POLYCHLORINATED BIPHENYL COMPOUNDS

(Siide 1)

[. INTROOUCTION

(Slide 2)
A. PROOUCTION
o Polychlorinated biphenyl (PCB) compounds were first synthesized

by Griefs in 1867.

PCBs were produced in the United States in 1929 by the Swann
Chemical Company bought later in 1935 by the Monsanto Company.

Although as many as six companies have had ‘registered trade-
marks for commercial brands of PCBs, probably most PCB mixtures

have been produced in this country by the Monsanto Company.

It has been estimated that between 1929 and 1970 some 990
million pounds of PCBs were sold in North America alone.

PCBs were produced and/or imported by probably all industri-
alfzed nations in the 1950s and 1960s.
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PROPERTIES

o PCBs range in appearance from a clear, thin oi) to a light yel-

Tow, thick liquid with boiling points of approximately 300-
400°C. Having boiling points 3 to 4 times that of water, very
little PCBs evaporate into the air at normal temperatures.

PCBs have certain physical properties which make them very use-
ful in industry. These properties include thermal stability;
resistance to oxidation by acids, bases, and other chemicals;
and electrical insulation,

(Slide 4)

c.

USES

o Because of the above properties PCBs have been used extensively

jn the electrical industry as an insulator and coolant. They
have also been used as sealants for wood or cement surfaces; as
cutting ofls and hydraulic fluids, as vapor suppressants for
insecticides to retard their evaporation and prolong their ac-
tion in soil; and in inks, carbonless duplicating paper, adhe-
sives, immersion oi) for microscopes, and plasticizers.

(S)4des 5, 6, 7)

0.

OCCURRENCE
o The average air concentration in American cities in 1975

(Miami, Fort Coliins, and Jackson) was 0.1 ug/m3; this level
{s the currently allowable maxfmum concentration for PCBs !a
workroom air.

According to a 1959 report, PCB levels in workroom air in

United States plants ranged from 0.2-10.5'mg/m3. This is
2,000-100,000 times greater than today's allowable standard.
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o [t has been calculated that 2.2 million pounds of PCBs fall on
the United States yearly in rain and particulate matter. We
are constantly recycling PCBs through our environment.

o A national study in 1971-74 showed that PC3s in unfiltered
water samples ranged from 0.1-3.0 ug/L (ppb).

o In 1976, it was found that the average PCB concentrations in
seawater was 13 ng/L (ppt).

o PCBs were found in the fat of arctic animals (porpoises, seals,
foxes, sheep, and polar bears) at concentrations ranging from
0.3-21.0 ug/g (ppm).

0 A national survey in the United States during the years 1973-74
revealed that 40% of the population had PCB levels of 1 ug/g
(ppm) or greater in fat tissue.

o A 1973 Fianish study revealed that 11 healthy workers employed
in a capacitor factory had PCB blood concentrations of 0.07-1.9
ug/g (ppm) which was 50-100 times that of control groups.

o A Japanese survey reported the average PCB intake as 4.50
ug/person/day. This is 50 times the allowable intake via air
for a worker in the United States.

(Siides 8, 9)
€. CONCERNS FOR PCB USE

o Initial concern about the health effects of PCB mixtures began

in the late '30s and early '40s when production workers coming

in direct contact and without proper ventilation developed
chloracne and some signs of liver injury.
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In 1949, Or. R.E. Kelly, describing a human patch test study
using the technique devaigped by the Medical Diracicr of The
United States Public Mealth Service (USPHS), reparted: “[f the
procedure recommended by th2 USPHS is sufficient to distinguish
between chemical compounds that are innocuous when 2pplied to
the skin and other compounds that are primary irritants or sen-
sitizers, then it would seem that Aroclor (trademark, Monsantc)
has no primary irritant effect nor is it a sensitizer of high
potency.”

In 1968, approximately 1,500 Japanese ingested large amounts of
PCBs which had inadvertently leaked into a brand of cooking
ol

Also in the mid '60s, a Swedish researcher investigating DOT
residues in the environment found PCBs in fish. The extensive
presence of PCBs in the environment was confirmed by 1970.
Although PCBs are not as inherentiy toxic as 00T, they raise
similar concerns. PCBs are fat soluble and resist degradation
in animals and the environment. Therefore, even though the
overall impact of PCBs on the environment was not known, its
presence in the environment raised concerns about potentia)
adverse health and environmental effects because its chemical
stability would make it hard to remove once a problem was dis-
covered.
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(Stides 10, 11, 12, 13)

I.
A,
°

TOXICITY STUBIES IN ANIMALS
SYSTEMIC TOXICITY

Toxicology is the study of adverse effects. At high enough
doses every chemical in our environment is toxic, be it a
chemical used in industry, as a drug, or even oyr vitamins and
hormone supplements. This aspect was pointed out 400 years ago
by PARACELSUS (1493-1541) who stated: "All substances are
poisons, there is none which is not a poison. The right dose
differentiates a poison and a remedy." The interesting aspect
of PCBs that is often overlooked is the high doses needed to
cause a toxic effect.

The dose lethal to 50% of the animals (LDgg) range for rats
from 4,000-14,000 mg/kg. The LDy for common table sait is
4,000 mg/kg.

The major effects of toxic concentrations of PC8s in the liver
include hypertrophy (increased cell size), marked fatty tnfil-
tration, and centrilobular necrosis (cell death and
degeneration).

Exposure to the skin ranges from reddening, increased pigmenta-
tion, hair loss, chloracne, blisters, desquamation (peeling or
shedding) and skin lesions.

