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¥ LA Proevalence of disease wamone
;’ ' viuyl chioride ard polyvinyl clhloride worlers
: by
i Liuth Lilis, M.D., lienry Anderson, M.D., Villian J. icholaon, Pa.D.

Susan Daum, M.D., ALT §, Fischibein, M.D. and Irving J. & lLuan fi.U.

1 The cmergence in January 1974, of vinyl chloride as a new occupationnl
carcinogen, producing hemangiosarcoma of the liver, focused ncw and nwch
greater attention on the toxicologic cffects of this culoxinaicd hydro-
carpon, ’

A considerable number of studies had been publlghed on the rather vuz-
zling and unique syndrome of "acrvoosteolysis" (Table 1) mainly describ-
ing the bone lesions in the distal phalanges of the fingers, but also
the associated scleroderma-like skin lesions and the striking vasculor
i (arterial and arteriolar) changes, pathologically the main lesion,

l leading to secondary bone and skia changes (Tables 2 and 3). .

Much less attention had been given to the hepatotoxic clfects ol vinyl
chloride, althouvh convincing experi imental evidence had been produced

! (Torkelson et al,., 1961) and scattered reports of ill~defined liverv -
{ changes were reported in some 'studies of vinyl chloride exposed workers
(Table 4).
1
) There was evidence that liver damage occurred in workers exposed to
. higher levels of vinyl chlovide, In some studies the liver changes
{hepatomegaly, tenderness on palpation, abrormal liver tests) were

found to-be reversible after cessation of exposura. On the other hand .
some observations mentioned the progressive nature of 1he liver Lbunnn
wiien toxic exposure continued, to what was stated to be "chvénic h“UDLIIL'|.

Tecent work from Germany (larsteller ct al., 1973) reporting a datailaed
ftudy of 20-PVC workers, brought a very important contribution to cur
present krowledge on the livor changes induced by this toxic cxposuvre, '
Theo aulhors were alerted to the problem by the occurrence of upper
gastrointestinal bleeding in several vorkers ol a PVC producing plant.
¥sophageal varices, splenomegaly, hepatowsgaly, fibrosis of the liver

i capsule (by laparqescopy), delay in the excretion ol bromsulshalein,

‘ thrombocy topenia, were the most prominznt findings. The pathological

: changes encompassed collagenous transformuation of the liver sinusoids,
focal activation of Kupffer cells, incrcased collagen deposilion in the
portal spaces, portal. fibrosis, septal and intralobulav fibrosic.
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Thore were a few reports in the literature of Iung changes in VC worlw

i

i Ong case of pnewnonconiosis in a thirty yoar old worker who had lnuolou

E IPVC dust was roported, The lung bicpsy shoved granulociatous lesions

} (foreigh body typ:2) to be present, Fibrotic ciuinges and altored pal-

- monavy function tests were reporied in 95 vorkevs oxposed Lo polyvioyl
chloride dust; the changes were nore proanounced in persons with lovg

: e¥posure (Vertkin et al. 1970). - .

'
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’ Curreat Investigation

T bbe ovailubie L
h

erature on vinyl chloride sl polyvipy) cithorids g-
verse neallh of o

vere no accuvebe data on Lhe jravalencs: of
% oriiera, lue relative prelovence of e vaoiows il
logic changes, thelr possible rssogiation aml Lime sogusnce.
Vie have wadartaken clinieal sludics of a numbzr ol grouss of vinyl clhilo-
vide exposzd workers in ovdav o assess the praovalence of vinyl ciilogida
induced cihzuges and to define the natural history ol this occupabtional
disease. Ve ara reporting ths resulis of 2 survey (March 1974) of 267
vorkers curceatly employed in & VC.polymerization plant, including vir—
tually the entire currant production workforce. &7 - formay viorkers weco
examined as well. In both groups, exposure for sowe had started in 1946,
vhen the plant opened. " Altogather 354 men were exaninad,

PR

Table 5 shows thz duration of exposure for tha group and Table 6 the ure
distribution of the men. lNore than half were under 40 years, 20% wvere

H1 orx older. T ] p
LIETHODS CL ' : : o

. . * - . -
The medical examination included detailed occupational history, Past madi-
¢al history, physical examimation with special attention to the
skin, hands and fee{, arlteries uccessible to palpation, liver and spleen. -

