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9C.1. Introduction

Reports of illness associated with exposure to chlorinated organic chemicals of the
type discussed in this book daite back to the latter part of the 19th century
(Herxheimer, 1899) and the carly part of the 20th century (Bettmann, 1901; Wauer,
1918: Lehmann, 1903). - .

Exiensive outbreaks following exposure to chlarinated naphthalenes occurred
during World War |, but it was not until the middle of the 20th century that occu-
pational illness from exposure 1o the other compounds has become a problem.
Review of the avaijlable literature suggests a clinical syndrome that is produced by

_the halogenated biphenyls, naphthalenes, dibenzodioxins and dibenzofurans, It is
:“'-prcscnll,\' not known whether halogenated terphenyls may cause similar problems.
Some of the signs and symptoms observed following exposure 10 texic levels of these
compounds have been noted frequently (Table 9C.1). In all .nstances. the skin
lesion, chloracne, was usually onc of the first signs noted. Signs and sympioms such
as weight loss, general maluise, nausca, loss of appetite, impairment of liver
function, hepatic prophyria (porphyria culanea tarda) (see Chaplers 7, 8) and
sensory neuropathy were less frequently reported. Other effects were occasionally
. associated with samce outbreaks of occupatianal illness, but their significance is not
well understood. Not all af the observed signs have been reported for all of the
chemicals under discussion. Chloracne, weight loss and impaired liver function have
been most frequently associaied with exposure 10 1oxic Jevels of these chemicals.

As oullined in Chapter 7, 2,4,5-trichlorophenol 'and all chemicals made from it
may be conlaminated with 2,3,7,8-1ctrachlorodibenzodioxin. Pentachlorophenol
Nienbrouph (ed.) Hologenored biphenyls, ieephenyls, nupdnhulencs, dibenzodioxing and
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may be contaminated with more highly chlorinated dibeazodioxins, dibenzofurans

and hexachlorobenzene. The polychlorinated biphenyls contain Irace amounts of

chlorinated dibenzofurans and chlorinated naphthalenes. Whether chiorinated

naphthalenes are comaminated with chlorinated dibenzadioxins and chlorinaied

dibenzofurans has not been established, In fact, litlde is known about the complele

composition of the technical products that have caused outbrezks of occupational
“illness in the past. - '

The cases of chloracne which Herxheimer reported (1899) occurred in a room
where caustic potash was produced by the electrolysis af potassium chloride. The
chlorine was reacted with calcium Lo give caleium chloride. Herxheimer initially
assumed that nascent chlorine had caused the dermatitis. Crow (1970a) pointed out
that, although many authors clung 1o the nascent chiorine theory, the cause was
“halogenated hydrocarbons which originated from the tar lining in the absorption
towers, or the anodes of tar, bitumen and charcoal that were used in the electrolytic
manufacture of hydrochloric acid and similar substances. These tars were the
sources of the cyvclic compounds which became halogenated. Thus far, it has not
been unequivocally shown whether specific isomers in the mixtures of chiorinated
naphthalencs and biphenyls are the acnegenic agenls and alsg cause some of the
svslemic toxic effects, Most chlorinated biphenyl mixtures are contaminaled with
2,3,7.8-tetrachlorodibenzofuran which may contribute to their toxicity. Certainly
the contaminanis in 2 .4,5-trichlorophenol and related products are thé agents
responsible for chlaracne (l\'immiﬁg and Schulz, 1957). Most likely the conlaminant
hexachlorodibenzodioxin in pentachlorophenol causes chloracne. ‘

9C.2.. Chloracne

Depending on the severity of the exposure and the susceplibility of the individual
waorkers, some will develop an occupational disease commonly referred 10 as chlor-
acne after having had exposure 10 the halogenated cyclic compound: mentioned
above for several weeks or months. Following expdsuTe-ta high concentrations of
2.3.7.8-lc1rachlorédibcnzodioxins. the vnsct may he more rapid. Even after a single
exposure 10 2.3.7.8-tetrachlorodibenzodioxing, the onset of chloracne may be
delaved for several weeks, but il the exposure is severe, it may appear in as little as
2-3 days. One, or repeated short-term, exposure 10 2,3,7,8-tetrachlorodibenzo-
dioxin usually occurs during the production of 2.,4,5-trichlorophenol when the
reaction overheats, resulting in the increased production of the unwanted contamjn-
ant 2,3,7,.8-tetrachlorodibenzodioxin. This exothermic rcaction may give rise 1o
cxplosions (Milnes, 1971).

