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Abbreviations which may be unfamiliar to some readers include:

ppm parts per million

ppb parts per billion

kg kilogram; 1000 grams

gm gram (s)

mg milligram(s); 'one thousandth of a gram

pg/m3 micrograms (millionths of a gram) per cubic meter

Hg/L micrograms per liter (approx. = ppb)

LDSO an acute toxicity measurement meaning dose fethal
for 50% of the test animals

EPA Environmental Protection Agency

FDA Food and Drug Administration

GGTP Liver serum enzyme gamma gliutamy! transpeptidase

HEW Health, Education and Welfare Department (now
called Health and Human Resources Department)

NIOSH National Institute for Occupational Safety and
Health

OSHA Occupational Safety and Health Administration

p,p'-DDE Metabolite of DDT present as background in blood

' analyses ‘

SGOT Liver serum enzyme glutamic oxaloacetic transa-
minase

TLV Threshold Limit Value: an exposure concentration

representing conditions under which it is be-
lieved that nearly all workers may be repeatedly

exposed day after day without adverse effect.
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Secti
Human Health Effects of ection |

EIectr_icaI-Grade PCB's* Introduction

Although the production of polychlorinated biphenyls (PCB's) in the
U.S. has been banned, definition of the human health risks they may pose
continues to be an important issue. The PCB's were widely used for
nearly 50 vyears, chiefly as dielectric fluids and plasticizers, and large
amounts are still present in electrical equipment that will require servicing
and disposal. PCB's are also present in numerous environments that may,
or may not, merit containment or restorative actions. Small, but meas-
ureable levels are found in some edible fish. Thus, the potential for
human exposure to PCB's remains.

At present, Company managers, employees, physicians and public
officials concerned with appropriate handling of these exposure situations
face a contradictory array of information on the possible health hazards.
On the one hand, the U. S. press and environmental literature (e.g., ref.
1) increasingly portray PCB's as very toxic materials, and situations
resulting in human exposure at any level as hazardous and alarming. The
Toxic Substances Control Act of 1976 (TSCA) and attendant regulations
generally ban PCB manufacture, processing and distribution; severely limit
use; and impose strict requirements for PCB labeling, disposal and storage
for disposal.

On the other hand, many European countries have made a quite
different risk/benefit assessment of PCB's since they continue to permit
PCB manufacture and use in closed electrical equipment. More importantly,
40 years of U.S. occupational exposure in capacitor manufacturing has
proven relatively uneventful, as judged by documented adverse health

- effects.

Many medical studies or observations of human populations that were
heavily exposed to PCB's have been reported (2,3,4,5,6,7,8,9,10,11,12,13,
14,15,16,17,18,19,20,33,47,49,50,51,52,55,56,59,60,61,63). Some of these
investigations are wvery recent and have only become available since the
public image of PCB's was formed. Not all are yet reported in the pub-
lished literature. The authors have undertaken this paper to provide
perspective for General Electric managers and physicians, and to help
identify situations of human exposure to PCB's that might present cause
for concern. It draws on extensive GE experience in plants manufacturing
PCB-filled capacitors, as well as on review of the scientific literature.
The paper reflects today's knowledge and may be extended if significant
new information becomes available. The concluding secticn describes
on-going research that may provide additional information relevant to some
present uncertainties.

This paper presents many gquantitative observations because these are
critically important to any heaith effects perspective. The fact that PCB's
are persistent and readily detectable at low concentrations does not neces-
sarily mean that they are toxicologically significant.

"As used throughout this paper “electrical-grade PCB’'s” describes various
PCB's used in GE capacitors and transformers.

-2- 0749133
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Section |

Introduction

The PCB bioceffects literature is voluminous, comprising several hun-
dred original articles. The present paper will not attempt to survey all
aspects of this information, but will focus on those portions the authors
judge most relevant to human health effects evaluation. in addition to
literature citations the bibliography lists health-related conference reports
(21,22,23,24,25) and several review books and documents (26,27,28,29,30).

0749134
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Section ||

- -PCB Composition
and Terminology

Iin chemical terminology "phenyl" denotes a ring structure of six
carbon atoms attached to something else; "bipheny!" results when two such
rings are attached to each other; and a "polychlorinated bipheny!" (PCB)
is any molecule having multiple chlorine atoms attached to the carbon atoms
of a biphenyl nucleus. Biphenyl and a representative trichlorobipheny!l
(PCB) are illustrated below: . ‘

Ci

ci : cl

Biphenyl 2,4,4'-Trichlorobiphenyl (a PCB)

There are 209 theoretically possible chlorinated biphenyl molecules,
differing in the numbers (homologs) and positions (isomers) of the attached
chiorines; of these 209 species, about half have been identified as being
present among the complex mixtures that constitute commercial PCB pro-
ducts. These products range from light oily fluids (di-, tri-, and tetra-
chlorobipheny!s) to heavy, honey-like oils (penta-chiorobiphenyls) to
" greases and waxes (more highly chlorinated).

The marufacturers of PCB's sold them under trade names; e.g.,
"Aroclor" (Monsanto, USA), "Phenoclor" and "Pyralene" (Prodelec S.A.,
France), "Clophen" (Farbenfabriken Bayer AG, Germany), or "Kanechlor"
(Kanegafuchi Chemical Industrial Co. Ltd., Japan). They also assigned
_ product numbers that usually reflected either the average degree of chlor-
ination or, what is equivalent, the weight-percent chlorine in the mixture.
Thus, the American Aroclor 1242, its French equivalent, Phenoclor DP3,
and its Japanese equivalent, Kanechlor 300, ali contained 42% chiorine, or
3 chlorine atoms per biphenyl on the average. Likewise, Aroclor 1254 and
its German equivalent, Clophen A50, contained 54% chlorine, or 5 chlorine
atoms per biphenyl on the average. Aroclor 1016 designated a Monsanto
PCB product similar to Aroclor 1242 with enhanced biodegradability, which
was accomplished by removal of higher chlorinated homologs.

