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. Chlorinated blphenyls, more commonly known as '"poly-.

chlorinated biphenyls"™ or "PCBs", are a group of 209

distinct chemical compounds, none' of which are known to..

occur naturally. They were first syntheslzed and studiead

in Germany during the 1870's, and flrst produced on a

commerclal scale in 1529 by an American. £lrm called Swann
Chemical Company. The Monsanto Industrial Chemlcal

Company, headgquartered 1n Salint Louls, Missourl, bought.
Swann in 1935, and subsequently domlnated the domestic PCB-
- market untll 1978, when all domestic production ceased.

Approximately 99% of the PCBs used in the U.S. were
produced by Monsanto at its plants in Sauget, Illinois and
Anniston, Alabama. Approximately 1% were Iimported, and
about 0.1% were manufactured by the now defunct Texas
company, Geneva Industries. Various concerns offered PCBs
for sale after Monsanto announced, as early as 1970, that
they Intended to initlate a policy of selling PCBs only for
use in "closed" systems such as capacitors, transformers,
and electromagnets. Monsanto Implemented its restrictive
sales policy by the end of 1972.

A11 hut one of the PCBs are sollds In thelr pure state;

but in combination, as they are usually encountered, they ;ﬂ

take the form of oils and waxes. PCBs do not readily
dissolve In water, so iIn the environment they are primarily
found in sediments or in the fat of 1living organisms.

Over a billlon pounds of PCBs have been distributed 1in

the Unlted sStates, Millions of pounds are free in the

environment. Those which are stlll 1in use 1n electrical
equipment have been the subjJect of recent. regulatory
activity because of the extremely toxic byproducts which
are produced when they burn,

Mixtures of PCBs were initlially produced for use by the
electrical -equipment manufacturing industry as wire
coatings and £il1 for <capacltors and transformers.
Additlonal markets were later developed for the mixtures,
and by the 1960's, these accounted for around:- half of the
PCBs produced. The resistance of PCBs to destruction . by
chemicals, radiation, heat, fire or microblal degradation
added to their appeal as 1lubricants, hydraulic £fluids,
wvaterproofing agents, flame retardants, heat transfer
agents, plasticizers, and as components in a variety of
products Including surface coatings and carbonless .copy-

paper. Thelr resistance to destruction also accounts for-

their accumulation and persistence in the environment..

Reports of a mass polsoning Iincident in Japan, feed
contamination in the United States,: and global
environmental contamination brought PCBs to the world's

attention during the 1late 1960's and early 1970's, and
provided the impetus for Monsanto's voluntary restriction'




of PCB sales in 1971 and the banning of PCBs from commerce |’
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by the Toxic Substances Control Act of 1976. Evidence that'| ™

PCB3 exert 1insidious, 1long term effects on -the body's

immune and endocrine systems continues to mount, helping to | .

explain a whole gamut of adverse effects ranging: from'
reproductive failure to cancer. |

PCBs have been the subject of wrongful death, personal.

injury, and property damage claims, as well as criminal
proceedings. Sometimes the 1ssues 1involved are simple;
sometimes they are very complex. This reort 1s intended to
serve both as both a handy reference manual for the simple
cases, and as a primer to prepare you for the experts and
literature you will encounter on the complex ones.




The Properties and uses of pcbs

This reportprovides background information concerning
three important aspects of PCBs: the nature of the
substance; how 1t was, and still 1i1s used; and how It
behaves once it escapes into the environment. The nature
of PCBs 1s addressed Tirst on the gross, physical level,
and then on the molecular level. The latter discussion 1is
easy to understand, and provides a useful background for
reading more advanced technical literature, dealing with
experts, and interpreting laboratory test data.

The information concerning the uses and behavior of
PCBs helps explain how some people became massively
exposed, and why PCBs are still a matter of concern years
after their manufacture has been banned.

The material presented 1iIn parts of this chapter is
somewhat complex because PCBs themselves are complex and
constantly changing mixtures. It 1s rare to find any one
of the 209 distinct compounds known as PCBs 1in isolation,
separate from at least some of the other 208 compounds
which are also known as PCBs. It is also rare to find PCBs
free of traces of the extremely toxic contaminants which
are produced during manufacture, use, and burning.
Thinking clearly about PCBs requires thinking in terms of
components, contaminants, and byproducts.



Observable Characteristics of PCBs

Commexrclial PCBs 1include a clear, colorless free-
flowing o1l (Aroclor 1221); clear, practically colorless
free-flowing olls (Aroclors 1232, 1242, and 1016); a
clear, free-flowing o1l which wvarlied Dbetween being
colorless to 1light yellow-green (Aroclor 1248); a 1light-
yellow viscous 1liguid (Aroclor 1254); 1light-yellow sticky
resins (Aroclors 1260 and 1262); and whlte powders,
including Aroclors 1268 and 1270, and an imported Italian
product called "“Fenclor DK", or, more commonly, "“deca".
Monsanto also manufactured a serles of preoducts 1n the
Aroclor serles which contained chlorinated terphenyls
(PCTs), often in combination with PCBs. One of these
products, BAroclor 4465, was a light yellow, brittle resin
contalnlng 75% PCB and 25% PCT; another was a brlttle black
resin contalning 60% PCB and 40% PCT. PCB olls were used
primarily in their pure or in very concentrated form in
electrical, hydraulic, and heat exchange equipment. Solid
PCBs were used In numerous formulations, lncluding asphalt,
paint, and caulkling compounds.

PCBs have a distinct odor which resembles the odor of
carbonless copy paper (duplicate form paper). Between 1957
and 1971, -such paper contained an average of 3.4% PCBs,?
and it now contains similar compounds with odors similar to
those of PCBs.

PCBs are denser than water and are virtually insoluble
in it. 1If one were to attempt to mix PCBs with pure water,
practically all the PCBs would eventually settle to the
bottom.

PCBs mix readlly wilth organic sclvents such as paint
thinners. They also mix readily with grease and oll. This
explains the fact that while PCBs in lakes are normally
found primarlly In the sediment, they can accumulate on the
surface when o011l slicks are present.

Commercial PCB mixtures do not bolil untll they are
heated well above the bolling polnt of waterx. They are

very slow to evaporate at room temperature. The term-

"vapor pressure" 1s used to describe the propensity of
substances to boll or evaporate. The low vapor pressures

of PCBs added to the useful 1lifetime of PCB contalnirng:

products such as coatlings and resins, and minimized
evaporatlon problems 1In hydraulic and electrical equipment,
where PCBs were used in their liquid form.




Most PCESs reportedly burn only at elevated
temperatures, The higher chlorinated products have the
least tendency to 1ignlite. They have 1little tendency to
ignite or decompose when heated, and they are resistant to
destruction by acids and other harsh chemicals. The
stabllity of PCBs under a variety of conditions helps
account for both their commexrclal success, and their
persistence 1n the environment.

1, EPA, PCBs in the United sStates Industrial Use and’
Environmental Distribution, page 134, EPA 560/6-76-005
(1976).




UNDERWRITER'S LABORATORIES FLAMMABILITY RATINGS*

EFluld

Ether 100
Gasoline 90 - 100
Ethyl Alcohol 60 - 70
Kerosene (100 degrees) 30 - 40
Mineral o011 10 - 20
Aroclor 1242 . 2 -3

* Reprinted from: Department of Health Educatlon and
Welfare, PCBs in the Environment, Report No. ITF-PCB-72-1,
COM-72-10419 (1972).




Uses of PCBs

Commercial production of PCBs began in 1929. The
initial manufacturer, the Swann Chemical Company, was
purchased 1in 1935 by the Monsanto Chemical Company,.

headquartered 1In Salint Louis, Missouri.? * They were
Amerlca's maJor manufacturer, producing about 1.3 billion
pounds before they ceased production in 1979.
Approximately 1% of America's PCBs were imported.?

Initlally, Monsanto produced PCBs to fill electrical
transformers and capacltors and to coat electrical cable.
PCBs are useful these applications because of their high
resistivity; that 1s, thelr reslstance to arcing in the
presence of electrlical fields. By way of comparison, salt
vater readily conducts electricity and therefore has a very
low resistivity.

In addition to thelr high resistivity, PCBs also have
high dlelectric¢ constants. Tc understand this, it Iis
necessary to realize that capacitors are devices for
storing energy, and the amount of energy whlich can be
stored In a capacitor depends on the internal medium. When
PCBs are used as the internal liquid medium, more energy
can be stored In a capacltor of a glven slze than would be
possible 1if a chemical wilth a lower dielectric strength
were used. The U.S8. government Interdepartmnetal task
force estimated that PCB impregnated capacitors are 1/6 the
size, 1/5 the weight, and 1/4 the cost of comparable oil
impregnated —capacitors, providing the advantages of
reliability, 1long 1life and compactness.® ‘The chemical
stability, fire resistance, high resistivity, and high
dielectric constants of PCBs help explain why PCBs were
used In most capacitors manufactured in the United States
pricr to the implementation of the Toxic Substances Control
Act of 197s.

Most capaclitors were impregnated with PCBs by
submerging them in the hot 1liquid. Largé capacitors and
transformers were f£1lled directly through orifices. Wire
wvas coated by submerging it in PCBs prior to adding the.
insulation.

During the 1930's and 1940's, PCBs were often mixed
wvith compounds called "chlorinated naphthalenes.3" These
mixtures, as well as the chlorinated naphthalenes
themselves, were known by the trade name "Halowax".
Halowax appears to have been phased out after World war 1I1I,
perhaps due to the fact that chlorinated naphthalenes can .
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rapidly destroy the 1liver.+* Chlorinated naphthalenes
resemble PCBs molecularly, and have been ldentified as
trace constltuents of commercial PCB mixtures and as
combustion byproducts formed during transformer fires.

In 1970, Monsanto began informlng 1lts customers that,
because of persistent reports of the accumulation of PCBs
in the general environment, they were restricting sales to
companies using PCBs in "closed" systems.® This meant that
Monsanto would no longer sell PCBs to companies who ordered
them for use as hydraullc fluids, heat exchange £luids,
surface coatings, etc. After 1971, Monsanto sold PCBs only
to capacitor and transformer manufacturers. Some former
PCB customers found foreign suppllers, but most wused
substitute chemlcals. Monsanto encouraged electrical
equlipment manufacturers to 1re-sell PCBs to electrical
equipnent repalr shops, even though Monsanto was unwlillling
do sell directly to the shops.

Between 1929 and 1971, a varlety of uses were £found
for PCBs. They mixed with other compounds to form maleable
plastics for caulking and other applicatlions, they
effectively encapsulated iInk In carbonless copy paper, and
they were mixed with insecticides to inhibit evaporation,
making them last longer.

In what turned out to be a particularly inappropriate
application of PCBs, they were used as a component of
coatings Inside grain siles. The resulting contamination
of dalry herds sometimes rendered their milk unfit for
market. Numerous out of court settlements and at least one
major lawsult® resulted from the loss of livestock, silage,
and income and the expense of re-coating or replacing the
affected siloes. Coatings simlilar to those used in silos
vere also used in swimmling pools.

PCBs were used as hydraullc £lulds and 1lubricants,
especlally in applications involving high temperature and
pressure. They were also used in numerous other products
such as floor wax, adheslves, paints, lacquers, varnishes,
and pigments.

Because of thelr stability and fire resistance, and
because they -can absorb and glve off heat without
undergolng large temperature changes (high heat capacity).,
PCBs were also used to transfer heat. Heat exchange
applications involved both taking heat away from motors and
transformers in order to cool them, and providing heat by
circulating hot PCBs through coils or 3Jackets. Heating
PCBs '‘at one location, and then pumping them to a location



wvhere heat was needed, provlided heat wlthout wlthout
placing the substance belng heated near £flames or
electrical colls. ¥henever flammable 1liqulds are used,
there is a fire danger at the heat source.

The use of PCBs to provide heat led to two mass
polsoning eplsodes, one In Japan and the other in Talwan.
In both cases, clrculating hot PCBs were used to heat rice
oll to remove odors prior to packaging. The heating
apparatus developed small leaks, and the rice oll became
contaminated with PCBs. Thousands of people were poisoned
in these catastrophes, and while it 1is not clear that
anyone was kllled directly, great suffering, disfiguration
(fxrom chloracne), and disease resulted. ©

1. EPA, PCBs in the Unlted States Industrial Use and
Environmental Distribution, page 207, EPA 560/6-76-005
(1976). Some estimates of overall imports place the total
amount at slightly less than 0.5% of domestic production.
According to the table on page 209, Supra, imports rose to
2.7% of domestlic producticen in 1972 (Monsanto restricted
sales in 1971), and declined during the next few years.

2. U.S. Department of Health Education and Welfare, PCBs
and the Environment, Report No. ITF-PCB-72-1 (1972).

3. Schwartz, Dermatitls from Synthetic Reslins and Waxes,
26 Dermatitis 590 (1936).

4., Flinn and Jarvik, Liver Lesions Caused by Chlorinated
Naphthalene, 27 Am J Hygiene 19 (1938},

- 5. Haleys vs. Michigan Silo Company, C & B Silc Company,

and Monsanto; Huron County, Michigan, File No. 77-00-2593-
NP.

6. Kuratsune and Shapiro (eds), PCB Poisoning in Japan and
Taiwan (1984). !



MARKETING OQOF PCDS

puring the 1960's, Monszanto expanded the market for PCBs
using trade Jjournal ad campaigns and brochures which
stressed features such as the following:

Stability. PCBs can be bolled with concentrated 1lye,
stirred with sulfuric acld, and heated for extended periods
of time without appreclably decomposing. PCBs were
marketed as non-reactlive reaction medla for high
temperature chemical reactions. Chemicals could be
combined and heated in PCBs, and the product removed once
the reactlon was complete. Monsanto's promotional
literature does not 1ndicate any concern on thelr part
about the fact that extraordinarily toxic byproducts build
up in PCBs which have been subjected to heat and certain
chemicals.

Adhesiveness. Aroclors were sald to adhere strongly to
smooth surfaces such as glass, metal, and varnished
surfaces.

Resistance to drying. When exposed to air in the form of
thin films, PCBs evaporate extremely slowly. They do not
tend to harden. Yet ads in trade journals of the painting
industry pointed out that Aroclors do not retard the rate
of drying of £films, and that they can be 'used in quick
drying varnishes and paints.

Electrical resistivity. PCBs do not conduct electricity.

Flame inhibitlon. Aroclors were marketed as flre
retardants which could be mixed with resinous and pitch-
like materlals, and which could be incorporated into foam
rubbexr and plastic films.

Monsanto not only pointed out the potentially useful
properties of PCBs, they also recommended specific
applications. Some of these are discussed below.

PCBs were said to be useful as fire retardants in
asphalt. An 1llustration Iin one advertisement shows men
applying material to a roof.

They were promoted in mechanical applications, such as
ralsing 1ifts or actuating brakes. PCBs were said to be
sultable hydraulic £fluids in these applications because
they do not attack metals, even at high temperatures;
because they resist chemical and mechanical breakdown; and
because of thelr good 1lubricating properties under high
pressure.

Monsanto recommended PCBs for heat transferx
applications, iIncluding space heating for offices. Just as
radiators heat rooms by circulating water from a central
boiler, so PCBs can be circulated through radiators, into
submerged colls for 1large scale cooking operations, ox



through jackets for high temperature processes such as
rubber curing.

Other recommended mechanical application fo PCBs
included thelr use as low cost substltutes for sllicone
0lls In vacuum pumps, as mercury substitutes for
temperature controls, and as roof seals for furnaces,

PCBs were promoted as palnt addltives. Monsanto salid
they greatly improve chemical reslistance, weatherability,
film strength, and adhesioh toc metal, wood, or masconry.
They were speclfically recommended for traffic road
marking, marine and swimming pool paint, and applicatlons
and coatings for grain silos.

PCBRs were recommended az swelllng agents to tlghten
shrunken rubber seals. Monsanto sald that instead of
replacing seals in auvtomatic transmissions, it was often
only necessary to add PCBs to the transmission fluld.

Monsanto recommended adding a few tenths of one
percent PCBs to bulk chemicals to prevent dusting. PCBs
would help hold the chemicals together so that of
potentially toxic or volatile chemical dusts would not rise
during handling.

PCBs were also recommended as additives to insecticide
formulations as vapor suppressants. Monsanto claimed that
the U.S5. Department of Agriculture reported that inclusiocn
of between 5% and 25% PCBs increased the kill life of
lindane spray up to ten times. PCBs were particularly
recommended for use with chlordane and all the other
chlorinated Insectlicldes for uses not involving crops.

PCBs were recommended for use 1in precislon casting
vaxes for dental castings, and for making precision
alrcraft parts and costume Jewelry. The PCBs were sald to
Impart hardness without brittleness, resistance to
shrinking, sharp definltion; sharp melting point; and fire
resistance.

Monsanto recommended PCBs as lubrlcants or lubricant
additives In a varlety of situations. Where pressure is
involved, such as In oxygen delivery systems, PCBs were
sald to be excellent additives to grease and pipe thread
compounds. They were sald to enhance the resistance of
gear oils to sheer and temperature degradation. Where oils
needed to be heavier than water, as in bridge rollers, PCBs
mixed with about an equal welght of 0ll were recommended.
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Tradenames Assigned to Monzanto's PCHs

Tadename company.
Aroclor 1221 Monsanto
Aroclor 1232 Monsanto
Aroclor 1242 Monsanto
Aroclor 1248 Monsanto
Arocloxr 1254 Monsanto
Arocloxr 1260 Monsanto
Arocloxr 1262 Monsanto
Aroclor 1268 Monsanto
Aroclor 1270 Monsanto
Aroclor 25(00) serlies Monsanto 75% PCBs, 25% PCTs*
Aroclor 44(00) series Monsanto 60% PCBs, 40% PCTs
Aroclor 6037 Monsanto 63% PCBs, 37% PCTs
Aroclor 6040 Monsanto 60% PCBs, 40% PCTs
Arocloxr 6050 Monsanto 50% PCBs, 50% PCTs
Aroclor 6062 Monsanto 38% PCBs, 62% PCTs
Aroclor 6070 Monsanto 30% PCBs, 70% PCTs
Aroclor 6090 Monsanto 10% PCBs, %0% PCTs
Pydraul Monsanto (Rydraulic Fluiad)
Pyroclor Monsanto
Thexminol Monsanto (Heat transfer fluid)
Santovac Monsanto (Vacuum-pump oil)
Turblnol Monsanto (Compressor £luid)
Chlorextol Allis-Chambers
Dykanol Federal Paclfic
Inerteen Westinghouse
No-Flamol Wagner Electric
Pyranol General Electric
Elenx McGraw - Edison
* PCT stands for "polychlorinated terphenyls." "Terphenyl"

1s a compound composed of three benzene rings attached to one

another by single bonds.



Capacltors
Transformers

Hydraullic fluids
Heat-transfer £luids
Lubricants

Plasticlizer in rubbers
Plasticizer in resins
Carbonless copy paper
adheslives

wvax extenders
Dedusting agents

Inks

Immersion olls for microscopes
Pestlclde extendersz
Cutting oils

Sealants

Caulking compounds
Flame retardants
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COMPOSITION OF COMMERCIAL PCB MIXTURES

There are 209 pure chemical compounds known
collectively as polychlorinated biphenyls (PCBs). 208 of
these are sollds In the forms of white powders, flakes, or
needles, and one 18 a clear 1llquid. ¥hen referred to
individually, these compounds are called "PCB congeners”.
Thus, there are 209 distinct PCB congeners. Mixtures of
PCBs are usually olls or waxes, desplte the fact that the
mixtures are made up of compounds which are solld In their
pure form. Monsanto only marketed PCB mixtures.

These products were not, however, formulated <£rom
individual congeners; the mixtures were produced simul-
taneously in single batches. Solid biphenyl was heated
beyond 1its melting polnt, and chlorine gas was introduced.
The longer the chlorine was added, the more viscous the
resulting PCB mixture would be. The manufacturing process
provided no hint that the o0ily or waxy products were not
single compounds, much 1less that they were mixtures of
solids. Each PCB congener in the commercial mixtures has
its own unique characteristics, such as tendency to
evaporate, solubility in water (none are very soluble) and
biodegradablility. It is, therefore, not surprising that
the PCB comblnations found in 1lake sediments and human
tilssues seldom closely resemble commercilal products.
Nature takes 1ts toll on different congeners at different
rates, thereby changing their relative amounts in mixtures.

Trace Impuritles

Two classes of compounds, known as chlorinated
naphthalenes (PCNs) and chlorinated dibenzofurans (PCDFs),
have been identified in unused PCBs. Members of another
class, the chlorinated terphenyls, have been identified in
PCBs which have been used as heat exchange £fluid. When
PCBs are subjected to heat, there is a tendency for a
variety of toxic contaminants to form. Fires involving
PCBs are considered very dangerous because of the potential
for those products to form.

The PCDFs are among the most potent toxins known. It
is possible that even the minute traces (1 to 10 ppm}) of
PCDFs reportedly found iIn some wunused Aroclors are
toxicologlically signiflicant. It 1s commonly believed that
PCDFs found in PCB residues after accldental fires are at
least as important as the PCBs themselves.

The extent to which PCDF 1levels varled from batch to

batch is not well documented. Literature provided by
Monsanto Indicates that Aroclor 1248 was sometimes clear
and sometimes had a yellow-green tinge. The fact that

vyellowv-green byproducts were present In some batches but
not 1In others suggest a falr degree of variability, but
does not prove that some batches had extraordinarily high
levels of PCDFs.



COMPOSITIONS OF MONSANTO's AROCLOR PRODUCTS

Tadename

Aroclor 1221 21% Chlorine (by wt.)
Aroclor 1232 32% Chlorine

Aroclor 1242 . 42% Chlorine

Aroclor 1016 41% Chlorine

Aroclor 1248 48% Chlorine

ARroclor 1254 54% Chlorine

Arocloxr 1260 60% Chlorine

Aroclor 1262
Aroclor 1268
Aroclor 1270

Aroclor 25(00) series 75% PCBs, 25% PCTs*%*
Aroclor 44(00) series 60% PCBs, 40% PCTs
Aroclor 6037 63% PCBs, 37% PCTs
Aroclor 6040 60% PCBs, 40% PCTs
Aroclor 6050 S0% PCBs, 50% PCTs
Aroclor 6062 38% PCBs, 62% PCTs
Arocloxr 6070 30% PCBs, 70% PCTs
Aroclor 6090 10% PCBs, S90% PCTs

* Products beginning with "12" consist of over 99% PCBs;
the digits after the "12" indicate the percentage of
chlorine by weight,

** PCT stands for "polychlorinated texrphenyls." "Texphenyl"
1s a compound composed of three benzene rings attached to one
another by single bonds.




R

CHEMIBTRY QF PCBS

Introduction

Knowing the molecular structure of PCBs 1Is helpful in
interpreting test data, visuallzing the simllaritles
between some PCB congeners and extraordinarlily toxic
compounds such as the dloxins, and understanding how PCBs
are transformed by -heat and oxygen to- dloxin-1like toxins
such as chlorinated biphenylenes and dibenzofurans.
Readers without strong backgrounds in sclence will £ind the
followlng presentation easy to understand. This simplicity
Is not achleved by sacrificing accuracy, but by elimlnating
non-essential detalls,

Atoms and Molecules

There can be no simple answer to the qguestion: What
are atoms and molecules? Certainly, they are the very
small (sub-microscopic) building blocks which comprise most
matter as we know it on earth; but when we try to "picture"
atoms and molecules, we run into trouble. The difficulty
stems from the fact that reality on the atomic scale is not
like the reality we experience with our senses. Existence
1s really qulte different on that tiny 1level, and to
visualize it Is to create an imaginary model of something
wve cannot experlence. For the purposes of thls monograph,
nothing is lost by viewing atoms as little hard spheres and
bonds as 1light weight sticks which hold atoms together.
Atoms held together by bonds are called molecules.

Two atoms can be Joined by either one, two, or three
bonds. Carbon atoms almost always have a total of four
bonds. Oxygen usually has two, and chlorine and hydrogen
usually have onhe bond. Examination of the following
examples should make all of this clear. Readers are urged
to construct each example usling a ball and stlick molecular
model kit.




EXAMPLES

In the following examples, we will \use the standard
convention of letting "cC", "oO", "Cl", 'and "H" represent
carbon, oxygen, chlorine, and hydrogen atoms respectively.
Dashes between the letters represent bonds between atoms.

1. Hz0 (water). Each hydrogen atom has one bhond; oxygen
has two. A
pond N oR
g —— o
boends = Y
2. COx (carbon dloxide). Carbon has four bonds, each

oxygen has two.

O=c=0

3. CzHz (acetylene). Each hydrogen atom has one bond, each
carbon has four. Note the carbon-carbon triple bond.

H—(C =C—H

4, CzHe (ethane). Ethane has all single bonds. hRgain,
each carbon atom has four bonds and each hydrogen atom has
one. .
\*\\ C;/ k\l
H—C — ¢ —¢t
ne S

5. CgHa (benzene). As usual, each carbon atom has four
bonds and eagh hydrogen atom has one.
L

(T /C\ S\\OY“J\'\(\QV\C\. 5
¢ C -4 reFveson*a*”V‘°
jAfC'\ Qf: : benzene
The six carbon atom of benzene form a wvery stable
framework. Even undexr harsh chemical conditions in which

the hydrogen atoms of benzene are readlly replaced by other
atoms, the six membered carbon ring remains 1intact.

ﬁ;. o .



Because benzene rlings are so stable, they act as dlscrete
units in chemical reactlions. 1In other words, they attach
to atoms and molecules under some conditions and
disassociate from them under others, all the while
remaining intact six membered rings of carbon atoms. These
rings are often called phenyl groups when they are Joined
to other groups of atoms.

6. CzHe (ethane)
€ I . //l4
H____C — . —
1 S

7. CsHaz (phenyl ethane). A benzene ring attached to
another molecule Is often called a "phenyl" group; thus,
the name "phenyl ethane".

H J+
¢ — C
H—C = 5
1A H
8. CazHaio (biphenyl). When benzene 1s heated in the

presence of certain metals to over 700 degrees Centigrade,
benzene rings attach together to form chains of varying
length. The shortest chain consists of two rings, and is

called "biphenyl", "phenylbenzene", or "diphenyl". The
prefixes "bi-" and "di-", of course, both refer to the fact
that there are two rings. "Biphenyl" is the most common
name.

biphenyl

{also called "dlphenyl" and "phenylbenzene")

9. Chlorobenzenes. Under a variety of chemical conditions,
chloxine atoms will replace hydrogen atoms on benzene
rings, Depending upon the amount of chlorine used, the
conditlons of the reactlion, and the reaction time, 1 to 6
chlorine atoms can be added.

ch c\
c\ ‘! -l
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Chlorobenzene Hexachlorobenzene
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¥When chlorine 1s scarce, or when the reactlion is
stopped before completion,, mixtures containing
chlorobenzenes with fewer than six chlorlne atoms are
formed. The compounds in this series with 1, 2, 3, 4, 5,
or 6 chlorine atoms per molecule are called mono-, di-,
tri-, tetra-, penta-, and hexachlorobenzene respectively.
There are three distinct dichlorobenzenes, three
trichlorobenzenes, and three tetrachlorobenzenes. Each of
these 1is a unique chemical compound, with 1its owvwn
characteristics and properties.

Ball and stick models are useful for visualizing the
possible ways of substltuting chlorine atoms on a benzene
ring. These models seem 1llke <childrens toys, but
profeszional chemlsts f£ind them very useful for visuvalizing
molecules. All twelve of the chlorobenzenes are shown in
Table I.
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PCB Molecules

When biphenyl is heated Iin the presence of chlorine
gas and certaln metals, chlorine atoms gradually replace
hydrogen atoms on the phenyl 1rings. Since PCBs
(polychlorinated blphenyls) are, by definitlon, bliphenyl
molecules to which between one and ten chlorine atoms have
been attached, this process is actually the manufacture of
PCBs. As progressively more chlorine 1is added, mono-, di-,
tri-, tetra-, penta-, hexa-, hepta-, octa-, nona-, and
decachlorobiphenyls are produced. The 15 possible
dichlorobiphenyls are shown below. The system for naming
them is explalined in another report. : :
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Biphenyl molecules are also designated by the Eerms

"ortho," '"penta," and "para." As 1ndicated below, there
are 4 ortho, 4 meta, and 2 para positions. .

ORTHO




PCBs In Water

Because PCBs are practlcally insoluble 1ln watex, they
are sald to be "hydrophoblc". Because they dlssolve in fat
(lipilds), PCBs are sald to be 1lipophilic. PCBs also
dlssolve In grease, o0ll, and organic solvents such as
common paint thinners. Water contains varying amounts of
small suspended particles. PCBs In water tend to be
assoclated with these partlcles. A PCB molecule contained
inside o¢f, oxr adhering to the surface of a suspended
particle is not dlissolved In water, l.e., it 1s not a free
molecule "swimming" among water molecules. PCB molecules
avoid water by assoclating with suspended particles.

PCBz in lakes and streams waters tend to concentrate
in sediment. The amount of PCBs iIn contaminated waters
increases during heavy rainfall, when the sediment becomes
stirred up and the amount of suspended particles increases.

Another result of the lipophillcity and hydrophobia of
PCBs 1s thelr accumulation In fat tlssue. PCBs remain in
the body's tissues, particularly the fatty portions, for
years. Congeners with fewer numbers of chlorine atoms tend
to dissolve better In water. This helps explaln why PCB
mixtures found in the environment do not resemble

commerclal mixtures. PCBs which are more water soluble
travel Dbetter iIn streams and are more avallable ¢to
microorganisms which can destroy them. Dlfferences 1in

vater solubllity are only one of many factors which help
explaln the fact that PCB mixtures in the body and in the
wider environment dliffer from the mixtures which were
initlally distxibuted in commerce. The fact that 1living

-organisms destroy some PCB congeners much more rapidly than

others also helps explain why PCB mixtures change with
time.




PCBs 1n Alr

As noted in Section 1:02, PCBs have 1low vapor
pressures, l.e., they have 1llttle tendency to evaporate.
This does not mean that individual PCB molecules never
become airborne; 1t Just means that they tend to dissolve
in grease and o0ll or adhere to solild surfaces.

There are millions of free PCB molecules 1In
practically every cublc inch of alr over the surface of the
earth. These molecules eventually leave the alr to settle
on surfaces or in 1liquids, or they remain alrborne by
adhering to particles of dust. Conversely, PCB molecules
on surfaces or in liqulds exposed to the air occasionally
take flight. This process is known as "volatilization" or
"vaporization." PCBs mixed with solid material also become
alirborne In the form of dust.

Individual PCB molecules on the earth's exposed
surface spend most of thelr time adhering to solids, and a
very small fraction of their time in the vapor state; i.e.,
in free £1l1ight. Volatilization and the movement of dust
help explaln the fact that PCBs have spread over the
world's entire surface.

——— m e m mm — -




PCDF AND DIOXIN CHEMISTRY

Polychlorinated dibenzofurans (PCDFs) are a class of
extraordinarily toxlic compounds which are unlversal PCB
contaminants. They were present in £freshly manufactured
PCBs, and they are known to Increase in concentration when

PCBs are exposed to heat and oxygen. Fires involving PCBs

are considered to be extremely hazardous because of these
byproducts.

It has been suggested that minute traces (usually
between 1 and 10 parts per million [ppml) of PCDFs might
account £o0r much of the documented toxiclty of commercial
PCBs. It is though, in the aftermath of the Japanese mass
peisoning catastrophy known as Yusho, that when PCDF
concentrations are as high 1000 ppm (0.1%), the toxicity of
PCBs is significantly increased.

The following dlagram shows how a PCDF molecule can
form from a8 single oxygen atom and a PCB molecule.

- C\ ~ C‘
i ~
v . ci o <y
Q-0 o - OO
PCB . PCDF
"Benzo-" in chemical nomenclature signifies benzene
rings which are attached to other groups of atoms at two
adjacent locations. "Benzo-" is very similar to "phenyl-",

only phenyl groups are benzene rings attached to other
groups of atoms at only one location.

furan benzofuran dibenzofuran

There are 135 chlorinated dibenzofuran congeners.
These are often referred to as "polychlorinated
dibenzofurans" and abbreviated "PCDFs". The PCDFs are
similar in structure and in toxicity to the PCDDs. One

particularly deadly PCDF is 2,3,7,8-tetrachlorodibenzofuran
(2,3,7,8-TCDF). '
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2,3,7,8~-TCDF

PCDF formation during incineration and In accidental
PCB flres 1s a matter of malor concern because of the
extreme toxicity of these compounds. Complete combustion
of PCBs usually requires the addition of 20 oxygen atoms to
the ten carbon atoms of biphenyl to form ten molecules of
carbon dioxide.* Oxygen also adds to hydrogen atoms during

combustion to form water. Complete combustlon reguires
plenty of oxygen, very hilgh temperatures, and sufficlient
reaction time. At higher temperatures, 1less time s
required.

PCDFs are one of the many products of 1lncomplete PCB
combustion. They result from the addition of only one
oxygen atom to a PCB molecule. When an oxygen atom reacts
with a PCB molecule to form a dibenzofuran molecule, the
two PCB rings are prevented from spinning relative to one
another. The molecule becomes locked into a planar (flat)
configuration in which it closely resembles the family of
very toxic compounds known as the dioxins.

1. Complete combustion can also result in the formation of
phosgene, which has the formula CCl1:0. The other
biproducts of PCB combustion are hydrogen chloride (HC1)
and water (Hz0).




Dioxins

The dloxins are relevant to a discussion of PCBs
because their toxicities are currently belng investigated
more extensively than the toxicities of PCBs, yet it 1is
widely thought that dioxins and many of the PCB congeners
share a similar mode of toxic action.* Moreover, dioxins
are formed in PCB transformer fires.= Since dioxins
strongly 1resemble PCBs and PCDFs, and are found in
comblnation with them after transformer flires, it is
appropriate for those interested in PCBs to gain some
familiarity with then.

A dibenzo-p-dioxin molecule has the structure:
QO
e
The "p" In dibenzo-p-dlioxin stands for "para", signifying
that the oxygen atoms are on opposite sides of the central

ring. The central ring never has oxygen atoms at other
locations.

There are 75 chlorinated dibenzo-p-dioxin congeners
(dioxins). These are often called "polychloxrinated
dlbenzo-p-dioxins and given the abbreviation "PCDD's". The
tetrachlorodibenzo-p-dioxins (TCDDs) are thought to be the
most toxic dioxins. One of these, 2,3,7,8-
tetrachlorodibenzo-p-dioxin 1s the most acutely toxic of
them all for many species of animal. Some say it is the
most potent man made polison, although people also
manufacture plutonium, an even more deadly, naturally
occurring substance.

The atoms in dlioxin molecules are locked Into a planar
(flat) configuration. Considerable discussion has been
generated by the observation that when the two rings of a
PCB molecule are in the same plane, 1.e., when a PCE
molecule Is flat, it resembles a dloxin molecule. The more
chlorine atoms which are placed on carbon atoms adjacent to
the carbon-carbon double bonds, the more stralned a planar
configuration becomes due to crowding by the large
chlorine atoms. Chlorine In these positions tends to
reduce the dioxin-like acute toxicity of PCBs. PCB
congeners containing four or five chlorine atoms, but no
chlorine adjacent to the carbon-carbon bond, are potent
acute toxins, comparable 1in strength to the dioxins




themselves.
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1. Safe, Polychlorinated Biphenyls (PCBs) and
Polybrominated Biphenyls (PBEBs): Biochemistry, Toxicology,

and Mechanlsm of BAction, 13 CRC Crit Rev Toxicol 319
{1985).

2.. Hutzinger et al., Formation of Polychlorinated
Dibenzofurans and Dloxins duxring Combustion, Electrical

Equipment Fires and PCB Inclneration, 60 Environ Health
Perspect 3 (1985).
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Aroclor
Pydraul
Pyroclor
Therminol
Santovac
Turbinol
Hyvol
Hyvol
Asbestol
Chlorextol
Clorphen
Clorphen
Dykancl
Eucarel
Eucarel
EEC-18
EEC-18
EEC-18
Dykanol
Pyranol
Pyranol
Saf-T-Kuhl
Saf-T-Kuhl
S5af-T-Kuhl
Saf-T-Kuhl
Saf~T-Kuhl
Saf-T-Kuhl
Elemex
Elemex
Elemex
Elemex
Elemex
Aroclor B
Diaclor
Chloxinel
No-Flamol
Inerteen
Sanotherm

Monsanto

Monsanto (Hydraulic Fluld)
Monsanto

Monsanto (Heat transfer f£luid}
Monsanto (Vacuum-pump oll)
Monsanto (Compressor fluid)
Aerovox

Universal Manufacturing Co.
American Corporation
Allis-Chalmers

JARD Corp.

York Electronics

Cornell Dubllier

Electric Utility Co.
Capacitor Speclalists, Inc.
Niagra Transformer Corp.
' Helena Corp.
Hevi-Duty Electric
Federal Pacific

General Electric
Research-Cottrell

Kuhlman Electric

Electro Englineering Works
Envirotech Buell

R.E. Uptegraff Mfg. Co.

. H.K. Portex

van Tran Electric Co.
McGraw Edlison

RF Interonlics

Axel Electronic, 1Inc.
Tobe Deutschmann Labs
Cine-Chrome Lab, Inc.
P.R. Mallory & Co.
Sangamo Electric

Sprague Electrlc Co.
Wagner Electric
Westinghouse
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ENVIRONMENTAL FEXPOSURE TO PCDo

Introductlon

Everyone ls contaminated by PCBs. Evidence for this
includes the results of widespread testing of blood, adipose
(fat) tissue and milk;* and the fact that the earth's entlre
lowver atmosphere is contamlinated.® A report which appeared
in the Annals of the Newv York Academy of Science in 1979
states: "At some tlme or other in the- last 50 years, PCBs
have become current constituents of the human body and the
biologic environment."? 99% of . all Americans reportedly
have over 500 ug/kg (ppb) PCBs in thelr adipose tissue.*

This report deals with the spread of PCBs throughout
the worlg. Revelatlons about global contamination help
explain why Congress placed severe restrictions on the use
of PCBs In 1976, and why Monsanto 1limited sales in 1972 and
completely stopped production in 1977.

1. Slorach and Vvaz, PCB Levels In Breast Milk: Data from
the UNEP/WHO Pilot Project on Blological Monitorling and Some
Other Recent Studles, 60 Environ Health Perspect 121 (1985);
Krelss, Studies on Populations Exposed to Polychlorinated
Biphenyls, 60 Environ Health Persp 193 (1985).

2. Oehme and Mano, The Long-Range Transport of Organic
Pollutants to the Arctic, 319 Anal Chem 141 (1984); Doskey
and Andren, Modelling the Flux of atmospheric Polychlorinated
Biphenyls across the alr/wWater Interface, 15 Environ scl
Tech 705 (1981); Atlas and Glam, Global Transport of Organic
Pollutants: Amblent Concentratlions 1in the Remote Marine
Atmosphere, 211 Sclence 163 (1981); Tanabe et al, PCBs and
Chlorinated Hydrocarbon Pestlicides in Antarctic Atmosphere
and Hydrosphere, 12 Chemosphere 277 (1983); Harvey and
Stelnhauer, Atomospheric Transport of Polychlorobiphenyls to
the North Atlantic, 8 Atomos Environ 777 (1974); Chlorinated
Hydrocarbons in the Sargasso Sea Atmosphere and Surface
Water, 183 Sclence 516 (1974); Blddleman et al.,
Atomospheric Transport of Organochlorines in the North
Atlantic Gyre, 39 J Mar Res 443 (1981); Glam et al.,
Phthalate Esters, PCB, and DDT Residues in the Gulf of
Mexoco Atmosphere, 14 Atmos Environ 65 (1980).

