic evidence has not identified PCB ex-
posure as the cause of any form of human cancer,

Therefore, even though there are animal data to demonstrate that
PCBs are toxic at high doses, some toxicity at high doses is expected
for any chemical. Additionally, while there is some evidence suggest-
ing that the carcinogenic potential of PCBs be considered, the balance
of the animal data also suggests that it is unlikely that this single
response should become the focus of disproportionate concern usually
given to potent carcinogens with definite initiator or genotoxic prop-
erties. On the contrary, one might propose that there exist enough
animal data to suggest that this finding could be pertinent only to
those specific test conditions and the particular mixture of PCBs
tested. [n summary, when all of the animal data are considered, they
suggest that low levels of PCBs d0 not pose a significant health risk.

At this point in assessing the hazard associated with exposure to
PCBs, a more thorough discussion of the carcinogenic potential of PCBs
{s needed because the risk of cancer from PCB exposure is the most
serious concern of the PCB-induced adverse effects. This concern is
surely of the utmost importance to the general public. This has been
raflectad by the stance taken by the EPA, which is manifested by EPA's
recent {1980) publication summarizing its concern for PCBs. This ame
bient water quality criteria document indicates (and we paraphrase)
that if PCBs are not carcinogenic, then an allowable dafly intake of
210 ug of PCBs per day would be an estimated safe continual exposure,
[f, however, PCBs are carcinogens, while there may be no safe level, a
level of risk approaching a lifetime risk for cancer of oniy one ex.
cess cancer in 100,000 persons exposed would be approximately 2 te 80
nanograms per day (ng/day). By comparison then, the distinction of
whether cor not PCBs have carcinogenic potential translates into a
2,500- to 100,000-fold difference for what is calculated as an allow-
able or safe level. Thus, the distinction between whether or not a
chemical has carcinogenic potential has a profound impact on how the
chemica! is perceived by the public as well as how f{t might be regu-
Tated.

While we agree with the concern for and the distinction of chemi-
cals which are carcinogens, it is the conclusion of this review that
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there presently exist sufficient PCB test data to reevaluate those
concerns for PCBs initiated by reported findings years ago. Further,
the data now allow us t0 make the important distinction of whether or
not PCBs are indeed initiating carcinogens.

Current theories of chemically-induced tumorogenesis differenti-
ate tumorogens by mechanism. One class is the initiating carcinogens
that alter ONA and produce permanent, inheritable, expressible changes
in the initiated cell, These {nitiated cells may ultimately be trans-
formed into the disease process we call cancer. The second class is
the promoting agents, which do not directly alter DNA, do not produce
inheritable changes, and are not effective with single or limited ex-
posures. Chemicals producing tumors by a promoting mechanism have
demonstrabie threshold levels below which chemical exposure will not
resylt in the expression of tumors. The risk caused by these chemi-
cals therefore is insignificant in some for exposures that are balow
the threshold.

A review of animal testing data documents the case that P(Bs, at
worst, have some of the characteristics of a promoting agent and do
not exhibit characteristics of an initiating carcinogen, A review of
chronic cancer bioassay data further reveals that PCBs produced only a
single species-, sex-, and mixture-specific positive response, The
large number of negative tests indicate that they do not possess
broad, potent, promoting activity. At the hepatotoxic doses tested,
one reported PCB-induced increase in rodent liver tumor incidence af-
ter the many studies conducted should not be a totally unexpected
finding, The animal testing data and biological characteristics of
PCBs overwhelmingly indicate that if they produce an increass in tu-
mors they do so by a promoting mechanism. Therefore, it can further
be concluded that there are indeed safe levels of PCB exposure and
that not all exposures carry a risk of producing cancer,

The occupational exposures are certainly the most extensive and
longest~-term human PCB exposures that we are currently aware of and
are most representative of what adverse effects might be expected. A
comparative review of these occupational-exposure studies reveals
that, like other chemicals, PCBs can cause adverse health effects, but
in many respects these have been minimal, While dermatitis and chlor-
acne, which were reversible after discontinuing the exposure, have
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been noted in many cases, no Other significant findings were routinely
found. Even though several studies incorporated clinical chemistry
analysis as indications of organ dysfunction or other physical disor-
ders, no remarkable clinical findings have been uncovered. Further-
more, several investigators have commented to the effect that there is
a “"paucity of abnormal results" and that “there is no evidence of
physical harm resulting from working with PCBs.* In spite of over 59
years of use, no causal relationsnip has been established for any spe-
cific type of cancer nor has the {ncidence of cancer mortality been
proven to be increased. The largest study, by the National Institute
for Occupational Safety and RHealth (NIOSH), which involved over 2,500
persons did not detect any statistically significant excess in the
cancer mortality. Since this study failed to demonstrate any statis.
tically significant excess in cancer in a high exposure population, it
provides some reassurance that it is unlikely that future studies will
find any cancer risk from PCB exposure.

