CARCINOGENIC RISK ASSESSMENTS
OF

POLYCHLORINATED BIPHENYLS (PCBs)

Executive Summary

This document presents the HERD :isk assessment for
carcinogenicity of PCBs and summarizes the results of four
previous PCB risk assessments for cancer conducted by FDA, OTA,
and CAG/EPA, and OTS. (Unfortunately, no consolidated |
assessment can be developed from ;hese sources, because of the
 diEferén£'units and diﬁferen; teChEiéueé.used;'prevéf, ghé
resulté from ﬁheSe various rigk assessments are'consistent,

though not directly comparable),

Iﬁ light of these earlier assessments we chose studies by
NCI (three positive dose levels) and XKimbrough (one pusitive
éose level),.respectively,:from which to extrapolate
carcinogenié risks at low exposures, The NCI study has been
criticized by other authors as having too few animals in each
sex-dose group; however, the study was used because no

consistent differences or trends in responses by sex were found



and with pooled data for males and females it allows the best
characterization of dose-responée, unlike the Kimbrough study
with only one dose level., COur results are within a factor of
three of the FDA risk uassessment of carcinogenicity of PCB,

which used both Kimbrough's data and the NCI data.

Estimates of human exposure cbme from the Exposuré
Evaluation Divisibn of OTS.. Other relevanﬁ features of the
risk assessment are: 1) The extrapolation distance between the
lowest experimental dose (1.25 mg/kg/day) in the NCI study and
many of the exposure estimates can be very large. The larger
the distance the less confidence one might have in the
assessment. 2) The dose-response data for total malignanciess
ire also linear, this corresponds well with the "linearized"‘

Qpper 95% confidence limits'from=the CAG model.
Boriregulatbry'purposes and for the purposes.of comparing .
risks of PCBs with those for other chemicals, it is suggested
that the number from the 95% upper confidence bound found in
the multistage model in that table be used. This model is
rputinely used bty CAG to set air and water quality criteria and
standards. The estimates of ‘exposure for which carcinogenic
risks are calculated are based on conservative assumptions.
Few, if any, individuals will be exposed to these relatively

large amounts_ of PCBs. The carcinogenic risks calculated for



typical members of exposed groups are believed to be no higher

and probably much lower than those presented in this document.

Pravious Quantitative Cancer Risk Assessment

This memorandum summarizes and pulls together for the
first time the information available from previous.quantitative
risk assessments of PCBs, and updates and fills in gaps in that

aréa. It concludes with on an HERD risk assessment of PCBs.

The first risk assessment to be summarized is that
conducted by the EPA Carcinogen Assessment Group ( CAG) for the
Office of Water Regulations and Standards, (riteria and
Standards Division (EPA, 1980). This risk assessment was used
to set an apbient wager qualiﬁy cgiﬁeria levelias shown in
Table 1. (CAG Table page C-84). In Tabiefi aré thg estiﬁatedu
| concentrations of PCBs (ot Qirtually safe doses) .corresponding
to lifetime cancer risk levels of 10~7, 1076, and 10~3. These
concentrations are, as CAG said, "exceedingly low." The cancer

risk levels stand for additional incidence of cancer in an

exposed population. CAG used the "linearized" multistage- model
(Cfﬁmp,-1981) which is linear at low doses or exposures so that
the additional lifetime risk is directly proportional to PCB
intake, CAG;S risk assessment considered only the

bicaccumulation of PCBs in fish and shellfish, plus exposure



through drinking water. Exposures from other food sources,
air, or occupational expnsures were not included in the

criteria level derived by CAG using Crump's model.

For experimental data, CAG chose the study by Kimbrough et
al. (1975) of Sherman rats, although CAG incdicated that rats
appeaf to be much lésé sensitivé to the acute'aﬁd subacute
effects of'PCBs than man or non-human brimates. In 184 rats
treated with 100 ppm PCB in their diet, Kimbrough observed 26
hepatocellular carcincmas compared to 1/173 hepatocullar
carcinomas in controls. CAG considered all of the mouse
studies of PCBs unsuitable for a quantitative risk assessment
of cancer because none of them involved feeding for most or all
of 2an animal lifetime. They also criticized the NCI study of
PCBs (NCI, 1978), the only other long-term major study of PCB
Eprsure that sugééétedva cardinogenic éffeét} as hsiﬁg tooAfeQ.
eiperimental animals to establish a basis for assessming

carcinogenic risk.

Crump conducted the PCB risk assessment {(conversation with
Chao Chen, November 18, 1982) but documentation of so@e details
is incomplete; He combined the Kimbrough animal daté for |
hepatocellular carcinoma and liver neoplastic nodules, the two
tumor types observed in the Kimbrough study. At control the
proportion responding was 1/173, but at the high dose the

proportion responding was 170/184, Crump assumed that the
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average weight of a test rat was 400 grams resulting in a
conversion from 100 ppm to 4.42 mg/kg/day. (CAG normally

assumes rats weigh 350 grams).

The formula for calculating VSD's for humans is then

vsp = 10 X 107>
- g, x (2 + 0.0085kg x 46,000)

where 2 is a daily consumption of 2 liters of drinking water,
6.5g is an assumed daily consumption of fish and shellfish,
46,000 is the bioconcentration factor (because of the size of
this factor all of risk comes from comsumption of fish and
shellfish, not water), 10~3 is the presumed acceptable 1iﬁetihe
risk, and 70£g ié.the Qeigﬁt-df § human;; Théiaboée3fgfhul€'

appears on p.353 of the Friday, November 28, 1980, Federal

Register EPA Water Quality Criteria Document; Availability

(C.S. EPA 1980), and g, is the potency calculated from Crump's
model using 1/173 at 0 mg/kg/day and 170/184 at 4.42
ng/kg/day. Thus, q, for rats = .69 and gt for humans is
acﬁieved by mﬁitiplying by.a species conversion of 5.85. - This
gives 4.0l. Thus. VSD = 5.8 X 107 mg/l or C.Ssng/l. This is
close to .79ng/1l, the value derived by CAG for 16’5 risk in

(Table 1). The small difference between CAGsS risk assessment
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and our reconstruction of it is unexplained,'perhaps Cump made
an adjustment for the number of days in the experiment (730)

versus the numer of days the animals were exposed (645).

CAG noted several drawbacks of the Kimbrough study. Since
it had only one dose level it could not pfovide any evidence of
the épape ofA;hewddse-respohse.curve and it tested one species,
one sex, and only one commercial mixture of PCBs. CAG added
that Kimbrough's experimental design was good in that the °
dosing was for a large proportion of the lifespan of the
animals, the food route was appropriate, and the dose over time
was uniform. Also, there was gocd documentation of the intake
dose, a sufficient number of test animal§ were used for
statistical tests of increases in tumors, and a thorough
descripfién of the patbblogy was proyided. Finaliya CAG noted
that an “écceptaﬁle né'carc;nogénic ié?el"’couid be’éstgblisheén
with greater ce;tainty,ié better quantitative data on |
carcinogenicity had been available. They also félt that
studies with lérger numbers of animals designed to measure

relatively small effects were needed.

The secoﬁd risk assessment'to be summarized is that
conducted by the PCB Risk Assessment Work Force of the food and
Drug Administration (Cordell et al., 1982)., This group used
both the Kimbrough (1975) data and the NCI (1978) data to

estimate carcinogenic risk to humans from consumption of fish



contaminated with PCBs. FDA used linear extrapolation from
high doses in the animal studies to the lower exposures of
consumers of éCB contaminated fish and water. Linear
extrapolation was defended by the authors on the grounds that
one cannot deduce or directly observe the shape of the low end
of”;he dose response curve with precision, and among ‘the
available methods, linear extrapolation-ffom‘high to low -doses -
appears to be consistent wiﬁh what is known about the
biological mechanisms of carcinogenesis as well as least likely.
to underestimate cancer risk. They also point out that linear
ektrapolation as used by CGump is the limiting case (upper
confidence limit on risk) on his multistage model at low

doses. Hence, "linearized" multistage model (Crump, 1981).
Instead of using the entire Crump's model, however, the authors
:”placed 99%:uppe; confi¢en;e bounds pﬁ the ahihal-response;éatax
E;.céntrol?ﬁor.ﬁﬁQ effeét of saﬁple'size sb.that;they couid - "
make‘coméarisons betﬁeeﬁ éxperiments. Use of upper bounds on
risk along with linear extrapolation involved an- -additional

degree of conservatism in their risk assessment.

An additional element of uncertainty was brough; out by
the FDA Ehat was not considéred-in the CAG assessment, fhat
is, there is an absence of toxicity data on the particular set
of PCBs that occur as residues in fish., Due to environmental
transformation, the chemical composition of PCB residues found

in fish differs from that of industrial PCB products (e.g.,




Aroclor 1254 and 1260), although a typical PCB residue in fish
resembles the Aroclor 1254 mixture more closely that it does
the other Aroclors. For this reason it was uncertain that the
availeble toxicity data from Kimbrough and NCI represented the
toxicity of the PCB mixture ingested by humans who consume

Eish,

FDA's uppe~ confidence limits on risk were thus computed
from the NCI Aroclor 1254 Fisher 344 rat data, for both sexes
combined, on. total malignancies and liver carcinomas plus
adenomas. These data are shown in Table 2 ( FDA Table 5§).
However, estimated risks from the one sex Sherman rat data on
Aroclor 1260 from the Kimbrough study were aiso computed.,
Because the relative susceptibilities of humans and
experimental animal$ to the carcinogénic effects of PCBs were-
not known, FDA noted that the risk esﬁimatééxcouid~qbyi9usly
sevérely over-estimate or under-estimaté humén risks. Thg"FDA
risk estimates from the NCI and Kimbrough data, however,
demonstrated remarkable agreement showing that the various rat
strains used reacted similarly io PCB carcinogenic insult,
These risks are presented as rates per 100,000 in Table 3 (.FDA
Table 6) for various toierances or "acceptable daily intakeﬁ“
of PCBs and percentiles of fish-eating populations., Exposures
in ng/l1 or ppb are not directly given. Therefore it is
difficult Eo compare thé result of this risk éssessment with

that of CAG's (already discussed) or that of OTA's (to be
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discussed). Table 4 (FDA Table 7) was derived by assuming that
the carcinogenic risk is evenly distributed over a 70-year
period and by multiplication of the size of the fish-eating
population at risk times the risk estimates shown in Table 2.
FDA also noted that our Table 3 (from their Table 6) may
underestimate risks to neonates who receive PCBs in mother's
'milk, but who also ¢ontinue‘to consume food contaminated with

PCBs after childhood and throughout their lives,

The third risk assessment to be summarized was prepared
for the U.S. Congressional Office of Technology Assessment by
Kenneth Crump, who was involved in the first risk assessment
discussed here (Crump and Masterman, 1979). Crump selected
three data sets to use in his ccmputation of virtually safe
doses by.éxtragqlation of the results of animal experiments to ;
" low dose levels. Theseidatélsetsuéfe shown in Table‘é (oTA |
Table.ll). Crump's,tétionale forAselection of data seﬁs as the
basis for risk extrapolation was as follows. First, Crump
agreed with CAG in not using the NCI 1978 study was not used
because it involved relatively few animals (only 24 per dose
group, whereas the usual NCI bioassay uses 50 (NCI, 1978)).
Second, the Kimbrougﬁ study was used bécauée it-providéd the
most convincing evidence of the carcinogenicity of PCBs
(Kimbrough et al.J 1975). The study involved a relatively
large number of animals and the increased incidence of

hepatocellular carcinomas in the treated group was highly




significant, This study was used with two endpoints,
hepatocellular carcinomas and liver néoplastic nodules. Third,
Crump used the Industrial Biotest study (Industrial Biotest
Laboratories, 1971 from an unpublished report. Reasons for
this choice are not clear (Some of the data from this testing
.company have been found to be fradulent). The slides from this
'study weré examined at leéstttwite; with markedly different
results. Eveﬁ so, .the rediagnosis of the liver pathology had
indicated a signifiéant tumorigenic effect. There was also
unusually high mortality ana interim sacrifices further reduced

the numbers of animals on test.

He then selected several high-to-low dose extrapolation
procedures: the probit model (Mantel, et al., 1975), the one-
'Stage.or one-hit model (Crump et al., 1977) and th; ﬁUItiStagé
TmodeiA(C:ump, 1951); _The gamma multiﬁit.ﬁbéeleRéi éﬂd:yan
Ryzin, 1978) was also considered but could not be used: it
requires data with at least two positive experimental doses and
thus could not be applied to either of the Kimbrough and
datasets, and when the computer algorithm for computing the
estimates faiied to converge for the th;rd data set (Industrial

Biotest) .