An Allen test for the ass

ssment.of the peripheral civculation in the
avens supplicd by the radial

and ulnar arteries was performed. Dach

X-rays of thé chast, hands and feet; pulmonary function tests;
complete Llood c2ll counts including platelets; blood chenmistries
including bilirubirn, SGOT, SGPT, LDH, alkaline phosphatase,
total prot~in, elecirephoresis of serism proteins, tihvinoren

B split products; alpha fectoprotein, antinuclens antibodies, '

antinitrcehondrial antibodies, sntismooth musele antibodies

Australis zatigen 1 by redioivaunoassey and Livew antihodies,
Urinalysis, ircluading nicvoscopic cxomination of {he sadiwmant,
vas donz, ALl excaineg! vorliers were altso teniod for cavcino-
goenic enbryonic ancicen,  Tn 2 limited nuwber,,ntudibs for
chronosomne breaks in civeulating lynphocyias vers undevialen,

RUSULKS
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Unfortunaticly, sppiapcinle VO neesursneals hed not buon negz din il

raesl.  We have {indivrs which sugaent, however (fable ¥), that VO
levels ney hove hein cousicdorni:le ot giveg, sufficiont fo pedduee

sypploms of ccule overesposure;, (ov exmaple, 14 of Lhe 364 workors had

hod loss of congeiousnnsass o onn Ling oy #anoluor,

i any case, Guyr arin andicale Lhad roasured levels would b of Liwitdd
wtilily, unles: hilegroted over ther, since boih tolad exponnre and
duvation from oncet of exposuve seeo to be of imporbance in relaticn lo
1ikelihood of abunormality. The influence of (hense vaviables oy bo

dovonslrated in ¢ oneeshar ol arsas. 0
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s Sie wag 50 dnsolinr os abhoriul periphoval civeunlnblon was cones ned ;3
i (ruvle 8).

B Rppyee
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; Nuabness and tingling of the linzers, along with incressod soncilivity

Lo cold, were corly sympltoms, Theoy were often associeiod with puoin

rigl eyanotic dincoloration sometines alse involving the toocn. Classi~
cal Ruynaud's syrdveme, choractevized by cold~induced, marcled, sudden
and sharply demurceted palloc ol the [ingers Followed by cyanotic din-
coloration in the sane arca, was only found in 5,65 of the cases. In

Leneral, the cffect of vinyl chloride cxposure on the perivheral ves-
sels of hands and fcet appears to produce a wider rangs of synptoms

" than those charactcristic of laynaud's syndrome.

“daa

As noted, the prevalence of these changes rose with duralion ol ex- .
posure, Typical Raynaud's syndrome was found in almost 107 of cases -
with more than 20 years of exposure. The prevalence of Raynaud's
syndrome was significantly higher in workers with more than 10 yeoars

of exposure, than in those viith less than 10 years exposurc. Symptoms

of abnormal peripheral circulation (Table 9) vere more irequznt in
wvorlkers currently exposed than in those with past exposure.

-

An abnormal Allen test indicating delayed arterial circulation in
the areas supplied by the ulnar and/or radial arteries, was [ound
in 94 (26.6%) of the examined workers (Table 10). '
The percentage of persons with abnormal Allen tests increased with
their length of cxposure, The prevalence of an abnormal Ailen iest
in vorkers with nore than 5 years eXposure wof signiliC oy iynsr
. ' than in those with lcss than & yoors exposura,

‘Pseuwdo~-clubbing of the fingers was also found with increasing {re-—
3 ~ quency as the duration of employment increased; the ovavall preva-
r . lence was 8.7%: in the group with more than 20 years of oxpusure *
it was 17.3% (Table 11). However the difference in the previlence
~of pseudo-clubbing batween wovkers with lcss and more than § years
! of exposure did not quite reach the level of stakistical signili-
; cance, (Xz = 3.602) Pseudo-clubbing was almost always acsociated .
with signs and/or symptomé of abnormal pzripheral circulation, and
vvas a more frequent finding that typical Raynaud's syndrome. In cora
cascs, especially in persons with past cxposuee, there wis a history
of Raynaud's syndrome which had gradually faded, vhile proeudd-
clubbing had persisted or cven progzressed, - )

Skin changes (Table 12) involving the fingers, hands, foreains aad some-

times face, were found in 23 examined workers. The lingers ond hands ap-

peared to be slightly edamatous, the skin was {hickened, tense and stifl, vith
. tieareased elnsticity and sparse folding. Well cirvcunscril.ayd pisque or

