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INTRODUCTION

Economic Considerations; Technology

As early as 1833" and 1838,* respectively, Regnault in France succeeded in
preparing vinyl chloride (VC) and polyvinyl chloride (PVC). However, the road
to large-scale production was not opened uatil vinyl chloride could be synthesized
from acetylene and hydmgeg chloride (Klatte and Zacharias, 1912)" and or-
ganic peroxides were used for catalyzing VC polymenzmon (Klatte and Rollett,
1914)." In 1928, PVC production was started in the United States and in 1933
in Germany.“ The enormous growth of VC and PVC production capacities over
the past 45 years ran parallel to the rising economic importance of plastic
materiais™ (TABLE 1).

PVC-producing industries in West Germany increased their production,
parailel to the development in the United States (TABLE 2), at a rate of 10-20
percent per year from 1960 (172,673 tons of PVC) to 1972 (930,701 tons of
PVC and polyvinylidene chioride).™* Total sales of PVC amounted to 850,140
German marks in 1972,® This enormous increase in production capacity, espe-
cially in flexible PVC (U.S., 1965: flexible PVC, 90 percent; rigid PVC, 10 per-
cent)* can be explained by the almost unlimited use that can be made of PVC,
Diversification of PVC markets exceeds that of any other large-volume thermo-
plastic and is one of the reasons for the increasingly favorable market situation
(TanLe 3).™

Rigid PVC is used for tubing and fittings (including insulation material and
drainage pipes), foils, fillms, and sheeting (packaging, lining, recording tapes),
profiles (blinds, window frames), tiles, sound records, and fibers. Flexible PVC
is used for cables, foils (decoration, roof covering), profiles, tubing, artificial
leather, flooring, foam rubbter, paint, varnish (lacquer), and toys.® Thus, indus-
tries that manufacture the end product operate on a much larger scale than those
producing the polymer, but the companies are often identical.®*

Technologically, vinyl chloride was synthesized mainly by hydrochlorination
of acetylene, a process which was almost exclusively in opcration up to 1960,
but in the United States now accounts for only 7 percent of the production.”
Vinyl chloride can also be produced by oxychlorination of ethylene to 1,2-di-
chloroethane which is then cracked to VC and HCl by subsequent pyrolysis
(now 93 percent of total production in the United States in 1972).%**"* Under

9s

RSV 0016762



9% Annals New York Academy of Sciences .
Tamx
Wortd PRODUCTION Of PLASTICS IN MiLLION
Tong rar Yaartt
. B e —
Year Million Toas
1930 <0.1
1950 ) 1.5
1960 6.9
199 30.0
1%
, Tanrs 2
WORLD PRODUCTION AND PRODUCTION CaracTrY ror PYC Rrspa
(MILLION TONg).%.80
Production Aansal Capacity
- 1980 1960 1973 %0 19710 19180
Western Europe 0.053 0.578 2.948 0.583 3.583
Western Germany 0.014 0.173 0.930 0.193
United States 1.950 0.610 1.995 3.175
Japan 1.088 0.220 1.587
Eastern Europe 0.861 Not stated 0.816
Other sreas 0.544 0.152 0.816
Total 7.391 1.615 8.797
" ¢ Estimated capacities.
Tanre 3
DiversiniCATiION oF PVC Maxxersii¢
PVC Market : Consumption (%)
Calendering 18
Extruded products 14
Wire and cabie 12
Calendered flooring 10 -

Film and sheet . 6
Paper and textile coating 5
Sound records 5
Plastisols i . S
Protective coatings and adhesives 4
Injection and blow molding

Coated flooring 2
Other domestic uses 11
Exports s

ambient conditions, vinyl chloride (CH=CHCI, mol.wt. = 62.5)" is a colorless
inflammable gas of faintly sweet odor. At —13.8°C and 760 torr it condenses
to a colorless liquid of low viscosity.® VC reactivity is almost exclusively due to
its double bond; the chlorine atom, as second functional site, does not react
easily. The most important property of VC is its ability to polymerize. It also
should be mentioned that peroxidation was repeatedly observed to occur when
VC came into contact with atmospheric air due to leakage.”™ Commercially pro-
duced VC monomer is in general highly purified; degrees of purity of 99.99 per-
cent are reported. Specific declarations of individual plants state only marginal
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amounts of acid (free HCI), acetaldebyde, iron, acetylene, butadiene, water, and
stabilizers.™ Avoiding impurities is a prerequusite since they retard polymeriza-
tion.™** Liquid VC is stored and transported in steel containers.*“-** Vinyl chlo-
ride is used mainly for polymerization, but it is also used as a refrigerating sub-
stance, as a propellant for sprays and acrosols, and for a small number of other
chemical reactions.'®

Four methods of polymerization are used for industrial fabrication of poly-
vinyl chloride: emulsion, suspension, bulk, and solveat polymerizationt*=-*=
Commercially most important were the two older methods of emulsion and sus-
pension polymerization, but now bulk polymerization has been added.® In 1972,
emulsion polymerization accounted for 74 percent, bulk polymerization for 6
percent, and solution polymerization for 3 percent of the total amount of all
PVC resins produced in the United States.” Initiation of polymerization is ac-
complished with compounds that form free radicals at relatively low tempera-
tures,’ e.g., water-soluble-compounds such as peraxide, ammonium, and potas-
sium persulfate for emulsion polymerization or soluble organic compounds, such
as lauroyl and benzoyl peroxide, azobisisobutyropitrile and isopropylpercarbon-
ate.” * * Formation of free radicals also occurs by thermal decompotition of
peroxide bonding (—O-—0O—).* Physical basis for initiation of free radical chain-
polymerization is the homolytic dissociation of a pair of w-clectrons (covalent
bond) resulting in free radicals that contain single unpaired electrons. The single
unpaired m~electron of the free radical obtained from the catalyst then reacts with
the w-clectrons of the double bond contained in the VC monomer, transforming
the VC monomer itself into a free radical and thus propagating the growth of a
chain of molecules with a terminal free radical. Chain growth is interrupted by
saturation of the terminal free radical, often involving a reaction between two
growing chains.* *- *- * ™ The random character of the termination steps accounts
for the production of chains of different length and hence different degrees of
polymerization with molecular weights statistically distributed around a mean
value. One of the operating variables determining specific type of PVC produced
is temperature™ which influences degree and velocity of polymerization as well as
vapor pressure. Ordinarily, emulsion polymerization proceeds at temperatures of
40-70°C and total reaction pressure of 8-10 atm.*

In emulision polymerization reactors (size: 2000-5000 gallons) are charged
with the watery phase, VC is added, the agitator is started, and the emulsion is
heated. At termination of the polymerization process the reactor content is
emptied into a dump tank. The slurry can then be processed by centrifug.ag and
drying. The dry polymer is separated, screened, and bagged. In suspeasion polym-
erization water-soluble protecting colloids are added as dispersing agents for
stabilization of the suspended vinyl chloride droplets. Subsequent procedures are
similar. Unreacted monomer is driven out of the slurry and recovered for re-
cycling.*** Suspension PVC is almost pure polymer since additives amount to
less than 1 percent and most of that leaves when the slurry is centrifuged. For
compounding, the powdery or granular polymer is dry-blended under heat and
pressure using plasticizers, light and heat stabilizers, and sometimes fillers, lu-
bricants, and pigments or dyes.' PVC dry blends are compounded by hot mixing
at fusing temperatures. Depending on the type of end product, fusion temperature
lies below or within the softening range (120-160°C). In calendering (production
of endless sheets) temperatures of 100-120°C for rigid PVC and of 150-180°C
for flexible PVC are reached. Tiles are fabricated by welding of several layers of
calendered sheets in a heated press. In conversion to end products by exsrusion
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(pmﬂ!u‘ pipes, conduit, ribbons) temperatures of 150-300°C can be reached.
All this shows that temperature ranges, a3 a rule, from 100~200°C in converting
the thermoplastic PVC resin by various procedures. ==

Toxicology, Occupational Medicine, Clinical Experience (TABLES 4-6)

Simultaneous with the start of large-scale production of PVC in 1930, phar-
macologic properties of vinyl chloride™'™'** and problems of occupational
health™ were investigated. At first, vinyl chloride appeared to be a suitable
narcotic which, even after Oster in 1947 and Carr in 1949" had observed severe
cardiac arrhythmia (believed 1o be due to potentiation of adrenaline effect™), was
considered to be one of the least dangercus chlorinated hydmca.rbons M-

With the exception of two communications concerning acute VC intoxication
without serious consequence in 2 workers*-* no other data on occupational heaith
hazards in PVC production were reported until 1949 when Tribukh et al.'* pub-
lished results of an -investigation at a Russian plastics factory. On ex-
amination of a group of 73 workers (48 males, 25 {emales) engaged mostly in
processing PVC polymer (compounding at temperatures up to 160°C and cai-
endering with release of trapped VC, use of chiorinated naphthalenes and di-
phenylege as plasticiurs. effects of PVC dust), the authors found evidence of
what they termed a “more or less marked hepatitis,” presenting as a slight en-
largement of the teader liver but with conspicuous absence of characteristic com-
plaints, pundxee or bilirubinuria. Other findings were: bhypotension, anemia,

“chronic gastritis,” skin lesions, and a peculiar whitish coating of the upper
respiratory tract mucosa. This spectrum of symptoms was attributed to the action
of plasticizers, and long-term follow-up studies were thought to be necessary, par-
ticularly for prevention of later development of serious liver disease, With the
exception of liver disease, similar but badly documented findings, also attributed
to additives, were reported by Devignevielle.,” Parmeggiani,'* and Hervieux and
Tessier” between 1953 and 1959. Acute intoxication was again reported, this
time in Great Britain, with acute collapse during VC polymerization® and a
second degree burn after direct contact with vinyi chloride.® Filatova er al.™%
were the first to point out a prevalence of “toxic angioncuropathy” in workers
engaged in VC polymerization in spite of working area concentrations below
Russian maximal allowable concentration (MAC) values (1 mg of VC per liter =
391 ppm). In 1960, Danziger” described 3 cases of acute VC intoxication oc-
curring in VC polymerization, 2 of them fatal. Suciu et al.'**** were the first to
give & more detailed analysis of the disease spectrum encountered in 167 workers
of two Rumanian PVC-producing plants who had been studied during a 4-year
period. Their paper ranks as the earliest description of vinyl chloride disease,
Gastrointestinal symptoms dominated; in addition, central nervous system dis-
turbances were found in a number of cases, a Raynaud-like syndrome in 10
workerz, contact dermatitis and pseudoscleroderma in another 10, and alteration
Y of thyroid function in 3. The authors found hepatomegaly in 51 and spieno-

: megaly in 10 workers. BSP retention proved to be elevated in 2 of 11 cases ex-
amined. Liver biopsy in 2 cases revealed chronic hepatitis. A combination of
various symptoms was seen in quite a number of workers. In 1965, Filatova et

,v}?& al.™ again reported on a Raynaud-iike syndrome and central nervous system
3 K symptoms in PVC workers. Pushin* found liver and biliary tract disease in 15
LA percent of those workers of the Sverdlovsk chemical plant who were engaged in

PVC production. On the basis of a clinically slightly enlarged tender liver with
mild hyperbilirubinemia occurring’in these cases, he diagnosed anicteric, chronic

- RSV 0016765



Marsteller et al.: Splenomegalic Liver Discase 99

“epithelial” hepatitis. As possible etiologic factors, primary ingredients for polym-
erization, compounds relcased from the polymer during calendering, and plas-
ticizers (phthalates), were discussed. In 1966, Cordier er al.™ were the first to
describe acroosteolysis of the distal phalanges combined with & Raynaud-like
symptomatology in 2 reactor cleaners (VC polymerization). Subsequeantly, similar
cases were reported in 1967 by Chatelain and Motilloa,” Marin et al.,” Bour-
richon,™ Wilson er al.,* and Harris Adams." With this clustering of publica-
tions the disease became known as “occupational acroosteolysis”™ with typical
roentgenologic findings, often combined with Raynaud’s syndrome and accom-
panied rarely by scleroderma-like skin lesions; the disease seemed to occur only
in reactor cleaning (“polycleaners’ disease™).®* Between 1969 and 1972, Anghe-
lescu et al.' Filatova and Antonyuzhenko,” Dinman e al.,™** (on the basis of
a large-scale epidemiologic study), Léfevre,” Markowitz er al.,” and Dugois er al.*
observed further cases of this syndrome, occurring only in workers engaged in
VYC polymerization. It appeared as if processing the polymer would not entail
any heailth hazard (in spite of reflections on the content of trapped substances™-™
m.m.1m.3m). Single deviant observations made in 1970 by McCord™ and by Misgeld
et al.” in 1973 as well as warnings voiced in the past by Tribukh ef al.*® in 1949
and by Danishevskii er al.” in 1961 obviously were not sufficient to cast doubt
on this concept, especially since many standard textbooks had stressed the ab-
solute harmlessness of processing the polymer* =" 1% anart from the
minimal risk attributed to VC inhalation™ * ™ - ™ < % (Tsn1 g 4).

Animal experiments between 1930 and 1963 (TABLE 5) were first limited to
the assessment of acute VC toxicity. However, after 1961 four research groups
presented results on chronic toxicity of vinyl chloride (TasLE 6) that were not
repeated on a large-scale basis. The importance of these results seems to have
been underrated, in part even by the authors (e.g., Lester et al.*) themselves. The
experiments of Maltoni et al.™ that up to now were made known only in part,
deal essentially with the carcinogenicity of vinyl chloride. These results had been
preceded by the experimental work of Viola and co-workers."*® However, re-
sults published by Torkelson et al." in 1961 induced the German Standards
Advisory Committee to reduce MAC standards for vinyl chloride from 500 ppm
(in operation since 1966) to 100 ppm in 1970.* In 1972, a group of dermatolo-
gists at Bonn University were the first in Germany to report on cases of “occupa-
tional acroosteolysis”™ with Raynaud's syndrome and scleroderma-like skin le-
sions.™ They found the symptomatology of this disease, however, to be much
more complex than was so far assumed and hence proposed calling this syndrc.ae
“vinyl chloride disease.” ™

Liver Disease IN PYC WORKERS

Clinical Observations; General Outline

It seems quite remarkable that after the findings of Tribukh ez al.'™ in 1949
liver damage was only mentioned marginally in subsequently published papers
and that no intensive investigation of this feature of vinyl chloride-polyvinyl
chloride toxicity had been initiated before 1972. One of the reasons for this late
detection of life-threatening liver disease may be the minimal degree of functional
hepatic abnormalities generally encountered in these workers which contrasts
strikingly with gross morphologic changes seen at peritonecscopy and with the
development cf portal hypertension and angioscarcoma of the liver which both
are now recognized to be associated with exposure to vinyl chloride.
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CLINICAL MANIFESTATIONS AND PATALITIES AMONG Workars IN ViNvL CHLORIDR PoLYMEMIZATION (PM)

AND PoLyviNyYL CHLONDE PROCEISING

(PC) (Raviaw or Lﬂ'llAWl.l)

No. of Workers Acroosteo- “m“' S&h Liver
Auther T e e ppeat e Lesions  Distusbances

Dublin and Vane (1933, 1941) 2
Tribukh ef al. (1949) 3 — 21
Chief Inspector of Factorics (1953) 2
Harreis (19%3) 1 I ,
Devigaeviclle and Flucl.er (1953) —1 - _.?;
Parmeggiani and Sassi (1955) 13 —*(2
Filatova er al. (1957, 1958) e | —
Hervicux and Tessier (1959) 145 2
Danziger (1960) 3
Suciu er al. (1963, 1967} 168 10 10 511
Fitatova et al. (1963) 163 -—
Pushin (1965 350% 15%1
Cordier er al. (1966) 123 178 2 2 2
Chatclain and Mollllon (1967) 441 5 12
Marin er al. (1967) 528 L 12 5

Spain 1 1.