Table 6 (OTA Table 12) presents the compiited maximum
likelihood estimates in ppb of the lifetime dose required to

produce addiﬁional risks over background of 10-8, 1076, and

10



1075, Recall that CAG considered risk levels of 107, 10786,
and 1073 for its virtually safe doses (Table 1), Lower 95%
confidence bounds for each of these virtually safe doses were
also computed from various models.. Likewise, as mentioned
earlier, the gamma multihit model was applied only to the third
data set éince.this model could not be applied to data
containing only one experimental dose: In the case of one
experimental dose, however, the one-~hit model and multistage

model produced identical results,

Crump believed that the Kimbrough study provided the most
convincing evidence of the carcinogenicity of PCBs, he used
these data to calculate risks for estimated PCB exposures., The
fact that only one dose level of PCB was tested in the
A'iimbrough study meant Ehat the_ohebhit model was the oniy one
thgﬁ could be utilized. LTIQmp>theﬁUCOnvétted pCB exéoéufe
levels from the the FDA Total Diét Study (johnsbn‘and Marshe,
1977) to equivalent exposures in rats., The FDA Total Diet
Study exposure levels come from a market basket of food
(representing the basic 2-week diet of a 16-to-19 year old
male) which was collected in each of several geographic
areas. The various foods were prepaféd in the ﬁannér in which
they could normally be eaten and were then analyzed for the
presence of various substances, including PCBs. The estimates
of dose from this study were felt to be tenuous,:however.

Exposures to PCBs in Michigan sport fish came from a 2-year
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(1973-1974) study made under an FDA contract (Humphrey, 1977)
of persons who regularly consumed PCB-contaminated Lake
Michigan sport fish and randomly selected persons who did not

consume such fish (Humphrey, 1977).

Crump's then fitted a one-st:p model to.the animal data to
estimate the extra riék of'hepatocellqlar carcinomas at tﬁis
dose. Crump did not mention allowing for any difference |
between the composition of PCBs in food to which humans are
exposed being and the composition of Aroclor 1260 used in the
experiﬁent; But, neither.CAG nor FDA considered the difference
between the types of PCBs in fish and Aroclor 1254 and 1260.
Crump did comment that PCB levels in human adipose tissue are
:;ikely to be much greater than corresponding levels in rats for
'_é given level of dietary‘eipdSure, but this'also wésﬂnot used
in the risk estimateé.ATThe éétimates are givén”in Table 7 (CTA
-Table 13). Uppér confidence bbunds-on these riéks are not.
listed, but could as the author said that they could be

obtained by multiplying all corresponding risks by 1.5.

From the estimates. in Table 7 Crmné computed that
nationwide exposure at'the dietary level detectedrin the 19756
Total'Diet Study (3.3 pyg/day to 8.7 ug/day) -ould cause 4.1 to
11.1 extra hepatocellular carcinémas in the U.S. Crump also
used the one-hit model with estimates of PCB levels in Lake

Michigan fish, to find an average excess ofv0.22 hepatocellular
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carcinomas among residents of Michigan unty exposed to PCBs
in Lake Michigan. Crump did not indicate hepatocellular
carcinomas in rats might translate into cancer at other sites
in man. Crump went on to estimate the risk of hepatocellular
carcinoma in breast-fed infants and concluded that the risk
could be at much higher than for the U.S. population in

" general,

Comparison of results from the FDA, OTA, and CAG risk
assessment is difficult due to the different units in which
risk is expressed in each assessment and the paucity of
explanation in each risk assessment of some crucial assumptions
that may have been made in each risk assessment. Table 8
presents the extra lifetime risks of cancer associated with
.consggﬁtioamof PCBs in food calcui;;ed by FﬁA‘and OTA in their
'sepqréte risk aééessﬁenfs.”cmsﬁé riSﬁlassessménb is not |
compared here és they presentéd their data only in terms of
Qirtually safe dose (Table 1). Differences are readily seen.
These are primarily due to the different assumptions made in
the amount of PCBs that would be ingested and in the size of
the exposed pocpulation. FDA's risk assessment applies to the
15% of the Eotél U.S. population éxpected to consume the fish
species known to be the most highly contaminated with PCBs.
The OTA calculations are based on FDA's Total Diet Study (3.3
and 8.7 ug/day) and on estimates of the PCB intake of people

who consumed more than 24 1lbs. of Lake Michigan sport fish per

year.
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CAG and OTA both used the Rimbrough experimental data.
However, CAG used conversions for exposuré concentrations due
to biocaccumulation levels in aquatic organisms which OTA did
not use, Ail three risk assessments are in general poorly
documented and justified. It is not always clear whether
estimated virtually safe doses or increases in risk apply to
for animals or humans. None of Ehe three published risk
assessments explicitly refers‘to species-to-species conversions
(or any other conversions) applied to either the exposure
estimates or the risks from the model. Though we learned from
personal communicafion that CAG did uée species~to~-species

conversions.

FDA usgd linear extrapolation while OTA (Crump) used the
one~hit modei; thwthis diffefence: is not great becausé ﬁhe
oﬁe:hit»mode1 is nearly lidéafiat'low doses. -Another
difference is that FDA'uéedAthe NCT study on Aroclbr 1254 and
while OTA used the Kimbrough study on Aroclor 1260. Not only
were the number of dose levels different, but the responses andA
tumor types were different. Finally, CAG, FDA, and OTA
probably used different exposure assumpﬁions about the
bioaccumulétion or biocéhcentratidn levels-in aquatid
organisms. It is at least known that CAG used a

bioconcentration factor of 46,000,
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HERD Risk Asééssment

- We now updated and expanded the quantitative risk
assessments conducted by CAG, FDA, and OTA. Oncologists from
the HERD Oncology Branch reviewed the NCI report "Biocassay of
Aroclor 1254 for Possible Carcinogenicity” and extracted the
detailed tumor data presented in Table 9. Categories for
leukemias, malignant lymphomas, liver carcinomas, stomach
adenocarcinoma and gastrointestinal tract malignancies, and all
malignant tumors combined were established. The data are

presented for males, females, and sexes combined.

The categories of stomach adenocarcinoma and
gastrointestinal tract malignancies hare an additional combined

subcétegory,'labelféa_"Morgan, et al.". Morgan et al,, 1981

~

reviewed the specimens of the stomachs of the Fischer 344 ﬁa;é'
in the NCI study of PCBs and found an incidénce of
adenocarcinoma'of the glandular stomach of 0/47, 1/48, 3/48 and
2/48. The "Morgan, et al." subcategory for stomach
adenocarcinoma includes the tumors in the combined subcategory
because Morgan included but did not review the adenocarcinomas
of the;glandular stomach alreéhy noted by NCI scientisté. The
ﬁorgan, et al." subcategory for gastrointestinal malignancies
is also a summation of the combined subcategory alone and the

Morgan, et al. data.
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The tumor categories in Table 9 correspond with the
categories in Table 2 (used by FDA for animal data in risk
extrapolation to humans) except that FbA combined liver
adenomas with carcinomas, and leukemias with malignant
lymphomas labelled hematopoietic neoplasms by FDA), Liver
adenomas are Erequenﬁly defined to be benign. (Personal
cohvérsatiﬁn with scjentists'id'the Oncology éranch). Note
also that a summation of all the tumor categories in Table 9
beginning with leukemias would not be expected to add to- the
Eategory of any malignancy. This is because any animal may
have had more than one type of'tumOr. Thus, perhabs any
malignancy would best be called "at least one malignancy."
Also, not all the tumor types observed in the NCI study are

listed in Table 9, only those that were malignant,

In parentheses after some of ‘the tumor incidences in Table .

9 are p-values derived using the Fisher Exact Test ( Cox,
1970) . In the cases where more than one Fisher Exact Test p-

value has been calculated in a given row, a simultaneous

comparison using the same control group has taken place and the

Bonferroni inequality was used to maintain a significance of
p = .05. This occurs for the'following reason., When results
for a number of treated groups are compared simultaneously with

those for a control group, a correction is usually employed to

ensure the overall significance level that one has chosen. ' The

Bonferroni inequality requires that for k treated groups the p-
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value for such simultaneous comparisons be less than or equal
to p-value/k. In the case of Table 9 a p-value or a-level of
0.05 was chosen. The only dose levels or categories which were
statistically significant at a = 0.05 were the combined data by

sex at 100 ppm in feed (or 5.00 mg/kg/day) for any malignancy.

NCI'S"réport'on tﬁeir PCB: bioassay (NCI, 1978) states on
op. 25-26, '
"It is concluded that under the conditions
of this bioassay, Aroclor 1254 was not
carcinogenic in Fischer 344 rats; however
a high incidence of hepatocellular
proligera;ive lesicns,{hypg;plastic
;nogulgsrfadenomas, ﬁ;é'cércinomas]
in both male and female rats wéé relat;d
to treatment., In addition, the.carciﬁomas
of the gastrointestinal tract may be
associated with treatment in both males
and females [none of these lesions were

found in control animals in this study."]

NCI did not establish a category of "any malignancy';
therefore they did not conduct any test of statistical
significance for such a category. However, as shown in Table 9

the p-value for the statisticallsignificance of the 21/48
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-

animals with any malignancy at 5 mg/kg/day compared with 9/48

animals in control was highly significant at 0.0074. The data
for female rats'at 1.25 mg/kg/day were also significant; it is
not ciear Qhether this is a statistical aberration, as none of

the higher doses was significant.

_Léukepiaé and haiignant'lYmphomas afe.an.important ﬁﬁmor.
category‘in Ehis study. -66.1 percent (41/62) of the animals
with any malignancy had one of these tumor types. However,
this ~ategory is difficult to study because of the high
background incidence of these malignancies'in Fisher 344
rats. Historically (up to 1979, at least), 6.5 percent of the
male rats and 5.4 percent of the females have had spontaneous
occurrances o: leukemias or lymphomés (Gart et al.,, 1979).
Similar rates in the 1978 NCI bioassay were 20.0 (19/96)
percent in males, and_23.6 percent in females. These
differeﬁces suggést that the significaht t:end'obséfved in the

NCI' study reflected a real increase, but additional work would

be needed to settle the matter.

WO addiﬁional tests were conducted of the data at each
subbategory, males, females,Land cbmbined sexes. The technique
used to derive roth tests comes from Armitage (1955). The
first test is a test for departure from linear trend., If the
p-value for departure from linear trend is small, then the null

hypothesis of linearity (whether the association between dose
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and response is a linear one) is rejected and one concludes
that dose affects cancer incidence but in a manner more
complete than linear. Otherwise, not significant (N.S.,) is
indicated. For the NCI data only, the female data for any
maligancy is rejected at p < .05 as being linear in dose-
‘response. However, small numbers of animals and respondents in
some ‘tumor categories make interpretatién of‘this‘tésﬁ
difficult. The second test determines whether the (linear)
slope of the dose-response curve is different from zero at a
one-tailed level of significance. If the p-valuc for slope is
small then the inference is that the slope is significantly
different from zero (in a positive directinn), indicating a
tendency for increasing values of dose to be associated with
increasing values of_respensp. ‘Not signifigént (N.S.) is
indica;ed'if-the.prQalue_is_g;eater.ﬁhanLCFBSJ "The categories
of “any;malignancy“ for méles and combinedAsexes are highly
significant for slope at p = 0.002 and .0.00S5, respéctivély.
For the other tumor categories small numbers of animals and
responding animals present a problem of interpretation, though
high significance was observed for slope in the data for males

with leukemias and combined sexes with malignant lymphomas.

One additional test was conducted on the dose-response

data for any malignancy to determine whether there was a

significant difference between the male and female responses

across dose levels. The method used was Ochran's method of
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standardized difference (Cochran, 1954)., No statistically
differences (at an a-level of 0.05) were found. This test was
primarily conducted to see if there would be problems in using
the combinea data for any malignancy as a basis for risk

extrapolation, and it was determined there would be none from a

_statistical viewpoint.

.There are several reasons for using the "any malignancy”
data 2s a basis for risk assessment., First, they are markedly
statistically significantly higher at the high dose, the test
for positive slope is hiéhly significant and there is no
significant departure from a linear trend. These data also

have denominators of 48, a larger number than the 24 animals of

_each sex, so that confidence limits an extrapolated dose-

responsé curve would be narrow. FDA used the idénﬁiéalv

categories of total malignanciés in Table’z_aé a basis for paft

of their risk assessment. Available risk extrapolation models
do not preclude the use of data where there are no
statistically gignificant increases over control at any (or
even all) dose levels, though there may be a substantial impact
on p-values- and confidence limits., Better discrimination
between these models also can be obtained if there is an ample
range of doses over which the response .s noted. Measures of
goodness-nf-£fit of the modelé to the available data are also
more meaningfﬁl with a larger number of difﬁerent dose-response

data points.
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ﬁCI did not anaiyze the data for "total malignancies”" or
"any malignancy". Since NCI stated that "under the conditions
of this bioassay, Aroclor 1254 was not carcinogenic ..." the
ectablishment of a tumor category where significance occurs may
seem to be like "fishing" for statistical significance. We do
. notlregard this as a sérious objectiqn because there is solid
,iﬁdependént confirmaiioh of carcinégeﬂicity from theAKimbrough'
study (1975), presented in Table 5, whefe the high incidence of
hepatocellular carcinomas was observed 26/184 at 5 mg/kg/day

compared to 1/173 at control (highly significant by the Fisher

Exact Test at p < 0.0001).