Electrical equipment manufacturers further purified these commercial
PCB products to insure electrical performance; blended them with stabi-
lizers and diluents; and then put the resultant PCB mixtures into capaci-
tors and transformers under their own trade names and product numbers.
GE's trade name for its PCB mixtures was "Pyranol." "Askarel" is a gen-
eric, industry-wide term for a PCB or other fire-resistant dielectric fluid.

-4- 135
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Section I

PCB Composition
and Terminology

In short, the materials now collectively referred to as "PCB's" are
different complex mixtures of chlorinated biphenyls used under a variety
of product names. These mixtures always contained several dozen individ-
ual PCB isomers and homologs clustered around some average degree of
chlorination, frequently some trichiorobenzenes as diluents; often about
0.5% of an aliphatic epoxide as a stabilizer;hand parts-per-million levels of
race impurities such as the polychlorinated derivatives of methylbiphenyis,

terphenyls, naphthalene or dibenzw.
e —— /“__—m

Returning to chemical terminology, "furan" denétes a ring structure
of four carbon atoms and one oxygen atom; and "dibenzofuran" a tricyclic
arrangement of two benzene rings and one furan ring fused together.
This structure can result if an oxygen atom is added to a biphenyl system.
If multiple chlorine atoms are attached to this nucleus, then a "polychlor-
inated dibenzofuran", or PCDF, results as illustrated below. There are
135 theoretically possible chlorinated dibenzofurans. ‘

o

cl Ci

1,3,7-Trichlorodibenzofuran (a PCDF)

Trace levels of PCDF's have been detected in laboratory samples of
U. S. PCB's, including specimens of both individually synthesized isomers
and commercial mixtures (32,37). There are two plausible explanations for
the presence of PCDF's in commercial PCB's: First, contamination may

have occurred during manufacture, possibly as a result of oxygen in the
benzene used to make the original biphenyl. Such contamination may have
existed in French and Japanese PCB's, but apparently was not significant-
'y present in American-made PCB's after one episode in 1933. Second,

PCDF's may have been formed during usage as a result of high tempera
ture oxidation. Oxidation experiments (31) report maximum conversion o
Aroclor 1254 to total PCDF's as 2-3% at 550-600°C. Conditions suitable

significant conversion of PCB's to PCDF's did not/exme normal

manufacture of, and are not expected in the normal use of, capacitors and
transformers, but may occur in high-temperature heat exchangers.

e ——
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Section Il

PCB Composition
and Terminology

A related group of molecular species mentioned in this paper are the
polychlorinated quaterphenyls (PCQ's), which contain four phenyi units
and a variable number of chlorine atoms as illustrated below:

Polychlorinated quaterphenyl (PCQ)

0749137
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Section Il

History of PCB Use

The Swann/Chemical Co. began commercial U.S. production of PCB's
in 1929. In 1935 Monsanto Industrial Chemicals Co. (Monsanto) purchased
Swann and continued the manufacture of PCB's, initially at Anniston, Ala.
and later at Sauget, Ill.

PCB's. are excellent non-flammable, high-boiling, thermally and chemi-
cally stable dielectrics and solvents, and these properties led to a wide
range of industrial applications. In addition to serving as dielectric fluids
in capacitors and transformers, PCB's were used as plasticizers, hydraulic
and heat exchange fluids, and were incorporated into such products as
dust-settling agents, die-casting lubricants, inks, dyes, paints, pesticides
and adhesives. PCB's were widely used in carbonless reproduction paper
and entered paperboard production. .

PCB's from such  sources have entered into the environment. Slow
biodegradability and bioaccumulation account for the presence cof PCB's in
sediments under rivers and lakes and in fish. Trace quantities have been
found in some other food as well. As a result, PCB's are found in trace
quantities in the blood and fatty tissue of the human populations of all
industrial nations.

Concern over such accumulations in the envir e onsanto in
1970 to begin voluntarily restricting PCB sales to/manufacturers of sealed
electrical equipment (33). In 1976 Congress enacted TSCA, which man-
dated a phaseout of PCB production and use. Although similar PCB phase-
outs were instituted in Japan, Canada and Sweden, many other industrial
"nations (e.g., U.K., Germany, France, Spain and others) continue to
permit PCB production and the manufacture of PCB-filled capacitors and
transformers.

