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Oral RfFD Assessnent (I.A.) nmessage 06/ 01/ 1994
I nhal ati on RfC Assessnent (I.B.) no data
Carci nogenicity Assessnent (I1.) on-line 06/ 01/ 1997

|. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC

EFFECTS

__|I.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)

Subst ance Nane -- Pol ychl orinated bi phenyls (PCBs)
CASRN -- 1336-36-3

__1LA.1. ORAL RfD SUMMARY

Pl ease check the follow ng individual aroclor files for RfD assessnents:
Arocl or 1016, Aroclor 1248, Aroclor 1254, Aroclor 1260.

__1.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE
(RFC)

Subst ance Nane -- Pol ychl ori nated bi phenyls (PCBs)
CASRN -- 1336-36-3

Not available at this tine.
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II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Subst ance Nane -- Pol ychl orinated bi phenyls (PCBs)
CASRN -- 1336-36-3
Last Revised -- 06/01/1997

Section Il provides information on three aspects of the carcinogenic
assessnent for the substance in question; the weight-of-evidence judgnent of
the |likelihood that the substance is a human carci nogen, and quantitative
estimates of risk fromoral exposure and frominhal ati on exposure. The
quantitative risk estimates are presented in three ways. The slope factor is
the result of application of a | ow dose extrapol ati on procedure and is
presented as the risk per (ng/kg)/day. The unit risk is the quantitative
estimate in terns of either risk per ug/L drinking water or risk per ug/cu.m
air breathed. The third formin which risk is presented is a drinking water
or air concentration providing cancer risks of 1 in 10,000, 1 in 100,000 or 1
in 1,000,000. The rationale and nethods used to devel op the carcinogenicity
information in IRIS are described in The R sk Assessnent Gui delines of 1986
(EPA/ 600/ 8-87/045) and in the I RIS Background Docunent. |RI'S sunmaries

devel oped since the publication of EPA's nore recent Proposed CGuidelines for
Car ci nogen Ri sk Assessnent also utilize those Guidelines where indicated
(Federal Register 61(79):17960-18011, April 23, 1996). Users are referred to
Section | of this IRIS file for information on |long-termtoxic effects other
t han carci nogenicity.

__I1.A. EVIDENCE FOR CLASSIFICATION ASTO HUMAN CARCINOGENICITY

___1.Al. WEIGHT-OF-EVIDENCE CLASSIFICATION

Cl assification -- B2; probable human carci nogen

Basis -- A 1996 study found liver tunors in female rats exposed to Aroclors
1260, 1254, 1242, and 1016, and in nmale rats exposed to 1260. These m xtures
contai n overl appi ng groups of congeners that, together, span the range of
congeners nost often found in environnental m xtures. Earlier studies found
hi gh, statistically significant incidences of liver tunors in rats ingesting
Aroclor 1260 or C ophen A 60 (Kinbrough et al., 1975; Norback and Wl t nman,
1985; Schaeffer et al., 1984). Mechanistic studies are beginning to identify
several congeners that have dioxin-like activity and may pronote tunors by
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di fferent nodes of action. PCBs are absorbed through ingestion, inhalation,
and dermal exposure, after which they are transported simlarly through the
circulation. This provides a reasonable basis for expecting simlar interna
effects fromdifferent routes of environnmental exposure. Information on

rel ati ve absorption rates suggests that differences in toxicity across
exposure routes are small. The human studi es are being updated; currently
avail abl e evidence is inadequate, but suggestive.

- 11LA.2. HUMAN CARCINOGENICITY DATA

| nadequate. A cohort study by Bertazzi et al. (1987) anal yzed cancer
nortality anong workers at a capacitor manufacturing plant in Italy. PCB
m xtures with 54% then 42% chl ori ne were used through 1980. The cohort
i ncl uded 2100 workers (544 mal es and 1556 fenal es) enpl oyed at | east 1 week.
At the end of followp in 1982, there were 64 deaths reported, 26 from cancer
In males, a statistically significant increase in death from gastrointestina
tract cancer was reported, conpared with national and | ocal rates (6 observed,
1.7 expected using national rates, SMR=346, Cl=141-721; 2.2 expected using
| ocal rates, SMR=274, Cl=112-572). |In females, a statistically significant
excess risk of death from hematol ogi c cancer was reported, conmpared wth
| ocal, but not national, rates (4 observed, 1.1 expected, SMR=377, Cl=115-
877). Anal yses by exposure duration, |atency, and year of first exposure
reveal ed no trend; however, the nunbers are small.