Italy 1 ) {

Bournchon 100 s
Wilsoa er ol. (1967) 3,000 1.000 k) | n 8
Harris and Adams (1967) 588 ! 2 3 2 1§
Anghelescu ez al. (1969) 300 2 8 5
McCord (1970) 1 1 1
Filatova and Antonyuzhenko (1911) —L “Chronic occupational poisoning*’
Dinmaa er al. (1971) 37 1.257 1 2
Kramer and Muitchler (1972) 98 ! Slight**
Léftvre (1972) 780 19
Markowitz er al. (1972) 2 1 2 2
Dugolis ef al. (1972) 1 1 1 1
Misgeld es al. (1973) 1 |

Acute Intexication
. (Faralithes)

Slight inloxinuoq

Collapse
Second-degree bumn

i Slight parcosis, 2
fatalities

1 Patality

001
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Total 10,056 2,582 118 9 40 3 § Acute intoxications
86 + x 3 Fanalities
12.724
T y——— — number of lbnormal findings not stated.

o
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-, number of workers not stat
Liver biopsy in 2 usu—-dlunom “chronic hepatitis;' splenomegaly in 10 cases.
350 workers employed in the Swerdlovsk plastics l’aclory, number of PVC workers conlained therein not stated.
lecr disturbances in 6.57 percent (23/350) of 350 chemical plant workers, in 15 percent of PVC workers.
ble liver and persistently raised serum bilirubin.
‘ “ mc changes in liver function,* with statistically significant correlation of BSP reteation and exposure.
[}
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VinyL CHLORIDE Exrosurg IN LasoraTORY ANIMALS—AcCUTE Toxicity (Review or Litzzatuze)

Asthor Specien®

Coscentralica (ppm) Lenglh of Exposurs

Effect

Pathology

Palty ef al. (1930) gt

Schaumann (1934} Siarling heart-

lung prepara-

tion (cat)

Schaumann (1938) m+r
N d'
Peoples and Leake mt

{1933)
d + b}
Oster ef al. (1947) d {6)
Carr et al. (1949) d (7

200,000-400,000 “*Very short
time"

100,000 30-60 min
5,000 Several h
250,000-300,000 ?
Slight nar- 4 b/5-8d;1b
cosis 71734
100,000 3 l:;ﬂ l‘:’ during
w
245,000-285,000 10 min
85,000-125,000 10 mia
170,000 ?
100,000 ?
(nargosia)
(narcosis)

Fatal (leibal range)

““Dangerous to life"

No severe acute dis-
turbances

No cardisc failure

Narcosis
Nucosi;_
Fatal (lethal range)
Minlmal anesthetic

range
Narcosis

Serious cardiac archyth-
mias .

Narcosis: scnsitiza-
tion of myocardium

Lung: edema
Liver: hyperemia
Kidoey: hyperemia

Liver and kidoey: no
changes

Liver and kidney: no con-
siderable changes

“No apparent untoward
effects cven after pro-
longed umuminl&l"

0l
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Mastromatteo ¢
af. (1960)

Lester ef al. (1963)

A WA A

A~

N e’ St S vt Nttt s’

hlﬂ-!an-va ®ny
A N, A [ N

WA A LA LA WA LA W

et

r ()

100,000

200,000

300,000

400,000

50,
70,
00,
150

g 888

30 min

30 min

30 min

30 min

Deep narcosis—side
position with tremors

Deep narcosis (1
mouse dead)

Dead; g in deep parco-
sis, 1 died hours after
cxposure

Deep narcosis, 1 died
during, § after ex-
posure

Moderate intoxication
Righting reflex lost
Comeal reflex disap-
peared

Deep narcosis, 1 at
died of respiratory
failure

Fatal outcome:

Lung: vascular engorge-
ment with bhemorrhages
and edems

Liver: congestion,
Yanlyflttylnﬁllndonu)

dney: congesti

Clotting defect

Survivors:

“Little diflerence from
control animals ver,
klducy. spleen,

d ndnlul:) '{II! h
no u, eyes) except for
pulmonary congestion®’

“No ;ixible gross pethol-
oxy
Lung: coagesticn/cdema

® Abbreviations used: r, rats; g, guines pigs; rb, rabbits; d, dogs; m, mice. Number of animals stated is given in parentheses.

t Number of animals not natcd
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Tasry 6
ViNYL Chiorips EXrosuns IN LasoraTORy ANmALS—ClroNiC Toxicity (Review or LiTERATURSE) §
Asuther . Specess  Coscontion  pongun of Exposurs Response Patholegy
Torkelson et ol r (0 500 7 b/d, 5 d/wk Normal growth Liver: average weight increase, cen-
(1961) 0) for 4.5 m/o e trolobular gran degeneration
- Kianey. interstitial and tabular
chan
r (A 200 7 h/d, 138-144 Nommal in appearance, Liver: mlctoscopinny normal in
s times in 204 d mortality, and growth rats, guinea pigs, snd dogs; cem-
rb (3 trolobular granules ds mﬁon
d O in rabbits (together with necrosis
and some foamy vacuolation ia =+
+  male and necrosis with periportal a
cellular infiltration ia  female); R
weight increase of rat livess ol
r (%) 200 4 h/d Normal in ap carance, Liver: average weight increase o
r (3 2 h/d for 6 mo mortality, growth < 3
r () 1 and 0.5 b/d for “Entire y normnl" -
r (3) 6 mo
100 Normal in appearance, Liver: slight increase of average ‘
(same procedure as in 200 ppm) mortality, and growth weight in rats after exposure 7 d
138-144 times in 204 d and cither
2 h/d for 6 mo -
r (48) 50 7 h/d, 130 times Normal in apgunnce. Normal o
'b ?) in189d mortality, growth
r
d @
Lester ef al. r (18) 100,000 8h/dfor2d Narcosis, 10 rats died, Lung: acute focal necrolizing pacn-
{1963) 80,000 8h/dfor13d Initial loxs of weight monia, edema, menpluh
followed by no Liver: pamilic cysts, moderate to
gowth”g'lo erance to El:rked ‘:51 '] o(mh definite : ‘
€ gas ¢ to medium or Irrenlu
vacuoles, compression of sinusoids 4
Spleen: lymphocric hyperplasia in-
cluding most of the interstitium
r (10) 50,000 8h/dfor19d Initial loss of weight Livcr. Pmnlic cysts, marked swell-
followed by normal ing o trrqnluuenoh
growth (*‘tolerance to ar clear acu, on of
the gas” sinusoids, cgnngu { to diffuse
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R

Viola (1970)

r (30)

r (29)

20,000

30,000

8 b/d, 5 d/wk
for 3 mo

4 h/d, 5§ d/wk
for 12 mo

Normal in appearance

Slighllr soporific, nor-
n nppunnoe and
growth

Afier 10 mo loss of
weight

13 died from cardiorcs-

ginlory complications,

from hematoperi-
toneum

Spleen/kidney: no Mu’encu
tween control and apaimcnul

animajs
Liver: pamulc cysu moderate Lo
limﬂarlm:l ’:;i ing of cells , definite
¢ to medium of lll]c irreguler
vacuoles, compression of slausoids
Spleen: no differences between con-
trol and experimental animals
Conclusions:
1. The only finding au;& (]
specific toxic action of YC is the
' increase in liver weight ob exposure

to 50,000 ppm for 19 d and to 20,000

ppm over 92 d

2. Morphologlcll alterations wilh-

out pathologic significance

Liver: increased volume, smooth sur-
face, sometimes subicteric, some-
what more brittle conthtency than
normal

Microscopically:

Alseration of icpamcﬂu w'th
marked K‘ lasmic and nuclear
polymorphism (lorpld degeners-
llOII of the c:t:: 1o necsosis)

Xu cmlou i}pcnmm of

P,

er-cell

R cell aummm of portal

iracts

lekadc portal capillaries,
centrolobular veins and simmsolds
by numerous ceatrally located
areas of partial necros

Intensive fibrosclerotic reactiom
along areas of degenerative proo-

esses
Fany change

dney; signs
sometimes accompanied by chroaic
interstitial nephritis
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‘TanLs 6—Continued

Specles

c-:(;:-’un. Lengih of Exposure

Responss

Pathelogy

Viola er ol. (1971)

Basalaev er al.
(1972)

429100 ASYH

r (26)

r+rbt

30,000 4 h/d, 3 d/wk
for 12 mo

11.7-15.6 ?

Slightly soporific, nor-
mal in appearance and
;fomb

After 10 mo development
of paraauricular tu-
mors

I endothelial fibrosl®
(wull fhlcﬂu‘n?:g :?ul uocildon of
the eluue membrane) . oflea with

E::om&:dlz: the walls ::=

skprollfmlion 3( endothellm

in: superfici byperkeratosis,
thickening of epldermis, dissocis-
tion of collsgen bundles, diming-
tion and fragmentation of elastic

reticulum
Bones: extensive prolifers-
tion of ge-liks materisl

( )

Brain: degenerative lesions of grey
and white matter

Nerves: surrounded and invaded by

Lﬂbrolmlprocumcd fragile, *
jver; enlarg vc:.y ragile, “‘srvere
chronic hepatitis

Kidney: swelling of pasenchyma,
often tubuloncphrosis

Lung: interstitial pncumonis

Brain: deslnentive lesions

Tumote: skin in 17 cases; lung in 7;
bone in 3

Cardlovnculu  disorders .

Changes in bioelectric activity of
hypothalamus

Hyperadrenalinemia

Oslieoporons and resorption of bone
tissue

® Abbreviations used: r, rats; g, guinea pigs; rb, rabbits; d, dogs; m, mice. Number of animals staled is given in perentheses.
{1 Number of animals not stated.
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Marsteller er al.: Splenomegalic Liver Disease 107

Ia December 1972, our colleagues from the Department of Dermatology
alerted us to the possible occurrence of serious liver disease in workers of a
nearby chemical plant who were engaged in vinyl chloride polymerization and
to a amaller degree in processing the polymer to the final plastic product. We
started an extensive examination program that included peritonecscopy and
guided liver biopsy because we felt that this procedure might yield deeper insight
into nosclogy and pathomorphology of vinyl chloride-associated hepatic disease
than merely blind percutaneous biopsy, since a larger proportion of cirrbotic or
fibrotic changes may escape detection if odly blind biopsy is employed.™ '+

According to information furnished by the plant physician, a total of roughly
180 workers had in the past been exposed o vinyl chioride in this plant, either as
reactor cleaners or in further processing of vinyl chloride (centrifuging, drying,
sizing, and bagging the polymer).

To date, we have been able 10 collect data from a total of 50 workers of this
6 plant (TABLB 7). Their age distribution is shown in Flaure 1. More than half of

, them were of non-German origin (nationality: German, 23; Greek, 21; Turkish,
6). Among the 50 workers examined 44 had been working in the polymerization
process (39 of them alternatively as reactor cleaners) and 6 in processing the
polymer into the final plastic products. The length of exposure (FIGURE 2) ranged
from 9 months to 2134 years for the 44 polymerization workers, with 15 of them
having had an exposure of 9 or more years' duration. For the 6 men working in
the postpolymerization phase the length of exposure was 13, 9, 54, 414, 4, and
2 years, respectively. Case 50 bhad been working in the postpolymerization phase
for 2 years and subsequently in the manufacture of high-strength paper (harden-
ing by epoxy compounds) at the same plant for 10 years.

Medical Hisiory

In the overwhelming majority of cases previous history was uneventful. One
worker (case no. 1) had a previous history of jaundi¢e of unknown etiology 18

N2 of coses

14 -

13 =

12 4 =

114 o

104 - 10

9 s

17 O 7

7 e

“q ] 6 6

44

3-

2-

1-{ 1
' winininin}
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Figure 2. Length of exposure in 44 workers engaged in the polymerization proc-
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years prior to examination (length of exposure: 21% years), and “chronic liver
disease™ was diagnosed in 1968. In 3 cases a symptomless solitary biliary cal-
culus was found on cholecystography (case nos. 43, 45, 50). in one Greek laborer
(case no. 48), who had been engaged in the postpolymerization pbase of produc-
tion for 4% years and who in the past 2 years had repeatedly been hospitalized
for gastric ulcer, the present examination by barium meal and gastroscopy re-
vealed a small anaplastic carcinoma of the stomach for which he underwent sub-
total gastric resection. A German worker (case no. 18) had partial gastrectomy
in 1971, shortly before splenectomy was performed, because of an acute episode
of bleeding from an endoscopically diagnosed pyioric ulcer; he also had esopha-
geal varices. One Greek worker (case no. 38) suffered from a mild form of
hemophilia A, discovered at appendectomy in 1971; he had no episodes of spon-
taneous hemorrhage and factor VIII levels ranged between 18 and 50 percent.
Another Greek worker (case no. 49) was admitted to the ENT-Department pri-
marily because of deafness of sudden onset, combined with labyrinthine disease;
because of elevated transaminase levels he was later referred to the Medical De-
partment.

None of the workers ~~d - “isto.y of alcoholism. Ten did not use alcobol in
any form (TaBLE 8). Alcohol intake was not stated in one case. One Greek
worker (case no. 36) had formerly consumed 110-160 g/day as wine but since
entering the plant had reduced his intake to 8-16 g. Several laborers had noticed
an aversion to alcoholic beverages or an alcohol intolerance after entering the
olant.

Complaints

No clear-cut abdominal symptomatology was found. Complaints were usuaily
not suggestive. Fifteen workers reported only slight upper abdominal discomfort.
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Tansrs 8
Arconot. ConsumrTioN IN 30 PVC Workians
Raported Alcohel Intaks (1a g sthanel/d) Na
None 10
UptoBg 18
Uptolég 16
Uptol2g &
¢ Up to 64 2
" Not stat 1
« Total 50
TanLE 9

GASTROINTESTINAL BLEEDING (E30PHAGIAL VARICES) AND
SURGICAL INTERVENTION IN 30 PVC WoRkeRs

Ne.
Gastrointestinal bleeding 4/50
Splenectomy 3/50
Splenorensi shunt . 1/50
Gastric resection for anaplastic 1/50

carcinoms

Another 24 claimed to have experienced temporary central nervous symptoms,
such as dizziness, slight disorientation, disturbance of vision, and mild headache,
often combined with nausea and mild upper abdominal discomfort. Twelve
workers spontaneously reported to have smelled “the gas” occasionally which
they claimed had a faintly sweet odor. A Raynaud-like symptomatology was re-
ported in 8 cases. Four had experienced episodes of bleeding from esophageal
varices during the past 2 years (TABLE 9).

Methods of Investigation

Besides physical examination, a broad spectrum of laboratory tests was ap-
plied to each case (TaBLE 10). X-ray examination of the upper gastrointestinal
tract and intravenous cholecystography were carried out in all cases 2~ were a
plain chest film and an ECG with 12 leads. In 3 cases esophagogastroscopy was
done. Scintigraphy of liver and spleen was performed in 48 cases.

Peritoneoscopy and guided liver biopsy were performed by us in 41 workers,
peritoneoscopy without biopsy in one, and percutaneous blind needle biopsy in
two other cases (total: 44 cases). Data of case 14 were put at our disposal by
courtesy of Dr. Harald Il ..aing® who, during a 3-year follow-up including three
peritoneoscopies, had previously classified the case as noncirrhotic portal fibrosis
with portal hypertension of unknown etiology. We were given access to data of
cases 10, 24, 29, and 31 which had been examined by peritoneoscopy and biopsy
at the Medizinische Universitiits-Poliklinikt; 1 of these 4 cases (case no. 10) later

® Head, Klinik Fohrenkamp of the Federal Board for Empioyee's Insurance,
D-241 Méliln, Germany.
t We would like to thank Prof. Dr. F. Kriick, Direktor der Medizinischen Univer-
sitits-Poliklinik, Bonn, and Prof. Dr. A. Glitgemann, Direktor der Chirurgischen Uni-
versititsklinik, Bona, for permission to include data of 3 and 2 cases, respectively,
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TasLs 10

SrecTauM or LasoraTory Tists Parromuep IN 30 PYC Worxins
B e —
1. Blood sedimentation rate; hemoglobin; red cell count; white cell count; differen-
tial csll count; hmtoait reading; number of pmeleu

2. Total bilirubin
. Glutamic oxaloacetic transaminase
Glutamic pyruvic tranzaminase
S. Alkaline Jhosphum
6. Lactic d ydrogenm ?

. Cholinest
8. Thymol lutbldlty
9. Total protein
10. Serum electropboresis |
11. Bromsulfalein reteation :

12. Urinalysis
13. Blood urea nitrogen _
%; gerum :I::tz;ge only in some cases

16. Serum iron

17. Serum copper

18. Blood glucose

19. Total cholesterol
20. Serum triglycerides
21. s-Lipoproteins

2. Blood coa;ulauon factors (I1, V, VII, X, antithrombin, thrombin time, throm-
23. Hepatit’:-usocuted antigen and antibody

underwent splenectomy after repecated hemorrhage from esophageal varices. In a
last case (case no. 7) splenectomy and lienorenal anastomosis were done at the
Chirurgische Universititsklinik.t Histology of the spleen was available in 3 cases
after splenectomy; in another 8 cases we performed guided biopsy of the spleen
for light microscopy; in 5 of these cases material for electron microscopy was
also obtained. In addition, liver biopsy material was obtained for electron micros-
copy from 8 patients.

Results

Physical Examination

On palpation, the liver was found to be slightly to markedly enlarged in 31
cases, Palpable splenomegaly was noted in 16 cases, in 4 of which it was not
accompanied by hepatomegaly. Jaundice, spider angiomata, paimar or piantar
erythema or physical demonstrable ascites were not found.

