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Polychlorinated Biphenyls (PCBSs)

U.S. Manufacture and Some Uses: « Fluorescent light
Production: - Dielectric fluid in ballast capacitors
- Manufactured as transformers . Adhesives and tapes
Aroclors from 1929 to . Oj| used in motors and . .
1977 hydraulic systems * Oil-based paints
- Total U.S. production . Electrical - Plasticizer in caulk
>600 million kg devices/appliances and window glazing
containing PCB
capacitors

Humans are exposed to PCBs as diverse mixtures of congeners.

Cly 3 2 2 3 _Cly| Congeners vary in structure, stability,
toxicity and MOA: these properties are
determined by chlorine number and

position
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Human Exposure Pathways

e Oral

— Dietary

— Incidental ingestion of soil or dust
* Inhalation

— May be an important exposure pathway in buildings
containing PCB sources (e.g., PCB-containing fluorescent
light ballasts or caulk); most likely in buildings built or
renovated between 1950 and 1979

 Dermal
— Contact with soil, dust, etc.
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Susceptible Populations and Life Stages

« Consumers of PCB-contaminated fish
— Recreational, subsistence and traditional fishing populations

« Occupants of PCB-contaminated buildings

— Students, teachers, and other occupants of PCB-
contaminated schools

» Breastfed infants

;e Through nursing,
QC:} PCBs are delivered
to infant at a much
Over time, a woman consumes PCBs, which higher rate
accumulate in her fat stores
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PCB Regulations

Current IRIS Reference

Values for PCBs

TSCA (40 CFR 761)
CWA

SDWA

RCRA

Human exposure continues

RfDs
Aroclor 1016
Aroclor 1254

Cancer slope factors
Environmental PCB
mixtures tiered by
exposure source/route

NO RfD for general PCB
mixtures

NO RfC

Scope of the New

Assessment

Hazard Identification
Non-cancer
Oral and inhalation routes

Dose-Response
Assessment
For exposure routes and
health outcomes with
adequate supporting data




<EPA

United States
Environmental Protection
Agency

Preliminary Literature Survey for PCBs

Health Effect
Categories

Cardiovascular

Dermal &
Ocular

Effects on
Growth &
Maturation

Endocrine

Gastrointestinal
Hematological

Hepatic

Human
Studies

v

v

Animal
Studies
(oral)

v

v

Studies
(inhalation)

Health Effect
Categories

Immunological

Metabolic
Disease

Musculoskeletal

Neurological &
Sensory

Renal
Reproductive

Respiratory

Human
Studies

v

v

Animal
Studies
(oral)

v

v

Animal
Studies
(inhalation)

v



Health Effect Categories to
Consider for Systematic Review

« Neurological

« Immunological

- Endocrine (thyroid)

» Reproductive (male & female)
- Developmental (effects on growth & maturation)
- Hepatic

- Cardiovascular

- Dermal and Ocular

- Gastrointestinal

- Hematological

- Metabolic Disease
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Key Science Topics

Impact of congener profile on the toxicity of PCB mixtures

Evaluation of epidemiological studies for PCB dose-response
assessment

3. Potential for hazard identification and dose-response

assessment for PCB exposure via inhalation

4. Suitability of available toxicokinetic models for reliable route-to-

route, interspecies, and/or intraspecies extrapolation

5. Potential toxicokinetic models or methods to estimate the

relationship between continuous daily maternal PCB intake and
milk PCB concentrations in humans

Putative mechanisms of PCB toxicity
Factors influencing human susceptibility
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and Toxicity

- PCB congener profiles are highly variable across
exposure media.



. s @O
Lower-chlorinated ®
congeners tend to

be more volatile ®@ @ "

Higher-chlorinated congeners
tend to be resistantto
metabolism & bioconcentrate
~in the food chain
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EPA Science Topic 1: Congener Profile
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« PCB mixtures used in animal studies often do not
contain the same congeners in the same proportions
as PCB mixtures found in the environment.



Aroclor 1242
Aroclor 1260

Congener Number (increasing 1 to 209)
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Aroclor 1016
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Presenter
Presentation Notes
Frame et al. (1996). Complete PCB congener distributions for 17 Aroclor mixtures determined by 3 HRGC systems optimized for comprehensive, quantitative, congener-specific analysis. J High Resolut Chrom Chrom Comm 19: 657-668.