The clinical features of chloraene, regardless of the ivpe of chemical that caused
it, have been mosi consisient. The most distinctive cutaneous lesion is the chloracne
cvst (Crow, 1970b). This lesion is skin-colored and mcasures from ) 1o 10 mm in
diameter with a central opening. The other dominant lesion is the comedo (Figs.
9C.1, 9C.2}. Usually these fesiong start over the maxillary bone, then involve the
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Fig. 9C.1. Only mild chloracnc over maxillary bonc s notued.

entire face, 1the neck and cars. Ofien the nosc and nasolabial felds are not as
extensively imvolved. 1n males, the genitalia may be involved. Furthermore, lesions
may be present on the back, arms and legs, and other areas or i.2 body, particularly
where carmenis are in close contact with the skin. Depending on the severity., the
skin conizing only a few lesions (Fig, 9C.1} or the lesions are so close together that
they give 1he skin a rough, gravich-brown appearance. The comedones and cvsts can
become secondarily infected and large pustules may form. Cysls may ruplure and
causc foreign body granulomata. . :

The chloracne-type skin lesion may be preceded by a [aint rash which, in some
cases, itches scvercly. In arcas cxposed to the sunlicht, a photosensitivity-1ype
reaction may oveur and conjunctivitis with swelling of the eyelids and the rest of the

facial skin may precede the development of chloracne. Since the workers are often”

- cexposed to the chlaracnegenic agent, such as TCDD. av well as other chemicals,
such ax 2.4, Sarichlorophenol, it iy not entirely clear whether the early rash is pro-

duced by the TCDD or due ta the irritating cffect of the 2,4, 5 1richlorophenol or
other substances. )

Oncz chlorsenc-has developed, it may remain active (for many years, and particu-
larly when secondary infections occur, deep-pitted scars may remain as a residual
cffect. These <cars cun be quite disfiguring (Fig. 9C.3). No specific treatment is
avuiluble and mosi palhiative means have not been very effective. Treatment in the
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~.past has included Vitamin A acid, UV light, X-rav, lancing ad expressing of
pusiules. However, the best treatment is prevemtion, althour', dermabrasion has
zlso been effeciive (Crow, 1970a). e ' '

The mamilacture of these chlorinaled hydrocurbons and (he coating of wires and -k
condensers with insulating materials and other indusirial processes should be done ]
in enclosed sysiems. Pratective clothing provided by and laundered by the company

) should be handed out resh daily, Shower buths alter work should be compulsory
and supervised, Sulficient shower (agilities should be available so that workers are
riot defaved. Schwartz and Peck (1943) sugpested synihetic wetling apents instead of

Aiveiepe
el of the
7€ 0i%er

snerol o; _s0ap as cleanser. They al:o recommended manthly skin examinations and liver
: funstion tests. In the United Staies, recommendations for a lower polychlorinated
2 sesiizu- biphenyl standard were made by. the National Institute of Occupational Health in ;
s residial 1977 (NIOSH, 1977) which suppesis proper hygiene procedures to avoid dermal
s coniact and rccomrpcnds thal occupational exposurc be controlled so that no ‘

worker is exposcd 10 PCBs at a concentration greater than 1.0 pg/m? of air deter-
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mined as a lime-weighted a\'erag:c {NIOSH, 1977a). The existing standards {or
occupational exposure 10-PCBs in different countrics have been summarized by the
International Labour Office (1970). They range {rom 0.5 mg/m* to 1.0 mg/m? in
many countries. . .

It is particularly important that no potentially conlaminated clothes are 1aken
home since chloracne has been transmitied by this vehicle 10 other members of the
family. . ‘ ) . )

A skin lesion enactly like chloracne can be produced on rabbit ears or hairless
mice and the muzzle of rhesus monkeys. In cattle and horses, a microscopically
slightly different skin lesion which is also called hyperkeratosis or X-discasc
develops following Exposurc to compounds that produce chloracne in humans. In
cattle and horses, the skin lesion is usually accompanicd by hair loss in the affected
areas and the epidermis is covered by a thick layer of keratin (Kimbrough, 1974;
Kimbrough ct al., 1977). Prior to the ability to detccl chloracnegenic compounds by
chemical analzﬁsis, the rabbit ecar test was utilized 1o screen technical products for
their prescnce (Adums ci al., 194]) (sce also Chapier 5).

