90%€08

PCBs: Environmental Considerations

Jim Cogliano, Ph.D.

Chief, Quantitative Risk Methods Group

United States Environmental Protection Agency
National Center for Envivonmental Assessment

Washington, D.C.

06/30/¢€0

€g:el

6100 S9S 207 1

oueT130) WL

200



@003

Jim Cogliano

1 202 565 0079

13:26

03/06/00

U422U0D Jo s3oaffa YibaH “
swisiuppA0 PUIA| Ul SgDd ¥
JUDWUOAIAUD 2] Ul SgDd “

SUOLIPAIPISUOD [DJUSWMUOIIAUT sqgDd

803407



80¥%€08

PCBs

O-0

v

v

Chlorine
substitution

Congeners
Homologues

Aroclors

00/90/¢0

9g:¢1

6200 S9¢ 202 T

ouBI[80) WL

7003



[goos

Jim Cogliano

1 202 565 0079

13:27

03/06/00

© suixolp--ozuaqlp
@ @ pajpbuliojyoAjod

o

o
= _ _ X sup.njozuaqip
e P palpbuLiojyoAjod

S40d

w:._xo__o pup SUb.INJoZuaqlp 03 Sq)Hd JO ALIb[luiIS

803409



0T¥€08

Typical composition of some Aroclor mixtures

Aroclor 1016 1242 1248 1254 1260

Mono-CBs (%wt) 2 1 — i —
Di-CBs 19 13 1 — —
Tri-CBs 57 45 21 1 —
Tetra-CBs 22 31 49 15 —_
Penta-CBs — 10 27 53 12
- Hexa-CBs — — 2 - 26 42
Hepta-CBs — — — 4 38
Octa-CBs —_— — — — 7
Nona-CBs — — — — 1
Deca-CB — — — — —
Chlorine content (%) 41 42 48 54 60
Production, 1957-1977 (%) 13 52 T 16 11

"—" denotes less than 1%.
Sources: Adapted from U.S. EPA (1996), Cogliano (1998).
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Environmental fate is related to chlorine substitution

L J Chlorinecontent ............. 10
Higher ............... Volatility . ............... Low
Higher ........... Solubility inwater ............ Low

Low ...... Adsorption to soil and sediment . ... .. High
low ...... Persistence in the environment ...... High
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PCBs partition in the environment

Alr —
Water —
Soil —

Sediment —

Higher proportion of lower-chlorinated
congeners

Higher proportion of lower-chlorinated
congeners

Higher proportion of higher-chlorinated
congeners

Higher proportion of higher-chlorinated
congeners
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PCBs bioaccumulate in the environment

> Each link in the food chain passes on congeners most
difficult to elminate

> PCB composition can be significantly altered
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PCBs and cancer

Mayes (1998) tested Aroclors 1016, 1242, 1254, and 1260 in rats

— Al cause significant increases in liver cancer
— Some Arocdlors increased thyroid cancer in males
— Potency differs for these mixtures

These mixtures contain overlapping groups of congeners that,
together, span the range of congeners most often found in
environmental mixtures

Conclusions
— Al PCB mixtures can pose a risk of cancer
— There is a basis for distinguishing the cancer potential of
different environmental mixtures
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PCBs and cancer

Mayes (1998) tested Aroclors 1016, 1242, 1254, and 1260 in rats

—  All cause significant increases in liver cancer
— Some Aroclors increased thyroid cancer in males
— Potency differs for these mixtures

These mixtures contain overlapping groups of congeners that,
together, span the range of congeners most often found in
environmental mixtures

Conclusions ,
—  All PCB mixtures can pose a risk of cancer
— There is a basis for distinguishing the cancer potential of
different environmental mixtures
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Liver tumor incidences from the 1996 rat study

ixture Dose Females Madles
Aroclor 1260 Control ** 1/85 ( 1%) *¥* 4/98 ( 7%)
: 25 ppm 10/49 (20%) 3/50 ( 6%)
50 ppm 11/45 (24%) 6/49 (12%)

100 ppm 24/50 (48%) 10/49 (20%)

Aroclor 1254 Control ** 1/85 ( 1%) 7/98 ( 7%)
25 ppm 19/45 (42%) 4/48 ( 8%)

50 ppm 28/49 (57%) 4/49 ( 8%)

100 ppm 28/49 (57%) 6/47 (13%)

Aroclor 1242 Control - ¥* 1/85 ( 1%) 7/98 ( 7%)
' 50 ppm 11/49 (24%) 1/50 ( 2%)
100 ppm 15/45 (33%) 4/46 ( 9%)

Aroclor 1016 Control ** /85 ( 1%) 7/98 ( 7%)
50 ppm 1/48 ( 2%) 2/48 ( 4%)

100 ppm 6/45 (13%) 2/50 ( 4%)

200 ppm 5/50 (10%) 4/49 ( 8%)

00/90/¢0

[AREN

6400 295 207 1

oueI{s0y wWIp

8T%€08 |

*¥*Statistically significant (p<o.05) by Cochran-Armitage trend test.

Hepatocellular adenomas, carcinomas, cholangiomas, or cholangiocarcinomas in rats alive
- when the first tumor was observed.

One control group supported all experiments.

