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Polychlorinated Biphenyls

). Willlam Lioyd, Sc.D.; Roscoe M. Moore, Jr, D.V.M.;

Barbara S. Woolf, M.S.; and Harvey P. Stein, Ph.D.

Repmu of adverse health effects in humans and the
demonsiration of carcinogemic effects in certain animal species
have led to lhe reexamination of the distribution of polychlor-
nated biphenyls (PCBs) in the environment and the potential
health effects of human exposure.

Because the ind ] s the major
source uf potentially high exposures to PCBs, the Nationat In-
stitute lor Occupational Safety and Health (NIOSH) has
rathered pertinent information on the manufacture, uses, and
1eporied delelenous etfects of polychlorinated biphenyls and is
advising the occupational health community of these hazards

Background

Polychlonnated biphenyls (PCBs) describe a group of syn-
thetic chlorinated organic compounds having the following
slructure:

2 Z Z Z

¥4 Z Z Z

where each of the ten Z's can represent either a hydrogen or a
chlorine atom. There are 209 different chlorinated biphenyls
and they are collectively referred to as PCBs aithough many are
not actually polychiotinated. Approximately half of these com.
pounds have been synthesized and characterized.

Mixtures of polych d biphenyls are imp: in-
dustrial products. The most common tradenames for these
mixtuees are Aroclor,® Inerteen.t Kanechiott and Pyranol.§
Qlher known tradenames for PCB-contamning products are
listed 10 Table 1. PCB-conlaining dielectrics (electrical in-
sulators) are generally referred 10 as “askarels” in the electncal
indusiry.

Mixtures of polychlorinated biphenyls are very resistant to
degradation, are thermaily stable, and resistant to oxidation,
acids, bases, and other chemical agents. They are soluble in
most of the common omgamc solvents and lipids. but only
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shightly soluble in water, glycerol, and glycos PCBG are gonnd
electncat insulators. Although most individual potye hlonnatisd
biphenyis are solids at 1o0m temperatures. the midures vary 0
consistency from mobile oibs to viscous hquids o sicky resins

PCBs are generally prepared industeially by the ¢ hlonnation
of biphenyl with anhydrous chlorine 1n the resence o1 ion
fitings of a lerric chlorde catalyst. Trace guantibes ol ¢ hinnaw
ed naphihatenes and chlonnated dibenzofurans have hoen
repotted 10 some commercial samples of PCBs and it has hovn
supgestedt that the presence of these IMpunties may he ot -
cological sgficance.’ ¥

Commerctal PCBs are generally mixtures ol many dulorem
chlorinated tiphenyls, as shown in Table 2. manulaciuryd 1o
meel operational specifications (such as dielectnn consan
ftash pomt, fire point, densily, percent chlonne, and color)
these commercial mixiures may vary chemically feom haieh to
batch.

Toble 1. — Tradensmes fo favwn PCB Contiaing Protuste.

Tradessme.
Ll

Thermnet products nwe fwmutated 1w the U3 do ot contan PCBY
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PCBs have found wide use 1 industry and have been
manufactured in the Umited Slates since 1929. The major
domestic manufacturer, Monsanto Company. produces PCBs
at Sauget, lllinos and reports manufactuning 40 million pounds
of PCRe in the United States during 1974 (down from 85
million pounds i 1970) 4 Mansano’s domestic production
and sales of PCBs by grade and category from 1957 tbrough the
first quarter of 1975 are shown in Table 3
Uses

PCBs are employed in capacilors and transtormers because
they comiune attractive dielectric properties with chemical
stabilily and fire resislance. Approximately twice as many
pounds of PCBs are used in the manufacture of capacitors as in
the manufacture of transformers.

Pnor to he environmental concern surrounding the persis-
fence and ubiquitousness of PCBs,S they were more widely
used in indusiry as fluids for heat transfer systems, hydraulic
systems, gas urbines, and vacuum pumps, as fire retardants,
and as plasticizers i adhesives, textltes, surface coalings,
sealants, pnnting, and carbonless copy paper.