Estimates (34) for the cumulative total of U.S. industrial uses of
PCB's from 1930 to 1975 and their service status in 1976 are noted in
Table 1 below:

Table |
Millions of Pounds
Industrial PCB's Currently
Use PCB Purchases in_Service
Capacitors 630 450
Transformers 335 300
Plasticizers 115 ?
Hydraulics and Lubricants 80
Carbonless copy paper 45
Misc. industrial 28 *
Heat transfer _20 1
Total 1253 : 758
' 0749138
-7-
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Section I

History of PCB Use

Estimates (34) of the status of these
below:

Table I

Disposition

Environmentally biodegraded

Incinerated

Landfills and dumps

In soil, water, air and sediment

Currently in electrical service

In use other than electrical service
Total

PCB's are shown in Table 1|

Millions of Pounds

30
25
290
150
750
8
1253

n

0749139
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Section IV

Health Effects of PCB
and PCDF Mixtu_res

A. Observations on Test Animals

1. General Bioeffects PCB's resemble other fat-soluble chlorinated
organic chemicals in biological uptake and internal transport. An animal
can readily absorb PCB's through the lungs upon inhalation or through the
intestines following ingestion, or less readily through the skin after phys-
ical contact. Fish can absorb PCB's through the food chain or through
their gills, and the bioconcentration factors* can range between 103 and
10. Once inside the body PCB's gradually distribute themselves equally
among all fatty deposits present. Elimination processes are generally slow,
especially for the more highly chlorinated homologs.

When increasing doses of PCB's are administered to animails the first
observable effect is the induction, primarily in the liver, of the cellular
enzymes variously known as "drug metabolizing" or "detoxification" en-
zymes, or as “mixed function" (i.e., chemically non-specific) oxidases.
These enzymes catalyze chemical processes by which the animal's body
seeks to convert lipid-solubie foreign chemicals into water-soluble sub-
~ stances excretable in the urine. Such effects are also produced by many
- other substances, and are generally regarded as physiological rather than
pathological processes.

At high enough doses in animals, PCB's can induce many types of
toxic effects and eventually death. The reported toxic effects with chronic
exposure include chick edema disease and teratogenesis in chickens; liver
" hypertrophy, fibrosis, neoplasia and cancer in rodents; gastric and der-
matological lesions in monkeys; and reproductive dysfunction in several
species. An extensive literature on this subject ‘is referenced in the
bibliography (21-30).

There can be differences in toxicity between different PCB products,
with the higher homologs generally being reported more toxic in chronic
tests and the lower homologs more toxic in acute tests. There can also be
large toxicity differences observed between different specimens of the same
type of PCB, apparently caused by impurity-level variations.

2. impurity Effects In 1970 a Dutch scientist, J.G. Vos, ob-
served striking differences in chick embryotoxicity among three commercial
PCB's that all contained 60% chiorine: Arocior 1260 (which had virtually no
effect), Clophen A60, and Phenoclor DP6. He then demonstrated that the
variable toxic agent in the system was an impurity, polychlorinated diben-
zofuran  (PCDF) (35). He also showed that this impurity was responsible
for chloracne in PCB dermal tests with rabbits (36).

It is not possible to determine if the toxic response variabilities ob-~
served in other PCB animal tests should be ascribed to variations in PCDF
levels because, unfortunately, few of the investigators reported impurity
levels in the PCB specimens they tested. Chemical analyses have sub-

*A bioconcentration factor is defined as the ratio of the PCB concentration 0749
in a fish to that in its ambient water. 140

EXP-3319
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Section 1V

Health Effects of PCB
and PCDF Mixtures

sequently reported that European and Japanese PCB's contained 5-20 ppm
PCDF as manufactured, while the U.S.-made Aroclors had 0-2 ppm (37).

3. Structure-Activity Relationships Many recent animal studies
have aimed at relating the molecular structures of individual PCB, PCDF or
similar molecules to their biolegical activities. These studies have shown
that chloracnegenic activity is specifically associated with molecules shaped
like flat rectangles with chlorines at the corners (32). All such chloracne- —
genic species are also capable of inducing one specific type of mixed
function oxidase, designated cytochrome P448 because of its spectral ab-
sorption band position.

Most lower homolog PCB molecules do not induce P448; however, some
higher chlorinated PCB homologs, which constitute a few percent of the
higher Aroclors and which are virtually absent from the lower Aroclors, do
exhibit moderate P448-inducing activity. By comparison, 2,3,7,8 -tetra-
‘chlorodibenzofuran is 700 times as potent a P448 inducer in rats as the
active PCB isomers and is many orders of magnitude more biologically
" potent than most other PCB and PCDF molecules (26 chap. 6).

4. Toxicity and Carcinogenicity Test Results Toxicity testing of
PCB's in experimental animals has produced a large body of experimental
observations. Repeated short-term feeding tests have shown the acute
toxicities of PCB's in animals to be low, with LD50 values reported from
1,300 to 11,300 mg per kg of body weight (29).

Concerns over chronic human health effects of- chlorinated aromatic
hydrocarbons (including PCB's) led to a series of 3-4 month inhalation
tests in animals at the Harvard School of Public Health in the 1930's (38)
and confirmatory tests at the University of Cincinnati's Kettering Labora-
tory in the 1950's (39). .From the observations in both test series the
investigators recommended threshold limit values (TLV's) of 1000 ug/m3 for
PCB's with 42% chiorine or less, and 500 pg/m3 for the more highly chior-
inated PCB mixtures. These TLV's, used by industry during the remain-
ing period.of PCB use, were accepted as standards by the American Con-
ference of Governmental Industrial Hygienists (ACGIH) in 1956, and by
- OSHA in 1971, and were adopted by many other countries as well.

When PCB's are chronically administered to rats in increasing doses,
there is apparently a dose-related progression from '"no-effect", to mild,
reversible effects (40) to serious irreversible liver disease. The observed
progression of effects on rodent livers includes cellular enzyme induction,
microsomal proliferation, cellular hypertrophy, focal necrosis, fibrosis and
eventually the development of increasingly abnormal types of tissue (41,42,
43). In some of these tests in rodents, PCB's have been judged to show
carcinogenic activity, while in other tests the same materials (Aroclor 1254
and 1260) were judged not to have shown carcinogenic activity (33, 42,43,
44).