A cohort study by Brown (1987) anal yzed cancer nortality anmong workers at
two capacitor manufacturing plants in New York and Massachusetts. At both
pl ants the Aroclor m xture being used changed twice, from 1254 to 1242 to
1016. The cohort included 2588 workers (1270 nal es and 1318 fenal es) enpl oyed
at least 3 nonths in areas of the plants considered to have potential for
heavy exposure to PCBs. At the end of followp in 1982, there were 295 deaths
reported, 62 fromcancer. Conpared with national rates, a statistically
significant increase in death fromcancer of the liver, gall Dbladder, and
biliary tract was reported (5 observed, 1.9 expected, SVMR=263, p<0.05). Four
of these five occurred anong femal es enpl oyed at the Massachusetts plant.
Anal yses by tinme since first enploynent or |ength of enpl oynent reveal ed no
trend; however, the nunbers are small.

A cohort study by Sinks et al. (1992) analyzed cancer nortality anong
wor kers at a capacitor manufacturing plant in Indiana. Aroclor 1242, then
1016, had been used. The cohort included 3588 workers (2742 white nmal es and
846 white femal es) enployed at least 1 day. At the end of followp in 1986,
there were 192 deaths reported, 54 fromcancer. Wrkers were classified into
five exposure zones based on distance fromthe inpregnation ovens. Conpared
Wi th national rates, a statistically significant excess risk of death from
skin cancer was reported (8 observed, 2.0 expected, SMR=410, Cl=180-800); al
were mal i gnant nel anomas. A proportional hazards anal ysis reveal ed no pattern
of associ ation with exposure zone; however, the nunbers are small.

O her occupational studies by NIOCSH (1977), CGustavsson et al. (1986) and

Shal at et al. (1989) |ooked for an associ ati on between occupati onal PCB
exposure and cancer nortality. Because of small sanple sizes, brief followp
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peri ods, and confoundi ng exposures to other potential carcinogens, these
studi es are inconcl usive.

Acci dental ingestion: Serious adverse health effects, including |iver
cancer and skin disorders, have been observed in humans who consuned rice oi
contam nated with PCBs in the "Yusho" incident in Japan or the "Yu-Cheng"

i ncident in Taiwan. These effects have been attributed, at least in part, to
heating of the PCBs and rice oil, causing formation of chlorinated

di benzof urans, which have the sane node of action as sone PCB congeners
(ATSDR, 1993; Safe, 1994).

- 11LA.3. ANIMAL CARCINOGENICITY DATA

Sufficient. Brunner et al. (1996) conpared carci nogenicity across
different Aroclors, dose levels, and sexes. Goups of 50 nmale or female
Sprague-Dawl ey rats were fed diets with 25, 50, or 100 ppm Arocl or 1260 or
1254; 50 or 100 ppm Aroclor 1242; or 50, 100, or 200 ppm Arocl or 1016. There
were 100 controls of each sex. The animals were killed at 104 weeks, after
whi ch a conpl ete hi stopathol ogi c eval uati on was performed for control and
hi gh- dose groups; histopathol ogi ¢ eval uations of liver, brain, mamary gl and,
and male thyroid gland were also perforned for | ow and m d-dose groups.

Statistically significant increased incidences of |iver adenomas or
carcinomas were found in female rats for all Aroclors and in male rats for
Aroclor 1260. Sone of these tunors were hepatochol angi omas, a rare bile duct
tunor sel dom seen in control rats.

To investigate tunor progression after exposure has stopped, groups of 24
femal e rats were exposed for 52 weeks, then exposure was discontinued for an
addi tional 52 weeks before the rats were killed. For Aroclors 1254 and 1242,
tunor incidences fromthe stop study were approxi mately half those of the
lifetime study; that is, nearly proportional to exposure duration. In
contrast, stop-study tunor incidences were zero for Aroclor 1016, while for
Aroclor 1260 they were generally greater than half those of the lifetine
study. For 100 ppm Aroclor 1260, the stop study incidence was greater than
that of the lifetime study, 71 vs. 48 percent.