Other effects observed include irritation to the stomach, ul-
cers, anemia (less than normal number of red biood cells},
decreased numder of white blood cells, depression of the immune
response (inability to fight infections), and prolongation of
the menstrual cycle.
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c.

EMBRYOTOXICITY, BIRTH OEFECTS ANO REPROOUCTIVE EFFECTS

o 100-500 mg/kg/day of the Aroclors in rats {equivalent to 1 oz.
1iquid/day in humans) caused decreased mating performance, 11t-
ter size, and survival of offspring. MNo birth defects were
seen and the no-effect level was 50 mg/kg.

o In monkeys, PCBs have caused irregular and prolonged menstrual
cycles, resorptions, and infertility,

0 PCBs were fetotoxic in rabbits, but caused no birth defects.
0 “Karnofsky's Law"- any chemical administered at a high enough

dose at the proper stage of development to the right species
will cause disturbances in embryonic development.

o For some perspective on Karnofsky's Law it may be noted that
the list of known animal teratogens (agents causing birth
defects) includes: vitamin A, folic acid, insulin, steroids,
androgens, estrogens, adrenalin, stress (heat, cold), and
vitamin and hormonal deficiencies.

MUTAGENICITY

o PCBs were tested in the Ames assay; although 4-chlorobiphenyl
was mutagenic, the more chlorinated biphenyls showed little
activity.

o Aroclors did not produce chromosomal aberrations in rat bone
marrow or sperm cells. They were also negative in the domi-

nant lethal mutation test in rats,

o No chromosomal aberrations were seen in cultured human white
blood cells.

MONS 019401



o Currently there are probably more data against caffeine as a
possible mutagen than there are against P(CBs.

0. CARCINQGENICITY

o The carcincgenicity data in animals concerning PC3s are con-
troversial. Reports have been published concluding that PCS8s
induce neoplasms at high doses in rats and mice. However,
studies by Monsanto and the 1977 National Cancer Institute
study were negative. Also Or. Pour of the Eppley Institute for
Research in Cancer reviewed both the negative and the positive
studies and concluded that there was no occurrence of liver
cancer in either study.
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111. HUMAN PCB EXPOSURE:

A.  "YUSHO"
At least 1291 persaons ingested large amounts of PCBs {1-2
grams) that had leaked into a brand of cocking oil. The oil
contained 800-3,000 mg/kg (ppm) PCBs and required months of
exposure before the onset of symptoms.

o The most common clinical features in the early phases were
dermatological in nature. These symptoms included ocular dis-
charge and swelling of the upper eyelids, extra skin growth
around hair follicles, chiloracne, and increased pigmentation.

o Other clinical symptoms included peripheral nerve disturb-
ances, liver enlargement without liver injury, irregular men-
struation in women, transient growth retardation in children,
elevated serum triglyceride (fatty acids) levels, and
bronchitis.

7

o Only mild birth defects were attributed to PCBs; some children
were born with skin problems similar to those of the adults.
The other effects included premature eruption of teeth and
Jess than average birth size. (Note: Smoking and drinking
also correlates with small birth size.)

B.  OCCUPATIONAL EXPOSURES
o For the most part occupational exposure has largely caused

skin symptoms only.

o The half life (time to eliminate 1/2 of the amount in the
body) has been estimated at 90 days.

o Currently there is no epidemiologic evidence in studies of

workers exposed to PCBs for years concluding that PCBs cause
cancer in humans.
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c.

D.

FDA REGULATIONS

The following are the allowable limits of PCBs as regulated by
the Food and Crug Administration.

2.5 pem in dairy products (on a % fat basis-whole milk-3.25%
fat)

§.0 ppm in poultry {(on a % fat basis)

0.5 ppm in eggs

2.0 ppm in fish and shell fish

0.2 ppm in infant food

10.0 ppm in paper packaging materials

Therefore, under federal regulations we can ingest and accumu-
tate more PCBs through our food than in the workplace.

PERSPECTIVES ON HUMAN EXPOSURE

(SVide 16)

Under current regulations, the allowable human exposure levels
to PCBs are much Tower in the workplace than in everyday sur-
roundings. For example, total PC8 intake via ingestion of

food may be greater than permissible employee exposure limits.

(S1ide 17)

o P(CBs are less toxic than many safe over-the-counter medica-

tions.

(Si1de 18)

e Vitamin A has been found to be toxic at the same level at which

the highest concentration of PCBs have been found to be non-
toxic in human dlood.
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8oth aldrin and DOT are more toxic than and just as persistent
as PCBs, but have higher allowable exposures for the workplace.
The allowable levels for vinyl chloride, a chemica) proven to

cause cancer in humans, are also higher.
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Abbreviation

ppm
ppd
ppt

mg/kg

ug/kg

v

PEL

acute

chronic

teratogen

GLOSSARY

Part per million
Part per billion
part per trillion

Milligram compound per kilogram
body weight

Microgram compound per kilogram

body weight

1/1,000 of a kilogram

1/1,000 of & gram or 1/1,000,000 of a kilogram
1/1,000,000 of a gram or 1/1,000,000,000 of a
kilogram

Threshold Limit Value, the highest workplace
afr concentration as suggested by the American
tiionference of Governmental Industrial Mygien-
sts

Permissible Exposure Limit, the standard for
workroom air concentrations as regulated by
OSHA (Occupational Safety and Health
Administration)

High level short term exposure

Low level long term exposure

Compound causing birth defects
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Glossary (Cont.)