0749141
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Section IV

Health Effects of PCB
and PCDF Mixtures

Reports of positive carcinogenic findings in long-term tests of sub-
stances in rodents at high dosage levels, while prompting caution with
respect to human exposure, are not an uncommon observation. General
Electric has noted that in HEW's "Survey of Compounds Which Have Been
Tested for Carcinogenic Activity”, PHS Document 148, Vols, 4,5,6, & 7,
70% to 80% of all substances tested from 1960 to 1973 were reported to
produce excess tumors in animals (45,46).

B. Human Health Effects Observations

1. Early Occupational Chloracne Reports During the first 35
years that PCB's were in industrial use, three American medical reports
described unambiguous episodes of PCB-linked occupational illness.* Two
involved PCB vapors from high-temperature equipment, and the other was
ascribed to an unidentified impurity.

The first episode occurred in 1933 at the Swann Chemical Co. when
23 of 24 men working on the manufacture of PCB's almost simultaneously
developed skin eruptions diagnosed as '"chloracne." The eruptions were
similar to adolescent acne, i.e., a progression of blackheads and pustules
that persisted several months before disappearing. Some of the men also
complained of lassitude but showed no clinical signs of ill health other than
the skin condition. In their report on this PCB episode, the investigators
concluded that the toxic agent was probably an unidentified impurity that
appeared in the PCB when a new source of crude benzene was used for
making the biphenyl (47). When purchase from this benzene source was
discontinued and the process equipment better enclosed, the problem
disappeared. :

Chloracne was known by this time to be induced by chlorinated coal
tar products and by chlorinated naphthalenes (Halowaxes). Later, occupa-
tional chloracne was frequently observed among electrical workers who
handled "cable wax" containing the latter materials. Chloracne was found
to clear up some time after the contact was removed and improved hygiene
instituted. Concerns about long-term effects of chioracne have been ad-
dressed by a recent study, in which a group of 121 male chemical workers
who had experienced a chloracne attack in 1949 (unrelated to PCB's)
showed no excess in total mortality nor in cancer mortality after 29 years
(48). A background incidence of chloracne in children in Northern ltaly -
has been reported as 0.1-0.5% (26, p.331).

The second episode involving PCB's occurred in 1950 and 1951, when
7 of 14 people exposed to vapors (reported at 100 pg/m3) from a leaky
PCB-containing heat exchanger developed chloracne (49). A third epi-
sode was noted in the early 1960's when 13 of 16 people exposed to vapors
from an oven in which PCB-plasticized enamels were being baked were
similarly affected (50).

*Some other early papers confusingly associated PCB’s with the health
effects of certain other chiorinated hydrocarbons.

-1- 0749142
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Health Effects of PCB
and PCDF Mixtures

2. Yusho Episode Despite the long and relatively uneventful
PCB occupational exposure experience the Japanese "Yusho" (oil-disease)
incident in 1968 created a wave of concern. In that episode some 1300

people in southwestern Japan developed a very severe and persistent form
of chloracne after eating rice oil found to have been contaminated by fluid
leakage from a heat exchanger originally filled with Kanechlor 400, a
Japanese PCB (51).% .

In addition to the acne-like eruptions and feelings of lassitude pre-
viously observed in chloracne outbreaks, the Yusho victims commonly ex-
hibited swelling of the upper eyelids, increased eye discharge, hyper-
pigmentation of the nails and skin, sweating of the palms and a variety of
other individual effects. Signs of the disease were also transmitted in
some cases to newborn children. The brown dermal pigmentation of these
children is reported to have diminished with time. (26 chap. 9B1). n the
same period a chick edema epidemic that killed 400,000 chickens was traced
to consumption of feed containing the same rice oil. The first contaminant
‘to be identified in the rice oil was Kanechlor, and a widespread demand
for controls or elimination of ali PCB's resulted.

After the Vos identification of PCDF impurities as the active toxic
agent in two PCB animal test sytems, Japanese scientists reanalyzed some
of the rice oil specimens that had caused Yusho illness (52). From 1975 to
1978 it became known that these rice oil samples contained about 1000 ppm
PCB's, 5 ppm PCDF's and 1000 ppm of another chlorinated material, later
identified as polychlorinated quaterpheny! (52,53,54). [The PCDF's and
PCQ's presumably were formed from PCB's oy thermal oxidation and con- -
densation in the heat exchanger at high temper‘aturé:] The apparent PCDF
content of the leaking heat exchanger fluid, calculated from the above
analysis of rice oil contaminants, is 2500 ppm (0.25%), a very high level
compared to PCDF levels in U.S. electrical-grade PCB's as manufactured

(0-2 ppm).

As the Yusho victims were estimated to have ingested an average of
2.0 gm of the heat exchanger fluid (51), this amount would have included
. about 1.0 gm each of PCB and PCQ, along with approximately 5 mg of
PCDF. As will be noted later, 1.0 gm of PCB is less than the average
body burden of heavily exposed capacitor workers; however, the Yusho
victims apparently eliminated their PCB burdens more rapidly than capaci-
tor workers, exhibiting nearly normal background leveis of PCB's after 5
years. Nonetheiess, many Yusho patients remained sick, and such autopsy
liver samples as became available showed concentration of penta- and
hexa-chlorinated PCDF's in that organ (52).

*A second episode, involving essentially identical circumstances and con-
sequences, has just been reported from Taiwan (59).