Aroclor 1242
Outdoor Air (Chicago, IL)

Congener Number (increasing 1 to 209)

118

Aroclor 1016
Aroclor 1254
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Presentation Notes
Zhao et al. (2010). Development of a synthetic PCB mixture resembling the average polychlorinated biphenyl profile in Chicago air. Environ Int 36: 819-827.
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Great Lakes Human Health Fish Tissue Study

153

Aroclor 1242

Aroclor 1254
118
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Presentation Notes
Great Lakes Human Health Fish Tissue Study (2010)


Aroclor 1242 Aroclor 1242 (Vapor)

Outdoor Air (Rice Creek, NY)
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Presentation Notes
Casey et al. (1999). Aroclor 1242 inhalation and ingestion by Sprague-Dawley rats. J Toxicol Environ Health A 56: 311-342.

Chiarenzelli et al. (2001). Enhanced airborne polychlorinated biphenyl (PCB) concentrations and chlorination downwind of Lake Ontario. Environ Sci Technol 35: 3280-3286.


Great Lakes Human Health Fish Tissue Study Lake Michigan Carp
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Detroit River Carp Simulated Fish Congener Mixture (Fox River)

)
>
#
—i
o
—
o
>
e
o
| -
>
—
X
=
S
()
c
o
(@)
e
O
@)
Yo
o
)
(@)
®©
—
c
()
(&}
S
O]
[l

0+



Presenter
Presentation Notes
Gerstenberger et al. (1997). Polychlorinated biphenyl congeners and selected organochlorines in Lake Superior fish, USA. Environ Toxicol Chem 16: 2222-2228.

Smith et al. (1985). Organochlorine contaminants of wintering ducks foraging on Detroit River sediments. J Great Lakes Res 11: 231-246.

Kostyniak et al. (2005). Formulation and characterization of an experimental PCB mixture designed to mimic human exposure from contaminated fish. Toxicol Sci 88: 400-411.
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Human Milk (U.S.)

Based on analysis
of 77 congeners
(not PCB 37 or 170)

9305 118 132

Human Milk (Canada)

Based on analysis
of 34 congeners
(not PCB 105, 132, or 135)

138 153

L

Congener Number (increasing 1 to 209)
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Presentation Notes
Kostyniak et al. (1999). Relation of Lake Ontario fish consumption, lifetime lactation, and parity to breast milk polychlorobiphenyl and pesticide concentrations. Environ Res 80: S166-S174.

Mes et al. (1993). Specific polychlorinated biphenyl congener distribution in breast milk of Canadian women. Environ Technol 14: 555-565.
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Human Milk (U.S.) Human Milk (U.S.)

Based on analysis Based on analysis
of 77 congeners | of 209 congeners

‘105)”3 132

Congener Number (increasing 1 to 209)


Presenter
Presentation Notes
Jackson, et al. (2010). "Prenatal and postnatal exposure to polychlorinated biphenyls and child size at 24 months of age." Reproductive Toxicology 29: 25-31.
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Human Milk (U.S.)

Based on analysis
of 77 congeners
(not PCB 37 or 170)

Human Milk (Canada)

Based on analysis
of 34 congeners
(not PCB 105, 132, or 135)

138 153

Simulated Human Milk Congener Mixture
(Rice)

Simulated Human Milk Congener Mixture
(Lilienthal)

153



Presenter
Presentation Notes
Kostyniak et al. (1999). Relation of Lake Ontario fish consumption, lifetime lactation, and parity to breast milk polychlorobiphenyl and pesticide concentrations. Environ Res 80: S166-S174.

Mes et al. (1993). Specific polychlorinated biphenyl congener distribution in breast milk of Canadian women. Environ Technol 14: 555-565.

Rice. (1999). Behavioral impairment produced by low-level postnatal PCB exposure in monkeys. Environ Res 80: S113-S121.

Hany et al. (1999). Developmental exposure of rats to a reconstituted PCB mixture or aroclor 1254: Effects on organ weights, aromatase activity, sex hormone levels, and sweet preference behavior. Toxicol Appl Pharmacol 158: 231-243.
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 The relationship between PCB congener profile and
non-cancer toxicity is complex.