Abbreviation
mutagen
embryotoxicity

resorption

Compound causing damage to the genetic material
Toxic effects to embryo

Indicates death of emdbryo
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PRODUCTION

First Synthesized In 1867 by Griefs

First Manufactured in U.S. in 1929

Over 1 Billion Pounds Have Been Sold in the U.S. Alone
Produced or Imported by All Industrial Nations

609610 SNOW
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USEFUL PROPERTIES

Thermal Stability

Chemical Stability

Good Heat Capacity

Excellent Dielectric (Electrical Insulation}
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END USES OF AROCLORS BY TYPE

End use 1016 1221 1232 1282 1248 1254 1260 1262 1268

Current
o Capacitors C X x
o Transformers

x x
x

x

x

Former

e Heat Transfer x
e Hydraulics/Lubricants

e Hydraulic Fluids x x x x x
e Vacuum Pumps x x
e **Gas-Transmission Turbines x x

e Plasticizers
e Rubbers x x x

e Synthatic Resins
e Carbonless Paper x

X x
x x
x
x
X x

o Miscellaneous

Adhesives x x x x
Wax Extenders x
Dedusting Agents

Inks

Cutting Oils

Pasticide Extenders

Sealunts and Caulking Compounds

114610 SNOW
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OCCURRENCE

0.2.-10.5 mg/m3 In Air at Plants-1959

Average PCB Concantrations In Seawater Were 13 ng/L
Average Japanese Intake Calculated to be 8-50 ug/day
2.2 Million Pounds of PCBs Fall on the U.S. Yearly

SLIDE 3
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PCB RESIDUES IN ANIMALS

Year

‘Spocks

ppm (Fat)
LE2A] Fish 360
1977 Cows 5.2
1973 Birds 15.3
1978 Ducks 3.3
1970 Falcons and Hawks 2-14,000

SLIDE 6
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PCB RESIDUES IN THE GENERAL POPULATION

Year Country ppm (Fat) ppb {Blood)

197¢ Finland 1.97 3-21
1978 Germany 8.3 -
1972 U.S.A. 1-2.0* 0-29
1975 Japan 2.6 3.2
1972-78 Japan 5.0 4.9
* 0% of U.S. Population > 1.0 ppm

26% of U.S. Population 1.0-2.0 ppm
128 of U.S. Population > 2.0 ppm
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PCB RESIDUES IN OCCUPATIONALLY EXPOSED

Year Country Occupation ppb (Blood)

1973 Finland Laboratory 36-63
Capacitor 75-1900
Plant

1972 Japan Capacitor 100-650
Plant
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PCB RESIDUES IN HUMAN MILK

Year Country Whole Milk (ppb) Mitk Fat (ppm)

1970 Germany 103 - 3.8

1972 Sweden 25 -

1973 U.S.A. 100 -

1978 Japan 30 1.2

FDA Regulation

Cow Milk Limit 2.5

SLIDE ¢
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TOXICOLOGY

The Study of:

m
(2)
(3)

Chenmical or Physical Agents Which Interact With
Any Living System in Which a Response is Produced

The Response Must be Considered Harmful or Undesirable

SLIDE 10




TOXICITY RATING CHART

Rating

Probable Oral Lethal Dose for Humans*

Animal Ll%o

Expected Human Dose

1.
2.
3.
X,
S.
6.

Nontoxic

Weakly Toxic
Moderately Toxic
Toxic

Extremely Toxic
Supertoxic

15,000 mg/kg
5,000-15,000 mg/kg
500-5,000 mg/kg
50-500 mg/kg

5-50 mg/kg

> 5 mg/kg

2 1 Quart

1 Pint-1 Quart

1 Qunce-1 Pint

1 Teaspoon-1 Qunce
7 Drops-1 Teaspoon
Less Than 7 Drops

814610 SNOW

_

Average Adult 70 kg
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CROSSMATCH THE FOLLOWING
CHEMICALS WITH THEIR TOXICITIES

Agents

LD, (mg/kg)

Alcohol
Botulinus toxin
ooT

Dioxin (TCDD)

Iron Tablets (FeSOy)
Nicotine

PCBs

Strychnine

Table Salt (NaCl)

14,000
10,000
4,000
1,500
100
2
1
0.001
0.00001

o1y610 SNOW
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ACTUAL TOXICITY AND RANKING

Agents L%o Expected Human Dose
PCBs 18,000 1 Quart
Alcohol 10,000 1 Pint-1 Quart
Table salt 4,000 1 Pint
Iron | 1,500 1 Qunce-1 Pint
poT 100 1 Teaspoon-1 Dunce
Strychnine 2 - & Drops
Nicotine 1 t Drop
TCDD 0.001 Less Than t Drop
Botulinus toxin 0.00001 Less Than 1 Drop
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ANIMAL TOXICITY STUDIES

Systemic Reproductive/Fetal Mutagen Cancer
Liver Resorptions Ames Test Mice
Skin Litter Size Dominant Lathal Rats
G.l. Survival Chromosomal Studies

Blood Teratogen

Hormonal Karnofsky's Law

SLIDE 8
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SYMPTOMS OF TOXICITY IN HUMANS

Chioracne, Pigmentation

Ocular Discharge

Liver Enlargement

Irregular Menstruation

Growth Retardation, In Children
Elevated Triglycerides

SLIDE 15
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POSSIBLE EXPOSURES TO PCBs