3. VWasserman, World PCBs Map: Storage and Effects In Man
and Hils Blologic Environment in the 1970s, 320 Ann NY Acad
Scl 69 (1979). This article is an excellent revliew of the
toplc.



environment."
One of Monsanto's slldes at the presentation reads:
CAPACITOR FLUIDS '
WHY CONVERT
TO AROCLOR 1016
-- 9-fo0ld reduction in PCBs of pentachloro and higher
-- 10-£fo0ld reduction in PCBs of hexachloro- and higher
-- minimum Iindustry testling required

No mentlon was made of the fact that Aroclor 11016
provided a 1000 fold reduction in PCDFs.?

1. Milby et &l, PCB-Contalning Transformer Flres:
Decontamination Guidelines Based on Health Consideration,
27 J Occup Med 351 (1985).
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over 10% of the approximately 1.3 billlion pounds of
PCBs which were produced 1n the United states betwveen 1929
and 1979 may be free in the environment.® These PCBs, along
wvith an approximately equal amount produced in and released
from other countrles, have spread throughout the earth's
lowver atmosphere and over 1ts entire surface. They are
likely to remaln a feature of our planet for centuries to
come.

"Background" PCB levels are the concentrations
typlcally found 1n the absence of any particular source of
pollution. Background air levels in the most remote parts
0f the world reportedly are about 0.1 ng/cu.m.® Background
levels In blota? and human beings* have also Dbeen
documented. Typical human levels are around 5ug/l in blood
and lmg/kg in fat, varylng with geographic location, dliet,
and vork history.



1. vu.B. EPA, PCBs in the united states 1industrial Use and
Environmental Distrlbution, EPA 560/6-76-005 (1976).

2. Atlas and Glam, Global Transport of Organic Pollutants:
Amblent Concentrations in the Remote Marine Atmosphere, 211
Science 163 (1981).

3. Wasserman, et al., World PCBs Map: Storage and Effects
in Man and His Biologic Environment in the 1970's, 320 Ann
NY aAcad sci 69 (1979).

4. Jensen and Sundstrom, Structures and Levels of Most
Chloroblphenyls in the Technical PCB Products and 1n Human
Adipose Tissue, 3 Aamblo, 70 (1974); F.W. Kutz and S.C
Stressman, Residues of Polychlorinated Biphenyls 1in the
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on Polychlorinated Biphenlys, Chicago, p 139 (1975); New
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Committee on the Health Implications of PCBs in Mothers'
Milk. (1977); Holdrinet et al., Organochlorine Residues 1in
Human Adipose Tlissue and Milk From Ontario Reslidents, 1969%9-
1974, 68 Can J Publ Health 74 (1977); Mes et al.,
Polychlorinated Blphenyl and Organochlorine Pesticlde
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Contam Toxlcol 581 (1977); Mes and Davies, Presence of
Polychlorinated Bliphenyl and Organochlorine Pesticide
Resldues and the 2Absence of Polychlorinated Terphenyls in
Canadian Human MIlk Samples, 21 Bull Environ Contam Toxicol
381 (1978); Cordle et al., Human Exposure to Polychlorinated
Biphenyls and Polybrominated Biphenyls, 24 Enviion Health
Perspect 157 (1978); Mes and Davies, Variations in the
Polychlorinated Biphenyl and Organochlorine Pesticide
Residues During Human Breast Feeding and its Dilurnal
Pattern, 7 Chemosphere 699 (1978); Barr, Environmental
Contarination of Human Breast M1ilk, 71 Am J Public Health
124 (1981); Eckenhausen et al., Organochlorine Pesticlde
Concentrations 1n Prenatal Samples from Mothers and Bables,
36 BArch Environ Health 81 (1981); Safe, Halogenated
Hydrocarbons and Aryl Hydrocarbons Identified Iin Human
Tissues, 5 Toxlcocl Environ Chem 153 (1982); Baluga et al.,
Presence of Organochlorine Pesticlides, Polychlorinated
Biphenyls and Mercury In Spanish Human Milk Samples, 28 Bull
Environ Contam Toxicol 573 (1982),
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¥orldwide Contamination

The dlscovery of PCBs In the general environment
stemmed partly from pesticide research vhich was being
conducted during the 1960s. Knowledge of the ublquitous
presence of DDT and other chlorinated pesticides 1In our
environment became common after Rachel Carson's Silent
Spring was published 1in 1962. Thls knowledge was belng
gathered by the same procedures which are used to ‘analyze
environmental specimens for PCB content: extraction followed
by GC/EC. So vwhlle they were analyzing samples for
pesticldes, researchers were also unknowingly recording the
presence of PCBs in the environment. .

Then, In 1966, the annoylng interference peaks which
routinely appeared on strip chart recordings during
pesticide analyses were positively identiflied as PCBs by the
Swvedish researcher Soren Jensen. What had been considered
merely a nulsance to analytlical chemists became a matter of
serious concern to researchers and public health officials
throughout the world.

The flrst news of Jensen's discovery appeared in the
"Notes on the News" feature In New Scientist magazlne 1in
1966,* where 1t was reported that Soren Jensen was finding
PCB contamination throughout Sweden. Dr. Jensen reportedly
suggested that PCBs were belng deposited from the alr into
lakes, and that £fish were passing 1t on to humans. The
anonymous author also reported that PCBs had been detected
in the alr over London and Hamburg, and In seals taken from
the coast of Scotland. His concluding remark is, "It can
therefore be presumed to be widespread throughout the
world.® Jensen's work was published the following year.=2
Subsequent research showed that PCBs have become dispersed
over the entlire surface of the earth,® presumably by means
of atmospherlc transport.<

PCB levels in some relatlively contaminated geographical
areas appear to be diminishing, but "pristine™ areas are
reportedly becoming increasingly contamlnated.® This can be
attributed to the fact that PCBs are mobile, traveling over
the surface of the earth through the alr.

A major, and perhaps the maJor source of PCBs in lake
sediment is the alr, and now a major souxrce of PCBs 1in the
alr may be 1lake sediment.€ Thus, wvhile lakes may have
orlglnally served as sinks for PCBs which were released into
the environment, at some stage an equlllbrium may have been
reached, and then the situation reversed and the lakes
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became a source of atmospherlic PCBs.

Tests involvihg filtratlon -of partlculates and
adsorption of vapor phase organlcs suggest that PCBs move
through the atmosphere partly on dust, and partly as free
molecules. More chlorinated congeners have a greater
tendency to travel on dust. . PCBs also £flow into the
environment from municipal and industrial discharges, as
vell as from ralnwater runoff. They £1lnd thelr way into our
food, water, and alr through many routes. Leaking or
exploding electrical equipment - such as powver grid
transformers and capacitors - probably account for most of
the PCBs currently being released into the environment.

Widespread human contamination was reported in 1972.7
One article 1indicated that 41 - 45% of the general
populatlon had more that 1 ppm combined penta-, hexa-,
hepta-, and octachlorobliphenyl in their adipose tissue.® The
following year, a number of human mllk samples collected in
Colorado were found to contain high levels of PCBs.®

In order to curb the rate of environmental
contamination by PCBs, Monsanto, America's sole producer,
notified its customers 1in 1971 that sales were beling
restricted to firms using PCBs in closed systems for which
there were no practical PCB substitutes. This eliminated
its use in paint, asphalt, putty, and pesticide
formulations; its use as a petrollum product additive; and
even relatlvely closed uses in heat exchange and hydraulic
£luld applications. etc. Monsantoc narrowved 1ts customer
list to capacitor, transformer, and electromagnet
manufacturers, but this dild not eliminate dissemination into
the environment. It wvas estimated in 1876 that 5% of the
PCBs used In electrical equipment eventually escapes into
the environment.2° ‘

|
. There are Indicatlons that background PCE levels are
declining in some parts of the world, presumably as a result
of curtalled production, wuse, and dumping.2* It is,
however, dlfficult to draw conclusions from the test data
because results are very Iimprecise, and methods vary £from
lab to lab and year to year.22

As part of thelr effort to minimize environmental
contamination, the U.S. EPA requlres that the 1liquids
contalning more than 500 ppm PCBs be incinerated®*® unless an
equally effective alternative 1is used.®* Such alternatives
might be necessary In view of the fact that incineration of
PCBs and PCB contaminated equipment releases harmful
combustion byproducts into the environment, including PCDFs,



dloxins, and heavy metals.
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Bloaccumulation

PCBs are not readlly metabolized or excreted by living
organisms, and hence they tend to build up. This bulldup is
called "bloaccumulation'. Bloaccumulation has been widely
observed 1in nature, and has been studled 1In animal
experiments. A dlet containing 25 ppm PCBs caused levels in
monkey adipose tissue to rise tec 127 ppm after two months.?

Many toxins are either rapidly excreted from the body,

or rapldly destroyed by metabolic processes. Large
chlorinated hydrocarbons,® howvever, tend to resist both of
these processes,. They are not rapidly ellminated because.

they are 1lipophillc (attracted to €fats) and hydrophobic

(repelled by water), and hence become stored in fat tissue.

Storage In fat deposits also helps prevent metabolism by

keeping chlorinated hydrocarbons out of clrculation and away

from important centers of detoxlficatlion such as the liver,

lJungs, and skin. Metabolism is also slowv because most.
chlorinated hydrocarbons have been introduced to our planet -
during the past £fifty years, so enzyme systems which can
efficiently metabollize them have not had time to evolve.

Bloaccumulation 1is reversible.® Once exposure Is
reduced, the comblned rates of PCB metabolism and excretion
can overtake accumulatlion. Since each PCDF and PCB congener
declines at 1ts own rate, the mixture PCBs in each persoéns
body bears little resemblance to the mixtures to which they.
were exposed. Gas chromatograms (see Section 1:14) of PCBs
extracted from human blood and adipose tissue have larger
later eluting (see see Section 1l:14) peaks and rsmaller
earlier eluting peaks than gas chromatograms of the PCB

mixtures to which the tissue doners have been occupationally -

or environmentally exposed. The maln zreason for this is
that the earlier eluting peaks tend to contain -fewver
chlorline atoms, and PCBs wlth fewer chlorine atoms tend to
be metabollized and excreted more rapidly by the body. ‘

But while there is a tendency for hligher chlorinated
PCBs to accumulate and remaln longer in fat tissue, 1t is
only a gross tendency; something which is observed on the -
average, but for which exceptions are common. A striking
exception 1s decachlorobiphenyl (DCB), the most chlorinated
of all the PCBs. DCB does not readily bloaccumulate and,
once In fatty tilssue, it has little tendency to remain.+4
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1. Allen and Norback, Pathobliological Responses of Primates
to Polychlorinated Biphenyl Exposure, National Conference on
Polychlorinated Blphenyls 43, EPA - 560/6-75-004 (1976).

2. A "hydrocarbon" 1s a chemlcal compound composed of
carbon and hydrogen atoms. A "chlorinated hydrocarbon"
contains chlorine atoms in additlion to carbon and hydrogen.

PCBs, ©DDT, and dloxin are examples of chlorinated
hydrocarbons.

3. For a dlscussion of the dynamics of bedy burden
versus level of exposure, see Gaffy, The Epldemiology of
PCBs, in PCBs: Human and Environmental Hazards, page 279
(1983).

4. Platinov and meads, Distribution and Excretion of Two
Chlorinated Biphenyl Isomers: 4-Chlorobiphenyl and

Decachlorobiphenyl in Lactating Bovine, 39 Can J Comp Med
104.
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pifferential Bloaccumulation

Each of the 209 PCB congeners has 1its own, unlque
propensity to accumulate iIn any given organism. Differences
depend upon the congeners, the specles, and the specles
member. Individual blochemistry varies perhaps to a greater
degree than personal appearance, so patterns of PCB
accumulatlon are dlfferent for different people. 'Indlvidual
metabollsms change with age and exposure to chemicals. But
desplte 1individual idiosyncrasles, there are tendencles in
PCB bloaccumulation which apply throughout nature. Some
observations concernling bloaccumulation listed belovw.

1) As stated above, higher chlorinated congeners have a
greater tendency to bloaccumulate.?

2) Those congeners which have the greatest tendencles to
accumulate also tend to elute latest from gas
chromatographs. As time goes on, chromatograms of
specimens taken from occupatlonally exposed workers
exhiblt progressively less resemblance to chromatograms
of the PCBs to which they were exposed. 1In particular,
the proportion of later eluting peaks to earlier
eluting ones Increases with time.

3) Congeners which have the greatest tendencles to
bloaccumulate also tend to elute latest £from analytlcal
devices called "high pressure 1liquld chromatographs."2

4) Octanol floats on water. The tendency of a compound to
go into the octanol layer correlates with its
solublility in fat. Compounds which tend to enter the
octanol layer above water tend to bloaccumulate.?

S) PCB congeners with adjacent hydrogen atoms tend to be
metabolized faster than those In which each hydrogen
atom is straddled by chlorline and/or carbon atoms.

As 1s the case with the other "rules", there are
exceptions.*

It 1s possible that gas chromatography could be used to
prove past massive exposure to PCBs, even in cases in which
total PCB levels have returned to the normal range. The
evidence would 1lie in the patterns; in the proportions of
the individual congeners, one to another. Perhaps there are
barely detectable, persistent congeners which add little to
total PCB content after massive exposure, but which are
significantly more abundant in previously exposed people,

12



even after total levels have nearly returned to normal.

Years after the polsonlng episode at Yusho, PCB levels,
in the llvers of some victims did nearly return to normal, .

vhile 1levels of some PCDF congeners remalned drastically
elevated.® The ratio of PCB to PCDF 1n the contamlnated
rice 01l was about 2,000:1, while the ratio reported in some
liver blopsy speclmens taken years later was 4:1. Simllar
ratlo enrichments I1nvolving only PCBs probably exlst, but
researchers have yet to provide detalled documentation.

There 1is a strong correlation between age and PCB
levels. This might be because metabollism rates tend to
become slower with age, possibly due to liver impairment.
It could even be because younger people lived a smaller
percentage of thelr 1llves during the years of maximum
environmental contamination.

It 1s not true that each of us accumulates a little
more PCB each day; In fact, average body burdens appear to
be declining.® When the rate of PCB Intake 1is constant,
there 1s a tendency for 1levels 1In the body to reach a
plateau and remain constant”? At thls stage, the rate of

excretion 1is equal to the rate of 1ntake. Subsequent
lowering of Intake levels would be expected to result . in
declining levels in body tissues.

13
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1, Krelss et al, Assoclation of  Blood Pressure

and@ Polychlorlinated Blphenyl Levels, 245 JAMA 2505 (1981).
Also, The results of the Natlional Human Adipose Tissue
Survey conducted by the U.S. EPAs "offlce of Toxlic
Substances, released on May 9, 1983, show decllining levels.

2 Rats reached equilibrium Iln six months accordling to Burse
et al., Polychlorinated Biphenyls. Storage, Distribution,
Excretion, and Recovery: Llver Morphology After Prolonged
Dletary Ingestion, 29 Arch Environ Health 301 (1974).

5. Platlinow and meads, Distribution and Excretion. of Two
Chlorinated Biphenyl Isomers: 4-Chlorobiphenyl and
Decachlorobiphenyl in Lactating Bovine, 39 Can J Comp Med
104.

4. Matthews et al, Effects of Chlorination on the
Distribution and Excretlon of Polychlorinated Biphenyls, 3
brug Metab Disp 371 (1975); sSuglura et al, Accumulation of
Polychlorinated and Polybrominated Biphenyls in Fish:
Limitatlion of Correlatlon Between Partitlion Coefficlens and
Accumlation Factors, 7 Chemosphere 731 (1978); Gage and
Holm, The Influence of Molecular Structure on the Retention
and Excretlon of Polychlorinated Biphenyls by the Mouse, 36
Toxlicol Appl Pharmacol 555 (1976}); Morales,
Pharmacoklnetics of Multiple 0Oral Doses of Selected
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397 (1979); Bungay et al, Pharmacokinetics of Halogenated
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Rats and Brook Trout, 178 Sclence 312 (1972}); De Freitas and
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Plgeon, 52 Canadian J Physiol 1080 (1974); Burse et al, PCB
Metabolism in Rats Following Prolonged Exposure to Aroclor
1242 and Aroclor 1016, 15 Bull Environ Contam Toxicol 122
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5. Suglura et al, Accumulation of Polychlorinated and
Polybrominated Biphenyls in Flsh: Limitation of Correlation
Between Partition Coeffliciens and Accumlation Factors, 7
Chemosphere 731 (1978).

6. Krelss et al, Assoclation of Blood Pressure
and Polychlorinated Biphenyl Levels, 245 JAMA 2505 (1981).
Also, The “results of the National Human Adipose Tissue
Survey conducted by the U.S. EPAs offlice of Toxic
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Substances, released on May 9, 1983, show declin;nghlevels.

7. Rats reached equillbrium 1in six months according to
Burse et al., Polychlorinated Bilphenyls. Storage,
Distributlon, Excretlon, and Recovery: Liver Morphology
After Prolonged Dletary Ingestion, 29 Arch Environ Health
301 (1974).
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Blomagnification

Because organisms accumulate PCBs, their tissues
contain higher concentrations of PCBs than thelr

environment. Fish contaln much higher 1levels than the
sediment and water of thelr habltat. Birds which eat fish
have higher levels than thelr prey.* The process whereby
living organisms bulld up higher PCB concentrations than
thelr environments 1s called "biomagnification®.

The concept of "food chain" 1is often used 1in
dlscussions of blomagnificatlion. Vegetatlion 1s low on the
food chain, £fish which eat vegetation are higher, and £fish
which eat other £fish are higher yet. Humans who are not
vegetarlans are high on the food chaln. The blood of people
who eat fish from Lake Michlgan has been measured at levels
as high as 366 ppm, a concentration which 1s around 50 times
the average level and considerably higher than
concentrations found in the fish.=

16



1. Tulp and Hutzingex, Some Thoughts -on Aqueous
Solublilitles and Partltlion Coefficients of PCB and the
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Conclusion

Litigatlion concerning the contaninatlon of persons,
livestock, or property by PCBs often involves laboratory
tests to determine PCB concentrations. The results of these
tests can bhe crucial, particularly when thelr purpose 1s to
establish whether or not a cause of action exists; and if
so, vhat 1ts settlement value might be. An understanding of
backgqround PCBs - Dboth total levels and congener

distribution - is cruclal In assessing the significance of
the test results.

Background 1levels In humans vary depending upon
geographlc location and eating  Thabits. Plaintlffs
attempting to demonstate that the actlons or negligence of
speclflc defendants caused Iincreases Iin thelr PCB levels
must take geography and dlet into account In gauging what
thelir levels would be without the alleged exposure. Since
everyone 1s contanlnated by PCBs, the mere presence of PCBs
in the human body 1s not sufficlent to bring a cause to
trial. PCB levels become legally slgnificant only when they
are above background.

Total PCB levels decline after exposure ceases, so the
absence of above average PCB levels years after exposure
does not prove that exposure did not occur. Future
litigation will 1likely involve not Just total PCB levels,
but 1levels of persistent congeners. Gas chromatographic
patterns contaln information which iIs rarely examined, but
vhich could prove very useful 1in disposing of claims
involving alleged exposure.

In environmental cases, gas chromatographlc patterns
can provide critical evidence. Gas chromatograms of
background PCBs do not resemble commercial PCB products. 1If
the pattern produced by a soill or sediment sample ls nearly
ldentical to one of Monsanto's Aroclors, it is 1llkely that
PCBs were spllled or a nearby source of the contamination
can be found.

EXAMPLE: The Bloomington, Indlana area contalins numerous
sites which are contaminated with PCBs origlnating from a
local capacitor manufacturing plant. Wwhen PCBs vwere
discovered in lake sediment at the clty's main water intake
pumps, some local resldents were 1inclined to blame the
capacitor manufacturer. It was shown, hovever, that the
lake sediment contained Aroclor 1254, the PCB mixture which
wvas 1n the hydrolic fluld used to actuate the water pump
valves. Aroclor 1254 1s not found at any of the 1identified

18



capacltor dQump sltes, and 1s not thought to have been used
by the Bloomington manufacturing faclllity. No actlon

against the manufacturer was called for, and the clty
employee who discovered the problem was reprimanded.
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ALLEGATIONS OF FRAUD !

Plaintiffs in clvil sults have alleged that Monsantol
and other companles fraudulently concealed £rom theirl
customers and the public the dangerous nature of PCBs.
least one plaintiff, the Electric Power Board of
Chatanooga, alleges that manufacturers of PCB contaminated
electrical equipment fraudulently advertized and sold the:
equipment as PCB free.®> The Board alleges that transformers
vere fllled wilth PCB contaminated. mineral oll at the time
of manufacture.

The Electric Power Board of Chatanooga further alleges
that the Monsanto Company fraudulently concealed the:
toxicity of PCBs from government regulators and f£rom,
purchasers of PCB contalning electrical equipment. The |
Board's contentlons parallel those of the City of;
Bloomington,® which amended 1its environmental pollution.
complalint to allege that Monsanto violated the Racketeer,
Influenced and Corrupt Practlices Act by misleading the U.S.
EPA and FDA.? Plaintiffs allege that Monsanto made,
misleading representations to the federal government 1in 1its'
report to the Interdepartmental Task Force,* that Monsanto:
and electrlcal equipment manufacturing I1ndustry attempted.
to sidetrack governmental regulatory efforts through the.
Amerlcan Natlonal Standards Institute C-107 Committee, and:
that the alleged pattern of concealment perslisted up unto!
recent times. The reliance by Monsanto on the test results
of the dlscredited Industrial Bio-test Laboratorles is a;
major component of the fraud allegations.

1. Electric Power Board of Chatanooga, et al. vs. .
Monasanto et al, U.S. Dist East Tenn, Southern Dlv, Civ 1-,
85-634.

2. The City of Bloomington, 1Indlana et al. wvs.
Westinghouse Electric Corporatlion and Monsanto Company,
U.S. Dist South Ind, Indianapolls Div, IP 83-9-C.

3. Title 18 U.S.C. Sectlon XXXXXXX i

4., Monsanto Company, Presentatlion to the Interdepartmental
Task Force on PCBs, Washlngton, D.C., May 15, 1972




INDUSTRIAL BIO-TEST SCANDAL

A speclal 1980 federal grand Jury brought charges-

mall and wlre fraud and against officlials of Industrial
Blo-Test Laboratorles (IBT), a contract research laboratory
which conducted animal studles to determlne the safety
and/or effectiveness of wvarlous drugs, pesticlides,
chemlcals, and other substances The grand Jury charged
former IBT presldent Joseph Calandra, former IBT Manager of
Toxicology Moreno Keplinger, former Section Head for Rat
Toxicology (who returned to Monsanto 1In 1972) Paul Wright,
and former Assistant to the Manager of Toxicology Janmes
Plank with mail £fraud, wire fraud, and making false
statements to the U.S. Food and@ Drug Administratlon (FDAa).
The laws clited were 18 USC Sectlon 1341, 18 USC Sectlion
1343, and 18 usc 1001. The charges stemmed from IBT's
alleged submission of false laboratory studies to the FDA.
A mistrial was declared in Calandra's case, and the other

three men were convicted. The convictions were upheld in

1985.2

During their trlals, IBT offlcials were not accused
of falsifying PCB tests. It was only 1later, in civil
cases, that such accusations wvere formally 1lodged.=
Plaintiffs contend that Monsanto knowingly submitted
fraudulent test results to the U.S. Environmental
Protectlon Agency in order to prevent or delay regulatory
action. In Electric Pover Board et al. vs. Monsanto et
al., plaintiffs hope to reverse summary Judgement based on
explration of Tennessee's 10 year statute of repose by
persuading the court that "Monsanto engaged in a consplracy
with its principal testing laboratory to falsely conceal
the harmful effects of PCBs with the . purpose and effect of
concealing from the Plalntlffs the existence of the claims
set forth in this case, as vwell as concealling like claims
from others similarly situated." In support of this
allegation, Chattanooga contends that in order to conceal
the dangerous charactéristics of PCBs, Monsanto used poorly
executed, "fudged”, and altered test results.

Photocoples of alleged correspondence between IBT and
Monsanto Indlcates that in 1971, IBT granted Monsanto's
request that a report stating PCBs are "slightly
tumorigenic” be changed to read "does not cause cancer."
Another 1letter 1indicates that 1In 1975, IBT offered to
assist Monsanto "In any adversary situation in or out of
government."

1. United States of America vs. Joseph C. Calandra, Moreno
L. Keplinger, Paul L. Wright and James B. Plank, U.S.
District Court, Northern District of 1Illinois, Eastern
Division, No. 81 CR 335 (1980).

2. 776 F.2d 678 (7th Cir. 1985)



MONSANTO'S REPORT TO THE INTERDEPARTMENTAL TASK FORCE

The Interdepartmental Task force which was established
between various departments of the federal government to
investigate PCBs sought information from industrial
sources. Monsanto made a presentation to the Task Force in
vhich 1t did not dlscuss the toxlclty of PCBs. They have
subsequently been criticlized for discussing animal
bloaccumulation tests without mentloning that test anlmals
developed tumors.

Monsanto's presentation was geared to show that only
PCB congeners having five or more chlorine atoms accumulate
in the environment. E.S. Tucker concluded his remarks on
behalf of Monsanto by statlng that "...the bulk of the PCB
homologs released to the environment (PCBs with less than 5
chlorines) are subject to environmental degradation of one
sort or another at measurable rates and as such have not
accumulated."”

C. Patton informed the Task Force on behalf of
Monsanto that Monsanto had a program to prevent
environmental pollution by PCBs. The program was
summarized as follows:

-- no more sales world-wlde except dlelectric users;

- restrict over 97% capaclitor fluid sales to Aroclor 1016
only;

-- eliminate Aroclor 1260 from transformer £1lulds;
-- continue incilneratlon facllities for scrap PCBs;

-— encoufage dlelectric Industry through ANSI C-107 to
enforce strict environmental control over PCBs.

Monsanto spokesman W.B. Papageorge, 1n summarizing the
presentation, stated:
"For the capacitor application the development of
Aroclor 1016, whlch satisfled all of the 1industry's
regquirements relating to dlielectric characteristics
and handling properties as well as having Underwvriter
Laboratory £flre-resistance approval, permits the
continued use of PCBs In this important hermetically
sealed applicatlon but wlth a £luid that has
significantly lower content of the slowver degrading
isomers. The use of this materlal accompanied by
proper handling and disposal of the scrap £luid by
high temperature incineration represents in oux
considered opinlon a significant step forward in our
efforts to control the 1impact of PCBs on the
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MONBANTOQ CORRESPONDENCE

Some Monsanto correspondence has been placed |in
government dockets or submitted as plalntiff's exhibits in
PCER cases. Some of these documents are described belovw.

1) A December 22, 1949 letter from the Barnard Frek
Skin and Cancer Hospital to Monsanto's medical director,
Enmet Kelly, informling him that skin patch tests indicated
that "it would be safe to assume that individuals may be
exposed to Aroclor."

2) A July 14, 1951 letter from the Barnard Frek Skin
and Cancer Hospital to Emmet Kelly of Monsanto stating that
skin patch tests indicated "it would be safe to assume that
individuals may be exposed to Pydraul."

3} A letter dated March 3, 1969, slgned by Monsanto's
Manager o¢f Environmental Health, Elmer P. Wheeler, was
nailed to some purchasers of PCB. Mr. Wheeler questions
swedlsh sclentlists Gunnar Widmark's and Soren Jensen's 1966
announcement of widespread environmental PCB contamination,
and Robert Risebrough's 1969 dlscovery of PCBs In the San
Francisco Bay. He states that thelr conclusions are
Ypuzzling"” and that it 1is ."difficult to comprehend how
commerclally produced PCB can show up in wildlife as DDT
and other pesticldes appear to be." Wheeler also states
that PCBs are "not toxic unless they are mishandled or
misused." :

4) On June 1, 1970, Monsanto's director of
plasticlzer sales, Walter Schalk, notifled customers that
the use of PCBs in synthetlic resins may be a source of "the
alleged" environmental contamination. Mr. Schalk informed
the customers that PCBs would cease to be avallable from
Monsanto for modifier and plasticizer applications
effectlive August 30, 1970.

5) John Mason, whose title at Monsanto was "Asslstant
General Manager,", signed a June 30, 1870 letter to then
Congressman Willlam F. Ryan, informing him that Monsanto
considered PCBs to be an environmental threat and
enumerating steps Monsanto was taking to minimize the
problem. Mr. Mason wrote that:

a) effective August 30, 1970, Monsanto would no
longer sell PCBs for use in general plasticlzer
applications where disposal of the end product cannot
be controlled;

b) PCBs would be eliminated from Hydiaulic £luid
formulations by the end og 1970;

¢) Monsanto would continue to sell PCBs for use in
Yclosed system applications, e.g. transformers,
capacitors, and heat transfer flulds ... for the



. .‘-}

safety and vell belng of the population of this
country"

d) Monsanto would continue to accept used PCBs for
regeneration or incineration; e} Monsanto wvas
developing a blodegradable PCB mixture;

£) Monsanto would@ not comply with Congressman Ryan's
request for bulletins on PCBs referred to in Monsanto
bulletin 0/PL-306 bccause the requested bulletins
dealt with applications for which Monsanto no longer
provided PCBs; '

g) Monsanto would not release a complete 1list of the
uses of PCBs;

h) Informatlion concerning annual production and usage
of PCBs would only be provided 1f assurances of .
confiden-tlallity and restrlicted use of the data were
met.

1) Monsanto officlals were meeting with leading
research sclentists and government officlals around
the world to dlscuss PCBs.

6) Early 1n 1972, Monsanto sent letters to 1its PCB
customers informing them that in order to contlnue to
recelve PCBs, they would have to "defend, indemnify,
and hold harmless" Monsanto for any problems arising
from PCBs. Customers were also asked to provide proof
that they held sufficient 1lnsurance to back up such an
agreement.



EFFECTS ON THE L IVER

Changes in liver chemistry and morphology — including
Bnzyme induction and progression through microsomal
proliferaticon, cellular hypertrophy, focal hecvrosis,
fibrosis, and tumovrs - are consistently observed in PCE

exposed experimental animals.?®! Changes in liver chemistry
have been cbserved in PCH exposed humans but they are often
described as mild and "sub-clinical®”. Morphological
changes in the livers of Yusho victims were not readily
apparent, even by conventional microscopy, although they
were gquite obvious under the more powerful electron
microscope.=

Morpholiogical manifestations observed in test animals
and humans exposed to toxic chlorinated hydrocarbons can
serve as a vreliable means of documenting exposure.
Electron microscopic examination of liver bicpsy specimens
taken from people exposed to smoke and soot from  a
transformer fire revealed proliferation of the endoplasmic
reticulum.®

Some studies of occcupationally exposed workers suggest
liver damage may not be a common manifestation of their
exposure. This could be because the tests are inadequate,
or it could be because humans are resistant tao liver
damage. While it is to be hoped that the latter is the
case, .t =till would nst be gemerally reassuring. Too
species which are extraordinarily susceptible to PCE
toxicosis, the mink and the guinea pig, both are resistant
to FCEB mediated liver damage.*®

A crucial question regarding biochemizal
mani festations of euwpeosure is: vhere do we draw the line
between liver damage and sub-clinical biocchemical

mani festations of exposure? Enzyme induction is a case in
point. Industry experts say that drug metabolizing enzymes
merely indicate that a healthy liver is ridding the body of
unwanted chemicals. There are other experts who are more
inclined to interpret elevated enzyme production as a sign
of disease. In any event, they are a danger sign that the
body will respond abnormally to certain other chemicals.

The latter point raises three important guestions.
One, are encugh enzymes produced to significantly speed up
the metabolism of therapeutic drugs, thereby interfering
with medical treatment? Two, can FPCB induced enzymes react
with the body’s natural chemicals in a harmful way, and
three, can PCE induced enzymes react with foreign chemicals
to produce greater amounts of toxic byproducts than
otherwise would be expected? No reference to the first two
points has surfaced, but evidence of powerful enzyme
madiated synergistic effects has appeared.

Such a synergism exists between FCBs and halothane, an
anesthetic which usually does not harm the liver. After
mice are given a single dose of PCHs, halothane becomes a
power ful liver toxin.® Maoreover, it has been suggested
that an apparent case of halocthane induced 1liver. damage
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€. Rosenblatt, A Fossible Interactiocn of PCB and Halothane
in Man, S1 Anesthesiology 95 (1979).

7. Dinker et al, The Froblem of Possible Systemic Effects
from Certain Chloarinated Hydrocarbons, 13 Journal of
Industrial Hygiene and Toxicolaogy 283 (19377.



Porphyria

A condition called ‘"“chronic hepatic porphyria (CHP)™"
can develop after massive exposure to FCBs and
related compounds,? In its initial stages and in its
milder forms, CHF is a subclinical condition manifested
primarily by an unusual balance of substances ralled
"porphyrins” in the urine. The test for porphyria is
routine.

CHF can progress into its most severe form, porphyria
cutanea tarda (PCT). This condition is manifested by
increased mechanical fragility of the skiny the appearence
of blistering with vesicles and ulcerative lesions on the
hands, " neck, face, and feet after exposure to sunlight;
exvcessive arowth of  hair, particularly facial thairg
hyperpigmentation of the skiny and the presence of not aonly
an unusual porphyrin balance in the urine, but also
excessive amounts resulting in pink to brown discoloration.
FCT indicates & diseased condition aof the liver. Gradual
recovery will usually occur after exposure has ceased.

1. Banc et al., Toxicity of Folychloarinated Biphenyl

with Special Reference to Porphyrin Metabolism, 59
Environ Health Ferspect 137 (19835); also see Crow,
Zhlorazne — An Up To Date Assessment, 21 Ann Dccup Hyg
=B 12781, Also, . A, Neal, Mechanisms = f the
Riolagocal Effects of FLCBs, Folychlorinated Dikenzo—
p-dioxins and Polychlori-nated Dibenzofurans in
Experimental Animals, €0 Envivron Health Ferspect 41
(19853 : "The mechanism by which FPCEs cause hepatic

porphyria is the best understoad of all the biological
effects =of this mixture of compounds.” (citing: (a) Elder,

Forphyria caused by hexacrhlorobenzene and cother
polyhalogenated aromatic hydrocarbons. Im: Heme and
hemoproteins (Matteis and Aldridge, Eds. >, Springer-—

Verlag, Berlin, pp. 15.-200 ¢197831; and <¢b) Elder
and Sheppard, Immunoreactive Uroporphyrimogen Decarboxylase
is Unchanged in Porphyria Caused by TCDD and
Hexachlaorobenzene, 109 PBRiochem Biocphys Res Commun 113
£198213. '
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Significance of Hepatic Porphyria

Hepatic porphyria is useful in documenting recent
massive exposure to PCEs and related compounds. Fersons
who receive sudden ‘exposure (firefighters, for example?
should be tested for porphyria as soon after the incident
as is convenient. Since the onset of porphyria is gradual,
the initial test will gerve to document the subject’s
background conditicn befare expoasure. If the exwposure was
high, subsequent tests may show slight changes in the
balance of wrinary porphyrins. The degree of porphyria
which develops will help document the degree of exposure,
and the extent to which the liver is able to withstand it.

Exprosed persons should be carefully mznitored.
Fotential defendants in lawsuits which might result s ¢
accidents are often willing to pay for testing in exchange
for some input into the selection of a doctor and medical
facility.

FRegular monitoring of workers at high risk of exposure
has been recommended.?® People at risk include firefighters
and atheyr emergency Y esponse personnel, electrical
equipment maintenance and repair workers, salvagers, and
waste disposal personnel.

1. Strik et al. (Chemical Porphyria, page 192  of
Halogenated Biphenyls, Terphenyls, Naphthalenes, and
Dibenzodioxins and FRelated Products [159803) state: "The
routine measurement of urinary porphyrin patterns may
represent a valuable tool for human monitoring of workers
and of groups in the general populeation witk special
exposure, in instances such as the PER case in Michigan and
the TCDD cloud in Sevesc. It may even replace some of the
parameters swrently in use such as serum enzymes like
transaminases which certainly cannot be considered as
"early indicators" of liver damage."

See also: Strik et al, Copropovphyrinuria and Chronic
Hepatic Forphyria Type A Found in Farm Families from
Michigan (U.S8.2 Exposed to Polybraominated Biphenyls
(FER's)?, in Chemical Porphyria in Man, Strik and Koeman,
Eds. Elsevier/North—Holland, Amsterdam (1979) p. Z29.



Biochemical Basis of Porphyria

Porphyrins are inveolved in the praduction of vital,
iron containing substances know collectively as “"heme". 85%
of heme production takes place in circulating cells and in
the bone marrow where heme in the form of the familiar
blaocd pigment hemogleobin is preoduced.

The other 15% of heme production takes place in the
liver. Hepatic heme is invalved in enzyme production. The
drug metabolizing enzymes cytochroame P-450 and P-44E are
based on heme. It is not clear whether the induction of
these enzyme systems is related toc porphyria.

Hereditary porphyria involves heme producticn in the
bone marrow and in the liver. Chemically induced porphyria
involves only the liver. Thie distinction is part of the
basis for making a diagnosis.

Chemicals can cause porphyria by inhibiting the enzyme
ur sporphyrincgen decarboxyl ase (UFDI. Insufficient
activity of this enzyme leads to insufficient heme
proguction, and the body compensates by producing elevated
amounts of delta—-aminclevulinic acid (ALA)Y., High levels of
UFD are responsible for increased porphyrin proeduction and
the onset of porphyria. The most potent microsomal enzyme
inducers appear to be the most porphyrinogenic of the PCEs.
3,4,3'4-tetrachlorabiphenyl anrd 2,4,5,37,47,9"~
hexachlorobiphenyl are potent inhibitors of
uwroporphyrinogen decarboxylase and hence potent inducers of
hepatic porphyria.?

FCE metabolizing enzymes regquire heme in the form of
cytochrome FP-450 and cytochrome FP-448. The fact that the

most potent enzyme inducers are the maost patent
porphyrinogens may one day help explain exactly how PCEs
affect the human body.



1. Sano et al., Toxicity of Polychlorinated Biphenyl with
Special FReference to Porphyrin Metabeolism, 52 Environ
Health Ferspect 137 (138S).



EARLY DOCUMENTAION OF PCB TOXICITY

Literature describing the toxlcity of chloxinated
hydrocarbons,particularlychlorinatednaphthalenes,datesbackto
the late nineteenth century. Documentatlion of PCB toxicity
appeared In the lliterature as early as 1936. In that year,
Louls Schwartz reported that workers involved in PCBmanufacture
developed chloracne, digestive problems, burning of the eyes,
impotence, and hematurla.* He wrote that laws should be passed
requiringgoodventilation, freshvorkclothes, frequent vashing
of the wvork areas, screening of Job applicants and nevw
employees, and perliodlc examination for symptoms of systemic
poisoning for all who work with PCNs and PCBs.

Also in 1936, Jones and Alden® reported an outbreak of
chloracne in 1933 among workers Involved in manufacturing PCBs.
The authors, however, concluded that PCBs were not the major
cause, since there appeared to be a relationship between the
source of benzene used to make biphenyl and the outbreak of
disease.

The flrst report of anlmal experliments involving PCBs
appeared in 1937.?

1. schwartz, Dermatitls from Synthetic Resins and Waxes, 26
Am J Pub Health 586 {1936).