In rabbits, monkevs and mcn, the microscopic appearance of the skin lzsion
varies, depending on the interval'between last exposure and the 1ime the biopsy was

obtained. Microscopic examination of human skin biopsics from chloracne cases or ¢

tissue scctions from rabbit ears with hyperkeratosis show markedly dilated hair
follicles thut are filled with keratin. Eventually the en(ite ‘follicular appendage
becomgs transformed into a sac of keratin (fFigs. 9C.4 and 9C.5). The scbaccous
glands involute partally or completely. The epithelial cells lining the follicles and
adjacent to tiem proliferate. Acanthosis is present and the individoal prickle cells
become cnlarged. Polymorphonuclecar leukocyies agerceate around hair follicles.
This is followed by intrafollicular collections of leukocyies, microvescicles and
abcesses within 1" follicular wall. Subsequently the lollicular wall is destroved and
an abcess mzy develop. According 10 Shelley and Klizman (1957), who induced
chlorucne experimentally in 31 male adults with chlorinated naphthalenes, the
sebaccous clands returned graduxtly months after the last application. Eventually,
the epithelium lining the keratin-lilled follicles atrophics.

Although on casual examination, chloracne resembles juvenile acne, the distri-
bution of chloracne is quite different as is frequently the age of onset. Juvenile acne
is characterized by papular cruptions due to inflammation with the accumulation of

sccretion of the schaccous glands. Hyperkeratosis and atrophy of scbaccous glands *

does nol occur in juvenile acnc.

In o few ingances in which workers developed chloracne following cxposure 10

2,37, & 1etrachlorodibenzodioxin, hyvpertrichosis and shyperpigmentation was pro-
nounced (Jirasek ct al., 1976; Bleibere ot al., 1964).

For many vears. it was believed that chloracne was due to externzl cantact and
noi the result of systemic eapasure 10 the acneeenic agents. Howeser, this belicl is
refuted by two episades of accidental poisoning lallowing ingestion of the acacgenic
compounds. ln onc cpisode, *Yusha' rice bran oil became conlaminaled with a
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Fig. 9C.3. Residual scars subscquent to chloracne.

Fig. 9C.4,  Follicular appendage af the skin from a narmal rabbit car.
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Fig. 9C.%,  Follicular appendage from a rabhit ear alfected by :| chloracnegenic agent.

mixture of chlorinated biphenyls, quarterphenyls and dibenzofurans (Rappe et al.,
1977; Niyata et al., 1978), and resulied in illness which included chloracne (Chapter
9B.1). }

In 1945, six people fried vepetables in a lai-like substance thought to have been
htxachloronaphthalenc which they found in the bomb ruins of Berlin in Germany
(Hertzherg, 1947) and subsequently developed chloracne. Similar skin lesions can
also be produccd in primaltes by oral exposure 1o chlorinated ‘biphenvls or chlorin-
ated dibenzodioxins (Barsonti and Allen, 1973; Allen ¢l al., 1977). In rabbits,
depending on the dose, application ol acnegenic agents on the ear may cither only
result in Joczl hyperkeratosis or at higher doses also produce a toxic cffect on the
liver (Kimbrough, 1977). Thus, local dermal application of these compounds,
particularly the 2,3,7,8-1ctrachlorodibenzodioxin may also lead 1o systemic disczse.
More recently, ozcupational exposure 1o 3,4-dichloroanilinég and some herbicides
made {rom i1, such s propast] (A-(3.4-dichlorophenyllpropanamide) have also
produced chloracne. In these instances, the 1oxic contaminant is letrachloro-
azobenzenc or tetrachlaroazoxybenzene (Morse et al., 1979). These compounds are
noi as stable 23 the chemiculs discussed in this book, and hence may be less of a
prablem.
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9C.3. [Presence of hatogenated arumatics in human tissues and body fluids