0749143
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Health Effects of PCB
and PCDF Mixtures

These later Japanese investigations linked the disease to the PCDF
content of the rice oil. This conclusion is consistent with PCDF activity in
animal tests and with the observation that body burdens of electrical-grade
PCB's (from inhalation and skin contact) larger than the PCB doses in-
gested by Yusho victims have not induced Yusho illness in capacitor
workers.,

.The Japanese Yusho investigators also reported that the minimum dose
for induction of the disease was about 0.5 gm of the thermally decomposed
heat exchange fluid (the PCB-PCQ-PCDF mixture) (51). Using a range of
reported PCDF analyses (52), the PCDF toxicity threshold dose might
therefore be estimated at 1.0 - 1.5 mg.* A similar threshold dose (1.26
mg) has been estimated from data on the amount of PCDF consumed by pa-

?gon)ts before the onset of the symptoms in the recent episode in Taiwan

3. Effects of Eating Fish Containing PCB's The Michigan De-
Partment of Public Health, under the sponsorship of FDA, conducted a
S}udy of 182 adults, 105 of whom consumed over 26 pounds of Great Lakes
fish per Year. A significant correlation between blood PCB levels and
quantity of fish eaten was observed. The mean blood PCB value for the
€xposed group was 73 ppb, while that of the comparison group was 20
PPb-' Individual blood PCB levels ranged from 7 ppb for a person who ate
no fish to 366 ppb for one who ate 132 pounds per year (11,12).

Evaluation of health histories and current medical problems of the
study subjects failed to identify a significant difference between the ex-
POS}Ed and comparison groups. Symptoms characteristic of reported FCB
toxicity (Yusho symptoms) were not found nor did those with the highest
PCB levels have a consistent pattern of complaints or conditions. Alithough
the data demonstrate an association between fish consumption and PCB
!evels in humans, no toxic manifestations from this exposure have been
identified to date (12). The question of PCB accumulation over time and
the effects of long-term exposure are being evaluated in a continuation of
this study.

A recent study (61) of 458 persons who had significant exposure to
DDT from eating fish also reported PCB blood levels (arithmetic mean, 22
“.9/117 range 3.2 to 158 ug/L). The authors report that the following
significant correlates of log diastolic blood pressure might account for
24.1% of its variation in this cohort: body mass index, 6.8%; sex, 8.3%;
log PCB level, 6.3%; age, 1.5%; Hollingshead. index, 1.1%.

‘4. Clinical Studies of Capacitor Workers The most extensive long-
term exposure of humans to PCB's has probably occurred in capacitor
Plants around the world. (There were 17 capacitor plants using PCB's in

"A recent reanalysis of YUSHO patient data puts this figure at 0.6 mg. (26 p. 291)
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Section IV

Health Effects of PCB
and PCDF Mixtures.

the U.S.) Many employees in these plants had daily PCB skin contact for
several years and inhaled PCB's at levels in the 100 to 1000 pg/merange.
General Electric's major capacitor fluid usage was originally Aroclor 1254,
then changed to Aroclor 1242 around 1954, and subsequently to Aroclor
1016 (and some 1221) in 1971. This usage pattern was probably typical of
the industry. '

PCB blood tests of 174 heavily exposed GE capacitor workers have
indicated a geometric mean* around 300 ppb and an arithmetic mean of
about 500 ppb. Ten percent of the individuals' analyses were above 1000
ppb. A blood PCB value of 300 ppb roughly corresponds to a 100 ppm
level in fatty tissue of the same individual, or a body content of about 1.5
gm (16). By comparison, mean serum PCB background levels for various
groups of industrially unexposed persons in the U.S. range from 2-24 ppb
(26 p.269).

In capacitor plants the most frequent PCB-related health effect ob-
served was transient skin rashes affecting a small percentage of exposed
employees. For example, analysis of GE medical records of the Ft. Edward
and Hudson Falls, N.Y. plants for the 1960-1975 period showed a cumula-
tive total of 49 contact and allergic dermatitis cases attributed to PCB's
among an exposed employee group totalling about 1300 individuals (5).
This condition responded to simple topical treatment and employee reassign-
ment to other work areas. The medical records of this worker population
have shown no obvious incidence of systemic disease attributable to PCB's.
Additional studies (described below) are continuing.

Observations of high PCB blood levels, some dermal conditions and
isolated cases of chloracne have been reported in the industrial hygiene
literature of Japan, Finland, Australia and ltaly (2,3,4,6,7,8). The re-
ported biochemical examinations (2,3,4,6,7) identified scattered individual
abnormalities in serum enzymes; however, on a group basis the various
liver function tests were considered normal. The Italian chloracne cases of
ref. 7 were observed in men who had worked where the level of Arocior
1254 was measured at 5200-6800 pg/m3 (10-14 times the U.S. TLV). Ref.
4 states that the Finnish capacitor workers are in good health and that, in
.spite of approximately 50 times larger PCB concentration in their blood
compared with a control group, the researchers were unable to detect any
biological effect caused by PCB in them.

In a 1977 U.S. study 32 capacitor workers were examined in a pro-
gram sponsored by the South Carolina State Department of Health and
Environmental Control (DHEC). Newspaper reports (January 1978) quote
Dr. D.H. Robinson of the DHEC as saying that the study 'clearly shows
that at present there is no evidence of physical harm resulting from work-
ing with PCB's." Dr. lra Rosenblum of Albany Medical College, who
directed the study, is also quoted as stating, "It is exceedingly difficult

*The geometric mean of n numbers equals the nth root of their product.
For a log normally distributed population the geometric mean equals
the median.
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to establish a cause-effect relationship between exposure to PCB's in the
workers' environment and any sign or symptom of acute disease of occupa-
tional origin (9)."