OSHA FOA
Fish
0.1 ug/m3 2 ppm
1 ug 200-400 ug

SLIDE 16
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COMPARISON OF PCB TOXICITY IN
HUMANS TO COMMON COMPOUNDS

Agents Dose (grams) Predicted Human Response
PCBs 2.0 “Yusho"
Phenylephrine 1.0 : Death

(Neosynephrine, Isophrin
Congespirin, Dristan)

Dextromethorphan 0.5-1.0 Death
(Cough Medicines-DM
Robitussin-DM)

Diphenhydramine 0.4-1.0 Death
(Benadryl)
Chiorpheniramine 1.0-2.0 Death

{Chiar-Trimeton, Dristan)
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Agent Blood Levels Human Response

Vitamin A 3-20 ppm Toxic

PCBs 1.9 ppm None

PCBs > 1.0 ppm None
SLIDE 18
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Compound LYV wQc Chronic Study Cancer
Aldrin 250 ug/m3 0.7% ng/l 10 ppm yes
DOT 1,000 ug/m3 0.20 ng/! 1-10 ppm yes
Nitrosamine - 8.0 ng/l 10 ppm yes
Vinyl chloride 10,000 ug/m3 20,000 ng/| 50 ppm yes
PCBs 0.1 ug/m3 0.79 ng/l  100~1000 ppm  yes/no
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i General Comments

Thess documsnts ars somswhat unobjectively written with
unscientific discussions such as:

On page 3-23 the author states: “Howsver, the overzealous
use of mathsomatical models and ths assumptions made by the
EPA without comparing these results to reality are easil
desmonstrated.*® R

The rsport by the New England Gas Association begins "The
discovery of small amounts of PCBs, the use of which has baen
banned by the EPA, in natural gas transmission lines is
neithsr unexpsctsd nor cause for public alarm.”

Later in discussing acute PCB toxicity the report states:
"Short tsrm sffects of modesrats dosss in animals are
minimal. The toxicity is comparable to that sxpscted from
such substances considered relatively safs such as tabls
salt, alcohol or caffeins.” ’

In discussing chronic sffects the rsport states: “...PCBs
produce minimal changes in new borns. 1In fact they are no
mors toxic to the fstus than most chemicals, and less toxic
with regard to birth defects than soms common vitamins and
hormonss. *

Summary of thes Hsalth Effscts of PCBs

The “Summary of the Health Effects of PCBs” tands to misguidse
the reader as to what the actual articles present. The overall
tons of the Summary is a rsfutation of the tachnical presentation
or an sxagqgsration of the "negative” arguments presented in the
six rsview articles.

on pp. 1, 2-1, and 2-2 of ths Summary, ths authors cits and
discuss Waisburger's and William's concept of promotsrs and
initiators, and spigsnetic and genotoxic mechanisms. However,
thay 80 not point out that the concept and the classification of
carcinogsng by Weishurgsr and Willsim ar2 not shara2d by many.

On pp. 1, 2, and 1-5 the authors discuss the largs number of
negative carcinogenicity studies for PCBs and pressnt ths
inadsquacies of the positive studies. Thay do not mention the
{inedaqueciss of the negative studies. For examplz, ths rafiranecs
papirs show that only a few of th: nagative studizs are of
sufticisnt duration to adsquately characterize them as nsgative
studizs. Most of the studiss quotsd in the six articlss ars of
Lo ont viar -or less duration (2.9., s article by Crump, p. 24).

Ffor the positive studiess, they criticize that th2 lenqth of
sxPosury wvas too short for an adaquate study design (p. 2-3).
This {s not a ralavant concern for a positiva study.
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The authors also stated that ths positive studies should be
discount3d bscauss of inadequate dasign. 1If this is the case,
the nsgative studies should also be discountsd as well. It -is

far more Aifficult to prove a nagative rssult than a positive
ona.

Often, obsarvations citsd in the xeview papers ars nsglscted
or omittsd in the CMA Summary. For example, p. 3, paragraph 2,
sentence 3 of Summary: “The praponderance of studies has not
{dsntitied a clinical dissase associated with gxposure to ICB,
nor has it provided pesrsuasivs avidenca of health impairaent”
compared to Paper No. 1, p. 22, paregraph ), last sentence:
"...a single study which suggests that diastolic blood pressurs
may bs rslatsd to blood levels of PCBs." This study suggests
sons cardiovascular toxicity. 1In addition, dermatologic
reactions is known to bs associatsd with PCBs poisoning.

Ths Summary contains too much smphasis on the possible
carcinogenicity of PC3s and does not mention much on the possible
chronic hsalth sffects. The six articles havs mors details of.
the chronic effects. :

Ons of the controversial issues in this document is that the
C4A contractor feels that PCBs are tumor promoters and not
initiators. Since promoters mey have threshold and reversible
effects, ths authors fsel that low level exposurss do not
rspresant a hazard for cancer. The evidencs for this assertion
is prasentsd on page 2-7 through 2-8 and aqgain on pages 3-17
through 3-19. These argumeants can bs summarized as follows.

) PCBs increase the frequency of liver tumors in rodents;
a tumor type which occurs spontansously in thess animals.

2) PCP induced tumors ars not metastatic.
3) PCE tumors ars not transplantabls.

4) Promotars ars not mutagens. Many of the mutagenicity
test on PCBs were nagative. -

5) Continued pressence nf PCBs is required to sustain liver
nsopléesia and removal may causs tumor regrassion.