Thyroid gland follicular cell adenomas or carcinonmas were increased in
mal es for all Aroclors; significant dose trends were noted for Aroclors 1254
and 1242. The increases did not continue proportionately above the | owest
dose. No trends were apparent in fenales.

In female rats, the incidence of manmary tunors was decreased with
lifetime exposure to Aroclor 1254 and, to a | esser extent, to 1260 or 1242;
this result was not observed for Aroclor 1016. Decreases did not occur for
any Aroclor in the stop study. The first manmary tunor was observed at a
| ater age in the dosed groups.

Ki mbrough et al. (1975) fed groups of 200 fermale Sherman rats diets with O

or 100 ppm Arocl or 1260 for about 21 nonths. Six weeks later the rats were
killed and their tissues were exam ned. Hepatocellular carcinomas and
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neopl asti ¢ nodul es were significantly increased in rats fed Aroclor 1260.

The National Cancer Institute (NCl, 1978) fed groups of 24 male or fenmale
Fi scher 344 rats diets with 0, 25, 50, or 100 ppm Aroclor 1254 for 104-105
weeks (24 nonths). Then the rats were killed and their tissues were exam ned.
The conbi ned incidence of | eukem a and | ynphoma in nmales was significantly
i ncreased by the Cochran-Armtage trend test; however, since Fisher exact
tests were not also significant, NCI did not consider this result clearly
related to Aroclor 1254. Hepatocellul ar adenonas and carci nomas were
i ncreased. Mbdrgan et al. (1981) and Ward (1985) reeval uated gastric |esions
fromthis study and found 6 adenocarci nomas in 144 exposed rats. This result
is statistically significant, as gastric adenocarci nomas had occurred in only
1 of 3548 control male and femal e Fischer 344 rats in the NCl testing program
I ntestinal netaplasia in exposed rats differed norphologically fromcontrols,
suggesting Aroclor 1254 can act as a tunor initiator.

Schaeffer et al. (1984) fed nmale weanling Wstar rats a standard diet for
8 weeks, then divided theminto three groups. One group was fed the basic
diet; for the other groups 100 ppm Cl ophen A 30 or A 60 was added. Rats were
killed at 801 832 days (26.3 27.3 nonths) and were exam ned for lesions in the
| iver and sonme other tissues. For both m xtures, preneoplastic |iver |esions
wer e observed after 500 days (16.4 nonths) and hepatocel | ul ar carci nomas after
700 days (23 nonths) in rats dying before the end of the study. The
i nvestigators concl uded, "C ophen A 60 had a definite, and C ophen A 30 a
weak, carcinogenic effect on rat liver."

Nor back and Weltman (1985) fed groups of male and fenal e Sprague- Dawl ey
rats diets of O or 100 ppm Aroclor 1260 for 16 nonths; the |atter dose was
reduced to 50 ppmfor 8 nore nonths. After 5 additional nonths on the control
diet, the rats were killed and their livers were examned. Partia
hepat ect ony was perforned on sone rats at 1, 3, 6, 9, 12, 15, 18, and 24
nont hs to eval uate sequential norphol ogi c changes. |In nales and femal es fed
Aroclor 1260, liver foci appeared at 3 nonths, area |esions at 6 nonths,
neopl asti ¢ nodul es at 12 nonths, trabecul ar carci nomas at 15 nonths, and
adenocar ci nomas at 24 nonths, denonstrating progression of liver lesions to
carcinomas. By 29 nonths, 91% of females had liver carcinomas and 95% had
carci nomas or neoplastic nodul es; incidences in males were snaller, 4% and
15% respectively. Vater et al. (1995) obtained individual animal results to
determ ne whether the partial hepatectom es, which exert a strong
proliferative effect on the remaining tissue, affected the incidence of |iver
tunors. They reported that the hepatectonmies did not increase the tunor
i nci dence. Anong fenales fed Aroclor 1260, liver tunors developed in 4 of 7
animals with hepatectom es and 37 of 39 w thout hepatectom es; no liver tunors
devel oped in controls or males with hepatectom es.