Beginning in 1971, Monsanto voluntarily restnicted its do-
mestic sales of PCBs 10 closed system dielectric applications in
capacitors and transformers.* Other current domestic ap-
plications of PCBs include use in Investment casling processes.
ay heat exchange fluids, and as hydraulic ftuds. impons of
PCBs have been estimaled 10 exceed 375,000 pounds for 1974
Reclaimed PCBs also are reported 1o be available.”

More than 95% of all power capacitors contain PCBs.
Among their applications are use on electric utlity lines, in air
conditioners, and in the ballast of fluorescent lamp fixtures.
PCBs are employed for safety, reliability, and long life, as well
as 10 achieve size compatibility with equipment and instatla-
on requirements. However, non-PCB power capacilors are
heing manufaciured (e.g., General Electric’s Econol line and
Sprague’s Eccol line) which may serve as alternatives.%

PCBs are employed in lransformers at locations where their
proximity 1o people and/or properly demand a fire resistant

each of the transformers <o illed contains between 30 and S5ix)
Rallons of PCBs {about 235 gallons « average} Posuble aiter
natives to PCB hilled transformers may include dry lranstommers
(which are larger) as well as iransformers tilfed with il ane
fluids or other matenals under evaluation®

Chiorinated terphenyls, as well as PCBs, are used 100 some
forunulations of wax for nvestmenl castung processes s | he
chemucal structure of chionnated terphenyls resembies thai ot
PCBs. Chionnated terphenyls have been eported 1) have
toxicological effects similar to 1hose of PCBs

Approximalely 330,000 pounds of chlonnated terphenyls
were imponted im0 the Umited States  dunng 19749 andt
125,532 pounds duning 1973

Toxicity

PCBs are pootly metabolized and tend to accumulate n
animal tissues. inctuding humans 11 The accumulatinn, par-
ticularly 1n ussues and organs nch i lipids. appeaes 1 be
higher 1n the case of penta and more highly «hlonnated
biphenyls, 18

Studies have revealed PCBs in human fat ssue and blood
plasma. PCBs, in amounts greater than 2 parnts per mitlion
were reported in 198 of 637 (31%) samples of human tat tissue
1aken from the general population of 18 <lates and the District
of Columbia.’* PCB residues ranging up 10 29 parts per Inllon
have also heen found in 43% of hik plasma amples colected
from volunteers in a soultheastern U'S. county '

Human

The known toxic effects of PCBs in humans include an ac -
nelike skin eruption (chloracne), pigmentation of the skin and
nails, excessive eye discharge. swelling ot eyehds, and disunc .
tive hair follicles.'®

For a number of years, chloracne of the tace and neck has
been reported among workers exposed 10 chionnated
hydracarbons. Workers exposed to PCBs in the process of in.
sulating cables,? in the production of condensers’! and in the
manufacture of chlorobiphenylsi have reported these <kin

divlectric. Apy ly 5% ol s are PCB filled and lesions along with systemic effects such as digestive distur-
Trble 2 — Ooscrigion of 7CB Mixterss,
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1t musl Do omehenized thal thesa e spsreximets compamitions of the PCB muriurer aad thet & pariicuier product may vary In chemical compesrtion hiom bach to bateh
* Woghtworght percent. Noms detectsd = (035 than 0.01%. Sowsca of component compesilions: Momsanto Compemy, quoted n Hultnger. 0. ot M. op o, p. 2}
{Percant. Sevice of compemwn) compesitions: Thrystoa, A, PCH Newsiettar, Ne. 3. July 1971, quoted in Hutzinger, O, ot 4l op ci. 0. 23

tPacant. Source of compenent comgoswteons. He, M. et ol op. ol p. 1837
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bances, edema ol the (ace and hands, burming of the eyes, im- pipes immersed in the ot duning processing develaped pin-
potence, and hematuna. s 2 sized holes. The clincat aspects of the posoming included