There are four epidemiologic studies addressing the carcinoge-
netic potential of PCBs. However, the first two studies are being
reconsidered and will not be addressed here. The two most recent
studies have larger populations with better defined exposure records
and therefore more accurately reflect PCB effects, A recently re-
poried NIOSH study by Brown and Jones examined 2,567 workers from two
capacitor plants with about half of the cohort having exposure periods
of at least 20 years. There was a higher than expected incidence of
rectal cancer among the uorkers.\but the higher than normal rectal
cancer rates in the geographical area in which the workers lived were
not taken into consideration in the experimental design. There was
also a statistically insignificant increase {n liver cancer deaths.
The death rates from al] cancers was less than expected (39 as opposed
to 43), as was the mortality from all causes. The last study by Ber-
tazzi and coworkers, also just reported this year, examined 1,310 em-
ployees with at least six months' employment in a capacitor plant. An
excess incidence of digestive cancer was observed, but there were no
Tiver cancer deaths. Again, the total number of deaths was small,

The study is continuing and these results may be considered prelimi-
nary.
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It must be remembered that 1n any epidemiologic study it may be
impossible to eliminate all of the unrelated bul confounding variables
{n the observed populations. Additionally, it {s not uncommon to sae
measurable increases in one type of cancer over what is mathematically
expected because we cannot choose & subpopulation to observe that re-
flects exactly the baseline cancer rates of the total population. [n
fact, 1t 1s well known that different areas of the Unfied States have
different backgrounds for many of the specific types of cancer. Al
this must be considered carefully, and no conclusions should be at-
tributed to any finding of excess cancer which is not statistically
significant but above expected values, unless this same excess for
that specific type of cancer {s repeatedly demonstrated in subseguent
studies.

A positive correlation between exposure to a chemical and a re-
sultant adverse health affect relies on the following conditions: (1)
a positive association must be seen in individuals with known expo-
sures; (2) the positive association cannot be explained by bias in
recording, detection, or experimental design; {3} the positive associ-
ation must be statistically significant; {4) the positive association
should show both dose and exposure period dependency; and {5) the pos-
ftive association must be observed repeatedly in subsequent studies
and cannot be a single, confounding, variable observation, To date,
the mortality studfes concerned with PCB exposures present several
problems of interpretation, the most obvious and important of which is
the different increases in cancer type reported. Taken as a whole,
they provide no support for assertions that PCBs are a cancer-causing
chemical. The variety of tumor sites found to be of most concern
within each study largely differs from the animal data and is fincon-
sistent with the selectivity of currently known promoting agents.

in summary, epidemiologic studies have demonstrated that commer-
cial PCBs are not remarkably toxic chemicals after acute exposure and
that when excess exposure does occur, the usual consequences are der-
matologic and not of a serious or permanent nature. Chronic exposures
have added 1ittle or no additional adverse effects of note to this
picture. The preponderance of studies has not identified a clinical
disease associated with exposure to PCBs nor has it provided persua-
sive evidence of health impairment. There is no evidence of an excess
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in total mortality or in mortality due to cancer, cardfovascular dis-
ease, or nervous system disease assocliated with occupational exposure
to PCBs. PCBs have not been linked to any human cancer, and studies
to date indicate 1t is unlikely that future studies will aestablish
such a link,

The NIQSH epidemiology study demonstrated the absence of any can-
cer excess among those exposed to far higher levels than the general
population has received. The liver cancer rate in the United States
is one of the lowest in the world and s not increasing over time, If
one were observing a significant effect from PCBs, one would expect to
detect a gross rate change, yet such is not the case.

Even when one makes all the conservative assumptions utilized in
the official PCB cancer risk estimations, one arrives at answers which
are so Jow as to escape our capability of detecting a positive effect
via epidemiology. One must conclude that mathematical risk estima-
tion, even for the occupationally exposed, yields estimates which are
vanishingly small. The data provided by recent studies do not support
the current assumptions by EPA. The EPA, in the Federal Register No-
tice of Availability of Draft Ambient Water Quality Criteria, esti-
mates that the following risk to cancer from PCBs as: 1075 cancer
risk = 80 ng PCB/day. When this estimate is compared to the NIQSH and
the FDA studies, one finds a large disparity between those results
that would be predicted by this value and those that were actually
measured.

The following table summarizes estimated exposures and the risk
calculated based upon the EPA calculated risk at lower doses, as pro-
posed in EPA's ambient water quality criteria document (45 FR 79320).
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8lood EPA

Levels Estimated Calculated
Group of PCBs Exposure Risks
Highly Exposed Capacitor >1,000 ppb 2.0 mg PCB/day 25.0
Workers
Average Capacitor Worker 500 ppb .84 mg PCB/day 10.0
Michigan Fish-Eater 70 ppb .12 mg PCB/day 1.4
Michigan Control 20 ppb .035 mg PCB/day .5
Population
General Population 2 ppb .0035 mg PCB/day .08

The chances of dying from liver cancer can be expressed in sev-
eral ways. But simply speaking, there will be about 2,000,000 deaths
in 1981. Of these, it is estimated that 9,400 will be from l1iver can-
cer. Therefore, 9,400/2,000,000 equals a .47% chance that those dying
this year will be dying from liver cancer., Rounding off these esti-
mates to a .5% chance for the purposes of our discussion, and using
these comparisons, thus leads to the conclusion that for the general
population, about 10% of the liver cancer in the United States would
be due to PCB exposures; that the Michigan control population would
expect a 100X increase in liver cancer incidence, that the Michigan
fish-eaters would have a three-fold increase, and that the average
capacitor worker would have a 20-fold increase, while the highly ex-
posed worker would have a 25X inctdence or a 50-fpld fncrease, There
is no human evidence to support any of this. The EPA's proposed water
criteria standard is from 10 to 100 times higher than can be justified
on the basis of recently published human experience, and from 10 to 20
times higher than can be concluded on the basis of the negative fingd-
tngs from the human experience,

[t is our conclusion that commercial PCBs do not represent a sig-
nificant health hazard. However, the presence and extent of contami-
nants {e.g., PCOFs) may alter the health concerns, Therefore, it is
essentfal to determine the level of contaminants present when dealing
with PCB wastes before appilying the conclusions of this report to
waste mixtures. )
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