A high incidence of liver neoplastic nodules was also
observed by Kimbrough with 146/184 at 5 mg/kg/day compérgé to. -
0/173 at control (so obvious that'no-stati;tical“ﬁest-Sff ]
.Signifi;éhée was reported) . Howe#er, like‘aéénomas, néﬁplastic"
‘nodules are not malignant and the significance of their
appearance is not entirely clear. (Personal conversation with

scientists in the Oncology Branch).

A question arises here: why were the tumor types between
the NCI study and the Kimbrough study so different? The main
tumor types observed in the National Cancer Institute (NCI)
Bioassay on PCBs were, in ovrder of decreasing incidence,
‘hematopoietic neoplasms (leukemias and malignant lymphomas),

liver carcinomas, stomach adenocarcinomas, and gastrointestinal
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tract malignancies. On the other hand, hepatocellular
carcinomas were the main tumor type identified by Kimbrough. A
possible explanation for this difference is that two different
Aroclors were testeé in two different strains. The NCI studied
Aroclor 1254 in Fisher 344 rats and Kimbrough used Aroclor 1260
on Shéfman'r;ts. We do;no; know what the polychlorinated
dibenzotﬁfén cbncentrétioné were in these two studies.
(Kimbrough, 1975 and NCI, 1978) The degree of variability
between different strains within a species can be as high as
the degree of variability betwecen different species. Also,
while the Aroclors are mixtures they differ in both the degree
and structural location of chlorination; for Aroclor 1254 the
major component (53%) is C;,H5Clg and for Aroclor 1260 the
majﬁr Compéngnt (42%) is CiaH4Clg.

- ..The kiﬁbfoﬁéh étudy Qiliﬂaliow only the cfudest fofms oé
risk mddelling as it has dﬁly one nonzero dose level. Howéver,
there is no question és to the sta;istical signifiéance of the
increase in hepatocellular carcinomas observed by Kimbrough.
The NCI study will allow much more mathematically sophisticated
risk modeling and measures of goodness-éﬁ—fit of the models té
the data; but, standing alone is difficult to interpret,
because of the question of statistical significance of the
various tumor types. 1Indeed, NCI concluded that its study did
not establish carcinogenicity. There is also some question

about the validity or advisability of using the category of
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“any malignancy". FDA combined conclusions from the two
studies to estimate cancer risks to humans. That is also the
course that this assessment follows.

Table 10 presents maximum likelihood.estimates and lower
95 percent confidence limits on dose for a range of excess
risks from 1x107! (1 in 10) to 1x1078 (1 in 100,000,000)

(heréé?ter called virtually s;fe dose) . - The data used here are

the Kimbrdugh data for hepatocellular carcinomas. Because
Kimbrough tested only one nonzero dose levél, the only models
that could be used were one-hit or simple linear extrapolation.
As linear regression-gives nearly the samevresults as the one
hit models at low doses, only one-hit extrapolation was
employed., The computer praogram used was that for the
multistage model, which degenerates to a one-hit mpdél when .
‘only one positive aose.level_is available. The confidence -
liﬁiﬁs;on’thése viftuéily safe dosgé”are-tight, rg;ahly'Qithiﬁl
1; factor of 1.5 of the pdint estimates at.a risk of 1x10-6 (i

in 1,000,000),

Table 11 presents a similar range of excess risks of any

malignancy over backgcound based on the. NCI PCB Bioassay,
derived using five of the most widély known and used
extrapolation models: The multistage, logit, probit, Weibull,
and gamma-multihit., The logit and the probit ordinarily are
expected to give similar results, because of their similar

functional form. Estimates from the one-hit model were similar
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to those from the multistage model. sSimple linear
extrapolation is approximated by the lower confidence limits on
virtually safe doses (that is, upper confidence limits on risk)
Erom the multistagé model, Two types of background were
assumed for incorporation in all models except the

multistage. Independent background implies that any ongoing
baékground_carcihogedié érqcesses are in&ependgnt of the
carcinogenic response induced by the administration of the
carcinogenic¢ agent under study. Additive background implies,
on the other hand, that cancers induced by administration of
the chemical under study add to already on-going carcinogenic
processes, as if arising from an effective background dose,
acting by the same mechanism and producing similar types of
tumors. It ishnot clear at this time which of these two is the
.more yalid_a§§umptioh,,Eﬁeréfdte'for:the four moaels~avai1able
thét'consiéeé Séthxtypés éf background, both . are preéén;ed;
The.multistage model is consiétent witﬁ both assumptions so,
traditionally, one does not spéak'df it as either additive or
independent. Goodness-of-fit p-values were aléo calculated to

give an idea of the fit of the model to the data,

It can be seen from of Table 1l that the estimates of
virtually safe dose at a risk of 1x107% (1 in 1,000,000) from
the independent background models vary a million fold from 10~2
for the probit to 108 for the gamma-multihit. The additive

background models, including the multistage model, are all in
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Ehe area of 0.16 :::Al()"4 to 0.17 x 103 mg/kg/day. The

goodness-of-fit test results show the multistage mouel to be
the model with the best fit to the data (p > 0.9000) and the
additive gamma-multihit, the worst fit (although it is still

quite adequate) at p = 0.5391.

Tables 12 and i3'presént the results of two suggesﬁed
methods for placing confidence limits on virtually safe dose,
one by using the variance of log-dose: the other by using the
variance of the reciprocal of dose. The confidence limits in
Table 12, Sased on the variance of log dose are generally much
wider than those in Table 13, based on the variance of the
reciprocal of dose. Confidence limits from the independent
models vary widely, while thos. from the additive models are

within factors of 5 of each. other by the two methods and are.

~

within factors of 4 -to 20 of their maximum likelihood estimates

at a risk of 1x10'6.

The confidence limits for the multistage model, calculated
by a method unique to that model, are within a factor of 1.8 of
its maximum likelihood estimate of virtually safe dose at a
risk of 1x16°6. Thus the multistaée confidence limits are-ﬁuch
more narrow or "tightT" See Figure 1, which shows upper
confidence limits on risks, rather than lower confidence limits

on dose.
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Table 14 presents, for a range of excess risks from 1x10-1
to 1x1078, a table of maximum likelihood estimates for leukemia
alone over background based on the NCI PCB biocassay. Leukemia
alone was chosen beéause of the high percentage of pathology of
this type in the NCI biocassay. The risks predicted by the same
range of independent and additive background models are within
factors of 5 ofAsimilar estimates Bésed on any maligﬁancy.
Again estimates of confidence limits on virtually safe dose
based on the variance of log dose vary more widely than
estimétes based on the variance of the reciprocal of dése. The
multistage estimates are also narrow and this model produces
the best fit among the models examined. Overall there is much
consistency between the estimates'based on any malignancy and

those based on leukemia alode.

.

—f welﬁow“con§idéf“how égﬁimates of Girthally safé dbses.fdf
?isk of‘hepatocéllular carcinoma from Ehe Kimbrough's;udy |
compare with estimates of virtually safe doéeiﬁééed on any
malignancy or leukemia alone from the NCI study. Based on ﬁhe
multistage, the best fitting model, the maximum likelihood
estimates Erpm Table 10 compare very weil (within a factor of 1
to 2) witﬁ each other,.the confidence limits witﬁin a factor of
1 to 3. ~t seems then that it makes little difference which
study is used, Kimbrough or NCI, to base-quantitative estimates
of cancer risk to humans. The decision on which study to

choose for extrapolation might be based on the likelihood of
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exposure to a particular type of Aroclor since apparently-the
tumor types were different for tests of Aroclor 1254 and 1260,
though strain of animal may have been just as important. The
extent to which one expects perfect site concordance would also
dictate the choice of a study. Remember that FDA used both

studies in its risk assessment of PCBs.

With these preliminary remarks Qnd tabulations, we use for
exposures of various subpopulations provided by éhe Exposure
Assessment Branch, Exposure Evaluation Division of OTS to
estimate additional or excess lifetime risk. The NCI data
(used by FDA) and the Kimbrough data (used by FDA, CAG, and
OTA) are used as the bases for exErapolation. '

Table 17 p}esehts the eg¢eés or addiﬁionalilifetime fiék
estiﬁ;teé bésed‘on;total malignahcies in thé.NCf.sEudy. The
model used tovderive these éxéess risks was the Crump
multistage model and program (used by FDA, CAG, and OTA in
their assessments). A species conversion factor of
approximately 5.85 was used for the transformation of rat risks
to human risks; i.e., humans are presuﬁed to be roughly six
tiﬁes as‘senéitive to carcinogeﬁic effects of chemicals as
rats. The estimated exposure duration in years was used to
modify the risk estimates for the proportion of an average
human lifespan of 70 years that an individual in a given

exposure category might be exposed to PCBs. If the exposure
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duration was 38.5 years, as in the case of exposure
loading/unloading a liquid assuming PCBs are present in the
liquid at 25 mg/kg then the cancer risks were reduced by a
factor times 38.5/70 or 0.55 of their original size. (It would
be best to base such proportion of lifetime calculations on
-results from a differential exposure study; however, none was
avai;able and éhis"simplistic'multiplication féétor is -
currently the state-of-the-art in this area.) .Béth "most
likely” or point estimates of excess cancer risk and 95 percent
upper confidence limits on excess cancer risk are presented.
The upper confidence limits from the multistage model exhibit
linearity at liow exposures. They also assume additivity.
additivity, as mentioned earlier, assumes that the effect of a
carqinogehic agent is to act through the.same meéhanisms as
that ope;aﬁing fo;,bacé&;éund'précess.fjihe upper confidehée
limits are-nqt-éarkedl} ﬁdreicénservatéve ﬁh;n ﬁhe boiht.
estimaﬁés of risk in.thé case'bf the NCI totél malignancies
category. Many other factors mentioned in the other Ageﬁcfes
~isk assessments influence the results. Among these are the |
dissimilarity between residues in fish and water and Aroclor

1245, the levels of PCBs in humgn'adipOSe tissue, and the small

sample sizes in the NCI study.

The extrapolation distance between the lowest experimental
dose in the NCI study (1.25 mg/kg/day, the lowest of any level

in either the NCI dataset), and the nighest and lowest exposure
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levels is on the order of from 6 to 45,000,000,000. This is a
very wide range; Keep in mind that generally the further the
distance over which risks are extrapolated the less confidence
one could have in those risk estimates, and that errors could

go in either direction.