Thers ar: ssveral problems with this line of rrasoning.
First the mschanisme of action of initiators and promotsrs are
bscoming less clsar. Ths dogma that initiators causz mutations
and promotors hava "soigsnetic” sffects in cancer axprassion is
no lonqar totally accepted. Cairns has ricently proposad that
initiators may not act through ths induction of mutations by way
ol DA demag2 a3 is usually thought. Further, th2 term
soinanstic {s not very usaful; for exampl:, what if a chemical
ceus:A & heritabl2 changs in chromatin structur2 by altzring the
action of DA mathylasas. This affects th: DUA and thavefors s
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"genstic,” and yet nsither the gaquence of basas nor the numbst
of chromosomes is affected. Because of such difficultiss it is
better, psrhaps, not to stersotype chamicals.

Even 1f we accept the contractors rrasoning, it is important
to note that not all mutaganicity tests on PCBs wers negative.
In the Monsanto document gntitled "A reviaw and svaluvation of
carcinogenicity in mice and rats and mutagenicity studies with
PCB" savsral positive mutagenicity tests ware citsd along with
the neqgative results: Aroclor 1221 and 4-chlorobiphanyl wars
positive in tha Amss test. TCB and the 3, 4 spoxide of TCB
induced single strand breaks in DNA of 1-929 cells. EKanechlor
300 was found to inducs chromosomal aberrations in vitro while
Kanschlor 500 was positive in vivo. Continuous ‘sxposure of CIR
10T % cells to Aroclor 1254 caused cell transformation to typs
111 foci. These cells formed a sarcoma when implanted into
irradiated mice. Aroclor 1260 and 2,4,5%,2',4',5°
hexachlorobiphanyl also caussd morphological transtormation of
C3H 10T ¥, cells. 4-Chlorobiphanvl caused an increass in
unscheduled DNA synthesis in CHO cells while Aroclor 1254 induced
chromosoms damage in ring doves fed a 10 ppm dist. Clsarly, ’
bassd on these data ons can argue that PCBs may have initiator
activity.

Finally, in calculating the risk estimate for increassd: human
cancsr casss caused by exposurs to PCBs, the contractor made (but
did not state) an gnormous assumption. It was assumed that
bacause hspatomas vere induced in rodents, this was the only
tumor typs for which humans were at risk. Although the
corrslation betwesn carcinogenicity in animals and man is good,
the issus of site concordance is not clear. Therefore, humans
may b2 at risk for othar typas o6f tumors as well. Sincs ths
incidsnce of hspatomas in the human population is low, the risk
sstimate producas a very low number of PCB induced cancer.
However, if these chemicals wers also associated with lung
carcinoma, for sxample, risk estimatss would be much highsr.

The latter part of the Summary consists mostly of a complsts
relutation of the risk assesssment done by Crump and Mastsrman,
the last document on thes "Assassment of Carcinogsnic Risks from
PCBs in Food.® with wvery little documsrntation of thes raasons for
not accapting Dr. Crump's assessmant. In his ass2ssmant, csrtain
modals are used to derive virtually safe doses of PCBs at
specified risks. He includes the probit modsl, the ons-hit
m0dal, and the multi-stage model. He &lso uses thes ona-hit and
multi-hit models to derive sstimates of lifs time extra risks to
humans for cartain subpopulations at risk. Although the
“Summary" is interssting resding, in most casss (t is not of
sufficient scientific validity to warrant a response. In any
cass, the Summary conclusions for risk assassment ars not
supportsd by tha tachnical reviaw documants. 1In faet, unlike the
other s:ctiorn such as 3pidemiology, ths risk ass:ssment ssction
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doss not even attempt to summarize the material in the risk
assasament tschnical document. Thers are sevsral specific
problems with the Summary.

1) Ssvaral places in the Summary (pages 4-5 and 1-3) the
authors conclude that there is little reproductive risk from PCBs
in animals. The Crump and Masterman document contains the data
from the reproductive studies in monksys which showsd sffacts at
levels a8 low as 2.5 ppm. The PCB data is unusual in showing
reproductive sffects at lsvels lower than those at which
carcinogenic effects ars sssn. The fact that this is not even
mentioned in the sumsmary document, even though one of their own
technical review documents include the data, casts some suspicion
in ths summary documsnt.

2) Aside from the biological crgunnts regarding mechanism
©of cancer which are used to refuts Crump's risk assessment, thers
is another major argumsnt proposed. It is that if the risks are
as largs as Crump's estimates indicate, thess risks would havse
besn detscted by now in high risk populations. Ths review of the
spideniology studies show the highest numbsr of cohort dsaths
studied for sufficient latency periods is lass than 100. It is
doubtful that ralative risks of less than 15-20 times would be
datscted with this size population (ws are .presently doing the
calculation).

3) Using the EPA Water Criterias documents, the authors in
thy summary ssction calculated ths sxpacted incriase over
background cancer for certain subpopulations. Thers is a mistake
somawhere in the conversion figurs given in Table 3-5 equating
79 ng/l to 80 uvg/day. The 80 ug/day doss not producs the
sxpscted incraases over background shown in Tabls 3-6. A
conversion to 80 ng/day rathsr than 80 ug/day would produces the
sstimates shown {n Tabla 3-6 and on pagas 4-10 the tigure is
given as 30 ng/day.