Land areas of scleroderma-like skin changes, s doscribed hy olbhers,

vere not found., In 9 of the 22 cases in which skin chanzes weve Tound,

Raynaud's syndrore was also prescent. B . .

e T~

Pain in the small joints of the fingers and hands {Wable 13) was a complaint
in 28 (8%) of cascs and was found mainly in workers with current cxposuve,
cven of short duration (Table 14). There was no special tvend vegavd-

ing pain in other joints, excopt for the wrists, vhese nost of the

cases were found in worliers wiih more than O years of cxpasure,  Theve

vere no symptoms suggesting involvement of lhe sacroilite JOinig,

no radiologic cvaluation wus undertaken. 1 D084
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Lonz changea in the distal phadanges ol Finm rs and toun will be sopage

alely reported in detail. Vhile slight chanfes, such oo roarginal y
covticul doelocts and slighl tufl resorbiion were nol uncommon,

{ronsverse delects and Lractures vere foond in only 4 casos,

v

e woere interosted in the pozsibility that hypertension (Tablae 15)
might be of importance. Ve did not find this to be so, The overall
provalence of hypzrtension (zs defined by WHO criterin) was 129 Theve
was no corrclation with pzripheral vascular impiirment in i1he hands and
feet, Abnormal urinary findinzs were not prominent cit?er ('rabile 16).

The liver was found to be slightly or moderatcly enlarged in 15% of the
ceses (1 to 2 finger breadth bzlow the right costal mavrgin; 11 to li3cm
vertical span (Table 17); +this finding was nore f{requent in workers

witihh longer duration of expesure, Only in one case was the liver found -~
to Le markedly enlarged, The inferior pole of the swleen was pulpable

in 12 (3.4%) oi cases: Again, only one person had marked splenomegaly.
There was 2 highly significant diffevence in the prevalence of enlarged

liver in workers with more than 5 years exposure as compared with those

with shorter exposure. T1he sacne comparison for splenomegaly did not
show a statistically significant difference. According to the past
rmedical history, a diagnosis of cirrhosis of the liver had been made -
previously in 5 cases. Esophageal varlices had been diagnosad in one
patient who had undergone surgery, including portocaval shunt, 12 years
before the present examination, with good clinical result. o -

Abnormal liver function tests (Tabie 18) were found in small percentages
(6% for bilirubin and SGOT, 9% for SGPT), except for alkaline phosphatase
which was clevated in 59 (16.6%) of cases).

Duration of cxpostre correlated with an increase in the prevalence of

elevated alkaline phosphatase, e¢specially in workers with more than 5 .

years of exposure, ,

There was a higher percentage ol abnormal liver tests in workers with -

current exposure than in those with past exposure (Table 19). Alkaline
phosphatase was an exception, since similar proportions ol abnormal -~
tesls were found in persons wilh current or prior exposure,

Tire beoat correlation hetween clinical findings of hepatomeydly ond/or
spleonomegaly and sbunommal liver fTunction tests was found to be that with
elavaied alkalipeo, phosphatase (Table =0Y; 41% of those with such clinicnl
abnomalities had increased alkaline phosphatace,

jiematolozic abnowmalitics verc scunt in our study, ‘Throambocytopenia,

a frequent finding im the German studies, was prosent in only one ol the
scawined vorhores (Table 21).

The possible contributory effeet of significant clhanol) intake vas care-
fully considered (Table 22): no trend as relnted io diration of oxposurn
could be found for cthanel intake. '

In once~third of the cases with clinical liver and/ox spleen changes sig-
nificant ethanol intake could have been a factor (Table 23), und in 235
of the cases with increased alkaline phosphatase was Lhere a history of
significant intake (Table 24). Further, the prevalence of an enlargod
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PN .. liver and/ov splzen in persong with and vilhoul sivnificnaei elbboan) intat-.
vas comparad (Table 23). VWhile Lheve wns no stoiintically sicnd [lonn?
Gifference in vorkers with Jess than 10 yours ol exposzurs, v thoso oo

i more than 10 years exposurve, there was a higher provalence of cnlarged

R liver and/or svleon in psrsons wilh a siﬁnjficant cethanol infake. A

multiple factor additive interaction may b2 considored.