'-The assumptionsiﬁsed;to-derive the exposure levels showh
in Tablé 17 are discussed in the exposure assessment for
ihcidentially - produced PCBs (Versar 1983). One purpose of
the exposure and risk assessments is to provide guidance in
establishing a permissable level of PCBs in other chemicals,
Using conservative assumptions, the exposure assessment
estimated the upper limits of exposures that may result when
PCBs are present as impurities in a variety of chemicals and
products_at levels of 50 ppm, 25 ppm,}and,szém,. The exposure
'levelg iﬂ‘Téble 17 correspond to the upper ;imité df'e§posﬁfe
for the various scenarios when the conéehtrétion of PCBs is
25ppm. Few, if any, individuals will be exposed to these
relatively large amounts of PCBs. Thus, the maximum likelihood
of excess risk in Table 17 applies to highly exposed
individuals. Thé'gxcess carcinogenic risks to typical members
of the exposed groups are believed to be no higher than those

in Table 17 and are probably much lower,
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Table 1. C3G's Table for Water Qualitf Criterion of PC3s

P33 Eioosure Lifetime Risk Levels and Water Qualitv Critagy
10=7 10§ 10-5
2. liters of : 0.0079 ng/l1 0.079 ng/l1 0.7¢% ng/l
drinking water -
and consumption
of 6.5g contaminated .
. Eish and shellfish
.per day* - :
Consumption of £ish 0.0079 ng/1 © 0.079 ng/1 0.79 ng/1-

and shellfish only*

*Approximately 99% of the PCB exposure results from aquatic
organisms, which exhibit an average bicaccumulation potential
of 31,200-fold. The remaining 1% of OCB exposure results from
drinking water.
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Table 2: Mimal Data Used for Risk Zxtrapolation to Hmans in FDA Assessment

Dose of 2roclor 1254 fed

nimal Studies ‘ prm O 25 S0 100
-ma/kg/cay 0 1.25 2.50 5.00
NCT Bicassay - Fischer - |
. Fischer Rats fed
Total Malignancies
Males 24 224 9/24 12/24
Females 4/24 T 13/24 8/24 9/24
Cmbined 9/48 15/48 17/48 21/48
Liver Qrecincma & 2dencmas
Males /24 /24 1/24 2/24
Females 0/24 0/24 1/24 2/24
Cmbined 0/48 0/48 2/48 4/48
Bematopoetic Neonlasms
Males. 324 2/24 5/24 9/24
Females 4/24 | 6/24 . 8/24 6/24
7/48 11/48

Combined

8/48

15/48
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Table 3: Wper Onfidence Limits (99%) on Lifetime Risks* of Cincer in Eaters of Fish Spe:

Mnimal Studies SCth Percentile Eaters 90t
cn which risks
are based Assuning Mssuning Assumning Assuning = Assuming
N Tolerance Tolerance. . Tolerance  Tolerance Mo Tolerancz
. Lake*™ =S pm =2 ogm =1 pm Lake*™
USA Michigan USA Michigs
Rimbrowugh -~ Rats . I . _ .
Liver Qarcincama 1.3 18.4 . 1.2 0.8 - 0.5 7 3.4 4.4
NQ Bicassay - Total -
Malignzncies for Male ‘ .
and Female 4.1 58.0 3.7 2.7 1.6 10.6
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)le 3t tpper i@mnfidence

Lidits (99%) on Lifetime Risks* of (hn;:er in Eaters of Fish Species of Inteyest i

n FDA Assesawent

i
g

90Lh percentlile Eat

[l

v

6‘5

{ imal Studles ' 50th percentile Eaters 14:]
| which risks ' f ,
3 based ' Mguning Msuning Mssuning Masuning Mssuning Mssuning lssuning Mssuning
No ;Tolerance Tolerance Tolerance ‘Tblerance bNb Tolerance Tolerance ‘Iblerance Tblerance
 Lake** = 5 pm = 2 pgm = 1 ppm ' Iake* ¥ = 5 ppm 1 2 ppm = 1 ppm
i USA Michigan . c ' USA Michigan :
! , .
| brough - Rats | e
{ rer Carcinama 1.4 18.4 1.2 0.8 0.5 3.4 4L4 3.1 2.3 1.4
| : | '
| Bloassay - Total '
. Lignancies for Male '
1 Female 4.1 58.0 7 2.7 1.6 10.6 129.2 9.8 7.2 4.4
: Bloassay ~ Liver
1 ccinomas and Adenomas
{- Male and Female 0.9 12.75 0.9 0.6 0.4 2,5 30.5 2.3 1.7 1.0
11 Bloassay :
-] natoplietic for \ :
{le and Female. 2,7 38.25 2.4 1.8 1.1 7.0 85.3 4.7 2,9

i
H
)
'

)

i aind PCB contamlnation

1x 3.9 ug/kg/day at the 90th percentile,

are probably similar,

.
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{811 risks are lifetime risks conputed as rates per 100,000 'of the population at risk.

Usk calculated for Lake Michigan sportsfish eaters who consuwe an average of 1.7 ug/kg/day PCB
Risks in other areas having similar sportsfish consumption




{ible 4:

o

o ‘*Rlsk calculated for Lake Michigan sportsfish eaters who consume an average 1.7 wg/kg/day PCB
for 3.9 vg/kg/day at the 90th percentile,

L e A i - e b i

pper Mnfidence Limits on Number of New Cancers per Year in Eaters of Fish Species of Interest i

v FDA Assesanent

; limal

ntile Eaters

50th Percentile Eaters .90th Perce

y sudles on which o '

(4,000,000 people assumed exposed).

Rlsks may be similar for
sportafish eaters in other areas; but data not available to make estimate, .
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|isks are based Msuning Msuning Pssunihg Mssuning Mssuning Mssuning Aasuning Assuming .
! No Tolerance Tolerance Tolerance ‘Tolerance No Toblerance Toilerante ilblerance blerance .
[ake** =5pm =2pm = pm_ lake*™® =5 pm  =2ppm =1 pm
USA Michigan : USA Michigan
. ‘imbrough - Rats . _ _
‘;lver Carcinoma 6.2 10.4 5.8 3.8" 2.4 16.3 23.4 14.7 10.0 6.7
‘I Bloassay - Total
lalignancies for Male o .
.nd Female 19.6 32.8 17.6 . 12.9 1.6 50.6 73.1 46.9 - 34.3 21
1 .jc1 Bloasssy - Liver
‘|arcinomas and Adenamas : -
i ior Male and Female .3 1.2 4.2 2.9 2.0 12,0 17.3 10.9 9.0 4.7
- {CI Bloassay
7 .1amatopoietic , .
1.lor Male and Female 12,9 21.6 11.4 8.6 5.3 33.4 4.3 " 31.0 22.5 13.8
-1 A1 risks are the Increased number of cancers per year for the population at risk (15 2% of U.S. populatjon)
i considering a 70 year life span, ‘




Table 5: [ata sets used by Cump for OTA in calaulating virtually safe doses

Data Set No.—I Kimbrowgh et al. (1975) rat study with Acclor 1260—

Bepatcocellular carcinamas

Dietary level , No. of animals No. animals with BEepatoccellular carcinomas
(pEm) (mg/xg/cay) ' ‘
0 0 - 173 o 1

100 - . . 5.0 - ‘184 S 26

Data Set No. II-Rimbrowgh et al (1975) rat study with Aroclor 1260—

Liver necplastic nodiles

Dietary level No. of animals No. of animals with Necplastic nodules
(pem) (mg/ka/cay) '

0 <o 173 ]
100 5.0 " 184 ‘146

Data Set No. III-Ind.xstrial‘ Bio~Test rat experiment with Aoclor 1260—

Liver necplastic nodiles

Dietary level -~ No. of animals - " No. of -animals with Necplastic nodules
(pmm).  (mg/kg/day) ' ‘

.0 0 23 1
1 0.05 25 0

10 - 0.5 23 9

100 5.0 27 7
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Table 6: Virtually safe doses camuted by Qump for OTA from data in Table S

Cata Set Analvtic Method Maximm Likelihcoed Virtually safe doses
estimates of dose in (lower 35% confidencs
ppb. correspendirg bounds for dose) in
to extxa risk of pob. correspending to

extra risk of

108 104_ 1073 108 108 1073

‘Ia  probit =T = 7 = 1.96 14.2 43.6
Ib Cne-git and .~ .0069. .686  6.836  .0051 .51l 5.11

- -Multistage ' T . T
Ila Probit - - - 1,025 .180" .552
I One-dit and .00063 .063 .634 .00055 .0S11 . .511

Multistage :

IIIa Probit - - = .176 1.29  3.97
I ne-git .0046 465  4.65 .00235  .235  2.35
ITIe Multistage .0046 .465  4.65 00205  .205  2.05S
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Table 7. Bstimates of lifetime extra risk to humans of hepatocellular carcinama
based cn a cne-hit model (2) to the Kimbrough et al. (197%)
rat stucy (appeared in CTA document)

) human G Desage

© 3.3 w/dy .
(1976 Total Diet Study)

8.7 wg/cay
(1975 Total Diet Study)

127 wg/cay

(wg. intake of pecple consuming
more than 24 lbs./yr. lake Michigan
fish, Amphrey (1977) -

Risks calculated from converting mamam - -
dose to animal dose cn the basis of

ren in det mg/kq/day
1/328,000 /764,000
' 1/123,000 7 1/288,000
/8,000 1/20,000"
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Table 8. Extra lifetime risks of cancer associated with consum tion of PC3s
in food (appeared in OTA document)

Extra lifetime - Upper limit of new

Ccse (g/day) _ risk,/100,000 cancers/year
Foad |

9.2° . . 4.4 ——————— e - 21

14.9% 7.2 34

20.1€ 9.8 47

3.34 : - 0.13 | ' 4

8.72 0.35 ~ 11 °

127f -5 o -

ZTEased on NCI Dicassay and total malignancies tor males and Lemales.
on Rimbrough (1975) study and hepatocellular carcincmas.
CRased on highest consumers (90th percentile) of f£ish species contam.nateu with
PCBs if tolerance established at 1.2 of S ppm. .
ed on FDA Total Diet Study. 1976.

Spased cn FDA Total Diety Study. 197S.
frased on average intake of people consuning more than 24 lbs/year lake Michigan flsh
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>le 9: Mmimal bata Used for OTS Risk Extrapolation to_luﬁéns* '
Lignancy Category ‘ © Mimals Per Dose [evel**
‘ : ‘ P—Valuer**
pun . S Rositive  p-value for departure
in feed 0o 25 o 50 100 Slope frcrn linear trend
o/ka/day 0 .25 3.50 5.00 |
{_Malignancy S
les . 5/24 2/24 (N.S.) ~ 9/24 (N.S.) 12/24 (N.S.) ~0.002 NIS.
nales : 4/24 13/24 (.0093). . 8/24 (N.S.) 9/24 (N.G) (N.S.) p i .05
nbined 9/48 19/48 (N.S.) 17/48 (N.S.) 2V/48 (.0074) 0.005 " N.S.
ukemias . ‘
Ies 3/24 y24 ' 5/24 8/24 (N.So) Oa 014 Nq S-
males : 4/24 6/24 - - 6/24 4/24 (N.S.) N.S. NJS.
abined ' /48 8/48 1V/48 : 12/48 (N.S.) 0.080 N{S.
llgnant Lymphomas , o
Tes : /24 /24 0/24 /24 (N.S.) . 0.063 N|s.
males 0/24 0/24 - 0/24 2/24 (N.S.) 0.015 N|S.
mbined 0/48 /48 - .0/48 y48 (N.5.) - 0.004 N|S.
. " . .
ver Carcinama s :
Tes /24 0/24 1/24 2/24 (N.S.) 0.030 NiS
mles 0/24 1/24 . ’ 0/24 0/24 (NOS., N-So N S.
mbined 0/48 1/48 _ 1/48 2/48 0.016 "NIS.
omach Adenocarcinoma . _
Tes , v24 /24 | V24 0/24 (N.S.)  N.S. N}S.
males ' 0/24 1/24 1/24 0/24 (N.S.) N.S. N}S.
mbined (original report) 0/48 1/48 - 2/48 (/48 (N.S.) N.S. NiS.
mbined (Morgan et al.) 0/47 1/48 . 3/48 2/48 (N.S.) N.S. NiS.
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‘able 9: Mmimal bata Used for OIS Risk Extrépulation to tmans* (ntinued)

Mimals Per Dose level**

, lalignancy Category - .
: ) . - P-Value** *
pPpm . o Fositive pyvalue for departure
in feed - 0 25 50 100 Slope ‘fran linear trend
mg/kg/day 0" 1.2%° - 2,50 5.00

jastrointestinal Tract . ‘ .
-Mallgnancles (1Including L
Jejunum, Cecum, and \

A e i ———— . s . _— . . .A

Stomach L :
fales /24 0/24 2/24 1/24 (N.S.) N.S. S.
‘emales 0/24 1/24 ' -1/24 0/24 (N.S.) ' N.S. S.
bmbined (original report) . 0/48 /48 - 3/48 A /48 (N.S.) N.S .S.
Dubined (Morgan et al.) 0/48 1/48 ) 4/48 3/48 (N.S.) 0.0 S.

*From the National Cancer Institute bioassay of Aroclor 1254

except as noted. Morgan et al, ( CGancer Research 41, 5052-5039,
Necember 1981) re-examined the whole-tissue specimans of stawach

taken fram the NCI bioassay and presented malignancy data per cambined

sexes only,

o e
F-3
ST T TR EEE

**Numbers in parenthesis are Fisher Exact Test p-values for statistical ' |
significance over control. ‘Ihe Bonferroni inequality was employed to correct « 4

'f for lowered p-values due to multiple conparisons with the same control group. . .