Moore et al. (1994) reevaluated the preceding rat liver findings
(Ki mbrough et al., 1975; NCI, 1978; Schaeffer et al., 1984; Norback and
Wel t man, 1985) using criteria and nonmencl ature that had changed to reflect new
under st andi ng of mechani snms of toxicity and carcinogenesis. The reeval uation
found sonmewhat fewer tunors than did the original investigators. The apparent
i ncrease for C ophen A 30 (Schaeffer et al., 1984) is no longer statistically
significant.
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___11LA.4. SUPPORTING DATA FOR CARCINOGENICITY

Several studies of less-than-lifetine exposure are supportive of a
carci nogeni c response (Kinbrough et al., 1972; Ki nbrough and Linder, 1974,
Ki nura and Baba, 1973; Ito et al., 1973, 1974; Rao and Banerji, 1988).

PCBs give generally negative results in tests of genetic activity (ATSDR,
1993), inplying that PCBs induce tunors primarily through nodes of action that
do not involve gene nmutation. Initiation-pronotion studies for several
comrerci al PCB m xtures and congeners show tunor pronoting activity in liver
and lung; these studies are beginning to identify a subset of m xture
conponents that may be significant contributors to cancer induction
(Silberhorn et al., 1990). Toxicity of sonme PCB congeners is correlated with
i nduction of m xed-function oxidases; sone congeners are phenobarbital-type
i nducers, others are 3-nethyl chol ant hrene-type inducers, and sonme have m xed
i nduci ng properties (MFarland and C arke, 1989). The latter two groups nost
resenble 2,3,7,8-tetrachl orodi benzo-p-dioxin in structure and toxicity.

Studi es of structurally related agents: Studies of 2,3,7, 8-
t etrachl or odi benzo- p-di oxi n and a pol ybrom nated bi phenyl (PBB) m xture are
sumari zed here because the pattern of tunors found by Brunner et al. (1996)
mmcs the tunors induced in rats by these structurally related agents. The
Nati onal Toxi col ogy Program (NTP, 1982) exposed groups of 50 nmale or fenale
Gsbor ne- Mendel rats by gavage to O, 1.4, 7.1, or 71 ng/kg-day 2, 3,7, 8-
t et rachl orodi benzo-p-dioxin for 2 years. Simlar to the Brunner et al. (1996)

study, liver tunors were increased in female rats and thyroid gland follicular
cell tunors were increased in male rats. Mamary tunors were not, however
decreased in dosed female rats. |n another study, NTP (1983) exposed groups

of 51 male or femal e Fischer 344/ N rats by gavage to O, 0.1, 0.3, 1, 3, or 10
ng/ kg-day of a PBB m xture ("Firemaster FF 1") for 6 nonths, then exposure was
di scontinued for 23 nonths before the animals were killed. Statistically
significant increased incidences of liver tunors were found in male and fenal e
rats. Dose-related increased incidences of chol angi ocarci nomas were found in
mal e and femal e rats.

__11.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL
EXPOSURE

___11.B.2. SUMMARY OF RISK ESTIMATES

Oral Slope Factor -- See txt
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Drinking Water Unit Risk -- See txt

Extrapol ati on Method -- Linear extrapolation bel ow LED10s (U.S. EPA, 1996b)

Drinking Water Concentrations at Specified R sk Levels:

Ri sk Level Concentration
E-4 (1 in 10, 000) See txt
E-5 (1 in 100, 000) See txt
E-6 (1 in 1,000, 000) See txt

___11.B.2. DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tunor Type -- Liver hepatocellular adenomas, carci nonas, chol angi omas, or
chol angi ocar ci nomas