2. Jones and Aallen, An Acneform Dermatergosls, 33 Arch
Dermat & Syph 1022 (1936).

3. Drinker, The Problem of Posslble Systemlic Effects from
Certain Chlorinated Hydrocarbons, 19 J Ind Hyg Toxicol 283
(1937). -
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Producer Trademark = = Trademark
Natiopality

Kanegafuchi Japanese Kanachlor

Industries Co.

Caffaro* (Italy) Itallan Fenclor

Marketed by Aplirollo

after 1974

Bayer (Leverkusen) West German Clophen

Prodelec** French Phenoclor
Pyralene

Mitsubishi-Monsanto Japanese Aroclor
Santotherm

Soval U.S5.S.R. Soval

Chemko Czechoslovaklia Delor

* Millions of pounds of Fenclor DK, a technical grade of
decachloroblphenyl, were imported into the United States to
make wax molds for use Iln dle casting; smaller amounts were
imported for other purposes.

** Prodelec exported PCBs to the United States; speclifically,
to the Joy Manufacturing Co. (Pittsburgh, Pa.) for use as a
motor coolant, and possibly to other U.S, companles.



REEQULATION OF PCBs BY U.S .EPA

Introduction

Regulatory authorlitles pald 1little attentien to PCBs
prior to the late 1960's. Only then did the U.S. Food and
Drug Administration (FDA) begin the regulatory process by
setting internal "actlion levels." 1In 1970, FDA announced
guldelines for fish and milk, and 1n 1972 they published
proposed tolerances in the Federal Reglster. Nearly all
FDA actlvity regarding PCBs during the past fewv years has

‘focused upon fish and shell £ish.

The Federal 1Insecticlde, Funglclde, and Rodentliclde
Act cancelled the reglstration of all pestlcides which
contalned PCBs elther as an active ingredient, or as an
extender to retard evaporation, effective November 29,
1970. :

The U.S. EPA gathered 1information during the early
1970's, but did 1little to regulate PCBs before they were
forced to administer the PCB phase-out mandated by Sectlon
6(e)}) of the Toxlic Substances Control Act of 1976 (TSCA).
EPA currently regulates PCBs which are still in service in
electrical equlipment or which are distributed iIn commerce
for speclal uses. They also regulate PCB discharges 1nto
the environment, and the disposal or destructlion of
discarded PCBs.

The U.S. Department of Labor has not become very
involved 1in PCB regulatlon; 1in £fact, the Occupational
Health and Safety Administration (OSHA) still permits
levels Iin workroom air which are 500 to 1000 times the
maximum levels recommended 1n 1977 by the National
Institute of Occupatlional Health and Safety.? Workers must
rely upon state regqulations, thelr unlons, and their own
dillgence for protection from PCB exposure.

Public Law 94-469, found at 15 U.S.C.A. Sectlions 2601
et seq. 2. 29 CFR 1910.1000, Table G-1, contains the OSHA
standard. The NIOSH recommendation is 1ln: U.S. Department.
of Health Education and Welfare, National 1Institute £for
Occupational Safety and Health, DHEW (NIOSH) Publication
No. 77 -~ 225, "Crilterlia £for a Recommended Standard,
Occupational Exposure to Polychlorlnated Biphenyls (PCB's).

),
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The Interdepartmental Task Force

On September 1, 1971, representatives of several
agencles of the Federal Government formed an Interdepart-
mental task force to study PCBs. The major sponsoring
agencies were the Environmental Protectlion Agency and the
Departments of Agriculture; Health, Educatlion, and Welfare;
Interlor; and Commerce. Industry representatlives played a
cruclal role in helping the tasks force develop Iits
recommendations, partlcularly those 1relating to the
continued use of PCBs in electrical equipment.

On March 20, 1972, the task force issued the followlng
findings, conclusions, and recommendatlons:?

1. PCBz should be resatricted to essentlal or non-
replaceable uses which 1nvolve minimal direct human
exposure slnce they can have adverse affects on human
health.

2, PCBs have Dbeen used so widely over such a long
perlod that they are ublguitous.

3. PCBs were first 1dentified as potential £ood
contaminants In 1966. The three princlpal dletary sources
are fresh water fish, £food packaging materlal, and
accldental PCB leaks into food or feed.

4. The sole domestic producer of PCBs, Government
agencles, and key user lIndustrles are taking approprlate
steps to cut off further introductlion of PCBs into the food
supply and to reduce the current levels of PCBs as food and
environmental contaminants. The task force went on to
state that: "The Food and Drug Administration (FDA) has
acted, under the authorlity of the Food, Drug, and Cosmetlic
Act, to preclude the accldental PCB contamination of food.
It has also proposed a prohlbition on the use in £food
packaglng materials of pulp from reclalmed and salvaged
fibers that contaln polsonous or deleterlious substances
that may migrate into the food 1f the contamination by such
substances 1s deliberate or avoldable. It has proposed
temporary tolerances for unavoldable PCB residues in food
packaging materials and in certain foods. The Department
of Agrlculture has acted under the Wholesome Poultry Act
and other statutes to prevent accldentally contaminated
foods from reaching the market." The task force
recommended passage of the Toxlc Substances Control act.

5. Housekeeping 1s particularly important 1in the



manufacture, use, and dlsposal of PCB= .

6. The use of PCBs should not be banned entlrely.
The task force elaborated as follows: “Thelr continued use
for transformers and capacitors Iin the near <£uture Iis
consldered necessary because of the significantly increased
risk of fire and explosion and the disruptlon of electrical
service whlch would result from a ban on PCB use. Also,
contlnued use o0f PCBs 1In transformers and capacitors
presents a minimal risk of environmental contamination.
The Monsanto Company, the sole domestlc producer, has
reported voluntarlly ellminating its gdistribution of PCBs
to all except manufacturers of electrical transformers and
capacitors. Pending passage of the Toxic Substances Control
Act, the Federal Government doces not have the legal
authority to Iinpose restrictlions corresponding to the
actions reported by Monsanto. Although some Federal
enforcement authorlity is avallable, the Federal Government
does not have the authority to contrxol PCBs at thelr
source."

7. Most capacltors presumably have been disposed of
in landfills.

8. PCBs are manufactured in countries other than the
United states.

9. More sclentific informatlon about PCBs 1Is needed,
and several Government agencles are seeking it through
research,

* 1. Interdepartmental Task Force on PCBs, PCBs and the
Environment, Department of Health Education and Welfare,
March 1972,



The Natlonal Bureau of Standards Report .
The report of the Task Force included a three page
review of the benefits and utlllity of PCBs prepared by the
Yatlonal Bureau of Standards and based partly upon
information supplled by the National Industrial Pollutlion
Control Councll and other unspecified associatlons. The
ational Bureau of standards report stated that
luorocarbons are the other class of non-flammable £lulds
hich are comparable to PCBs. They pointed out that the
fluorocarbons are more volatile than PCBs. They concluded
that "If codes d1d allow flammable materlals in (bulldings
in which flammable flulds in capacitors are prohibited by
Insurance companies and bullding codes), replacement of
PCBs 1n capacltors and transformers would <zreqguire
conslderable time and money for re-engineering,
manufacture, and application of substitute equipment, and
lack of avallability of PCBs for this equlipment would cause
a major and lengthy disruption in the nation' electrical
system."

The Bureau concluded that adequate substitutes for
PCBs were avallable for wuse as  hydraullc fluids,
lubricants, heat transfer flulds, and "plasticizers". This
report could be used to support the position that the
electrlc power industry was not negligent in using PCBs, at
least not after soclety had become accustomed to usling
equipment containing them. Should the report be entered
Into evidence, plaintiffs' attorneys are 1likely to allege
that too much weight was glven to information provided by
Industry They may also draw attention to technical
inadequacles, such as the statements that £fluorocarbons
typlcally have low vapor pressures and that PCBs are good
plasticizers for wuse wilth copy paper are erroneous.
Fluorocarbons typlically have hligh vapor pressures, and
vhile PCBs make good dye carriers for copy paper, this
application has nothing to do with plasticity.



4:04. PCB Regulation pursuant to TECA

The Toxlc Substances Control Act of 1976* requires the
EPA to gather information about toxic substances f£rom manu-
facturers, regulate chemical substances and mixtures which
"present an unreasonable risk of injury to health or the
environment", and to take action with respect to "imminent
hazards", In addition to these general purposes, TSCA
speclifically requires that EPA take action regarding PCBs.?
PCBs are the only chemlicals which are specifically
mentioned in the Act. Section 6(e} of TSCA bans the
manufacture, processlng, and use of all PCBs which are not
"totally enclosed" after January 1, 1979, bans the
distrlibutlon of PCBs in commerce after July 1, 1979, and
requires proper disposal of PCBs. The EPA is authorized to
make renewable one-year exceptions upon petltion.?

1. 15 U.s.C.A. BSections 2601 et seq. 2. 15 U.S.C.A.
Sections 2601 et seq. 3. 15 U.S.C. 2605(e)(2)
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The PCB Ban Rule

Pursuant to the regulirements of TSCA, EPA promulgated
regulations in 1979 which prohibited the "manufacture,
import, processing, distribution In commerce, or export of
PCBs unless an exemption was granted.* Eleven specific
exemptions were granted for uses which dld not seem to pose
a slgnlflcant threat, and where adequate substltutes were
unavallable. These 1included the use of PCBs 1n servicing
transformers, the use of small quantities for research, and
as a microscopic mounting medium.

In the 1979 promulgation, EPA also exempted £from
regulation all material contalning less than 50 ppm PCBs;
all intact, nonleaking capacitors and electromagnets; and
all intact, nonleaking transformers which were not belng
used on rallroads.

The following section describes the Environmental
Defense Fund's successful challenge to the 50 ppm cutoff,
and to EPAs effort to exclude capacltors, transformers, and
electromagnets from regulation.

1. 44 FR 31514 (May 31, 19739).



EDF v EPA

TSCA allows the EPA to authorlize the use of PCBs in
any way that it finds "will not present an unreasonable
risk of Injury to health or the environment.® Section
6(e}(2) speclifically provides that EPA may allow the’
continued use of PCBs In a "totally enclosed manner", that
1s, "any manner which will ensure that any exposure of
human beings or the environment to a polychlorinated
biphenyl will be insignificant, as determined by the
Administrator by rule." Pursuant to these provisions in
the statute, EP2 included Iin 1ts 1nitlal regulatlons,
published on May 31, 1978 (44 FR 31514), the designation of
all 1Intact, non-leaking capacitors, electromagnets, and
transformers other than rallroad transformers as "totally
enclosed." EPA also set 50 parts per million (ppm} as the
minimal level of PCB concentration which would be regulated
and granted exemptions to 11 petitioners. ‘

The Environmental Defense Fund petitioned the U.sS.
Court of Appeals for the Distrlct of Columbia Circulit to
review these declsions, * and on October 30, 1980, the
court ruled that there was insufficient evidence in the
record to support the EPA's classificatlon of transformers,
capacltors, ‘and electromagnets as "totally closed”, and
remanded the matter to EPA for further actlon. In its
declsion, the court pointed out that PCBs are specified in
TSCA not only because they are dangerous, but because of
EPA's history of 1less than vigorous action. The court
commented: "Human beings have £flnally come to recognize
that they must eliminate or control 1ife threatening
chemicals, such as PCBs, 1f the miracle of 1life 1is to
continue and 1f earth 1s to remaln a 1living planet" and
that knowing the small amount of PCBs which had been
eliminated from service since the passage of TSCa, "timld
souls have good reason to question the prospects for our
continued survival, and cynics have Jjust cause to sneer at
the effectliveness of governmental regulations." On January
21, 1981, EPA, EDF, and certaln industry interveners in EDF
V. EPA filed a Joint motion asking the court to stay 1ts
mandate setting aside the classification of transformers,
capacltors, and electromagnets as totally ‘enclosed. EDF
agreed with the other parties' contention that immediately
taking all of the PCB containlng equlpment out of service
would be impractlical.

On February 12, 1981, the court 1issued an order
staying its mandate regarding capacitors, transformers, and
electromagnets pending further rulemaking.* ©On April 13,



1981, the court stayed 1Its mandate with respect to
activities involving PCBs in concentrations ¢£f less than 50
ppm pending further rulemaking.? The court orders contained
several provisions, including the following:

1) The EPA would publish an BAdvance WNotice of
Proposed Rulemaking, and follow up by developing a rule.

2) The Edison Electric 1Institute (EEI) and the
Utility Solld waste Activitles Group (USWAG) would develop
some of the factual materlal necessary for the rulemaking.

3) The partles would ablde by a speclfied Interin
Measures Program.

4) The EPA would promulgate a £flnal rule wlthin six
months of recelpt of the study from EEI and USWAG.

The Electrlcal Equipment Rule was published on August
25, 1982 (47 FR 37342), and became effective on September
28, 1882, These regulatlions were revised on July 17, 1985,
to help minimize the danger of PCB, PCDF, and PCDD
contaminatlion resulting from transformer fires. The Closed
and Controlled Wwaste Manufacturing Processes Rule was
published on October 21, 1982 (47 FR 463980). That rule
permits the manufacture, processing, and distribution in
commerce of PCBs- wlthout an exemptlon, provided that (1)
the PCBs are released only in concentrations below the
practical limits of quantitation for PCBs 1n alr emissions,
vater effluents, products, and process wastes and (2) the
vastes from these manufacturlng processes are controlled
and disposed@ of 1n accordance with the methods for disposal
specifled In the rule. The Uncontrolled PCB Rule was
published on July 10, 1984 (49 FR 28172). Uncontrolled
PCBs are also referred to as "lnadvertently generated” ox
"non-aroclor" PCBs. In the rulemaking, EPA estimated that
100,000 pounds of PCBs are lnadvertently generated in the
U.S. each year, and o¢f these, 1000 pounds escape into the
environment. They compare this to the 10,000,000 pounds
vhich they estimate entered the environment annually before
PCB controls were instituted, and the 150,000,000 pounds
they estlmated were currently 1in the environment as free
PCBs. This 7rule Iintroduced a "discounting factor" for
monochlorinated and dichorinated biphenyls vhereby
concentrations of these compounds are divided by 50 for
regulatory purposes,



1. The Environmental Defense Fund, Inc. (Petitloner) v.
Environmental Protectlon Agency (Respondent), 636 F.24 1267
11980). Interveners were: Ad HKHoc Committee on Liguid
Dielectrics of the Electronlc 1Industries Assoclation et
al., Joy Manufacturing Company, Edison Electric Institute
et al., and Aluminum Company of America. The Color
Manufacturers Assoclation flled an amicus curiae brief.

2. 46 FR 16090 (March 10, 1981). 3. 46 FR 27615 (May 20,
1981).



EPA RULEMAKING UNDER TSCA
February 17, 1978 (43 FR 7150) Dlsposal and Markling Rule.

August 2, 1978 (43 FR 33918) Technlical amendments to the
Disposal and Marking Rule.

November 1, 1978 (43 FR 50905) Interim Procedural Rules for
PCB Manufacturing Exemptlons.

January 2, 1979 (44 FR 108) All Petitioners for PCB
manufacturling exemptions granted permlssion to continue
their activities until further notice.

May 31, 1979 (FR 44 31524) Prohiblted the manufacture

(without speclfic exemptlion), sale, distribution in.

commerce, processing, and use (outside of "totally enclosed
systems®) of PCBs after July 2, 1979,

May 31, 1979 (44 FR 31558) Interim Procedural Rules for PCB
Processing and Distributlon in Commerce Exemptions.

May 31, 1979 (44 FR 41564) Proposed Rule for PCB
Manufacturing Exemptions.

July 20, 1979 (44 FR 42727) Extended the public comment
perlod regarding the proposal in 44 FR 41564.

March 5, 1980 (45 FR 14247) Clarification of points in 44
FR 108 May 1, 1980 (45 FR 29115) Reiterated the policy of
not permitting PCBs to be Iimported or exported f£for
disposal.

March 5, 1980 (45 FR 14247) Extended exemptions to
petitioners whose actlivitles were underway before January
1, 1979 (manufacturers) or July 1, 1979 (processors and
distributors).

March 10, 1981 (46 FR 16090) Court Ordered Interim Measures
Program

May 20, 1981 (46 FR 27615) The Court Order staylng Iits
mandate regarding PCBs at concentrations less than 50 ppm.

May 20, 1981 (46 FR 17617) ANPR on the 50 ppm limit for
closed and controlled waste manufacturing processes.

May 20, 1981 (46 FR 17619) ANPR announcing rulemaking
activities on the 50 ppm 1limit for uncontrolled PCBs.

1 0 l



May 6, 1982 (47 FR 19527) Recodificatlon of the May 31,
1979 PCB ban. :

August 25, 1982 (47 FR 37342) Electrical Equipment Rule

October 21, 1982 (47 FR 46980) Closed and Controlled
Waste Manufacturing Processes Rule

November 1, 1983 (48 FR 50486) Proposed PCB Exemptions
Rule

July 10, 1984 (49 FR 28154) Response to Indlvidual Class
Petitlons

July 10, 1984 (49 FR 28172) Inadvertently generated PCB
final rule.

July 10, 1984 (49 28193) Permanent exemptlons promulgated
for microscopy and research and development.

48 FR 55079 EPA explains why it adopted the approach to
PCB regulatlons involving the concept of "unreasonable
risk" recommended by CMA, EDF, and NRDC.

48 FR 55079 The concept of "unreasonable risk" is further
explalned December 8, 1983 proposed rulemaking for
Inadvertently generated PCBs.

July 10, 1984 (49 FR 28154) Indlvidual and Class Exemptions

July 17, 1985 (50 FR 29171) Transformer Regqulations

1. 15 U.S.C.A. Sectlon 2601 et seq. 2. Federal Register

of May 31, 1979 (44 FR 31514). 3. Environmental Defense

Fund, Inc y. Environmental Protectlon Agency, 636 F. 24
1267.
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Highlights of the Electrical Equipment Regulations

~Feollowing the Environmental Defense Fund's 1980
victory, EPA published interim regulations regarding the
Inspection and maintenance of transformers.® On August 25,
1982, EPA promulgated £flnal rules (they have slnce been
changed) concerning PCBs.2 The 1982 rules banned the use
of PCB Transformers (electrical transformers contalning
more than 500 ppm PCBs) In faclilitlies 1involved in the
handling of food or feed effective October 1, 1985, and
allowed the wuse of all other non-railroad electrical
transformers for the remalnder of thelr useful llves.

New rules wvere promulgated on July 17, 1985, after EPa
recognized the danger posed by PCDFs and other products of
incomplete PCB combustion. Highllghts of these rules are
as follows:

1) Prohibition of the continued use of some types of
high voltage PCB transformers near commercial buildings
beyond October 1, 1985,

2) Prohibition of future installation of some types of
high voltage PCB Transformers near commercial buildings.

3) Installation by 1990 of protectlve equipment on
certain high voltage PCB transformers 1located in or near
commercial bulldings.

4) Requlred reglistration of all PCB Transformers with
flre departments and bullding owners by December 1, 1985.

5) Required marking of all PCB Transformer locatlions
(except grates and manholes) by December 1, 1985.
3
6} Required removal of combustible materlal from the
vicinity of PCB Transformers by December 1, 1985.

7) Requlred precautions 1In the event of a PCB
Transformer fire. 8) Requlred notification of the National
Response Center in the event of a PCB Transformer fire.

Responsibllity for complliance with TSCA regulatlons
rests primarlly wlth owvners of transformers. Users of
transformers posing a risk to food are responsible for
required 1nspection, malintenance, and record keeping until
they notify the owner of the risk. EPA holds users at
least partly responslble when the user has agreed to
perform the owner's duty, the user has traditionally taken

12



responalhility, the owner's access to the equipment has
been 1limited, or there 13 an emergency.?

13



1. Federal Reglster on March 10, 1981 (46 FR 16090).
2. 47 FR 37342 codifled in 40 CFR Part 761.

3. TSCA Compliance Program Pollicy No. 6-PCB-1, avallable
from EPA. ‘
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Exemptions Granted by EPA

Section 6(e)(3)(B) of TSCA provides that any person
may petition the Administrator of the EPA for an exemption
from the prohibltlon agalnst the manufacture, processing,
and dlstribution in commerxrce of PCBs. The Administrator 1is
authorlzed to grant exemptions of no more than one year in
duration if he finds that no unreasonable risk would result
and that an effort has been made to £ind a safe substitute
for PCBs.

EPA has published separate rules for granting
exemptions 1involving manufacturing* and processing and
distribution In commerce.® These interim procedural rules
describe the required content of exemption petitions, and
the procedures EPA follows In ruling upon them.

On July 10, 1984, EPA published 1its £final rule
regarding 109 petitions for exemptions to TSCA's
prohibition against the manufacturing, processing,
distribution in and commerce and use of PCBs.? Also in’
that 1issue of the Federal Reglister, EPA published a
proposed 1ruling on the <remaining 50 petitions for.
exemptlons which It had recelved up to that time.

1. 43 FR 50905 (November 1, 1978). 2. 44 FR 31558 (May 31,
1979). 3. 15 U.5.C. 2605(e)(3)(B) o
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" Requirements for PCB Disposal Under TSCa

¥hen PCBs and PCB items are removed from service, they
must be dlsposed of 1in accordance with  regulations
promulgated by the U.S. EPA pursuant to TSCA. PCBs, PCB
items, and PCB contamlinatéd dirt and debris which are In
disposal sites are considered "in service"™ for the purposes
of the regulations. PCBs which were landfllled prior to
February 17, 1978, are not regulated under the TscCa
requlations unless they are removed from the site.

PCBs which have been removed from service may be
stored for no more than one year prior to disposal.® This
requirement is not 1literally Iinterpreted when PCBs are
placed Into bulk storage tanks. . In those cases, levels 1in

the tanks are not permlitted to rise during any 12 month
perlod.?

EPA has established detalled requirements concerning
the disposal of varlous types of materlals? Diluting
contaminated material does not affect 1its regulatory
category. Material contalning over 500 ppm PCBs may not be
landfilled; 1t must be disposed ¢f in a way which EPA deenms
to be at least as efficlent as Incineration.*

EFA has also set performance standards for
Incinerators which burn PCBs.® These standards have been
critlicized because they do not deal directly with what may
be the greatest threat from PCB combustion, the formation
of PCDFs. The standards do, however, offer at least some
degree of protectlion from PCDFs and other products of
incomplete combustion by requiring that certain minimal
operating conditlons be maintalned.

1. 40 CFR Section 761.65. 2. TSCA Compliance Program
Pollcy No. 6-PCB-10, August 13, 1985. 3. 40 CFR 761.60. 4.
40 CFR. 761.60(a}(1) requlres Incineration, 40 CFR
761.60(e) provides for alternatives which are at least as
efficient. 5. 40 CFR 761.70.
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Preemption of Local Disposal Restrictions

The U.S. EPA allows state and local governments to
Impose regulatory standards which are more stringent than
federal standards, ©particularly when state and local
standards do not conflict with federal regulations. EPA"s
policy has been to encourage the states to take
responsibility for environmental protection, which s
usually possible when state regulatory standards are not
lower than the U.S. EPA"s.

Under the Commerce Clause of the Constitution and the
preemption clause of TSCA, the United States has broad
authority to preempt local bans on PCB disposal In one
Important decisionl, the Fifth Circuit Court of Appeals
ruled that state and Jlocal governments must obtain an
exemption under Section 18(b) of TSCA before i1mplementing
restrictions on the disposal of PCBs. Local authorities
will have greater success 1In restricting PCB disposal if
they do not specifically address PCBs, cite specific local
conditions which make disposal 1nappropriate, and are
prepared to show that their regulations do not unduly
restrict Intersate commerce. The Fifth circuit ruling
attempts to place the burden of proving the validity of
local restrictions of PCB disposal upon local government,
with EPA, not a fTederal district court, as the initional
judge of reasonableness.2

1. Rollins Environmental Services (FS), Inc. v. Parish of
St. James, 15 ELR 21044.

2. Lewis, National Interest
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PCB Spills

¥hile speclfic requirements for cleaning up PCB spills
have not been established under TSCA, the U.S. EPA Office
of Toxlc Substances does maintain authorlty pursuant to
TSCA by classlifylng spills as Improper disposal under 40
CFR 761.30(a)(1)(ii1) and 40 CFR 761.60(d). In most cases,
such as capaclitor explosions or transformer 1leaks, EPA
Reglonal Offlces merely maintalin telephone contact with the
responslble party. 1Inspectors may be dlspatched in case of
large spllls, or where 1t 1s apparent that remedlal action
or post-cleanup activitles are inadequate.

Persons In charge of vessels or facllitlies from which
over 10 pounds of PCBs splll within a 24 hour period must
report the Incldent 1immedlately upon dlscovery to the
National Response Center in Washington D.C. (800 - 424-
8802).* Thls satlsfles the reporting requirements of all
applicable programs admlinistered by the U.S. EPA and the
U.S. Department of Transportation. The reportable guantity
would have been - 1 pound under Section 102(b) of CERCLA,?
but pending reevaluation,? that level Is superceded by the
10 pound reportable quantity set by EPA pursuant to Sectlion
311(b)(4) of the Clean water Act.* Newspaper notificatlion
of potentlally 1Injured partles 1s required by Section
111(g) of CERCLA.

1. 50 FR 13456 (Aprll 4, 1985)

2. The Comprehenslve Environmental Response, Compensation,
and Llabllity Act of 1980 (Pub. L. 96-510), 42 U.S.C. 9601
et seq.

3. EPA proposed lowering the 1limit to 1 pound in 48 FR
23552 (May 25, 1983), but has not made a f£lnal ruling.

4. Federal Water Pollution Control Act as amended in 1976,
33 U.5.C.A. et seq.
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EPA Regulations Pursuant to RCRA And CERCLA

The Resource Conservation and Recovery Act of 1976 (as
amended in 1984) glves the EPA the authorlty to regulate
waste dlsposal facllitles, and to inltlate Judiclal action
vhere waste dlsposal presents an "imminent hazard". Because
Section 6{(e) of the Toxlc Substances Control Aact
speclfically requires the regulatlon of PCBs, they were not
listed as hazardous substances In the regqulatlons which
wvere promulgated pursuvuant to the enactment of RCRA.?
Because of thils, wastes which contain no hazardous
constituent other than PCBs are not regulated under RCRA.
The' RCRA regulatlons are likely to be changed to include
pure PCBs 1in the near future. They already include them
as constituents of waste and subject them to special
handling, reporting and record-keeping requirements.2 The
Comprehensive Environmental Response, Compensation and.
Liablllty Act of 1980 (CERCLA)®, commonly known as the
"Superfund" act, does not specifically mentlon PCBs, but it
contalins provisions which are relevant to environmental
contamination by PCBs. Section 103(b) provides fox
penaltles of up to $10,000 In flines and one year in prison
for fallure to notlfy the Emergency Response Center of a
splll Involvling the release of more than 10 pounds of PCBs
within a period of 24 hours. The reportable amount would
have been 1 pound under CERCLA alone, but the 10 pound
limit set pursuant to Section 311(b)(4) of the Clean Water
Act takes precedence. EPA is considering lowering the
reportable gquantity to 1 pound.

Section 103(c) provides for fines and imprisonment of
up to $10,000 and 1 year for failure to report stored or
discarded PCBs within 180 days of December 11, 1980.

Section 103(d) provides for fines and imprisonment up
to $20,000 and one year for Kknowingly destroylng,
nutllating, erasing, disposlng of, concealing, or otherwvise
rendering unavallable or unreadable or falslfy any records
concerning stored or discarded PCBs.

Sections 106 et seg. glve the president of the United
States the authority to require the Attorney General of the
United states to protect the public £from any actual or
threatened release of hazardous substances, including PCBs.
This authority allows the federal government to clean up
PCB contaminated sltes, and force the liable partlies to pay
punitive damages of three times the government's expense.
This has the effect of encouraging potentlally 1liable
parties to cooperate in clean-up efforts.
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EPA Regulatlions Pursuant to RCRA And:CERCLA

The Resource Conservatlon and Recovery Act of 1976 (as
amended In 1984) gives the EPA the authority to regulate
waste dlsposal faclilitles, and to inltlate Judicial action
vhere waste disposal presents an "imminent hazard". Because
Section 6(e) of the Toxlc sSubstances Control Act
specliflically requlres the regulation of PCBs, they wvere not
listed as hazardous substances in the regulations which
vere promulgated pursuant to the enactment of RCRA.?
Because of this, wastes whlich contailn ne¢ hazardous
constltuent other than PCBs are not regulated under RCRA.
The RCRA regqulations are llkely to be changed to include
pure PCBs in the near future. They already include them
as constituents of waste and subject them to special
handling, reporting and record-keepling requlrements.® The
Comprehensive Environmental Response, Conmpensation and
Liability Act of 1980 (CERCLA)?®, commonly known as the
"Superfund" act, does not specifically mention PCBs, but it
contalns provisions which are relevant to environmental
contamination by PCBs. Section 103(b}) provides for
penalties of up to $10,000 in flnes and one year in prison
for fallure to notify the Emergency Response Center of a
splll involving the release of more than 10 pounds of PCBs
within a period of 24 hours. The reportable amount would
have been 1 pound under CERCLA alone, but the 10 pound
limit set pursuant to Section 311(b)(4) of the Clean Watex
Act takes precedence. EPA is considering 1lowering the
reportable quantity to 1 pound.

Section 103(c) provides for fines and imprisonment of
up to $10,000 and 1 year for fallure to report stored or
discarded PCBs within 180 days of December 11, 1980.

Section 103(8) provides for flnes and imprisonment up
to $20,000 and one year for knowlngly destroying,
nutilating, erasing, disposing of, concealing, or otherwise
rendering unavallable or unreadable or falsify any records
concerning stored or discarded PCBs.

Sections 106 et seqg. give the presldent of the United
States the authority to require the Attorney General of the
Unlted States to protect the public from any actual or
threatened release of hazardous substances, including PCBs.
Thls authority allows the federal government to clean up
PCB contaminated sites, and force the liable parties to pay
punitive damages of three times the government's expense.
This has the effect of encouraging potentially 1liable
parties to cooperate in clean-up efforts.
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1. The original proposal (43 FR 243, p.58946 [12/18/781)
dld specify PCBs.

2. 40 CFR 261.11, promulgated 5/19/80.
3. The Comprehensive Environmental Respdnse, Compensation,

and Llability Act of 1980 (Pub. L. 96-510), 42 U.S.C. 9601
et seq.
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Judiclal Action Pursuant to RCRA and CERCLA

2 judicial action involves or 1s intended to lead to
the f£iling of papers 1in court. The actlon begins only
after EPA has £1led a written proposal with the U.S.
Department of Justice (D0OJ), preferably addressed to the
Asslistant Attorney General of the Land and Natural
Resources Division. Activities such as the 1ssuance of
notlces, complaints, requests, or orders under varlous
environmental statutes which do not involve the courts are
called administrative actlons. Administrative actlons can
be very effectlve. For example, violation of a
presidential order* under Section 106 of CERCLA can result
in court lmposed fines of up to $5,000 per day.

Judiclal actlion 1s usuvally inltiated by EPA Regional
Administrators in consultation with EPA Reglonal Counsels.
Reglonal Administrators are responsible for 1identlifylng
parties against whom Judicial actlon might be approprliate,
and for referring cases to the DOJ, accompanled by a
concurrence from the Reglonal Counsel. The Reglonal
Administrator must flrst obtaln approval from the Assistant
Administrator for the EPA Offlce of Enforcement and
Compliance Monitoring. Relief sought in thls manner can
Include:

~ declaratory Judgements on points of law.

~ money Judgements for the recovery of clvil
penalties, out of pocket expense, or damages.

- injunctive or similar speclfic rellef such as an
order to perform certaln acts.

- Interem rellef; for example, seizling or condemning
land, vessels, or goods.

In criminal matters, cases are referred to the DOJ by
the Reglonal Counsel or the Speclal Agent In Charge. The
EPA's Crimlnal Enforcement Dlvision 1s 1lndependent £from
Reglional control. Criminal convictions under many
environmental statutes can carry penaltles of imprisonment,
probation, and flnes.

Pleadings, motlons, and brlefs are prepared by the DOJ
in consultatlon with EPA. Technical allegatlions 1in
complalnts are prepared by EPA. Lead trlal attorneys are
provided by the DOJ. 1Inqulirles concernlng particular cases
are referred to the lead trial attorney who designates
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contact people for opposing partles, the press, and other

partles outside EPA. The lead trlal attorney speaks for the
government 1n negotlatlions, although settlements must be
aggroved by the Regional Administrator, the DOJ, and EPA's
Oftice of Enforcement and Compliance Monltoring.

1. The President's functlion were transferred to the
Administrator of EPA in 46 FR 42237. Specific Presldential
authorlity was held unnecessary in U.S. v. Relilly Tar, 546
F. Supp. 1100 (D. Minn. 1982).
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Technlcal Documents
Numerous technlical doCuments may be drafted by the
United States and its consultants during a Judiclal actlon.
The two most Important such documents are the endangerment
assessment and the feasibllity study for enforcement.

The endangerment assessment evaluates the nature and
extent of contaminatlon at a slte, along with the potential
for harm ¢to humans and the environnment. It is a
preregquisite for administrative orders under Section 106 of
CERCLA and Sectlions 3013 and 7003 of RCRA, and 1t provides
the "imminent and substantlal endangerment" count of thé
complalnt In a JFudicial action. At Superfund sites, an
endangerment assessment is part of the remedial
investigation/feaslblillty study.

The feasibllity study for enforcement determines the
relief 'that wlll be sought from defendants at trial. At
Superfund slites, It also assures compliance with Section
300.68 (c) of the Natlional Contingency Plan, vhich requires
that enforcement sought remedies consider the same factors
as Fund financed remedies.
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The Bloomlngton, Indlana CERCLA Actlion

The Westinghouse Corporatlion has operated an
electrical equipment manufacturing plant in Bloomington,

Indlana since 1957. The major product is large, powver grid
capacltors. PCBs were used to £111 these capacitors prior
to 1979. :

Large numbers of falled capacitors found thelr way to
various dumps and abandoned stone gquarries iIn and near
Bloomington. Some of these capacitors were assembly llne
relects; some reportedly had falled In service and were
sent to Bloomlington for dumping.

A Bloomington sewer line and sewvage treatment plant
were also heavily contaminated with PCBs. Contamlinated
sludge from the sewage treatment plant was used by nearby
farmers and gardeners as fertlllzer. The creek into which
treated sevage was discharged became contaminated with
PCBs.

The city of Bloomington waited untlil 1981 to f£ile suit
agalnst Westlnghouse to remedy PCB contamination of the
sever and the sewage treatment plant. Later that year,
they amended their complaint to Include thelr abandoned
dump, the Lemon Lane Landfill, and to include Monsanto as-a
defendant. The city £iled in federal court based on
diversity of citizenship, but relied solely on 1Indiana
common law theories of nuisance, trespass, strict

'llability, and negligence in their complaint.

In January, 1983, the Unlted States filed a separate
action agalnst Westinghouse to force the cleanup of two PCB
dump sites not by Bloomington and to recover their costs.
The United States based thelr action on sectlon 7003 of
RCRA, and sections 106 and 107 of CERCLA, asserting that
the sites posed an Imminent and substantial endangerment to
the public health and the environment. The State of
Indiana Intervened as a plaintiff and Westinghouse Jjoined
Monsanto as a third party defendant.

The two sults were consolidated, and the court entered
a consent decree approving an out of court settlement on
August 22, 1985. EPA officlials promoted the settlement as
a model of cooperation between industry and government, and
called it their biggest Superfund victory.

In Bloomington, the settlement is a matter of bitter
controversy. In March of 1986, the Bloomington city
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chemist and his predecessor Jolintly flled a motlon for
leave to intervene in the consolidated lawsults In order to
pursue thelr allegations of collusion among the parties,
and fraud by several principal attorneys. The Indiana
Public Interest Research Group (InPIRG) flled a brlef 1in
August, 1986, asking the court to vacate its approval of
the consent decree and 1ts decislon Dbarring thelr
intervention. InPIRG alleged that the partlies fraudulently
nisled the court regarding key 1ssues, iIncluding the safety
of the proposal to inclnerate PCB contamlnated materlal in
a refuse flred incinerator.

. The former and current city chemlsts allege 1n
thelr motlon and supporting briefs that the proposed
Incinerator would be unsafe, and that setting the precedent
of legally burning hazardous waste In a munlcipal trash
Inclinerators would be 1ll-advlsed. They also allege that
the parties concealed from the court the nature and extent
of the contaminatlon problem in Bloomlngton, and that EPA
and Westlinghouse entered 1nto a "sweetheart" arrangement
vhereby Westlnghouse would use the Bloomington location to
launch a lucratlive lnclnerator business and EP2 would claim
an environmental victory.

1. Public Law 96-510 (11 December 1980), 42 U.S.C. Sectlon
9601 et seq.

2. Federal Water Pollutlon Control Act as amended in 1976,
33 U.S5.C.A, et seq.

3. 50 FR 13471

4. EPA, Westinghouse Agree on Waste Cleanups, Chem Eng
News, May 27, 1985, page 7.

5. Trewvhitt, EPA's Blggest WAste Win Ever, Chemical Week,
May 29, 1985, page 13. -

6. Collins and Zordan, PCBs Destroyed by Burning with
Municipal wWaste, Modern Power Systems, August, 1985m
page 50.

7. Rogers, Westinghouée Cleans Up, Fortune, June 24, 1985,
page 9.
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FIFRA Regqulatlons
The Federal 1Insectlclde, Fungicide, and Rodentlicide
Act* 1s currently administered by the U.S. EPA; but it was
In 1970, wvhile the Act was belng adminlstered by the

Agriculture Department that PCBs ‘were banned £from all
pesticide formulations.?

1. 7 vuU.s.C. 135-135k 2. PR Notice 70 - 25, issued on
October 29, 1970, gave pestlclde formulators slx months to
remove PCBs from thelr products.

27



HALOwAX

During the early years of PCB use, between 1930 and

1950, PCBs were often mixed with compounds called
chlorinated naphthalenes.

"Halowax™" wvas a brand name for chlorinated
naphthalenes and mixtures of chlorinated naphthanlenes
(CNPs) and PCBs. CNPs are relevant to thls discussion for
numerous reasons8, lncluding: (1) they have been ldentlfled
as PCB contamlinants; (2) they have been identlfied as PCB
combustion byproducts; (3) They were used in formulations
containing PCBs; and (4) they are so simllar In structure
to PCBs that 1Industry had reason to suspect PCBs were
harmful when CNPs were shown to be. Indeed, PCNs seem to
act on the body much in the same way PCBs do. There is
also evidence that exposure to PCBs increase the toxicity
of PCNs. It seems ironic that although CNPs are generally
thought to be more toxic than PCBs, they are still being
manufactured and used.® Since the propertlies, uses, and
effects of CNPs parallel those of PCBs, learning about
elther necessarlly Increases one's understanding of the
other.

Literature dating back to the turn of the century
reports chloracne and liver disease among workers exposed
to CNPs.2 According to Louls Schwartz, unreported cases of
CNP 1induced chloracne occurred Iin the United States as
early as 1912.7 Many of these workers had been exposed to
PCBs also, since both types of mixture were used primarily
as £111 for capaclitors and transformers; as insulators on
electric wires; and in palints, wvarnishes and 1lacguers.
Popular commercial forms of CNPs known as "Halowax",
manufactured by a subsidiary of Union Carbide, contalned up
to 20% PCBs. Koppers has been America's major producer of
PCNs for many years.