! N.S. indicates not significant at thea = 0.0500 level ' ' '

{

{

k*4he technique used to derive these numbers cames fran (bchran (1954) and Annitage o ;
(1955) . If the p value for positive slope is small the Inference is that the slope .
is significantly different fram zero (in a positive direction), indicating that there ' :
is a tendency for dose to be assoclated with increasing values of response., Otherwise
N.S. (not significant) is indicated if the p-value is greater than 0,10, If the p-value
for departure fram linear trend is small the null hypothesis of
lnearity (or whether the assoclatlon between dose and response is a
linear one) is rejected. Otherwise N.S. is indicated = = . ‘ ‘ |
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Tabie 10

Excess Risk to Rets of Mepatoceliular Carcinoms Ovor Uachkyround
' {0esed on Kimbrough PCOB Bjoassay)

Hodel . 1.0008-01

MHultistage
(One-stege)® J,723300£+402

1.000€-02 1.000€-0) 1. 000E-04 1.000€-0) 1.020£~06 1.900E-07 I.OLOE-OO
Mexiaua Likelihood Estimates of Virtusjly Sate Dose for NHats (my/kg/day)
—n
0.609033E401 0.686703€¢00  0,6063926-01 0.6086361E-02. 0.686338€-03 . 0.606330€-04 o.oLs:sei-os

.

935 One-Sided Lower Confldeaco Lialts on Virtuslily Sate Doses lor Rals (ag/kg/day)

Hultistage
(Unu-3tage)® 0.524%92€402

0.500293E¢0)

0.496026E+¢00 .O.JQIGOIi-OI 0.4971119€~02 0.497)76E-03 . 0.497176E~04 0.4

97176£E-03

"The muliistage nodol degeneraloes to the specliic case al the one-hit aodul whon only one posiiive daso lovel it avallable.
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|
Tabile (1 l
, l
Excess Risk fo «waty of Any Mallignancy Over Bachground
(Based on HCI PCD Bloassey)
2 H
. ! . : Goodness of )18
Hodel 1.000€-01 1.000£-02 1.000E-03 t.000E-0¢ V. CO0E-03 1. 000F -08 1.000E-0Q7 1.000€-00 ! test p-value®
Yy
l
Maximus Likedlihood Estimate of ¥irtually Safe Dose for Rets (mg/hy/day) !
. !
{
Hultistage 0.338300€102 «3373694E4010 0.333443E 400 0.335234€-01 0,3332336-02 0.3332336-03 0.33323)6-04 0.!)52))!105 >0.9000
independent : o \ . .
Probliges 0.180)59E102 0. 110001760018 0.143637€400 0.2760%6E~01. 0.630383E-02 0.182634€-02 0.567512€-03 0. 192603E403 0.68652
¢ .
Independent ; . .
Logite® 0.1836)1%E+402 0.406)39€ 400 0.1301306E-01 0,470023£-0) 0, 131200€E-04 0.4787083E-06 0.131330¢€-07 0.0195005109 0.0801
quupondont
Welbull®® 0.179320E+402 0.327504E400 0.634600€~02 0.131959€-03 0.266236£-05 0.3371926-07 0.100392E6-00 0,218207€410 0.0937
independent Gommd
Hultinhjsne 0.939199E401 0.1035339€-01 0.358741E-0¢ 0.694300€-07 0. 134404E-09 - 0.260153€-12 0.303553£6-13 0.9%4677£ {18 0.6704
Additive . .
Probits® 0.193480E402 0. 1236926401 0, 120492€E¢00 0. V19903€E~01 0.119934€-02 G.119929€-03 0. 119929€-04 o.||992«(4us 0.8536
Additive H
Loglte® 0.192963E102 0.123396E 401 0. 117993E 400 0. b124p3E-O1 0.1012413¢E-02 0. 117407€-03 0. 0107400E-04 O.IIIOOPEJui 0.0549
Additive . . :
Welbull®® 0.190540E1402 0.113363€E+01 0. 109503E 400 0. 108931€E-00 0.)00874E-02 0. 10RB69E-0) 0.100060€-04 0.|oaosut]us 0.8632
)
!
Additive Gamma . . . ) . _ '
Multinjeee 0.213479£1402 0.166645E+01 0.162010E+00 0.161340E-01 0.164502€-02 0.161498€-03 0.161497€-04 0.161499€-03 0.5391

"Any p-value greater than 0,30 Indlicates an adequate (If ol the model to the datls, . ) .

%10 maay experiments the res;onse of laterest also occurs spoafensously in control anlaols. This background may be assumad o be elther landepondent of the
Induced responses or additive In ¢ mechaonlstic manner. 0 the spontangous and {nduced responses sre assumed (o be indopendent, then the probability of
observing & response of elther fype at dose ¢ is glven bys P°(d) = q ¢ (| ~ q) P(d), where O < q < |} denotes the spontansous backyround rate. Undor Ihe
additivity sssumption, the bechkyground response may be conslidered oi arising trom an ellective backyground dose w > 0, wiith P(d) = P(d + wl.. Although Ihe
maaner In which background response Is accommodated e cruclal, the extent to um Independence or additivity s indicatod by elthor blolaglcal il v o
oxporl.on‘ata Is somewhat uncloar at this tims,
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Table 12 . [

95.05 One-Slded Lower Confidence Limits on Virtually Sate Doses for Rets In mp/hg/day in Table 1} Based on the VYarlence olilog-uoso

Additive Gamma
Multinise

.(Based on NCY PCO QOloassay)

1.000E-03

1.,000£-07

V.497669E 401

0. 190933E 400

0.171354E-01

0.169700E-02

0.169523€E-0)

0.169506E-04

0.169505€-05

Model 1.000E~-01 1.000E-02 1,000€-04 1.000€-03 1.000t-06 1. 000E-08
Haltlstage 0.201936E402 0;)90099(06l D.0109703E 400 0,189683€-~01 0.189673£-02 0.109672€-03 0.109678E~04 0.1696)2€-03
é {adependent .
- Prabis? - 0.220746E 401 0.346400£-02 0.294013E-0¢ 0,306098€-06 0.197079€-07 0.950177€-09 0.398362E-10 0.463900€-11
. - . . .
; Iindependont ) :
% Loght® C. 109026E 401 0.394130€-0) 0.999379€-07 0.23697%1E~10 0.63504061E~104 0.§68230E~"°7 0.429200€-21 0,109312€6-24
: independent . . k
; Welbull® 0., 1630V92€+010 0.,129023€-03 0,103210E-07 0.0850332£6-12 \vQ.GDIJOGE-IG 0.363007€~20 0.4570)0€-24 0.369536€-28
' lndependonl Gamas * . . ' ;
H Nultinit® 0. 169341E400 0.421417€-00 0.831322€-16 0. 1684 44E~2) D.3300726-31 0.649296E-39 0. 12701 013€E-46 0.248648)E-54
: )
3 H
| Additive ) . : . > .
i Probis® 0.,280330£+40) 0.634469E-~0) 0.543401€-02 0.5371293£-0) 0.3536404E-04 0,336403€-05 0.336396E-06 0.5!619)(-01
. .
! .
i Additlive e
§ Laglis® G, 274334E001) 0.370830€-01 0.484797€-02 0.476930E-03 0.476130E-04 0.476072€E-05 0.4)6064€-06 0.416Q6!E-07
: ’ - !
Additive Con
Welbul)® (. 254930€401) 0.441906E-0) 0.367362E-02 0.360619€-03 0.339932€-04 0.359005E-05 0.339870€-06 0.359410E-07

0.169207E-06

®in many expor lments the response ol Intoresst also occurs spontansousiy In control snimals. This bachground may be assumed to Dbe ollhori

Indoapendont ol the lnduced responses or addlitive In a mechanistlc sanner.,
tndependent, then vhe proboblilty of obsorving & response of elther type at Joso d Is glven by
denoles tThe spontanecus background rale,
eflfective backyround dose w > 0,

wilh P*(d) = P(d ¢+ w),

It tho spontoneous and laducod rosponses aro assumed $0 be
POd) = q ¢ () - q) P(d), whore 0 < q < }
Under the additivity assumption, the background rocponse moy be conslderad as orisiang from an
Although the manner #n whlch background rosponss Is sccommudated s cruclal, e

extoat 10 which ladependence or additivity Is Indlicatud by elther bloldglécl theory or oxperimental dala I3 sumowhal uncloar al this Vfme,

47



Table 1)

s, ox One-ilded Lower Coatldonce Limits on vlrlu.lly Sale Doses for Rots in my/kg/day In Yable Il Based on the Varleace of dhe Heclprocal of Duse

(Besed oa HCI PCB Bloasssy)

Hodel 1.000E-0) 1.000€-02 1.000€-03 1.000E-0¢ 1.000E-03 1.000€-06 1.000€E-01 1.030E-00
T >
Hultlstagye 0.201936E 102 0.1900809€ 010 0.l0§105!000 0.189603E-01 0.109673E-02 0.l096?25-03 0.1096726-04 U. 109622603
Independont , .
Probit?® 0.399122€¢00 0.163994€ 100 0. 133193€E-00 0.233394€-02 0.480037€6-0) 0.010077€-0) 10.3325%6€-04 0.103875€E-04
. \
independent R ¢ ' :
Loglt® 0.360908E1401 0.398072€-01 0.117040€-02 Oyztﬂ’ﬂtl-ﬂl 0.670718E-00 0.174903E-07 . 0,4706636-09 0.0129530E-)10
l
independent . ;
Welbull® 0.329003E00 0.3703011E-00 0.456439E-03 ~ 0.664158E-03 0.104939€-06 0.173944E-00 - 0.290762€-)0 0.521101E-12

independent Gar.aa i

Hultihine 0. 1904084E+400 0.1037208E~02 0.129198€-03 0.126877€-008 0,264009E-11 0.417002€6-~14¢ 0.602721E-17 0. 004309E-09

Addiflve . . : :
Probit® 0.639930E¢00 0.315316E 400 0,294234€-01 . 0.292219€-02 0.292019€-03 0.291999€-04 . 0.2901997€-05 0.39!995(-06

!

Additive L i
Loglt® 0.634126E401 0.302931E400 0.20014060E-01 . 0.279442€-02 0.279213€E-03 0.2791936-04 0.279190E-03 0.179!90(—06

: . {

Additive _ ' : !
Molbul)® 0.632956E14010 0.270683E+00 0.249166€E-01 ° 0,247)08E-02 0.246914E-0) 0,246094€E-04 0,2468926-09 0.2460892€-06

Additive Ganma ) “
Hultinhte® 0.674128€4010 0.326271€400 0.499207€-04 + 0.496367€E~-02 0.496303£6-03 0.436277€-04 0.496273€-05 0.496281£-06

.

Sin many expariments the response ol Interast also occurs spontaneousiy In control anlmais. This background may be oassumed 1o be ellhor
Independent of the iInduced responses or sdditive in & mechanistic manner, I the spontoneous and Jnduced responsos are assumed l1o be
tndependent, then the probabitity of ouserving @ response of sither Type ol dose 4 i3 given bys P*4) = q ¢ 81 - 9) bbodl), whore 0 <.q <
denotes the spontaaeous background rate, Under the asdditivity cslu-ptlon, tha background response may be considered as arising Irom aun
etlective background dose < > O, with P%(d) = P(d ¢+ wl. Although thé manaer o which background ruvsponss Is occompudotad §s cruclal, the
axtenl to which Indopendence or odditivity Is Indicated by elther blologlcal theory or experimental dala Is somaowhal unclear at this lima,
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Table V4

Model

Muitistage

independent
Probit*®

independont
Logit®se

in'ependent
Welbuli®?®

independent Gamma

NultIhiee®

Addit ive
Probigee

Additive
. Lagltee

Additive
Helbull®®

AddItive Gamma
Hultihien®

Excess Risk 10 Rats of Leukemla Over Bachground

(Besed on NCI PCB Bloassay)

1.000€-03

. 000E-07

Goodness of ¢4t

1.000E-0) 1.000E-02 1,000E-0) 1.000E~-84 1.000£-06 1.002€-00 test p-valuet
Haximua Likelihood Estimate of Virtuslly Safe Dose 1o Ratls {(mg/kg/day) s
0.073330E402 0.827900E€+01 0.023603E+00 0.02317)E~-0) 0.823127€-02 0.023123E-0) 0.821022E-04 0.0823122€-~-05 20.173%00
0.0839038E402 0.726341E¢01 0.124448E401 - 0.293427€ 100 0.8390833€6-010 0.274622€-010 0.9910626-02 0.30861726-02 0.6768
0.847370E+02 0.316213E+08 0.33)861E400 0.20)16ii*0l 0.170t78£-02 0.118093E-0) 0.p19503€-05 0.3608692E-06 0.6616
0.8301107E402 0.401628€E401 0.209734£¢00 0.!15)0!E-0l 0.1061356-02 0.642593E-04  0.389061E-03 0.235539€-06 0.6511
0.048682€+02 0.447394€+0) 0.243322€¢00 0. 0322001E~00 0.723295€-0) 0.394208€-04 0.214830€-05 0.0117097€-06 0.6562
(K
0.837333€1+02 0.566367€+40) 0.344626E400 0.342493E-01 " 0.942202€-02 0.342261€-03 0.342238E-04 0.342233€-05 0.6139
0,038637€¢02 0.564023E+01 0.542071E£400 0.339033¢-01 0.539612£-02 0.339509€-0) 0.5i9501£-0d 0.539300€-03 0.6
. [ - . .
0.04037 (€402 0.361226€401 0.337097€+¢00 0,334719€-01 0.334402€-02 0,.334438E-0) 0Q.9334456€-04 0.524453¢E-05 e.6716
)
0.831930£102 0.613610E+01} 0.394977E+00 0.59291)€L0l .0,992717€~02 0.392697€-~0) 0.592690€-03 0.6610

0.592694E-0¢

SAny p-valus grenter thén 0.30 Indicetes an adequate (it of the acdel fo the data.