Of all the ehemicals discussed, only the chlorinated biphenyls have been measured
with any frequency in human tissucs. Chlorinated dibenzofurans were lound in
patients suffering from Yusha (Chapter YB1) and in onc instance, tissue was
analyzed for 2,3,7,8-Ictrachloradibenzodioxin from a resident living in the Seveso
arca in haly (Chapter 9B2). Braminated biphenyls are not as prevalent in human
tissues as chlorinated biphenyls and are primarily found in the population of the
state of Michizan, U.S.A. (Chapter 9Ai. Since the chlorinated biphenyls are lipo-
philic, the highest concentration is found in adiposc tissue, although proportionally

lower concentrations are present in other organs as well as blood. The different

chlorinated biphenyl isomers arc mctabolized at different rates (Chapter 4) resulting
in shifts in the pas-chromatographic pattern. The ratio of polychlorinated biphenyls
between adipose tissuc, other organs and blood varies somewhat, depending on
whether exposure ‘is current or took place in the past and whether the blood
specimen was fasting. Pregnancy, weight loss and kidney discase may also affect

* this ratio. In order to determine the body burden of these compounds, adipose

tissue would be the most suitable specimen for most of the halogenated aromatic
compounds. Although appropriate for individual cases, it is usually not feasible to
obiain adiposc tissue samples in large population studies. In spite of the limited
value of blood levels as an indicator of body burden, they ¢an give some idea of the
levels of exposure. A person with a polychlorinated biphenyl blood level of 10 ppb
(z2/1) might at the most have adipose tissuc levels of- a (ew ppm (mg/kg) or less,

while thoce with blood levels of 100 ppb (xg/1) might have adjposc levels anywhere -

from 20 to 50 ppm (mg/kg), Since the chlorinated dibenzodioxins and chlorinated
dibenzofurans, particularly the 2,3,7,8-1ctra- isomer, arc so extremely toxic, iliness
would be expected 10 be present at lower concentrations than for chlorinated bi-

TABLE 9C.2
Partial list of chemical companies where explosions or_sudden accidemial relcase of farge quantitics of
TCDD has occurred during the production of 2,4.5-trichlorophenol and related products.»

Name of company " Place Year Relerence
Monsanto Nirro, W, Va., U.5.A. 1949 1ARC, 1978 .
Badixhe Anilin und Soda Lucdwigshafen, Rhein, 1953 Hofmunn, 1957
Fabrik G.E.R.
Philips Duphar L1d. Amsierdam disiriet, Harlem, 1963 Dalderup. 19742, 1974b
: The Neiherlands
CGrenoble, Jranee 1966 Dupuis and Colomb, 1956
Coazlite and Chemical Bolsover, UK, 1968 May, 1973
Producix Lad. ’ . . )
Hamburg, G.F.R. 1954 Schulz, 1957; Kimming and
. - . Schulz, 1957 )
JCMESA : Seveso, haly A 1926 Hay, 1979

2. Additional companies are fisted hy Hay (1979},
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382 R.D. Kimbrough ) Occupau'f
phenyls. These chemicals are also more polar and it is possible that their concen- ‘ 9C 4. I;l
trztion in the liver may be different relative 10 the concentration in adipose iissue. .

However, this was nat the case for the onc resident from Seviee, Ntaly, who was Chlorinat
studied in this respect (Chapter 91B2). ) . carly 193¢
Low background levels of PCBs can be found in blood and other. tissues of the formers.
eeneral population of industrialized nations (Chapter 9A), Such background levels greater i
need to be considered when occupational exposurc is evaluated. expanded
Since PCBs are mixtures of chemicals, quantitation is quite difficult and a polychle
number af different ways of quantilating them have been proposed, such as adding examinc.
the PCB peak heighis of the pas chromatograms and comparing it to a known biphenyi
amount of standard (see Chapter 2). Because of these differences in quamilaﬁon. genitalia
the differences in isomeric compOsixiod of the different PCB mixtures, and chloracn-
differences in individual susceptibility, it can presently not ‘be predicted with "below sp.‘
certainty what a toxic blood or adipose tissue level constitutes in each case. How- mined wy

ever, in some individuals, PCB concentrations of 50 ppb (ng/g) in blood were
associaled with abnormal liver function tests. (MM WR, 1978), while in other studies
{Karppanen and Kolho, 1973), this was not the casc. In capacitor plants where PCBs
are heated and, therefore, volialized, considerable respiratory exposure occurs
{Table 9C.4). If PCBs are handled al room temperature as in the production and
repair of transformers, dermal exposure may predominate,

Very litle info-maition is avajlable linking PCB air levels-te~RCB blood levels,
PCB adipose tissJe Jevels’ or symplams (Tublc‘ 9C.1). Since PCB air levels may
fluctuatle a great deal, air monitoring may not adequaltely reflect exposure.