In 1943, an article titled "Halowax Acne (Cable Rash)}"
descrlbed pervasive chloracne, complaints of burning and
sore eyes, lassitude, anorexla, nausea, headaches, vague
abdominal pains, Ilmpotence, welght loss, insomnia, alopecla
and disturbance of taste among marine electricians. They
had been 1installing Halowax coated cable in poorly
ventilated crawl spaces.* Other artlcles concerning the
toxicity of chlorlnated hydrocarbons appeared around -this
time.®



1. Kimbrough, Occupational Exposure, page 373 of Kimbrough
(ed), Halogenated Biphenyls, Terphenyls, Naphthalenes,
Dibenzodioxins and Related Products, (1980)

2. Kimbrough, Occupational ExXposure, page 373 of
Halogenated Biphenyls, Terphenyls, Naphthalenes,
Dibenzodlioxins and Related Products, (1980) clting:
Herxhelmer, Uber Chloracne, 46 Munch Med Wochenschr 278,
(1899); and Bettmann, Chloracne, Elne Besondere Form wvon
Professloneller Hauterkrankung, 27 Dtsch Med Wochenschr 43

(1901). .

3. Schwartz, Skin Hazards In Amerlcan 1industry, U.S.
Public Health Bulletln No. 229, part II (1936).

4. Good and Pensky, Halowax Acne (cable rash}), 48 BArch
Dermat & Syph 251 (1943).

5. Flinn and Jarvik, Liver Leslons Caused by Chlorlinated
Naphthalene, 27 2Am J Byg 19 (1938); citing Wauer,
Gewerbliche Erkrangingen Durch Gechlorte Kohlenwasserstoffe
(Pernakrankheit), 6 Zentralblatt £. Gewverberg 100, 1918.
Also see the bibliography in Sectlon 3:05.
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THE YUSHO CATASTROPHE

Although the toxicity of PCBs had long been known
vithin industries Ilnvolved in thelr manufacture and use, it
took the large outbreak of disease which came to be known
as "Yusho" - Japanese for "rice oll disease" - to bring the
world's attention to the dangers of PCBs. !

Cases of chloracne began to surface 1n northern Japan
in the summer of 1968. By January, 1869, Kyushu University
Hospltal had seen at least 138 cases of what came to be
known as "Yusho", Japanese for "oll disease". It later
became apparent that about 1800 people had been poisoned by
PCBs which had leaked from heat exchange equipment into
cooking oll which was belng processed for market. The
batches of contaminated oll contalned 2000 ppm Kenechlor
400, a Japanese brand of PCBs.

Many years after the polsoning eplsode, it became
apparent that PCDFs and chlorinated gquaterphenyls (PCQs)
had formed 1n the Xenechlor 400, presumably due to the
comblnation of heat and alir in the heat exchange equipment.
It iIs now widely accepted that Yusho was caused by the
combination of PCBs, PCQs and PCDFs or else primarily by
PCDFs. In examining the history of PCBs, it 1s significant
that for years Yusho was thought to be nothing but PCB
poisoning. The revelation that other compounds were
present in the Yusho rxrice o011l does not diminish the
significance of the tragedy in a discusslon of PCBs because
PCDFs, the most toxic component of the contaminated oil,
are unliversal PCB contaminants. Levels of PCDFs in PCBs
vary depending on the extent to which the PCBs have been
exposed to heat and alr. PCDFs are the primary cause of
concern after PCB fires.

Press reports of the sufferlng of the Yusho victims
sparked world-wilde concern about PCBs. Early signs: of
polsoning included weakening of eyesight, fatigue, nausea
and vomitling. Disfiguring chloracne, swollen 1limbs,
enlargement of folllcular openlngs, and pigmentation of the
gingevae, 1lips, knuckles, and nalls £followed. Victinms
suffered from swelling, pigmentation, and cheese-like
discharges from thelr eyes. Infected acneform leslions
became abscesses. Sputem producing coughs were a symptom.
Lumbago, Jjoint pains, and heel pains were common. Soles
and palms became hardened and discolored. Numbness,
anorexla, and Ilmpotence were reported. Menstrual cycles
wvere disrupted and discolored and sickly bables were born.
Benign tumors were observed in some victims' joints.



REVIEWS

Kuratsune and Shaplro (eds), PCB Polsonlng 1In Japan and
Taiwan (1984).

Higuchi, PCB Polsoning and Pollution, Academic Press (1976).

Autops=sy Reports

For most victims, Yusho symptoms gradually
diminlshed, although in 1984 it was reported that some
Yusho victims were stilll severely 111.* A £few people
(Including one stillborn infant) may have dled from acute
PCB poisoning. As of 1982, 12 victims were known to have
dled, but the posslble role of PCBs Iin these deaths could
not be definltely ascertalned.

Autopsies of the 12 victins revealed that two people
had developed pulmonary carclinomas, two had developed liver
cell carcinomas, and one developed an esophagal carcinoma.
The autopsies also revealed PCB accumulatlons, lesions, and
degeneration around the hearts of the victims. It has been
postulated that <the heart conditlons  resulted from
disturbances of the endocrine system.2

Esophagal and bronchial abnormalities were also
observed in the £lrst autopsied Yusho victims. These
findings are thought to be at least partly attributable to
ingestlon of the contaminated cooking oll.2

Changes in the fine structure - the structure seen
threough an electron microscope as opposed to the larger
view seen through conventlonal optlcal mlcroscopes - of the
liver are characterlstic of exposure to PCBs and related
compounds. The changes - most notably a prollferation of
the smooth endoplasmlc reticulum - can be observed In
blopsy specimens from living patients.?

1. Kikuchi, Autopsy of Patlients wlth Yusho, 5 Amer J Ind
Med 19 (1984), reprinted 1n Kuratsune and Shaplro (eds),
PCB Polsoning in Japan and Talwan (1984).

2. Klkuchi, Autopsy of Patlents wlith Yusho, 5 Am J Ind Med
19 (1984), reprinted in Kuratsune and Shaplro (eds), PCB
Polisoning in Japan and Talwan (1984).



MORTALITY STATISTICS

Statistics published in 1984%* show above average death
rates for wvarlous causes. The most statistically
significant results include total 1liver cancer among men,
liver cancer among men over 40 years of age who dled after
1976, 1schemic heart disease among women who dled after
1976, and cancer of the esophagus among men in Fukuoka
prefecture who dled after 1976.

The results assoclating Yusho with 1liver cancer are
consistent with experimental data and some epldemiological
studles 1involvling occupational. exposure.=? The evidence
that PCBs cause 1llver cancer In humans 1s becoming
increasingly compelling with the passage of time.

1. Amano et al., Statlstical Observations about the Causes
of the Death of Patients with 011 Poisoning, 39 Japan
Hygilene 1 (1984); translated for the U.S. EPA by SCITRAN.

2. Brovn, Mortality of Workers Exposed to Polychlorinated
Biphenyls - an Update, NIOSH, Cincinatti (1986); also: Zach
and Musch, A Retrospective Mortality Study of
Polychlorinated Biphenyl Manufacturing Workers, Monsanto
Company (1983).
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TOXICOLOGICAL OVERVIEW

Polsons induce 1llness by £irst Interacting with
natural chemicals inside the body. These interactions set
off a complex chaln of reactlions which culminate in a
change In the body's chemical balance, ether in the
bloodstream or In specific organs or types of cells. Overt
effects of polsons and drugs are a consequence of these
often little understood chemical events.

Numerous overt adverse health consequences of PCB
exposure have been identifled. Interactions between PCBs
and natural molecules 1inside the body have also been
identifled. In addlition to thils information at the two
extremes - the manifestation of symptoms and the underlying
chemical basis for disease -~ there 1is also information
about 1lntermediate biochemecal abnormalities and imbalances
vhich can be 1nduced by exposure to PCBs. Some of these
abnormalities and Imbalances are parxrt of the chalns of

events linking molecular interactlons between PCBs and the

body's chemlcals with the symptoms of dlsease.

As experlmental sclentlists contlnue to generate
information, medical practitioners will be increasingly
able to 1link the biochemical changes induced by PCBs with
speclfic disorders and diseases. This increased knowledge
could help in the treatment of people whose maladies are
Induced@ or exacerbated by exposure to PCBs and related
compounds; it could also provide the basis for expert
testimony in toxic tort lawsults.



Chlorinated Aromatic Hydrocarbons

PCBs are a group of 209 chemical compounds. They are
a sub-group of a larger group " of compounds called
*chlorinated aromatic hydrocarbons," a group which includes
notoriously potent toxins such as the dioxins and the
chlorinated =~ dibenzofurans (also called "furans" ox
"PCDFs"). The dloxins and furans are members of a larger
group of compounds called "chlorinated polycyclic aromatlc
hydrocarbons" or chlorinated polynuclear aromatic
hydrocarbons." PCBs can be Included among the polycyclic
aromatic hydrocarbons, even though that designation 1is
usually reserved £for compounds whose carbon framevork |is
locked in a planar confiquratlion.

Dioxins, furans, and PCBs are the three groups of
chlorinated polycyclic aromatic hydrocarbons which have
recelved the most sclentific and regulatory attention.
These compounds are frequently treated simultaneously
because they share so many chemlcal, environmental, and
toxlicologlcal propertles. 1In fact, some PCB congeners have
much more In common with some of the furans and dioxins
than they do with many of the other PCBs,

The blochemical effects of the most potent dioxins,
furans, and PCBs are recelving a great deal of attention
from the scientlific community. Proteins to which these
compounds bind are being isoclated and identified, and it is
evident that many of the dloxins, furans, and PCBs interact
with molecules £fundamentally involved with the endocrine
(hormone}) and immune systems. Future research wlll
elucidate how people vary Iin their reactions to PCB
exposure, and how PCB Iinduced Iimbalances in the body's
internal chemistry are linked to illness.



Partial List of Reported Adverse Health Effects

There is much controversy and wlde-ranging opinions
con-cerning the adverse health effects of exposure to PCBs.
The followlng Is a partial list of diseases, condltions,
and symptoms which have been linked to PCB exposure:

harm to the Immune system

harm to the endocrine system

heart disease

lung disease X
gastro-intestinal dlsease

liver disease

cancer

eye dlsease

skin disease

diseases of the Joints

damage to the nervous system
pathological changes in sweat glands
profuse sweatling

sexual dysfunctlon

chronic headaches

disorlentation

dizzy spells

Irritability

phoblas

tingling and numbness in the extremities
increased sensitivity to many chemicals
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PCB Contamlinants and Byproducts

Due to the non-speclfic manufacturing process, which
produced a varlety of PCB congeners in each batch, PCBs are
nearly always encountered in the form of complex mixtures.
Traces of highly toxic PCB congeners in the mixtures, and
the trace contaminants which form during manufacturing and
use, together may account for a significant portion of
thelr toxicity.

PCBs are like "Agent Orange" in that toxiclty varies
from specimen to speclimen, and may depend on the quantities

of the trace toxlins present. In the case of "Agent
Orange", the most significant contaminants are thought to
be traces of - dioxins. In the case of PCBs, the

contaminants include dlioxin-like compounds such as furans
and biphenylenes, and after transformer fires, dioxins
themselves. In a sense, PCB contaminants can be said to
include some of the PCBs themselves.

It 1s odd, of course, ¢to view PCBs as PCB
contaminants. It is Just one way of expressing the fact
that toxiclties vary wldely among the 209 PCB congeners,
and that the most devastatingly acute poisons among them
tend to be only minor constituents of commercial and
environmental mixtures. A detalled review dealing with
research into the propertles of some of the most toxic PCB
congeners has been published.* Some researchers are now
analyzlng oils, human adipose tissue, and environmental
specimens to determine the content of only three PCB
congeners: 3,3',4,4"'-tetrachlorobiphenyl, 3.3%'4,4",5-
pentachloro-biphenyl, and 3,3',4,4',5,5"'-
hexachlorobiphenyl.# These three compounds are among the
most toxic and environmentally persistent PCBs.

The PCB contaminants which have recelved the most
attention are the chlorinated dlbenzofurans, often called
"polychlorinated" dibenzofurans and abbreviated PCDFs.
Like PCBs, PCDFs do not rapidly degrade in the environment,
and hence contaminate the entire surface of planet Earth.
They were constituents of commercial PCB mixtures,® and
are, therefore, probably present at higher than background

levels -wherever PCB contamination 1s found (see table I}.-

The combination of -heat and oxygen transforms PCBs into
PCDFs. BAs is described in another report, a single oxygen
atom changes a PCB molecule into a dibenzofuran molecule.*

ANSERT TARLE - MILBY



Personnel responsible for emergency response and
testing In incidents involving PCB combustion should be
acutely awvare of the potential threat £rom PCDFs,
chlorlinated biphenylenes, dioxins, etc.® ©Significant
dioxin contamlnation results when 'PCBs mixed with
chlorinated benzenes are burned. Many PCB contalining
transformers wvere f£illed with this combination, which is
often referred to as "askarels". (Some use "askarel" as a
generic term referring to gny commercial PCB mixture.)

Chlorinated naphthalenes (polychlorinated naphtha-
lenes, PCNs) are another group of extremely toxic compounds
vhich have been Ildentified in commerclilal PCBs® and in
reslidues remalnlng after PCB flres. PCNs preceded PCBs I1n
the electrical equlpment Industry where PCNs, often mixed
wlth lesser amounts of PCBs, were used to £111 transformers
and capacitors, and to coat electrical cable,. These
commercial PCN mixtures were called "halowax" and were
manufactured by the Halowax Corporation and 1later by
Coppers.

PCNs became decreaslngly popular as 1t became clear
that they were responsible for occupational dlsease and a
number of deaths due to acute yellow atrophy of the liver.
Salvage yard workers should should be awvare that In
addition to PCBs and PCB contaminants, some older equipment
might contain primarily PCNs.

While it Is dlifficult to ascertaln everything that has
been mixed with PCBs,” it is known that intentionally added
capacitor and transformer £luld preservatives include
potent carclinogens such as l-ethylenoxy-3,4-
epoxycyclohexane.® When PCBs arxe burned, potentlally
gsignificant bypreducts include chlorinated phenols,
biphenylenes, pyrenes, and chrysenes.

1. Safe, Polychlorinated Biphenyls (PCBs) and
Polybromlinated Biphenyls (PBBs), 13(4) CRC Crlt Rev Toxicol
319 (1985).

2. Tanabe et al., Potentially Significant Resldues of
Highly Toxic Non-ortho Substituted PCBs in Human Adipose
Tissues and In Terrestrial and Marlne Animals, Paper given
at Dioxin '86, the 6th International Symposium on
Chlorinated Dlioxins and Related Compounds, held in Fukuoka,
Japan, between September 16th and 19th.

3. Perhaps due to an extra purification step, Aroclor 1016



may have been relatively free of PCDF contamlnation. For
further 1information, see:{a) Mliyata and Kashimoto, The
Findilng of Polychlorodlbenzofurans 1n Commerclal PCBs
(Arocloxr, Phenclor and Clophen), 17 Food Hyg Soc Japan 443
(1976) and (b) Bowes et al, Identification of Chlorinated
Dibenzofurans 1in American Polychlorinated Biphenyls, 256
Nature (London) 305 (1975).

4. (a) 'The Yusho (contamlinated rice oi1l) tragedy which
occurred in Japan in 1976 involved PCBs which leaked from
heat exchange equlpment. Elevated PCDF levels were found
in the heat exchange £luid, the rice o011, and In the
victims, and it has been wldely conJectured that they are
primarily responsible for the symptoms which appeared; also
see: (b) Lee, Assessment of PCDFs and PCDFs from PCB
Transformer and Capacitor Flres, EPA/600/2-85/036(1985);
NTIS Order # PB 85-188 B837/AS (summarized in EPRA document
EPA/600/82-85/036) and "Polychlorinated Biphenyls in
Electrical Transformexs; Final Rule.", Fed Reg, July 17,
1985 (40 CFR Part 761l) for a discusslion of several recent
fires.

5. Schecter and Tiernan, Occupational Exposure to
Polychlorxinated Di8oxins, Polychlorinated Furans,
Polychlorinated Biphenyls, and Blphenylenes 2after an
Electrical Panel and Transformer Accident in an Office
Bullding in Binghamton, NY, 60 Environ Health Persp 305
(1985).

6. Bowes et al, Identificatlion of Chlorinated
Dibenzofurans 1in American Polychlorinated Blphenyls, 256
Nature (London) 305 (1975).

7. Lee, Assessment of PCDFs and PCDFs from PCB Transformer
and Capacitor Fires, EPA/600/2-85/036(1985); NTIS Order #
PB 85-188 837/AS (summarized Iin EP2 document EPA/600/S2-
85/036) and "Polychlorinated Biphenyls 1in Electrical
Transformers; Final Rule.", Fed Reg, July 17, 1985 (40 CFR
Part 761) states: "In the last 60 years of commercial use,
the formulation of askarels has undergone varlous changes
and few manufacturers have made or kept records of the type
and quallty of PCBs and other chemlcal substances used in
the formulating process."

8. Lawvrence, Letter, 269(2) New Eng J Med 108 (1977),
citing: Vvan Duren et al, Carcinogenicity of Epoxides,
Lactones and Peroxy Compounds, 3 J Natl Cancer Inst 41
{1963).



Complexlty of PCB Toxicility

Assessing the toxlcilty of a glven PCB specimen 1s of
limited general value. One reason is that each brand is a
unigue PCB mixture, as wvas each batch of a glven brand.
Another reason Is that the amounts of toxic contaminants
Increase wlth some klnds of use, with PCDFs reaching
thousands of parts per million in heat transfer equipment,
but not always signlficantly Iincreasing 1In capaclitors.
Byproduct formation depends on heat, availability of
oxygen, and other factors; no two £flres will produce
precisely the same array of chlorinated polycyclic hydro-
carbons.?

Further compllcating the plicture 1ls the fact that PCB
mixtures found In environmental samples and human tissues
often bear 1little resemblance to the original commercial
formulations. It now appears that the PCB mixtures which
accumulate In f£ish, and also those which contaminate human
milk, might be more toxic than the commercial mixtures
originally provided by Monsanto. If this is the case, it
could be because the most blologically active PCBs bind
most tightly to some o0f the body's proteins, and are
therefore not avallable for destruction by other proteins
known as "enzymes."

Current research Is focusing on individual PCB and
contaminant congeners. Modern analytical technigues are
making identification of indlvidual congeners routine. But
even if a physicilan knew the effects of each PCB and
contaminant congener indlividually, and a patient's burden
of each now and In the past, along with the concentrations
0f all the potentially harmful metabollic byproducts within
a patlent's body, the signiflcance would stilll be obscured
by the fact that the individual congenexrs and byproducts
work sometimes 1independently, sometimes competitively, and
sometimes synergistically to exert theilr various effects,.
Add to this the 1likellhood that 1ndividuals vary over a
vide range in thelr responses to 1individual PCBs, PCB
contamlnant, and combinations of PCBs and contaminants,?®
and In thelr historles of exposure to other chemicals, and
it becomes apparent why doctors have difficulty dlagnosing
PCB poisoning.

But causality 1s seldom 1iron-clad 1in toxic tort
litigation, and public policy regarding toxlc substances is
not contingent on the abllity to make a dlagnosis in
individual cases. PCB exposure has speclific adverse
consequences in every specles of laboratory anlmal which



has been tested.? The effects of varlous doses on
particular speclies are well documented. No experiments to
determine dose/response relationshlips In humans should be
attempted because of the long delay in ellciting responses
and the cumulative effect of the polson. (Dioxin has
actually been administered to prlsoner "volunteers" in the
United States.)* The final word on this sublJect still has
not been written. The anecdotes, analogles, and tragedles
documented in this chapter will lead each reader to his and
her own conclusions regarding the consegquences of PCB
exposure.

1. Milby et al., PCB-Contalining Transformer Flires:
Decontamination Gulidelines Based on Health Consliderations,
27 J Occup Med 351 (1985).

2. Large variations among individuals In cellular response
to PCDFs 1s dlscussed in: Nagayama, Inducing Potency of
Aryl Hydrocarbon Hydroxylase Activity in Human
Lymphoblastolod Cells ang Mice by Polychlorinated
Dibenzofuran Congeners, 59 Environ Health Perspec 107
(1985).

3. The £followling Is from Safe et al., PCBs:

Structure-Function Relationships and Mechanism of

Action, 60 Environ Health Perspect 47 (1985):
"Commercial PCBs, In common with other halogenated
aromatics such as the polychlorinated dibenzo-p-
dioxins (PCDFs) and polybrominated biphenyls (PBBs)
elicit a number of common toxic and biologic
effects. PCBs typlcally cause thymic atrophy, a
vasting syndrome, immunotoxic responses,
reproductive problems, porphyria, and related liver
damage. In PCB-exposed anlmals, these effects are
preceded by the Induction of numerous enzymes
including the hepatic and extrahepatic drug-
metabollizing enzymes."

4. 2American Sclentific, January, 1986.



Uniqueness of each of the 209 PCB congenhers

Each of the 209 individual compounds known
collectively as PCBs is unique. The six PCB congeners with
at least +two <chlorine atoms at the meta and/or para
positions of each ring (the 3, 3', 4, 4', 5, and 5°
positions), but none at the ortho (2, 2,' 6, or 6')
positions, can readlly assume a flat conformatlon which
makes them approximately the slze and shape of the most
toxic dlioxins. Compounds with only one or two chlorine
atoms in the oxrtho poslitions and chlorine atoms in at least
4 of the meta and para posltions also significantly
resemble dioxins.

These six toxic PCB congeners have a strong tendency,
as do the most potent dioxins, to bind to certain of the
proteins involved in regulating the highly complex
chemistry of 1life.? OCther PCB congeners, particularly
those with at least two chlorine atoms at the meta and/or
para positions of each ring and only 1 or 2 chlorine atoms
at the ortho positions, are also biologlically active, and
similar to dloxin iIn thelr modes of action. It has been
suggested that chlorine atoms in the para posltions are
more I1mportant than chlorine atoms in the meta positions
for potentiating the enzyme 1inducing ability, and
presumably the toxiclty by PCBs.2 On the other hand,
studles correlating PCB toxiclity with similarities to the
thyrold hormone, thyroxin, suggest that the meta positions
are more Ilmportant.?

It 1is bellieved that chlorine atoms 1iIn the ortho
positlons render PCBs 1less 1like dioxin by making it
difficult, due to crowding by large chlorine atoms, for the
two rings of the PCB molecule to assume a co-planar
configuration. All the dioxins are planar.

The modes of actlion of PCB congeners which do not



resemble the dlioxins are not well understood. Whlle they
are not potent acute toxins, their 1long term adverse
effects could concelvably be worse than those of dioxin and
the dioxin-l1ike PCB congeners.

1. ©Safe et al., PCBs:Structure-Function Relationshlips and
Mechanism of Action, 60 Environmental Health Perspectives
47 (1985).

2. Safe et al., Effects of Structure on Binding to the
2,3,7,8-TCDD Receptor Protein and AHH Induction -
Haloglnated Biphenyls, 61 Environmental Health Perspectives
21 (1985). Also: Safe et al., PCBs:Structure-Function
Relatlionships and Mechanism of Action, 60 Environmnetal
Health Perspectives 47 (1985), citing: Poland and Glover,
chlorinated biphenyl Induction of Aryl Hydrocarbon
Hydroxylase Actlvity: a Sturdy of the Structure Activity
Relatlonship, 13 Mol Phaarmacol 924 (1977); Goldsteln et
al., Separation of Pure Polychlorinated Biphenyl Isomers
Into Two Types of Inducers on the Basis of Induction of
Cytochrome P-450 or P-448, 17 Chem-Biol Interact 69 (1877);
and Parkinson et al., Polychlorinated Biphenyls as Inducers
of Hepatlc Microsomal Enzymes: Structure-Activiey Rules, 30
Chem-Biol Interact 271 (1981).



PCB INDUCED ENZYMES

Enzymes are among the proteins which the body produces
to help regulate 1tself at the molecular level. The
function of enzymes Is to determine the rates at which
chemlical reactlons occur.

Some enzymes serve to speed up the rate at which the
body destroys forelgn chemicals. These enzymes are often
referred to as "detoxifying" enzymes, despite the fact that
they frequently change toxic chemicals Into compounds which
are even more toxlc.* Compounds which are destroyed with
the help of enzymes are called "substrates", and the
products which are created in the process are called

"metabolites". These metabolites are often more water
soluble that the substrates, and hence more readily
excreted In the urine. The most common metabollc pathway

for PCBs Involves addltlon of hydroxlde groups (-OH).
Hydroxylated PCBs may be excreted by becoming attached to
sulfate or glucuronlc acid to form a water soluble
complex.® Metabolites which are not excreted are stored in
the body or further metabollized into other, possibly more
readlly excreted compounds.

Foreign chemlcals in the body stimulate the production
and/or activity of detoxlfylng enzymes; or, as one s
likely to encounter It in the technical 1literature,
"induce" oxr "activate" detoxifylng enzyme systems. 1In some
sltuations, enzymes are actlvated by compounds which bind
to them, so enzyme activity can increase without the actual
number of enzyme molecules increasing,.

PCBs are metabollzed inside cells located in wvarlious
parts of the body, but primarily located in the 1liver.
Signlficant PCB metabolism takes place in the skin,® and in
the lungs. A variety of natural compounds are involved in
the systems which oxydlize PCBs. Oxygen atoms are provided
in these systems by a variety of protelns which each have a
flat, iron-contalning part resembling hemaglobin, and which
are known collectively as cytochrome P-450. These complete
enzyme systems are sometimes called "mixed functlon
oxygenase systems (MFO's)." PCB exposure induces the P-450
MFO system,* Including a sub-system involving cytochrome P-
448 which 1s thought to be involved in transforming cextailn
chemical compounds into carxcinogens.® Thexe is evidence
that traces of chlorlinated dlbenzofurans in PCB specimens
contribute significantly to enzyme induction.?®

Enzymes may be related to PCB toxlclity 1in several



vays:

(1) By 1indicatling that foreign chemlcals are in the
body, they help document exposure to PCBs.

(2) Prlor exposure to PCBs Increases the actlvitles of
enzymes which transfoxrm certaln chemicals 1into toxlc
metabolites. For example, the anesthetic halothane 1s not,
in itself, particularly toxic, but 1t 1s very toxic when
certaln enzymes are present at elevated levels. A wvoman
may have been serliously injured by the anesthetic haloform
as a consequence of occupational exposure to PCBs.” Animal
experliments show that vinyl chloridc and £luroxene become
more toxic after exposure to PCBs.®

(3) Enzyme systems which have been induced by PCBs can
interfere with therapeutic drug treatment by ridding the
body of the drug more rapidly than anticipated by the
prescribing physlician.,

(4) Some PCBs and PCB byrproducts Induce enzymes such
as P-448 monooxygenases which can transform PCBs and other
chemlcals into reactive and potentlally carcinogenic
compounds called "arenes oxlides" or "epoxldes." PCB
epoxides react with protein, and to some extent with
genetic material, by becoming attached to it. Reactive PCB
epoxides may help account for PCB-induced liver damage.®

(5) PCB induced enzymes can destroy hormones, the
body's molecular messengers and regulators.

(6) The molecular events 1leading up to enzyme
induction play a key role In sclentific research into the
biochemical basis of PCB toxicity. This research indicates
that before some PCB Induced enzymes can be manufactured
inside the body's cells, PCBs must be transported inside
the cell nucleus after binding to a proteln called the "Ah-
receptor." Species, as well as individuals within species,
vhich have the most Ah-receptor proteln tend to be the most |
sensitive to the 1ll1 effects of PCBs, dioxins, and related
compounds.*® It has been found that some people have the
Ah-receptor but others don't.22 If thls result 1is
confirmed by other studles, then a genetic predisposition
to PCB polsoning may have been found. Researchers in the
fleld of PCB toxlcity have already suggested that
characterizing the extent of human pathology caused by PCBs
and related compounds may require determining not only the
levels of these toxic compounds have been in the body, but
also wvhethexr or not the patlent is "“dioxin receptor
positive® or "dloxin receptor negative."*? PCDF induction



of one of the mixed function oxydases, known as "aryl
hydrocarbon oxydase (AHH)," varles over a wlide range 1in
some human cells, suggesting that PCDFs are much more toxic
to some people than to others.*?

Experts sponsored by the chemlical and electrical power
industries acknowledge that PCBs induce enzyme production,
but assert that this phenomenon merely demonstrates that
the body 1s dealing with intruding molecules in a natural
and harmless way. As General Electric puts it: "such
effects are also produced by many other substances, and are
generally regarded as physiological rather than
pathologlical processes".x*

1. Rickenbacher et al., Structurally Specific Binding of
Halogenated Blphenyls to Thyroxlne Transport Proteln, 29 J
Med Chem 641 (1986) - cltlng Yoshlmura and Yoshlhara, PCB
Polsoning anad Pollution, P. 57 (1976) - suggest that 3,
3,', 4, 4'-tetrachlorobiphenyl becomes slignlficantly more
toxlc 1nside the body after the enzyme assisted
substitution of an OH (oxygen and hydrogen) group £for the
hydrogen atom in the 5 position.

2. Bickers et al., (1882).

3. Calabrese, Methodological approaches to deriving
environmental and occupational health standaxds, Wiley
(1977)

4., Ryan et al., Separatlion and characterization of highly
purifled forms of liver microsomal cytochrome P-450 from
rats treated@ with polychlorinated blphenyls, phenobarblital,
and 2-methylchloanthrene, 254 J Biol Chem 1365 (1979);
also: Parkinson et al., polychlorinated biphenyls as
inducers of hepatlic microsomal enzymes: Structure-activity
rules, 30 Chem Blol Interac 271 (1980).

5. Alvares et al., Polychlorinated biphenyls: A New Type
of Inducer of Cytochrome p-448 in the liver, 70 Proc Nat.
Acad Sclence USA 1321; also: Bickers, Microscope Immersion
Oils: Effects of Skin Application on Cutaneous and Hepatlic
Drug-Metabolizing Enzymes, 24 Blochem Pharmacol 779 (1975).

6. Goldsteln et al., 2,3,7,8-Tetrachlorodibenzofuran in a
Commercially Avallable 99% Pure Polychlorinated Biphenyl
Isomer Identlifled as the Inducer of Hepatic Cytochrome P-
448 and Aryl Hydrocarbon Hydroxylase Iin the Rat, 6 Drug
Metab Dlsp 258 (1378); also: Nagayama et al., Induclng
Potency of Aryl Hydrocarbon Hydroxylase Activity in Human
Lymphoblastolid Cells and Mice by Polychllrnated



Dibenzofuran Cohgeners, 59 Environ Health Persp 107 (1985).

7. Rosenblatt, A Possible Interaction of PCB and Halothane
in Man, 51 Anestheslology 95 (1979).

8. Jaegar, Chemical Modification of Acute Hepatotoxiclty
of Vinyl Chlorlde Monomer in Rats, 41 Toxlcol 597 (1977);
also: Murphy, Potentliatlon of Fluroxene Toxlicity with
Polychlorinated Bilphenyls, 48 Toxicol 2appl Pharmacol 87
(1979).

9. Shimada and sato, Covalent Binding of Polychlorinated
Biphenyls to Rat Liver Microsomes, 55 Toxicol 2appl
Pharmacol 4950.

10. Safe et al., PCBs:Structure-Function Relatlionships and
Mechanism of Actlion, 60 Environmnetal Health Perspectlves
47 (198%5). .

11. Roberts et al., The Ah Recptor and Dloxin Toxicity:
From Rodent to Human Tlssues, 14 Chemosphere 661 (1985).

12. Schecter it al., Chlorinated Dloxin and Dibenzofuran
Levels In Human Adipose Tissues from Exposed and Control
Populations In: Rappe et al., (eds), Chlorinated Dioxins
and Dibenzofurans in Perspective, page 51 (1986).

13. Nagayama et al., Inducing Potency of Axryl Hydrocarbon
Hydroxylase Actlivity 1n Human Lymphoblastold Cells and Mice

by Polychlirnated Dibenzofuran Congeners, 59 Environ Health
Persp 107 (1985).

14. Brown et al., Human Health Effects of Electrical-Grade
PCBs, General Electric Company, Fairfield, Conn. (1981).
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Research Concernlng Enzymes and Disease

People who have suffered exposure to high levels of
PCBs may be at increased risk of being harmed by other
chemicals. One reason for this is that the victims of PCB
exposure produce high levels of enzymes which can rapidly
change other chemicals into potent. toxins. Supporting this
concluslion 1s the fact that PCBs can drastically increase
the teratogeniclity of dloxin in rodents.* There is also a
study which shows that PCBs make grilled hamburger extract
mutagenic to certaln bacteria.® A possible case of PCBs
making a usually harmless anesthetlc into a potent 1liver
toxin, 1involving a woman who worked 1In a capacitor
manufacturing plant, has appeared in the medical
literature.? The enzymes which PCBs Induce change some
compounds to liver toxlins,* some into mutagens,® some into
embrliotoxlns,® and others Into carclnogens.” It has been
shown that relatively non-toxic polybrominated biphenyls
greatly lIncreased the toxlclty of 1,2,4,6,7-pentabromo-
naphthalene.®

Another proposed explanatlon of observed synerglsms
Involves the binding of PCBs to lliver cell proteins which
also binds toxins such as dioxlin. it is speculated that by
tying up the receptor protein binding sites, PCBs leave the
other toxins free to do harm.?® Another explanation
involves Impalrment of the immune system by PCBs.2°

A great deal of evidence that PCB exposure makes
people more vulnerable to the adverse effects of other
chemlicals comes from a procedure called the "Ames
Salmonella/microsome mutagenlicty test," a procedure which
relles on PCBs or other compounds too induce enzymes.® 1In
1ts simpler forms, the Ames test Ilnvolves adding chemicals
to bacterial cultures to determine whether the chemicals
are mutagenic. The Ames Salmonella/microsome nutagenicty
test lnvolves addlng to the bacterial culture not only the
chemlcal beling tested, but alsc an extract of thils 1livers
0f rodents which had been pre-exposed to PCBs or other
enzyme inducling compounds. In many cases, the compound

being tested 1s mutagenic only In comblnation with PCB
induced enzymes..

Trichloroethylene, & once very popular  de-~greasing
solvent, may be especlally dangerous to persons who have
been exposed to PCBs.*2 Trichloroethylene was used 1in
guantlty at many capacitor and@ transformer manufacturing
facllitles.



1. Birnbaum et al, Toxlc 1Interaction of Sspeciflc
Polychlorinated Biphenyls and 2,3,7,8-tetrachlorodibenzo-p-
Dloxin: Increased Incldence of Cleft Palate In Mice, 77
Toxicol Appl Pharmacol (1985); Also, Bandiera et al.,
Binding of Polychlorinated Biphenyl Classlfled as Elther
Pheno-barblitone, 3-methylcholenthrene or Mixed-type
Inducers to Cytosollic Ah Receptor, 39 Chem Biol Interact
259 (19%982).

2. Felton et al, Mutagens 1In Cooked Foods -- Metabolism
and Genetlic Toxiclity, 177 Adv Exp Med Blol 555 (1985).

3. Rosenblatt, A Posslble Interaction 0f PCB ahd Halothane
in Man, 51 Anestheslology 95 (1879).

4. Osimitz and Conolly, Mixed-function Oxidase Systen
Induction and Propylene Hepatotoxicity, 15 J Toxlicol
Environ Health 39, (1985); Rosenblatt, A Possible
Interaction of PCB and Halothane in Man, 51 Anesthesiology
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Enzyme Tests for Documenting Exposure

Physiclans attending persons with known or potential
PCB exposure commonly order ‘foutine. blood and urine
analyses. Where 1lltigation 1s 1Involved, the plaintiff's
attorney as vell as the defendants attorney have an
interest in making sure such tests are perfozrmed. The
tests often include enzyme analysis.

Enzyme analysis can serve two functions: 1t can
provide evidence that exposure has occurred by documenting
changes 1n enzyme levels after an incident 1involving
potential exposure; and 1t can provide evidence of 1liver
impairment after already documented past exposure. After a
transformer f£ire, or any Iincildent Iinvolving potential
exposure to PCBs and related compounds, enzyme tests should
be performed immedlately so that subsequent changes, some
of which occur over a perlod of weeks, can be monitored.
Each individual has a unigue balance of enzymes, so it lIs
important to observe changes within Individuals £from as
soon after an inclident as possible.

The tests £for urinary d-glucyric acid, 6-b-hydroxy-
cortisol, and porphyrin balance are not direct enzyme tests
~ these compounds are merely byproducts of enzyme activity
- but they can provide Indirect evidence of enzyme system
abnormalitles. Measuring aminoantipyrine half 1ife 1Is
another indirect test; the greater the amount of certain’
enzymes present, the faster amlnoantlpyrine is metabolyzed.

Enzymes which are routinely measured in PCB exposure
cases are serum y-GTP, sGOT, SGTP, and alkaline
phosphatase. Thils Is not because these are the enzymes of
greatest Interest; it Is because they arxe easy to measure
during blood tests. Hepatlc mixed function oxydases are
more interesting, but they do not clrculate in the blood to
an appreclable extent.



Theoretlical Enzyme Research

Enzyme determinations are usuvally performed on
experimental animals after they have been sacrificed. when
the 1liver of the experimental animal is homogenized and
centrlfuged (spun in a test tube), so0lid material goes to
the bottom. The 1lilquid on top 1is called cytosol or
cytosollc fluid; the particles on the the bottom are called
microsomes.?*

Some of the enzymes whose productlon 1s Induced by
PCBs are found in the cytosol. These Include the group of
enzymes called “cytochrome P-450", which are also involved
in microsomal processes. "Cyto-" tells where it Is found,
"-chrome™ refers to the fact that It is based on the iron
containing pigment heme, and "450" refers to a frequency of
radiation which it readily absorbs.

Enzymes found 1In the solids at the bottom of the
centrifuge tube are called "microsomal enzymes". Thus,
references to "hepatic microsomal enzymes" are not so much
descriptions of the enzymes themselves as they are
descriptions of where the enzymes were found in the animal
(hepatic refers to the liver) and in the centrifuge tube.
The microsomal portion is added to the cultures in the Ames
Salmonella/microsome mutagenicty test mentioned earlier.

The degree to which varlious dioxin and PCDF congeners
bind to certain proteins found in the cytosolic £1luid
correlates with their ability to induce the activities of
various drug metabolizing enzymes; and it also correlates
with thelr acute toxicity. Thus 2,3,7,8-TCDD, the most
toxic dioxin congener, is the PCDD which binds most readily
to the cytosolic protein, and Is also the most potent
Inducer of enzymes.

How and where enzyme 1induction takes place 1s unknown.
Some researxchers believe that enzyme Induction occurs after
the toxin-protein complex migrates toward the center of the
cell Into what 1s called the cell "nucleus". (This would
have been before the researcher removed, homogenized, and
centrifuged@ the tlssue or organ, of course, and 1isn't
easlly wverified in the 1lab.} Others think 1t happens
within minute bodies inside the cell called mitochondria.

The PCB congeners which bind to the cytosolic proteins
are extremely toxic. They are the congeners which most
resenble 2,3,7,8-TCDD in structure, i.e., they have
chlorine atoms on elther end and some ablility to assume a



planar configuration.

Little Is known about how the dloxlns and the most
toxic PCB congeners cause slckness and death. It appears
that the enzymes which are 1nduced are not the toxic agents
because some potent enzyme inducers are virtually non-
toxlic. Scientlsts continue to Iinvestigate the puzzling
link between toxicitles of PCBs and related compounds and
thelr ablilitles to stimulate the production of certain
enzymes in the hope of solving the mystery of how these
compounds cause sickness and death in living organisms.