—————ri—— -

Liver function tesis weve alse analyzod in relalion te elhanol intake
(Table 26) . There vas no sirnificantly highev prevalance of clovaied
allmaline phosphatase, bilirubin or LDI in the group srilh sisnilicant
cthanol intake., Howvaver, high SGOT or SOV values wore notably

wore freguent in this group. It is of interest that elovetbod allialine
phosphatase, the most frequent biochemicul abnormality found, did not
correlate with ethanol intake, vnile there was a signilicant correlatioa’
with duration of vinyl chloride exposure. -

: Many of the examired workers (Table 27) gave a puat medical hisbtory of
"gastritis," ulcer (gastric and duodenal), upper gastrointeslinal blced-
ing (most often attributed to ulcer) and gullbladder disease, Howzver,
it is difficult to know whether such symptoms were more coamon than
might be.expected in & similar group without VC exposure.

~

: Out of the 11% workers with such past medical history, there vers 28 (257)

) ~ho were found to have enlarged liver and/or snleen (Table.23): the percent-
sgce was 338% for those with past upper gastroinlestinal plceding and 38,.4%
for those with a history of ;allbladder disease. In the other 242 voriwers
without such a past nedical hLJtor}, 29 (12%) werce found to have an ca-
larged liver and/or spleen. -

Chest x-rays of 142 examined workers were available at the {ime that thiz
| report wds prepared. In some of the cases linear rcticulavr and less ofien
nodular chances were found in the middle and lower Llung fields (Tuwle 29),
No relationship was observed with smoking or chronic beonchitis (Tablas
30 and 31). The significance of these changes is difficult to cvaluate
at this point since most of the workers had been exposed to particulaic
polyvinyl chloride resin as well as to vinyl chloride. Thvee ol those .
with abnormal chest x-ray Tindings had had previous dust exposurs (in
coal mines for periods ranging from 4 to & yecars). There vas no retation-
ship between chest x-ray charges and liver changes, but signz and syoplons
of peripheral vascular impairment (Raynaud’'s syndroms, cyﬂno i;, pootdo-
clubbing, positivo Allen test) (Table 32) weve found in mo2 “than hall
(53%) of cases with abnormal chest x-ray findings, The anthcn-e of
Raynaud's syndrome was significantly higher in the group with cbnormal
chest x-rays.’

e ot ——
. l Discusaion and Conslusions l

i

Our findinpgs confiim the broad outlines of 1hﬂ clinicol syndvoues repovied

by other investigators. .

In the cxamined group relatively high VO exposure had oscurred in the
past, and symptoas of acute prenarcotic cffects were veporled by nore
than half of the cxamined vorkers.

100086
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Clinleal signs cnd symplons ol abnoymal perinheval cireukalion in the-

Fingors aud tozs wore dquite Drcguont, with cyanosis prosoal o 18 poe-
cont, excessive sonsilivily Lo enld in L8 navoenl ol paboess ng

tingling of (he Lingers in 24 pevecnt of cases. A Eypient Raynoud's

syndrome was prosent in 5.7 of cases.  Ae abacenal Allen Ludt, dlndies!-

ing dalayed arterinl civculnalion in Lhe aveas stpplicd by Ui ulnonge
and/or radial sricries vasz found in 94 (26.6%) ol the cnainzd woviers.
The prevalence of all these shnocaalltios iacresgsed widli Jengih ol VC

crposure,

-

. Iopatomzgaly woas a finding in 15% of the cxamired worlers, vihile splen-

onegaly was found in 3.4%. Cirrhozis of the Liver hnd been previously

dinznosed in I vorkers, and, in one, csophageal wvariczs wiih wpdur ghniro-
intestinal olecding had led to surgery including portocaval shunt,
fAltaline phosphatase was the test which was most frequently found to be
abnormal and showed the best correlation with clinical £indings.