Laboratory Tests

The most consistently positive biochemical test was 45-min BSP retention
(TaBLE 11). A marginally to markedly pathologic retention was seen in 38 pa-
tients with a mesan value of 10.5 percent. In 12 cases serum bilirubin levels were
marginally elevated (maximum: 2.2 mg/100 ml). Likewise, activities of serum
alkaline phosphatase were increased slightly in only one-fifth of the total. Ac-
tivities of serum #: sinotransferases GOT and GPT were unequivocally pathologic
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Tanes 11

Rasurts or Livir Tasts 1N 30 PVC Wonkiars (CL 3sricATiON Basgd oN Maxnaar
Varues OsTaIlNgd 1N MurTires DETERMINATIONS)

43-Mis IS’ Serem Bilirehia Alkaling Fhesphataget
Rotentien (S0%)® (1.0 mg/100 mD* (4 wU/mi)®
Normal 12 k] 40
Pathologic 38 12 10
{Range) (5.1-25.6%) (1.1-2.2 mg/100 ml) (50~-110 mU/ml)
{Mean) {10.47%) (1.4 mg/100 ml) (71.9 mU/ml)
m Ne. of Gm Ne. af
norma —19 mU/milY =22 mU/mlY
Marginally 12-20 mU/ml 12-20 mU/ml
normal 20-30 mU/ml ! 23-30 mU/ml = 2
31-60 mU/ml 31-60 mU/mi
Patholagic 13 17
>350 mU/mi} 2 >50 ml‘.}/ s
>60 mU/mi >60 mU/ml
Tom 50 50

per lumt
1 hﬂ:dnﬁuuon of the method described by O. A. H. Bessey ¢ al. J. Biol. Chem.
164 2322& 1946; upper normal limit (sdults): S. J. Walter and R. Gldckner. Arztl. Lab.
10:
3 meg toa change in methods of determination of enxyme activities during the
i‘m&uuga‘:on ‘g;ter use of a substrate-optimated method) two sets of reference values
ad to u
: E. and F. W. Schmidt. Enzymol. Biol. Clin. 3:1
Substrtte-optl.mned standard method, W. Thefeld e d Deut. Med. Wochschr.

in 15 and 17 cases, respectively; however, marginal values may occasionally be
the only and earliest biochemical indication of toxic liver damage.'”

A more or less marked thrombocytopenia (less than 150,000 platelets/mm?®)
was observed in 42 cases. Except for ! patient with spienomegaly (case no. .4)
who bhad leukopenia besides thrombocytopenia, hematologic results were other-
wise within normal limits. Tests for hepatitis-associsted antigen and antibody
were negative in all cases. All other biochemical tests including initially intro-
duced but later abandoned immunologic reactions failed to contribute to the
problem in question,

Roenrgenology; Endoscopy of Upper Gastrointestinal Tracs; Scintigraphy

A diagnosis of esophageal varices, in some cases combined with varices lo-
cated in the cardiac region of the stomach, could be made in 10 workers; in §
2f them this was done by barium meal, in 2 by x-ray plus endoscopic examina-
tion, in 1 by barium meal and splenoportiogram, in 1 by endoscopy and spleno-
portogram, and in the last patient by indirect splenoportography. Only in cne
case (case no. 7) was intraoperative measurement of portal pressure possible, and
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TanLe 12
SpranousoaLy IN 50 PVC V'oaxzna
Spleen size as measured by scintigraphy in 48 cases

Methods
:fleaic scanning by *"Hg.BMHP (40 cases) (normal diameters: 11 x 7 x 4 cm)
ver

scan by **=T¢ wlfur colloid (46 cases

. Within normal limits (4 of the cases = PVC-Q,rom:in: wotkmr u/a-
. Bxceeding normal limits (2 of the cases = PVC.processing workers): 37/48¢
Not examined (previous splenectomy): 2/50

pw>

" Splenectomy in 3 cases
Dmnetm, weight:
2. 15“;“!"2‘: 1tml(m s hy (500 g)
at splenoportography
3. 23x13x6cm (l?JOg) scintiscan = 24 x12x7)
®In 6 of the 11 cases by liver scan.
t In 2 of the 37 cases by liver scan.

this proved to be only slightly elevated. Otherwise, no determinations of intra-
splenic pressure or of wedged hepatic venous pressure have been carried out 50
far.

In 5 cases a diagnosis of acroosteolysis was established by x-ray examination
of hands and feet.

Approximate spleen size was determined by means of selective scmngnphy
using labeled mercury (*"Hg-labeled bromomercury hydroxy propane)l in 40
cases. Measurement of three diameters (Iength, breadth, depth) allowed detection
of even minor degrees of splenomegaly.™* ™™ The organ proved to be alightly
to markedly enlarged in 37 out of 48 cases (total assessment of spleen size: 39
out of 50), a proportion that was considerably iarger than that obtained by
either physical or peritoneoscopic examination (TABLE 12).

Peritoneoscopy and Liver Biopsy

In internal medicine, the paramount advantage of peritoneoscopy lies in the
fact that it pgrmits direct inspection of the abdominal cavity and of size,
coloring, surface structures, and circumscribed lesions, especially of the two
main hepatic lobes and the spleen which, otherwise, can only be accomplished
by exploratory laparotomy. Besides inspection of abdominal organs, the metl »d
also allows, although only to a limited extent, minor intraabdominal manipula-
tions such as guided biopsy of liver and spleen, determination of organ con-
sistency by probe, and removal of strand-like adhesions. If contraindications
are strictly adhered to, serious complications are rare.” ™ Based upon a compila-
tion of 63,845 cases in which peritoneoscooy was performed with 48,766 guided
liver biopsies, Briihl” calculated a mortality rate of 0.029 percent. The rate of
complications was 2.49 percent, two-thirds of which, however, had been only of
minor importance.

In the cases presented here, peritonevscopic findings were categorized accord-
ing to the following criteria;

I. Symptoms of hepatic eniargement. These were measured by the relation of
$ We wish to thank Prof. Dr. C. Winkler, Direktor des Instituts fir Klinische und

Experimentelle Nukiearmedizin an der Universitit Bonn, for permission to use results
of scintigraphic examinations carried out at his institute.
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Froure 3. Granular appearance of liver surface (conspicuous scattering of light
reflection), pronounced coarsely reticular fibrosis of Glisson's capsule, patchy cicatricial
fibrosis, distinctly increased capsular vessels. At left upper corner site of guided liver
biopsy can be seen. (Case no. 41; length of exposure, 214 years.)

lower edge of right hepatic lobe to costal margin and a rounding-off of the
normaily sharp edge.

2. Changes in hepatic surface relief. Hepatic surface relief is normally smooth
and glossy with well-defined lobular configuration, mirror-like capsule, and
sharply defined light reflection: slightly uneven (irregular) or undulated ap-
pearance due to shallow concaviues in connection with slight initial cicatriza-
tion; granular (FIGURE 3) appearance as initial stage of distortion of hepatic
lobular architecture, characterized- and recognizable by scattering of light

-
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Figuxe 4. a. Finely nodular surface of the liver. Close-up view of lower edge of
left lobe. (Case no. 4; length of exposure, 17% years.) b. Finely nodular appearance
of underside of right hepatic lobe with steliate capsular fibrosis and small scars in a
worker engaged in proceseing the polymer. (Case no. 48; duration of job assignment,

4% years.)
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Frouze 5. Cotndy noduhrhenﬂe surface resembling advanced cirrhosis; left

lobe. Histol thero was, however, cnly septal fibrogis and collagenization of

sinusoidal walls. eyxdencco!ponﬂhmmmon. (Cass no. 42; length of exposure,

reflection, proceeding through finely nodular (FIGURE 4) to eventually coarsely
nodular surface relief (Fxauns 5).

. Presence of different degrees of local or diffuse hepatic capsular fibrosis. The
capsule is a very subtle indicator of pathologic, processes taking place in the
underlying tissue.*™ Capsular fibrosis (FIGURE 6) was usually irregularly dis-
tributed but mostly less pronounced toward the convexity; in its mildest form
it was characterized by a strand-like or membranous opacity. In some cases
we noticed a peculiar comma-like or stellate fibrosis (Flaure 7), probably
corresponding to a delicate scarring process in the underlying hepatic tissue.
A more pronounced lesion seemed to be the development of a thinly or
coarsely outlined more or less elevated network of thickened capsular con-
nective tissue covering the surface (FIGURE 8). In other cases there were
several or numerous small scar-like lenticular patches (FiGURre 9) or broader
slightly concave cicatricial lesions probably indicating postnecrotic scarring.
In 4 cases focal whitish capsular thickening resembled what is known as
focal “perihepatitis cartil* rinea™ (Figure 10).

. Appearance of capsular vessels. Capsular vessels are normally not visible;
pathologically, they may be slightly augmented or conspicuousiy increased
(FiGure 11) as an indication of underlying inflammatory processes of various
activity.

. Symptoms of splenic enlargement and perisplenitis. Visualization of the spieen
by peritoneoscopy is not always possible, aven after extreme tilting of the
table because the organ may be covered by adipose greater omentum; in this
case an efort to bare the lower pole by inserting a palpation probe is some-
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IRRIGULARLY PETICURATID FIRROSIS _
CCARSILY RETICRATER 10
PATOMY CICATRICIAL FIBROSIS
rosis of the liver observed in PYC workers.

MIG.WMQW_@ i

ical comma-like capcular fibrosis on convexity of left bepatic lobe

h .'""i ;»} :
= Fiogune 7, Typi ) 3 3
near faiciform ligameant (top center); in contrast to fincly nodular lower anterior edge
(sce Flounz 4a) of left lobe, surface on coavexity is comparatively smooth. (Case no

4; length of exposure 17% yeans.)
s
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Fiouze 8. Cn-r-.a reticular fibroeis of Glisson's capsule; right lobe, (Cass no. 9
length of exposure, 13% yeary)

Fioume 9. Lentilahaped and patchy irregular milk-white capsular thickening near
lower edge of right bepauc lobe, (ase no. 16; length of exposure, 842 years.)

: 119
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Fiours 10. Coarsely reticulated fibrosis and patchy focal whitish capsular thick-
ening (focal "pen'heg.au'tu cartilaginea™), resembling capsular alterations seen in thoro-
trastosis of the liver.'* (Case no. 6; length of exposure, 16 years.)

Fioume 11. Particularly pronounced increase of capsular vessels in case no. 14
(length of exposure, 11 years) with finely to coarsely nodular surface. The case was
formerly diagnosed as “noncirrhotic portal fibrosis and portat hypertension of unknown
etiology.” Close-up view shot with a special magnifying peritoncoscope (Courtesy of
Dr. Henning: see text}

120
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Ficure 12. Crenate margin of enhned lpleen' lentil-d‘nped thick tmlk-wl.nte i
splenitic fibrosis and millet-sized subcapsular hemorrhages. (Case no. 5; leagth of ex-

posure, 17 years.)

times successful. For assessing the spleen size, the relation of the inferior pole
of the spleen to the left costal margin and to the phrenocolic ligament as well
as the inspection of the crenate margin are useful. Minor degrees of splenic
enlargement cannot be recognized by peritoneoscopy. In marked spleno-
megaly the crenate margin is deeply indented. The splenic capsule seems to be
equally sensitive to processes going on in the underlying tissue as is Glisson's
capsule of the liver. In a number of cases minor degrees of perisplenitis were
present in the form of pinhead-sized to somewhat larger lentil-sized sharply
delineated white capsular plaques (FIGURE 12); only rarely were thei. patches
of thick white coating resembling focal “perisplenitis cartilaginea.” It is note-
worthy that patchy perisplenitis was found only in connection with more or
less marked splenomegaly.

6. Symptoms of portal hypertension. Quite early in the development of a col-
lateral circulation du= tn pcrtal hypertension a marked dilatation and later a
tortuosity of preformed peritoneal venous vessels can be detected in the
falciform ligament, on the anterior stomach wall, on the small and large in-
testine, and especially accompanying intra-abdominal adhesions. Minimal
amounts of ascites can be observed to accumulate between the right hepatic
lobe and the abdominal wall if the table is tilted accordingly.

All the lesions described above are nonspecific alterations not suggestive of a

distinct etiology.

Changes in hepatic surface relief, degree of capsular fibrosis, and appearance
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Tanes 13

Haratic SURPACE ALTERATIONS OBgsrVED ONM PERrTOrmcscory (a# = 47) oa
AT LAPAROTOMY (R ® T}

Altars tous Ne.
Surface relief
A Smooth 24/49
sugml nuum or undulated 7/49
. Granu ely nodular 13/49) 25/49
Conndy 5/49
Caxlular fibrosis (irrenhrly distributed)
None 6/46
Predominantly:
B. Commas.like or stellate 3/46
C. Finely to coarsely reticular 20/46
D. scar-like pnchu to broader concave post- 14/48} 40/46
E. g:i:oh;lc“mnep‘“m cartilaginea’ 3746
Capsular ij:nh
B Do oo red 1o/as ’
i augment
C Conspi’::uously increued 5/46} 2/46

of capsular vessels on the liver surface were recorded and graded on a severity
scale. TABLE 13 shows that in about half of the cases the surface relief of the
liver was altered ranging in degree from slightly uneven to coarsely nodular, the
macroscopic appearance of the liver being suggestive of advanced cirrhosis in 2
cases (see FIQURE 5). Similarly, capsular vessels were considered to be slightly
to conspicuously increased in half of the total cases. The most consistently posi-
tive feature of gross pathology was capsular fibrosis. It was unevenly distributed,
sometimes more pronounced on the left lobe than on the right one, and in the
majority of positive cases it was present in the form of a more or less con-
spicuous reticulated capsular thickening.

In cases with massive patchy perihepatitis the picture was reminiscent of
hepatic “thorotrastosis™ (see Fioure 10).” The proportion of peritoneoscopically
determined enlargement of liver and spleen can be seen from TasLe 14. Pro-
nounced symptoms of portal hypertension were observed in 7 cases. A smail
armnount of ascites was found in only | case.

In contrast to gross morphology, however, histologic lesions observed in liver
biopsy material were far less pronounced than might have been expected from
peritoneoscopic appearance, and this also applies to the cases which laparoscopi-
cally resembled advanced cirrhosis of the liver.

In essence, four histopathologic features could be observed (TABLE 15):

3. Degenerative alterations of hepatocytes, occasionally accompanied by phe-
nomena of cytor!2smic adaptation.

b. Slight fibrosis and collagenization of sinusoidal walls.

¢. Polymorphism and polyploidy of liver cell nuclei.

d. Activation and proliferation of littoral cells lining sinusoids.

Degenerative alterations of liver cells, manifest within relatively sharply de-
fined intralobular areas (Figure 13), were predominantly characterized by hy-
dropic swelling and granularity of cytoplasm, with occasional single cell necrosis,
and were present, to some degree, in all the cases examined. In some cases
adaptive changes manifested themselves as “ground glass appearance™ of cyto-
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Taiasa 14
HEPATOSPLIMOMBOALY AND SYMPTOMS OF PORTAL HYPERTEINSION ON PERITONROSCOPY
OR AT LararoTOMY _
— —— e
u’(’- - ) (» = %) w
None 31/49 Nons 13/36 None 40/49
Present 18/49 Present 23/36 uestionable 2749
Spleen not vis- 13/49 arked 7/49
ualized®

¢ In 13 cases the spleen could not be visualized during peritoneoscopy even after
extreme tilting owing to its being covered by nonremovabie omental fat.

TamLe 15
Synorsts or PERTINENT HISTOLOGIC FRATURES IN 49 PATIENTS

m—
—_— ———

e L ——

None 10 1 4 28
Present in 39 48 15 3
Grading
Mini 7 25 6 6
Slight 32 20 8 14
Moderate —_ 2 1 3
Marked -— 1 —_ —

|l

T A

Fioune 13. Degeperative changes of hepatocytes with hydropic swelling and granu-
larity of cytoplasm. Occasional single cell necrosis. Note proliferation and pleomor-
phism of littoral cells (Case no. 14; length of exposure, 11 years; biopsy several days
after last exposure). H&E (X235).
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PEAS PV

Fliouu'u. Mia'onod;xhr appearance due to leplﬂ fibrosis with c't;a};aerisﬁc
hydropic swelling of parenchymal cells (Case no. 5; length of exposure, 17 years;
biopey 2 weeks after last exposure). Trichrome Goldner stain (X94).

plasm. Fibrosis, observed in somewhat less than one-third of the cases, was
partly septal, partly portal, and partly midzonal; in 80 percent of the cases there
was collagenization of sinusoidal walls, occasionally forming a network-like
intralobular fibrosis (FIGURB 14). Polymorphism of liver cell nuclei was char-
acterized by enlargemeant and polyploidy of nuclei. The total number of bi- or
multinucieated cells, however, did not scem to be increased. A rather character-
istic feature was an aoctrivarion and proliferation of sinusoidal cells. There was a
definite increase in the number of littoral cells; they were occasionally arranged
in a chain-like fashion and often resembled short pegs. In 6 patients, a bizarre
nuclear shape was observed with enlargement and hyperchromatism (poly-
ploidy?), interpreted as a symptom of pronounced cytologic deviation (F-GUre
15). Less than half of the cases had predominantly minimal to slight fatty in-
filtration of hepatocytes, not correlated to either length of exposure or drinking
habits. More detailed information on special features of histology may be found
in Dr. Gedigk's paper.