EQQTNOTE AND RECENT REVIEWS

1. The mlicrosomes are primarily fragments of cell

membranes and minute structures called ribosomes and
mitochondrla. Genetlc material 1s concentrated in the
ribosomes, and it 1s there that most protein syntheslis
takes place. The mltochondria are responslible for

produclng energy and are 1xich 1n £fats, protelns, and
enzymes.

Safe, Polychlorinated Biphenyls and Polybrominated
Blphenyls: Blochemistry, Toxicology, and Mechanism of
Action, 13(4) CRC Crit Rev Toxlcol 319 (1985).

McKinney et al., Structure - Induction Versus Structure -
Toxiclity Relationships for Polychlorinated Biphenyls and
Related Aromatlic Hydrocarbons, 60 Environ Health Perspect
57 (1985).

Neil, Mechanlsms of the Blologlcal Effects of PCBs,
Polychlorinated Dibenzo-p-dioxins and Polychlorinated
Dlbenzofurans in Experimental Animals, 60 Environ Health
Perspect 41 (1985).

Safe et al., Structure-Functlion Relatlionships and Mechanism
of Action, 60 Environ Health Perspect 47 (1985).



PCB METABOLITES

Metabolism 1s the sum of all the chemical processes
inside the body which release enerxgy from ingested substances;
mainly, food. These reactlions are the basis of 11fe. Some of
these reactions lnvolve the addition of oxygen atoms to organlc
(carbon containing) compounds in order to produce energy. This
1s similar to the way oxygen adds to burning substances to
produce energy, only the reactions in the body are controlled by
enzymes.

In a broader sense, "metabolism" can include all chemical
reactlons Inside the body, includling removing or rearranging
atoms in a molecule. As was mentloned earlier, whenever a
molecule i1s transformed into another molecule inside the body,
the original molecule is called a "substrate" and the new
molecule 1s called a "metabollite",

PCB congeners with hydrogen atoms iIn adjacent poslitions
tend to be most readily metabolized. 8 hours after injection
of highly toxic 3,3'4,4'-tetrachlozrobiphenyl into rats, 90% of
the compound had been transformed into two metabolites. O©One
of these metabolites was found to very active in suppressing
levels of Vitamin A and thyroxin, a hormone produced by the
thyroid gland.?*

Sulfur containing PCB metabolites accumulate in the
lungs, and may be responsible for the resplratory distress and

reduced vital capaclty assoclated with exposure to PCBs.:

Qther PCB metabelites, called arene oxlides, are of interest
because some arene oxides are proven carcinogens.

PCB metabollites are primarlly of interest to research
sclentists. Levels of these compounds are not commonly measured
in exposure victims.

1. Brouwer and Berg, Blnding of a Metabolite of 3,4,3'4'-
tetrachlorobiphenyl to transthyretin Reduces Serum vitamin A
Transport by Inhibiting the Formation of the Proteln Complex
Carrying Both Retinol and Thyroxin, 85 Toxlcol Appl Pharm 301
(1986).



MAINTENANCE OF PCBs

PCBs can deterlorate in use. For example, extremely
toxilc compounds known as chlorinated dibenzofurans - more
.commonly known as polychlorinated dibenzofurans or "PCDFs"
~ can bulld up in the presence of oxygen and heat. PCDFs
are generally thought to be a major contributlng factor in
the the world's worst documented PCB mass poisoning
incidents, the 1968 Japanese tragedy known as Yusho, and
the 1979 Chinese tragedy known as Yu-cheng. 1In both cases,
PCBs being used as heat exchange fluld leaked into rice oil
vhich wvas belng heated. The use of PCBs as heat exchange
fluids (except In transformers) in the United States Iis
prohiblted by the Toxlic Substances Contreol Act of 1976.
The major current domestlc use for PCBs iIs 1n electrical
transformers and capacltors which wvere manufactured prior
to 1979.

Little 1s known concerning the possible build up of
extremely toxic PCB byproducts 1In electrical equipment.
Transformers get hot, but they do not normally contain alr
so It 1s unlikely that PCDF formation 1is common.
Chlorlnated blphenylenes are very toxlc compounds which
form from PCBs in the absence of oxygen, but 1little is
known about thelr possible presence in electrical equipment
fluids. Since toxic PCB byproducts are not 1likely to
effect the performance of transformers or capacitors, no
effort 1ls made to monitor for thelr presence.

PCB malntenance is largely concerned with the bulildup
of compounds which conduct electricity. Such compounds are
called "electrolytes", and the ones which occur most
commonly 1In PCBs are water and hydrogen chloride.
Electrolytes in PCBs can lead to electrical arcing which
can damage equlpment and further degrade the PCBs.
Electrical arcing can also cause equipment to explode and
catch fire.

Attorneys representing plalntiffs 1In cases involving
PCB contamination due to arcing will use PCB maintenance
reports to help determine possible negligence on the part
of the owner of the equlpment. The following guidelines
are reproduced from the U.S. Department of the Interior,
Bureau of Reclamation's Power 0. & M. Bulletin No. 11
titled "Maintenance of Liquid Insulation."

Q3



EPIDEMIOLOGICAL FINDINGS k‘—’)

Other reports in this series deal with bicchemical
phencmina which are induced by FLCE exposure, and which are
sometimes associated with disease. This report takes a
very different approach; it considers attempts to learn
about the effects of PCE exposure on human health by
describing poisconing incidents ard cbserving trends among
groups of people.

Because each person’'s bicchemical makeup is unique,
each person is affected unigquely by toxic chemicals. In a
small group of peocple exposed to FCBs, it is possible that
no specific adverse health trends would be abserved.

For example, PCEB exposure might cause a specific
disease in 1 out of 200 peaople. If that disease afflicts 1
out of &00 unexposed people, then PCBs triple the risk of
developing that dizease. Such a situaticn would be
apparent if thousands of exposure victims were examined;
there would be no clue if a group o=f, say, S0 exposure
victims were examined. In some situations, it might be
easier for a physician to ocbserve ways in which the known
interactions between FCBs and the body's natural chemicals
are affecting victims, than for a statistician to detezt
trends. '

The mass poisoning incidents in Japan and Taiwan
provide infarmation concerning massive exposure to FCBs and
related compounds.  Symptoms of Yusho — which, in Japanese,
means "rice oil poisoning - are largely what would heave
been predicted based on studies involving experimental
animals. Yusho was caused by rice il which was
contaminated by FCBs and FCDFs. '

Very little information has resulted from attempts to
survey the general population. Not enocugh people have been
sampled and technical problems, such as fluctuating serum
FCR levels in individuals over the cocarse of a day, have
compromised the data.

The situation involving occupaticnal health surveys is
also unsatisfactory. Information has been gathered, but it
is inconclusive by the statistical measures commonly
applied by epidemioclogists. This has lead some industry
representatives and government cofficials to assert that
there is no conclusive evidence that PEZBs and related
campounds are associated with serious occupational disease.
Dther observers — many of whom have cbserved the victims aof
FCE exposure firgt-hand =~ are convinced that these
compounds  take a  serious  toll on the human baody.
Concerning the lack of dose-response relationships in data
gathered from Yusho patients, Yoshimura and Hayabuchi
wrotes?

"Other subjective symptoms, suckh as fever, headache,
dizziness, abdominal pain, swelling in the joints,
changes in menstruation, and loss of hair failed to
show consistent dose-~response relationships. It



should

be noted, however, that for these symptoms which
failed

to show dose—-respoanse relationships, it is
impossible

to deny a causal relationghip.”

1. Yaoshimura and Hayabuchi, Relationship Between the
Amount of Rice 0il Ingested by Fatients With Yusho and
Their Subjective Symptoms, 539 Environ Health Perspect 47
€1385,.
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Industry Position Regarding PCB Toxicity
Monsanto and some of the companies which used FPCBs
maintain that PFPCBs are wvirtually harmless. Spokesmen for
these concerns will only say that heavy exposure can cause
reversible skin conditions, but deny that there are any
long term consequences of exposure. Their position rests
partly upaon the following assertions:

1) the effects of FLCBs wvary widely ‘among strains and
species, so only human studies are relevant;

2» the amcounts of FOEs administered to experimental
animals in most studies far exceeds the amounts to which
humans have been exposed;

2) humans who apparently exhibit symptoms of PCE toxicosis
have, in many instances, been shown to have been exposed to
other substances, such as chlorinated naphthalenes or
chlorinated dibenzofurans;

4) Excessive incidence . of cancers or other adverse
conditions are not found consistently from some study to
ancther, hence they must be attributable to cther factors;

3 Where excessive average ill health is reported among
exposed populations, no statistically significant
correlation can be found between FPCB  levels and the
prevalence of symptoms, hence FLOBs must not be to blame.

Working in the electrical equipment manufacturing
industry and consuming fresh water fish have been the major
dowcumented routes of eyposure to FCHs. It is clear that
these activities have led to elevated PCE levels in blood,
adipose  tissue, and milk, but there is disagreement
concerning the effects of exposure. Industry and
government spokesmen, - relying heavily upon statistics -
have observed the bhiochemical effects of PCEBs onh groups of
wor kers, and observed that some of these workers are ill,
but declined to connect biochemical changes wi*h  the
symptoms of disease., The following is from William Gaffey
of Monsanto (quoting Alexander Blaiv Smith of NIOSH)*:

"The weight of evidence, as Smith et al. (1382)

caonclude, is that no studies to date "have shown
that

occupaticonal exposure to PCEBs is associated with any

adverse health cutcome, to be distinguished frém

demonstrable subclinical biochemical alterations."®

0]



1. Smith et al., Metabnlic and Health Consequences of
occupational Exposure to Polychlorinated Biphenyls, 29 Br J
Ind Med 3E1 (198BZ). ‘

b Gaffey, The Epidemiology of PCBs, in PCBs: . Human %

- .

Envirconmental Hazards, page 279 (13983).



Possible Plaintiffs’ Responses

FPoint "1" suggests that pecople, too, might vary widely
in their susceptibility to the effects of PCRBRs.1 This
wauld have the following implications:

A) genetically resistant people might have an easier
time maintaining employment at places of high expasure,
hence there may be a tendency to selectively survey such
pecple in workplace epidemioclogical studies;

B if & population whose members vary widely in
susceptibility ig surveyed, the adverse affects =N
susceptible individuals could vesult in elevations in the
average numbers of health complaints, even in the absence
of a correlation between number of complaints and degree of
eypoasuyre. In other words, those who are susceptible get
sick, even at low levels of exposure, and no dose-response
curve fits the data from the limited number of peaple
observed.

The more diverse pecople are in their habits and
physiclogies, the more of them must be sampled to detect
possible dose-response corrvrelations. The populations
studied to date may not have been large encuah to detect
such corvespondences where they exist, or rule them out
where thay don't. This relates to point "S" above.

Foint 2 does not apply to all studies. Feproductive
and cother effects have been studied at low levels of
Ee%posuUyr e,

Point 3 raises the issue of synergistic effects. By
increasing enzyme levels, for example, PCR exposure can
increase the body’s suscoptibility o harm  from other
chemizals. FPoint 4 also suggests the possibility that FCEs
may be working in combination with other chemicals.

Alsc complicating epidemiological studies is the fact
that current PFCB levels are not good indicators of past
EXposUre. For example, blood levels in Yusha victims
nearly returned to normal while their symptoms persisted.
In the absence of a reliable method for determining levels
of past exposure, epidemiological studies can provide
information of anly limited value.

Another complicatiocn may be the possible reluctance of
workers to complain of poor health to the company doctor
and the pecople conducting the survey. It is possibleithat

a




workers felt that complaining might jeopardize their Jobs.



1. Recent experiments using human lymphoblastoid cells
sugagest that human susceptibility to the effects of PCBs
might parallel susceptibility to AHH induction by 3—-methyl-
chzlarthrene. This suggests that by measuring AHH after
administering a relatively non-taxic AHH inducer, humans
could be screened for susceptibility 'to PCB toxicosis. See
Nagayama et al., Induzcing Potency of Aryl Hydrocarbon
Hydroxylase Activity in Human Lymphoblastoid Cells and Mice
by Folychlorinated Dibenzofuran Congeners, 93 Enviraon
Health Ferspect 107 (19B5).



Chronology of PCB Studies
This report describes studies reported after 1950.
Earlier studies are described elsewhere in this monograph.

1954 Meigs et al., Chloracne from an Unusual Exposure ta
Arochlor, 154 JAMA 1417, This report states that seven of
fourteen workers developed chloracne between five and
fourteen months after PCEs began to escape into the air of
their workplace. It states that FCE levels in the air were
only 0.1 mg/m® and that only ocne worker exhibited abnormal
liver function. That worker exhibited increases 1in
cephalin floculaton and thymol turbidity. No changes in
g-cum bilirubins, and SARP activity were reported among the
workers.,

1368 Yusho. Thousands were exposed to cocking oil
contaminated with FLCBs, FCDFs, and chlorinated
quaterphenyls. Hyperpigmentation and severe chloracne,
along with vomiting, diarrhea, and neuroclogical

abnormalities appeared after approximately three months of
exposure. Victims complained of symptoms such as numbness
of the extremities, headache, stomach pain, respiratory
problems, and joint pain years after exposure ended.
Elevated canrer and infant martality were later reported.

1370 Creow, Chloracne, 356 Trans St John's Hosp Dermatol 773
13703, ,

Two~thirds of the British capacitor industry were
reportedly surveyed. The author concluded that chloracne
was associated with exposure to pentachlorcobiphenyl but not
trichlorobiphenyl. He noted that penta- and
hexachloronaphthialene are both considerably more acnegenic
than pentachlorbiphenyl.

1372 'Hasegawa et al., FReport on Survey of Work Area
Environment Where FCB is Handled and of the Health of
Worlerz Handling PCH, in Special Fesearch Report on
Frevention of Environmental Follutian by FCEB-1ike
Substances, Japan, Research Coordination Bureau, Science ¥
Technology Agency, pp 141-149 (1972),

This study involved 92 exposed workers and 30
controls, Exposed workers had average FCE serum levels of
3270 ppm. 8kin conditions were characterized as brown
chromodermatosis of the dorsal joints of the hands and
fingers and of the nail bed, and acneform exanthema. The
acne conditieon was present on the jaw, back, and thighs of
several workers. Dermal conditions did not correlate with
serum FCE levels, so dermal contact was thought to be the
primary cause. (SBee discusgion of above for alternative



explanation involving congenital or acquired
predispositian.)

This study also appears to show that PCBs affect fat
metabolism. Decreased blood levels of neutral fats, total
glycerides, phospholipids, beta-lipoprotein, and total,
free, and esterified cholestercls were noted.

Enzyme activity changes were noted, but were
considered clinically insignificant. The following enzyme
activity changes were noted: increased B8G0T, SGEFT, S5AF and
decreased serum cholinesterase.

1972 FBumgarner et al., Polychlorinated EHEiphenyl Residues
in Refuse Workers. Fesearch Triangle Park, NC, USE Dept
Health, Education, % Welfare, PFublic Health Service,
National Institute of Environmental Health Sciences, June
13732, 10 pp.

The hair and blood of 27 refuse workers were tested
for FCEs. Only moderate exposure was documented, and it
appeared to be unrelated to hematococrit, blood cholesterol,
and blood pressure levels.

1973 HKitamura et al., FCB in Rlood of Workers Employed in
an Electrical FParts Manufactuving Flant.,15 Jpn J Ind
Health 832 (Japanese).

In this study, 13 capacitor manufacturing workers
were examined when use of FOBs was discontinued in 197Z,
and at three months and six months thereafter., PCER hal f-
life in the blood after exposure ended was about 90 days.
It is not clear whether length of exposure was important in
¢rtermining hal{-life caverage length of exposure was two
and a half years), or at what rate total body burden
declined.

Skin problems were attributed to FCR exposure. It
was reported that no abnormalities were apparent from
blood, liver function and urine tests.

. 1373 Eaappanen and kKolbho, The Concentraticon of FPCBE in
Human Blood and Adipose Tissue in Three Different Research
Groups, In PCE Conference II, Stockhaolm, 1972, Solna,
Sweden, National Swedish Environmental Frotection
Board/Fublicaticns 1973:4E, pp 124-28.

A =mall group of workers with varying exposure were
tested. Even those with high PCR levels in their adipose
tissue and blood were said to be in  good  health.
Investigators reported that there were no apparent biclogic
effects from the FCEs.

1374 Hara et al., Fallow~-up Study of Condenser Factory
After Use of FCE Dicantinued (Fart I)., 16 Jpn J Ind Health
365 (Japanese).



This is a follow up study of the workers studied by
Hasegawa et al. in 1972, Skin conditicons had improved and
ne correlaticn was found between serum triglyceride and
blocd PCEB levels.

1975 Hara et al., Follow—up Study of Condenser Factory
After Use of PCE Discontinued (Part III), 17 Jpn J Ind
Health 371 (Japanese). )

118 woarkers were studied. 45% complained of skin
conditiédns ranging from blackheads to chloracne..  Thecgw
ronditions did not correlate with bilcod FOE levels, but
they did greatly improve after exposure was reduced.
Elevated triglyceride levels were found amcocng the most
heavily exposed workers.

The two Hara et al. reports, and Hara's observations
up until 1979 (Hara, Health Status and PCEs in Blood of
Workers Exposed ta PCBe and of Their Children, 353
Environmental Health Ferspect BT [19851) are interesting
particularly becauss they document decreases in PCE levels
after its use was discantinued. Certain trends were
apparent, but excepticns were noted. For example, of two
workers who intially had blood levels of about 180 ppb, one
had less than 10 ppb and one had more than 100 ppb a year
later. In contrast with the 19374 stuwdy, this study found a
significant correlation between serum triglyceride and
blood FCB levels.

Another interesting aspect is the lack of
covvelation between veports of shkin problems and serum POR
levels. Sinpce chloracne and rvelated conditicons ave
generally conceded to be caused by PCEs, the lazk of
correlation is not used to demonstrate the alleged
harmlessness of PFCEs. But when any other condition. or
disease is found at above average levels among FCR worvkers,
lack of corrvrelation with serum FCOB levels is used to
discount rcausality. The lack af covrelation might be
attributable to widely wvarying aenetic o acqui red

predispositions to FOE induced toxicosis, or exposure to
chemicals whose toxicity is increased by prior exposure to
FCEs.

1375 Incoue et al., Discovery of FCEB Peollution in a Textile
Factory--1I. PCEB Level in Blooud Serum of Laborers and
RKesults =xf Fhysical Examination, 22 Jpn J Fublic 4E&1
(Japanese..

Over ftwenty heavily z¥posed and thirty moderately
exposed textile workers were examined. Stin and other
abnormalities were described as “relatively mild" according
to the 1977 NIOSH Criterea document.

1975 Michigan Department of Public Health (Lansing?, Final



report on FDA ceontract 225-73-220%, Evaluation of Changes
in the Level of Polychlorinated Biphenyls (PCRs) in Human
Tissue. '

PCB intake through fish consumption did not appear
to be related to health problems. (A recent study did find
that developmental problems in yowung children were related
to Great Lakes fish consumpticn.)

1376 Inoue et al., Use and Health Effects of Arochlor 1242
y & Folychlorinated Riphenyl, In an Electrical Industry, 21
Arch Environ Health 189,

34 Australian workers were studied. Saxme workers
had elevated serum alkaline phosphatase and SGEOT levels.
Slight BSF retention was noted in four of seven workers
Judged to have had the heaviest exposures. Average liver
function tests were within normal limits.

1276 Bakn et al, Melanoma Ater Exposure to FCBs, 225 New
Engl J Med 4S50,

Stat’etically significant excess malignant melanoma
and pancreatic cancer were reported among workers thought
to have been evposed to FCEs in the Mobile Dil Flant in
Faulsboro, New Jersey. PCBs may have acted as co-
carcinogens with other, unidentified compounds.

1978 SCDH Study of Fickins, 8C Flant of Sangamz Capacitar
Divisiaon (News Repdrt). Scuth Carolina Department of
Health and Environmental Control, Columbia, South Caroclina.

19378 Alvares et al, Alterations in Drug Metabolism in
Workers Ewposed to Polychlorinated Byphenyls, 22 Clin
Fharmacol Therap 140, (1978B).

Increased rate of metabolism of antipyrine was
abserved among esposed workers, This 1s evidence of
increased microsomal enzyme activity.

1979 Fischbein et al., Climical Findings Ammng PCE Exposed
Capaciteor Manufacturing Workers, 320 Ann NY Acad Sci 703-
714,

326 capacitor plant workers were studied. Skin
problems and decreased vital capacity of the lungs were
noted, as were & large number of complaints related ta the
nervous system. Little correlation between complaints and
gither duration of employment or plasma FCE levels was
found. Of the numz:rous questicns and tests administered to
the participants, the only statistically significant
caorrelations were betwaen skin disease among male
participants and higher chlorinated FCBs; between serum FCE
levels and 5E0T; and between FPCE exposure and the rate of
antipyrine metabolism. The last result suggests that liver

11



microsomal enzymes {(drug metabolizing enzymes) were more
active among the exposed workevs. -

1973 Warshaw et al., Decrease In Vital Capacity in PCB-
Exposed Workers in a Capacitor Manufacturing Facility., 320
Ann NY Acad Sci 277.

14% of 242 workers exposed to PCBs -for an average of
greater than 15 years were found to have a reduced Forced
Vital Capacity. Thizse with accupaticonal exposure to
asbestos, talc, or textile dust were not included. Smaking
was discounted as a possible cause.

1380 Baker et &al., Metabolic Consequences of Esposure to
Foalychiorinated BRiphenyls (FPCR) in Sewage Sludge, 112 Amer
J Epideminal SS53.

Nz conseguences war e noted, except for a
statie! "cally insignificant elevatiocn in PCE levels among
Bloomington, Indiana, residents not exposed to  the
municipal siudge. Ferhaps the most significamt finding was
the extaorcinary background serum FCE level of 11.6 ug/L.
Fossible past contamination of the public water supply or
widespread FCE dumping might account for this finding.
FCEs were gquantified &ae Aroclor 1234, & type of FCE not
often found in lacal dumps, but which is in the lake
sediment near the city’'s water intake pumps. But since
lower chleorinated FCEs i(the type which predominates in the
dumps) are rapidly metabolized, higher chlorinated mipor
caomponents of the predominantly lower chlorinated mixtures
are what the body retains.

1981 Kreiss et al., Association of Hlood Pressure and
FPolychlorinated Biphenyl Levels, 245 JAMA Z505. .

This study of 458 people exposed to FCBs through
eating fish showed that higher FCB levelzs were associated
with increased age, increased {fish consumption, higher
serum :tholestercls levels, higher serum G3TF levels, and
higher diastolic blood pressure.

1981 Marcni et . al., D-cupationsl Expooure Tt
Folychlorinated Riphenyls. II. Health Effectis, 38 Br J
Ind Med S5.

80 workers were studied, Chloracne was noted, but

its woccwrrence did not correlate well with degree of
exposure. Liver changes; possibly related to the induction
of liver microsomal enzymes, did correlate significantly

with bload trichlaraobiphenyl levels, but not with
tetrachlorobiphenyl levels.

Two fast—developing cavernosus haemangiomas amd one
case of myelocytic chronic leukemia were observed. Eight
workers complained of symptoms related to digestive
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difficulties.

1981 Lawton, Studiesr of Employees Docupationally Exposed
to FCBs, General Electric Research and Development CTenter,
Schene-tady, New York.

1924 workers from the two plants studied in 1979 by
Warshaw et al. and Fischbein et al. were evaluated in 1376
and again in 1975, (These plants were also studied by Brown
and Jones in 1981.) Lawton reports that no evidence of
skin disorders ar any cther health problems were found.

& rcorrelation between the logarithms of serum PCE
and cholesterol, triglycerides, and GGTP was found, but the
correlation disappeared when adipose FCR concentrations
were used. This suggests that the correlation is partly
due to PCBs being more soluble in bloocd with  higher
triglyceride levels (triglycerides are lipids, s this is
reasonablel.

Bertazzi et al., Mortality Study of Male and Female Workers
Exposed to PCEs. Fresented at the Internaticonal Symposium

cn Frevention  of Docupational Cancery April, 1581,
Helsinpki, Finland.
1310 capacitor producticon workers were studied.

Cancer was elevated for both males and females, and was
considered statisticalily significantiy among the males.
Both males and femsles had higher than expected frequencies
of lymphatic and hematopoietic neocplasms. Three of the men
died from neoplasms of the digestive organe and peritoneum,
compaved with C.BE eupected. The overall death rate among
the female workers was significantly elevated.

1581 EBrown and Jones, Mortality and Industrial Hygzgiene
Study of Workers Esxpor=2d to Folychlaorinated Riphenyls, 36
Arch Environ Health 120.

2567 capacitor production woarkers were studied.
Cancer of the liver and rectum were elevated. No excess
mortality from circulatory disease was cbserved.

1582 Zazk and Musch, Mortality of FPCR Workers at  the
Monsanto plant in Sauget, Illinois.
The vital status of 89 FCE producticon workers at

Monsantz’s Sauaget, Illinois plant was evaluated. It was
discavered that <4 of them had dies of lung cancer; the
expected number of deaths was 1.4. A statistically
significant excess of deaths due to diseases of the

circulatory system was discovered among the white, male
workers. 7, as cpposed to the expected 1.8, died of this
cause.

1382 Chase et al., Clinical and Metabolic Abnormalities



Associated With Occoupational Exposure to Folychlorinated
Riphenyls (FCEBs), 24 J Occup Med 109.

120 male railvroad workers were studied. Fat FCE
levels correlated with length of employment better than
serum levels. A significant correlation between serum, but
not fai, FCB levels and S8SGE0T was noted. This 1is
reminiscent of the 1581 Lawton study in which  the
correlation between FCEs and G5TF disappeared when fat,
instead of blood, was considered. Noo correlation between
fat or serum PCEs and GS5TF was found in the Chase study.

1282 Smith et al., Metabolic and Health Consegquences of
Exposure to Folychlorinated RBiphenyls, 39 Br J Irmd Med 361-
363.

The authors studied 322 waorkers at three sites.
They found serum FCR concentrations to be positively and
siqgnificantly rcorrelated with mucous membrane and skin
irritation, systemic malaise, altered peripheral sensaticn,
SG0T, GGTF, and plasma triglycerides. They suggested that
SG0T, GEHETF, and plasma triglyceride induction might all be
related to the induction of liver micraosomal enzymes, or
that they might reflect damage to the liver — or both.

The authors also discovered a negative corrvrelation
between PCE levels and high density lipoprotein-cholestercl
(HDL—cholestercli. Eimce there ie an inverse correlation
betweern HDL-cholesterol and coronary artery dissass, PCEs
are implicated as a posszil! » causg of coronary artery and
heart disease.

1982 kreiss et &l., Gerial FPBRE Levels, DR Levels  and
Clinical Chemistries in Michigan FBBR Cobort. 37 Arch
Environ Health 141, (1382).

Frimarily a FRE study.

1982 Emmett et al., Health Effects of PCBR Ewposure of G54
Switchgear Emplaoyees, NIOSH Technical Assistance Reguest
#80~-7, the Johns Hopkins University School of Hygiene and
Fublic Health, EBaltimore, Maryland, 1982. 83 electricians
were studied. Abnormalities in the peripheral nervous
system were documented. The logs (a mathematical term) of
serum PCHs and SGOT correlated positively. serum log PCR
and urinary 17-hydrocorticostercid excretion were found.

The average hlcood level of the exposed electricians
was reported tc be 12ug/L, the same level Baker reported as
background in Bloomington, Indiana.

1982 Humphrey, Population Studies of FCBs in Michigan

Fesidents, page 299 of PCBs: Human and Environmental
Hazards, 1583.
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Humphrey reports significantly elevated frequency of
cancer among farmers with PCR treated silos. of 183
participants in the study, 0.3% were expected to have
cancer based on data fram the natiapal Burveillance,
Epidemiology, % End Results Frogram (SEER). The cancer
rate observed was 3.3%.

The PCB silo cohort reported high frequencies of
tiredness, headaches, rashes, numbness, and joint problems.
This study shows that PCB victims had many symptoms in
commen with Michigan’s FBR exposed farmers.

Humphrey alsoc reviews data showing eating Great
Lakes fish increases the bodies burden of PCEs. No adverse
health consequences from this route of exposure are
reporied.

1984 Takamatsu et al., PCBs in Blood of Workers Exposed to
FCEBs and Their Health Status, S Amer J Ind Med 59. This
study concludes that contaminants in FCBs, or exposure to
chemicals along with PCBs, result in disease, but that PCEs
alone do not appear to be very toxic.

1984 Amano et al., Statistical 0Observations About the
Causes of the Death of Patients With 0il Poisoning, 39
Japan Hygiene (1984). Translated for the UW.S. EPA by
SCITRAN, Santa Barbara, California.

70 people out of a study cohort of 1086 Yusho

victims had died by 1983. Statistically significant
excesses of cancer of the liver among men, and ischemic
heart disease among women were observed. Fespiratory

cancers were also higher than expected.

15385 Anonymouws, FProvisional Final Report of Exposure
Ascessment /Health Effects Study: Eloomington, Indiana -
1384, Irdiama State Hoard of Health and the U.S. Fublic
Health Service, Center for Disease Control, Atlanta.

114 residents of Eloomington, Indiana were divided
intz> wvariows categories and evaluated by means of bload
tests and guestionaires. This repart omits the data
necessary for ari adegquate evaluation oo f possible
consequences of FCB exposure, although it does provide
tables assigning values to statistical variable in various
categories. It is clear, however, that higher serum FCEH
levels were associated with elevated serum triglycerides,
total bilivruben, cholesterol, and self reported, physician
diagnosed high blocd pressure and liver ailments. Higher
serum PCE levels were associated with lower HDL-chalesterol
levels. Average FCE levels for randomly selected residents
were lower than the levels reported by Baker in 1980, but
still significantly higher than expected based on similar
populaticns,



1385, Lawton et al., Effects of FLCEB Exposure  on
Bicchemical and Hematological Findings in Capacitor
Workers, €0 Envivon Health Ferspect 165.

"No evidence for health impairment related to PCB;s
was found, despite the high serum levels of PCBs in the
study+ population", according to this General Electric
Coampany reevaluation of the study published by Dawton et
al., in 1981 (see abaove). Serum FCB levels were said to
increase as a result of increased serum triglyrceride and
tholestercl levels. This, is not a unique point of view,
but it is the reverse of the view that FCBs cause serum
triglyceride and cholesterol levels to rise. The authors
suggest that ohesity might account for high incidence of
elevated serum triglyceride levels. Higher than expected
levels aof glucose and cholesteraol were also reported, and
likewise were thought to he related to factors other than
PCE  exposure. Other finmdings were elevated BUN and
chlovide, in monocytes and ecsimphils, in urinary specific
gravity and cell count, and in calculated serum osmolality.
WoZ's returned to near novrmal from higher levels aobserved
in 1576.

The authors also found no evidence of liver damage.
The tables indicate paossible immune system disturbances,
but these were not discussed. '

This study is noteworthy not only because it may
give an indication of Industy's current view of FOR
toxicity - General Electric is unlikely to contest these
findings, and the interpretations of the data were probably
cleared at the highest levels - but because of the
discussion of microsamal enzyme induction. The authors
convincingly demonstrate, with their ocwn results and by
reference to the literature, that PCB exposure at levels
cnce commonly encauntered by workers induces the microsomal
enzymes GGETF; glucuwranyl transferase (detected indirectly
by increased d—glucaric acid elimination and decreased
levels of biliruben’, and P-4530 cxydase.

The authore conjecture that their findings of no
liver damage might be related to their assertion that
sericus liver damage only cccurs in rats after PCEBs in
their bodies reach levels aver 1000 times the levels found
in capacitor plant worhers.

1985. Emmett, Folychlorinated Biphenyl Expasure and
Effects In Transformer Fepair Workers, 60 Envirconmental
Health Ferspect 1835.

SS present and past transformer repair woarkers and
S6 non-exposed workers were evaluated at Johns Hopkins
Medical Instituticon in Baltimore. Average PCB serum and
lipid burdens in the exposed group were only about three
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times background. Statistically significant correlations

between adipose FCBs and Z4-hour urinary 17~
hydrocorticostercid excretion and with serum PCBs and serum
y—glutamyl transpeptidase. Correlations between serum
triglycerides and cholesterol amd serum PCBs, but not
adipose FLHEs were found. This seemed two rule out the
hypothesis that FCBs were responsible for increased
triglyceride and cholesterasl. Abnormal serum  albumin,

serum LDH were fcund among the exposed workers, serum total
protein, and serum alkaline phaosphatase. These last four
findings suggest PFCE related abnormal liver function, but
when adipose FCB levels are compared, the only correlation
between FLCEs and liver function parameters was a negative
cne with SETF.

Possible evidence of microsomal enzyme induction was
found, but the only direct test, antipyrine half-life, was
negative., Excess urinary excretion of D-glucaric acid was
not observed either.

Evaluation of the data was still in progress at the
time of the study. This study is particularly noteworthy
because efforts are being made to evaluate correlations
between clinical findings and levels aof specific congeners,

15853 Cordle et al., Determination of Human Risk in
Fequlating Falychlorinated Riphenyls (PCEs) - & Case Study’

This article uses gcancer and reproductive effacts
data from animal studies to assess the impact on human
health of lowering or raising the amount of FOEBs allowed in
fish.

1985 Schecter and Tierrman, 0Occupaticonal Exposure to Poly-—
chlorinated Dioxins, Folychlorinated Furans,
Folychlorinated RBiphenyls, and Biphenylenes After an
Electrical Panel and Transformer Accident in an Office
Building in Binghamton, NY, €0 Environ Health Ferspect 305.

Voluntary medical surveillance of S0 patients whao
believed they had been exposed in the 1581 Binghamton, New
York, office building fire showed transient skin rashes
while in the contaminated building, skin cancers (three
known casesl, NEr VOUSNEess, irritability, di fficulty
sleeping, im-potence, fatigue, elevated serum cholesteral
and triglyceride levels, hypertension, and "psychoneurotic"”
illness. A suicide may have resulted from anxiety over
exposure. :

1385 Hara, Health Status and PCBs in Rlood of Workers
Exposed to PCBs and of Theirv Children, 59 Environ Health
Ferspt 83.

Hara updates his earlier studies. He notes that
Yushc—-like symptoms among children whose mothers were
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industrially ewposed have not been diagnosed as  FPCE
poiscning partly because they are not related to blood PCE
levels.

1985 Sahl et al., Folychlorinated Riphenyls in the Blcood
af Fersonmel from an Electric Utility, 27(9) J DOccup Med
£33.

1986 Brown, Mortality af Workers Exposed to
Folychlorinated Riphenyls - An Update, Centere for Diseasec
Control, Department of Health and Human Services,
Cincinpati, Ohic.

Thise is an update of Brown’s 1381 retrospective
mortality study. The number af deaths reported among the
2588 workers in the study cohort rose from 163 to 295, The
study shows significantly elevated instances of cancer of
the 1liver and biliary passages. Except for a slight
increase in death due to diseases of the circulatory
system, mortality from other causes was less than expected.

1987 Nicholson et al., Mortality Experience of Workers
Exposed to Folychlorinated Biphenyls During Manufacture of
Electrical Capacitors, Industrial Disease Standards Fanel,
Ontaric Ministry of Labor.

Some increase in mortality from non—infectious
respiratory disease and from accidents, viclence, and
suicide was observed. The authors conclude that the study
shxws no association between PCR esxposure and death from
any cCause.
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EFFECTS OF PCBs ON THE IMMUNE SYSTEM

Failure of the ipmune system can result in infections
of greater duration and freguency,” and areater
susceptibility to contractinmg cancer. Stimdlation of parts
af the immune system can cause allergic reactions, joint
inflammation, and possibly other medical problems. PCEBs
are known to suppress some aspects of the immune systems of
some life forms, and stimulate some aspects of the immune
systems of others <(see bibliacgraphy?. The persistent
respiratory infections suffered by Yusho wvictims® may
result from the suppression of aspects of +their immone
systems; the joint pains which afflict the victims of PCE
eyxposure may result from the stimulation of some aspects of
their immune systems.

The body’s rvesponse to invasion by matter such as
bacteria, viruses, cancer, foreign objects and chemicals
involves two major, somewhat interrelated systems: the
humoral immune system and the cell-mediated immune system.
The humoral response is quick and is largely independent of
the thymus. The cell-mediated response provides more long
term and specific immunity. The functiocns of these systems
are intricately interrelated, and as the articles in this
report?s biblicgraphy indicate, FCBs can affect both of
them.=2
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1. Chronic respiratory infection among yusho victimg is
documented in Shigematsu et al., Respiratory Involvement in
Polychlorinated Biphenyls Foisoning, 16 Environ Res 92
(1:378). These infections may alsoc be rvelated to the
accumulation of FCB metabalites in the lungs.

2. The following summary of the effects aof PCBs on the
immune system appeared in a report issued by the State af
California#

"4 number of reports implicate FCBs as immunosup-
pressants.® Lymphoid atrophy has been aobserved in
rabbits, chickens and guinea pigs. Suppressicon of
humdral immune responses to several antigens was
observed in rabbits and guinea pigs, and decreased
cell-mediated immune response followed PCE exposure
in guinea pigs. A decreased tolerance to hepatitis
virus was seen in ducklings without apparent
intoxication. In monkeys exposed transplacentally
and through contaminated milk, the lymph nodules of
the spleen were extremely small and without
germinal centers;®P morphalogic changes were
indicative of reduced immunologic competence.”

* Letz, Toxicity of PCHs, California Department of Health
Services, p.158 (1981; updated, 1382) Citing: {(a) Fishbein,
Toxicity of Chlorinated EBRiphenyls, 14 Annu Fev Fharmaccl
139 (1974 and (b)Y Allen and Barsotti, The Effects of
Transplacental and Mammary Movement of FCBs on Infant
Rhesus Monkeys, & Toxicol 381 (157€).
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Animal Studies

The most direct method of measuring immune system
changes is counting antibodies in the blood. Less direct
means of monitoring immune system effects invalve
introducing foreign material into experimental animals to
see how well their immune systems meet the challenge, or
physically examining tissuwes (e.g., bone marrow), organs
(e.g., the spleen) ar glands (e.qg., the thymus).

Introducing foreign  substances “into FCE exposed
experimenial animals has shown that FCEs usually suppress
the immune response, but that under some circumstances, PCE
exposure strengthens it. Evidence for suppression comes
from a study showing ducklings fed PCBs have a reduced
tolerance to  hepatitis wvirus.* Another study reports
reduced ability to resist malaria and endotoxin in FCH
axposed mice.® Evidence for stimulation of the immune
response comes from experiments involving skin grafts,®
foreign non—cancerous celis,* and cancer cellsS,

I+t has been shown thet organs essential for normal
immune response c-an be harmed by FPCEs. Chickens fed FIBEs
had small spleens® and atrophied lymphoid glands.” Adverse
effects on the 1lymph glands, thymus, and spleen were
chserved in exposed rabbits.®
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1. Freind and Trainer, Folychlorinated Biphenyl:
Interaction with Duck Hepatitis Virus, 170 Science 1314
(137004 but J.E. Vos, a leading researcher in the field of
chemically induced immune system impairment, cautions that
increased susceptibility to hepatitis could be due to the
weakening o=f the liver by PCBs, and could have nothing tao
due with the immune system. See Vos et al, Immune
alterations, in Halogenated Biphenyls, Terphenyls,
Naphthalenes, Dibenzcdioxins and Related Froducts, p.24S5
(138031,

2. Loose, Impaired Hest FResistance +to Endotoxin and
Malaria in Polychlorinated Biphenyl— and Horachlorobenzene-
Treated Mice, 20 Infect Immun 30 (1978).