Test Aninmals -- Feral e Sprague-Dawl ey rats

Route -- Diet

Ref erence -- Brunner et al., 1996; Norback and Wl tnan, 1985

Adm ni stered Human Equi val ent Tunor

Dose (ppm Dose (ng/kg)/day I nci dence
Arocl or 1260
0 0 1/ 85
25 0. 35 10/ 49
50 0.72 11/ 45
100 1.52 24/ 50
Arocl or 1254
0 0 1/ 85
25 0. 36 19/ 45
50 0.76 28/ 49
100 1.59 28/ 49
Arocl or 1242
0 0 1/ 85
50 0.75 11/ 49
100 1.53 15/ 45
Arocl or 1016
0 0 1/ 85
50 0.72 1/ 48
100 1.43 7/ 45
200 2.99 6/ 50

Arocl or 1260 (Norback and Weltnman, 1985)
0 0.75 1/ 45
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100/ 50/ 0 1.3 41/ 46

___11.B.3. ADDITIONAL COMMENTS (CARCINOGENICITY, ORAL EXPOSURE)

The cancer potency of PCB m xtures is determ ned using a tiered approach
t hat depends on the information available. The followi ng tier descriptions
di scuss all environnental exposure routes:

TI ERS OF HUMAN SLOPE FACTORS FOR ENVI RONMENTAL PCBs
H GH Rl SK AND PERSI STENCE

Upper - bound sl ope factor: 2.0 per (ng/kg)/day
Central -estimate slope factor: 1.0 per (ng/kg)/day

Criteria for use:

- Food chai n exposure

- Sedi nent or soil ingestion

- Dust or aerosol inhalation

- Dermal exposure, if an absorption factor has been applied

- Presence of dioxin-like, tunor-pronoting, or persistent congeners
- Early-life exposure (all pathways and m xtures)

LOW RI SK AND PERSI STENCE

Upper - bound sl ope factor:
Central -esti mate sl ope factor:

0.4 per (ng/kg)/day
0.3 per (ng/kg)/day
Criteria for use:

- Ingestion of water-soluble congeners

- I nhal ati on of evaporated congeners

- Dernmal exposure, if no absorption factor has been applied

LOAEST RI SK AND PERSI STENCE

Upper - bound sl ope factor: 0. 07 per (ngy/kg)/day
Central -estimate slope factor: 0.04 per (ng/kg)/day

Criteria for use: Congener or isoner analyses verify that congeners wth
nore than 4 chlorines conprise |ess than 1/2% of total PCBs.

Sl ope factors are nultiplied by lifetine average daily doses to estinmate
t he cancer risk. SAMPLE CALCULATIONS ARE A VEN IN U. S. EPA (1996a). Although
PCB exposures are often characterized in terns of Aroclors, this can be both
i mpreci se and i nappropriate. Total PCBs or congener or isoner analyses are
r ecormended.

When congener concentrations are avail able, the slope-factor approach can
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be suppl enented by analysis of dioxin TEQ to evaluate dioxin-like toxicity.
Ri sks from di oxin-1i ke congeners (eval uated using dioxin TEQ) woul d be added
to risks fromthe rest of the m xture (eval uated using slope factors applied
to total PCBs reduced by the anopunt of dioxin-like congeners). SAMPLE
CALCULATI ONS ARE G VEN IN U. S. EPA (1996a).

Dependi ng on the specific application, either central estinmates or upper
bounds can be appropriate. Central estinmates describe a typical individual's
ri sk, while upper bounds provide assurance that this risk is not likely to be
underestimated if the underlying nodel is correct. The upper bounds
calculated in this assessnent reflect study design and provide no information
about sensitive individuals or groups. Central estinmates are useful for
estimating aggregate risk across a population. Central estinmates are used for
conparing or ranking environnental hazards, while upper bounds provide
i nformati on about the precision of the conparison or ranking.

Sonme PCBs persist in the body and retain biological activity after
exposure stops (Anderson et al., 1991a). Conpared with the current default
practice of assumng that less-than-lifetine effects are proportional to
exposure duration, rats exposed to a persistent m xture (Aroclor 1260) had
nore tunors, while rats exposed to a | ess persistent m xture (Aroclor 1016)
had fewer tunors (Brunner et al., 1996). Thus there may be greater-than-
proportional effects fromless-than-lifetine exposure, especially for
persistent m xtures and for early-life exposures.