Discussion

Qur synopsis of prior studies published between 1933 and 1973 (TastE 4) in-
cludes a total number of about 12,500 workers employed in VC polymerization
and PVC processing. However, considering the relatively high standards of oc-
cupational hygiene in modern chemical industry,’ ™™™ the true number of
workers examined routinely by pluat physicians can be assumed to have been
much higher. Seen against this background and the fact that large-scale produc-
tion of PVC has now been going on for 45 years, the number of reported cases
with {(mostly ill defined) liver disease seems to be surprisingly small. Other mani-
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g~ e ) .
Fioure 15. Toxic and adaptive changes of parenchyma. Conspicuous plecmor-

phism of littoral cells (Case no. 3; length of exposure, 18 years; biopsy 2 weeks after
last exposure). H&E (x400).

festations associated with VC polymerization had been seen more frequently
(acroosteolysis in 118, Raynaud’s syndrome in 97, skin lesions in 40 of more
than 12,000 workers). They evoked particular interest mainly between 1966 and
1971 and were thought to be restricted to avoidable manual cleaning of re-
actory. ™ *"

Thus, when we first observed evidence of liver disease of possibly occupa-
tional etiology in the workers examined, we suspected plant standards to have
been particularly poor, considering that liver disease was so rarely mentioned in
prior publications. Intimations made by workers seemed to confirm this assump-
nwon (distinct odor of VC vapors st diverse working areas even outside the loca-
tion of reactors, deteriorating quality of ventilation after windows had been
walled up, frequent symptoms of acute overexposure, and mainly manual reactor
cleaning). However, with a growing number of workers examined it became
evident that we dealt with a disease presenting with a multisided but predomi-
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santly inconspicuous symptomatology (for ip<tance, minor hepatic functionat in-
sufficiency™") which, with reference to liver and spieen, even in advanced stages
would be liable to escape detiction if only conventional methods of examinations
were employed. Therefore, statements given out by other plants that liver and
sploen changes had never been observed should be met with scepticism unless
provea by morpbologic methods. . . )

The dramatic discovery of cases of hemangioendotheliosarcoma of the liver
in PVC workers throughout the world early in 1974 has shown that this is cer-
tainly not merely the problem of a specific plant. ‘

Nooe of the clinical or morphologic findings seemed to be mutyally cor-
related nor did we find a recognizable correlation between a certain set of symp-
toms and length of exposure or alcohol consumption. The clustering of patho-
logic findings (liver, spleen, portal circulation) in this gioup now comprising 50
workers confirmed our previous impression™ that we dealt with a symptomatology
compatible with the diagnosis of chronic toxic liver damage,™™™ similar to that
seen after repeated or eontinuous exposure to halogenated hydrocarbons. The
histomorphologic appearance of the liver was essentially characterized by de-
generative lesions (frequently observed in chronic toxic liver injury; hyperplastic
smooth endoplasmic reticulum, alterations of rough endoplasmic reticuium due
to toxic derangement of membrane structures™™'™), fibrosis (septal fibrosis or
collagenization of sinusoidal walls with occasional capillarization and finally
network-like interstitial fibrosis), and enlargement or proliferation of littoral
cells.

Whereas the mostly unimpressive histologic findings permitted reflections as
to possible etiology,™™™'*'™ peritoneoscopic results, although usually much
more suggestive of serious liver damage, could only be interpreted as unspecific
evidence of injury; for instance, even pronounced capsular fibrosis merely indi-
cates a repair stage of underlying tissue damage due to a variety of noxious
agents.™ ™ ™ Although granular to nodular surface relief in a number of cases
suggested incipient derangement of lobular architecture, a final diagnosis of
cirrhosis of the liver could be made only in two cases, Thus, the pathogenesis of
portal hypertension with splenomegaly or of isolated splenomegaly at first re-
mained unexplained, especially since no recognizable correlation seemed to exist
between degree of hepatic lesions and degree of splenomegaly or of portosys-
temic collateral circulation. Liver disease in PYC workers reminds one of non-
cirrhotic portal fibrosis, predominantly seen in India," """ ™ or of sncalled
idiopathic portal hypertension,™*™*® ®ue-ut14 reqpactively. In this discase en-
tity, portal hypertension and splenomegaly are usually accompanied by similar
alterations of hepatic surface and histology;*™ 1" """ in some cases,
however, portal hypertension secemed to have been the result of scierosis or
thrombosis of the portal vein.™*™*** Another analogy between liver discase as-
sociated with PVC produ~ion cnd noncirrhotic portal fibrosis/ hypertension can
be seen in the frequently observed combination of a pronounced pathotogic BSP
retention with other laboratory parameters being normal or only slightly aber-
rant;"“™* BSP retention, however, can be readily explained by the character of
the histologic lesions.™ A certain resemblance to Banti's syndrome is sug-
gested.'*® It should aiso be realized that the degree of fibrosis in our cases was
most probably underrated on microscopy since surgical biopsy material, more
suited for detection of fibrosis,'"™ was not available. On the other hand, one
should keep in mind that even the rather unimpressive alterations observed histo-
logically (periportal and sinusoidal fibrosis, capillarization of sinusoids, degen-
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erative cellular lesions) may be sufficieat to explain an increase in portal pres-
‘m..-.ﬂ.n. M-l A, AN, ME, MW, M8

In this connection, particular attention should be paid to the enlargement
and proliferation of littoral cells, as described above, because of their relation to
fibrogenesis, - v mAm Regides, proliferation of littoral cells is of diagnostic
significance, indicating that the reticuloendothelial system is iovolved and ac.
tively participates in the process (a possibly additional pathogenetie factor in
splenomegaly?). In this context, recent reports on oncogenic properties of vinyl
chloride™*'™ should be evaluated since proliferative alterations of littoral cells
are possibly the precursor stage of hemangioendotheliosarcoma. 1f one looks for
a pattern of injury similar to that seen 1n VC-associnted hepatic hemangioendo-
theliosarcoma, gross morphology, histologic appearance® - ™™ ® & & 1= 15, 1.
3 ond conjectural course of events in the pathogenesis of hemangioendo-
theliosarcoma occurring after exposure to Thorotrast or arsenic can perhaps
serve as an example. It could be speculated that chronic stimulation of the
reticuloendothelial system (possibly also of hepatocytes'™) by a toxic substance'™
may be the common denominator.

This leads back to the question of etiology.® Quantitatively vinyl chloride
monomer is the most likely suspect in VC-associated liver disease. Numerous
hints (such as odor and acute symptoms of overexposure) contained in job
histories point to the frequent release of considerable concentrations of VC at
various working areas in VC polymerization,™"™* even if one considers the un-
reliability of olfactory sensations™ * “* ** and the wide range of olfactory thresh.
old concentrations reported in the literature, ™ ®- *- & .

Except for Schumann’s communication in 1934,™ quoted by Williams'™ in
1959, very little is known about the kinetics and metabolism of vinyl chlo-
ride.“™'™ Nevertheless, considering the chemical structure of VC and the course
of events in polymerization, it can be speculated that free radical mechanisms
(monomer, catalysts) may be responsible for damage to cell membranes and
subcellular structures (endoplasmic reticulum, “drug-bydroxylating enzyme sys-
tems™”), for example, by way of “lipid peroxidation.” ™'*'® Furthermore, for-
mation of free radicals may also be involved in the oncogenic action of vinyl
chloride.™ '

Regardless of such deliberations, results of animai experiments with long-term
exposure to pure VC have demonstrated considerable hepatosplenic injury™-*
apart from tumorigenesis and damage to other organs.’*™ From these results it
appears quite probable that the pattern of damage observed can be at. ibuted to
the effect of VC itself. It is, however, not established® whether and if so how
far various additives™ or intermediate compounds® contribute to the symptom
pattern in human vinyl chloride disease.

Some comment should be made on the gquestion of a potential health hazard
for those engaged in prncessing the polymer to the final product. This question
is even more difficult to answer and in practice of even greater importance.
Detection of analogous if less pronounced lesions in some workers engaged in
the manufacture of floor tiles should be reason enough also to pursue the ques-
tion of possible VC-induced damage in these later stages of production. This is
also suggested by the fact that VC trapped in the polymer can principally be liber-
ated™*='® during processing (c.g., calendering, moulding, extrusion, et¢.)’ at
temperatures of 100-200°C.*™ ™ At the moment, it is also open to discussion
whether PVC dust, apart from damage to the respiratory tract,”™'*'may cause
gastrointestinal symptoms,® for instance, by persorption.™
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In the future, periodic control examinations of all PYC workers, especially
of those engaged in VC polymerization, at short intervals employing sensitive
methods should be obligatory unless it should prove feasible to eliminate com-
pistely any possible air contamination. .

Some of the many scientific questions connected with the problem of vinyl
chioride discasec may not be answerable until resuits of further extensive animal

experiments™™*"" and of prospective and retrospective {arge-scale studies” as
well as of continuous monitoring of working areas**™* are available.

REFERENCES

1. Abad, Y. G., A. G. Huvos & S. L. Hupu. 1272, Malignant vascular tumors of
liver. Ann. Surg. 175: 378,

2. AwsmianT, L. F. 1967. Vinyl chloride processes. Chem. Eng. 74 (March 27): 123,

3. ALanioHT, L. F. 1967. Manufacture of vinyl chloride. Chem. Eng. 74 (April 10)
219,

4. ALBRiGHT, L. F. 1967. Polymerization of viny} chloride. Chem. Eng. 74 (May 8):

151, L. )

S. Arsziant, L. F. 1967. Vinyl chloride polymerization by suspension processes
yields polyvinyl chloride resins. Chem. Eng. 74 (June 5): i43.

6. ALsriaKT, L. F. 1967. Vinyl chloride polymerization by emuision, bulk and solu-
tion processes. Chem. Eng. 74 (July 3): 85.

7. ANGHELESCU, FL., M. Otoru, E. Dosrinescu, L. Haci-Parascav-possios, GH.
DosmNescU & V. GANEA. 1969. Conzideratii clinico-patogenice asupra feno-
menulgi Raynaud ia muncitorii din industria policlorurii de vinil. Med. Interna
21: 473.

8. AusTin, G. T. 1974. Industrially significant organic cbemicals (Part 3). Chem.
Eng. 81 (March 18): 87. L .

9. Baapen, E. W. 1960. Klinische Grundlagen der sechsundvierzig meidepflichtigen
Berufskrankheiten. Urban & Schwarzenberg. Miinchen, West Germany.

10. Baapen, E. W., Ed. 1961. Handbuch der gesamien Arbeitamedizin. Vol. I1/1:
Berufskrankheiten. Urban & Schwarzenberg. Miinchen, West Germany.

11. Bagumzape, M. F., E. U. HERTEL & P. ScHuMacHER. 1971, Himangioendo-
theliom (Reticulosarcoma angioplasticum) der Leber und aite Echinokokkus-
infektion. Acta Hepato-Splenol. 18: 224. Lo

12. BaneTTA, E. D., R. D. STEWART & J. E. MUTCHLER. 1969. Monitoring exposures
to vinyl chloride vapor: breath analysis and continuous air sampling. Am. Ind.
Hyg. Assoc. J. 30: 537. .

13. Basalaev, A. V., A N. VazNn & A. G. KoCeTRov. 1972, K patogenezu izmenenii
voznikayush&ikh pri dlitel'nom vozdeistvii vinilkhlorida. Gigiena Truda Prof.
Zabolevaniya 16(2): 24.

14. Basu, A. K., J. BOYER, R. BHATTACHARYA, K. C. Basu MaLLIk & K. P. SEN GurTa.
1967. Non-cirthotic portal fibrosis with portal hypertension: a new syndrome.
;g-t ;s(:‘zl;%lal and function studies and results of operations. Indian J. Me

15. Basu MaLurx, K. C., K. P. SEx GurTa, A. K. Basu, S. K. Biswas, N. C. PaL &
J. Bover. 1967. Non-cirrhotic portal fibrosis with portal hypertension: a new
syndrome. Part I1. Histopathological studies. indian J. Med. Res. §5: 351,

16. Beck, K., W. Discurex, M. Hetms, B. Kiant, K. Sicxkincer & R. TENNER. 1968,
Atlas der Laparoskopie, F. K. Schattaver Verlag, Stuttgart, West Germany.

17. Becxer, V. & K. Bisscurr. 1741, "":ter das Himangioendotheliom der Leber.
Acta Hepeato-Splenot. 8: 156.

18. Bu;.r;?m. L. 1970. Zum Problem der Leberfibrose. Schweiz. Med. Wochschr. 100:

4,

19. Boyer, J. L. K. P. SEN GrrTa. 5. K. Biswas, N. C. PaL, K. C. Basu Marrix,
F. L. Iszn & A. K. Basu, 1967. Idiopathic portal hypertension. Comparison
with the portal hypertension of cirrhosis and extrahepatic portal vein obstruc-
tion. Ann. Internal Med. 66(1). 41.

20. Buur. MED. J. 1974. Vinyl chloride and cancer. 1: 590.

21. BRONFENMAJER, S., F. SCHAFFNER & H. Popper. 1966. Fat-storing cells (lipocytes)
in human liver. Arch. Pathol. 82: 447,

22. Broussaxp, G. 1969. Patologia da resine poliviniliche. Med. Bull. 52(2): 102,

RSV 0016795



Marsteller er al.: Splenomegalic Liver Discase 129

23. B W. 1966. Zwischenfklle und Kom tionen bel der Laparcskopis und
e tsn Lsberpunktion (Ergebnis ciner Umirage). Deut Med. Wochschr. 911

7.

24. CanaDA, DEPARTMENT OF NATIONAL HEALTH AND WiaLrang, INDUSTRIAL HEALTH -
Division. 1949. A guide 0 the diagnosis of occupstional diseases. King's
Printer. Ottaws, Ontaric, Canada.

25. Canz, J., R. M. Buroison, J. P, Vircaa & J. C. Krantz, JR. 1949. Anesthesia
XXIV. Chemical constitution of hydrocarbons and cardiac automaticity. J.
Pharmacol. Exptl. Ther. 971 1.

26. CHATELAIN, A, & P. MoTiLLON. 1967, Un syndrome d'acro-ostéolyse d'origine pro-
femsiopelle et de constatation nouvelle en France. J. Radiol. Electrol. Med.

' Nudl. 48: 277. ’ .

27. ChmacaL Econosacs HANDSOOK. Sc-tember 1973. Vinyl Chloride aod Polyviny.
. Chloride Resins. Stanford Research lastitute. Mealo Park, Calif.

28. CHEMIEWIATSCHAFT IN ZAHLEN, VERBAND DER CHEMISCHEN INDUSTME E.V., Ed.
1'1973. 15th edit. Econ-Verlag. Disseldorf, West Germany.

29. CuenoweTH, M. B. & C. L. Haxe. 1962. The smaller balogenated aliphatic by-
drocarbons. Ann. Rev. Pharmacol, 2: 363.

30. Ciner InsrEcTOR OF FACTORIES. 1933, Annual Report for the Year 1951. Cmd.
8772, H.M.S.0. Eondon, England.

31. Coox, W. A, P. M. Gievex, B. D. DN & H. J. Maanuson, 1971, Occupa-
tional acroosieolysis. II. An industrial hygiene study. Arch, Eaviron. Health 22:

74.

32. Cornigr, I. M., C. Fievez, M. J. LErivae & A. Seviun. 1966. Acro-ostéolyse et
J&sions cutanées associées chez deux ouvriers affectés au nettoyage d'autoclaves.
Cahiers de Médecine du Travail (Association Professionneile belge des Méde-
cins du Travail 4 janvier 1966).

33. Caeecn, 1. L., J». & M. N. JoHNSON. 1974. Angicsarcoma of liver in the manu-
facture ofProl{.vinyl chloride. J. Occupational Med. 16: 150.