S%1a many experimunts thé cesponse ol Interest slso occurs spontansously is control anlmals. Uhis background may be assumed 10 be sither Indogendent of the

Induced responsoas or additive Ja & mechanistic manner,
obsoerving a response ol elther type af dose d s glven by

additivity assumnption, the bachkyround response may be consldered es arising from an efbeciive backyround dose uw > 0, with P°(d) = £ld ¢ w),
maaner In which bLeckgrouund rosponse Is -accommadated s ¢cruclal, the oxten? to which independence or additlivity b5 {ndliceted by edthor blojoglcad Oheory or
axporlimental data Is sidmewhat unclear al this tlme,

49

11 the spbntanecus and Induced responses are assumed fo be Independent, then Hhe probabijity of
PE(d) = q ¢ (| - q) Ptd), wheros 0 < q < | denclos fTho sponbouneous backyreund rate, Under the
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- Toble 13

Hodel

independent
Problit®

fadependent
Loglt®

Independent
Welbul(®

independent Gamma

Multihit®

Additive
Probit®

Additive
Loght®

Additive
Vo lbuli®

Additive Gomme
Wuitinie®

995.08 Onb-Sided Lower Contlidence Limits on Yirtuall

vy Safe Doazws for Rats in mwg/kg/dey tn Table |4 Dasod on the Varleace ol toyg-bose
(Based on NGI PCO Bloassey)

1,000€-0}

1.000€-02

1.000E-0)3

1.000E-0¢

1,000E-03

1.000€-06

1.000£-07

§.000£-00

0.378343E 402

0. 178401€¢02

0,164791£402

0, 180641E102

0.108499E\02

0. 130943E¢02

0.)69331E¢02

0. V62702E +02

0.103917€ 402

0.333084E0010

0.250732€-01

0.327032€-02

0.367066E-02

0.237713¢€-02

0.967604E-0)

0.905683€E-01

0.044160€E-00

0. 311336E 100

0.334006£100

0.997456€-04°

0.173747€-06
0.315620€-06
0.126783€-06
o.oosnoa:-;z
0.610410E-02

0.330973E-02

0,734068E-02

" 0.333907E-01

0.103320€-03

- 0. 112339E-09

0.26387:6-10

0.387324E-11

'0,641349E-03

0.388331E-0)
0.536121E-0)

0,724702€-0)

0.333890€-02

0,196042£-017

0.161647E-13

0.207053E-14
0.260330£E-1)

0.630936E-04

0.384192E-04

0.333003E-04

0.721912€-04

0.333608€-0)

0.563338€-09

0.230974€-1)

0. 479413€E-18

0.121977E-)9

0.638696E-03

0.38)939E-0)

0.53)662E-03

0.221623€-03

0.3338008E-04
0.220973€-10
O.Siﬁllli-ll
0, 146879€-22
Q.!S)OZ&E-ZC

0.6308671E-06

0,5%03936E-006

- 9.333640E-00

.

,0.721596E-06

0.133800€-03
o.clo;ojc-ll
0.466103E-25
0. 120262€-26
0.230361€-26
o.}:uocse-or
0. 303933E-07
0.933)631£-07

0.221509E-07

“in mony experinenits "mh response of interest ajlso occurs spontansoustly in control animalis. This background may ba assumed 10 be elther

Independent ol tho laduied responses or addlitive In a mechanlstic sanner.
Independent, then the probablilty of obsorving a response of elther type at duse d Is glven by,
denates the spintansoul backgrouand rate,
etfective backiround dvse w > O, with P*({d) = P{d + w),

11 the spontanecus and Induced responses are assumed to be
Po(d) = q *'(1 - Q) P(d), where 0 < q < §
Under the additivity assumptlion, the backyround rosponse may be consldered as arislag fros oa

Al though 'the mannor In which bachkground responso §s accommodadled Is cruclal, the

extent to which Independenco or additivity Is Indicatod by elthor blologlcal theory or exporimental dalto Is somewhal uvaclear at this tlma,
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Table 16

93.05 Onu-Slded Lover Confldence Limits on Virtuslly Sefe Dases for (ats (n mg/kg/day In Tebie §4 Bascd on fhe Yarlsnce of the Heclprocal of buse

Hodel

Hultistage

independent
Probit?®

independent
Loglt®

independent
Welbull®

independent Gammse

Huttinis®

Additlve
Problit®

Additive
Ltoglt?®

Additive
Woldbul)®

Additive Gamma
Hultihit®

,(Based on NCI PCO Bloassey)

1.000€-04

0.318136E402

0.3314808€+02

0. 122011€ 401

0.963092£-01

0.110833E¢00

. 0.409712€-01

Q. 10%60Q0€-02

0.109389€-0)

0.109508€-04

1. 000€-01 1.000£-02 1.000E-03 1.000E-03 1.000€-00 1.000E-07 3.000¢€ -08

0.373313E402 0.33308084E40) 0.354086E+00 - 0.3)33907¢-014 0,333090E-02 0.333000E-0) 0.33)860E-048 0.33)080E-05

0.327277€ 402 0. 100943E¢0) 0.119299€ ¢00 0.216476E-01 0.316174£-02 0.0146042E-02 0.423707€-0) - 0,,960000L-0)

v .

0.333070€+02 0.634314E400 0.252207€-00 0.1214019E-02 0.643106E-04 0.362634€-03 0.211465€-06 0.126535E-07

0.))9697E00i 0.3000631E400 0.196696E~-01) © 0.822437€-0) 0,300240E~04 0. 106103E-03 0.946204k-07 0,49%386E-06

0.33740%€ 02 0.319083€ 00 0.‘5,Q§‘£~D|I 0.598822£-03 0.244170£-04 0. 107379E-03 0.490408%£-07 0,230066€E-00

) .

0.314640E402 0. 101722608 0.100701E ¢00 0.997641E-02 0.996631£-0) 0.996330E-04 0.996319E-05 0.990302£-06

0.316079E+02 0.010038€+4010 0.900021E-04 0.921374€-02 0.976333£-03 0.976429E-04 0.976419€-03 0, 97(418E-~06
0. 107991E+01) 0.934421E-02 0.933361E-0) 0.9532353€-04 0.933243€-05 0, 931244€-06

0.009547€-03

I

"in many exporiments the responso ol (nferest slso occurs spontsnecusly fa control anleasls. This bachground mey -bé assumed o be elfhaer

tndependont of tho Induced responsvs or additive ln & mechanlisilc sanner.
Independont, then the probablilty of obsarving a responso of elther type of duse d Is glven by
donoltes the spontaneous background rate. '
ellective backgroind dose w > 0, with P3%(d) « P(d + w).

8§ 1ho spantaneous and laduced responsos are assumod ¥0 be
PR4d) = q ¢ (1* - q) ruodi),
Under the additlivity assumption, the background response may be consldered '«s oriasing Irom an

Although the manner In which background response Is accomuodatoed is cruclal, dhe

whore 0 < q. < §

extont to which §rdapondonce or additivity Is Indicated by elthor blologlcal theory or experimental data Is somewhat uncloar al this dlime.
08 AR e
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Table 171 Bucese Lifaetime Cancer Risk From PCH Exposure Derlved Uaing the Maultlatage Model.

Basis:s NCI Total Malignancles Category
b Eat lmated Individual exposuce? Duratkon ?! Hial?ir 2?; uppe{‘ .
t ‘Exposure Jjcenario Dutin af10d of éxpohiit®é LiTétIme average exposyce’ l.lkelihaod con ence wit
B‘Péuute ypf r 15677’]2‘ lui7i§7339!" IRY7K§7aayy {years) tatimates of on
’ Excesa Rlsk Excuss Risk
\
Ambient
Inhalatlon o Reference scenacrlos .
o ?;poayt- at the average urban atmospheric level ¥.5u10°2 1.4x1076 1.4x10°6 70 6.2x10°7 1.0x10°6
ng/m”)
o Exposure at the average rural atmospheric level 3.501074 1.4x1078 1421078 70 6.2x10"9 1.0x107 Y
{0.05 ng/u?) ‘
o Bxgoaure]nt the PCB level of quantitation for alc 69 2.7x107? 2.11073 70 ).201073 2.0x1073
{10 ug/a’) ' :
o Exposure st a dlatance of 800 » (0.5 mile) down-
wind of a large capacity cheamlcals nanu(uctutlng
glant with PCBes preaent in the process stream a -2 . -6 -6 . _ -7
5 mg/kg 2.9x10 ! 1.1xl0 1.1x10 - 70 490! 8.1x10
o Exposure ut a distance of 600 m (0.5 mile) downwind.
of a larga capaclt! Industrial Incinerator burning -2 -7 -7 :
wastes contalning 50 mg/kg PCBs <2.4x10°2 . <9.4x10 <9.4x10 70 <a.2x10°7 <6.9x107
Amblent - '
Ingestion o Reference acenarios
0 Average adult Intake of PCBs via food during 197§ ’ -1 :
as reportud by FDA <6,.9u10 €2.7x10"3  <2.71a1073 70 <1.2x10°3 2.0x1073
o Ingescion of flash containing 2 ppm of PChBs (l.e., '
the 1977 proposed FDA tolerance level for PCBs In -4 -4 -
the edible portion of tlah) 4.75 1.9x10 1.9x10 70 8-‘l|0—5 1.4x00
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Table 17 (Countinued)

Baposure type

Exposure ccenarlb

purin

797y :

Estimated Individual exposuge*
ol 6k ETiho average

y} T 1&g7%g7a

:71_2.

npucatlon of
exposure
{years)

Maxinum
Likedlhood
Batimates of
Exceoe RIsk

S8 Uppes

9 P
Contldence Limit '

on
Buccag Risk

Amblant
Ingesation

Ingestion of tluh or water obtalned from water
bosloa down at:egu of chemical plants dischacging
wastewater contalining 100 ug/l of PCBs

o Ingestion of gtoundwates drawn from wells located
down ?tadlent from a landfil) recelving wastes
contalning 50 mg/kg PChs

o Consumecs of water contaminated b{ dlschacges from
a typlcal aluminum forming plant with 66 general
hydraullc syastemys assuming

~ All syatems contaln 50 mg/kg PCBs In July 1964
and thercatter

.

- All syetems contaln 1,752 mg/kg’ PCBa from July
1988 to July 1385 and contain 50 m /kg theceatter
~July 1984 to July 85 '

(alte( July 8§

o Cansumerge of water contaminated b dlachatgeiu
from a typical petcroleun raflnery with B hea
tranafer systems assuming

- All systema contaln 50 mg/kg PCBs July 19848
to July 1985 and contain 50 ng/kg thegeafter

- all s*steme contaln 176 mg/kg PCBa from July 1984
to July 1985 and contaln 50 mg/kg thereafter

~July 19684 to July @5
~after July 85

- All a‘stema contaln 441 -g/kq PCBas from July 1984
.

to July 1985 and contaln 50 mg/kg thereafter

~July 1984 to July 85
~after July 65

7

Qe
-
[T 1 4

<7.7:1076

-6
4,35x10
to 4.5x1073

l.l:lo“
to 1.1x107}

4s5u1076
to 4.5x10

i

~3.0x10"7

to 1.3x1073

5.0x10"7
;u_2.lxlo']

3.0x1077 _
to 1.3x107?