SEPA Science Topic 6: MOA

Cl O Cl

Cl O Cl

2,3,7,8 -Tetrachlorodibenzo-p-dioxin
(TCDD, "dioxin")

Cl Cl
a « Metabolic enzyme induction
PCB 126 * Reproductive and
developmental effects
* Immunotoxicity

* Endocrine disruption
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Dioxin-like Dioxin-like
Compounds TEF Compounds TEF
TCDD 1

PCB 77 0.0001 PCB 126 0.1
PCB 81 0.0003 PCB 156 0.00003
PCB 105 0.00003 PCB 157 0.00003
PCB 114 0.00003 PCB 167 0.00003
PCB 118 0.00003 PCB 169 0.03
PCB 123 0.00003 PCB 189 0.00003

Science Topic 6: MOA

TCDD RfD: 7 x 1019 mg/kg-day

Using TEQ approach:

e PCB 126: 7 x10° mg/kg-day
e PCB77:7 x10°%mg/kg-day
e PCB 118: 2 x10° mg/kg-day

TEQ = i(c:i <TEF)

EF = toxic equivalency factor; derived using comparisons of potency in in vitro and

In vivo assays

TEQ = toxic equivalence; calculated for a mixture using the concentration of each
dioxin-like compound (C;) and the compound-specific TEFs (TEF))
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- Some non-cancer health effects of PCBs likely result
from a dioxin-like MOA:

— CYP1A induction
— Some hepatic effects (e.qg., porphyria)
— Decreased T cell-dependent antibody responses

— Thyroid hormone disruption via induction of uridine-
5-diphosphoglucuronosyltransferase (UDP-GT)

— Neurodevelopmental and reproductive effects
resulting from thyroid hormone disruption
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- Other non-cancer health effects may result from non-
dioxin-like MOAs:

— CYP2B1, CYP2B2, and CYP3A induction
— Decreased T cell-dependent antibody responses

— Thyroid hormone disruption via decreased binding
to transthyretin

— Neurological effects via reduction of dopamine
levels and/or disruption of intracellular Ca?*
homeostasis

— Reproductive effects resulting from estrogenic or
anti-estrogenic activity
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“Neurotoxic Equivalence” (NEQ) scheme
Simon et al. (2007) Regul Toxicol Pharmacol 48: 148-170

PCB | NEQ Results of in vivo tests
95 | 0.991 Less potent than PCBs 118 (NEQ = 0.293) and 28 (NEQ = 0.298).
' impairing spatial delayed alternation performance in rats
55 | 0.699 Less potent than PCBs 138 (NEQ = 0.115), 153 (NEQ = 0.091) and
' 180 (NEQ = 0.36): decreasing activity levels in rats
Less potent than PCB 77 (NEQ = 0): inducing latency to movement in
47 | 0.497 : : . :
catalepsy test and latency in passive avoidance task in rats
Less potent than PCBs 28 (NEQ = 0.298) and 126 (NEQ = 0) at
105 | 0.487 : NN
156 | 0.363 altering spontaneous behavior in mice; less potent than PCB 126

(NEQ = 0) at altering Morris water maze performance in mice

28 | 0.298 | Less potent than PCB 126 (NEQ = 0): altering Morris water maze
118 | 0.293 | performance in mice

Less potent than PCB 126 (NEQ = 0): altering spontaneous behavior

153 [ 0.091}|. .
In mice

No in vivo data available for remaining 75 PCB congeners
with estimated NEQ values


Presenter
Presentation Notes
Schantz et al. (1997). Long-term effects of developmental exposure to 2,2',3,5',6-pentachlorobiphenyl (PCB 95) on locomotor activity, spatial learning and memory and brain ryanodine binding. Neurotoxicology 18: 457-467.

Schantz et al. (1995). Spatial learning deficits in adult rats exposed to ortho-substituted PCB congeners during gestation and lactation. Fundam Appl Toxicol 26: 117-126.

Eriksson and Fredriksson. (1996). Developmental neurotoxicity of four ortho-substituted polychlorinated biphenyls in the neonatal mouse. Environ Toxicol Pharmacol 1: 155-165.

Boix et al. (2011). Differential long-term effects of developmental exposure to polychlorinated biphenyls 52, 138 or 180 on motor activity and neurotransmission. Gender dependence and mechanisms involved. Neurochem Int 58: 69-77.