34. Caorr, M. N, . BraDy, 1. Bropsxy & L. STANTON. 1965. A new agent for
spienic scanning: BMHP. Radiology $4: 492,

35. DaxLcaeN, S. 1961, Thorotrast tumours. A review of the literature and report of
two cases. Acta Pathol. Microbiol. Scand. 53: 147.

36. DanisHEVSKT, S. L. & N. M. Ecorov. 1961. Voprosyi toksikologii v khimii
komolekulyarnykh soedinenii. Gigiena Truda Prof. Zabolevaniya § (9): 26.

37. DanziGgenr, H. 1960. Accidental poisoning by vinyl chloride: report of two cases.
Can. Med. Assoc. J. 82: 828.

38. Deese, D, E. & R, E. Joyner. 1969. Vinyl acetate: a study of chronic human ex-
posure. Am. Ind. Hyg. Assoc. J. 30: 449.

39. DEicMaNN, W, B. & H. W. GERARDE. 1969. Toxicology of drugs and chemicals.
Academic Press. New York, N.Y.

40. DEViGNEVIELLE, DR. & A, M. FLUCHER. 1953. Etude toxicologique expérimentale
des résines polyvinyliques. Service Médical des Manufactures de Saint-Marcel,
Vernon, avril 1953. As cited in Truffert, 1959.

4]. Dmmov, D. & T. Bemmic. 1971, Profesionalna akroosteoliza. Arhiv. "lig. Rada
Toksikol. 22: 53.

42, DiNnMaN, B. D, W. A, Coox, W. M. WHrTEHOUSE, H. J. MacNusoN & TH. DIT-
CHECX. 1971. Occupational acroosteolysis. I. An epidemiological study. Arch.
Environ. Health 22: 61,

43. DopsoN, V. N, B. D. DinmaN, W. M. WHITEHOUSE, A, N. M. Nasz & H. J.
MagNUsSON. 1971, Occupational acroosteolysis. IIE. A clinical study. Arch, En-
viron. Health 22; /3.

44. DominmoHAUs, H. 1972, Kunststoffe 1. Aufbau und Eigenschaften-Kunststoff-
sorten-Anwendungen. 2nd edit. VDI-Verlag. Dilsseldorf, West Germany.

45. DoMINTNGHAUS, H. 1973. Kunststoffe II. Aufbereiten-Oberflichenveredeln- Um-
formen. 2nd edit. VDI-Veriag. Dlsseldorf, West Germany.

46. DusuN, L. 1. & R. J. VANE. 1933, Occupational hazards and diagnostic signs.
U. S. Department of Labor, Bureau of Labor Statistics. Bulletin No. 582. U.S.
Government Printing Office. Washington, D.C., p. 49. As cited in Danziger,

1960.

47. Dustmn, L. 1. & R. J. Vane. 1941, Occupational hazards and diagnostic signs. U. S.
De;arunem of Labar, Division of Labor Standards. Bulletin No. 41 (revised).
us. C;g;eornmem Printing Office. Washington, D.C., p. 65. As cited in Dan-
ziger, . .

RSV 0016796




130 Annals New York Academy of Sciences

48. Duoors, P., P. Asataxp, B, Ds Biavco AT & J. Laowanp. 1972. Acropathie
pol)?\:inthu professioanslle. Bull. Soc. Franc. Dermatol. hiligr. 791 197.

49. BcxaxpT, R. E. & R. HovoiN, 1973, The health harards of cs. J. Occupa-
tional Med. 15 IOI

$0. Epmonpaon, H. A, R. L. Psreas, H. H. Fanvkmt & S. Borowski. 1967. The
early stage of liver i mmry in the aicoholics. Medicine 462 119,

3 l EumoracHE)GE. 1972. Handelsblatt GmbH. Disseldorf, West German

2. Famuary, L. T. 1957, Industrial toxicology. 2nd edit. The Williams & Wilkins

Company. Baltimore, Md.

53, Foatova, V. S. & B. SH. GronsaERQ. 1957. s:mnmo-pdemm usloviya
truds v pl'OI.ZVOdIM polikhlorvinilovoi smolyl | meryil ikh ozdorovieniya.
QGigiena Sanit. No. 1: 38 4

34, FnaTova, V. S., L. L Baraxnonova & E. Si. Growsarra. 1958, Gigienileskaya
khaukt;(r;s;xh prmzvodsm Jkhloristovo vinila, Gigiena Truda Prof. Zabole-
vaniya

$5. FnaTova, V. S, E. Su. Guomnu.N A Sumwnova, E. A. STUlova & L V.,
ORESCKEVIC. !965 Voprosyi gigicnyi truda { sostoyanie zdorov'ya rabolikh,
2anyatyikh na proizvodstve la polivinilkhiorida. Gigiena Truda Prof.
Zabolevaniya 9: 9.

$6. FaTova, V. S. & V. A. ANTONYUZMENKO. 1971, Gigienileskiye usloviya truda i
professional’'naya zabolevacmost’ rabodikh proizvodsiva suspenzionnovo poli-
vinilkhlorida v dinamike za ryad let. Gmeu Troda Prof. Zabolevaniya 15(4):

32.

57. FiscHeR, J., H. MUNDscHENK & R. Worr. 1965, Milzszintigraphie mit 1-Bromo-
mercuri (‘"Hg)-z -hydroxypropan (BMHP). Fortschr, Gebiete Roentgenstrablen
Nuklearmed. 103: 349,

L1 Flsb?u:;, 16. R. Worr & H. Guan. 1973. Die Milznzintigraphie. Dtsch, Arztebl,

59. GaLL, E. A. 1969. Tumors of the liver. /n Discases of the Liver. L. Schiff, Ed.
3rd edit. J. B. Lippincott Company. Philadelphia, Pa.

60. Grsr:l(cg. C9 T. 1971, Acro-osteoiysis in PVC workers. Med. Bull. Stand. Qil Co.

: 49,

61. GONTHER, O. 1956. Die Kunststoffe und ibre arbeitsmedizinische Bedeutung.
Zentr. Arbeitsmed. 6: 156.

62, Haxnis, D. K. 1953, Health problems in the manufacture and use of plastics.
Brit. 1. Ind Med. 10: 255.

63, Hanwus, D. K. & W. G. F. ADans. 1967, Acro-osteolysis occurring in men engaged
in the polymenunon of vinyl chloride. Brit. Med. J. 3: 712,

64, HEnscHLER, D., Ed. 1972/1973. Gesundbheitsschidliche Arbeitsstoffe. Toxikolo-
gisch- arbc:tsmedlzmuche Begrindungen von MAK-Werten (Maximale Arbeits-
platz-Konzentrationen). Verlag Chemie. Weinheim, West Germany.

6S. Hexnre, K. 1963. Polyvinyichlorid. In Ullmanns Encykiopidie der technischen
Chemie. W. Foerst, Ed. 3rd edit. Vol. 14, Urban & Schwarzenberg. Miinchen,

West Germany. .
66. HExviEUX & TESSIER. 1959. Quelques observations d'exposition et d'iniclérance
aux dérivés vinyliques et aux résines éthoxyliques. . Maladies Profess. 20:

61.

67. Isex, F. L. 1970. Portal hy&emmnon in the presence of normal liver morphology.
Ann. NY. Acad. Sei. 170(1): 118

68. INTERNATIONAL Lanounr Orrmice. 1971, Encyclopaedia of Occupational Health and
Safety. Geneva. Switzerland. Vol I 387.

69. INTERNATIONAL Lasour Orrice. 1972, Encyclopaedia of Occupational Health and
Safety. Geneva, Switzerland. Vol. II: 1467.

70. InisH, D. D. 1963. Halogenated hydrocarbom’ 1. Aliphatic. In Industrial Hygiene
and Toxicology. Vol. Il: Toxicology. D. W. Fassett & D. D. Irish, Eds. Inter-
science Publishers. New York, N.Y.

71. JavitT, N. B. 1970. Clinical lr:d experimental aspecis of sulphobromophthalein
and related compounds. /a Progresa in Liver Discase. H. Popper & F. Schaffner,
Eds. Vol. IIl. Grune & Stratton. New York, N.Y.

72. Jupan, ]. D, A. E. M. McLeaN & E. K. McLean. 1970. Biochemical mechanisms
of liver injury. Am. J. Med. 49 609.

73. J0me, S. & C. E. Lance. 1972, Skierodermieartige Hautverinderungen, Raynaud-
Syndrorn und Akroosteolysen bei Arbeitern der PVC-herstellenden Indvstrie,
Deut. Med. Wochachr. 97: 1922,

RSV 0016797



Marsteller et al.: Splenomegalic Liver Disease 131

74. Klu.?. R. B 1973. Viayl chloride and acroosteolysis. J. Occupstional Med. 151

78. 1969. Toxic and drug induced hepatitia. /n Diseases of the Liver. L.
ﬁd. 3nd edit. 1. B. Lippincott Company. Philadelphia, Ps.

76. Kl.mt. O H. W. ALaanN, 1971, Morphologie toxischer Hepatosen. MUnch.
Wodnchr 113: 1529,

77. l(.wol. T.H Sa:MIm & A, Fuanuaex 1970, Sinusoidal portal hyperten-

78. K.um. C.G. & J. E. MurciiER. 1972. The correlation of clinical and environ-
m;;n;l;mu for workers exposed to vinyl chloride. Am. Ind. Hyg.
3
79. Lmun. C.-E., S. I0ux, G. STRIN & G. VELTMAN. 1974, Die sogenannte Vinyl-
i K it—eing berufsbedingte Systemsklerose? Intern. Arcb Arbeits-
md. : .

80. Lun. C. D. 1934, The role of pharmacology in the development of ideal anes-
. Am. Med. Assoc. 1821 1.
81. Lumx. R. 1966, Chemie und Taxikologie der Kunsts:offe. Knunkopt. Mainz,
Germany
82, Lﬁrtvul. M. ). 1972 Internationales Symposion der Werksiirzte der Chemischen
Industrie, 27-29 April 1972, Ludwigshafen. As cited in Stein ef al., 1973,
83. Luoaann, K. B. & F. FLury, Eds. 1938, Toxikologie und Hygxene der techni-
schen L&unpmmel Julius Springer. Beriin, Germany.
84. Lestex, D., L. A, Greensexo & W. R. ADams. 1963. Effects of single and re-
ud expomm of humans and rats to vinyl chioride. Am. ind. Hyg. Assoc. J.

LINDNEI.. H 1973. Laparoscopy in aicohol-induced liver discase. Gastroenterology

86. mdwm R. N. M., J. M. VerTEns, S. K. Ross, J. Ferguson, J. M. Joun-
STONE & "A. T. SANDISON. 1973, Humnpo-endounlu! sarcoma of the liver.
1. Pathol. 1692 39,

87. MarTen, K. E & R. L. Zimwuuis, 1964, Industrial Toxicology and Dermatology
in the Production and Processing of Plastics. Elsevier Publishing Company.
Amsterdam, The Netherlands.

88. MaLTONI, C., M. Cnesr1 & P. J. R. Burcy, Eds. 1973. II International Symposium
on Cancer Detection and Prevention, Bologna, April $-12, 1973. Excerpta
Medica Int. Congr. Ser. No. 278.

89. Mann, A., J. STRAUSS, R, MicurELs, J. P. BenoiT, R Batmie & C. Piexre. 1967,
Acro-ouéo!yn d'origine professionnelle (Travail présenté i la Ligue Francaise
contre le Rhumatisme, séance du 18 janvier 1967). Rev. Rhumat. 34: 340.

90. Marxowttz, S. S, C. J. McDonaLp, W. FETHIERE & M. S. KErRZNER. 1972, O¢-
cupational acroosteolysis. Arch. Dermatol. 106: 219.

91. ManstELLER, H. J,, W. K. LEtaacH, R, MOLLER, S. JUHE, C. E. Lanae, H. G.
ROINER & G. VELTMAN. 1973, Chronisch-toxische Leberschiden bei Arbeitern
in der PVC-Produktion. Deut. Med. Wochschr. 98: 2311,

92. MasTROMATTED, E., A. M. Fisuex, H. CHrisTiE & H. DANZIGER, 1960. Acie in-
halation toxicity of vinyi chloride to laboratory animais. Am. Ind. Hyg. Assoc,
J. 8: 394; Buil. Hyg. 36: 244.

93. MavErs, M. R. 1969. Occupational Health. The Williams & Wilkins Company.
Baltimore, Md.

94, Mcl:(z:ozl;:‘. C. P. 1970. A new occupational disease is born. ;. Gaeupational Med.

3234,

95. Mixxrrsen, W. P., H. A FowmonpseN, R. L. PETErs, A, G. REDexer & T. B.
REYNOLDS. 1965. Extra- and intrahepatic portal hypertension without cirrhosis
(hepatoportal sclerosis). Ann. Surg. 162: 602,

96. MisoewLD, V., H. J. SToLeMann & S. Scuuite. 1973, Zur Intoxilation durch
Y'inylzc’hloﬁd-l’olymeriuw und/oder deren Begleitstoffe. Z. Haut Geschlechiskr.

1 4

97. Mornis, J. S., T. HTur & A. E. READ. 1972. Scleroderma and portal hypertension.
Ann. Rheumatic Discases 31: 316.

98. NETTLESHIF, A. & W. J. FINK. 1961 Neoplasms of the liver following injection of
thorotrast. Am. J. Clin. Pathol. 35; 422,

99, OrTrer, H. 1963, Gewerbetonkolom und Phynoloue einzelner Polymerisate.

Polymerisate chiorierter Athylene. in Ullmanns Encyklopidie der technischen

RSV 0016798




132 Annals New York Academy of Sciences

Chemis. W. Foerst, Ed Vol. 14: 306 Urban & Schwarzenberg. Minchen, West

Germany.

100. Ostex, R.yl-l.. C.J. Canr & J. C. KRANTZ. 1947. Amesthesia. XXVII. Narcosis
with vinyl chloride. Anesthesiology 8t 359, .

101. Osrexaaymn, H. 1967, Vinyichlorid. /n Ullmanns Encyklo, der technischen
Chemie. W. Foerst, Ed. Vol. 18: 87. Urban & Schwarzenberg. Minchen, West

Germany.

102, Otvo, P., F H. Knause, K. G. JesteR, F. W, Saoqot & K. H. GLarzew., 1972,
ldiopethische portale Hypertension. Med. Klin. (Munich) 67: 447.

103. Pamac=ociang, L. & C. Sasst. 1955, Rischi o patologia profesmsionale nella pro-
duzione ¢ pelia lavorazione di alcune materie plastiche. Med. Lavoro 46: 14,

104, PATTY, P. A, W. P. YANT & C. P, WarTE, 1930. Acute response of guinea pigs to
vapors of some pew commercisl organic compounds. V. Vinyl chloride. Publie
Health Rep. 45: 1963. . N

10S. PatrY, F. A, Ed. 1958. Industrial Hygiene and Toxicology. Vol. 1. General Prin-
ciplez. 2nd edit. Interscience Publishers. New York, N.Y. ]

106. PatTY, F. A, Ed. 1963, Industrial Hygiene and Toxicology. Vol. I1. Toxicology.
D. W. Fassett & D. D. Irish, Eds. 2nd cdit. Interscience Publishers, New York,
N.Y.

107. Peores, A. S. & C. D. Leaxe, 1933, The anesthetic action of vinyl chloride. J.
Pharmacol. Exptl. Ther. 48: 284,

108. PousH, E., J. CHrisTie, A. COHEN & B. SurLivan. 1962, Idiopathic presinusoidal
portal hypertension (Banti’s rome). Ann. Internal Med. 56: 624,

109. Porrer, H., F. PARoNETTO, F. & V. Perez. 1961. Studies on hepatic
fibrosis. Lab, Invest. 103 265.

110. Porrex, H. 1968. Pathology of BM hypertension. /n The Therapy of Portal
Hypertension. N. G. Markoff, Ed. Georg Thieme Verlag. Stuttgart, West Ger-
many. .

111, Porrer, H. & F. HUTTERER. 1970. Hepatic fibrogenesis and disturbance of hepatic
circulation. Ann. N.Y. Acad. Sci. 170: 88.

112. Porrex, H. & S. UDENFRIEND. 1970. Hepatic fibrosis. Correlation of biochemical
and morphologic investigations. Am. J. Med. 49: 707.

113. PusHIN, G. A. 1965. O porashenii peteni i zifnyikh i u rabolikh' zan-
jatyikh w proizwodstwe nekatoryikh widow plastmass. Sov. Med, 28: 132,

114. PVC producers ace good business ahead. 1969. Chem. Eng. News August 4: 18.

115. Quooss, H. 1959. Gesundheitsgefahren in der Kunststoffindustrie. Johann Am-
brosius Barth Verlag. Leipzig, East Germany. .