1.2x1076

“to 5.6x1073

3.0x0°7
to 1.3x10

1031078
to $.1x10

<1.0u10°10

1.8x10710
to 1.8x10"7

030078
to 4.3x10

1.6x10710
to 1.8x1077

1.20070
to S.1x10

2.0x10°3?
to 9.0x10°8

1.2x107 b
ta 5.1x10798
078t
to 2.2x10

1.2x10738
to 5.1x10

<3.0x10710

).8x10710
to ).0x1077

2.300710
to 2.3x10

2.Ix10710
to 2.3x1077

1.2010710
to 5.1x10

1.2x00700
to 5.1x107 8

1.2x0°1)
to S.1x10"8
1.2x00700
to 5.3x10

1.2x1078) o
to 5.3x10

70

70

70

- 69

70

" 69

69

e.90007?
to 2.3xl0

<t.ix10730

g.04107 ¥}
to #.0x10"8

1.0a0°10

to 1.0x30°7

1.0x10°10
to 1.0x10"7

5.3010712
to 1,3x10

5.1a10°12
to 1.)x1078

5.3¢10°%2

“to 2.3x1078

5.3010702
to 2.3x10

5.3u10712

to 2.3x1078

<2.2x10710

130710
to 1.3210

1.200780
to 1.7x10

1.7510°10_
to 1.7x1077

8.0x10742
to 1.8x%0

8.8x107 12
to 3.8x109

8.8x10712

to 1.8x108
8.0x107}2 to
to 3.9x10

8.8x107}2
to 3.9x10
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Table 17 (Continued)

.Bxposura type Exposure scenarlo

Duein

Eatimated Indlvidual exposure?

O

[&tTie average
wGIXY/a3Yy

Duratlon of

espoauce

Hax bnue
Likelihood

958 Uppur
Cun(lduncf Liati

12 B O tyeaca) ¢ Eatinates of on
' . - . Exceésn Riak Excuess Risk
Occupational
inhatatlon o Refocence scenaclos

o Bxposure at}the 031IA standard €or PCBa In alr -3 -2 -2

{1,000 vyg/ad) - 3.1.10 9.0x1" 5.0x10 1.5 2.20072 1.6x1072
o Exposure at thellevel of quantitatlon for PCDa ' ' -4 -4 e

in alc (10 ug/n’) 21 9.0x10 5.0x10 18.5 2.2¢q10°1 ). 107 ¢
o suRoeure at the NIOJH recommended standard for -5 -5 '

PChs In afc {} ug/m’) 2. 9.0210 5.0x10 n.s 2.2410°% 3. 91073
o Tranasfer and handlling operatlon scenacios ¥
o Loadlng/unloading a liquid aseumlng PCBe are present -2 -6 6

in the Vlguld at 25 mg/kg. 6.0x10 2.3x10 1.3x107 0.5 5.7x1077 9.6x1077
o Loading/unloading a powder assuming PCBa are present -2 -6

{n the powdor .t 25 mg/kg . 2.9x10 1.1x10 6.2x10"7 - 38.8 2.7400°7 e.6x10”?
o Loading/unloading a powder aauunlng complliance with ' .

the OSIA nuisanc: dust standard and assuming PCBs

are presnnt In the powder at 25 mg/kg 8.exl0} 3.4x107%  1.9x1079 8.5 8.4x10°6 b.4x10°3
o Procese operation scenarlos )
o Exposuste to background levels of fugltive emlasions

In enclosed chemlcal nanufactutlnz plants assusing .

PCha are present In the process stream at 25 mg/kg 2.6 1.ax20"4 5.6x10°95 38.5 2.5x10°% s.1x10°%
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Table 17 (Contlinued)

+ . " Entimated }églvldual elEosute' Duratlon of nt:lTrr " c g?; Uppui‘
W t Eap re ncenario ‘Durin 15475 e avaraye ' exposure Likeljhoo on unce alt
! Exposure type xposuca |i§79i; g "Tﬁ;??g7ﬂlyt Bg7RY7a%y) 1 Eaclme tes of an

(yenrs) *»

Excess Rlak Excess Risk

Occupatlional

fnhalation

Exposure to fugltive emlesjons for a workers
statloned sls meters downwind of leakling
equipment assuming PCBs are preaent In the
ealtted chemlcal at 25 wg/kg

o Exposury during open-surface tank opecrations
(e.q., degreaelng tank& assuming tank liquid
temparatucta of 75°C and assuming PCBs are
predeat In the llquid a 25 mg/kg

o Expaosure to evaparative emlssions during
nnn-spral coating operations assumlng a
coatlng temperature of 75°C and assuming PCBe
are present in the coating at 25 m9/kg. :

o Exposura to paint miste during ogxay painting
assuming PCBs are present In the blader at
2S5 m9/kg '

o Expoeuce to paint mists ducring spray talntlng
assumlng PCBa are present In tha solvent at
25 mg/kg

o Exposure to paint mists ducring epray talntlng
agsuming PCBs are present in the plgment toner
at 25 mg/kg

o Exposure to evaporation emlsslons during llguid
product formulation assusing a liguid temperature
of 25°C, open formulation tanks, and PCB concen-
tratlons in the liquld at 25 mg/kg

. 9.2xt07}
- 6.5u1072

s.6x10"3
5.513073
“6.4x1070

8.2x1072

2.5x1073

55

1.6x1073
2.5x10"6

1.8x10”9%
2.2+1073
2.5x10°3

1.3x10°6

9.8x1078

2.0x10°%

).4x1076

9.9x10°8

1.2510°9

1.4x2073

6.9x10°7

5.4x1078

4.5

38.5

le.5

.38.5

8.5

8.5

8.5

a.ax10° %

6.2x10"7

s.4x10°6

s.3x10°6

6.2x10°6

1.0v1077

2.4x1078

1.5x10° 9
1.0x30°6

7.3x80° 8
8.8x10°6
1.0x10°3

5.1x10”?

s.0x10°9



Table 17 {(Contlinued)

e S T e b e 4t 0 o <t i i

Bat fmated Individual exposure? Nuration of Hanlmaia 958 Upper
Exposure type Exposure acenarcio ‘Durin LI ] Elll[lma average axposucre Likellhood Contldence Linit
Y g y) mg/kq/7da (yaaga) o Foatlaates of on
i o Exceus Risk Excess Risk
occupational
lnhulatlon o Expoeure to mlatas duging alr-blast pesticlde
’ spra‘ln assuming PCBe are present In the active - -
pestlctde Ingredlent at 25 mg/kg 8.6x10"¢ 3.3500°8  1.ex1078 8.5 8.0x1079 1.3x0°8
o Exposure to evaporatlive emisslons dutln% grain .
fumigatlon assumning PChs are present In the - S -1 6
funlgant at 25 mg/kg <Qimel <6.5%107 <1.6x10"6 0.5 <1.6x10"6 <2.6x10°6
o Expocure to oll alets during oparatlions such an )
peinting and wetalworking assuming compliance
with the 0SHA standard for mineral oll mlat and Y .
y assuanlng PCBs are present in the oll at 25 mg/kg - 2.9x10 L.axlo™3  g.2x0076 *18.5 2.7x1076 4.6x10°6
o E:toaure to edaporative emisslons ducring foamed ' :
plastice manufacturing operations assuming PChs
are presunt In the blowlng agent (whlch con- .
stltutes approximately 17 gercent by welght of Y
the foam formuldtion) at 25 mg/kg 1.0x10 3.9x10°6  2,2x1076 9.721077

56
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Table 17 (Continued) .

. Batlmated fndividual exposure® Duration of MHaximua 9548 Uppec
Bxposure type Exposuce acenar b %%5%3% LL .a%') 8‘155;3375§$;Et1 ‘e-gogrrg. t::?::t:ﬁdof Cunlldegﬁe ATYS
1 ear
: v Y Exceae Rlsk Excass Riak
Occupatlonal .
inhalation o Bxposure to evagorative emisslons durlng
plastic manutactuclng operatlions aasuming eChs PR} To_s -5 -6 -5
ace presunt In the plaatic at 25 mg/kg 7:1x10 2.8x10 1.5x10 : 8.5 6.6110 1.1x10
o Exposute ducing manufacture of asphalt gooling <2.3x107} (9;0:!0'5_‘ <5.0x1055 to - 0.5 (2.;:10'5_5 <l.1xlo"6_‘
«  pcoducta to §.4 to 2.5x107% 1. 4074 S to 6.2x10 ta §,0x10
0 EBxposure to evaporative emisslons during paper ‘
manngacturlng adsuming PCus are present In waste- -
paper €urniah at:
- 12 n9/’kg 9.2x)0”} 3.6x1073 2.0x1072 8.5 8.8:10°6 1.5x10°
- 5 md/kg 3.9xi07} 1.5x1073  8l4wtoz$ 38.5 171078 6.2x10-8
~ 2.5 m9,kg . . ‘2,010 7.8x10 .1x10 8.5 1.9410 31.2x10
o Exposure to evaporatlve emlisslons ducing taper
manufacturing adeuming PCba are present In the
printed Ink of Wastepaper furanlsh at: '
- 2 mu/kg 6.0x10”} 240”8 30078 38,5 5.7s1073 9.6x1073
- 25 mg/kg 1.5x107) 2.9x1071  1léxto”] 8.5 7:141078 1.2x107)
- 50 mg/kg 1.5x10 5.9x)0 3J.2xl0 30.5 1.4x107 2.4ul107
0 Exposuze durlidg rerefinlng of waste oll assuming .
PCD3 ara present In the waste ol abs .
- 2 mg/kg ‘7.841073 3.0030°)  1.0a07] . . 18.5 7.5%10°8 1.3x007])
- 25 ma’'kg 971073 1.8x1076 2011076 18.5 $.341077 1osxgoé
- 50 mg./kg 1.9x10 7.4x10° 4.1x10°6 8.5 1.8x10°6 ).o0x10"
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Table 17 (Continued)

. Eatl-ated Ind{vlgual ex osg;gf Ducation of M::l?7r " %i& uppo{. .
& type Expogure gcanarlo Durln my averaqge expuaure Likallhoo Con unce (113
Buposuc e v ‘ -§92976§y) ®g7Kg/dag)— (ycars) o Estimates of on
Excesa RAlsk Exceuss Risk
Occupatlional .
Inhalation o Exposure during uarnant dry cleanlng operatlions
assuming 9Cna Are present In the cleaning fluld -2 -7 -7 -1 -7
at 25 mg/kg 1.6x10 6.3x10 3.4x10 8.5 1.5110 2.5x10
o Sampling and mliintenance operation scenarlos Co ,
o Exposure durin on-llno.repalx of equi ent - - _ _ -
Yeaking gas/ 101 contalning PCDs at 25 mg/kg 1.7x107} 6.6x10"%  3.¢x10"6 8.5 1.6x1076 2.6x1076
o Exposute ducling sampling aosuming the procese ' - - ' - C
stream contalns PCDs at 25 mg/kga 3.6 1.am0d 7.7x0072 30.5 1.4000°° 5.7x10°%
o Exposuie whlle cloaning ethpnant contalning a ‘
fluld In which pChe are assuned to be present at -1 -5 -5 -6 -6
25 mg/Mg 5.0x10 2.0x10 1.1x10 38.5 4.9210 8.1x10
o Expoauie while repalring equipaent off-1line !
asaumlrg the equigpment contains a €fluld In ) Y -6 -6 -6 -6
which 1Cis are present at 25 mg/kg ‘2.9x10" 9.6x10 S.4x10 3a.s 2.4x%10 4.0x10
o Bxposure during flltar removal assuming PCBs o -1 -6 -6 ‘ -6 o -6
are present at 25 mg/kg 1.3x10 S.1x10 2.8x10 l8.5 1.2x10 2.1x10
o Elposu}o during removal of still hottoms B ‘
assuming PCBe are present in the still
bottoms ati A
- 200 wmg/kg 9.8xt0” 1’ d.exlozd  2.1ap073 38.5 9.3u107¢ 1.5up073
- 2500 mg/kq 1 S.IIIO_‘ l.axlo_‘ 30,5 1.2ul0 i 2.1x10 h
- 5000 mg/kg 25 9.8x10 S.4xl0 38.5 2.4ul0" 4.0xi0”
o Exposure during cleaning of spllled liqulds
assumling PCBs are present in the liquld at . -1 -8 8
25 mgy/hg T 2.0x10 7.8x10 xl0” 18.5 1.9:10°8 3.2x1078

58



Table 17 (Continused)

: Estimated Individual expogure* °* Duratlon of Haxlnua 95V Upper
Bxposure typa Exposure scenarfo puriad forToa ot 8 TEBEThe average exposure Likellhoud Confldence Lim
h{ Xy) . IAJIRG708Y {ycags) *¢ Batimates of on
Excesn Riak Eucess Hlak

4

Occupatlonal . :
lahalatlion o -EBxposure to evapurative emlasslone for a workes
stationed one meter downwlad of 8 lenklni
hydraulic uvyatem operating at 75°C assualng
- All syestems contaln S0 my/kg PCBs In July 1984 -1 -6 -6 -6 -6
and thernafter 1.5x10 5.9x10 3.2x10 36.9 1.4x10 2.4x10

- Al)l systems contain 1,752 mg/kg PCBs from
July 1984 to July 1985 and contaln 50 mg/kg
thereafter