4) On pages 4-6, the suthors use the CAG docuasnts which
show that {f PCBs ars not carcinogenic, the allowable daily
intake would be 210 ug of PCBs par day. This is calculated using
reproductive data in minks (which was similar to rsproductive
data in monkeys) and a safsty factor of 1N0. This allowablr
daily intaks of 210 ug/day is not disputed by the authors, yst
the exposurss shown in ths table on page 4-11 for capacitor
worksrs {s 4 times higher than this allowahle daily intake.
Therefors, sven without considering carcinogenicity, the
allowabl> daily intaks of 210 ug/day, which is used by the
authors to question the much lowzr safe lavels from cancer data,
is alrsady 4 times lower than avarsg: sxposurs of capacitor
workars. All the srqumants us2d in ths Summary for nzgating
csrtain modals used for extrapnlation of cancer risks by

mechanistic avgquments would have no relavance to reproductive
daca.
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$)  The authors of tha summary document makes no attempt to
sstimata any risks according to their propossd model of cancer.
This may bs bscsuss the probit model, also ussd by Crump, gives
the lowsst risks of almost any modsal availably at low lsvels.
The safs levels shown on paga 34 of Crump's report using this
®odsl ere bslow the cxpogun of avsrags capacitor workers, sven
for risks as high as 107°.

The Epidsmiology of PCBs

The Epidemiology of PCBs by Gaffsy was reviewed in great
dstail. Our commsnts axrs dirsctsd to answsr the qusstion of
whether his conclusions and gensralizations are justified based
on our cursery review of the cited studiss. We chose to bagin
with the review of the carcinogenicity section since this is of
most concern.

Carcinogenicity: In gensral, Gaffsy's conclusions concerning
the oEnngg of np!do-ioloqic avid sary to pport a

ceusal association betwsen PCE exposurs and carcinogsnicity are
reasonable in light of the critsria sstabligshed in Richard Doll's
poper. However, several of the studiss revisved by Gaffey
(B2rtaszs{ st al, Zack and Musch) suggest an ovesrall fncreass in
risk from dsath dus to cancer and all studies raviewed by Gaffey
do in fact rsveal excesses for spscific sitss; although most of
thess sxcesses were not statistically significant or site
concordant with ons anothexr. It should bs stated at the outsst,
that the presence of consistency strongly supports causality, but
its abssnce does not ruls it out.

Gatfey dsliberatsly omitted: the prrliminary mortality
£indings of the Yusho incident from this section becauss this
study was not an spidemiologic analysis dirscted st cancer.
Urabs 2t &l reported ll deaths from malignant neoplasws ancng 3S
confirmed deaths of Yusho victims. The authors state that “this
rate (11/35) is substantially highsr than the 21.1% thet is the
mortality rate from neoplasms in the same prefacture® for that
ysar (1977) but the authors also state that "it would be
prematurs to conclude that this high mortality bears association
with PCB poisoning.® MNevertheless, thrae of thesa dsaths were
due-to livar cancer and two from lung cancer, which suggssts some
concordance with reports from previous studies (2ack and Musch,
rown and Jones).

Sevaral of the studies reviawed by Gaffey (Bahn et al, Zack
and Musch) are based on so fav deaths, 2specially among those
vorkars with ten or more ysars of sxposurs or 15 ysars sincs
tirst axposure, that it would bs pramature to conclude that PCAs
ére Azfinitely non-carcinogenic. For instancs:, in the one study
(Brown and Jonas) with the graatast numbsr of p2rson-ysars
obsarvad, thare ware 163 daaths and it is not cl:iar how many of
those A2aths ware smong workars with five or mor: ysars of
2xposury or 15 years latency since first exposurs to PCBs.
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Furthsrmove, the powar of dstescting a significan. slsvatsd risk
has not bsen reported for any of thsse studies and thasa
calculations should be performzd as part of our in-dspth review.

In addition, it should be noted that most of the studies
reviswed by Gaffsy ars mortality studies, and not incidence
studiss, and are tharefor: based on death certificate information
which is known to have certain limitations for dstecting cancer
risks dus to chemical sxposurs. The principal limitation being
that analysas basad on deaths alons may sxclude thoss workers who
left smploymsnt from a study plant and later developsd cancer,
but have not expired and are thersfore not counted among the
cancer dsaths.

With the sxcesption of the Yusho study (Urabs =t al), no
reliable data on past industrial sxposurs wers resported. Two
studies (Brown and Jones; Bertazzi st al) rsported relatively low
airborns levels of PCBs as sstimates of currsnt exposurs. Only
Bahn st al reportsd that their study population wers “"believed to
have besn heavily sxposed® to PCBs. In the absance of high bedy
burden lsvels or clinical indications of chloracns, ve would have
to assume that occupational sxposurs to PCBs was ralatively low,
and, therefors, would not be expscted to produces a mzasurable
diftarsntial sffect on mortality.

In summary, bassd on the preliminary results reportsd in the
litsrature, Gaffey's conclusions with rsgpsct to cancer risk ssem
reasonable, but he unjustifiably dismisses the significance of
suggestive svidence. Bertazzi et al, for instance, recognizing
the limitations of their analysis based on a fsw numbar of dsaths
(27), stats that "the results so far obtained ars strongly
suggsestive of an sxcess of mortality from cancer among wmale
worksrs and an excess of mortality from all causess and from
cancer awong femals worksrs." Several of the studies reviewsd by
Gaffey (Brown and Jones, Bartazzi et al, Zack and Musgch)
determined the vital status of their cohorts as of 1977 and
1978. It i{s possible that formal requasts to thase investigators
to follow-up their investigations through 1981 may resolvs
anbiguitiss that are dus to insufficisnt numdbers of dsaths.