116. Ramarivcaswamt, V., K. L. Wio & 8. K. Sama. 1962. Cirrhosis of the liver in
Nonthern India——a clinicopathological study. Arch. Internal Med. 110: 350.

117. Ramaringaswamt, V. & N. C, Navax. 1970, Liver disease in Indis. /7 Progress in
Liver Discase. H. Popper & F. Schaffner, Eds. Vol. III: 222. Grune & Stratton.
New York, N.Y.

118. RarrarorT, A. M,, M. KNOBLAUCH, R. G, BLACK & S. OHIRA. 1970. Hepatic micro-
cisrculamry changes leading to portal hypertension. Ann. N.Y. Acad. Sci. 170
4

119. RAvENNA, P. 1940. Banti syndrome (fibrocongestive splenomegaly). Definition,
classification and pathogenesis. Arch. Intemal Med. 66: 879,

120. ReEsmeRr, H. 1970. The role of the liver in drug metabolism. Am. J. Med. 49: 617.

121. REYNOLDS, T. B. & A. G. REDERER. 1965, Hepatic hemodynamics and portal hy-
nension. /n Progress in Liver Disease. H. Popper & F. Schaffner, Eds. Vol.

I: 457. Grune & Stratton. New York, N.Y.

122. Ro‘T'H. I‘-;s 1957. Arsen, Leber, Tumoren (Himangioendotheliom). Z. Krebsforsch.

: 468,

123. RousseLoT, L. M. 1940. The late phase of congestive splenomegaly (Banti's syn-
drome) with hematemesis but without cirthosis of the liver. Further observa-
tions on the etiology of Banti's syndrome and the effect on prugnosis of certain
variations in the portal venous pattern. Surgery 8: 34.

124. Sama, S. K., S. BHarGava, N. Gort NaTH, J. R. Tarwax, N. C. Navax, B. N.
Tanpon & K. L. WiG. 1971, Noncirrhotic porial fibrosis. Am. J. Med. 51: 160.

125. Saracoca, A., M. H. Tavarss, F. B. Barros & J. Da SiLva HorTa. 1972, Some
clinical and laboratory findings in patients injected with thorium dioxide. Study
of 155 cases. Am. J. Gastroenterol. 57: 301. .

126. ScHaFeneR, F. & H. Porrexr. 1963, Capillarization of hepatic sinusoids in man.
Gastroenterology 44: 239.

RSV 0016799




=

Marsteller er al.: Splenomegalic Liver Discase 133

127. Scuavmann, O. 1934, Usber die Herzwirkuag einiger Inhalationsnarkotica. Medi-
zin & Chemie. Abhandlungen aus den Medizinisch-chemischen Forschungsstiit-
ten der 1.G. Farbenindustrie A.G. Vol. 1. Bayer-Meisier Lucius. Loverkusen,

West Germany.

128. SCHAUMANN, O. 1933, Ia Toxikologie und Hygiene der technischen Lﬂlu?m!ml.
ﬁﬂn, t&'h:mnn & F. Flury, Eds. p. 130 (Monochloriithylen), Julius Springer,

in, Germany.

129. Scvmip, M. 1968. Zur Leberhistologie der verschicdenen Formen des portalen
Hochdruckes. In The Therapy of Portal Hypertension. N. G. Markoff, Bd.
Georg Thieme Verlag. Stuttgart, West Germany.

130, SonupT, F. W, 1969. Geringer Aktivitiitsanstieg der Serum-Transaminasea. Deut.
Med. Wochschr. 941 2250.

131, SoNacx, H., L. STOCKINGER & F. WrwaLxa. 1967. Adventitious connective tissue
le:éh l:l u;% s : ? of Disse and their relation to fibre formation. Rev. Intern.

patol. 17: 85S. .

132. Sovonps, H. R, A, L Werth & M. H. Bicetow, 1949. Handbook of Plastics. 2ad
edit. D. van Nostrand Co., Inc. Princeton, N.J,

133. SLaTER, T. F. 1972, Free mdical mechanisms in tissue injury. Pion Ltd. London,

England.
134, Su;:oln,”g L. &-H. A. BatriFora. 1972, Thorotrast-induced hepatoma. Cancer
H

135. SuyTH, H. F,, In. 1956. Improved communication. Hygienic standards for daily
inhaistion. Am. Ind. Hyg. Assoc. J. 17: 129.

136. SoLoway, R. D., A. H. BAGGENSTOSS, L. ], SCHOENFIELD ef al. 1971. Observer
error and sampling variabilily tested in evaluation of hepatitis and cirrbosis by
liver biopsy. Am. J. Digest. Diseases 16: 1082,

137. StaN, G., S. J0u=, C-E. GE & G. VELTMAN, 1973, BandfSrmige Osteolysen in
den Endphalangen des Handskeletts. Fortschr, Gebiete Roentgenstrahlen Nu-
klearmed. 118: 60.

138. Stengeg, R. J. 1965. Fibrogenesis along the hepatic sinusoids in carbon-tetra-
chloride-induced cirrhosis. An clectron microscopic study. Exptl. Mol. Pathol.

43 357.

139. Stutz, F. H., D. C. Tosmey & J. BLom 1973. Hemangiosarcoma and pathologic
rupture of the spleen. Cancer 31: 1213.

140. Suau, L., L DREMAN & M. VaLaskal. 1963. Contributii Ia studiul imbolnavirilor
produse de clorura de vinil. Med. Interna 15: 967.

141, Sucty, L., I. DremaaN & M. Vatasxal. 1967. Etude des maladies dues au chlorure
de vinyle. Med. Lavoro 88: 261; Abstr. Hyg. 43: 430 (1968).

142. SummerskLL, W. H. J. 1974, Chronic active liver disease reexamined: prognosis
hopeful. Gastroenterology 66: 450. i .

143. Sussman, E. B., I. NYDick & G. F. Gray. 1974. Hemangioendothelial sarcoma of
the liver and hemochromatosis. Arch. Pathol. 97: 39.

144. Symanski, H. Ed. 1963. Handbuch der gesamten Arbeitsmedizin, E. W. Baader,
Ed. Vol. IV/2: Arbeitshygiene, Urban & Schwarzenberg, Milnchen, West Ger-

many.

145. TANDON, B. N., R. LAXSHMINARAYANAN, S. BHARGAVA, N. C, Navax & &. K. Sama.
1970. Ultrastructure of the liver in non-cirthotic portal fibrosis with portal hy-
pertension. Gut 11: 905.

146. TiSDALE, W. A., G. KLATSKIN & W. W. L. GLENN. 1959. Portal hypertension and
bleeding esophagesl varices. Their occurrence in the absence of both intra-
hepatic and extrahepatic obstruction of the portal vein. New Engl. J. Med. 261:

209.

147. TorxeLsoN, T. R., F. Oven & V. K. Rowe. 1961. The toxicity of vinyl chloride
as determined by repeated exposure of laboratory animals. Am. Ind. Hyg. As-
soc. J. 22: 354; Bull. Hyg. 37: 357.

148. TaisUxH, S. L., N. P. TIKHOMIROVA, S. V. LEVINA & L. A, KozLov. 1949, Usloviya
truda i meropriyativa po ikh ozdorovieniyu pri proizvodstve i izpol'zovanii
khlorvinilovykh plast:¥eskikh mass. Gigiena Sanit. 10z 38,

149. TRUFFERT, L. 1959. Aspects toxicologiques de l'industrie des matitres plastiques.
Arch, Maladies Profess, 20: 43.

150. U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELPARE—PUBLIC HEALTH SER-
vice: CENTER FOR Disease ConTROL. 1974, Angiosarcoma of the liver among
polyvinyl chloride workers—Kentucky. Morbidity Mortality Weekly Rep. ZX6):
49,

RSV 0016800




134 Annals New York Academy of Sciences

1351 Vlnu.. L. 1970, Pathalogy of viny! chloride. Med. Lavoro 611 174,

152. Viota, P L.A.moorn A. Caruro. 1971 nic response of rat skin,
luna. and bones 10 vinyl chloride. Cancer Rea. 311 316,

153, Vououumes, G., F. Szarvas, P, AL Asssin, H. Joun & & Wacnmoi, 1961,
Anluulluvwhl &Mmm&wm t und

154. Von Ou:mnlﬂm“mg&h%:lgx Ht.ydmrhnu m

. 0| and

'{'oani:olodul Importance. Elsevier gfmhm Company. Ammdun The

tss.w:so:nu.HNJn..JO McAree, . M. Wainer, M. IUuo, J. MarTINEZ &
W. P. CaIng, Jr. 1963, Thnunol!-!:-m labsled bromomercurihydroxypro-

pans (BMHP) in radioisctope scannping of the J. Nucl. Med. 4: 1
136, WIHJI.:V 1971. Zur Morphaologie ch:cnmher berkrankheiten. Leber Muen
Darm 11 4

l:?.Wn.mu.G M 1. M. BLuotr & 1. H. Wassuroex. 1973. Carcinoma afier
malignant conversion in vitro of epithelial-liks cells from rat liver foUowm;
exposure to chemical carcinogens. cer Kes. 331 606,

158. WoLiiams, R. T. 1939. Detoxication Mechaniama. Tho Metabolism and Detoxica-
tion of Drugs, Toxic Substances and Other Organic Compounds. 2nd edit.
Chapman & Hall Ltd. London, England.

159. Wnson, R. H. & W. E. McCormick. 1960, Plastics. The toxicity of synthetic
resins. A, M. A. Arch. Ind. Health 21: 536.

160. WiLson, R. H., W. E. McCommacx, C. F. TATuM & J. L. CaxecK. 1967. Occupa-
tional acroosteolysis. Report of 31 cases. J. Am. Med. Assoc. 3013 577,

161. WintscHarTER, Z. T. & M. W. CRONYX. 1964, Free nadical mechanism for solvent
toxicity. Arch Environ. Health 9: 186.

162, Wn-ntm . 1966. Peritonecscopy. Vols. I & II. Akadémini KIADO. Publishing

House of the Hungarian Academy of Sciences. Budapest, Hungary.
163, &" . A, Ju. 1962. Toxic and health effects of plastics and resins. Arch. En-
e
DiscussioN

Dr. H. BuchTER (University of Cologne, Germany): It would seem better
for statistical investigations on the reported liver function tests if you could
compare the results with similar tests done before the workers came into vinyl
chloride manufacturing. Second, in one of the two plaants in Germany with
incidence of vinyl chloride disease, there is much alcohol intake in the workers.
Until now no liver damage has been found.

Third, in regard to low lung-function tests, we have not confirmed a
pathological diagnosis at all.

There should be more discussion about the cause of this disease, i.e., whether
it is vinyl chloride alone or another agent which may get together with techn :al
vinyl chloride, or vinyl acetate or additives. This may be important in the
causation of angiosarcoma.

Last, it has been suggested that liver biopsy be done only after peritoneoscopy
because of the risk of bleeding.

Da. M. I.. Newnouse: Mav I ask Dr. Lelbach how he selected his patients
and how big was the exposed group he selected them from?

Da. W. K. Leisack (University of Bonn, Germany): 1 will begin with the
answer to the second part of the question. The whole group is, as far as we know,
about 180 workers in this plant. We were alerted in December 1972 by Dr.
Veltman's group that patients being examined for skin and bone disease also
had signs of liver disease. We examined these patients.

Later we examined all patients we could bring to the clinic. It is, of course, a
selected group and does not permit us to draw conclusions as to percentages.
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DESCRIPTION OF MATRERIAL (IBRED FOR TESTB

Viny! chlotisle (CILCUCI) is & colorless gas at room temperatures
(hoiling point, -1:4.9° 1), Thogashes o plenrant oth.cfenl odor and
in slightly soluble in water.  Ita limits of inlhu,mablluy are 4.0 \o
21.7 per cenl by volume in air . .

Phe viny| chlorido used in experiments describied in this I‘??Oﬂ: waa
a commesvinl product having the Tollowing’ plant specifications:
Boiling range, 95 per cent or muro below —10° C. at 760 ovm.;
ncetabdehyde, not more than 0.5 per cent ; residuo, not more than 0.6
per cond.

TEST APPARATUS

The te<t apparatus was tho same as that described in o previous
report dealing with ethylene oxide.®

COMPUTATION AND ANALYSIS OF GAS-AIR MIATURES

The vinyl chloride-nir mixtures were created by a&iu?ting calibrated
fowmeters (Veniuri type) to give the desired proportions of gas and

~air.  Tho vinyl chlorido contont was then checked by anslysis.

The apperatus used was the same as that used for dete.rmining
ethylene diehloride in air®  Driefly, the method was to subject Pho
vinyl ehloride to emmbustion with oxygen (explosion lucl.lfod using
electroly tic gas Lo “energize” the combusiton), nml ubsorgums of tho
producis of combustion.  For mixtures containing !n.slnlﬁcmpl, oxygen
for complete combustion, a known amount of additional air or pure
oxygen was imixed with tho sample beforo adding the clectrolytic gns.
A mivinmim amount of stpeack grease was used in the spparsatus to:
reduce error through solnbility of the gna.  For tho same reason rub!ser
tubing was nut used oxcopt for making joinls of {:\nss Lubing, caution
beivg taken b have the ends hott together,

PEAT FHOLCEDNURE, DESCRIFTION AND CAIE OF ANIMALS

The test, pracedure, and the animals and their caro were‘tho same
as deseribed in ¢he published report dealing with othylene dichloride®

WEBULTS OF TEBTH

The detailed test datn are too volwminous to be presented in this
roport nnd only summarized results pertinent to syimploms, gross
pathology, aml fafnlity nrogiven. Specimens of tissue were taken for
micraseopie exaniiuation, a report of which will be mnado later.

1 Bea pievhngs fantnole 5.
O Erp prrvling Gimtnede 6,
Ydunes, (). W, 8N, liurens of M ines, unpublishied dsts.

1965 Auvgunt 22, 1910

BYMPTOMS OF ANIMALY

Conlrol animals.—No symptoms were exhibited by the 18 control
guines pigs used in these tests or by the stock animals from which alt
of the test animals were taken. Also, no deaths occurrad.

Erposed animals.—Tablo 1 gives tho aymplomns shown by the ani-
mals exposed to vapors of vinyl chloride and also the averago period
of exposure required to prodice thess symptoms by various concen-
trations of vapor in air. The reader should note that the figures in
parentheses indicaie that the particular aymptom did not ocewr in tha
maximnm period of teat as givon.

Tho highest concentration of vinyl chloride in air used in the expo-
sures (40 per cent) exerted an almost immediata narcotic offect on the
: .lnimalu. Within ono-fourth minute the avimals fell to their sides

Pt . inan apparent unconscious or narcose state, with convulsive twitchings
JR@5 of the trunk and extremities and jerky rapid respirations. The pigs
. ‘-‘nma‘ined in this state until death or termination of the test.

2 Tasum ).—Symploms produced in guénea pig

® during exposure lo rapors of vinyl
chloride

, Cosnceatsaitos ol vapor end lod of eaposure producing
N symploms ¢
| Type of symploms

0 sl w ] 28 e | o8

Drwpplog te sldes; Incomplele paecosis;
rroud omans; Irregular twitehing
ecmenn . N 1 3 tp00| romnf (ol v (aney
et "’;‘,"""“’"‘ik‘d"ﬁ’ PO 18] v (3e0) H N 'um} '}mu
£° w ng of extremitisy, qu Jlovae| 1e-m 0 ! '
Yy Jorky, mltd vesplrsilo NIt 3 709 1 (10) -5:9.} :f::::
L tr {10}/ » | 130-38 300 1 3048 1 *{immy| 1 ennp
10-3] 1833 *360)| *3om)  voemmyl 2 (emoy| o (ewo;

B . ! Conowmirations of vapor In pes cent b7 velume; time Jo minytes.

Emm:ﬂg&ylng maslum ezposure pertod as given in parentheses.

fic *'Concentrations of 10 to 25 por cent caused the animals to fall on
their sides with convulsions and with jerky, rapid reapirations in
: .l to 2 minutes. Following this the pigs lapsed into a stato of appnr-
eatly deep narcosis in which the convulsive twitchings and all move-
m!c ceased, tho pigs being quist and rolaxed. This occurred
'!lh{n 16 to 20 minutes at concentrations of 15 to 25 per cent and
; thm !}0 minutes at concentrations of 10 per cent.  Slow, shallow

re ;rn.tloxm ocenrred with 20 minutes’ exposure to 15 to 25 por cent
and ynth 120 to 360 minutes' exposure to 10 per cent. Tho pigs

ned in this state until death or termination of tho exposure.