No published information is available on the presence of halogenated naph-
thalenes and terphenyls in workers. Neither have the chiorinated dibenzodioxins or
dibcnzol‘ur.ans been extensively measured in the occupational setting.

.

TABLE ¥C.} .
PCL concentrations in the occupational eavitamment and in blopd of workers expored 10 PCBs,

.
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diphenyls. The chloracne was usually found in clectricians engaged in stripping (the
coated cables). The halowax which was stripped off was impreenated in asbestos
which was wrapped around the wires as insulation,

Experimental studies were carried out with the chlorinated naphthalenes which
caused outbreaks in different working situations. These mixtures were composed of
chlorinated naphthalenes with various percentapes of chlorination. Teleky (1927)
pointed-out that in factories where the substances used contained only 14%
chlorine, the incidence of chloracne was much reduced. In one of the companics, the
health status of 1the workers was greally improved when naphthalenes with only
7-8% of chlorine were substituted for those with higher percentages of chlorine. A
number of experimental studies stimulated by the health problems observed in
workers exposed 1o these chlorinated naphthalenes dcmonsirated that the penta-
and hexachloronaphthzlenes seemed to be the most toxic. This experimental work

2lso indicated that mixtures of chlorinated naphthalenes with chlorinated diphenyls’

increased the toxicity of these materials (Von Wedel et al., 1943). During thattime,
the most extensive studies were done by Bennett et al. (1938). In these studies, the
trichlornaphihalenes were less hepatotoxic than the higher chlorinated -compounds
and the chlorinated diphenyls were considered to be the most toxic of all. However,
no chemical analyses for any of these compounds were performed at the time 1o
determine whether any 1oxic impuritics might ‘be present. Similarly, Shelley and
Kligman {1957) tested a number of halowaxes for acnegenk-potential in humans.
The following mixtures of chlorinated naphthalencs were tested: . :

Mono: and dichloronaphthalencs (Halowax 1000), tri- and tetrachlor-
naphthalenes (Hajowax 1001), penia- and hexachlornaphthalene (Halowax 1014),
heptachlornaphthalene (Halowax 1052) and octachlornaphthalene (Halowax 1051).
Of these, only the mixiure of penta- and hexachlornaphthalene produced chloracne.
The other four chlorinated naphthalene mistures were without effect. However,
Mayers and Silverberg (1938) reporied a serics of patients who had developed
chloracne afier being exposed to a2 mixture of tri- and tetrachiornaphthalenes.
Again, no chemical analysis of 1his particular mixture was done, On the other hand,
studies in rabbi s injccted with mixtures of tri- and tetrachlornaphthalene, or tetra-
and pentachlornaphihalene or penta- and hexachlornaphthalene oﬁl}' showed liver
damage when they were given the penfa- and hexachlornaphthalenes, but not when
they were given the mixtures of the olther chlorinated naphthalenes, Thus, most of
the clinical obscrvations as well as the available experimental dala scem Lo indicate
that the penta- and hexachloronaphthalenes are the most toxic componcenis of the
mixtures of chlsrinated naphthalenes.

9C.6. Containinants (chlurinated dibenzodioxing and chlorinated dibenzafurans)

Chlorinated ditenzodioxing and chlorinated dibenzofurans are contaminant< of a
number of commereiul producis (Chapiers 1, 2). The only documented cpisode of
substantial exposure of humans 10 chlorinated dibenzofurans occurred in Japan,

Occupua.

and thet
is know
ated dit
dealing
been m:
pentach

_known,

phenol
TCDD.
(Chapte
Occu;
phenol
In addi.
result 12
.. Two
may be
and its ¢
workers
hrese wt
. The ¢
trichiort
carefuii;
vessel.
TCDD:
subsequ
inthe o
ilness. .
are liste
endange
Acule
nausca
other ar
may als
illness, !
the Jow
were in
enlarpet
observe
prolong
pains w

"(JARC,

Walker
manifes



r:.’Jro.ugh '

sing (the
asbestios

~hich
soszd of
v (1927)
wy 1490
nigg, the
ith enly
orine. A

srved in,

¢ penta-
2] work
iphenyls
1al time,
dies, the
apounds
lowever,
“time 10
lley and
humans.

rachlor-
x 1014),
KN 1051)
Jorzcn
‘ever,
. cloped

azlenes,

= hand
ertetya-
ved liver
of when
most of
indiczie
i$ of the

ulurans)

nteof a
ftode of

.

o ——

C—— .