-

Hepatomegaly and elevated zlkaline phosphatase were significanily more.
frequent-in workers with longer VC exposure.
Radiologic pulmonary changes, linear reticular and nodular opacitiad in
the lower and middle lung fields were found in a numbar of c¢nses; the
prevalence of these changzes was higher with longer duration pf exposure,
and there was a significant association with paripheral-ciréulatioﬁ
abnormalities, 7he evaluation of these pulmonary changes i3 still in
progress. . '

L\

Our results indicate that liver involvem=nt and probably lung involve-
ment in PVC worlers are significant and should be given full aftention
in the medical surveillance of vorliers with pust exposure. :

Future exposurce to vinyl chloride should be contyolled in owdor té pro-
vent development of all adverse effects, including the carcinogenic
effcect,
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1957 Filatova and Gronsberg

1963 Suciu et 2l '

1966 Cordier

1967

1967

1971

1972

1972

1973

Harris and Adams

VH.1lson et al

Dinman et al

Markowitz et al

Jihe et al

Misgeld et al

Table 1

Acroosteolysis

"Angioneurosias of spastic character"

~ Raynaud's syndrome - (hands and feet)
6% of 168 exposed worlkers
- Scleroderma~-like skin changes - (hands,
feet, face, neck, thorax)
3.6% of examined

~ Raynaud's syndrome
— Scleraoderma-like skin changes .

- Lytic lesions of terminal phalanges
in hands and feet

- The same changes and - pseudoclubbing
of fingers

,~ Involvement of sacro-iliac- joints and
patella

L4

Skin biopsy and-pathology data

Arteriography .
Occlusion of interosseous arterics

Arteriography ——» spastic arteries
visualized only after Priscol

r !

’
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Table 2

Acroostecolysis

Bone Changes

Marginal and/or cortical defects in distal phalanges

Loss of cortex in tufts of the distal phalanges

"Hall-moon" defects or cuts

I

Tranaverse defects or fractures

1

Complete resorption of tufts and part of shults

Iuvolvement of the larger bones
Cystic lesions and increased radiolucency
(ulna, radius, humerus, os calcis, patella)

~ Erosive and sclerotic changes in sacro-iliac joints




[ R

| Table 3

Acroastcolysis

8kin biopsy palholouy . -

- Thickéning of demmnis

- Nonfibrillary homoyenization of collagen and’
thickenad collegen bundles

4

~ Disorcanization of clastic fibers, which ave

‘ * split and broken

« = Infismpatory infiltrates, predominantly peii-

. .
i vascular (lymphocytes, fow histiocytes)
- - 14
é ~ Thicliening of the media of dermal arterioles
1
hl
| ~ Uneven endothelinl thickening
! R ' \
3
! - Moerked swelling of devmal nevve fibars
¢ vocnolizntion of axones
.‘ . .
° ~ Irterzitital cdenma . R

- Dilatation of lymphatics

100090
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1949
1933
19383
; *1967
i 1967
i
{ 1972
3 .
‘l
1973

Tuble 4

— e gt

Evidence ¢f liver dumage in PVC exposed woricvs

"Hepatitis-like liver changes"

"Chronic epithelial hepatitis" in
15% of cases; hepatomegaly, in-
¢rezsed bilirubin and prothrombin
time, abnormal Takala-Ara test,

[}
Hepatomegaly in 30% of 168 ex-
amined workers, splenomegaly (G%).
Liver biopsy in 2 cases: "clhronic
hepatitis,"”

I'epatosegaly,; persistent raised
bilirubin.

Increased ESP retention, raised
icterus index related to degree
of cxuposure. ;

Pain in RUQ and abnormal liver
tests (in 2 out of 7 paticents

with sclerodersa-like shin chaages),
RIQ discomfort; zbnovmal liver
changes,

Tribuch ¢t al.

(USSR) -
Pushin .
‘(USSR) )

Suciu et at
(Romanta)

Harris
(ngland)

Jike ¢t al

(Geriarns) '

Misgcld et al
(Gormeny)




Duration of vinyl chloride exposure
among 354 workers in Niagara Falls

Table 5§

Duration of Currently Formerly
cxposure (years) employved employed Total
<2 36 25 61
2.1-5 62 13 74
3,1-10 47 15 G2
10,1-20 77 27 . 104,
20+ 45 7 52
87 354 °

267

100092
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Age distribution of, 354 vinyl chloride
exposed workers (Niagara Falls)

Are groups (ycars)

Duration
ol exposure
(years) 21-30 31-40 41-50 51-60

GO+

Total

100093




Table 7

Sympioms of acute overexposure
among 3541 vinyl chloridc workers

Fl

Symptoms

Nunber of

Duration of examined Light~ Loss of
Exposurc (years) workers Headache heodedness Dizziness Consciousness Total o
<2 61 12 21 9 3 28 46
2,1~-5 75 13 30 30 3 43 57
__ 5.1-10 G2 8 25 20 0 33 53
10.1-20 104 17 40 14 7 36 33
20= 52 7 26 32 i 36 69
Total 354 57 142 7 135 14 196 55