A study of occupationally exposed Bloomington, Ind. capacitor work-
ers and other residents, reported in 1978, did not note liver injury, but
found that levels of GGTP liver enzyme and plasma triglycerides were
positively correlated with those of serum PCB's (10). No correlations were
observed between serum PCB levels and five other liver function indica-
tors. A letter to the study participants from the U.S. Center for Disease
Control noted that human cancer risk would remain unknown until the
extensive mortality study (reported below, ref. 15) then being conducted
by NIOSH had been completed.

A broader clinical study of 224 Bloomington, Ind. capacitor workers
was later conducted by NIOSH. The investigators reported in a prelimin-
ary draft (1981) that the plant employees' serum L-PCB levels* were 8 to
50 times, and their serum H-PCB levels* 2 to 4 times, the community
background level (17). A parallel study was also conducted of 92 em-
ployees in two electric utilities, 39 of whom were active in the maintenance,
repair and overhaul of transformers (18). A draft report covering both
studies (63) stated that no clinical abnormalities directly attributable to
PCB exposure were observed on physical examination. Serum SGOT,
GGTP, triglycerides and HDL-cholesterol were within normal ranges. The
first three of these parameters were correlated positively, and the last,
" negatively, with serum PCB levels.

. One report at variance with this pattern of clinical studies describes
a recently published study of 80 Italian capacitor workers who were chron-
ically exposed to French and f(talian PCB's containing 42% chlorine. PCB
concentrations in air were reported from 48-275 pg/m3, and skin absorp-
tion was noted. Fifteen of the 80 exhibited skin abnormalities, including 4
diagnosed as chloracne. Sixteen other workers were judged to show more
or less pronounced hepatic involvement, as deduced from symptoms, clini-
cal examination of the liver, and serum enzymes (19,20).

Iin 1976 Dr. Irving Selikoff of Mt. Sinai School of Medicine began a
study of the health status of capacitor workers in the GE plants at Hudson
Falls/Ft. Edward, N.Y. Three hundred twenty-six volunteers, some of
whom had a long history of occupational exposure to PCB's, were given
extensive medical examinations. In one paper the investigators reported
average PCB blood leveis of 124 ppb (lower. homologs) plus 48 ppb (higher
homologs) and noted a correlation between individual values and the esti-
mated job exposure. A number of dermatological findings were reported,
some of which showed an association with blood PCB levels of the higher

*L-PCB (lower homologs) and H-PCB (higher homologs) are defined as

species having respectively shorter and longer gas chromatographic reten- 0749146
tion times than p,p’ -DDE.
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homologs. The authors noted a paucity of other abnormal findings on
physical examination, including a wvery low prevalence of abnormal liver
findings (13). In another 1979 paper the Mt. Sinai group reported that
14% of the workers examined had abnormal vital (lung) capacity, compared
with 5.6% cited for Morris' non-smoking normal population (14, 62). We
believe the significance of this observation is uncertain.

Medical surveillance by General Electric of a group of 174 heavily ex-
posed capacitor workers has consisted of multiple examinations over the
last four years. The GE service of this group averages over 15 years,
and ranges from 1 to 35 years. About 20% of this study population is
overweight, shows elevated serum triglycerides and periodic, mild eleva-
tions of fasting blood sugar. However, the medical examinations have not
revealed serious health problems related to PCB exposure. The pulmonary
function tests of the non-=smokers in this heavily exposed population were
in the normal range. .

As previously noted, the serum PCB levels in this group are high
(1979 arithmetic mean of 500 ppb with 10% of the individual analyses above
1000 ppb) and persistent. The only clinical parameter thus far found to
be statistically correlated with the serum PCB level is that of serum trigly-
cerides. The interpretation of this correlation is confounded by the fact
that PCB's distribute equally among all lipid pools in the body, including
those in the blood; and hence for any given PCB body burden the serum
PCB level must vary directly as the level of serum lipids. :

A rough correlation which is emerging from this study of GE capacitor
workers is that people who are exposed to airborne PCB's for long periods
may show an increase of about 0.5 ppb in their blood for each 1 pg/m3
present. Thus long-term environmental exposure to air containing 2 pg/m3
PCB might be expected to add about 1 ppb to an average person's 2-24
ppb PCB background level, a small amount compared with the normal
background, and insignificant compared to levels reported in heavily ex- :
posed capacitor workers (30-3000 ppb ref. 17). i

5. NIOSH Mortality Study. Three preliminary reports have sug-
gested a possible epidemiological association between PCB exposure and
human cancer (33,55,56). All of these have been regarded as inconclusive :
because they involved small groups of people, few deaths, uncertain levels
of exposure to PCB's and to other chemicals, short latency intervals, and i
lack of consistency in cancer site. The International Agency for Research v
on Cancer evaluated the evidence available through 1979 for PCB's causing
cancer in humans as "inadequate", meaning "insufficient to allow any
conclusion regarding carcinogenicity for humans" (30). The FDA's assess-
ment in 1979, based on review of both animal tests and the human reports,
was that the question of carcinogenicity of PCB's was unresolved, though
a matter worthy of further inquiry (57). Shortly thereafter, more defini-
tive evidence became available from a long-term NIOSH study of two PCB-
exposed capacitor worker populations.
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A report of this NIOSH mortality study (15), by far the most com-
prehensive ever conducted concerning human PCB exposure, provides the
best current data on mortality experience. This retrospective cohort,
standardized mortality study includes 2567 PCB-exposed hourly capacitor
workers in two plants, one of which was the GE Hudson Falls/Ft. Edward,
N.Y. complex. The cohort was defined as all workers who accumulated at
least three months employment in areas of the plant where there was
potential for exposure to PCB's. Exposure in one plant began as early as
1938, in the other by 1946. A total of 39,018 person-years had been accu-
mulated by the January 1, 1976 study cutoff. Personal air samples in the
plants in April, 1977 ranged from 24 to 1260 pug/m3 and area air samples
from 3 to 810 ug/m3 PCB's.