Occupational exposure d . . . . -

and these subjects were also exposed 1o pol_\lclllorinalcd biphenyls (Chapter 9B1). It
is known that producis such as pentachlorophenol are contaminated with chlorin-
2ted dibenzodioxins and chlorinated dibenzofurans, but in the published reports
dealing with occupational exposure to technical pentachlorophenol na cfforts have
been made to distinguish the elfects of these trace contaminants from those of
pentachloraphenol per se. Through the clforis of Kimming and Schulz (1957), it is
known, however, that 1o a large extent, illness caused by 1echnical 2,4,5-trichloro-
phenol and all products made (rom 2,4,5-trichlorophenol is actually caused by
TCDD. TCDD is the most toxic isomer of the group of chlorinated dibenzodioxins
(Chapter. §). .

Occupational exposure 1o TCDD may occur in the production of 2,4,5-trichloro-
phenol and all producis for which 2,4, 5-trichlorophenol is used as starting material,
In addition, exposure to commercial products comammalcd with TCDD may also
result in illness,

Two types of exposures have occurred in these occupational seitings. W orkcrs
may be exposed daily to TCOD during normal production of 2,4,5-trichlorophenol
and i1s end products. In this type of setting, chloracne developed gradually in some
workers after they have been exposed for several weeks or months. In addition,
these workers may also show sysiemic illness. )

The other type of occupalional illness has 2 more sudden onset, When 2.4,5-
trichlorephenol is produced from tetrachlorobenzene, unless the reaction is

carefully controlled, it may overheat and result in an explosion of the reaction -

vessel, Once the 1emperature of 1he reaction excecds 160°C, increasing amounts of
TCDD are also formed. Exposure of workers to TCDD during the explosion and
subsequently during cic'an-up opérations has often been quite heavy and has resulted
in the onset of chloracne in a week or two, sometimes accompanied by sysiemic
illness. A number of such episodes have been published in the literature and some
are listed in Table 9C.2. Clcan-up crews and maintenance men are -particularly
endangered, )

Acute symptoms occurring after such accidents have consisted ol headaches,
nzusca and .dizziness! Rarely, severe itching, rcdncss and swelling of the face or
other areas of the skin may devclop, and swelling of the eyelids with conjunetivitis
may also be present. Within two or three weeks chloracne develops and systemic
illness, such as weight loss, easy fatigueability and aching murcles, particularly in

_the jower extremitics and chest, may be present. Other corlaints often recorded

were insomnia, irrilability and loss of libido. The Jiver may become tender and
enlarged, and sensory changes, particularly in the lower extremities, have been
observed. Total serum lipids may be increased and the, prothrombin time may be
prolonged. Symploms may be quite persisient, particularly the severe aches and

pzins which are manifestations of peripheral” neuropathy and the fatigueability -

(IARC, 1978; Bauer et al., 1961; Bleiberg et al., 1964; May, 1973; Jensen and
Walker, 1972; Oliver, 1975). Unfortunately, since chloracne is the most obvious
manifestation of TCDD poisoning, the systemic efTects have been less well studied
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and reported. While in some ¢pisodes, chloraene scems 1o be the only significant
health clffect (May, 1973) in most episodes, systemic illness was also noted. Un-
fortunately, a number of these episodes either have not been published at all or have
only been insufficiently reported, such as the accident which occurred in Nitro,
West Virginia, in 1939 or the health effects observed in the Philips Duphar Co. in
the Netherlands. The rcpérls made by Bauer ¢t al. (1961), Schulz (1957), Bleiberg et
al. (1964}, Qliver (1975), Goldman (1972) and Jirasek et al. (1976) describe systemic
effects in more detail. Most of the persons exposed in industrial settings were
exposed to a mixture of chemicals, such as 2,4,5-trichlorophenol, TCDD, 2,4,5-
trichlorophenoxyacetic acid, and, in the episode reported by Jirasek (1976), also 10
pentachioraphenol. 1t is, therefore, not clear whether all effects were solely caused
by TCDD. Only the two laboratory workers studied by Oliver (1975) had exposure
to pure TCHD. ’ , :