H ghly exposed popul ati ons i nclude sonme nursing infants and consumers of
ganme fish, game animals, or products of aninmals contam nated through the food
chain. Hi ghly sensitive popul ations include people with decreased |iver
function and infants (Cal abrese and Sorenson, 1977).

Because of the potential magnitude of early-life exposures (ATSDR, 1993;
Dewai l |y et al., 1991, 1994), the possibility of greater perinatal sensitivity
(Cal abrese and Sorenson, 1977; Rao and Banerji, 1988), and the |ikelihood of
i nteractions anong thyroid and hornonal devel opnent, it is reasonable to
conclude that early-life exposures may be associated with increased risks. Due
to this potential for higher sensitivity early inlife, the "high risk" tier
is used for all early-life exposure.

It is crucial to recognize that commercial PCBs tested in | aboratory
animal s were not subject to prior selective retention of persistent congeners
t hrough the food chain (that is, the rats were fed Aroclor m xtures, not
environmental m xtures that had been bi oaccunul ated). Bi oaccumul ated PCBs
appear to be nore toxic than commercial PCBs (Aulerich et al., 1986; Hornshaw
et al., 1983) and appear to be nore persistent in the body (Hovinga et al.
1992). For exposure through the food chain, risks can be higher than those
estimated in this assessnent.

In calculating these estinmates, adm ni stered doses were expressed as a
lifetime daily average cal cul ated from weekly body wei ght nmeasurenents and
food consunption estinmates (Keenan and Stickney, 1996). Doses were scal ed
fromrats to humans using a factor based on the 3/4 power of relative body
wei ght .

UNI' T RI SK ESTI MATE AND DRI NKI NG WATER CONCENTRATI ONS
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For ingestion of water-soluble congeners, the mddle-tier slope factor can
be converted to a unit risk estimte and drinking water concentrations
associated with specified risk |Ievels.

Upper - bound sl ope factor: 0.4 per (ng/kg)/day
Upper - bound unit ri sk: 1 x 10-5 per ug/L

Dri nki ng water concentration associated with a risk of:

1 in 10,000 10 ug/L
1 in 100, 000 1 ug/L
1 in 1,000,000 0.1 ug/L

These estinates should not be used if drinking water concentrations exceed
1000 ug/L, since above this concentration the dose-response curve in the
experinmental range may provide better estinates.

For food chain exposure or ingestion that includes contam nated sedi nent
or soil, the slope factor for "high risk and persistence" should be used
I nst ead.

~___11.B.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, ORAL EXPOSURE)

Joi nt consideration of cancer studies and environnmental processes |leads to
a conclusion that environnmental PCB m xtures are highly likely to pose a risk
of cancer to humans. Although environnmental m xtures have not been tested in
cancer assays, this conclusion is supported by several conplenentary sources
of information. Statistically significant, dose-related, increased incidences
of liver tunors were induced in fenale rats by Aroclors 1260, 1254, 1242, and
1016 (Brunner et al., 1996). These m xtures contain overl appi ng groups of
congeners that, together, span the range of congeners nost frequently found in
environnmental m xtures. Several congeners have dioxin-like activity (Safe,
1994) and may pronote tunors by different nodes of action (Silberhorn et al.
1990); these congeners are found in environmental sanples and in a variety of
organi snms, including humans (MFarland and C arke, 1989).

The range of potency observed for commercial mxtures is used to represent
t he potency of environnental mxtures. The range reflects experinental
uncertainty and variability of commercial m xtures, but not human
het erogeneity or differences between commerci al and environnmental m xtures.
Envi ronnmental processes alter m xtures through partitioning, transformation,
and bi oaccurul ati on, thereby decreasing or increasing toxicity. The overal
ef fect can be considerable, and the range observed for comercial m xtures may
underestimate the true range for environnental m xtures (Hutzinger et al.
1974; Callahan et al., 1979). Limting the potency of environmental m xtures
to the range observed for commercial mxtures reflects a decision to base
pot ency estimates on experinental results, however uncertain, rather than
apply safety factors to conpensate for |ack of information.