Source: Brunner (7996), reported by U.S. EPA (7996); Mayes (7998).
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Estimated cancer risk as a function of PCB exposure
Based on liver tumors in female Sprague-Dawley rats fed Aroclor 1254

Increased cancer risk

100%
80% -
[+) _ 2o il %
60 /0 “‘).\‘@wg:::;.;:.\'- ® ) °
40 0/0 'Sf:;c';:y.ﬂ\‘l:;:? %
20% _ '
Upper-bound estimate Experimental results
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Three tiers of environmental PCBs

HIGHEST RISK AND PERSISTENCE
— Food chain exposure
— Sediment or soil ingestion
— Dust or aerosol inhalation
—  Early-life exposure (all pathways and mixtures)

LOWER RISK AND PERSISTENCE
_Ingestion of water-soluble congeners

0Zv€08 |

— Inhalation of evaporcted congeners
— Dermal exposure, if no absorption factor has been

applied

LOWEST RISK AND PERSISTENCE
— Congener or homologue analyses verify that
- congeners with more than 4 chlorines comprise less
than 1/2% of total PCBs
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Less-than-lifetime exposure to the more persistent

mixtures may pose disproportionately high risks

Ixture

Aroclor 1260

Aroclor 1254

Aroclor 1242

Aroclor 1016

**Statistically significant (p<o.05) by Cochran-Armitage trend test.
Less-than-lifetime experiment involved rats dosed for 52 weeks and killed after 104 weeks.

Dose

Control
25 ppm

50 ppm
100 ppm

Control
25 ppm

50 ppm
100 ppm

Control

50 ppm
100 ppm

Control
50 ppm
100 ppm
200 ppm

Less-than-

lifetime exposure

** 1/85 ( 1%)
4/24 (17%)
3/24 (12%)
17/24 (71%)

** 1/85 ( 1%)

5/24 (21%)
7/24 (29%)

6/24 (25%) .

*¥* 1/85 ( 1%)
3/24 (12%)

 6/24 (25%)

1/85 ( 1%)
of24 ( 0%)
o/24 ( 0%)
0/24 ( 0%)

Source: Brunner (7996), reported by U.S. EPA (7996).

Lifetime
exposure

** 1/85 ( 1%)
10/49 (20%)
11/45 (24%)
24/50 (48%)

** 1/85( 1%)
19/45 (42%)
28/49 (57%)
28/49 (57%)

*¥* 1/85 ( 1%)
11/49 (22%)
15/45 (33%)

** 1/85 ( 1%)
1/48 ( 2%)
6/45 (13%)
5/50 (10%)
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Bioaccumulated PCBs may Q,mgrwnggnd more
persistent than the Aroclors

In mink fed Great Lakes fish, reproductive toxicity and liver

toxicity were greater than for other mink fed equivalent
amounts of Aroclor 1254 |

In monkeys fed a mixture representative of PCBs found in
human milk, long-term behavioral impairments have been
found

In people eating Great Lakes fish, the rate of decline in
serum PCB levels was much smaller than what has been
reported for people exposed to Aroclors in the workplace
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Noncancer effects of PCBs

PCBs have significant adverse headlth effects other than cancer,
including |

— Learning deficits

—  Neurological effects
— Immune dysfunction
—_ Thyroid effects

—_— Hormonal effects

Recent studies raise new concerns about environmental exposure
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Study of children whose mothers ate L. Michigan fish

3 days Motor immaturity, | ability to quiet, 1 startle,
| reflexes

7 months | short-term memory

4 years I verbal scale, | memory scale, | activity,

| short-term memory, | visual discrimination

11 years I full-scale and verbal 1Q, | work and reading
comprehension, | memory and attention

Highest PCB group . . .
had average 1Q 6 points below average
3x more likely to have low IQ
2x more likely to be 2 years behind in reading ability
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Study of children whose mothers at

te L. Ontario fish

Infancy Abnormdl reflexes, 1 startle, 1 tremor
12 months | habituation
36 months | general cognitive index
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Study of PCBs from food (N. Carolina)

Early infancy
6—12 months

24 months

3, 4, 5 years

| reflexes, | activity
| psychomotor development
| psychomotor development

No effect on motor or memory scales
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Study of PCBs from food (Netherlands)

10, 21 days | reflexes, hypotonicity

3 months | psychomotor score, immunolpgical changes

7 moﬁths | psychomotor score

18 months | psychomotor developmerit, immunological
changes

42 months I general cognitive scale, | high-level play, 1 non-

play time, 1 reaction time,
I withdrawn/depressed behavior, 1 prevalence of
chicken pox, | antibodies to measles

These effects were seen at 3 ppb in blood serum
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Studies of PCBs in monkeys

Independent studies in animals show that PCBs dlone can cause
effects analogous to those seen in the human studies, including

—  llearming

— | memory

— | ability to adapt

— | ability to organize behavior
— | attention

These studies increase our confidence that the effects seen in the
human studies can be attributed to PCBs
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Noncancer reference dose

RfD <---UFs---> NOAEL ILOAEL

Human variability
Animal-to-human uncertainty
LOAEL-to-NOAEL uncertainty
Subchronic-to-chronic uncertainty
Database limitations

Modifying factor
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Summary

»  PCB mixtures are dltered in the environment — in some
cases incredsing the mixture’s persistence and toxicity

> Principal exposures of concern are bioaccumulated PCBs
and PCBs attached to soils or sediments

> Evidence is strong that environmental PCBs pose a risk of
cancer
> Evidence is mounting that noncancer effects, especidlly

learning deficits and neurological effects, have occurred
from environmental PCB exposure

WHAT CAN YOU DO?

> Pay attention to fish advisories
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Summary
> PCB mixtures are dltered in the environment — in some

cases increasing the mixture's persistence and toxicity

> Principal exposures of concern are bioaccumulated PCBs
- and PCBs attached to soils or sediments

t

. Evidence is strong that environmental PCBs pose a risk of
cancer | |
> Evidence is mounting that noncancer effects, especially

learning deficits and neurological effects, have occurred
from environmental PCB exposure

WHAT CAN YOU DO?

> Pay attention to fish advisories
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