Systemic illness is usvally reported only in workers with chloracne. However,
Jirasel et al, (1976) cite 4 workers with systemic illngss without chloracne, Frem the
other publizhed reports, it is not clear whether all exposed workers were examined
for systemic illness or whether they were selected on the basis of ‘chloracne which
may have Ied 10 the prhaps errdricous assumption that in humans, iliness caused by
TCDD must always be accompanied by chloracne. ]

Jirasck et al. (1976) found that 2 number of their patients had porphyria cutanea

tarda. In addition to the chloracne, hypertrichosis and-hyperpigmentation were

noted. Abnormal- liver funclion test results (clevated SGOT and SGPT) were
obtained for |1 of §0 patients. In more than half of the workers, total cholesterol,
1otal lipids, and phospho‘lipids were clevated. Urinary uroporphyrins were elevated
in 23 workers. Thin layer chromatography showed that urinary 8- and 4-carboxy-
porphyrin were increased. Both liver and urine fluoresced under UV light. A
peripheral neuropathy was documented in 17 of these workers. In 4 workers,

localized effects on the central nervous system were also observed. In the outbreak

reporied by Bleiberg et al. (1964), a number of workers had, in addition 1o
chloracne, abnormal excretion of uripar_\- uroporphyrins, hirsutism, and hyper-
pigmeniation. Six years later, in 2 followup study of the same plant, only one

worker had persisteni uroporphyrinuria (Poland et al., 1971). In addition, a number

of authors {Schulz, 1957; Bauer ¢t al., 1961; Jirasek et al., 1976; Oljver, 1975)
observed a neurasthenic syndrome characicerized by & lack of drive and vigor, sleep
disorders, emotional instability and diminished libido or polency (Kleu ang Goliz
1971).

Bzuer et al. (1961) studied three groups of warkers in Germany who had
developed chloracne and/or sysiemic illness aflter working in the produciion of
chlorinated phenols. Liver biopsies of three workers showed in one instance a fauy
liver with slight fibrosis and an inflammatery rcaction, and in two instances,
‘perilicpatic’ changes and a brown pigment which stained paniially positive for iron.
A liver biopsy from another showed a gray pigment which was not posilive for iron.

Among the long-term followup studies reported thus far in workers exposed (0
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TCDD is ane by Thicss and Goldmann (1976). Of the 53 original workers exposed to
TCDD in 1953, 22 were still employed by BASF in 1976; 3 worl.crs reccived panial
compensation — } for persisient chloracne, 1 for residual paresis of the left leg, and
I because of deafness, Apart from residual scars, the other '8 workers had no
persistent skin lesions in 1976. Causes of death were as fol'.ms: 2 - myocardial
infarct, 4 — cardiovascular decompensation, 4 ~ carcinoma of different sites, | -
mitral stenosis, 2 — suicide, | — bleeding of the esophagus. As mentioned, one
worker had died earlier (Goldmann et al., 1972). No information was given on the
16 retired workers. This siudy illustrates how persistent the chioracne may be in
some individuals.

Recently, a followup study was also conducted on the workers in Nitro, West
Virginia (Zack and Suskind, 1980) in which the acute symptoms inilially sulfered by
the workers were described. Aside from the symploms and signs alrcady mentioned,
4 of 6 workers who were examined in 1949 and 1950 had an cnfarged liver and a
delayed prothrombin time ai that time. A regression of symptoms and signs was
observed in these workers when they were reexamined in 1953, The meortality
experience of 121 of these workers who had developed chloracne following the
explosion in 1949 was also reported. Among this group of workers, 32 deaths were
recorded against 46.41 expected. There werc 9 deaths from malignant ncoplasms
with 9.04 expected. There were 5 lung cancer deaths versus 3.02 expected, 1 skin
cancer death with 0.15 expecied, and 3 deaths (rom neoplasms of lymphallc and
hematopoietic Lissue.