A tiered approach allows use of different kinds of information in
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estimati ng the potency of environnmental m xtures. Wen congener information
is limted, exposure pathway is used to indicate whether environnental
processes have decreased or increased a m xture's potency. Partitioning,
transformati on, and bi oaccumul ati on have been extensively studi ed (Hutzinger
et al., 1974; Callahan et al., 1979) and can be associated with exposure

pat hway, thus the use of exposure pathway to represent environnental processes
I ncreases confidence in the risks inferred for environnental m xtures. For
exanpl e, evaporated or dissolved congeners tend to be |l ower in chlorine
content than the original mxture; they tend also to be nore inclined to

net aboli smand elimnation and ower in persistence and toxicity. On the

ot her hand, congeners adsorbed to sedinment or soil tend to be higher in

chl ori ne content and persistence, and bi oaccunul at ed congeners ingested

t hrough the food chain tend to be highest of all. Rates of these processes
vary over several orders of nagnitude (Hutzinger et al., 1974; Callahan et
al ., 1979). \When avail able, congener information is an inportant tool for

refining a potency estimte that was based on exposure pat hway.

Extrapol ation to environnental |evels is based on nodels that are |inear
at | ow doses. Low dose-linear nodels are appropriate when a carcinogen acts
in concert with other exposures and processes that cause a background
i nci dence of cancer (Crunp et al, 1976; Lutz, 1990). Even when the node of
action indicates a nonlinear dose-response curve in honbgeneous ani na
popul ati ons, the presence of genetic and lifestyle factors in a heterogeneous
human popul ati on tends to nmake the dose-response curve nore |inear (Lutz,
1990). This is because genetic and lifestyle factors contribute to a w der
spread of human sensitivity, which extends and straightens the dose-response
curve over a w der range.

Uncertainty around these estimates extends in both directions. The slope
factor ranges primarily reflect mxture variability, and so are not
necessarily appropriate for probabilistic analyses that attenpt to describe
nodel uncertainty and paraneter uncertainty. Estinmates based on ani na
studi es benefit fromcontroll ed exposures and absence of confounding factors;
however, there is uncertainty in extrapol ating dose and response rates across
species. Information is lacking to evaluate high-to-|ow dose differences.
PCBs are absorbed through ingestion, inhalation, and dermal exposure, after
whi ch they are transported simlarly through the circul ation (ATSDR, 1993).
This provides a reasonabl e basis for expecting simlar internal effects from

different routes of environnmental exposure. Information on relative
absorption rates suggests that differences in toxicity across exposure routes
are small. The principal uncertainty, though, is using conmercial mxtures to

make i nferences about environnental m Xxtures.

When exposure involves the food chain, uncertainty extends principally in
one direction: through the food chain, living organi sns selectively
bi oaccunul at e persi stent congeners, but comrercial mxtures tested in
| aboratory animals were not subject to prior selective retention of persistent
congeners. Bioaccunul ated PCBs appear to be nore toxic than comrercial PCBs
(Aulerich et al., 1986; Hornshaw et al., 1983) and appear to be nore
persistent in the body (Hovinga et al., 1992). For exposure through the food
chain, risks can be higher than those estimated in this assessnent. Two
hi ghly exposed popul ations, nursing infants and consuners of contam nated gane
animal s, are exposed through the food chain.

The di oxin-1i ke nature of sone PCBs rai ses a concern for cunul ative
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exposure, as dioxin-like congeners add to background exposure of other dioxin-
| i ke conpounds and augnent processes associated with dioxin toxicity. This
wei ghs agai nst consi dering PCB exposure in isolation or as an increnent to a
background exposure of zero. Confidence in this assessnent's use of | ow dose-
| i near nodels is enhanced when there is additivity to background exposures and
processes (Crunp et al, 1976; Lutz, 1990).

__11.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION
EXPOSURE

- 11.C.1. SUMMARY OF RISK ESTIMATES

| nhal ation Unit Ri sk -- See txt

Extrapol ati on Method -- Linear extrapol ation below LED10s (U.S. EPA, 1996b)

Air Concentrations at Specified R sk Levels:

Ri sk Level Concentration
E-4 (1 in 10, 000) See txt
E-5 (1 in 100, 000) See txt
E-6 (1 in 1,000, 000) See txt

___11.C.2. DOSE-RESPONSE DATA (CARCINOGENICITY, INHALATION EXPOSURE)

See Dose- Response Data for oral exposure.