2. Flick et al, Studies of the Chick Disease: Similarity
of Bymptoms Produced by Feeding Chlorimnated Biphenyl, 44
Foultr Sci 1480 (13€3).

4. Vos  and Hoeman, Comparative Toxicologic Study with
Folychlorinated Riphenyls in Chickens with Special
Feference to Porphpyria, Edema Formation, Liver Necrosis,
and Tissue Residues, 17 Toxicol Appl Pharmacol &56 (153700,

5. Vos and Beems, Dermal Toxicity Studies of Technical
Folychlorinated Riphenyls and Fractions Thereof in Rabbits,
15 Toxicol Appl Pharmacaol €17 (19712,

€. Silkwirth and Leoose, Cell-Mediated Immunity in Mize Fed
Either Aroclor 1016 or Hexachlarbenzene, 45 Taoxicol Appl
Fharmacol 32Z& (13978).

7. Bonnyns and Bastamsky, Polychlorinated Biphenyl Induced
Modification of Lymphocyte Response to Flant Mitogens in
Fats, 32 Experietia SZ2z (1978); Also: Silkwarth and Loose,
FCB and HCP Induced Alteration of Lymphocyte Blastogenesis,
43 Toxicel Appl Fharmacol ABE (1379).

8. FkKerkvliet and HKimeldorf, Antitumor Activity of a
Falychlorinated BRiphenyl Misture, Aroccler 1234, im Rats
Innoculated with Walker 256 Carcinosarcoma Cells, S92 J Natl
Cancer Inst 5951 (1377).



Clinical Immune System Tests

1. Delayed—type hypersensitivity (DTH) tests. These are
similar to the skin patch tests which are used to identify
allergies. The DTH tests which were performed during the
uail RFun Mobile Fark in Gray Summit, Misscouri,? were done
with a device called a Multitest CMI, which tests skin
responses to tetanus, diphtheria, Streptococcus,
tuberculin, Candida, FProteus, and Trichophytaon. A weak
response to these antigens indicates that the immune system
is suppressed, a condition called anergy.

2. T-Cell Tests These are blood tests for antibodies
produced by the thymus. T~cells are given designations
such as T3, T4, T8 and Til1 according to their surface
characteristics. Diminished twotal levels of T—-cells, as

well as abpormal ratiocs of the wvarious types, are
indications of impairment to the immune system.=®

o

2. Lymphocyte Proliferative Response.®

4. Allogenic T Cell Cyvtotoxicitye




1. Hofffman et al., Health Effects of Long-term Expasure
te 2,3,7,8-Tetrachlorodibenzp-p-Dicxin, 255 JaMA 2031
(198B6).

2. Hoffman et al., Simple and Rapid Measurement of Human T
Lymphocytes and Theiy Subclasses in Feripheral Blood, 77
Froc Natl Acad Sci USA 4914 (1381).

2. Schiff et al, Membrane Receptors and in Vitro
Responsiveness of Lymphocytes in Human Immunodeficiency,
112 J. Immunol Z7& (1574).

4, Namiuchi et al., GQuina:crine Inhibits the Primary but
not the Secondary Praoliferative Response of Humam Cytobteoxic
T Cells to Allogeneic Non-T Cell Antigens, 12832 J Immuncl
1456 (13847,

ANTIEODIES Antibodies are large proteins which engulf
foreign substances which enter the body. They are the
first 1line of defense against invasion by splinters,
bacteria, viruses and toxic chemicals. Capture by

antibodies can set off a chain of events leading to the
production of more antibodies and various other natural
substances which combine to destroy (change into &2 naw
chemicald the intruders. Since the body cannot efficiently
store energy Trom the destruction of foreign chemicaels by
anvibodies, the destruction process is not normelly called
metabolism and the byproducts are not called metabalites.
Antibodies include the "T—cells®” produced by the thymus and
"B-zells" produzed by the bone marrvaw. Together, the
various types of antibodiezs make uwp what is called
"immunoglaobulin”.

Testing for the wvarious classes of immunoglobulin in
the blood is routine, and 1is indicated whenever FPLCER
exposure is suspected. Amocng victims of the Yu-Chen
poisoning incident in Taiwan, tws forms of immunoglobulin
(IgA and IgM) decreased, but IghS remained normal. Although
some aspects of the immune system were found to be
suppressed, cthers were stimul ated. Inappro-priate
stimulation can lead to numerous adverse consegquences
including joint inflammation and behavioral changes.

WHITE CELLS: White blood cell counts should be obtained
in cases of possible exposuwre +to PCBs an? related
COoOmpouUnts. Low levels of FCBs have been found to reduce
levels of both leukocyte and lymphocyte white blood cells




in experimental animals.



Damage to the Nervous System

The nervous system conducts electrical impulses withln
the braln, and between the braln and other parts of the
body. Impalirment of the nervous system can result 1n
subjective phenomina such as numbness, palin, and tingling
sensatlons; 4in physical phenomina such as ¢tremors and
slowed reflexes; and 1n personality change and aberrant
behavior.

PCBs and related compounds adversely affect the
nervous system at dose 1levels typlically encountered by
victims of occupational or accidental exposure. This
concluslon is inescapable in view of subjective complaints
and physlologlcal wverlification in both humans®* and
experimental animals=.

The early 1literature on occupational exposure to
chlorlnated naphthalenes and PCBs (these were £requently
encountered in combination) contalns references to worker
complaints of lethargy, impotence, headaches, 1lnsomnia, and
disturbance 1in taste.? Later surveys Involving workers
exposed to PCBs but not the chlorinated naphthalenes
continued to produce accounts of problems related to the
nervous system

It 1s impossible to say to what degree the workers'
distress was due to systemic damage not directly related to
the nervous system. For example, impotence can result from
veakness due to general 111 health, as well as from damage
to nerves serving the penis. Recent research shows that to
some degree the workers suffered an assault on thelr
nervous systems.*

Victims of the Yu-cheng poisoning catastrophe in
Taiwan reported hearing difficultles, dizziness, sluggish
or absent deep tendon reflexes, paln over back and 1limbs,
headaches, numbness of limbs, weakness and muscle spasms.
Similar effects were documented after the Yusho disaster in
Japan.

Damage to the peripheral motor and sensory nerves has
been extensively documented through nerve conductlion
veloclty tests. The Japanese and Talwanese 1rice-oil
polsoning victims' nervous systems were clearly damaged.

The 1nitlal complalnts of those exposed to PCBs and
PCB combustion products included headaches, irritability,
anxiety, insomnla, sexual dlfficulties, and tingling in the
extremities.® One victim became obsessed with his exposure
and attenmpted to kill himself.

(26)



1. (a) Chia and Chu, Neurological Studies on
Polychlorinated Biphenyl (PCB)-Polsoned Patlients, 5
American Journal of Industrlal Medicine 117 (1984), clting
numerous Japanese and Talwanese studies; also (b} Okumura,
Past and Current Medical States of Yusho Patients, 5 Amer J
Ind Med 13 (1984). These Articles are Reprinted in
Kuratsune and Shaplrc (eds.), PCB Polsoning in Japan and
Taiwan, Alan R. Liss, New York (1984); and (c) Seppalainen
et al., Reversible Nexve [Lesions After Accldental
Polychlorinated Blphenyl Exposure, 11 (2) Scand J Work
Environ Health 91 (1985). :

2,.(a) Fingerman and short, Change in Neurotransmltter
Levels in Channel Catflsh After Exposure to Benzolalpyrene,
Naphthalene and Aroclor 1254, 30 Bull Environ Contam 147
{1983);

(b) Rosln and Martin, Neurochemlical and Behavioral Effects
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749 (1981);
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(f) Kreitzer and Heinz, The Effect of Sublethal Dosages of
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Caged Robins, 231 Nature (London) 467 (1971);

(1) Tilson and Cabe, Studles on the Neurobehavioral Effects
of Polybrominated Biphenyls in Rats, 320 Ann NY Acad Sci
325 (1979).



3. Good and Pensky, Halowax Acne (Y"Cable Rash"), 48
Archlves of Dermatology and Syphllology, 43 Archives of
Dermatology and Syphllology 251 {1943).

4. Sepplallainen and VuwoJolahtl, Reversible Nerve Leslions
After Accldental Polychlorinated Biphenyl Exposure, 11 (2)
Scan J Work Environ Health 91 (1985). This article
indicates that the condition of the damaged nerves was
greatly lmproved after slx months.

5. Schecter, Contamlnation of an Office Bullding 1in
Binghamton, New York by PCBs, Dioxins, Furans and .
Biphenylenes after an Electrical Panel and Electrical
Transformexr Incident, 12 (No.4/5) Chemosphere €69 (1983).



RELEVANT CASES
Probable Cause
Manko v. U.S., DC WMo, No. 79-1011-CV-W-9 (6/5/86)

Louls Manko sued the United States under the Swine Flu
Act and the Federal Tort Clalms Act, 28 USC 1346(b), after
contracting Guillain-Barre Syndrome (GBS). Mr. Manko had
recelved the swvine £lu vacclne, which, according ¢to
statistics developed by the Centetr for Dlsease Control,
increased the risk of contracting GBS over three-fold
during the period extending £rom the eleventh to the
sixteenth weeks after vaccination.

Negligence was not an issue. All the plaintilff needed
to show under Missourl law was that the preponderance of
evidence 1indicated that the swvine £flu vaccine was a
reasonable and probable cause of the onset of GBS,
Although Mr. Manko's 1llness did not become acute untll
vell after the statlistically significant period of
Increased risk, the court £found that his chances of
contracting GBS had been more than doubled by the vaccine,
and hence he was entitled to compensation. Witnesses for
the plaintiff testlified that a mild, "smoldering" £orm of
the disease did set in duxing the period of highest risk.

It is Iinteresting to note that the threshold for
compensation based upon statistically 1ncreased risk was
set at 100% increased probability; that 1is, at the point
vhere risk doubles. The question concerning the degree of
statistical certainty required for the 100% risk increase
is, howvever, 1left open. If the study showed an 80%
increased risk of contracting GBS with a 95% confidence
level, and an increased risk of 110% with a 51% confidence
level, the defendant would claim the 110% increased risk
factor is statistlically insignificant. But the plaintiff
would say that there 1s a better than even chance that the

ey

risk of contracting the dlisease more than doubles with

exposure to the vaccline, hence anyone who was vacclnated
and contracted GBS probably became 111 due to the vaccine.
Meloni v. Johns-Manville, DC NJ, No. 81-2542 (AET)
Plaintiff must show that he probably willl contract
cancer in order to avold having his asbestos clalm
dismlssed. The court ruled that a 43% probability 1is
Insufficient.
Ducre v. Mline Safety Appliances Co., DC La, No. 80-4338

The court ruled that "bodlly inJury® occurs with each
inhalation of sllica.

1 Toxics Law Reportex 564 (October 22, 1986)



PCB Cases
Unison PCB Separatlon Facllity in Kentucky

Process Description: PCB Transformers at various locations
are dralned and then £illed with a substance known as TF-1
The PCB contaminated transformer £fluid which has been
drained is drummed and shipped to an incinerator.

After several months, the £luild in the transformer,
wvhich by then will have dissolved the PCBs which were not
initially removed, 1s itself dralned. The £Iuld is called
"TF-X" after it has been used to clean a transformer. TF-X
1s drummed and shipped to Henderson County, Kentucky for
further processing.

In thls process, transformers are repeatedly £filled
vith TF-1, allowed to stand for months, and then dralned °
again. Eventually they become clean enough to £111 with a-
non PCB dielectric £luid and returned to service.

PCBs are separated from TF-X at the Unlson Facility

The owners of the facility, Union Carbide, refuse to ;

divulge the separation technlique, although 11t almost
certainly 1s distillation. ©Unlon Carbide also refused to
reveal the 1dentity of <the solvent, TF-1. EPA has a -
complete descrlptlion of the process, but it s being
treated as a confldential business secret.

EPA RIisk Assessment: EPA claims the Rlsk "assessment
considered potential releases due to fires, explosions,
airplane crashes, earthquakes, flooding, tornadoes, and
fallure of the pollution control equipment. No detalls of
the assessment are avallable, ostensibly to protect Union
Carbide's trade secret.

Note: Page 2-6 of the risk assessment says that PCBs are
not currently RCRA hazardous wastes, but they soon will be.
The following appears on page 2-6: "PCBs are not as
dangerous as other chemlicals regulated under the Act and
PCBs were already regulated under TSCA, PCBs were not named
in the lists of hazardous chemicals."

The Bloomington Civll RICO Counts

Although £federal judge Judge S, Hugh Dillin entered
the consent decree resolving. the conflict between
Westinghouse and the plaintiffs in the Bloomington lawsuit,
the City of Bloomington contlnued to pursue 1its case
against Monsanto. In Marxch of 1986, the Clty amended its
complaint to include a count alleging violation of the



Racketeer Influenced and Corrupt Organizations Act,* and a .
count alleglng conspliracy as defined by that act.

The Clty contends that for four years after the
publication in 1966 of studles showing that PCBs had bullt
up In the general environment, Monsanto attempted to
obscure that fact by disseminating misleading information
to its customers. They also imply that Monsanto concealed
information concerning 'the toxicity of PCBs.

The City also contends that Monsanto used fraudulent
test results which they obtalined £from a company called
Industrial Blo-Test to convince the U.S. Food and Drug
Administration, the U.S. EPA, 1ts custonmers and the public
that PCBs are not dangerous. They claim that by presenting
these results, Monsanto delayed actlon agalnst the
manufacture, sale, and use of PCBs. A brief filed by the
Clty states: "aAlthough the EPA first considered regulation
against PCBs 1in 1972 Nibsabtl's lobbylng efforts based on
the false Industrial Bio-Test studles succeeded In delaying
the Iimposition of a ban on PCBs until 1978. Durling the
Intervening six years Monsanto was able to sell an
additional ten to twelve million pounds of its PCB products
to Westinghouse, and many million pounds more to other
customers."

Regarding the specifics of the Bloomington situation,
the Clty contends that during the first 17 years of the
operation of the Bloomington capacltor plant, they were
unavare that PCBs wvere being used. The City claims that
they were told only that such things as “capacitor.
insulating dielectric oils," or "Inerteen" were being used, -
and that they did not realize these materials were PCBs.

Bloomington, Indiana Personal Injury Sulits
Bloomington, Indiana Property Damage Cases

People v. Todd Shipyards Corp., Callf s8SupCt (San
Francisco), N0.859923.

on June 19, 1986, Assistant San Franclsco District
Attorney Steven J. Castleman flled a complaint Iin San
Franclsco Superlior Court against Todd shipyards Corporation
seeking an estimated $11,000,000 In penalties for
violations involving PCBs. The complaint alleges that Todd
violated TSCA, the Californla Hazardous Waste Control Act,
the state Health and Safety Code, and state right to know
laws while Iimproperly disposing of PCBs through an
unliscensed hauler.



Brown v. SEPTA, DC EPa, No. 86-2229, 4/18/86 Burrell v.
SEPTA, DC EPa, No. 86-2235, 4/18/86

Brown v. SEPTA Is a personal Iinjury and property
damage <class action sult agalnst the Southeastern
Pennsylvania Transportation Authority (SEPTA), National
Rallroad Passenger Corp. (AMTRAK), and Consolldated Raill
Corp. (CON-RAIL). The plalintiffs charge the defendants
with "reckless mishandling™ of PCBs during the repalr,
servicing, storage, and operatlion of rall cars in the Paolil
Rall Yard near Philadelphla.

U.S. v. SEPTA, DC EPa, No 86-1094, 2/25/86

EPA sued SEPTA, AMTRACK, and CON-RAIL under CERCLA to
force a cleanup. EPAR officials wvere prohibited from
entexing the railyard for testing in early 1986, but access
vas eventually granted. AMTRAK is trying to include the
City of Philadelphia as defendant because the Philadelphla
Transportation Co. had authority prior to the creation of
SEPTA in 1968.

?22? v. Robert E. Derecktor

Robexrt E. Dercktor was crimlnally indlcted in May of
1986 for allegedly conspiring to conceal the existence of
PCB materlals from the EPA, and for releaslng PCBs from a
storage facllity with notlfying the proper authorities.
Mr. Derecktor 1s the presldent of a Rhode Island shipyard.
He was charged with 46 wviolation undexr the Clean Alr Act,
the Clean Water Act, CERCLA, and TSCaA.

See May 21 U.S. EPA press release
See Toxics Law Reporter, 6-11-86

U.S. v. Sugarhouse Realty, DC EPa, No. 85-4829

On May 27, 1986, Judge Edward N. Cahn of the U.S.
Distriect Court £for the Eastern District of Pennsylvania
approved a consent decree between the U.S. EPA and
Sugarhouse Realty providing for the cleanup PCBs
oxiginating from leaking electrical equipment. Sugarhouse
Realty agreed to contract and pay for the removal of PCB
contaminated equipment, bulldings, water and soill at the
site of +the former Jack Frost Sugar House, a sugar
refinery.

The settlement arose from a sult filed by EPA agalnst
Sugarhouse Realty and 1lts president, William H. Thayer,



under TSCA and CERCLA. Under terms of the agreement,
Sugarhouse must assume all 1liabllity related to the
cleanup. It must post a $250,000 performance bond, and can

be fined $750 per day 1in addition to other possible
sanctions for non-compliance.

See Toxlcs Law Reporter, 6/18/86, page 48

Potomic Electric Powver Co. v. Sachs, CA 4, Nos. 86-
1572, 85 -1573-

A Prince Georges County, Maryland grand Jury is
conducting a criminal Investigation of parties allegedly
responslble for PCB contaminatlon 1n Beltsville, Maryland.
The Potomic Electric Power Company ls a major target of the
investligatlon,

On April 16, the U.S. District Court for the Dlstrict
of Maryland held that TSCA does not pre-empt more stringent
state laws regarding the disposal of PCBs. PEPCO asked the
Court to rule in favor of pre-emptlon, and appealed the
decision whilch was handed down. Maryland filed a cross
appeal in U.S. Court of Appeals for the Fourth Circuit on
June 16, 1986, agreeing with the lower court's ruling, but
asking the Court of Appeals to abstain from ruling because,
they claim, the federal courts lack Jurisdiction to issue
declaritory Jjudgements.

he appeals court overturned the lower courts decision
on October 17, 1986, ruling that the lower court should not
have ruled regardlng matters which were still before a
local grand Jjury.

1 Toxics Law Reporter 66 (June 25, 1886).

Moreco Energy, Inc. v. Penberthy-Houdalille, 1Inc., DC
CIll, No. 86020153,

Moreco Energy, Inc., a waste hauler and oll recycler
sued Perberthy-Houdaille, Inc., a pump manufacturer, for
allegedly delivering waste oil containing more than 50 ppn
PCBs. Moreco flled sult under the citizen suit provision
of TSCA, making this the €£irst 4instance in which one
citlzen has attempted to sue another under that law. On
June 16, 1986, the defendant moved to dismiss the case,
alleging that cltizen sults can only be inltiated under
TSCA to restraln ongoing violations.



1 Toxlics Law Reporter 87 (July 2, 1986

Noble 011 Co., Inc v. EPA, US SupCt, No. 85-1650

On June 23, 1986, the Supreme Court declined to review
a federal appeals court ruling upholding £ines totaling
$40,000 which EPA assessed against Noble 0i1 Co, for
improper storage and labeling of PCBs. Noble maintailned
that EPA falled to follow establlished procedures for taking
samples.

1 Toxics Reporter 90 (July 2, 1886).

New York v. General Electrlic

The New York Department of Environmnetal Conservation
(D.E.C.) and the General Electric Company signed a consent
order in 1980 requliring General Electric to pay the entlire
cost of remedial action at three PCB contaminated sites,
and contrlbute to the cost of cost of remedial action at
four others.

On June 9, 1986, the D.E.C. announced 1its approval of
the last phase of the cleanup, which Ilnveolves clay capplng, -
groundvater collectlon, and slurry walls. The slites, all
in upstate New York, are In Nassau, Ft. Edward, Moreau,
Stillwater and Kingsbury.

U.S. v. Ward, DC ENC, No. 83-63-CIV-5, 22 ERC 1235

Robert Earl Ward was sentenced to 30 months in prlson
and fined $200,000 after beling convicted in 1982 of
violating the Toxic Substances Control Act by dumping PCBs
along a North Carclina roadside iIn 1978. On June 12, 1986,
ward and the Ward Transformer Company adreed to pay $2.95
million to the United States and North Carclina for the
cost of the cleanup.

Brewer, et al. v. Monsanto Corp., et al., DC MTenn,
No. 1:85-0071, 8/15/86.

Employees of an electronic component manufacturlng
plant in Waynesboro, Tennessee, along wlth thelr families,
are pursulng a class actlon against two successlive owners
of the plant - Duracell and Emhart Industries - and the
Monsanto Company. The sult does not seek compensation fox
Iinjuries; it seeks to recover the amount Duracell and



Emhart would have had to spend on safety eguipmnent and
precautions, and the extra wages they would have had to
pay, 1f the danger from PCBs had not been, so the suit
contends, fraudulently concealed from the workers.

The court denled motlions to dismiss based on the
exclusivity provislon of the Tennessee vorker's
compensation statute, rulling that the alleged £raud is an
intentional tort and hence exempt from exclusivity.

1 Toxlcs Reporter 403 (September 17, 1986).
U.S. v. Commonwealth Edison, DC NI1ll, No. 84 C 1597

In 1984, the U.S5. EPA fliled sult agalnst Commonwealth
Edison under the Toxic Substances Control Act, alleging
that capacltor dlscharges contstitute improper disposal and
that Commonwvealth Edison was not properly cleaning up spill
sites. Under a proposed consent agreement which the
partles signed in September of 1986, Commonwealth Edison
agreed to curb its use of PCB capacltors, perform routine
inspections, take specifled Immediate response measures in
case of accldental releases, and clean up more than 300 PCB
contaminated sites.

Under the agreement, will use PCB capacltors only In
generating plants and substations, and will physically
remove such capacitors from poles by January 1, 1987.
Cleanups in areas of high potential human contact will
reduce contamination down to 5 ppm in soll, and 20
micrograms per square inch on hard surfaces. Contaminated

playground egqguipment and outdoor furniture will ©be
replaced.

1 Toxics Reporter 508 (October 8, 1986)

EPA Administrative Actlon Agalnst Environmental Resources
Management, Inc. and PCB Treatment, Inc.

Region VII of the U.S. EPA 1s seeking fines totaling
almost 4 million dollars from two Kansas City, Missouri
filrms accused of improperly storing and dlsposing of PCB
contaminated chemlcals and equipment.

Geneva Industries

Along with Monsanto, Geneva Industries of BHouston,
Texas, 1s the only other company known to have manufactured
PCBs on a commercial scale in the United States. It has



been - estimated that Geneva Industrles manufactured 1
million pounds of PCBs, conslderably 1less than the
estimated 1.3 billion pounds produced by Monsanto.

According to the EPA, Geneva began PCB production in
1972, one year after Monsanto stopped selling to customers
wvho did not manufacture transformers and capacitors.?

1. Superfund Program Project Update, Geneva Industries,
Houston, Texas; September, 1986.

Kentucky vs. Rockwell International

The Kentucky Department for Environmental Protection
cited Rockwell 1International on June 6, 1985, for
discharging PCBs from thelr plant in Russellville into the
waterways of Kentucky. The dlscharge moves £five mliles
along a ditch and stream before 1t enters the Mud River.
Rockwell has agreed to clean up part of its plant site, but
litigation to force further cleanup 1s still pending.
Private sults alleging property damage and personal injury
have also been flled.

The ENSCO PCB Inclnerator

The Ensco facllity 1s a hazardous waste incinerator in
El Dorado, Arkansas. Blood tests wvere arranged by the
owners of the ENSCO Iinclilnerator, and performed upon

Incinerator workers. These tests showed elevated PCB
levels.

NIOSH recently took blood samples from ENSCO wvorkers
in order to test for PCBs and possibly dlibenzofurans and
dloxins. The results are expected in 1late May. The

official NIOSH report could take several more months for
preparation and review.

The union representative at ENSCO is:
Scott Harper
Unlon Representative

011, Chemical, and Atomlc Workers Union
El Dorado, Arkansas

The NIOSH health evaluation study number is HE 86519



The NIOSH contact person is:

Jay Balinbrldge
Hazard Evaluation Division
NIOSH

The Arkansas Health Department contact Is:
Rob Robinette

Arkansas Department of Health
4815 West Markham St.



CAanNCER I

Until recently, it has been widely accepted that there
is no conclusive evidence supporting the suspicion that
exposure to PCRBs increases human risk of contracing
cancer.?* Some studies, including one conducted by NIOSH,=
indicated decreased overall cancer among exposed workers.
There is even a strain of rat in which PCBs inhibit the
growth of a certain type of cancer,® and a type of fish for
which PCBs provide protecticon against aflotoxin induced
cancer.

Studies suggesting that PCBs are naot carcinogenic,
however, are rare euceptions. The evidence linking FCEs to
liver cancer in esperimental animals is overwhelming,® and
the evidence linking PCEs to cancer in humans is growing.
As the years pass, and increasing numbers-of people exposed
tos  PCEBs die, it becomes increasingly likely that
statistically significant evidence will link FCRBs with some
forms of cancer.

Re-gxamination o=f a ¢ohort of previously studied
electrical equipment production workers recently indicated
a significant esxcess of deaths due to liver cancer.® -
Si-tistically significant excessive liver cancer deaths
have alsoc been observed among male  Yushas victims.”?
Statistically significant elevaticns in skin cancer have
been reported.® Statistically significant ewxcess cancer.
was found among farmers with FCB lined grain siles,® and
amng a cohort of  capacitor manufacturing production
wor kers, 3°

The guestion of threshold dose for carcinogenesis isg
frequently raised by industry representatives. They aszsert
that gross physical damage to the liver in the high dosage
animal studies might play an important role in the onset of
cancer . Industry spchesmen also assert that PCEBs are not
mutagens and are, therefore, not cancer initiators. They
argue that FCBs are cancer promoters, and as such, have a
thréshold below which they have no effect. The industry
position is that humans have not been exposed to FCBs above
the cancer promating threshold. *®

i. Dr. Stephen 8Safe  (Safe, Folychlorinated Biphenyls
(FCBs) and PFPolybrominated BRiphenyls (FBB's): EBiachemistry,
Texicology, and Mechanism, 13 CRC Critical Reviews in
Toxicology 319 [138357) states: "The three major FCB-exposed
populations, environmental, accidental, and

industrial/cccupational, thave noat yet shown any significant

increases in cancer within these three groups.”

Also, the Following is from the pamphlet titled, “FCEs: Is
the Cure Worth the Cost?"  (cbtained from The American
Council on Science and Health 47 Maple Street Summit, NJ

07301):

"The most extensive occcupational studies of long-term
exposure: « to FChs invalve electrical equipment
workers. Aside from accasional skin irritations that



disappeared quickly, no significant adverse health
effects have been reported among workers in the
electrical 1industry (page 13).

NIOSH (the National Institute for Occupational Safety
and

Health) studied maintenance workers exposed to RGBs
at

two utility companies. While their blood RGB Ilevels
wer e

29 much higher than the national background leves (12 to
e

parts per billion Cppbl vs. 10 to 20 ppb), they did
not

exhibit any all health effects, not even chloracne.
Frcm

ir-ge 9, referring to: Smith, et al, "Cross Sectional

Survey of Two Groups of Workers Occupationally

Exposed to Polychlorinated Biphenyls (RGBs?) in the

Maintenance, Repair, and Overhaul of Electrical
Transformers™ (1981).

General Electric has studied the health of 194 workers
heavily exposed to RGBs for an average of 15 years,
some

for as long as 25 years. The first report
included

studies done on the workers through 1976, and showed no

ill effects. A 1979 re-evaluation again failed to

produce evidence of 1ill health among these workers.
From

page 9, referring to: R.W. Lawton, M.R. Ross and J.

Feingold, G.E. Draft Report on RGBs (1981).

2. Industrial sources frequently cite the Tfollowing NIOSH
study which showed decreased cancer among 2,500 workers in
two separate capacitor manufacturing plants: Brown and
Jones, Mortality and Industrial Hygiene Study of Industrial

Workers Exposed to Polychlorinated Biphenyls (RGBs), 36
Arch Environ Health 120 (1981). However, the same data
have been interpreted to show RCB exposure put the workers
at greater risk of contracting cancer (in Haley v. Monsanto
Chemical Co., Mich, Huron County Circuit Court, No. 77-00-
2593-NP, May 31, 1984).3

3. Kirkuliet and Kimeldort, Antitumor Activiy of
Polychlorinated Biphenyl Mixture, Arcelor 1254, in Rats
Innoculated with Walker 256 Carcinosarcoma Cells, J. Natl

Cancer Inst 951 (1977).



4. Bailey et al., The Sensitivity of Rainbow Trout and

Other Fish to Carcinogens, 15(4> Drug Metab Rev 725,
(13584).

=

S. The folleawing studies link FCBs with cancer in animals:

Kimura and Baba, Necplastic Changes in 4the Rat Liver
Induced by Folychlorinated Biphenyls, 105 Gann &34 (1973).

Allen and Norback, Carcinogenic Potential of the
Folychlorinated Biphenyles, in Origims of Human Cancer, p.
173 (1377).

Magasake et al., Arnalysis of Various Factors on Liver

Carcinogenesis in Mice Induced by Benzene Hexachloride
(BHZ) and Technical Polychlorinated Biphenyls (FCRs), 28
Nara Med Assocc €35 (19743,

Kimbrough and Linder, Inguction of Adencofibraosis  and
Hepatamas in the Liver of BALE/cJ Mice by Polychlovinated
Biphenyls (Arccloar 12542, S3Z J Natl Cancer Inst S47 (139731,

Ito et al, Histopathological Btudies on Liver Tumorigenesis
in Rats Treated with Polychlorinated Biphenyls, &5 Bann 3495
(1974 .

Kinbrough et al., Induction =7 Liver Tumars in Sherman
Strain Female Rats by Folychlorinated EBiphenyl Aroclar
1260, 835 J Natl Cancer Inst 1433 (1'373).

Alishizumi, Enhancement of Diethylnitrosamine Hepatocarcino-—

genesis in Rats Exprosed to Folychlarinated Biphenyls wor
FPhenabarbital, 2 Cancer Lett 11 (197&).

Freson et  al., Fromoting Effects of Polychlorinated
Biphenyls (Aroclor 1234) and Folychlorinated Dibenzofuran-—
free Arcclar 1254 on Diethylnitrosamine-Incduced

Tumorigenesis in the Rat, 66 J Natl Cancer Inst S02 (13B1).

Fereira et &l., Fromotion by Polychlorinated Biphenyls of
Encyme Altered Foci in Rat liver, 15 Cancer Lett 1885
(19827,

Deml and Oesterle, 8ex-Dependent Fromoting Effort of
Folychlarinated Biphenyls on Enzyme—-Altered Islands Induced

by Diethylnitrosamine in Rat Liver, 3 Carcincgenesis 144753,
€13982).

E. Brown, Mortality of Workers Ewxposed to Pelychlorinated
Biphenyls - An Update, Centers for Diseasec Contraol,

10}



Depar tmer.t of Health and Human Services, Cincinnati, Ohio
(1985).

7. Amano et al ., Statistical Observations About the Causes
of the P"-ath of Patients With Oil Poisoning, 39 Japan
Hygiene (1984). Translated for the U.S. EPA by SCITRAN,
Santa Barbara, California (1984).

8. Schecter and Tiernan, Occupational Exposure to Poly-
chlorinated Dioxins, Polychlorinated Furans,

Polychlorinated Biphenyls, and Biphenylenes After an
Electrical Panel and Transformer Accident in an Office
Building in Binghamton, NY, 60 Environ Health Perspect 305
(1935). Also: Bahn et al , Melanoma Ater Exposure to F*CBs,
295 New Engl J Med 450 (1976). The details of the Bahn
report are unpublished.

9. Humphrey, Population Studies of F*CBs 1in Michigan
Residents, page 299 of PCBs: Human and Environmental
Hazards, (1983).

10. Bertazzi et al ., Mortality Study of Male and Female

Workers Exposed to PCBs. Presented at the International
Symposium on Prevention of Occupational Cancer, April,
1981, Helsinki, Finland.



Evaluation of the Cancer Risk

Monsantae’s William R. Gaffey,* used the following
requirements for acceptable epidemiological evidence ,
based on work by Doll,® to demonstrate his contention that
FCBs have not been shown to be human carcinogens:

Positive asscociations in groups of individuals with known
exposure (case-contral or cohart studies) that

1) are not explained by bias in recording or detection,
are not explained by confounding,

3) are not explaiﬁed by chance,

4 wvary appropriately with dose,

S wvary appropriately with period of exposure,

€) are observed repeatedly in different circumstances.

Mr. Gaffey dismisses an unpublished study linking
FCEs with melanoma because there could have been
confounding from exposure to other, unknown compounds.®

He dismisses the Zack and Musch study which found 4
lung cancers among B% Monsanto workers because the excess
incidence is "statistically insignificant” and the workers
were expoased to ather chemicals.

Mr. Gaffey dismisses the excess deaths from liver
carncar found by Brown and Jones* because there is  an
inverse velationship between duration of latency of
BEXxposure. The excess rectal cancer deaths are said to be

at least partly attributable to high background levels in
the area.

The ewcess digestive, lymphatic, and 1liver cancer
deaths reported by Bertazzi et al., are dismissed because
only 27 deaths (for all causes) were invaxlved and because

aof a "failure to agree on any particular pattern of
mortality."

Mr. Gaffey appeared to be unaware of the Michigan
Sile Farmers cohort study reported by Humphrey in which the
rate of death from cancer was ten times the national
average.® He likewise seemed unaware of the excess cancer
deaths among Yusho victims.®

a



In his critiques of the epidemiological studies, Mr.
Gaffey seems to believe that exposure to other chemicals is
sufficient to exonerate RGBs as a possible causal agent.
But to the extent that RGBs are cancer promotors, and the
experimental evidence indicates that they are,7 other
chemicals would have to be present for there to be any

effect. It is doubtful that any court would hold that
cancer promoters cannot be the proximate cause of the onset
of cancer. Industry spokesmen maintain that cancer

promoters have thresholds below which they have no effect,
and that humans have seldom or never been exposed to
amounts large enough to have any effect.

Findings of diverse types of cancer at various
locations would be consistent with RGBs being cancer
promoters. The short latency times might likewise be
explained. (3f fTifty workers being monitored because they
suspect they were exposed to RGB combustion byproducts

during and after a fire iIn 19B1, three were known to have
skin cancer in 1934.®)

Many researchers seem to be unwilling to draw
conclusions before more mortality data are available. All
agree that RGB exposure and cancer might be linked. It
would be interesting to survey the experts and ask, instead
of: Is there compelling evidence linking RGBs to human
cancer?; rather: Does the proponderence of the evidence

implicate RGBs as a proxamate cau“™= of the onset of human
cancer ?

1. Gaffey, The Epidemiology of RGBs, page 297 of RGBs:
Human and Environmental Hazards (1983).

2. Doll, Relevance of Epidemiology to Policies for the
Prevention of Cancer, 22 J Occup Med £01 (1981).

2. Bahn et al ., Melanoma After Exposure to RGBs, 292 N
Engl J Med 450 (1976).

4. Brown and Jones, Mortality and Industrial Study of
Workers Exposed to Polychlorinated Biphenyls, 36 Arch
Environ Health 120 (1981).

5. Humphery(Population Studies of RGBs in Michigan
Residents, page 299 of RGBs:Human and Environmental
Hazards, 1982) reports significantly elevated RGB burdens
and frequency of cancer among farmers with RGB treated
silos. of 183 participants inthe study, 0.37. were
expected to have cancer based ondata from the national



Surveillance, Epidemiology, and End Results Program (SEER].
The cancer rate observed was 3.3%.

€. Urabe et al, Present State of Yusho Fatients, 320 Ann
NY Axad Sci 273 (1973).

7. R.A. Neal, Mechanisms of the Bioclogical Effects of
FCBs, Folychlarinated Dibenzo—p-dioxins and Polychloarinated
Dibenzofurans in Fxperimental Animals, &0 Environ Health
FPerspect 41 (1389): "There is evidence that FCBs may be
causing increases in rodent liver tumore largely by
mechanisms which do nat invalve permanent changes in the
phenctypic expression of hepatocytes. In other worde, they
may be acting as promoters.” (citing: (&) Preston et al.,
Fromoting Effects of Folychlorinated BRiphenyls (Aroclar
1254) and Folychlorinated Dibenzofuran~Free Arcclor 1254 on
Diethylnitrosamine-Induced Tumcorigenesis in the Rat, 6&6& J
Natl Cancer Inst 509 (19811; (b)Y Oesterle and Deml,
Fromoting Effect of Palychlorinated Hiphenyls an
Development of Enzyume Altered Islandes in Livers of
Weanling and Adult Rats, 105 J Cancer Res. Clin Oncal 141
(1982); and (23 Kimura et al., Polychlorinated biphenyl(s)
as a Promotor in Experimental Hepatocarcinogenesis in Rate,
87 Z Krebsforech Klin DOnkeol 257 [127€1). Adnother article
indicating PoBs might &gt as promoters is: Tsushimobo,
Inhibition of Intercellular Communication by Various
Congeners of Folybrominated Biphenyl and Polychloringated
Eiphenyl, page 241 of FPCBs, Human and
Hazards, 1383. FPCBs might promote cancer
enzymes which change other chemicals into carcinogens, or
by suppressing the body’s immune response, as is suggested
by Talcott et al., The effect of Lead and Folychlorinated
Biphenyl Euxpcasure on RBat Natural KEiller Cell Cytotxicity,
7€2) Imt J Immunopharmacsl 285 (138%).

Enviranmental
by inducing

8 GSechecter and Tiernan, Occupational Exposure to Poly-—
chlarinated Dioxins, Folychlarinated Furans,
Falychlorinated PBiphenyls, and Ripherylenes After an
Electrical Panel and Transformer Accident in am Office

Building in Binghamton, NY., 60 Environ Health Perspect 308
(19835).



HEART DISEASE

There 1s some epldemlological data 1linking PCB
exposure with high blood pressure.*> There is a great deal
of data 1linking PCB exposure with elevated serum
triglyceride, elevated serum cholesterol, and diminished
serum hlgh density 1llipoprotein-cholesterol. All three of
these blood constituent tendencles are associated with
increased risk of developing coronary artery dlsease.

Hydropericardium (water bulldup 1n the pericardial
sac) and enlargement of the heart have been induced in
experimental animals by PCBs.2 The PCB contaminated rice
01l responsible for the Yusho catastrophy reportedly caused
hydrocardium in chicks.?

Two deceased Yusho victims were found by Kikuchi+ to
have "severe myocardial leslons with small £ibrotic and
necrotic foci with basophilic myofibrillar degeneration,
together with a large amount of PCBs depositing in the
heart." The author speculates that hormonal disturbances
might be involved. A statlstlcally signlflcant excess in
mortality among female Yusho victims due to ischemic heart
disease has been reported.®

1. Krelss et al., Assoclatlon of blood@ pressure and
polychlorinated biphenyl levels, 245 JAMA 2505.

2. McCune et al., Hydroperlcardlum and Ascites in Chicks
Fed
a Chlorinated Hydrocarbon, 41 Poult Sci 295 (1962); and
Vos and Koeman, Comparative Toxlicologlic Study with
Polychlorinated Biphenyls In Chickens wilth Special
Reference to Porphyria, Edema Formatlon, Liver Necrosis
and Tlssue Resldues, 17 Toxicol Appl Pharmacol 656
(1970).