The toxic effects of PCBs in humans are further illustrated by chloracne, brawn pigmentatton of the skin and nais. disting
a 1968 outbreak of poisoning 11 |Japan that involved over 1,000 tive hair follictes. increased eye discharge, swelling nt evelids,
people who ingested PCB contaminated rice bran oil for a fransient  visual chsturbance, and
period of several months. The contamination of the ol
(estimated 1,500 0 2000 ppm} occurred when heat transfer

systemic  gastroiniestingl
symptoms with jaundice '¥ tn some palients, symploms per
sisled three years after PCB exposure was disconbnued Inlanis

Tabls 3. — PCB Nawwfacture and Sslea Moaseats industris] Chomicats Company.
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horn 16 poisoned mothers had decreased birth werghts, and
showed <kin discoloration due 1o PCB placental passage. Two
swlibirths 10 PCB exposed women were also reported. 23

Animal

The 1oxic effects of PCBs in animals have been sludied ex-
tensively. Reports of malignant, nonmalignant, and reproduc-
ive offects are shown in Tables 4. 5, 6.

Occupational Exposure
I 1s estimated that 125000 people are occupationally exposed

to polychionnated biphenyls The majority of these exposures

are in capacitor production and 1 investment  asling
processes

Permissible Occupational Exp

The current Occupational Safety and Health Adminidtranon,
Department of Labor standards for chionnaled biphenyls are |
mg/cubic meter for 42% chlorine mixtures and % /s ubne
meter for 54% chlorine mixiures. These are basved un the
Threshold Limil Values (TLV) established by the Amencan
Conference of Governmental Indusirial Hygienisis

Table 4, — Maligeont Pathelegic Etfects induced by PCBu In Aniewsis,

S Mirre Trestmont Anmel Effocts.
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Toble S, Nonmotgmnt Pribologic Effocts Induced by PCBls in Anioo.
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Toble &~ Roproduciive Effects of PCBs in Animale
Tk o
Pl M L] Adwinivirotion Effecty
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CLINICAL TOXICOLOGY

Mercury in Dental Offices: A Professional
Hazard (Le mercure dams les cabinets den.
taires: un risque professionnel). | P
Magnaval, R. F Magnaval and L R karhay-
sen. Rev Epidém, Méd soc et Santé Publ
23:53-62, 1975 F 34 Monipellier. 16, e de
Sceaux. F 92290 Chilenay-Malabry

french authors reviewed the terature
of 16 papers or documents n Engiish
and thiee i French concerning the
possible occupational nisk of dental per-
sonnel. They reached the following
opintons or ated olthers’ conclustons
(1) The environmem s betng constantly
polluted with mercury al an increasing
rate (no reference given) (2} Uental
personnet are exposed 10 a vanable low
level of mercury primanly from amal-
gams that may pose a possible long-term
nsk. {3) The routes of entry of vapors,
particles, and larger masses were vkin
absorption, ingestion, and respiration.
(4) There were positive correlalions ot
mercury levels 1n the air with officey
where amalgams were prepared but
must less 50 1n waiting and entry rooms
(5) The mercury levels in hair, tingernails
and toenails of 66 dentists and 74 asu-
tants were much above thase of “unex-
posed” dental personnel (6) Hair levels
for mercury of some both Increased and
decreased with years of occupational ox-
posure. About half of dentisis never de-
veloped levels above (hat inund in the
general 1 (7) Man s sugg
in one study as able to methylate mer-
cury like certain other aimals

Ancillary epidemiologic studies will
be needed according to the authors to
more succinclly evaluate the hazard
M hile, authors rec d live
preventive actions 1o reduce the ex-
posure of dental personnel

—~4 €4

Data on the Status of the Specific Female
funciloms of the Organism in Female Work-
ers Exposed to Hevachiorocyclohexane. v |
"na and N.A. Blekherman. Pociat Akush
Ginekol 36:46.49, 1974 (Ukrainan)  Al-
Union Sci. Res. Inst Hyg. Toncol Pesticudes
Polymers and Plasiic Matenals, Kiev. USSR

The sexual functions were studied 1n
women occupationally exposed to hexa-
chiorocyclohexane (BHC), benzene, and
chionne for 2 to 11 years. Ovaran-men-
strual disturbances (hypermenarrhes,
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