The NIOSH study reported that the incidence of all cancer mortality
for these plant populations was slightly lower than that of the general
U.S. population, or 39 deaths due to malignant neoplasms vs. 43.79 ex-
pected based on national norms adjusted for age and sex. For other
causes of death the findings were as follows: from cardiovascuiar disease,
60 vs. 62.93 expected; from nervous system disease, 11 vs. 12.55 expected;
from accidents, 13 vs. 18.29 expected; and from all other causes, 40 vs.
44.79 expected. Deaths from all causes were 163 vs. 182.35 expected.

No statistically significant excesses of specific cancer types were
observed, though the authors called attention to four rectal and three
liver cancer cases (5 of 7 in one plant). We believe this observation
should be followed up by extension of the study time span, because these
reported rectal and liver cancer cases are too few to be statistically mean-
ingful. Liver cirrhosis deaths were higher than normal in one plant (with
the possibility of some alcoho! association noted) and lower in the other,
with the total cohort experience about equal to national norms. None of
the causes of death analyzed demonstrated a clear association with latency.
There was no clear relationship between increasing lengths of employment
in PCB-exposed jobs and the risk of mortality due to cancer or cirrhosis

of the liver.

While the mortality experience reported in this paper is reassuring, it
should be recognized that even this large study does not yet encompass
enough person-years of experience to exclude the possibility that there
might have been increased risk of some uncommon type of disease. Fur-
ther, the plant populations described were not segregated between those in
lightly vs. those in more heavily exposed jobs, which might have provided
more data concerning dose-related differences.
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C. Health Effects Summary

To summarize, there is now available a scientific literature of several
hundred papers describing many facets of the biological behavior of PCB's
in animals: routes and rates of uptake and elimination; bicaccumulation and
persistence; enzyme induction; other pharmacological effects; and the
effects of molecular structures of individual PCB molecules or impurites on
biological activity. This literature includes early toxicological studies that
led to recommendations to limit continuous occupational PCB exposure to
500 or 1000ug/m® (depending on the degree of chlorination).

Nearly 50 years of experience has shown that electrical-grade PCB's,
at industrial occupational exposure levels, are not acutely toxic to humans.
A continuing concern about these materials has been potential chronic
effects, since exposure to PCB's leads to accumulation in the body and
retention for long time periods. The largest available source of datd on
such effects is presented by capacitor worker populations.

Thousands of such individuals received light to heavy exposures to
PCB's of Aroclor types 1254, 1242, and 1016 over many years, and elevated
levels of PCB's in their blood and fatty tissues continue to be observed.
A number of clinical studies of such exposed worker groups have now been
completed (2,3,4,5,6,7,8,9,10,13,14,16,17,19,20,63). Dermal reactions
were noted in some cases. These included some rare observations of
chloracne, especially in plants outside the U.S. Some studies report
correlation of serum enzymes and triglycerides with serum PCB levels. In
sum, the preponderance of these studies neither identify. significant clinical
disease associated with electrical~grade PCB exposure, nor provide persua-
sive evidence of health impairment. In addition, the NIOSH study of the
long-term mortality experience of a large group of hourly capacitor workers
at two plants showed no excess in total mortality, nor in mortality due to
cancer, to cardiovascular disease or to nervous sys{em disease.

A human hazard that was not recognized early was the possibility that
PCB's used in high temperature environments; such as heat exchangers gr
baking “ operations at 270°C and higher, could be partially oxidized to
? s with a consequent increase IV toxicity. This factor makes the
YUSHO episode not directly relevant to the usual U.S. occupational or
environmental exposure. Even in such special cases the health risk ap-
pears to be finite. The Japanese and Taiwanese Yusho investigations both
provide evidence that the PCDF threshold dose for inducing Yusho illness
is 0.6-1.5 mg. This may provide a benchmark for evaluating PCDF risk
and for considering whether protective measures are needed when a PCDF
level is identified in an environment (as, for example, in air with PCB's
which have been overheated, or as trace quantities in the edible portion of
fish). The available analyses indicate that U.S. electrical-grade PCB's
contained 0-2 ppm PCDF's as manufactured. Such levels may be consider-
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ed toxicologically insignificant since intake of about a kilogram of ‘such
PCB would be needed to acquire a threshold dose of PCDF. However,
additional measurements are needed to check the PCDF levels in used
PCB's. o

In view of the lack of evidence for health damage in people with
heavy PCB exposure in the past (daily skin contact and inhalation of air
containing 100-1000 pg/m3 ), there does not presently seem to be a sub-
stantial basis for concern about the effects of exposure to environments
containing electrical-grade PCB's at the greatly reduced levels typically
encountered today. Accordingly, while a confirmed blood or fat tissue
PCB analysis* significantly higher than the local average may indicate
exposure, there is little reason to believe that significant adverse health
effects will occur. In the light of our present knowledge there is no fur-
ther examination procedure or therapy which is likely to be meaningful.