N %mentrntions of 5 and 2.5 per cent did not produco the initisl
gFrmptlom of ‘“dropping to their sides and unconsciousness with con-
preisave twitching of the extromities.” Theso concentrations pro-
Y, :a first an unsteadiness in tho snimals, a staggering on attempt-
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gz 1o mn e nhout, with siens of motor l}tsxia. Th"; occm"reo(: ‘::::;a
2 Qo 5 inutes, nod lasted 50 to 90 minutes, ab ¢ lol en(d b
time the pigs (el on theie sides in an apparent pro «:Fun! 4 kind.
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LOG SCALE
VAPOR IN AIR PER CENT BY VOLUME

CZ 1t

-

‘1@ Phied o0 lesd ) o
- { @ Worse eflects, majority died in 34 howrs
© Majorily disd, to 8 daye

3 1 - = ] @ Muderstr injury, faw deatha
I ® Stightly injurious, no deaths
) | ‘ o Net injurioes, no Jnlhl LN
a3 v ! ‘ v m—
. )
A
P40 L 1]

b L]
‘TIiME EXPOGURE, MINUTES
LOG SCALE

Fot ue 1 -- Actits oftects of sxpesure of gulnen pigs to ving! chloride vapot Jnsle

rapid nud jerky in character at the end of 240 minutes’ exposuro Lo 8

per eent, amd slowed and hecame shallower at the end of 36? min;ll:i‘s,
rennining in the Intter condition until death or termination of the

expasnre. .
'l,,‘mu-mlmliuns ol 0.5 and 1.0 per cent did uot produce auny

sy mploms.

1967 Augost 72, 1070

- Tho gencral aymplom of narcosis was manifested in three degrees,
incroasing in soverity with increasing concentrations of vinyl chloride:
(1) Unsteadiness, staggering, and motor ataxia; (2) incompleto nareo-
sia in which convulsions affecting the trunk and cxtromitics pesaist; (3}
s sialo of profound or deop narcosis in which the nnimals are quiet,
on their sides, rolaxed, and without movement.

Qbservation showed that animals after being removed from (ho
exposuro chambar recovered from the raost profound narcosis within
12 minutes.

No signs of eye or nasal irritation were observed.

ATHETOMS EXFERIBENCED BY NEN

Two of the experimenters were exposed to 2.5 per cent vinyl chlorido
in air for a period of approximately three minutes.  They reported that
the gns had a fairly pleasant odor. They soon began Lo feel dizzy and
disorionted as Lo epace nnd size of surrounding objects, and complained
of-a burning sensation in the soles of the fect. They immedintely
recovered on leaving the chamber and complained only of n slight

_headsache, which lasted sbout 30 minutes.

OUROSS FATHOLOQY

Control animals.—A total of 18 control animals wors killed for
sutopsy. No gross pathology resembling that found in the expoaed
animals was found. Also no deaths occurred among the control
anitmals.

Irposed animals—The gross pathological changes found in the
animals that died during exposure (see fig. { for conditinns of exposure
causing doath on test) were intense congestion and edeima of tho
_ lungs and a hyporemia of the kidneys and liver. The lungs wera light
pink in color; the cut section was uniformly light red, and bled frecly.
A frothy exudate was present in the large bronchi, and squaezing of
the lung tissue covered the cut surlace with n frothy, bloody fluid.
The kidneys and liver woro deep red Lo purple in color and the cut
sections wero moist and dripped blood.

The animals that died within 1 to 8 days following exposure shownd
-+ & congestion and edema of {he lungs, with a swelling and hyperenia
"' of the kiduoys. The findings in animals of these samo groups which
- were killed for autopsy immediately after exposuro showed a hyper-
% emis and cdema of the lungs, with a congestion of the liver and
t kidneys. Animala that were killed for awtopsy 4 days following

axposure showed atclectalic and emphysematour patches throughout
the lungs.

The findings in those animals that were killed immedintely after
.exposure to conditions that did not cause death, but which causcd
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o mild degree of pathological changs, were principally congestion
and slight edemn of the lungs, and hyperemia of the liver. The
findinga in the longs were not as severo as noted in the exposures
previously deeeribed. These changes cleared up in most of the
aninaly within 8 days after exposure.

A elonedings and thickening of the cortex of the kidoeys was noled
in those puimals Killed innediately aftor exposure to 25 per cent
for 5 minutes mne & per eent for 1 hour.  This change was not noted
in members of those mroups killed 4 days and 8 days Iater.

No significant gross pathological changes were found in animals
exposed Ly th per cont for 10 winutes, § per cent for 30 minutes, and
2.5 per cend for 2 hours.

DIRTURRION OF PATHOLOOY

Vinyl eblovide is irritnting Lo the lings. Congestion and edema
of the lungs nre the most constent and prominent observations for
exposure 1o conditions which caused death during or following expo-

pure.  Accompanying the lung chasges was s passive congestion of

the liver aud Kidneys,

The sizna of by ivvitation which were found immediately afler
expusure to canditions which did not causo death, practically dis-
appeared within § days. A clouding and thickening of tho cortex
of the kiduey wns noted immediately afler exposure to 25 per cont
for & miuvtes and 5 per cent for 1 hour. Theso kiduey changes
were ot present in aninals of the same groups aftor 4 days.

FATALITY AND GUMMARY OF PINYBICLOCICAL REBPONRR

A smnney of the Intnlity and response ol guinea pigs exposed to
various concentrations of vinyl ehloride in air is shown graphically
in Figare 1, and piven in conventionnl degrees of responso in Tablo 2.
The reaubts of rach experiment are designated by s symbol which
sepresents one of six dilferent degrees of soverity.  With tho excep-
Lion of concentrations cawsing desth during expasure for which the
resndts ohtained for individunl animals are given, tho solected symbol
deseribes the resulls ohtained for at least one-half tho individual ani-
minls, and in most eases the results are for tho majority of a group (at
least Wiree and wsually six nnimals) exposed to a given condition.

It will be neted Tram the legend on Figure 1 that the six degrees of
FESPONSE Npe—

1. Died an test,

2. Munjority died within 24 hours,

. Majorily died, 1 (o B days,

4. Maderate injury, few deaths.
5. Shightly injurious, no deaths.
6. Nol injusious, no deaths.

EFECA bl S S

- -
N

1969 Avgust 22, 1930

In sddition Lo representing the response of each group by synibols,
the latter have been soparated into four goneral fickis or zones of
probable response, namely,

1, Probable death, 24 hours or less.
2. Serious response, occasional death,
3. Without scrious responso.
4. Distinct symptoms.,
"Table 2 givea the concentrations which produce the degrees of
response generally reported in the literature dealing with noxious

gases. These dale may be compared with toxicological data for
other compounds. 2 ¢3¢ 20201

Tanuw 2.—Acule effects of exposure of guinea pige io vinyl chloride in air

Cancentra-
¢ Efecls of e3pasure after vaclous peclods of time ‘:“:.’ L‘;‘
volume
o R dieituit o ok ik RPN Xte
2. Berlous symploms tn @ very short time.
1. Mniernin s, lﬂrlnml ity vory short ll 26t b
4. Dangarous lo tite Inwlammnuu' )
6. Mntdad symptoms In 30 Lo 90 miny!
9. amouni for 00 min\n- -Ithwl mlous dlumhon\- Iudlu 1o dealh_. S 7
1. for without mmarked wym 104o t.&
5. Mazimum amount it several hours wiihnut eerlous d!!turtuw [ 5.4
1 3 tor ssveral hours with but slight ov 98 aymptoms 10

CAUBE OF DBATH DURING AND FOLLOWING EXPOAUNE

The animala exposed to 20 Lo 40 per cent vinyl ehlorido entered a
slate of profound narcosis which terminated in death. Recovery was
rapid and withoul fatality following exposure for periods loss than
those causing death during exposure. This indicated that the degree
of lung irritation acquired in these relatively short periods was insuf-
ficient Lo causo death. With concentrations in tho range of 5 to 10
per cent tho period hetween s profound but noniatal narcose staie
sud death was inuch longer, and permits conriderable hing irritation
to take place. Also, there was a probable action of viny! chloride or
products of ils decomposition on the liver and kidneys. With
2.6 per cent, profound narcosis was present nfter 90 minutes and

. irsitation of the lungs occurred after severnl howrs, but death was

exceplional.

1491 flge pravious foolnotes 3, 4, 4, 8.

¢ Cotton, B. T., end Yuunc. I8, D.: The use of carboo diozide to fncrense the inseclicidal sMcleney of
f . Prec. E leat Hoc., of W) vol. 31 {WY), pp. I--lm

t8ayers, R. R, Yent, W. P, Thomas, T}. Q1. I}, and Nergac, L. O : tonl ol b
sxposure Lo vepors of methyd bmnl‘o. methyl clnloﬂdo #tby| bromide, Md ethyl chiorids. [ub. lealts

" Bul. No. 135 (1929, M g
+ % loternatianal Critical Teblns, Mest sdition (IB27], vol. 2, p_ 318, Alsn e estnin sheel, vol. 3.

‘4 Damderson, Yeodell, and eggerd. 1loward W.: Nenlous gasas. Americay Chemical Boclety Mlona-

qwb No. 35, 1937, Chomics! Catatogue Ca, New York.
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HEALTH HAZARDS FROM YINYL CHLORIDE

With regand 1o symptoms and pathology, as‘wcll as I.l_lo offecting
concenteations, 1he responsc of guinea pigs to vinyl chloride appears
10 be sinsilny 10 their response to othy) chioride In equal concen-
Sentiona amd Tor single exposures, vinyl chlerido in l?xs harmful than
gosoline, benzene, chlotoforn, and carbon tettachlorldc.' .

The comparatively hannless responso to concentrations of vinyl
chloride thai. will maintain # narcose state, Logether with its rather
plesant ador, suggests a possible use for producing aurgicn-l anaes-
thesin.  This could be producel quickly by high concentralions and
mnintained with lower concenirations. Much additional work is
necessary, however, to aseerinin the practicability of ils use..

\’inyl}h!nrialu does not possess adequate warning properties of the
odor or irritation Lype. With concentrations of 5 per cent or less,
however, il pives warning by producing symptoms of dunlr!ess and
disoricntation in advance of harm. With higher concentrations the
narentic nelion is very rapid and persons would have little time to
heed (he warning aymploms beforo helplessness wonld ensue.

Vinyl ebloriide boils at less than ordinary room temperatures. _AB
a rule, it is contuined in cylinders under pressure.  This is conluluclve
to cseapo of the gas; on the other hand, tlm.hi‘gh concentrations re-
quired to prosluce physiological hasm minimizo tl:o. danger from
leakage. ‘Uhero s, in fact, more danger from explosion than from
harm to health from exposure.
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Tha writers desira te give acknowledgment to ’J. G. Davidson,
manager of chewical snles for the corporn.lion mentidned, snd I. Ww.
Reid, senior fellow of this lirm's iollowshq! M..t.he Mellon Institute,
Pittshurgh, P'a., for sponsoring the invesligation, Lo R. .B. Sayers,
chief surgeon, Burcan of Mines, for suggeslions n_ml advice, fmd to
L. . Brubnch, laboratory essistant, Bureau of Mines, for assistance
in pesforming the experimental work.

SUMMARY AND CONCLUSBIONS

The neule physiologicnl vesponse of guines pig? to air containing
vinyl chloride was deternined.  Tho concentrations of vapor and
periods of exposure vauged from these which produced death to those
which eansed no apparent effect after sovcm! |IOIII'H" exposure. The
symptoms, gross pathology, sl fatality are given with a discussion of
potentind hazards. )

1. 'T'he symptoms are principally thoso of narcosis. They -range
from unslendiness and molor alaxia to incomplete and, finally, com-

¢ Sow prey i Totneie s

P 1971 Avgust 22, 1030
g" plate narcosis. ‘The respirations vary from a rapid, jerky type accom-
e panying the beginning of nercosis to s later, slow, shallow type.
fg 2. The principal gross pathologicsl findinga were congestion and
Ve ederns of the lungs, with hyperemia of the kidneys and liver.

5 3. Exposure to 20 to 40 par cent kills guinca pigs in o very short

- time; 10 per cent is dangerous to their lives after 30 Lo G0 minutes’
};’ exposure; and 0.5 por cent is the maximnm allowable amount for
i several hours without acute disturhances of & serious nature.

"4. With regard to relative toxicily (concentrations ceusing acnie
harm), vioyl chloride is less. haninful than carbon tetrachloride and
chloroform, and is similar to ethyl chloride.

8. Tho danger (rom explosion exceeds ths heafth hazard fromn
exposure,

6. Vinyl chloride does not possess adequato wearning proporlies
of the odor or irritation type. It gives warning, however, by produc-

- ing symptoms of dizziness and disorientation in advance of harm,
! except when present in exceedingly high concentrations which would
{ cause almost immediate helplessness and unconsciousness,

¥ 7. The narcotic action of vinyl chloride and its comparatively low
toxicity suggest its possible use for surgical anaesthesia,
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DEATH RATES IN A GROUP OF INSURED PERSONS

Rales for Principat Causes of Death for June and First Six Months of 1930

-« ' The accompanying tablos are takon from the Statistical Bullotin
" for July, 1030, issued by the Motropolitan Life [nsurance Co. They
prosent the mortality record of the industrial insurance dopartinent
of the company for June, 1930, as compared with the preceding month
:~ and with the corresponding mouth of last year, and also give tho
rates, by white and colored policyholders, for the ficat six months of
the years 1028, 1020, and 1930. Death ratos aro given lor the prin-
> cipal couses of death, and are based on a strongth of approximately
+ 19,000,000 insured persons,

It should be remombored that those ratos apply to & more or less
. .molected group of persons. In recent yesrs the general death rato for
this group bas been spproximately 73 per cont of the rato for the
E'egisl-ul.ion ares of the Unitod States.

- JUNE, 1930

" The death rate for June among thess persons was 3.3 per 1,000,
the seme as for June of last year, and the lowest rats for the month
the mortality records of the comnpany,

- "Aa compared with Juno of last year, improvement is noled for
.diphtheris, influonza, tuberculosis, paeumonin, accidents, and homi-
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-‘\ As many carcinogens hm
ﬁm‘bnpbm have been und

ic effects several ctudia on human
to ascertain whether vinyl chioride

- produces somatic mutations. In” of the reports a total of 20 worken

%  were examined and an increase in.chromosomsl aberrations in vinyl chloride-
o-i- exposed workers was noted (8,5]/ The report by Kilian et al. [10] described

~ the axamination of 121 workers from a vinyl chloride production plant and no
“incressa in the level of abnormalities was found when compared with pre-
smployment examinstion. In a preliminary report of out work the results of
conteolled examination of men on vinyl chloride production and polymerisa-
tion plants wers described [14,15] and an increass in chromosomal abnormali-
ties was reported. We now report the results of chromosomal analyses on the
men and the correlations between thosa results and various occupational and
biochemical parameters. .

2.,

. Methods

Scmpln

Blood samples (10 ml) were uken into heparinized tubes, Cultures of
peripheral lymphocytes wers prepared using the standard Difco kits (Difco
Laboratories, Detroit, Mich., U.8.A.) by incubating the lymphocytes with

. phytohaemaggiutinin at 37°C for 48 or 72 h. The slides prepared from these

cultures were coded before scoring to ensure unbiased analyses. 50 celis from
each of the 43- or 72.h cultures from each individual were analysed {except for
one person in whom 100 cells from each culture were analysed). The abnormal-
1ties observed were clasmsified using the method of Buckton and Pike [2] but
cells with less than 45 chromosomes were excluded.
* This classification defines B cells as cells with either a chromatid bresk or
p or a chromosomae gap. C cells xre cells with larger chromosomal abnormali-
tiss and are subdivided into those considered az unstable (Cu cells) including
cally with dicentsic or ring chromosomes or fragments, and those considered as
stable (Cs cells), Cs celis have translocations or invertions but cells with inver.
sions which wery a constitutional abnommality were excluded. Transiocations
wers determined by assessment of centromeric position.

History

Biood sampling was casrried out in July 1974 and at the same tims each sub-
Joct was asked for a medical and occupational history, which was recorded on a
questionnaire. Subjects with recent history of exposure to X-rays, prolonged
drug treatment or recent viral infections -vere excluded from the itudy. Any
experienca In the period July 1973—July 1974 of exposure to vinyl chloride
for shori-term excurtions which could be detected by smell and the description
of the type of occupation wers recorded. Further information on length of
service and occupation was obtained from personnael records.