A followup examination of 11 of 23 workers who had first bccomc sick in
19532/1954 following exposure (o TCDD were rcexamined in 1976 (Krause and
Brua;ow, 1978). The chloracne had completely disappeared in only 2 workers. Seven
of the 11 still complained of epigasiric pain, nausea and intolerance of alcohol. Six
of the 11 had an enlarged liver which was not present when they were examined in
the 1950s and 6 of the 11 had at lcast one abnormal liver function test. Furthermore,
Hardell and Sandstrom (1979) have reported an increased incidence of mesenchymal

" lumors in workers who were cither exposed 1o lechnical 2,4, 5-irichloropheno) or

2 A.S-trichloréphenoxiacctic acid. The problem™Tth all of these studices is that the”
number of cases examined is small. Hardel! and Sandstrdm tried to contral for that

by conducting a case control study where they matched 4 controls 10 cach case by

age, sex and locality. However, by excluding ull conlrol cases with cancer, they may

liave biased their study. ’

Another chlorinaled phenol, pentachlorophénol, is used extensively as a \\ood
preservative and fungicide, This product is contaminated with chlorinated dibenzo-
dioxins and chlorinaled dibenzofurans, but usually with the hexa-, hepta- and ocia-
hamologs (Chapter 2). Occasionully, workers cngagcd m.’hc production of penta-
chlorophenol have alsa developed chloracne (Haader and’ Bauer, 1951) and com-
plaints such as ncur’*lglc'pam in the lower cxlrcruiucs pcrsnstcnl bronchitis and eye
irritation (Behrbohm, 1959). The bronchiiis seems 10 be more prevalent in workers

exposed 10 technical pentachlorophenol than 1o the other 1echanical products
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discussed in this chapter. Workers dealing with wood preservatives again experience
mixed chemical cxposure. Other chemicals used in such industries include organic
arsenic and tin compounds, copper derivatives and creosotes. Pentachlorophenol
per sc is an uncoupler of oxidalive phosphorylation and, like 2,4-dinitrophenol,
increases the metabolic rate, .resulting in hyperthermia, profuse sweating and weight -
_loss. A number of fatalitics following exposure 10 pentachlorophenol have been
described (NMason et al., 1965, Bergner et al., 1965). !In these cases, absorption of
several hundred mg of pesmiachlorophenol has usually occurred in severe or falal
. poisoning and pentachlorophenol bloed levels as high as 10—-20 ppm (zg/g) have
been measurcd soon after exposurc. On the other hand, workers in wood-treating
plants may rcach pentachlorophenol blood and urine concentrations as high as
10-20 ppm without sympioms of 1oxicity (Casaren et al., 1969). Simultaneous
exposure to heat may make workers more susceplible to the toxic effects of penta-
chlorophenol. Since pentachloraphenol is used extensively, detection of ppb (ng/g)
concentrazions of pentachlorophenol in blaod or urine must be considered to repre-
sent backraund levels which are frequently deiccted in the general population
{(Bevenue =t al., 1967; Casarett et al., 1969). In some fatal human cases, hepato-
cellular n¢erosis was observed {Truhaut et al., 1952; Gordon, 1956). Whether these
effects rerulted from the simultaneous exposure 10 toxic contaminants in penta-
chlorophenol has never been investigated (see also Chapters 2 and 5). Vacuolation
of hepato:ytes was 2lso noted in livers of infants who wvere accidentally exposed 1o
technical-grade pentachlorophenol in a nursery (Robson ct al., 1969).

9C.7. Chlorinated terphenyls'and brominated compounds

Essenlially no information is presently available on halogenated terphenyls and only
one preliminary study on workers exposed 1o brominated biphenyls has been con-
ducied (Kay, 1977). In addition, Bahn et al. (1980) examined 35 workers of a total
cohort of 86 men who had been engaged in the manulacture of decabromobiphenyl
and decabromobipheny! oxide. A total of 89 control subjects were chosen from steel
workers and wire men. Studies of thyroid lunction revealed four cases of primary
hypothyroidism in-the 35 exposed workers and in none of the controls. This repre-
sented a prevalence of 11,4% which is statistically significanily higher than the
background incidence of 2.8% found in males in the United Kingdom. Since the
group of subjects studied was small, additional studics will have to be done to deter-
mine how prevalent hypothyroidism is following exposure to these tvpes of
compounds. '

Summary

The occupational diseases czused by halagenated biphenyls. terphenyls, naph-
thalcnes, dibenzodioxins and dibenzalurans were reviewed. Occupational illness has
primarily occurred following exposure 10 2,3,7,8-1ctrachlorodibenzodioxin, chlorin-




ated biphenyls and chlorinated naphthalencs: The health problems associated with
exposure 10 these compounds dnclude chloracne, liver discase, porphyria cutanca
tarda, and neuropathies. Not much is known about the other compounds
mentioned. '
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