3. Kikuchl, Autopsy of Patlents With Yusho, 5 am J Ind Med
19

(1984) citing: Goto and Higuchi, The Symptomology of
Yusho

(Chlorobiphenyls Polsonling) in Dermatolegy, 60 Fukuoka

Igaku Zasshl 409 (Japanese, 1969}.

4. Kikuchi, Autopsy of Patlents With Yusho, 5 Am J Ind Med
19
(1984).

5. Amano et al., Statistical Observatlions About the Causes
of

the Death of Patients With 011 Polsoning, 39 Japan
Hygliene

{(1984). Translated for the U.S. EPA by SCITRAN, Santa

Barbara, California (1984).
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VITAMIN A AND THYROID HORMONES

Introduction

Polsons and therapeutic drugs {induce 1llness or
provide rellief by first interacting with the body's natural
chemlicals. These interactions typlcally set off a complex
chain reaction which culminates in a change in the body's
chemlcal ballance, ether in the bloodstream or in speclfic
organs or types of cells. Overt effects of polsons and
drugs are a consequence of these often little understood
chemical events. ‘

Numerous adverse health consegquences of PCB exposure
have been 1dentified. Interactlons between PCBs and
natural molecules inside the body have also been
identifled. In addition to thls information at the two
extremes - chemlical Interaction and the onset of symptoms -
there 1s also Information about intermediate blochemecal
abnormalities and imbalances which can be induced by
exposure to PCBs. Some ©of these abnormalitles and
imbalances are part of the <chain 1linking molecular
interactions between PCBs and the body's chemlicals with the
appearance of the symptoms of disease.

As experimental sclentlists continue to generate
information, medical practicioners will be increasingly
able to 1link the biochemical changes induced by PCBs with
speclific dlisorders and diseases. This increased knowledge
could help in determining the cause of disease in specific
patients, and in the treatment of people whose maladies are
induced or exacerbated by exposure to PCBs and related
compounds.

PCB Interfexence ¥With Noxrmal Thyrold Functlon

. The thyroild gland, located In the neck, produces the
thyrold hormones trilodothyronine (Ta) and thyroxin (Ta).
T« molecules have 4 lodine atoms, Ts molecules have 3

lodine molecules. Iodine deficiency 1leads to visible
swelling of ¢the thyrold gland - a condition called
"goliter."

Triiodothyronine and thyroxin are Interconvertable
inside the body. The prevalent form in the bloodstream is
thyroxin; the prevalent form inside cells is
triiodothyronine. Together, the thyroid hormones are
Involved in a complex array of l1life sustalning processes.
They play a critical role in regqulating cell growth and
metabolism, and in the production of protein. Thyroid
hormones are produced only in the thyroid gland, but they
are necessary for the normal functioning of all the organs
of the body.

Water insoluble compounds can be transported through
the bloodstream and through cell cytosol® by attaching to
soluble proteins. Thyroxin is not soluble in water; yet it



must be transported from the thyroid gland, through the
bloodstream, across cell membranes, and through the cytosol
into cell nuclel. It does this by attachlng to water
soluble proteins in the blood, crossing the cell membrane
In the free (unbound) foxrm, and attaching to water soluble
proteln inside cells. At any give instant, about 0.02% of
thyroxin and 0.3% of triiodo-thyronine are in the free
form. only the free form 1s bilologically active, so
drastic effects can be £felt when the amounts of the free

forms vary - even when total thyrold hormone levels remain
constant.

Thyroxin binding prealbumin 1s a blood plasma protein
which transports thyroxin from the thyroild gland, through
the bloodstream, and to the body's cells. The modern name
for thyroxin binding prealbumin is "“transthyretin (TTR)}."
Other ©proteins which transport thyroxin are called
"thyroxin binding globulin®” and "albumin.®

The protein whlch carrles vitamin A through the blood
1s called retlnol-binding protein (RBP). Prealbumln and
RBP bind together in blood plasma to form the transport
system for thyroxin and vitamin a.%2 By means of TTR,

thyroxin and vitamin A travel together through the
bloodstrean.

TTR 1s over 100 times the size of thyroxin. Thyroxin
binds to only two speclific sites on this molecule. These
sites are called thyroxin binding sites.

PCB molecules are approximately the same size and
shape as thyroxin. Many PCB congeners - particularly those
with ~chlorine in all four meta positions - have 3
dimensional contours which are similar to thyroxin, and
these congeners readlily bind to the thyroxin binding slites
of TTR.? 3,3',4,4'-tetrachloro-biphenyl has chlorine atoms
in only two meta postltions, but it binds to the thyroxin
bindlng sites of TTR within hours of being introduced into
the body, after hydroxyl (0-H) groups attach to the meta
positions through enzyme induced metabolism.+*

By binding to TTR, PCBs and related compounds can
Interfere with the transport of thyroxin and vitamin a. 1In
addition, PCBs may interfere with normal body function by
attaching to thyroxin binding sites in the body's tissues.

Some PCBs and related compounds cause levels of
thyroid hormones to decrease. Perhaps because they act as
substitutes for these hormones, PCBs trick the body into
thinking it already has enough, and therefore shutting down



thyroxin production. By 1limiting the amount and
avallabllity of thyroxin, PCBs induce symptoms of
hypothyroldlsm. The production of abnormal skin, hair, and
nall protelns which 1s observed in cases of exposure to

PCBs and related compounds is also observed in
hypothyrocidism.® )

To the extent that some PCB congeners act as thyroxin
substitutes, they can cause the body to react as though it
had too much thyroxin. PCBs could do this directly, by
acting as thyroxin substitutes inside the body's cells, or
indirectly by displacing thyroxin from blood serum
transport protelns. It has been suggested that the PCB
induced wasting syndrome - the syndrome 1In which
experimental animals waste away despite normal eating - may
result from excesslive free thyroxin inside the cells.*®

The dlisease assoclated wlth excessive thyroid hoxmone
production 1Is called hyperthyroldism, Dioxin causes
hyperthyroidism in hamsters,” so 1t Is reasonable to assume
that some of the PCB congeners also have this effect. It
has been suggested that PCB polsoning induces symptoms of
both hypo- and hyperthyroidism.®

No Information has been made avallable concernling the
extent to which physliclans are using the research discussed
in this report toc treat the long term debilitation which
apparently afflicts many of those who have experlienced past
masslve exposure to PCBs and related compounds.,

1. The small components of the body called "cells" have an
outer membrane which contains <the cells' £luild, 1its
nucleus, and other components. The £fluld inside of cells
is called "cytosol" or “cytosollic fluig."

2. Brouwer and van der Berg, Binding of a ﬁetabolite of
3,4,3'4'~-tetrachlorobiphenyl to transthyretin Reduces Serum
vitamin A Transport by Inhlbiting the Formatlion of the

Protein Complex Carrying Both Retlnol and Thyroxln, 85
Toxlcol Appl Pharm 301 (198¢6).

3. Rickenbacher et al., Structurally Specific Binding of

Halogenated Biphenyls to Thyroxine Transport Protein, 29
Med Chem 641 (1986).

4, Brouwer and van der Berg, Binding of a Metabolite of
3,4,3'4'-Tetrachlorobiphenyl to Transthyretin Reduces Serum
vitamin A Transport by Inhiblting the Formatlon of the
Protein Complex Carrying Both Retlnol and Thyroxin, 85
Toxicol Appl Pharm 301 (1986).



5. McKinney et al., 2,3,7,8-Tetrachlordlbenzo-pdioxin
(TCDD) as a Potent and Perslstent Thyroxine Agonist: 2
Mechanistic Model for Toxicity Based on Molecular
Reactivity, 61 Environ Health Perspec 49 (1985), citing:
Dratman, The Mechanism of Throxine Aaction, In: Li (ed),
Thyroid Hormones, p. 442 (1878). Also clting: Kinbrough,
Halogenated Biphenyls, Terphenyls, Naphthalenes,
Dibensodlioxins and Related Compounds, p. 406 (1980).

6. Brouwer and van der Berg, Blnding of a Metabolite of
3,4,3'4'-Tetrachlorobliphenyl to Transthyretlin Reduces Serum
vitamin A Transport™ by Inhibiting the Formation of the

Protein Complex Carrylng Both Retlnol and Thyroxin, 85
Toxicol Appl Pharm 301 (1986).

7. Lu et al., Toxlclty and Evidence for Metabollc
Alterations in 2,3,7,8-Tetrachlorodibenzo-p-dioxin-treated
Guinea Plgs Fed by Total Parenteral Nutrition, unpublished
paper based on a presentation at the 24th Annual Meetling of
the Soclety of Toxicology. Citing Gaslewicz et al.,
Temporal and Dose-related Characteristics of Blochemical
and Morphologlical BAlterations iIn the Hamster, 1n the
proceedings of the 5th International Symposium on
Chloxinated Dloxins and Related Compounds, Bayreuth,
Federal Republic of Germany (1985).

8. Rickenbacher et al., Structurally Speclflc Binding of
Halogenated Biphenyls to Thyroxlne Transport Protein, 29

Med Chem 641 (1986). On page 647, the authors state,

regarding PCBs and 1zrelated compounds, .. a complex

overlay of hyper- and hypothrold effects could be produced
that may result 1n toxiclty."



Immune System Impairment

Aslde from transporting thyroxin, transthyretin (TTR)
is apparently also involved with the £function of the
thymus.? The thymus is essentlal for normal immune systen
functioning., It produces molecules called "T cells" vwhich
attack forelilgn material in the body.

PCBs are known to cause thymus atrophy and suppression
of T-cell activity.? A connectlon between Iimmunilogical

alterations and PCB Iinterference with TTR has been
suggested.?

1. Burton et al., Thymic hormone-llke restoratlion by Human
Preambulln of Azathloprine Sensitlivity of Spleen Cells from
Thmectomized Mice, 75 Proc Natl Acad Sci USA 823 (1978).

2, See the report on the immune system.

3. Brouwer and van der Berg, Blnding of a Metabolite of
3,4,3'"4"-Tetrachlorobiphenyl to Transthyretin Reduces Serum
vitamin A Transport by Inhibiting the Formation of the

Proteln Complex Carrying Both Retlnol and Thyroxin, 85
Toxlcol Appl Pharm 301 (1986).

ed oV nes

Chloracne and hyperkeratosls are symptoms of PCB
polisoning which resemble syptoms of vitamin A deficlency.?
Other symptoms common to PCB polsoning and vitamin 2a
deficlency include immunosuppression, neurologlcal
symptoms, and reproductive abnormalities.=® It has been
shown that PCBs and related compounds can reduce vitamin a
levels iIn the blood and livers of monkeys and rodents.?

One research group has shown that vitamin A depletion
in the liver is not well correlated with PCB induced enzyme
induction.* This gqgroup felt that vitamin A was being

destroyed in the 1llver by chemical reactlons which do not
involve enzymes. )

Another group's research suggests that the depletion
of vitamin A in the liver is due to interference with the
vitamin A transport system by PCBs.® Retinol binding
protein (RBP) was found to¢ be greatly reduced 1in rats
treated with 3,3'4,4'-tetrachlorobiphenyl. . This appeared
to be related to the fact that the tetrachlorobliphenyl
became attached to elther the thyroxin binding sites or the



RBP binding sites of TTR, preventling the formatlon of the
RBP-TTR complex. RBP molecules are small enough to pass
into the wurine, so the 1inability to form the RBP-TTR
complex could lead to RBP depletlion.

1. Brouwer et al., Transthryetin (Prealbumin) Binding of
PCBs, a Model £for the Mechanism of Interference with
Vitamin 2 and Thyroid Hormone Metabolism, 15 Chemosphere
1699 (1986); clting: Kimbrough, 2 Crlt Rev Toxicol 445
(1974), and Van Putten et al, page 155 Iin: Infectlons and
immunosuppression in subhuman promates, Mundsgaard,

Copenhagen (1970).

2. Hakansson et al, The Effect of 2,3,7,8-
Tetrachlorodibenzo-p-Dioxin (TCDD)} on the Distribution and
Excretion of the Endogenous Pool of Vitamin A in Rats with
Low Liver Vitamin A Stores, 15 Chemosphere 1715 (1986).

3. Brouwer et al., Transthryetin (Prealbumin) Binding of
PCBs, a Model £for the Mechanism of Interference with
vitamin 2 and Thyrold Hormone Metabolism, 15 Chemosphere
1699 (1986); citing: McConnell et al, 29 Lab Scil 666
(1979); Thunberg et al, 45 M Arch Toxlcol 273 (1980);
Innami et al, 20 J Nutr Sci Vvitaminol 363 (1974); Darjono
et al, 71 Toxicol Appl Pharmacol 184 (1983); Brouwer and
van der Berg, Toxlcol 7?Appl Pharmacol 204 (1984); and
Brouwer et al., 78 Toxicol appl Pharmacol 180 (1985}.

4., Azals and Pascal, Effects of Congeneric Polychlorinated
Biphenyls on Liver and Kidney Retinold Levels, 15
Chemosphere 1905 (1986).

5. Brouwer et al., Transthryetin (Prealbumin) Binding of
PCBs, a Model £for the Mechanism of 1Interference with
Vitamin A and Thyrold Hormone Metabolism, 15 Chemosphere

1699 (1986). '



BIOCHEMICAIL OVERVIEW

PCB and related@ compounds cause or contribute to bad
health by f£lirst interacting with the body on the molecular
level., Molecular actlvity can then lead to gross changes
such as lliver enlargement, Joint Inflammatlion, nerve
damage, or cancer. Research continues to generate
information concerning the distribution of PCBs among
varlous organs, tlssues, and cell components; on the
varying tendencles of PCB congeners to bind to protelins
involved In the regulation of the Ilmmune and endocrine
(hormone) systems; and on the addltion of oxygen or sulfur
to PCBs, transforming them into potentlally toxic compounds
known as PCE "metabolltes."®

Invaslon of Cells

Just as fat accumulates on the surface of soup, or oil
separates from water, so fat soluble chemicals in the human
body avold the water of the bloodstream. Like paints, all
natural compounds, drugs, and pollutants can be classiflied
according to whether they dissolve in water or organic
solvents. With rare exceptlons, chemlcals which are water
soluble have strong averslons to organic solvents, and
chemicals which dlssolve in organlic solvents have strong
averslons to water. Compounds which dissolve in water are
called "hydrophilic;" those which dlssolve In organic
solvents are called "hydrophoblc."

Liplds are relatlvely small hydrophoblic molecules.
They Include fats, olls, and waxes. Glycerides and
cholesterol are examples of llplds. PCBs are hydrophoblic,
so PCB molecules which enter the body quickly find their
way to fatty portions of the so called "lipo-protelns"
which circulate in the blood and transport hydrophobic
compounds across cell membranes and into the cell
cytoplasm, Into fat deposits (adipose tissue), and onto the
inside surfaces of cell membranes.

Oon the molecular level, the body functions largely
inside the indlvidual cells. There are many different
kinds of cells serving many different functions. One thing
they have 1n common is the ablility to convert nutrients
into energy. Cells have been called the body's "little
factorles.” The form and structural Integrity of cells 1s
maintained primarily by compounds called "glycerides."

Glycerldes are long molecules which, wvhile hydrophobilc
overall, are hydrophilic at one end. Glycerlides form the
membranes which enclose the fluid (cytoplasm} inside the
body's cells, and form a barrier keeping unwanted compounds
in the blood stream from entering cells and interfering
vith life processes. Proteins which extend from outside
the cell to the Inside (cytoplasm) are interspersed among
the glycerides. These protelns allow chemicals outside the
cell to communicate with chemicals Inside the cell by
attaching to either end of the proteins, or the assist

\:iy
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chemicals In entering or leaving the cell. The system
vhich transports vitamin A and thyrold hormone from the
bloodstream to the inside of cells may be involved in
transporting PCBs into cells. It 1Is known that PCBs have a

strong affinity for thyroxin binding prealbumin (TBP} in
the blood.*

The inside surface of cell membranes conslsts of the
hydrophobic chains of glycerides; steroids such as sex
hormones, vitamin A, and cholesterol; and many other
hydrophoblic compounds. Hydrophoblc compounds move easlily
around the lnner surface of the cell membrane, but rarely
cross it to enter the bloodstream or leave unasslisted to
enter the cytoplasm.

Many cell membranes have a nctwork of smaller
membranes called the "endoplasmic retlculum." Fragments of
this network constlitute much of the so called "microsomal
fraction™ of cells: the fraction of homogenized cells which
goes to the bottom of a test tube lIn a high-speed
centrifuge. Under an electron microscope, the reticulum
can be seen to be elther smooth or rough. One of the first
manifestations of PCB exposure is an increase in the amount
of (a "prollferation"™ of) the smooth endoplasmic reticulum
of the liver. This proliferation is believed to be
associated with increased production of certaln enzymes,
called "microsomal mixed functlon oxydases (MFO's}," which
reside in the endoplasmic reticulum.

Some of the 209 individual PCB congeners are very
potent Inducers of MFO's. The most toxlic PCBs are the most
powerful inducers. The ablilitlies of PCBs to Induce MFO's
is directly related to thelr abilitlies to bind to moblle
proteins In the cytoplasm called "Ah-receptor proteins."”
Ah-receptor protelins apparently transport PCBs from the
cell membrane into the cell nucleus where the Ah-receptor
protein/PCB complex stimulates the productlon of MFO's.

The Ah-receptor mobilized PCBs may do more than merely
stimulate MFO production. Evidence that they play a larger
role Includes the fact that some compounds which are less
toxic than PCBs are also potent MFO inducers.

Transformation of Liver Cells

During the days and weeks followlng exposure to PCBs,
liver cells increase Iin size and change Iin appearance. The
endoplasmic reticulum proliferates as the number of enzyme
molecules in the cell membrane increases. As 1s explained
in the report dealing with enzymes, steroid hormones, and
Vitamin A, these transformatlons cause fundamental changes



in the ways liver cells function.

Also see the reports on enzymes and metabolites



LUNG DISEASE

PCBs* and PCB metabolites® accumulate in the lungs of
mice, and presumably alsoc In the lungs of hunans. They
have been found in the sputem of exposure victims.

Capacitor manufacturing workers were shown to suffer
from reduced vital capaclty to a degree comparable to that
of asbestos insulatlion workers,? and Yusho victims were
plagued wlth 'chronic lung infections. Autopsies of the
victims showed a distinct pattern of pathological changer‘

1. Brandt, Tissue Locallization of Polychlorinated
Biphenyls Chemical Structure Related to Pattern of
Distribution, 40 Bacta Pharmacol Toxicol (Suppl 2) 62

(1877).

2. Jansson, Transformalton of Some Organochlorine Compunds
in the Environment Studled by Gas Chromatography and Mass
Spectrometry, Report from the National Swedish Environment
Proteciton Board, Speclial Analytical Laboratory, Wallenberg
Laboratory, Universlty of Stockholm (13878).

3. Wwarshaw et al., Decrease in Vvital Capaclty In PCB-
exposed Workers 1n a Capaclitor Manufacturing Facility, 320
Ann NY Acad Sci 277 (1979)

4. shigematsu et al., Respliratory Involvement 1in Poly-
chlorinated Biphenyls Polsoning, 16 Environ Res 92 (1978)

€p)



SKIN DISEASE

Skin reactlons are characteristic symptoms of exposure
to PCBa and related compoundsa. Even Industry spokesmen and
apologlsts concede the existence of "reversible" skin
conditicons.?

These conditlons range from the temporary rashes
reported by at least one person involved in cleaning up the
aftermath of the 1981 Binghamton, New York, offlce building
fire, to the horrible chloracne which broke out among the
victims of Yusho and Yu-cheng.

Dermal reactions have also been reported by experi-
mental research teams. Rabbit ears develop leslons® from
exposure as do hairless mice.? Some experimenters have
polsoned monkeys and photographed their faces.+*

Malignant melanomas were reported in a letter to the
New England Journal of Medicine dated August 19, 1976, and
signed by six researchers affiliated with the University of
Pennsylvanla. among 31 heavily exposed workers, two
malignant melanomas appeared. There is only 1 chance in 25
that a single malignant melanoma would be found 1n a group
that size. The same letter indicates that among another
group of 41 less exposed workers, one malignant melanoma
was dlagnosed. The authors suggest that there may be
connection between thls rare form of cancer and other skin
problems known to be caused by PCBE,s. If PCBs were
involved in thls outbreak of cancer, they probably acted in
combination with another or other chemicals.

By 1984, there were three confirmed cases of malignant
melanoma among a group of 50 people who were belng
monitored after the 1981 Binghamton, New York, office
bullding £fire. This group of 50 Joined a voluntary
monitoring program because they believed they had been
exposed to PCBs and PCB combustion products.

1. The Following 1s £rom the American Councll of Health
and Sclence pamphlet titled, "PCBs: Is the cure worth the
cost?":

The most extenslve occupational studies of long-term

exposure to PCBs involve electrical equipment werkers.

Aslde from occasional skiln lrritations that disappeared

quickly, no significant adverse health effects have
been

reported among workers in the electrical industry

(page 13).

2. Vos and Beens, Dermal Toxicity Studies of Technical
Polychlorinated Biphenyls and Fractions Thereof in Rabbits,
19 Toxic Appl Phamacol 617 (1971).

3. Puhvel et al., Halrless Mice as Models for Chloracne,
64 Toxic Appl Pharmacol 492 (1982).

4. (a) Allen et al., Residual Effects of Short-term, Low-



Level Exposure on Nonhuman Primates to Polychlorinated
Biphenyls, 30 Toxicocl Aappl Pharmacol 440, (1974); (b)
Altman et al, A Spontaneous Outbreak of Polychlorinated
Biphenyl (PCB) Toxicity in Rhesus Monkeys (Macaca Mulatta):
Toxicopathology, 29 Lab Anim Sci 661 (1979); and concerning
the experimental polsonlng of fetal and 1Infant monkeys:
(c) Allen et al., Comparative Toxlicology of Chlorinated
Compounds on Mammalian Specles, 7 Pharmacol Ther 513
(1979); and (d) Allen and Barsottl, The Effects of
Transplacental and Mammary Movement of PCBs on Infant
Rhesus Monkeys, 6 Toxlicology 331 (1976).



EYE PROBLEMS

Hypersecretion of the Meibomian glands, swelling of
the upper eyelids, and hyperpigmentation of the
conjunctivae were prevalent among Yusho and Yu-cheng
victims. Burning of the eyes has been reported by factory
workers and emergency response personnel i1nvolved in PCB
fires; and about 10% of the workers iIn two capacitor
manufacturing facilities exhibited Yusho-like eye
conditions when they were examined.

Blurred vision, "weak'™ vision, and spots before the
eyes are associated with exposure to PCBs and related
products. Sensitivity to light is also commonly reported.



REPRODUCT I VE EFFECTS

Adverse reproductive effects of PCB exposure can form
the basis of various kinds of litigation, including
personal Injury claims, demands for remedial clean-up to

prevent loss of wildlife, and claims for damage to
livestockl

PCBs diminish the abilities of experimental and
domesticated animals to reproduce;3 adversely affect
prenatal nervous system development in mice,3 rats,4
monkeys,® and possibly man,* and are known to cause
deformities in mice*7 and pigs.® PCBs diminish
reproductive capability iIn ways which are not thoroughly
understood, but 11t 1i1s known that they decrease sperm
production in mice,* monkeys,10 and possibly man;11 and
interact with Tfemale sex hormones iIn animalsl2 and
humans .13

PCBs are known to «cross the placenta, thereby
contaminating children from the earliest stages of their
development.14 PCBs are also transferred to children
through their mothers milk.16



1. $1.02 milllion was awarded to a mink breeder because PCB
contaminated f£lsh meal destroyed his stock; see: Bethlehem
Mink Farm, Inc v. South Shore Packers, Inc., et al., Clv
No.72-148 (D. N.H. Nov. 13. 1974). For a dlscussion of
the adverse reproductlve effects of PCBs on domestic
animals, see Kaomar et al., 30 Vet Med 323 (1985); and for
@ dlscusslon of the effects on mink, see: Bleavins et al.,
Polychlorinated Biphenyls (Aroclors 1016 and@ 1242): Effect
on Survival and Reproduction In Mink and Ferrets, 9 Arch
BEnviron Contam Toxicol 627 (1980). Effects on swine are
reported 1n: Hansen et al., Effect of Polychlorinated
Biphenyl Mixture on Swine Reproduction and Tissue Residue,
36 Am J Vet Res 23 (1975).

2. An review of the extensive literature linking PCBs with
decreased reproductive abllity appears 1in: Fuller and
Hobson, Effect of PCBs on Reproduction in Mamals, page 101,
in: waid (ed), PCBs and the Environment (1987).

3. Chow et al., Neuropathology o¢f "spinning syndrome"
induced by prenatal intoxlcation with a PCB in mlce, 31 ann
NY Acad Sci 373 (1979).

4, Shiota, Postnatal Behavioral Effects of Prenatal
Treatment with PCBs (Polychlorinated Biphenyls) ln rats, 53
Okajamas Fol Anat Jpn 105 (1978).

5. Bowman et al, Correlatlon of PCB Body Burden With
Behavioral Toxicology in Monkeys, 9 Pharmacol Blochem Behav
49 (1978); also; Bowman and Helronimus, Hypeoactivity in
Adolescent Monkeys Perinatally Exposed to PCBs and
Hyperactive as Juveniles, 3 Neurobehav Toxicol Teratol 15
(1881).

6. Jacobson et al., The Effect of Intrauterine PCB
Exposure on Visual Recognitlon Memory, 56 Child Dev 853
(1985).

7. Watanaba and Sugahara, Experimental Formation of Cleft
Palate in Mlce wlth Polychlorinated Biphenyls (PCB), 19
Toxicology 49 (1981).

8. Earl et al., The Reproductlive Effects of PCB 1254 1in
Beagle Dogs and Minlature Swine, 29 Toxicol Appl Pharmacol
104 (1979).

9. Sanders et al, Polychlorinated Biphenyls and
Nutritional Restrictlon: Thelr Effects and Interactions on
Endocrine and Reproductive Characteristics of Male White



Mice, 40 Toxicol Appl Pharmacol 91 (1977).

10. Allen et al., Reproductive Effects of Halogenated
Aromatic Hydrocarbons ln Nonhuman Primates, 230 Ann NY Acad
Sci 419 (1979).

11. Dougherty et al., Sperm Density and Toxic Substances: a
Potential Key to Environmental Health Hazards, page 263 in:
McKinney (ed), Environmental Health Chemistry, Ann Arbor
Press (1981). Dougherty states: "Multiple linear
regression was used In an attempt to correlate the presence
of specific toxlc substances uncovered in the NCI screening
with sperm densities. PCB unlformly gave negatlive slope
correlatlions with sperm densities.”

12. Gellart, Uterotropic Activity of Polychlorlinated
Biphenyls (PCB) and Induction of Precocious Reproductlve

Aging in Neonatally Treated Female Rats, 16 Environ Res 123
(1978).

13. EBuman effects were observed in the aftermath of the
Yusho disaster. Effects included eratic menstral cycles
and possibly other manifestations as reported in: Yamashita
and Hayashi, Fetal PCB Sydrome: Clinical Features,
Intrauterine Growth Retardation and Possible Alteration in
Calcium Metabolism (1985}, referring to Kusuda, Yusho and
Females, 38 Sanko to Fujinka 1063 (1971).

14. Yamashita and Hayashi, Fetal PCB Syndrome: Clinical
Features, 1Intruterine Growth Retardation and Possible
Alteration in Calclum Metabolism, 538 Environ Health Perspec
41 (1985). See also: Allen and Barsotti, The Effects of
Transplacental and Mammary Movement of PCBs on Infant
Rhesus Monkeys, 6 Toxicology 331 (1876); also: Curley et
al., Polychlorinated Biphenyls: Evidence of Transplacental

Passage in the Sherman Rat, 11 Food Cosmet Toxlicol 471
(1973).

15. Vodicnik and Lech, The Transfer of 2,4,5,2',3',4'-
hexachlorobiphenyl to fetuses and nursing offspring, 54
Toxicol Appl Pharmacol 293 (1980). Human milk has been
extinsively studied and found to contain pesticide and PCB
residues; see, for example: Musial et al., Presence of PCB,
DDE, and DDT in Human Millk in the Provinces of New

Brunswick and Nova Scotia, Canada, 12 Bull Environ Contam
Toxicol 258 (1974).

Notes: I. PCBs cross the placenta. I. Allen and Barsottl,
The Effects of Transplacental and Mannary Movement of PCBs
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on Infant Rhesus Monkeys, 6 Toxlcology 331 (1976); also,
Polychlorinated Biphenyls: ©Evidence of Transplacental
Passage in the Sherman Rat, 11 Food Cosmet Toxicol 471
(1987).

Plrect evidence that PCBs and 1related compounds
adversely affect human xeproduction +4is documented 1in
descriptions of the Ycola-colored" offspring of Yusho
victims.®* Behavioral abnormalitles were observed among the
children of women exposed to PCBs and other contaminants
through consumptlion of fish from the Great Lakes. It wvas
suggested that these abnormalities were delayed central
nervous system effects caused by PCBs.® The hypothesls that
the PCBs in the fish are a significant toxlic component is
supported by a study showlng that PCBs play a significant
role in inducing cytochrome P-450 in young trout.?

Experimental evidence overwhelmingly shows that PCB
exposure causes adverse reproductive effects,* although one
recent study lndicates that PCB exposure reduces the number
of terata observed In cyclophosphamide exposed mice. PCBs
have been shown to affect sex hormone metabolism 1in
animals® and disrupt the menstrual cycles of women,

There has been at least one court case involving the
adverse reproductlive effects of PCB exposure. Bethlehem
Mink Farm recovered a little over one milllon dollars after
PCBs caused the mink to stop reproducing.*

1. Higuchl (ed), PCB Polsoning and Pollution, Academlc
Press, pages 19 and 20 (1876).

2, Jacobson et al., The effect of intrauterlne PCB

exposure on visual recognition memory, 56 Child Dev 853
(1985).

3. Xenoblotlics 1In gametes of Lake Mlichigan 1lake trout
(Salvelinus namaycush) induce hepatic monooxygenase
activity in thelr offspring, 4 Fundam Appl Toxicol 1042
(1984).

4, Letz, Toxlcity of PCBs, An Overview with Emphasls on
Human Health and Occupational Exposure, prepared by the
Californla Department of Human Health Services: page 15:
"Adverse reproductive effects of PCBs have been noted in
many mammalian and avian specles. The pattern of
reproductive effects Include alterations In estrus cycles,
fallure of lmplantation, increased frequency of spontaneous
abortions, low blrth welght offspring, and decreased post-
natal survival." page 16€: "No speclflc teratogenic effects
of PCBs have been observed in a varliety of avian species."
page 17: “PCBs show significant effects on reproductive
competence 1n a variety of species. These effects Increase



in 1I1ntensity with Increasing dosage and decrease with
increasing chlorination of the PCB isomers. PCBs do not
appear to be mammalian teratogens. A reasonable
explanation for most of the reproductive effects of PCBs
could be based on thelr estrogenic activity." Also:
Barsottl et al., Reproductive dysfunction in rhesus monkeys
exposed to low levels of polychlorinated biphenyls, 14 Food
Cosmet Toxlicol 99 (1976); Kihlstrom, J.E. et al., Sexual
function of mice neonatally exposed to DDT or PCB, 5
Environ Phys Blochem 54 (1975); and Linder, R. et al., The

effect of PCBs on rat reproductlon. 12 Food Comet Toxicol
63.

5. Kalemlar et al., [Dynamics of exogenous progesterone in
the blood of plgs stressed with 'polychlorobiphenylsi, 30
vet Med 323 (1985); also, Bltman and Cecll, 18 J Agri Food
Chem 1108, (1970).

6. Bethlehem Mink Farm, Inc v. South Shore Packers, Inc.,
et al., Civ No.72-148 (D. N.H. Nov. 13. 1974) £1.02
milllon Jjury verdict. For a discussion of the adverse
reproductive effects of PCBs on domestic animals, see
Kaomar et al., 30 Vet Med 323 (1985).
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DIAGNOSIS AND SURVEILLANCE

Thls report deals with two separate, but overlappling
1ssues: medical examinatlion (including laboratory tests) of
possible victims of past exposure, £or the purpose of
assessing any damage done, and medical survelllance of
recently exposed persons for the purpose of monitoring
thelr progress. The schedule of examinations and tests,
along with the methods to be used, 1s often called a
"medlcal protocol®™, and we willl adopt that usage here.

Need For a Testing Protocol

Both sides In any current or likely 1lltigation will
wvant to make sure that pertinent medical information 1is
gathered at an early stage. Persons who have suffered
recent acclidental exposure can probably obtain funds from
the potentlally llable partles to pay for extensive nmedical
survelllance. Refusal to pay would cast the potentially
liable parties in a bad 1light, and leave open the
possibllity that they would end up paylng for alleged
damage that had not actually occurred. It would also mean
that they would have no say about how and where the
survelllance would be conducted.

Medical protocols for persons who suffered past
exposure are essentlally the same as those for recent
victims, but they differ In two Iimportant ways; namely,
those who have suffered recent exposure should be examined
as soon as possible to establlish a basellne profile agalinst
vhich any changes can be compared, and those who have
suffered recent exposure need frequent follow up
examinations to document possible consequences of and
recovery f£rom exposure.

Devising a Laboratory Protocol

Attorneys responslble for approving medical protocols
will want to make sure the physiclan 1in charge is a PCB
expert, or else they will want to insist that every test
mentioned in the following sections be performed.
Retalning a PCB expert 1s 1deal because portlons of this
report can rapldly become obsolete. Protocols developed by
experts can be tallored to specific clrcumstances such as
the recentness severlity of the suspected exposure, and the
presence of speclfic suspected synergists.

Laboratory Tests
Laboratory tests should 1nc1ude:-
LIVER FINE-STRUCTURE
1. electron mlcroscopic examination of a liver blopsy

specimen
COMMENT: Proliferation of the endoplasmic reticulum

(36)
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was reported in autopsies on Yusho victims. It was observed
more recently among persons exposed to smoke and soot from the
Binghamton offlce bullding £ire. Even in the absence of gross
or mlcroscoplc morphologlical changes, electron microscopic
examination can reveal pronounced changes in the ultra-fine
structure of the liver; particularly, prolliferation of the
endoplasmic retlculum, a condition which has been attributed
to elevated enzyme activity.

LIVER FUCTION - PORPHYRIA

2. porphyrin balance and levels
COMMENT: The purpose 1s to detect the possible presence of
chemically induced hepatic porphyrla. This condition would
indicate extreme exposure to PCBs, or else exposure to other
chemicals.

LIVER FUNCTION ~ ENZYMES

3. urinary 6-b-hydroxycortisol
4. urinaxry glucaric acia
5. aminoantipyrene half-life
6. Aryl hydrocarbon hydroxylase (AHH) and cytochromes P-448

and P450 should be measured dlrectly 1f that is possible.

(Urinary d-glucyrlc acld, urinary 6-b-hydroxycortisol,

and aminopyrene half-life are 1Indlrect measures.)
7. serun alkaline phosphatase
8. serum pseudocholenesterase
9. serum alanine aminotransferase (ALT)
10. serum aspartrate aminotransferase (AST)
11. serum gamma-glutamyltranspeptidase (GGT)
12. serum ornithlncarbamoyl transferase {OCT)
13, glutamlc oxalacetic transaminase (SGQT)
14. other

URINALYSIS
15, complete routine morning urinalyslis
16. glucaric acid (also listed above)
BLOOD TESTS

17. plasma triglyceride
18. serum triglycerldes
19, serum total cholesterol
20. sexrum high-density lipoprotein-cholesterol

21. serum very high density lipoprotein-cholestercl
COMMENT: Numerous studles have linked increases in 17, 18 and
19. and decreases in 20 and 21 to PCB exposure. These changes
possibly indicate alteratlions in 1lipid metabolism which are
indicatlive of gserious underlying pathology and increased risk



of cardio-vascular disease.

22. serum albimum
23. osmolality
24, sperm analysis
25, peripheral lynphocyte chromosome studies-
26. serum bilirubin {total and - indirect)
27. serum proteiln electrphoretic fractions
28. hemoglobin and packed cell volume
29. hematocrit
30. red cell count
IMMUNE SYSTEM
31. serum globulin
Immunoglobulin A
Immuncoglobulin B
Immunoglobulin c
32. lymphocyte ‘ count
33. leucocyte count
34. Total T cell count
35. T helper count
36 T cell suppressor count

37. All other tests and measurements which would be performed
in any thorough examinatlion.

ATTEMPTED DOCUMENTATION OF EXPOSURE

38. GC/MS analysis of blood and liver and adlpose tlssue
biopsy specimens
The best faclllity avallable should contract to
a) RQuantify each specliflc PCB congener (testing for total.
levels would be of minimal value.)
b} Quantify each PCDF congener.
c) Quantify each PCDD congener.
d) Attempt to quantify each chlorinated naphthalene congener.
e) Attempt to quantlfy each chlorinated biphenylene congener.
£) attempt to quantlfy each chlorinated chrysene congener.
g) Attempt to quantify all other chlorinated organic compounds

Item 38 is cruclal. The analytical laboratory must be first
rate. Analytical standards von't be avallable for many of the
compounds determined, but educated estimates and rav data must
be provlded. The analysts must be alert to the presence of
oxygen and phosphorous-contalning metabolites.

Skin Examination

Patients who have been exposed to PCBs and related
compounds should be examined foxr chloracne, erythema, and
general appearance of the skin. Those who have been recently
exposed to 1large amounts of PCBs and/or PCB combustion



byproducts would not be expected to develop disorders during
the inlitial days and weeks after exposure, but documentation
of the condition of the skin before the possible onset of
symptoms is very important.

Chloracne occurs most frequently on the face, neck,
shoulders, chest, and back. Color photographs of the these
areas taken before changes occur can become very valuable.
Photography of the entlire body 1is recommended. Close-up
photography of the face will document swelling of the eyelids
and pigmentation around the nose and lips should these Yusho-
like symptoms occur., Karatotic plagues of the palms and soles
vere observed In about one-thlrd of the Yu-Cheng victims.

Any acne which develops after exposure can be dlagnosed
as "chloracne", but many physiclans regqulire a certaln degree
of severlty before they call it that. Some even insist on
conflrming hyperkeratosis and atrophy of the sebaceous glands
by microscopic examination of lesion tissue. There is no
general agreement on what 1Is encompassed by the woxd
"chloracne".

Itching, skin irritation, cysts, or bolls may also be
caused by exposure to PCBs and related compounds.



4:45. -- Eye Examination

"Cheese-1ike" discharges from the eyes and
conjunctivitis were common among the Yusho victims. Exposed
workers often complained of burning eyes, but that might have
been primarily toplcal {irritatlon. Other eye problems
encounterd among persons with histories of PCB exposure are
blurred vislon and sensitlvity to light. It is not known if
this is related to porphyria.



4:46. -~ Lung Examinatlon

Serlal pulmonary function tests are recommended once
every two years. Wheezing or sligns of edema should be noted
followlng heavy exposure. Decreased vital capacity and
pulmonary secretions have been Implicated as symptoms of PCB

toxlcosis. Initial chest X-ray would help establish a
baseline.
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4:47. -- Heart Examlnatlon

Studies of the general population have demonstrated a
correlation between PCB 1levels and hypertension. Other
studies have 1linked PCBs and elevated 1levels of serum
triglycerides and cholesterol so monitoring of the major blood
vessels is Indicated. Fibrosis and cell death were observed
in the heart of a dead Yusho victim.
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4:;48. -- Nerve ExXamlinatlon

Nerve conduction veloclty can be signlficantly slowed
by exposure to PCBs and its byproducts, The latency period
for this effect 1s not known, so a determination immedlately
after accidental exposure Is indicated. Numbness, tingling,
insomnia, headache, fatique, impotence, irritabllity, anxiety,
and parancia may all result from exposure to PCB related
compounds. Even in the absence of physical trauma, fear of
cancer and other diseases and suicidal impulses can result
from percelved exposure to toxic substances.