Occupation

The population examined consisted of 57 workers amployed on plants
manufacturing viny! chloride (VC) or polyvinylchloride (PVC), 19 on-sita con-.
trolz and 8§ off«4ite controls. The 57 VC/PVC workers were classified Into 6
poups (ste Table 1). Group 1 consisted of 17 PVC autoclave workers who

opersted &
packing th
Groups 4 .
and VC. Y
occupatior.
off-site cor
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Gmm'lotmmn rolved bt drying and
packing the PVC powd«:mpaoummmumnmuv
Groups 4 and § consisted ‘of enginesring maintenance men for PVC (11 swn)
and VC (7 men) equipment and plant, and Group.8 of § mea with varioos
occupations in the VC/EVC plant other than process opersiors, The on- and
off-site controls were combined into a single control group of 24 wen, becsuse
no significant difference between tham was obesrved, This clamification s more
detailed than that used for the previous reporta [14,15) and now inciudes 81
samples. An assessment of the atmospheric levels of VC to which these men
were exposed has been made [1] and this provides the best data available on
average exposurs Jevels for autociave workers, who by virtue of their jobs are
likely to be exposed to the hiuhmmlmholvc.muummm
operator sxposure to VC on PVC plants was:

- tr EEEg T VTR I

19461086 appeox. “1000 ppas n o
195619640  * approx. 400500 ppam T .
1960—19270 spprox,  300-400ppm  ° : .. e

Mid 1973 " approx. 18 ppem ) .
1978 spproX. & pom
Smoking history

About 18 months :M the blood mpl- ware taken, {t was
exsmine the effect of smoking history on chromosomal aberyations xad, there-
fore, the smoking history was obtained from the man. Questionnaires on
current smoking habits,. histarical smoking lublu and, the quantity mnoked
were coxnpleted

SRR VA ER Y T R "Jwr, sta
Liver functbn tests

During the medical aunmmeo ofvinyl ehioridmpoudwmw
nmplu were analysed for bilirubin and the following snsymes: slanine trare-
aminsse (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP) sand
rglutamyl transpeptidase (GGT). Platelet counts wers slso performed and the
results have been included undar liver-function tasts. The offsite controls did
not undergo liver-tuniction tests,

Statistical analysis

As the number of variables meanired was 30 large, a subsst had to be sslected
for anslysis. To aid this selection process, correlation cosfficients were calowe
iated bDetween each chromosomal abnormality and esch quantifiable occupe-
tional variable. Equations telating tha selectad chromostemal variables to the
other variables were then fitted by multiple linesr regression. Qualitative
variables, such as recent high exposure, were inciuded in these equations by
using dummy variables as described by Davies und Goldemith [4]. To inchude
smoking information in the study, .Wummmhwmm
set of possible smoking rariahles, - ‘

Mrumwiﬂmmmrhdmtummva“t"mh
the chromosomal abnornmnality variables were clearly nat normally distributed,
mﬁdidondmdyﬁsmﬁn;thnnnhhmmwmmu
nGenmllnduanodolmmo[n] S
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KESULTS OF CHAOMOSOMAL ulu.un IN WORKEAS EXPOSED TO VINYL cmu!nl AND O

TABLE ) .

TROLS . B T RPN -
Growp S . ape  Nuasb Comaamnaid Py

: duration age - ‘afesls < gaps e

(ywar) (pamze)

1 - [ T84 0.47
Aviselave apersion 17 0.7 L)} 1700 1.4 .13
4408 o.50
Dwyers and paghars 10 7 432 1000 os? 0.38
3 4710 0.43
VC epevaien hJ 3 « 700 0As 0.30
4 548 0.32
PVC maintenssne opersion 11 185 a 13200 143 0.37
] .74 a7
VC maintenanee 7 [ X3 E L 100 148 0.43
[} 4002 0.9
Minve anevus 3 ¢ 40 08 o 0.0
¢ an [ X} )
Caatrols 34 o 44 3400 0,44 0.18

4 Greaser than swntrol at 8 lwvel of significanss,
* Greater thon svairal at 1% Jeval of sigeifiasave.
The upper ER0w i sach row 6 Lha 1hass snd Lha lowar figure is sendard arver.

The results of the chromosome analyses have been expressed as either (a) the
number of abnormalities per 100 ceils or (b) when totals are referred to, as the
percentage of abnormal celis, The former may provide an cverestimation
because more than one abnormality may occur in a cell. In this study, however,
no cell contained more than 1 ring or dicentric. Statistical correlations and
significance estimations have been mula using both methods of expressing the
data.

Results

The results of analyses from 48. and 72.h cultures were not significantly
different and the data have been pooled in Table 1 for further analyses. The
aversge ages of the workers in the various groupe are similar,

The number and percentsge .of chromosomal abnormalities, classified
sccording to Buckton and Pike {2), are shown in Table 1. For the majority of
the abnormalities the valus for the control group is lower than the value in any
of the exposed groups; the exceptions are for chromosome gaps, where the
contro] value is relatively high, and for fragments, where the control value is
higher than the value of Group 6 but lower than the valus in other groups.
The group with the grestest number of significantly increased values is Group 1
{autoclave workers), where the values for total B cells, total Cu cells and total C
calls are significantly higher than the control values (p < 0.01), Of the other 5
groups, Group 5§ (VC maintenance) has the highest values, snd Group 6 (mis-

- - c—— e
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i oolln}
.00 e 313s2d 1.33% o7 XL B NTY
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033 0.8t 0 0.38 014 0.48 0.90
KX n1és 137 1432 o039 1718 1480
0.28 0.87 o.88 030 0.as 038 .88
0.84 nss 1374 1480 033 1488 113
oas 148 038 .41 018 a5 o6
Tl 7.50 1a4 1876 0a4 P % N W 2
0.8 1.87 0.40 0.a7 [ 7 [ ¥ ] 037
.30 a0 oe .49 2.20 0.0 1.48
a7 113 o 0.40 0.30 ode (%3
| 0.80 . 0.42 0.0 0.08 o.M 1.08
0.1 7 vae 0.12 a.08 aas 0.38

cellanecus) the lowest with only chromatid gaps occulring significantly more
frequently than in the controls (p < 0.05). The remaining 3 groups have values
which are intenmediate between Groups 6 and 6.

When the results from those with a history of exposure t0 excursion levels of
VC are tabulsted separately from those without such & history, it can be seen
that those with a history of shori-term exposure have a higher pescentage of

sbnormal cells (Table 2).
In Table 3 the correlations at various levela of significance of chromosomal

TARLE 3

TRE INFLUENCE OF A HISTOLY (J#73—1974) OF IWUII TO EXCURSION LEVELS OPF VO

OM THE FERCENTAGE ABNORMAL CEIIA -

Group Hislory el resent Ne b Teotal
- Total P Towll e Tatald Tewlit n Towl B  Tedal @

1 . 2,00 2.87 " s00 1.48 17 &8 .39
] - - - 10 &00 1.40 16 600 1.40
3 - - - 7T 824 .71 7T K4 3.7
4 . 8.20 2.50 ¢ Ju 1.00 11 ka3 1.48
& 3 8,00 147 4« 17 178 1T 188 L7
] 3 7.800 1.00 3 a0 047 3 Saee 04
-] - - - U 3t 0.89 4 o088
R, sumber of w orkers: Tolal B, megs perrontags o4.1 eolls; Tolal C, mesn pesveniage of C oslle.
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TABLE §
CORRELATIONE ATTWEIEN LENGTR OF EMFLYMENT AND CHROMOSOMAL ARNORMA LITIES
Owsupaiians) foriew Churemessmal easreisisd 8¢
1% sianifiossee - sigaificanse
Loagth of smplerment Chromatid 3ape " Dtasnstm
Total B vslls Rings ¢ disastzien
Fragments Teotal Cu salle
Tetal C eslle
Total Cs ool
Al seryslations are positive.

aberrations (both specific abnormalities and the classifications used in Table 1)
with occupational history (length of employnient) are presenied. All correla-
tions are positive.

Ths highest correlation is between the length of the employment and
chromatid gaps, {ragments, total B cells, total Cs cells and total C cells. From a
consideration of these corzeirtions and the distributions of the chromosomal
dats, chromsatid gaps, total C cells and frugments have been selected as being
the most informative measurements from the statistical point of view for
further statistical analyses.

It the varisble for exposure to excursion levels, which was determined from
the occupational history, is added to the analysis, it is found that both it and
the length of employment are significantly correiated with chromatid gaps,
total C celis and fragments, As the length of exposure and experience of recent
exposurs to short-term excursion are themseives positively correlated, it is
impossible to estimate the relative effects of these two variables with any grest
confidence. The correlations between liver-function tests and chromosome
aberrations are shown in Table 4. All are negative at either the 6% or 10%
significance level. When the variable for higher short-term exposure is intro-

TABLE 4

CORRELATIONS BETWEEN LIVER-FUNCTION TEST RRIULTS AND CHROMOSOMAL ABERRA-
TIONS

Liver funstion tewt 1~ wilth eb S sharmtions at
, 4% dgnificanes o 10% dgniflaanse
ALT Total B eotln Carewmstid mps
Total C valle Dissntries
Total Cu oalls Rings + diesntrias
AT - -
ALP Teotal C calln Total B salle
oot Tata) C» salls -
Tetal B ealln
Biirebia - -
Piateiow - Chremosome sape
All sarteiations we negative,
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duced there is no correlation between the mndn!n‘ variation in any chromo-

somal sberrations and liver-function tests. .,

There was an intexval of 18 months be
the smoking history. It has been assum the smoking history obtained
in this way adequately reflected smoking ts at the time of blood sampling,
A list of variables can be derived from the smoking history. Type of smoking,
smiokers versus non-smokers, duration of smoking, total amount of tobacco
smoked per week and historical smoking habits are variables each of which
might be thought important. The muitiple linear regression programme was
used to select the moat significant correlations, and, although quaatity curreatly
smoked was positively cozrelated with total C cells {p = 0.026) and with total
Cu cells (p » 0.05), the largest correlation was found o be between present
smoker versus present non-smoker and total C cella,

The individuals’ percentage values of C cells in relation to length of smploy.
ment, experiencs of higher short-term exposure and smoking habits are given in
Table 5. The mesn values of percentage of C cell abnormalities in those not
exposed to VC was 0.58, incressing to 1.59 in thoss exposed for up 1o 10 years
and to 1.92 in those exposed for greater than 10 years, The mean valus for
present smokers, irrespective of their occupational history, was 1.80 and for
non-smokers was 1.06. The mean vilue for thoss employed in YL/PVC
manufacture with experience of higher short-term exposurs (2.29) was higher
than for those without such exposure (1.45). Thia tabulation illustrates that
thess three fractors are associated with an increase in the percentage of C cell
abnormalities. As an alternative the results wers assumed to conform to a
Poisson distribution and the Generalised Linear Model programme was used for

blood umplln( and obtaining

TABLE S
TABULATION OF INDIVIDUALS PERCENTAGE C CSLLS m THREE OTHRER PALAMETERS
Yoars ol emplorymans
0 (Contrels) 1=-10 10 Avesagn
Presunt posemoket .
Reaeni 0,213,583 0.5.% 1.04
Neo seeent 1,%1.1,0,0.0 0,0,0.1,0,8,0 350,23
0.0.1,1,1.3
Prosant mmoksr
Rocsat 1,258 1,817,093 108
N ressnt 1,0.0.0.0.1,1.0 .31, 5,41, 8, 2331
2,414,130
Ne smeoking history
Rosent 3 s 1.8 132
Ne resemt 0.1,0 1.3.0.%. ¢ 0,0,6
Averass oss 180 193
Aversge lov thesa with & histary of expesure 1o sxcursion Nvels: 2.39.
Averaze for thoet axpessd with sa b ot - Jovalet 145
Rassat, enparience of clmuuwwﬂ\lehm povtad Junea 1070=Juiy 1974
Neo reveni.ne rh of “w Jeealn of YT in the above paried.

& Maan velat from & sout of C soll abaermalitios it 300 eelle.
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squation fitting. The duration of employment variable was found to be signifi-
cant at the 5% level, the present smoking variable was significant at the 10%
level and the history of exposure to excursion levels was not significant. As
these varizsbles were not completely independent of one another, too much
rellance cannot be placed on these estimates of relative importance.

Discustion

The relationship between the level of chromosomal abnormalities and the
various factors which influence their level is complex. There ave 4 factors which
have been shown to be associated with increased chromosomal abnormalities
in these VC/PVC workers: the job category, the length of employment and
experience of exposure to short-term excursion levels of VC and smoking
habits,

The autoclave workers (Group 1) had the largest number of categories of
abnormalities which were significantly different from the controls (Table 1).
The only group which had values similar to those of controls was Group 6
which consisted of laboratory workers and managers. The autoclave workers
are considered to have had the highest exposure to VC and those in Group 6
were in jobs which gave them infrequent or low-level exposure. It seems, there-
fore, that the overall exposure level has an influence on the level of abnormali-
ties,

Kilian et al. [10] reported no increase in chromosomal abnormalitiez in VC
workers who were not involved in the polymerisation process. Our Group 3
probably corresponds most closely with their results, A direct quantitative
comparison is not warranted, however, because so many factors may differ in
the two studies (e.g. exposure levels, chromosomal-analysis techniques). In
particular the job carried out by, and thus the exposure of, individual workers
with similar job titles differs between countries and even between plants in the
same country,

The length of employment was positively correlated with the level of
abnormalities and this effect was demonstrated in Table 3. This finding
contrasts with that of Funes-Cravioto et al. [6], who suggested that their
recently employed workers had the highest chromosomal abnormality rate, The
difference may be the result of other factors, such as a history of exposure to
excursion jevels and smoking habits, which were not recorded in the study
reported by Funes-Cravioto et al. [6].

Those workers with an experience of higher short-term exposure had higher
chromosomal abnormality values than those without such a history {Tables 2
and §), This influence cannot explain why the exposed group values were
higher than the controls because Groups 2 and 3 (dryers and VC operators),
which did not contain individuals with experience of recent short-term expo-
sure to excursion levels, have statistically significant increases in abnormalities,

There was & significant correlation between the smoking habits and the total
C cells. The smoking data can be criticised because the questionnaire was com-
pleted 30 long after the blood samples were obtained. No accurate dats on
smoking habits at the time of blood sampling were obtained and thus the corre
lation had to be based on the availuble datz on smoking, which could be con.
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sidered less satisfactory becauss they were obtained 18 months after sampling.
Nevertheless, it seems likely that sumoking does have an influence on chromo-
some abnormalities in VC exposed worken, although the effect is, {f anything,
reversed in the control group.

The statistical analysis is complicnmd by the inter.relationships between the
4 variables (job category, length of employment, experience of recent short.
term exposure to excurzion levels and smoking history). This difficulty is
exemplified in Table 5, whers three of thess variables are shown 1o influence
the level of C cell abnormalities.

There is no correlation between chromosomal aberrations and liver-function
tests. This is not surprising as such aignificant differences as were found in the
data on liver-function tests between 600 workers exposed to VC and 200 con-
trols (GM. Peddle, unpublished obm'nuom) would not be found in these
much smaller samples.

One further point of interest is that the most womnuw parameters [n
detecting damage to chromosomes due to VC are total C cells, total Cs ocslls,
total B cells, chromatid gaps and fragments. This suggests that VC produces a
random effect in all categories of abnormality. The blologically-significant
abnormalities could be considered to be the total Cs cells or the total of cells
showing ring and dicentric forms of chromosomes. Nevertheless, if further
studies on chromasomal aberrations in VC workers are undertaken, the total C
cells is the abnormality which would be of most valus from a biclcgical and
statistical viewpoint.

The greatest significance of mutagenic effacts to the exposed person and the
community lies in the possibility that the mutational event may occur In the
germ cells and be transmitted to the next generation. 1f chromosomal aberra-
tions occur in germ cells one sequela which may occur is the induction of
dominant lethal mutations. Levels of VC as high as 30,000 ppm In the inspired
air produced no dominant lethal mutations in mice (Anderson et al., 1976),
suggesting that the active metabolites of VC may never reach the testis and

i germ cells or if It does it is not metabolised. In man, a germ-cell effect resulting

in a dominant lethal mutation would be observed as foetal loss. Infante and his
colleagues (7—9] have described a study in which the history of foetal loas of
wives of workers exposed to VC is compared with that of a control group.
Apart from the inaccuracies inherent in a retrospectivs survey of this type and
the assumption that the incresss in foetal loas is due to a mutational event, the

" statistical methods have been criticised [13]). Further, carefully controlled

studies will be necessary to establish whether VC induces dominant lethal muta.
ticns in man, .

An increased level of chromosumal abrnormalities may resuit from high
exposure to VC, but the considerable overlap in values observed between
various groups in this study suggest that exposure of an individual cannot be
predicted accurately from a single chromosomal analysis, The data from
chromosomal analysis of groups of workers do differ significantly from that
of controls, suggesting that the greatest reliance should be placed on group
data.
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