Finally, Gaffey rsports on the private communication of
preliminary results from twe investigators (Rousch and Sinclair)
whoss ressults should be sacured as soon as possible 20 that we
can svaluate their relsvanca to Gaffesy's conclusions. It is our
opinion that further rigorous 2valuation by more qualified ;
exparts is inherently desirable and will add to our understanding
of the significance and deficiency of thes> studias, but we doubt
that thars is sufficient 2pidemioloqical evidencs at this time to
support & causal association batw2en PC3 exposur: and cancar.
Additional studiss among more highly 2xposed workers with
sufficient numbsrs of deasths should be supportzd in order to
r2801lva raasonabla concerns about ths potential carcinogenicity
of PCBs. ’
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Accidental Reavy Exposures: Gaffey revisus twd incidents in
this ssction 198 et ai, Yusho reports),

but Meigs is more
appropriatsly reviewed in ths next saction.

The numerous studiss which hav: bsan published in conjunction
with the Yusho incident represent a sizeable fraction of the
total health effect litaraturs concerning PCBs. Gatfsy, and the
suthors of the Gensral Electric hesalth sffsct report, attempt to
minimize the rslevancs of thess findings for two main reasons:
(1) samples of the Kamani Rice 0il were found to be contasinastsd
with dibenzofurans, and (2) victims of this incident ingasted
large doses of PCBs which are irrelsvant to asssssing the health
effects from lower pational sxp res found in the United
States. Propsr svaluation and interprestation of these objections
are crucial to the asssssment of health effects reslated to PCB
*+XpOSuUrs.

Yusho dissasa is & Japansse term which refars specifically to
acuts and sub-acuts poisoning dus to ingestion of Kameni Rics 0il
which was contaminated with PCBs. Thare ssems to be & gensral
consgensus that ths averagz amount of Ranschlor ingasted was -
sstimatsd to De about 2 gm whils the minimum amcunt ingestsd by a
patient was about 0.5 gm. As of 1977, there wers 1,665 victinms
of Yusho, who 2xhibited a varisty of acute symptoms ranging from
ssvers chloracne and hypsrpigmentation to less specific effscts
such as vomiting and diarrhsa.

Ths most notable finding from this incident seems to bs that
patisnts sasn threse and six ysars after first coming down with
Yusho dissass still exhibited symptoms of Yusho, biochsmical
abnormalitiss and persistent blood levals of PCBs. Onless thesa
effects can all rsasonably bs attributabls to the dibenzofuran
contamination, then I would say that the sevsrity, incidence and
persistencs of thess effects all warrant serious concern for PCB
exposure. Both the specific toxic effects (as determined from
animal and human studiss) of PCDFs and PCBs must be comparsd, as

well as ths quantitative evidenc: supporting the extent of PCDF
contamination.

With respect to the preliminary mortality reports, Gaffey
justifiably calls attention to the problam that the population-
at-risk, or denominator of the rslative risk ratss, cannot be
dsternined, and therefors prassnts a problem for dstermining the
actual "atteck rata” as well as the relsvancs of slevatsd cancer
deaths among Yusho victims. This problem is mitigated somawhat
by the finding that among a group of 146 known usars of oil, 80
consumad l3ss that 720 ml, and 88 percant of these usars ware
affsctad. Among thoss who used wors thaen 720 mi, 100 psrcsnt
w3t affscted, This would suggast that Yusho victims, as definsa
by various clinical criteria, do in fact rspresant the total
numdar of psopls 2xposad to contaminated oii. This, of course,
is conjacture and is subjzct to much criticism. But until this
problam is resolvad, spidamiologic analys2s utilyzing the cohort
approach may b2 inappropriat: and undccintable.
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Gaftey only briefly reviaws the reproductive sffacts sasn
among childrsn of Yusho victims and hs neglscts sntirely tc
raport on mors recent findings. The EPA Water Quality Critsr:
document rsports that “thirtsen women, 1l with Yusho snd 2
without, but married to men with Yusho, dslivered 10 live and
stillborn infanta bewesn February 15 and December 31, 1968."
Nine of the 10 had hypsrpigmantation, and S had grayish-dark
pigmentation of the gingiva and nails. Other findings of rsd
growth, prematursly arupted testh and incrsased esys discharge
were also reported. HNins more infants with hypsrpigmentation
wers born to Yusho mothers betwssn 1969 and 1972 (Yoshimura -
1974). Tha Water Quality Criteria document reports on several
studies which found eslevatsd levels of PCBs in breast milk of
Yusho womsn. Again, the significance of thess findings depend
wpon our intarpretation of thes rslevance of PCDF conteminatior
as wall as on the potential for lactating mothsars with high be
burden levels to deliver PCBs to nursed infants.

Environmgntal Levals and Mg Burdsng: Gatfesy's conclusio
ssem reasonabls Justified. He concludes that high exposur
to PCBs results in higher body burdens, all other things being
equal. Thars ware a faw inconsistencias which can be sdequate
expleined by mors rigorous interprestation of the studies which
will have to be addrasssd in a mors in-depth review.
Specifically, what {s the significance of high burden levels?
there 8 threshold lsvel for adverss health sffects? What is t
significance of higher chlorinated compounds and what is the
potential for future diocaccumulation under currsnt sxposure
situations?