Johansen et al. (2011). Postnatal exposure to PCB 153 and PCB 180, but not to PCB 52, produces changes in activity level and stimulus control in outbred male Wistar Kyoto rats. Behavioral and Brain Functions 7: 18.

Hany et al. (1999). Behavioral effects following single and combined maternal exposure to PCB 77 (3,4,3',4'-tetrachlorobiphenyl) and PCB 47 (2,4,2',4'-tetrachlorobiphenyl) in rats. Neurotoxicol Teratol 21: 147-156.

Kremer et al. (1999). Sex-dependent effects of maternal PCB exposure on the electroretinogram in adult rats. Neurotoxicol Teratol 21: 13-19.

Eriksson and Fredriksson. (1998). Neurotoxic effects in adult mice neonatally exposed to 3,3'4,4'5-pentachlorobiphenyl or 2,3,3'4,4'-pentachlorobiphenyl. Changes in brain nicotinic receptors and behaviour. Environ Toxicol Pharmacol 5: 17-27.

Holene et al. (1995). Behavioral effects of pre- and postnatal exposure to individual polychlorinated biphenyl congeners in rats. Environ Toxicol Chem 14: 967-976.

Holene et al. (1999). Behavioural effects in female rats of postnatal exposure to sub-toxic doses of polychlorinated biphenyl congener 153. Acta Paediatr 88: 55-63.

Holene et al. (1998). Behavioural hyperactivity in rats following postnatal exposure to sub-toxic doses of polychlorinated biphenyl congeners 153 and 126. Behav Brain Res 94: 213-224.

Sitarek and Gralewicz. (2009). Early developmental effects of separate or combined perinatal exposure to methylmercury (MeHg) and 2,2',4,4',5,5'-hexachlorobiphenyl (PCB 153) in the rat. Int J Occup Med Environ Health 22: 89-105.

Fischer et al. (2008). Neonatal co-exposure to low doses of an ortho-PCB (PCB 153) and methyl mercury exacerbate defective developmental neurobehavior in mice. Toxicology 244: 157-165.

Crofton and Rice. (1999). Low-frequency hearing loss following perinatal exposure to 3,3',4,4',5-pentachlorobiphenyl (PCB 126) in rats. Neurotoxicol Teratol 21: 299-301.

Rice and Hayward. (1999). Effects of exposure to 3,3',4,4',5-pentachlorobiphenyl (PCB 126) throughout gestation and lactation on behavior (concurrent random interval-random interval and progressive ratio performance) in rats. Neurotoxicol Teratol 21: 679-687.
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Health effects of
PCB exposure*:

Lower-chlorinated

Hepatotoxicity PCB congeners

Thyroid effects .. (7808
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Immunotoxicity
Neurotoxicity

*observed in animal studies



Incidence (%)

Incidence (%)

Hepatocytic Vacuolization

-
-
-
-
-

g

7,
=]

g

Incidence (%)

0 2 4 [ g
PCB Dase (mg/kg-day)

Bile Duct Hyperplasia

0 2 4 6 B
PCB Dose (mg/kg-day)

10 12

Incidence (%)

10 12

g

8 &8 & 8 8 3 &8 8

=
=

=]

Centrilobular Hypertrophy

-

—A1016 (female)
- --A1016 (male)
Al1242 (female)

Al242 (male)
—A1254 (femnale)
- --Al1254 [male)
——A1260 (female)
- --A1260 (male)
2 4 3 8 10
PCB Dose (mg/kg-day)
Thyroid Follicular Cell Hyperplasia
.~
£ - e
& ‘_""-:L - - N
4 - [ — 1
— =
’ - - - e m—m— oo L
1 2 3 4 5 & 7 g
PCE Dose (mg/kg-day)

12


Presenter
Presentation Notes
Mayes, et al. (1998). "Comparative carcinogenicity in Sprague-Dawley rats of the polychlorinated biphenyl mixtures Aroclors 1016, 1242, 1254, and 1260." Toxicological Sciences 41: 62-76.
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Presentation Notes
Harper, et al. (1995). "Immunosuppressive activity of polychlorinated biphenyl mixtures and congeners: Nonadditive (antagonistic) interactions." Fundamental and Applied Toxicology 27: 131-139.
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» Determine how toxicological data for specific PCB
mixtures may best be used to assess risk in the
context of human exposure to PCBs in the
environment
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