PCBs, Your Health and the
Environment

tewardship Concepts



Goals

Review the toxicology of PCBs

How do PCBs affect people?
How do PCBs affect wildlife?

. What does this mean to you and the Ward
Transformer Site?




Effects on Humans

. Cancer
. Altered hormone levels (thyroid, sex)

. Altered condition of skin, liver,
pancreas, cardiovascular systems

mpaired neurological development
_ow birth weight




Effects on Wildlife Include:
G

. Reproductive impairment in fish,
birds and mammals

. Reproductive failure in mink

. Developmental abnormalities In
fish, mammals and birds



Effects on Experimental Animals

. Reproductive impairment
. Altered hormone levels

- Cancer

. Liver dysfunction ‘$.




Experimental/ecological data
performed on...

Rats, mice, and more . Ratus, Mus, etc.

Mink . Mustela vison

Bald Eagle . Haliaeetus
leucocephalus

Tern , Sterna forsteri

Rainbow Trout , Oncorhynchus mykiss

Gulls . Larus argentatus



Dat a: Cont o0d:
]

Spiny Brittle Star . Ophiocoma
paucigranulata

Snapping Turtle ,  Chelydra serpentina

Otters . Lutra canadensis

Beluga Whale , Delphinapterus leucas



Data Cont 0d:
]

Big Brown Bat

Polar Bears

African Clawed Frog
American Robins
Atlantic Salmon
Blue mussels

Soft clams

Eptesicus fuscus
Ursus maritimus
Xenopus laevis
Turdus migratorius
Salmo salar
Mytilus edulis

Mya arenaria



PCDD, PCDF, and PCB Molecules:
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Important properties of PCBs
-

Dissolve in fats and olls, not water

Do not break down easily, persist throughout
food chain

. Accumulate In fatty tissues and organic
matter

. Slightly volatile- form vapor in summer
Most exposures are through food, not water
. Toxic at low levels for long periods



How do PCBs Act?
G

Different ways of affecting living systems:
1. Dioxin-like actions

2. Estrogenic actions

3. Direct actions

4. Neurodevelopment of the brain



Binding of dioxin-like compounds
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Figure 3: The Arvi hydrocarbon receptor (AhR)
found in all vertebrates studied to date binds
2,3, 7, 8-tetrachloredibenzo-p-dioxin (2,3,7,8-
TCDD) with high affinity relative to other
“dioxin-like” compounds. The binding af
“dioxin-like” chemicals to the AhR is
considered the initial step in the toxic effects
observed in mammals. The potency of “dioxin-
like” compounds relative to 2,3,7,8-TCDD, and
the conserved nature of the AhR among species,
provide a basis for the Toxic Equivalency
Factor (TEF) approach and integrating human
and ecological visk assessment. AhR: Aryl
hvdrocarbon receptor; hsp: heat shock protein;
ARNT: AhR nuclear translocator; E: enzyme
production.

. Some PCBs act through the same mechanism as

other toxic chemicals- the dioxins and furans

. Figure from World Health Organization case study, Persistent Organic
Pollutants (POPs) in humans and wildlife, Peter S. Ross and Linda S. Birnbaum



Nt like actions

Cell membrane

Other
proteins

Ah Receptor

Nuclear envelope




Estrogent like actions



Table 5. World Health Organization toxic equivalencyfactors (TEFs) for humans, mammals, fish, and birds |

TEF

Congener Humansfmammals Fish® Birdss
237,4TCOD 1 1 1
1,237,6-PentaClD 1 1 1¢
1,234,7,6-Hexal0D 0.1% 0.5 0.05%
1,235,786 HexaCDD 0.1% 0.01 0.01
1,237,863 HexaC0D 014 001 0.1
1,234,675 HeptaClD 0.01 0.001 <0001
OctaCOD 0.0001¢ <0000 0.0001
1,23.7.6-PentaCOF 0.05 0.05 0.1¢
23478 PentaCOF 05 0.5 1%