-July 84 to July 85 5.3 2.ax07¢ 621076 R 2.71x10°6 4.6x10°6
-after July 65 1.5x107¢ 5.9x1076  6.2x1078 1.5 2.7x10°6 s.6x10°6

o Buposure to evaporatlive emfeslona for a worker C o
astatloned three metecrs downwlind of a leaking heat '
transfer system assuming

- A}l systems contain 50 mg/kg PCBa July 1984 ) -1 -5 -5 : -6 -6
to July 1985 and ccntain 50 mg/kg thereatter : 5.8x10 2.3x10 1.3x10 +38.5 5.7x10 9.6xl0

- Al syatema contain 176 ng/kg PCBas from July 1984 -

to July 1985 and contala 50 nq{kg thereafter -5 -5 . -6 -6
-July 84 to July 8% 2.0 ) 7.8x210 1.3x10 1 5.7x10 9.6x10
-after . July 85 . s.amo0”? 2.3x107%  1.3x1078 7.5 5.1x0°6 9.6x1076
~ All n{stema contain 441 mg/kg PCus from July 192848 ' .
to July 1985 and contaln 50 mg/kqg thereafter : - -5 -6 -5
~July 84 to July 85§ 5.1 2.0x10"% 1.5x10 1 6.6x30 1.1xl0
-after July 85 : s.8x10°1 2.3x10°%  1.5:m0°3 17.5 6.6x10°6 baxe™?
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* yable 17 (Cont lnued)

) '~ Eutimated ladividual exposuce* Duratlon of Maxluua 958 Vppas
i Buposure type Bxposure scenario : * Dugla CTTQH‘UY‘!I;DBUY!T“ BfTie avesaqe cxposure Likelihooa Confldence Liml
i L1247 (®g/kg/day) 1a97kq 1] lyenrs) te Batlnates of on
! : . Bxcead Risk Excceus Risk
; .
! Occupatjonal
' dermal o B-Tosuxa Lo hydraul lc system operators and
i malntenanco workers assuming
i - All systems contala 50 mg/kg PCBs in . . L
| July 1984 and thereaftes 1.7, . e.xe”t d.exte! 1.5 1m0 4 2.0x0074
| - All systems contaln 1,752 mg/kg PCBa from ) ) .
! . Jull 984 to July 1985 and contaln 50 . )
; mg/kg thaceafter -2 -4 -4 -4
| -July 84 to July 85 . 620 - . 2.‘:10_‘ 1.1!10_‘ \ J.1x10 5.2:!0_‘
: -aftec July 85 . ¥ Y ] 6.9x10 7.5¢10 17.5 1.1xd0 5.2x10
! o Bxgoaure to heat transfer systea operators and . U T
aalntenance workers aseuming . :
; Kk [}
: - All systems contaln 50 mqg/kg PCBs July 1984 -4 _
; to July 1985 and contain 50 mg/kg thereafter 17.7 6.9x10 3.8x10°¢ 38.9 1.1x107¢ 2.8x00°4
H - All s{stqns contain 176 -g/kg £CBa from July 1984
; to July 1985 and contaln 50 ng/ug thereafter : -3 -4
i ~July 84 to July 8 §2.) 2.4x107)  4.0x1074 3 ).8x10"¢ 2.3u1074
i -after July 8% 11.7 6.9x10 4.0x10 17.9 1.8x1074 2.9x10
! - Al axatena contain 441 ng/kq PCBs from July 1984 -
; to July 1985 and contain 50 m9/kq thereafter . -3 _ . .
~July 84 to July 85 : 156 6.1x3070  d.6x1074 X 2.90x108 4.83x10°6
-after July 85 1.7 §.9x10 4.6x10°4 17.5 1.09x104 y.81x10"4
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Table 17 (Contlinucd)

Exposure typa

Exposura scenarilo

gatimated Llndlividua

TBH’QI;%%;?!%%__ me average
g7a3y) — \mg/Kg/asyY" 22

purla
Tag

L expasure?

l"‘ETYEKT

Oucation of
exposgure
(yeaca) *¢

Hax laum
Likalihood
Estinates of
Excesn Alsk

958 Upper
Cun(ldengg Lis

on
Excens Risk

Occupational
dermal

-3 -

© ©odpt ©OODCDOC

[- X -R-N-R-N-3

t

Tranafer and handllng operations aseuning PCBe
are freaent at 25 -?)kq

Loading/unloading liquid

Loading/unloading powder

Processlng ogeratlona asswslng PCBa are
preaent at 23 mg9/kg

Closed process operationg

Open surface tank operations

8pray galntln? operatliona

Grala tunlgatlon operatlions

Alc-blaat pesticide eptallng operations
Non-sgray coatlng operatlons

Product formulatlon operatioanse

Product fabelcatlon opecationa
Hetalworking operations
Newapaper productlion

Plastics manufacture

Dry cleanlng of garments

Sampling and maintenance operatlions assuming PCBS
are present at 25 mg/kg ln the process stream

On-1ina repalr of leaking equipment

Sampllng process stream

Cleaning equipment

Off-1ine cepalec of equipment

Removing £lltere

nemovini still bottoms assuming PCBa are preaent
in etill bottoms ats 4

200 m¢/kgq
2500 ag/kg
5000 sg/kg

Spill cleanup
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. Table 17 (Continued) , _

‘Eatlsated 1ndi

. vidual ex osg{g} puration of ";:‘T7= 2%; upper
e type Exposure scanario Dur i ;ggg;%f"ETY e average exposure Llke vod Confldence Linml
Bxposur e ! N ¥) 1&3)7XY7a5}Y {yedga) o Betimatcs of on
' Exceaa Rlek Excaeas Wisk
Copeumer
ifnhalatlion o Exposure resulting from use ot space deodorants
aspumlng PCls are present fn the product at -1 -6 -6 -6 6
25 mq/kg 1.7x10 6.7x10 6.1x10 70 1.0x10 4.9100"
o Exposure ceaulting from use of moth control .
producte as3umlng PCha acre present In the : -2 -6 -6 -7 2
product at 25 nq’kg 3.2x10 1.3x10 1.3x10 . 70 $.7x10 9.6x10"
o Bxposures resulting from painting the interlor :
of a house 3ssunlng CB are preaent in tha : -4 ) -9 -9 “10 \
plgment at 25 mg/kq 1.7x10 6.7x10 1.3x10 " S.7u10 9.6x10740
o Exposures resulting from palnting the interlor .
of a house assusing PCBa arée present In a resln . -4 -8 -9 -9
lntermedlate at 25 mg/kq : 7.7x10 1.0x10 6.0x10 " 2.7v10 .40 ?
o Exposures reaulting from Inhabiting a home with o
a nowl[ fﬂlnted {ntarior anaunlng PCBa are Z2 -6 g : ' - -
presen a the p..ut plgment at 35 mg/kg ‘2,610 1.0xl0 4.1x10 28 1.ax1077 3.0x10"
o Bxposures resulting from lnhabiting a home with
a neul{ Yalnted Interlor assuming PCBas are Y 6 -
preseat la a tealn laternediate at 25 mg/kg 1.2x10 4.7%10° 1.9x10°6 28 8.4u1077 1.4x1076
0 Exposures resulting from use of spray palint ' )
assumling PCBa are present In a resin or -2 -6 -
solvent at 25 mg/kg 2,9x10 1.1x10 8.9x10°7 55 3.unio”? 6.5%10"7
o Exposures resulting from use of sepray paints ' '
assuming PCBs are present in the plgment at : -3 -8
25 wg/k9 : 2.1x10 8.6210 6.8x1078 55 3.0x10°8 s.oun10”8
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table 17 (Contlnued)

1 i Eatimated ladlvidual exposured Duratlon of Haxlaum 958 Uppey )
inposure type Exposure acenaclo nu:tngjpggggg gg;g;gglﬂ!l —"LIt8tTae avecraye ekpoaure Likelihood Confldence Limite

) ; y) Rg7¥q7a3y) {yeacs) #¢ Batlmatea of on

& Excess Rlak Excess Riak
| .
. Consumer “
dermal o eruauree (eaultlnz trom painting the intertor ot
a louse asiumlng PCBe are present In a resln intes-

mediate at 25 wmg/kg

3.)a1072 1.x1078  2,.6x1077 1" l.axa”? 1.9xio~?

o Exposures resulting from use of spot removers
assumlng PCBa are presaent In the product at -1 -6 -6 -6 6
25 mq/kg . l.oxdo 3.9x10 3.1x10 55 N PY PR AT 3.30107

o Bxposures resultlng fcom use of general houaehald
cleanera assuming PCBs are present In a detergent
conatituent {[that accounts fou 25 percent by welght

of the product) at 25 mg/kg ‘2.0u107} 7.8x10°%  §.2x1076 55 2.7x1076 4.6x10"6
o Exposures reswiting from use of salnt femovers as- -2 . -7 -7 -7 -7
euming PCOs &are present In the product at 25 mg/kg 2.1x10 8.2x10 6.4x10 5S 2.68x1) 4.7x10
o Exposures teaulting from uee of dted clothing o
and shecta assuning PCBa ace present In the dye -2 - _ -7
at 25 mg/kg . 1.3x10 s.1x10”7  5.1x10°7 10 2.3x1) 1.8x1077
Consunmer
ingestion o Exposure to foodas contaminated with pesticldes -1 -
that contaln PCDa at 25 mg/kg - 6.4wio”d 2.5x10°8  2.sx1078 70 1.1x1078 1.0x1078
Referencen:

¢ Eatlmated indlvidual exﬁosures in terms of -j{yr were taken from Versac (1983). Average estimsated exposures In terma of mg/kg/day were calculated for the pé(lod
e

exposuce and also for t Vléetlne of the Individual (assumed to be 70 years) for a 70 kg Individual averaged over 165 daya/yesr. The absorbed dase equals the
exposure because 100 percent absorption s asaumed for all exposure gou!ee. .

4* puration of exposure refers to the number of years during a lifetime that the PCB exposure could be expected to occur. All occupational e:gouutea are assumed to

have a duratlon of 38.5 yeara, This Is the average work life o:pectooc‘ for males In the United States (personal communlcation between G. Schweer (Versar Inc.) i
8. Saith (0.8. pepartment of Labor, Bureau of Labor Statiatics), on April 7, 1983).
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.. | Estimated Individual expouure* Dur:tlon of Haxlsum 954 Upper
Bxpoeure type Expodure acenario nursng;EEZIEQ g!:g;;gg fatTne averaye exposure Likellhood Confldecnce Lin
I i 3y} 1&g7xy7asyy (yearg) o¢ Catlnatea of an
) R Excess Riek Excess Riek
Congumer .
Inhalatlon o Expoaure cesulting from use of pesticlde apraxo .
assuming PCBs ate present -In the active ingredient -3 -7 -7 - -
at 25 mgsky . ' 2.2410 8.6x10 6.8x10 ss 3.0 30 $5.0x)0
o Expoawie (eeuﬂtlng from use of pesticide esraya [
assuning PCBas ale present In the lnert Ingredlents S -6 -6 . -6 -6
at 2% mg/kg daaxod 4.3x10 1.%x10 55 1.5010 2.5x10
o Exposurea resulting from use of epray '
cleaning/dialntactant products assusing that
pCBa are predent In a conatituent (that accounts K
for 50 purcent of the welght ol the product) at -1 -6 -6 -6
25 mg/kq 2.3x10 9.0x10 7.1x10 55 3.1u10 5.2x10°8
o Baposures reeylting from luhablting a new home '
containing plastic Lullding materfale which are ) -4 -5 -5
assumed vo conthin PCBs at 25 mg/kg .1 3.2x10 2.7x10 6 1.2410 2.0x1079
Consumay
dermal o Exposure: ra.ul’lng from uge of deodorant socaps R
assuming PCBa ake present In the surfactant a G -2 -7 -7 .
25 mg/kg’ 2072 s.2m0°7 . 8.2x00°7 70 1.6x1077 6.0ur0]
, to'ls ' .to T.4x1074 to 7.4x107* to ¥.du1074 S.4x10”
o Exposures tea&ltln from use of skin lotlona assuming. -1
PChs are present In the surfactant at 25 mg/kg . 2.5x)0 2.5x10° 4 70 1.1x2074 1.8x10°Y
o Exposures resulting from handling of printed mattéer
asauming PCue ate preacnt In the Ink plgment at o 2 P
25 mg/kg 5.9x10” 2.3%107 2.0x10°6 60, 8.ux10”? 1.5x10°6
o Bxposucey reshlting from painting the Interlor of
house assuming PCBa are present In the plyment at ] _
25 mg/kg 7.0k10" 2.110°7  s.sx107¢ v 2.4x1079 s.0x1078