___11.C.3. ADDITIONAL COMMENTS (CARCINOGENICITY, INHALATION
EXPOSURE)

See Additional Comments for oral exposure.
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For inhal ati on of evaporated congeners, the mddle-tier slope factor can
be converted to a unit risk estimte and anbient air concentrations associ ated
W th specified risk |evels.

Upper - bound sl ope factor: 0.4 per (ng/kg)/day
Upper - bound unit ri sk: 1 x 10-4 per ug/cu.m

Anbi ent air concentrati on associated with a risk of:

1 in 10,000 1 ug/cu. m
1 in 100, 000 0.1 ug/cu.m
1 in 1,000,000 0. 01 ug/cu. m

These estimtes should not be used if anbient air concentrations exceed
100 ug/cu. m since above this concentration the dose-response curve in the
experinental range nmay provide better estinates.

For inhal ation of an aerosol or dust contam nated with PCBs, the sl ope
factor for "high risk and persistence" should be used instead.

___11.C.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, INHALATION
EXPOSURE)

See Discussion of Confidence for oral exposure. Information on relative
absorption rates suggests that differences in toxicity across exposure routes
are smal | .

__11.D. EPADOCUMENTATION, REVIEW, AND CONTACTS

___11.D.1. EPADOCUMENTATION

Source Docunment -- U.S. EPA, 1996a [Available fromthe Ri sk Infornmation
Hotline, G ncinnati OH  Tel ephone: (513)569-7254; FAX (513)569-7159)].

The source docunent and RIS summary were considered at a public, externa

peer review workshop in May 1996. A workshop report was witten by the review
panel (U.S. EPA, 1996¢). Al coments have been carefully eval uated and
considered inthis IRIS summary. A record of these conmments is summarized in
the RIS docunentation files.

O her EPA Docunentation -- U. S. EPA, 1988
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__11.D.2. REVIEW (CARCINOGENICITY ASSESSMENT)

Agency Wirk Group Review -- 08/22/1996

Verification Date -- 08/ 22/ 1996

___11.D.3. U.S.EPA CONTACTS(CARCINOGENICITY ASSESSMENT)

Pl ease contact the Risk Information Hotline for all questions concerning this
assessnent or IRI'S, in general, at (513)569-7254 (phone), (513)569-7159 (FAX)
or RIH IR S@GPAMAI L. EPA. GOV (i nternet address).

VI. BIBLIOGRAPHY

Subst ance Nane -- Pol ychl ori nated bi phenyls (PCBs)
CASRN -- 1336-36-3
Last Revised -- 11/01/1996

__VI.A. ORAL RfD REFERENCES

None

__VI.B. INHALATION RfD REFERENCES

None
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VIIT. SYNONYMS

Subst ance Nane -- Pol ychl ori nated bi phenyls (PCBs)
CASRN -- 1336-36-3
Last Revised -- 05/01/1989

1336-36-3

ARCCLOR

ARCCLOR 1221
ARCCLOR 1232
ARCCLOR 1242
ARCCLOR 1248
ARCCLOR 1254
ARCCLOR 1260
ARCCLOR 1262
AROCLOR 1268
AROCLOR 2565
AROCLOR 4465
AROCLCOR 5442

Bl PHENYL, POLYCHLORO-
CHLOPHEN

CHLOREXTOL

CHLORI NATED BI PHENYL
CHLORI NATED DI PHENYL
CHLORI NATED DI PHENYLENE
CHLORO BI PHENYL
CHLCORO 1, 1- Bl PHENYL
CLOPHEN

DYKANOL

FENCLOR

| NERTEEN

KANECHLOR

KANECHLOR 300
KANECHLOR 400

MONTAR

NOFLAMOL

PCB
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PCBs
PHENOCHLOR
PHENOCLOR
PCLYCHLORI NATED BI PHENYL
Pol ychl ori nat ed Bi phenyls
PCOLYCHLOROBI PHENYL
PYRALENE
PYRANOL
SANTOTHERM
SANTOTHERM FR
SOVCL
HERM NOL FR-1
UN 2315
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