Epidemiclogic Studies of PCBs and Health: Dermatologic
effects: Galfsy 3uuiHany concludes that “the data suggest
strongly that when PCB blood levils excead sbout 150-200 ppb,
chloracns can occur,” but most studiss hsve shown that the
occursnce of chloracne is not further assoclated with blood PC
levels.” Gaffey suggests that this apparent inconsistency may
a function of psrsonal idiosyncratic factors or that not all
casas of high blood PCB lavals ars associatsd with chlorscne
becasuss they d¢ not have sufficient skin contact for chleracns:
dsvslop. In any svent, dermatologic rsactions have been
consistently associated with PCB exposure and thesa rsactions ¢
o under pational sxposurs conditions as low as 0.1 mg/r

Liver function: It is difficult to makaz any interpretatior
of thase findings without raviswing sach of ths nine studisg.
gansral, thers doss not s2em to be consistant findings of
abnormal liver function or hiochamical indicators of sniyme
activity: nevarthsless, several studias did report abnormalitis
in enzyma lavals which may hava rsluvanca bayond that sugGestad
by Gaffey.

Fat metabolism: Gatfzay's conclusions as statad ars
consistant with th2 reportz2d findings.
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"Most studies, including one non-occupational study have
associated incrsased tripycsrides with PCB axposura. The data on
cholestarol ars not consistent; an incraasz, a decryas? and no
changs wsre found (ons study each). HDL cholesterol sithar’
decraassd or was unchanged (ons study sach). Even if PCB
exposurs has some effect on fat metabolism, it appsars to be
without any apparent clinicsl significance.*®

Symptoms, Illness and Othsr Conditions: All of ths studies
revie n this section shoul more thoroughly svaluated.
Gaffey quotss Smith et al. as saying °"that no studies to date
have shown that occupational sxposurs to PCBs is associated with
any adverse health cutcome, to bs distinguished from damonstrable
subclinical blochsmical altsrations.™ It is possible that these
biochemical abnormalities have not yst revealed any clinical
manifestations, and it is not clsar whsther ths subclinical
alterastions present serious health effect concerns.

In gensral, most of thess studiss are cross-ssctional, and
thersfore make no sffort to ascsrtain the trus population-at--
risk. 1In other words, the investigators did not identify their
study populations from historical employmant records - thereby
snsuring thaet all workers had some minimal durastion of sxposura -
and furthsrmors, thess studies mad2 no sffort to identify workers
vho may have left smploymment for occupational health reasons.
In most cases, the study population repressnted thoss workers
currently smploysd and healthy.

9 MONS 019436



Averse Resproductive Outcome Discussion
t

I. Gansral problems with document

A. It is impossible to discuss PCB relatsd problems in
isolation. Various amounts of PCDF are always found with PCB.

B. Many isomers of PCB ars found in any mixturs of PCBs,
some of which ars sxtremely toxic.

C. The fats of PCB in naturs besids biosccumulation is not
clear., Fror sxample, photooxidation of PCE to PCDP doss occur
(Hutzinger 1974), but the probadbility of surh occurrence {n
naturs is not known.

D. Hesating of PCBs as would occur ~ith PCB uss in heat
exchangers rasults in increased conversion to PCDF. It {s not
clear how they address this issus and its inherent risk. Row hot
do capecitors and “clossd” systams Qet in their life time. What'
conversion occurs?

E. Given the limits of our attempts to eliminate the
remaining PChs in the environmsnt, its transport through the food
chain, uncertain chemical trsnsformations, and worrisome
persistence in the animal world as ths typs of chlorination
changss and the degras increasss, it apprars sxtrsmely unwiss to
chang:s any position without much further work at the health and
basic chemical level.

I1. Deficiencies in considsration of rsproductivs effscts

A. Incrsassd sstrogen sffect may bs s2an via two different
mschanisns.

1. Estrogen like activity which would add to or compete
with sndogenous satrogsns (utsrotrophic activity in rats, Gesllstt
1978).

2. 1Increassd mstadbolisz of endoqencus astrogsns through
PCB sffect on hspatic MFO systsm. Thess typas of sffects could
easily account for menstrual irregularitiss sssn as wsll as
- impair ths ability to maintain the fstus.

®. Animal studies Ringer 1972, Lindaxr 1974, Villsnsunid 1971
show pronouncesd fartility problums depending upon PCB
typs and animal speaciss at lass than S0 ppm PCB.
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C. Effscts on humans

1. Yusho cooking oil {ncidsnt showing low birth weight/
davslopmental dslays is of concern. Reproductive sffacts ars
sasn in rhesus monkeys at 2.5-5.0 ppm by purifisd PCBs and in the
mink, a ssnsitive animal spsciss., Thus, although PCODF is
admnittedly dangsrous PCB {8 not “"obvicusly” safe.

2. Reproductive sffects ars being investigated in s
group of womsn who work with capacitor grads PCBs in an Edison
facility. 1Incraased rats of low birth weight infants is ons
outcoms undsr investigation by NIOSH. This type of study as well
4 one addrassing incidence of infants with dsvelopmental dslays
ar: nsaded.

0. Gensral hsalth vs PCB

1. Given ths problams of small numders and our
pressntly inadegquats ability to address rsproductive hsalth
questions of menstrual irregularitiss, decreased fertility,
developmental dslays and minimal brain dysfunction, animal
studiss must bs given perhaps additional waight.

2. Each PCD mixtura contains as many as 70 differgnt
compounds and has unigus characteristics which represssnt a .
ssparats risk indepsndsnt of its later chemical fate. Chemical
transformations during uss and after disposal reprasant yet
another risk needing svaluation rscognizing the uniqusnass of
esch snvironmental situation.
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