The examinations for perlferal neuropathy and central
nervous system damage might be the most impoortant aspects of
the protocol. It would be wise to consult with an expert in
this area.



4:49. -- Llver Examinatlon

In cases of sudden, masslive exposure, especlally where
PCBs have been burned, an 1immedlate needle blopsy for
ultrastructural examination by electron microscopy 1is
indicated. Months, or even years later, another blopsy 1s
liable to reveal dramatlc changes in the fine structure, even
in the absence of gross or microscoplc changes. The specimen
should be handled carefully and stored In speclially cleaned
glass for future analysis by GC/MS; detectable quantities of
PCBs and related compounds can be found even ln a sample that
small.

It is still not common %to examine 1liver blopsy
specimens when past, long term exposure is the issue, but that
Is 1likely to change. Evidence of past masslive exposure
remained in the livers of Yusho victims years after PCB levels
in their bodies had returned nearly to normal. Autopsies
revealed the evidence in the ulta-fine structure and the
levels of some extraordinarily tenacious PCDF congeners.
Persons with histories of occupational exposure to PCBs also
suffered exposure to PCDFs, the amount depending on the type
of Jjob they had. Serious thought should be glven to the
feasibiltiy of determining PCB and PCDF 1levels in biopsy
specimens. It i1s only a matter of time before someone tests
the liver of a deceased electrical equipment production or
salvage worker. After that, a better assessment of the
usefulness of subjecting previously exposed persons to the
bilopsy precedure can be made.

The examining physlclan should check for the presence
of tenderness or enlargement of the liver. Examinatlon should
include CaT scans.



4:50, ~-- Genltal Examination

Deformation of the penis?* and atrophy of the testicles
could result from exposure. Women are advised to schedule
regular pelvic examinations and Pap smears after exposure to
carclnogens such as PCBs and PCDFs.

10



1. Thls informatlon, along with other unique 1items of
interest, 1s reportedly contalned in the deposition of B.
Carnow and R.G. Loew, taken between betwveen November 1981 and
April 1982 for the Clrcuit Court, Third Judicial Clircuilt of
Illlnolis, Madlson County; ‘No. 79-L-810.

11



4:51. - Miscellaneous Examinations
Gums Presence or absence of discoloration should be noted.

Nalls Presence or absence of dliscoloratlion, hardness,
brittleness, or deformatlon should be noted.

Stomach X-ray using contrast medium might be useful.

Spleen The spleens of experlimental animals are harmed by PCB
exposure. CAT scans are indicated.

Kidneys Persons recently exposed to fumes from burning PCBs
should be checked for tenderness, since renal infections and
hemorrhage have occured after dlioxin exposure.

Temperature Fever dlrectly after exposure and long term
changes in baseline temperature are possible.

Feet Stiffening and peeling of the soles have been £frequently
reported among persons exposed to PCBs. Thickenlng,
hardening, and deformation of the toenalls are also possible
conseguences of exposure.

Halr folllcles Distinctive hair folllcles were noted among
approximately half of the Yusho and Yu-Ching victims.

Hands Hardening of the palms, discoloration neax the joints,
and discoloraton near the cuticles all appear to be related to
PCB exXposure.

Joints Joint paln, sometinmes diagnosed as bursitis, 1s liable
to develop In persons exposed to PCBs and related compounds.

Other The examination should be quite thoxough. Not enocugh
is known about the effects of PCBs to rule out any outcome of
exposure. Some symptoms not ‘listed above which are often

reported by exposure victims are:
1. sweatling for no apparent reason
2. Dback paln
3. decreased nexrve conduction velocity
4. Increased sensitivity to the smell of chemicals
5. tumors

6. onset of allergies
7. weakenling of grip
8. swollen fingers
9. shooting pains in the knees and elbowvs.

12



4:52, -— Medical Questionajrre

A)
B)
C)

D)
D)

The physiclian in charge should supervise the recording of:

Each subject's complete medical history. This 1includes
review of exlsting medical records and, wherever it might
help, consultation with the subject's personal physician.
Famlly hlstory of cancer, allergy, heart dlsease, etc.
History of medicatlon, alcohol consumption, smoking, and
all exposure to chemicals at work or elsewvhere.
Menstrual frequence, duration, and amount of discharge.
All subjectlive symptoms including but not limited to
1. 1itching skin
2, loss of grip
3. blurred vislion
4. spots before eyes
5. senslitivity to light
(3 dizziness
7 disorientatlon
8 personality change
9. Irritabllity
10. agriphobla
11. claustrophoblia
12. nervousness
13. fatlgue
14. memory loss,
15. loss of 1libido
16, swveating without apparent cause
17. hot and cold flashes
18. tingling or numbness in the extremities.
19. nightmares
20. sleeping paralysis
21. hearing loss
22. pain in bones
23. paln in Joints
a} including sore knuckles
b) including shootling pain in elbows
¢) Including shooting paln in knees
24. palin in abdomen
25. paln in back
26. skin irritation
27. eye Irritation
28, nose irritation
29. nausea
30. iIncreased ablility to smell xenoblotic chemicals
31. tendency to drop things
32. digestive problems
33. colon problems

13



OCCUPATIONAL EXPOSURE TO PCB=

Introduction

Commercial PCB productlion began in the Unlted states in
1929 and ended 1in 1977. Approximately 1.3 billion pounds
were produced. Little of this was so0ld directly ¢to
consumers; nearly all went to the work place. Tens of
thousands of workers were exposed. ’

Commercial PCB productlion was inltlated by the Swvann
Chemical Company 4in 1929. The Monsanto Chemical Company
purchased Swvann in 1935, and domlnated the domestlic market
until productlion ceased in 1877. Monsanto manufactured
approximately 1.3 blllion pounds of PCBs.

It 13 reported that after 1971, the year Monsanto
severely restrlcted PCB sales, a now defunct Houston, Texas
firm called Geneva Industxlies, produced approximately 1
million pounds of PCB based heat transfer £fluld.ZAnother
million pounds were imported iInto the United States. PCBs
continued to be avallable on the open market £from
importers, reprocessors, and others until the Toxlic
Substances Control Act of 1976 made PCB sales 1lllegal.
According to Information provided to the U.S. EPA in 1975
by Monsanto, a firm called Pyramid Chemical Sales Company
of Fort Wwashington, Pennsylvania, was currently selling
Aroclor 1221, Aaroclor 1232, and Arocloxr ©5460. It is
unclear whethex these materials were authentic Monsanto
products. If they were unused Aroclors, they must have
been warehoused before Monsanto restrlcted sales, or else
dlverted to the open market by Monsanto's ostensibly
electrical Industry customers.

Prior to 1972, the major uses of PCBs in the U.s.,
listed 1n descending order, were: capacltor f£flulds,
plasticizers, transformer £flulds, hydraulic £luids and
lubricants, and heat transfer flulds. In 1972, Monsanto,
the sole domestic manufacturer of PCBs, restricted sales to
customers using PCBs in "closed" electrical applicatlions.
This effectlvely 1limlted sales to companles which
manufactured capaclitors and transformers, although it diad
not restrict thelr use of the product once they bought it.
Monsanto stopped producing PCBs in late 1977.7

burlng the 1930's and 1940's, many capaclitors and
transformers were f£illed with "halowax", a product composed
0f chlorinated naphthalenes blended with larxger amounts of
PCBs.* Outbreaks of occupatlional disease from exposure to
these products Iin described 1In Chapter 1IV. Death from
yellow atrophy of the 1liver was one consequence of
exposure,® The eliminatlon of chlorinated naphthalenes
from most electrical equipment appllications may have
resulted in fewer cases of a sometimes disfiguring disease
called chloracne, and 1n fewer reported cases of rapid



liver degeneration.

1. Bourne, Polychlorlinated Biphenyls (PCBs): An Environmental
Health Hazard, Congresslonal Research Service, Library of
Congress, page 1 (1976).

2. Brinkman and De Kok, Production, Propertlies, and Uses,
page 3. In: Halogenated Blphenyls, Terphenyls, Naphthalenes,
Dibenzodloxins and Related Products (1980).

3. Macleod, Polychlorinated Biphenyls in Indoor Ailr, 15
Environ Sci Technol 926 (1981).

4, Brinkman and De Kok, Productlon, Propertles, and Uses,
page 23. In: Halogenated Biphenyls, Terphenyls, Naphthalenes,
Dibenzodloxins and Related Products (1980).

5. Kimbrough, Halogenated Biphenyls, Terphenyls, Naphthalenes,
Dlbenzodloxins and Related Products, page 385 (1980).



The Production of PCEHs

Monsanto 1Is the only B&american firm known to have
produced PCBs In amounts over 1 million pounds per year.
Production occurred at two major plants, one 1in Anniston,
Alabama and one in Sauget, Illinois.? These facllities
stopped producing PCBs in 1971 and 1977 respectively.

To manufacture PCBs, biphenyl was heated slightly past
Its melting polnt (lxx degrees Centigrade) while chlorine
gas was Introduced for periods o¢f time varying between 12
and 36 hours. The 1longer chlorination times resulted in
mixtures with hlgher chlorline contents. Small amounts of
ferric chloride were added@ to the reactlion mixture ¢to
promote the reaction. Hydrogen chlorlde gas (HCl} was the
major reaction byproduct.

After chlorination, the crude mixture was held at
elevated temperature while alr was blown over it for
several hours. The ferric chloride and any hydrogen
chloride which still remained were destroyed by the
addition of a small amount of alkall to the reaction
mixture. Most PCB products, Iincluding Aroclor 1242 and
Aroclor 1254, wvere then distilled at reduced pressure.

Workers could have been exposed to PCBs primarily
through respiration and skin absorption. An outbreak of
chloracne among PCB productlon workers was reported in
1336,2 but little subsequent information has surfaced. Aan
unpublished Monsanto study of the Sauget facility shows
above average occurrences of many categorlies of dlsease
among the 86 PCB production workers studied.



1. Monsanto Company
Box 249
Anniston, Alabama 36201

Monsanto Company
Route 3
Sauget, Illinols 62201

Monsanto's primary mailing address is:

Monsanto Industrial Chemlcals Co.
800 N. Llndbergh Boulevard
St. Louls, Mlssourl 63155

2. Jones and Allen, An Acneform Dermatergosls, 33 Arch
Dermat & Syph 1022 (1938},

For a detalled account of the environmental impact of PCB
production, see: Versar, Inc., PCBs in the United States

Industrial Use and Environmental Distribution, EPA 560/6-
76-005, (1976).



The Electrical Industry

PCBs have been used primarlly by the electrical
equipment manufacturing Industry. Such equipment consists
primarlly of capacltors and transformers, items which willl
be dliscussed 1n greatexr detall shortly. They range in size
from electrical substatlon transformers welghlng many tons,
down to small clrculit board components, although the
smaller items are not commonly referred to as "equipment."
The metal boxes and cans commonly sSeen on power
transmiasslon line poles are capacltors and transformers.

Monsanto developed markets for PCBs outslde the
electrical equlipment manufacturing industry, especlally
durlng the late 1950's and 60's. Sales volume for these
other applications approached that of the electrlcal
industry in 1970; but these appllcations were abruptly
curtalled in 1972 after Monsanto's restrlicted sales to
firms involved 1n so called "closed applications". Between
that time and the termination of PCB production in 1979,
sales vere essentlally restricted .to the electrical
equipnent manufacturing 1industry. Only a small amount of
PCBs were lImported for other uses.

The electrical power transmission industry is unigue
in that it still uses large quantitles of PCB's.
Regulatlions banning PCBs from most uses do not apply to
certaln categorles of electrical equipment currently in use
or in storage, particularly when such equipment is not
being used near food or feed, or near commercial buildings.



The Capacltor Manufacturing Industry

Capacltors improve the efficlency of - power
distribution through Interstate grids, as well as the
efficlencles of fluorescent lights, alr conditloners, and
most other electrically powvered equipnent. Aside from
heaters, almost anything which regulres electriclty runs
more economically vhen an approprlate capacitor 1s placed
between it and its power source.

More PCBs have been used to manufacture capacltors
than for any other use. Over 20 million pounds of PCBs
were used for thls purpose each year during the late 1960s.
In 1976, there were 17 companles in the Unlited States which
manufactured PCB contalning capaclitors at 19 plants (see
table 3-1).2

Typlcally, PCBs arrived at the factorles via tank car
or tank truck, where they were transferred to large storage
tanks. They were then purified by f£filtration through
Fuller's earth, and stored prlor to being introduced into
capaclitors.

Two major components of PCB capacltors are a metal can
and a roll of paper or polypropylene film (in some cases,
both} and aluminum foll. The paper or film is covered with
the metal foll prior to rolling, so the £lnal product has
alternating layers of paper or £ilm and foll. The paper or
£f11m and foll are wound a sufficlent number of times to
produce a roll which £111s most of the capaclitor can. The
amount of PCBs used 1n capacltors ranges from less than a

~pound to 77 pounds. Fluorescent 1light ballasts and air’

condltioner capacltors typlcally contaln about 1 pound of
PCBs; the most common power 1line capaclitors contain 3¢
pounds.

1. PCE requlations are in 40 CFR Part 761. The most
recent regulatlions pertaining to electrical eguipment were
promulgated in Fed Reg, 17 July 1985,



Capacitor Manufacturing Operation

Capacitor cans are fabricated from sheet metal either

on site or elsewhere. The Iinternal

foll 1rolls are

assembled, placed 1inside the pre-cleaned cans, and the

approprlate electrical connectlons are made.

are performed prior to £111ing with PCBs,.

Both the 1liquid PCBs and the ass

Leak tests

embled, unfilled

capaclitors are thoroughly drled to prevent even minute

traces of water from belng enclosed 1lnslde.

To accomplish

this, the PCBs are fliltered through Fuller's earth and the

unfilled capacltors are heated 1Inside
After drying, the vacuum is released and
to flood the chamber.
£111 through speclial valves or oriflices.
length of time, the capacitors are remo
tested. Those whlch pass the test arx
distribution. ‘

PCB exposure 1lnslde capacitor manufac
have been greatest in areas where capaci
with PCBs. The heat used to dry unf
vaporlzed PCBs which wvere present f£fro

operations, leading to exposure through the alr.

explosions In testlng areas also led to a
exposure,
manufacturlng plants, and all workers
average exposure.

vacuum chambers.

PCBs are allowed

The capacltors, submerged in PCBs,

After a sultable
ved, washed, and
e processed for

turing plants may
tors were £llled
lled capacitors

previous f£ill
Capacitor
ertaln amount of

To some extent, PCBs permeated |[entlire capacitor

recelved above

Other exposures 1in capacltor manufacturing plants

Involved electroplating and de-greasing
de-greasing often involved cleaning with t
There 1is evidence that exposure to

susceptibility to the ill effects of TCE.

perations. The
ichloroethylene.
PCBs lIncreases




The Transformer Manufacturing Industry

Transformers consist of copper coils inside of a metal
casing which 1is usually flooded with an oily fluid. Most
transformer TfTluid consists of mineral oil, but between 5
and 10 percent contain PCBs mixed with 30 to 40 percent
chlorobenzenes.

The large boxes in electrical substations are
transformers, as are cans on utility poles and controls for
toy electric trains. Most PCB transformers contain between
350 and 15,000 pounds of the fluid, about 2500 gallons
being average .

Transformers are used to regulate voltages and to
change alternating current supplied by utilities companies
to direct current for use 1iIn electric motors. Some are
used to reduce the high voltage in power distribution lines
to more usable levels, such as the familiar 110 and 220
Volts used iIn the home and iIn Qlight industry. Others
raise voltages for specific applications. Some, called
reactors, do not normally change voltages at all; but
during power surges they reduce voltages 1In order to
maintain the normal level.

Pure PCBs were seldom used to Till transformers. The
usual industry practice was to use mixtures containing 60
to 70 percent PCBs and 30 to 40 percent chlorobenzenes.

The chlorobenzens were usually trichlorobenzene. These
mixtures were called "askarels." 'Askarel™ 1is also used as
a generic term meaning PCBs, or flame resistant transformer
fluid. For the purposed of this monograph, we will
restrict the use of "askarel™ to mean PCBs mixed with
chlorobenzenes. Askarels were blended and distributed by
Monsanto.

Transformers last for over thirty years. Current

regulations require the replacement or conversion of only a
small percentage of those which contain askarels; primarily
those involved iIn food or feed production, near commercial
buildings, and on railroad Jlocomotives and cars. 5
percent of the transformers 1In service contain askarels;
most others contain mineral oil.

Askarels in transformers provide insulation, protection
from corrosion, and In some units, cooling. Mineral oil
performs about as well as askarels iIn most respects, but it
has the disadvantage of being flammable.



Askarel-insulated transformers were manufactured by 13

U.S. companies at 18 plants (see table 3.2.1-1). 12
million pounds of PCBs were used for thls purpose 1n 1974.2

1. Most of the Information in this chapter can be found
In: Varsar Inc., PCBs in the Unlted States Industrial Use
and Environmental Dlstributions, EPA 560/6-76-005, NTIS PB-

252 012 (197e6). See page 88 for figures on U.S.
production.



The Transformer Manufacturing Process

As was the case with capacitors, it was necessary to
exclude air and molsture from the 1inslde of askarel

transformers. Thls was done by £fllterlng the askarels
through Fullers earth, and by the use of heat and vacuum on
the metal transformer components. Partlicular processes

depended on the size of the transformers  Dbeing
manufactured. '

Some transformers were pressure tested before filling.
A1l transformers were electrlcally tested after £1l1ling.
Large or medlum sized transformers which falled the
electrical tests were dralned and reprocessed. This is I1n

contrast with the procedure for capacitors, which was to
discard most rejects.

Farmers

Farmers and thelr families were exposed to PCBs though
the use of PCB contalning silo coatlngs. Exposure wvas
pessible through varlous routes, including consumption of
milk and meat from 1livestock which consumed contaminated
silo stored graln.
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Yaste Dlsposal Workers

Emergency Response Personnel
Rallroad workers

Oother Current Occupational Exposure

Metal salvagers transformer repalr workers can become
exposed to PCBs and related compounds. Salvagers who burn
insulation away from electrical eguipment are particularly
threatened by chlorlnated phenols, chlorinated
dlbenzofurans, and othexr toxic products of PCB combustion.

Office workers become exposed to high levels of PCBs
vhen fluworescent 1light Dballasts overheat and 1leak.
Maintenance and repalr workers can experience PCB exposure
through contact with o0ld4 hydraullc flulds, such as brake
fluld or hydraulic 1ift £1luid. 01d heat exchange flulds
are also potential sources of exposure.

Fishermen are also in potentlal danger since some of
them, because of the avallabllity of shellfish and £fish,
eat more of It than most people. Freshwater catches and
shellfish from contaminated bays estuaries contaln far more
PCBs than other currently avallable foods.
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Fires and Explosions

PCB fires and exploslons may now represent the most
common zroute of occupational PCB and PCB byproduct
exposure. Natlional attentlon was focused on the hazards of
PCB flres In early 1981 as information became avallable
that PCB transformer £ire had spread dloxins and furans
throughout an 18 story office bullding in Binghamton, New
York. $1 billlon deollars iIn 1llabllity claims have been

flled, and the cleanup cost 1s estimated at about $24
million.?

Another wldely publliclzed Incldent occurred on May 15,
1983, in San Francisco, Callfornla. Smoke from a £fire in
an underground transformer vault escaped into a bullding
and out through a sldewalk grate. $10 million was spent
cleaning up £five £floors of the contamlinated building.
Californla Pacific Power and Light 1s now in the process of
retiring all PCBs from service.

Numerous similar 1incidents 1nvolving PCB £fires have
been reported,® and whlle these incidents are alarming in
themselves, thelr slignlficance for those not directly
affected might be primarily to warn of what happens in
thousands of flres each day which are not characterized as
PCB flres. Transformers, light ballasts, and thousands of
othex PCB contalnlng products threaten victims, flremen and
bystanders whenever fire breaks out.

Flres Involving PCBs are important not only because
heat disperses PCBs into the alr, but also because the
products of incomplete combustion 1Include chlorinated
polycyclic compounds such as the PCDFs.® Accldental fires

Involving PCBs present a grave threat to anyone exposed to
the smoke and soot.

Capacitor exploslonsareacommonoccurrence. Inthe absence
of fire, theydonot appear togenerate theextraor-dinarllytoxic
byproducts which are associated with PCB combustion, but theydo

create dangerous situations requlring prompt and careful attention

1. Lee, BAssessment of PCDDs and PCDFs from PCB Transformer
and Capacltor Flires, page 2, U.S. EPA, Clncinnati (1984).

2, Lee, Assessment of PCDDs and PCDFs from PCB Transformex
and Capacltor Flres, U.S. EPA, Cinclnnatl (1984).

3. Exrickson, PCDF Formation from Flre Condltlons, Midwest
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Research Institute praft Interem Report No. 1, for vU.S. Epa
(1984).
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Inclnerator Workers

The Intentlional incineration of PCBs (stlll advocated
by some as a safe alternative to landfllling) may be having
serxlious adverse consequences on the health of Inclnerator
workers, nearby resldents and on the environment 1in
general. The extent to which incoming PCBs, 1leaking
vapors, toxlc ash, and other sources of contamination have
harmed workers 1Is not currently known, but 1t can be

assumed that such workers experience higher than average
exposure.

Workers at the ENSCO Incinerator In El Dorado Arkansas
wvere found to have large amounts of PCBs in thelr blood

(See the attached correspondence from NIOSH to the Arkansas
Health authorities}.

See Jensen, The PCB story, 1(4) amblo 123 (1972); also .
Rita Gray Beatty, The DDT Myth (1973).
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UPCOMING REGULATORY DRADLINES

Upcoming deadlines for removing or protecting
electrical equipaent in service were published in the
Federal Register on July 17, 1987 (50 Ped. Reg. 29170), and,
are found in the Code of Federal Regulations at 40 CFR 761. "
Proposed revisions to the deadlines wvere published in the

Federal Register on August 21, 1987, at 52 Fed. Reg. 31738..

Definitions

PCB Transformer means any transformer contalining £1luid
vith more than 500 ppm PCBs.

PCB Contaminated equipment i= equipment containing £luid
vith betveen 50 and 500 ppa PCBs.

is used to refer to
transformers with secondary voltages egual to or
greater than 480 volts.

Lover fecondary Veltage 1s aused §in reference to
transformers vith secondary voltages under 480 volts,

commercial Building means a non-industrial building which
is typically accessible to both members of the general

public and employees, These incluse public assembly :

properties, educational properties, institutional
properties, residential properties, stores, office
buildings, and ransportaion centers.

Deadlines in Effect Bov

After October 1, 1985

The use or storage of PCB Transformers that pose
an exposure risk to food or feed was prohibited.

The installation of PCP Transformers was prohibited.

Registration with £ire service personnel of all
PCB Transformers, both in and out of service, was
required,

Registration with Dbuilding owvners of all A PCB

Transformers in or near commercial Dbuildings vas
required.

October 1, 1988

The use and storage for reuse of PCB Large High
Voltage Capacitors and PCB Large Lov Voltage Capacitors
vhich pose an exposure risk to £food or feed will be
prohibited.

{



i ot

The use of PCB Large High Voltage Capacitors and
PCB Large Lowv Voltage Capacitors used outside of
restricted access electrical substation and restricted-
access indoor locations will be prohibited.

October 1, 19%0

The use of network PCB Transformers with highex

secondary voltages in or near commercial buildings will
be pzohibitead. :

All radial transformers and lover secondary

voltage netwvork transformers must be protected f£from
"high voltaqge faults.

Al}) radlal transformers with higher secondary

voltages must be protected from high and lov voltage
faults.

PCBs may be used in circuit breakers, reclosers,
and cable for the rest of the equipments' useful lives.

PROPOSED REVISED DRADLINES

Pliscovery If a previously untested mineral oil
transformer is £found to contain greater than 500 ppas
PCBs, the ovner must take measures including
registering it, and removing, retrofilling, or

protecting it by the folloving deadlines or within 18
months, whichever ‘is later.

October 1, 1990

Deadline for retrofilling Yaskerel™ PCB
Transformers vhile they are in service, or for

installing retrofilled PCB Transformers for
reclassification purposes.

October 1, 1993

Deadline for removing froa service lov secondary
voltage netvork PCB Transformers as an alternative to

installing enhanced electrical protection before
October 1, 1990.

Deadline for removing from service lover secondary

voltage network PCB Transformers located in sidevalk
vaults.
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REGULATION OF PCBs IN ELECTRICAL BQUIPMENT

Developaent of Regulations

On September 1, 1971, representatives of several agencies
of the Federal Government formed an interdepartmental task
force to study PCBs. The major sponsoring agencies vere the
Environmental Protection Agency and the Departments of
Agriculture; Health, Education, and Welfare; Interior; and
Coxnerce. Industry representatives played a crucial role in
helping the tasks force develop its recommendations,

particularly those relating to the continued use of PCBs in
electrical equipment.

On Marxrch 20, 1972, the Task Force 1issued@ the followving
findings, conclusions, and recoamendations:

1. PCBs should be restricted to essential or non-
replaceable uses which involve ainimal direct human exposure
since they can have adverse affects on human health.

2. PCBs have been used so widely over such a long period
that they are ublquitous.

3. PCBs were first 1identified as potential £food
contaminants in 1966. The three principal dletary sources are

fresh water fish, food packaging material, and accidental PCB
leaks into food or feed. :

- 4, The sole donmestic producer of PCBs, Government
agencies, and key user industries are taking appropriate steps
to cut off furthexr introduction of PCBs into the food supply
and to reduce the current 1levels of PCBs as food and
environmental contaainants. The task force wvent on to state
that: "The Food and Drug Administration (FDA) has acted, under
the authority of the Food, Drug, and Cosmetic Act, to preclude
the accidental PCB contamination of food. It has also proposed
a prohibition on the use in food packaging materials of pulp
from reclaimed and salvaged fibers that contain poisonous or
deleterious substances that may migrate into the food if the
contamination by such substances is deliberate or avoidable.
It has proposed temporary tolerances f£for unavoidable PCB
residues in food packaging materials and in certajin foods. The
Department of Agriculture has acted under the Wholesome Poultry
Act and other statutes to prevent accidentally contaminated
foods from reaching the market." The task €force recoamended
passage of the Toxic S8ubstances Control Act.

5. Housekeeping is particularly 4$mportant in the
manufacture, use, and disposal of PCBs.

6. The use of PCBs should not be banned entirely. The
task force elaborated as follows: *Their continued use for
transformers and capacitors in the near future is considered
necessary because of the significantly increased risk of £ire
and explosion and the disruption of electrical service vhich



would result from a ban on PCB use. Also, continued use of
PCBs in transformers and capacitors presents a minimal risk of
environmental contamination. The Monsanto Company, the sole
domestic producer, has reported voluntarily eliminating its
distribution of PCBs to all except manufacturers of electrical
transformers and capacitors. Pending passage of the Toxic
Substances Control Act, the Federal Government does not have
the legal authority to impose restrictions corresponding to the
actions rxeported by Monsanto. Although some Federal
enforcement authority is avalilable, the Federal Government does
not have the authority to control PCBs at thelr source."

7. Most capacitors presumably have been disposed of in
Jlandfills.

8. PCBs are manufactured 1in countries other than the
United States.

9. More sclientific information about PCBs is needed, and
several Government agencies are seeking it through research.

ureauw o

The report of the Task Force included a three page reviev
of the benefits and utility of PCBs prepared by the National
Bureau of Standards and based partly upon information supplied
by the National Industrial Pollution Control Council and other
unspecified assoclations. The National Bureau of Standards
report stated that fluorocarbons are the other class of non-

‘flammable f£fluids which are comparable to PCBs. They pointed

out that the fluorocarbons are more volatile than PCBs. They

‘concluded that “If codes dAid allov £lammable materials in

(buildings in which flammable £luids in capacitors are
prohibited by 1insurance companies and building codes),
replacement of PCBs in capacitors and transformers wvould
require considerable time and money for re-engineering,
manufacture, and application of substitute equipment, and lack
of avallability of PCBs for this equipment would cause a wajor
and lengthy disruption in the nation' electrical system."

The Bureau concluded that adeguate substitutes for PCBs
vere available for use as hydraulic £luids, lubricants, heat
transfer fluids, and plasticizers.



PCB Regulation Pursuant to TSCA ,

The Toxic Substances Control Act of 1976 (TSCA)* requires
the EPA to gather information about toxic substances from manu-
facturers, regulate chemical substances and mixtures wvhich
"nresent an unreasonable risk of injury to health or the
environment®, and to take action with respect to "imminent
hazards"™. In addition to these general purposes, TSCA
specifically requires that EPA take action regarding PCBs.Z
PCBs are the only chemicals which are specifically mentioned in
the Act. Section 6(e) of TSCA bans the manufacture, processing,
and use of all PCBs which are not "totally enclosed“ after
January 1, 1979, bans the distribution of PCBs in commnerce
after July 1, 1979, and requires proper disposal of PCBs. The
EPA is authorized to aake renewvable one-year exceptlions upon
petition.?

1. 15 U.S.C.A. Sections 2601 et seq.
2. 15 U.8.C.A. Sections 2601 et seq.

3. 15 U.8.C. 2605(e)(2)



The PCB Ban Rule

Pursuant to the requirements of TS8CA, -EPA promsulgated
regulations in 1979 which prohibited the manufacture, import,
processing, distribution in commerce, or export of PCBs unless
an exemption was granted. 44 Fed. Reg., 31514 (May 31, 1979).
Eleven specific exemptions were granted for uses vhich did not
seen to pose a significant threat, and wvhere adequate
substitutes were unavailable. These included the use of PCBs
in servicing transformers, the use of small quantities for
research, and as a microscoplic mounting medium.

In the 1979 promulgation, EPA also exempted £from
regulation all material containing less than 50 ppm PCBs; all
intact, nonleaking capacitors and electromagnets; and all
intact, nonleaking transformers wvhich wvere not being used on
rallroads.

The Environmental Defense Fund petitioned the U.S. Court
of Appeals for the District of Columbia Circuit to review these
decisions, * and on October 30, 1980, the court ruled that
there was insufficient evidence in the record to support the
EPA's classification of transformers, capacitors, and
electromagnets as "totally closed", and remanded the mattex to
EPA for further action. On January 21, 1981, EPA, EDF, and
certain industry interveners in EDF V. EPA filed a Joint motion
asking the court to stay its mandate setting aside the
classification of transformers, capacitors, and electromagnets
as totally enclosed. EDF agreed wvith the other parties!
contention that immediately taking all of the PCB containing
equipment out of service would be impractical.

On February 12, 1981, the court issued an order staying
its mandate regarding capacitors, transformers, and
electromagnets pending further rulemaking. 46 Fed. Reg. 16090
(Marxch 10, 1981). On April 13, 1981, the court stayed its
mandate with respect to activities Ainvolving PCBs in
concentrations of less than 50 ppm pending further rulemaking.
46 Fed. Reg. 27615 (May 20, 198l1). The court orders contained
several provisions, Ilncluding the following:

1) The EPA wvould publish an Advance Notice of Proposed
Rulemaking, and follov up by developing a rule.

2) The Edison Electric Institute (BEEI) and the Utllity
80lid Waste Activities Group (USWAG) would develop some of the
factual material necessary for the rulemaking.

3) The parties would abide by a specified Interinm



Measures Program.

1) The EPA wvould promulgate a final xule within six
months of receipt of the study from EEI and USWAG.

1. The Environmental Defense PFund, Inc. (Petitioner) v.
Environmental Protection Agency (Respondent), 636 F.2d 1267
(1980). Interveners wvere: Ad Hoc Committee on Liquid

Dielectrics of the Electronic Industries Association et al.,
Joy Manufacturing Company, Edison Electric Institute et al.,
and Aluminur Company of America. The Color Manufacturers
Assoclation filed an amicus curiae brief.
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Electrical Bquiplént Regulations Under T8CA

Folloving the decision in EDF vs, U.S., BPA, EPA published
interim regulations regarding the inspection and maintenance of
transformers. 46 Fed. Reg. 16050 , March 10, 1981. On August
25, 1982, EPA pronulgated "final rules®™ (they have since been
changed) concerning PCBs. 47 Fed. Reg. 37342, codifjied at 40
CFR Part 761. The 1982 zxules banned@ the use of PCB
Transformers (electrical transformers containing more than 500
ppr PCBs) in faclilities involved in the handling of food or
feed effective October 1, 1985, and allowved the use of all
other non-railroad electrical transformers for the remainder of
their useful lives.

Stricter rules vere promulgated on July 17, 1985, because
of danger posed by PCDFs and other products of incomplete PCB
combustion. Highlights of these rules are as follovs:

1) Prohibition of the continued use of some types of high
voltage PCB transformers near conmercial buildings beyond
October 1, 1985.

2) Prohibition of future installation of some types: of
high voltage PCB Transformers near commercial buildings.

3) Installation by 1990 of protective equipment on certain
high voltage PCB transformers located in or near commercial
bulldings.

4) Reguired registration of all PCB Transformers with fire
departments and bulilding owners by December 1, 1985.

5) Required marking of all PCB Transformer 1locations
(except grates and manholes} by Deceamber 1, 1985,

6) Required removal o0f combustible material from the
vicinity of PCB Transformers by December 1, 198S5.

7) Reguired precautions in the event of a PCB Transformer
fire.

8) Required notification of the National Response Center
in the event of a PCB Transformer fire.

Responsibility for compliance with TS8CA regulations rests
primarily with owvners of transformers. Users of transformers
posing a risk to food are responsible for required inspection,
maintenance, and record keeping until they niotify the ovner of
the risk. EPA holds users at least partly responsible when the



user has agreed to perform the owner's duty, the user has
traditionally taken responsibility, the owner's access to the
equlipment has been 1limited, or there is an emergency. TSCA
Compliance Program Policy No. 6-PCB-1, avallable from EPA.



PCB Disposal Under TSCA

¥When PCBs and PCB items are removed from service, they
must be disposed of in accordance with regulations pronulgated
by the U.S. EPA pursuant to TSCA. PCBs, PCB items, and PCB
contaminated dirt and debris which are in disposal sites are
considered ®in service®" for the purposes of the regulations.
PCBs wvhich vere landfilled prior to PFebruary 17, 1978, are not
regulated under the TSCA regulations unless they are removed
from the site. ’

PCBs which have been removed from service may be stored
for no more than one year prior to disposal. 40 CFR Section
761.65. This requirement is not 1literally interpreted when
PCBs are placed into bulk storage tanks. In those cases,
“levels in the tanks are not permitted to rise during any 12
month period.?

EPA has established detailed requirements concerning the
disposal of wvarious types of materials. 40 CFR 761.60.
Diluting contaminated material does not affect its regulatory
category. Material containing over 500 ppm PCBs may not be
landfilled; it must be disposed of in a vay which EPA deems to
be at 1least as efficient as incineration.z Performance

standards for incinerators which burn PCBs are found at 40 CFR
761.70.

1. TSCA Compliance Program Policy No. 6-PCB-~10, August 13,
1985.

2, 40 CFR 76l1l.60(a)(1) requires 1incineration, 40 CFR
761.60(e) provides f£for alternatives wvwhich are at least as
efficlient.



PCB 8pills

The U.S. EPA Published its policy regarding PCB spills on
April 2, 1987. 52 Fed. Reg. 10688. The Federal Register

notice

includes the following background information:

On an annual basis, about 3.3 percent of PCH
transformers in use will leak or spill PCBs.

On an annual basis, EPA expects that about 264,000
pounds of PCBs are leaked or spilled into the
environment from PCB transformers.

Of the 1.6 million PCB capacitors in use iIn electrical
substations, EPA expects that over 12,000 leak each
year, releasing about 200,000 pounds of PCBs.

Of the 1.2 million PCB capaclitors in use inside
buildings and on utility poles, EPA expects that over
9.000 leak each year, releasing about 154,000 pounds of
PCBs.

The majority of spilled PCBs are spilled from
capacitors, and capacitor spills typically result from
violent ruptures.

The cost of cleaning up a typical capacitor spill is on
the order of $4,000, $10,000, or $60,000 to $140,000
depending on vhether the cleanup of the contaminated
area is to 25 to 50 ppm, 10 ppm, or background levels of
PCBs.

The EPA requires that PCBs be cleaned up to a level of 25

or 50

ppn in fenced-off electrical substations and other

restricted access areas; to a level of 10 ppm in most other

areas;

and to lowver levels when water is threatened, vegetable

gardens are affected, or grazing land is contaminated.



Regulations Pursuant to RCRA and CERCLA

The Resource Conservation and Recovery Act of 1976 (as
amended in 1984) gives the EPA the authority to regulate wvaste
disposal facilities, and to initiate 3Jjudicial action vhere
vaste disposal presents an "imminent hazard". Because Section

“6(e) of the Toxic Substances Control Act specifically requires

the regulation of PCBs, they were not listed as hazardous
substances in the regqulations which were promulgated pursuant
to the enactment of RCRA.* Because o0of this, wvastes vhich
contain no hazardous constituent other than PCBs are not
reqgulated under RCRA. The EPA has proposed classifying PCBs as
a RCRA hazardous wastes, but the proposal has come under
opposition from a coalition of industry and environmental
groups. The RCRA regulations already include them as hazardous
constituents of waste and subject them to special handling,
reporting and record-keeping requirements. 40 CFR 261.11,
promulgated 5/19/80.

The Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA) as extended and amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA),Z
commonly known as the "Superfund™ act, does not specifically
mention PCBs, but it contains provisions wvwhich are relevant to
environmental contamination by PCBs. Section 103(b) provides
for penalties of up to $10,000 in fines and one year in prison
for failure to notify the Emergency Response Center of a spill
involving the release of more than 10 pounds of PCBs within a
period of 24 hours. The reportable amount would have been 1
pound under CERCLA alone, but the 10 pound l1limit set pursuant
to Section 311(b)(4) of the Clean Water Act takes precedence.
Undexr BPA's spill policy (52 Fed. Req. 10688) all PCB spills
must be cleaned up, regardless of wvhether or not the spill must
be reported.

Section 103(c) of CERCLA ©provides for fines and
imprisonment of up to $10,000 and 1 year for failure to report
stored or discarded PCBs within 180 days of December 11, 1980.
Section 103(d) provides for £fines and Iimprisonment up to
$20,000 and one year £for knowvingly destroying, mutilating,
erasing, disposing o0f, concealing, or othervise rendering
unavailable or unreadable or falsify any records concerning
stored or discarded PCBs.

S8ections 106 et seq. give the president of the United
States the authority to require the Attorney General of the
United 8tates to protect the public £rom any actual or
threatened release of hazardous substances, including PCBs.
This authority allows the federal government to clean up PCB
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contaminated sites, and force the 1liable éaztieé to pay
punitive damages of three times the government's expense. This

has the effect of encouraging potentially liable parties to
cooperate in clean-up efforts.

1. The original proposal (43 FR 243, p.58946 (12/18/78]1) did
specify PCBs.

2. CERCLA is Pub. L. 96-510, 42 U.S8.C. 9601 et seg. S8ARA is
Public Lav 99-499.

11