A f th 1,23,4,7,3—nexaggE 0.1 D.Id 0.123
1,236,7.6-Hexa 0.1 0.1 0.1

Summary O € 1,237,89%HexaCDF 0.1% 0.1:4’ 0.13

234578 HexaCDF 0.1% 0.14¢ 0.1

SuggeSted WHO TEFS 1,234,675 HeptaCOF 001% 001# 001
1,234,789 HeptaCOF 0m# 0.014 0.m#

for PCDDs, PCDFs, and dettof 0.0001# <00001 &€ 0.0001

. . . 344 5TetraCB (81) 0.0001 %442 0.0005 0.1¢

D 10XIN- | | ke P C BS 33 44 -TetraCB (77) 0.0001 0.0001 0.05
33744  5PentaCB (126) 0.1 0,005 0.1
33445 5-HexaCB (169) 0.01 0.00008 0.001
233°4.4-PentaCB (105) 0.0001 <0000005 0.0001
2344 5PentalB (114) 0.o005Rdef <0000005# 0.00019
23 44" 5PentaCB (118) 0.0001 <0000005 0.00001
2" 3,44 5PentalB (123) 0.0001 %47 <0000005% 0.000019
233°4.4" 5HexaCB (156 0.00054¢ <0000005 0.0001
233°4.4°5-HexaCB (157) o.00054sf <00000054¢ 0.0001
23 44° 5 5-HexaxCB (167) 0.00001 &7 <0000005* 0.00001 42
233°4.4°55-HeptaCB (169) 0.0001 %4 <0000005 0.000019

Abbreviations: COD, chlonnated dibenzodiaxins; COF, chlorinated denzofurans; CB, chlorinated biphenyls; QSAR, quants
tattve structure—actieity relationship.

“limieddat =t

* b v CYPILInd ucton after inow exposure

<k e CYP1LInducton.

TOSAR modeling ped ction from CYP1A nducion (morkey pig chicken orish).

“Structurd similanty.

Nonew data from 196G review (11
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Mammalian
TEFS

r Dioxins and
Dioxin-like
ompounds

Updated in 2005

The International Programme %g v(@

on Chemical Safety (IPCS) S

WHO
Compound WHO 1998 TEF  WHO 2005 TEF*
chlorinated dibenzo-p-dioxins
2.3,7,8-TCDD 1 |
1,2,3,7,8-PeCDD 1 |
1,2,3.4,7.8-HxCDD 0.1 0.1
1,2,3.6.7.8-HxCDD 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1
1,2,3.4,6,7.8-HpCDD 0.01 0.01
OCDD 0.0001 0.0003
chlorinated dibenzofurans
2,3,7.8-TCDF 0.1 0.1
1,2,3,7,.8-PeCDF 0.05 0.03
2.3.4,7.8-PeCDF 0.5 0.3
1,2.3.4,78-HxCDF 0.1 0.1
1,2.3.6,7.8-HxCDF 0.1 0.1
1,2.3,7.8.9-HxCDF 0.1 0.1
2.3,4,6,7.8-HxCDF 0.1 0.1
1,2,3.4,6,7, 8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0003
non-ortho substituted PCBs
PCB 77 0.0001 0.0001
PCB 81 0.0001 0.0003
PCB 126 0.1 0.1
PCB 169 0.01 0.03
mono-ortho substituted PCBs
105 0.0001 0.00003
114 0.0005 0.00003
118 0.0001 0.00003
123 0.0001 0.00003
156 0.0005 0.00003
157 0.0005 0.00003
167 0.00001 0.00003
189 0.0001 0.00003

* Numbers in bold indicate a change in TEF value

Reference - Van den Berg et al :
The 2005 World Health Organization Re-evaluation of Human and
Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-like Compounds




Key differences in TEFs
-

PCB human fish birds
. 4-PCB 0.0001-3 0.0005 0.1
. 5-PCB 0.1 0.005 0.1
. 6-PCB 0.03 0.00001 0.001

, TCDF 0.1 0.05 1.0



Effects on Mink
]

. Reproductive failure

. Wild populations declined or lost
. Fish consumption is key pathway
. Great Lakes



Mink




River Otters
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Effects on Bird Species
c--

Mortality
Population declines and limitations
Developmental abnormalities
Behavioral abnormalities

. Still food contamination







Bald Eagle