While the lack of evidence for serious effects of electrical-grade PCB
exposure on capacitor workers is encouraging, the studies available today
do not completely rule out the possibility of subtle or infrequent effects in
some individuals who were heavily exposed in the past, and more obser-
vation time is needed to reduce uncertainty about the very long-term ex-
perience of these people. Concerns about the reproductive experience of
heavily exposed individuals also need to be addressed. The concluding
section of this paper describes some on-going research programs that may
resoive some of these uncertainties.

*Any unconfirmed single PCB analysis should be regarded cautiously: a
recent round-robin study by the N.Y. State Department of Health showed at
least one case where 2 out of 10 commercial analyses of the same sample
reported PCB values that were 20-fold different from the median.
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The concern about environmental accumulation of PCB's and about
possible human health effects led in 1976 to the enactment of Section 6(e)
of TSCA. Section 6(e) directs EPA to prescribe PCB marking and disposal
requirements; generally bans continued PCB use except in a "totally en-
closed manner;" and generally bans PCB manufacture, processing and
distribution. The PCB Disposal and Marking Rule and the PCB Ban Rule
promuigated by EPA to implement Section 6(e) contain the following major
features (58):

- Most items that contain 50 ppm (0.005%) or greater PCB must be
labeled.

- All liquids that contain 500 ppm (0.05%) or greater PCB and
PCB-containing capacitors with 3 Ibs. or more dielectric fluid
must be disposed of in an EPA-approved high temperature incin-
erator.

- All liquids that contain between 50 ppm and 500 ppm PCB must
be disposed of in an EPA-approved high temperature incinerator,
in a high efficiency boiler or in an EPA-approved chemical waste
landfill.

- PCB-containing capacitors with less than 3 ibs. of dielectric fiuid
may be disposed of as municipal solid waste unless owned by a
capacitor manufacturer or manufacturer of items that contain
such capacitors (e.g., microwave ovens, electronic equipment
and fluorescent light ballasts and fixtures). These manufac-
turers must dispose of their PCB-containing capacitors in an
EPA-approved high-temperature incinerator.

- Waste oil that contains any detectable concentration of PCB's
cannot be used as a sealant, coating or dust control agent.

- Most items and liquids that contain 50 ppm or greater PCB and
that have been designated for disposal must be stored in com-
pliance with specific requirements.

- PCB's contained in intact, non-leaking capacitors, transformers
and electromagnets are being used in a "totally enclosed man-
ner;"* therefore, such capacitors, transformers and electromag-
nets may remain in service,

- The manufacture, processing, distribution and use of PCB's in
concentrations below 50 ppm may continue without restriction*.

*A recent court decision requires EPA to re-examine this determination.
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- Eleven uses of PCB's in other than a "totally enclosed manner"
(including servicing transformers and electromagnets and PCB
use in existing stocks of carbonless copy paper, in pigments and
in heat transfer and hydraulic systems) may continue subject to
certain conditions and time limits.

.The FDA has established tolerances for unavoidable residues of PCB's
in several classes of food. Present tolerances are given below (57):

Milk and dairy products 1.5 ppm (fat basis)
Poultry 3 ppm

Eggs . 0.3 ppm

Fish and shellfish (edible portion) 5 ppm *

*In 1979 the FDA reduced the tolerance for fish and shellfish to 2 ppm, but
stayed the effective date of the 2 ppm tolerance pending resolution
of objections. ) ,
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Programs

Notwithstanding the experience of 50 years usage and the extensive
research which has been completed, some questions and uncertainties re-
main. General Electric and others are continuing research on some of
these issues.

The actual PCDF content of PCB's in existing capacitors and trans-
formers as well as in various environmental samples needs to be deter-
mined. Based on the reported PCDF content of Aroclors (0-2 ppm), one
may postulate that PCDF's will be detected in such minute quantities that
they should not be of concern. This postulate needs to be validated by
analysis and evaluation, and GE is conducting an analytical research pro-
gram to make such data available.

A number of medical research programs that will further clarify the
possible PCB health effects are continuing. With the cooperationof Gen-
eral Electric, New York State's Department of Health (Dr. Philip R. Taylor)
is analyzing further the epidemiology of the GE capacitor worker popula-
tion, and is extending the research to include reproductive experience.
General Electric is continuing medical research with a group of heavily
exposed capacitor workers; and some additional observations may become
available from the Mt. Sinai School of Medicine's studies of other workers
at the same location. The Michigan State Department of Health (Dr. H.E.B.
Humphrey) is extending and broadening its study of individuals who have
ingested PCB's by eating fish.

Another question concerns industrial exposures of transformer work-
ers. Transformer plants typically used Aroclor 1254 and 1260, usually
mixed with chlorobenzenes, for a portion of their production, whereas
Aroclor 1260 was not used in capacitors. Few epidemiological studies of
transformer workers exposed to PCB's are available. The capacitor worker
' experience may be relevant, however, as Aroclors 1254 and 1260 contain
substantially overlapping though not identical populations of PCB molecules.
In addition, capacitor worker blood analyses show retention of the mole-
cules contained in Aroclor 1260.

Lastly, some research programs. are being directed at economically
effective PCB containment and destruction processes in order to respond
more effectively to Federal and State requirements. General Electric is
active in some of these programs.
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