' (16%) (40%) (38%) (4%)

¥6000T
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' Table 8
' — Q
F =
« . Clinicml signs and symptoms of abnormal peripheral circulation '
among 354 v%nyl chloride exposcd workers
' IExcessive -
Duration of Total j! Numbness Sensitivity . : Involvenent Raynaad' s~
Exposure {(vears) Number }| Tingling to cold Pain Cyanosis of tocs syndrone
Ko. % No. % No. % No., % HO. % Ko, i
T2 61 2 (3%) 2 (3 2 (W
2.1-5 75 16(21%) 11 (5% 4 (5%) 4 (5% 1 (1% 2(2.67%)
5,1-10 62 11(18%) 11 (18%) -3 (3%} 10 (16%) 53 (3% 4{6.47)
10,1-20 104 36(35%) 26 (25% | 11(31%) | 19 (18%) 11 (1199 9(8.6%)
20.1 52 20(38%) 13 (15%) 10(19%) 11 (21%) & (15%) 5{9.6%)
Total 354 85(24%) 63 (18%) 28 (3%) 46 (13%) 25 (%) 20(5,7%)

¥Prevalence in workers with more than 10 years exposure significantly
higher than in those with less than 10 years exposure,

:"‘\2= 5. 783

p <0.02 -




E?ble 9

Raynaud's Syndrome among 354
vinyl chloride workers

Raynaud's

" Exposure Number Number %
Active 267 17 G.4
Prior 87 3 3.4

354 20 5.6

!5
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Table 10

/6

+ Abnormal Allen Test among
351 vinyl chloride workers

100097

. Abnormal Test Results
Duration of

Exposurc (ycars) Currcent Exposure Prior Exposurec Totalx
22 : 7/36 2/25 . 19/61 (14.7%)
2.1-5 11/62 7/13 18/75 (24.0%)
5,1-10 ' lg/47 7/15 23/62 (37,1%)
10.1-2¢0 22/77 '5/27 - 27/104(26,0%
20+ 12/45 5/7 17/52 (32,7%)
68/267(25,5%) _ 26/87(29,9%) 94/354(26.6%
Radial - 10 R
Uinar -~ 38
Both - 46

*Prevalence of abrormal Allen Test in workers with morc than 5 years
exposure sigrnificantly higher than in those with less than 5 years

= 5,054
002<p< 0.05

exposure, v.2




Wrists
6 No. %
i 1 1.6
| 1 1ﬂ6
h 3 2.9
h 1 2.0

ficant fgr'

more than

/7

Table 11
e

/7

usbing of fingers among 354 vinyl chloride workers

Pseudo-clubbing of fingers

irs) Current exposure

——

2/36
3/62
3/47
7/77
7/45

Past exposure

2/25
0/13

3/15

2/27
2/7

Total

4/61  (6.5%)
3/75  (4.0%)
6/62  (9.7%)

. 94104 “(8.6%)

9/52 (17.3%)
31/354 (8.75%

t
signs/symptoms of peripheral vascular disease.

typical Raynaud's syndrome,

i
{
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Table 12

Skin changes in 354
vinyl chloride exposed workers

Skin changes

Raynaud's syndrome was present in 9 cases.

Duration of Total
exposure (vears) nunber examined Number %
Lo 61 4 6.5
2.1-5 75 2 2.6
5,110 62. 3 4.8
. 10,1-20 104 8 7.7
” 20+ 52 6 11:5
Total 354 ' 23 6.4

[
~

-

/¥
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. Table 15

S
’ | | %
-Hyperteﬁsion among 254 vinyl Q4
o chloridc workers

}

Hypertension

Duration of - . - © Systolic and
exposure (yeors) - _Exposure } Svstolic Diastolic Diastolic |  Total
<2 36 Currcnt 0 0 2 2
25 Prior ¢ 1 2 3
2,1-5 62 Current 1 ¢ 2 3
13 Prior 1 0 0 1
5.1-10 47 Current 1 Q 2 3
15 Prior 0 1 1 2
10,1-20 77 Current 3 2 4 9
27 Prior 3 1 2 6
20+ 45 Curront 3 5 4 12
. 7 Prior C « 0 2 2
Total 354 12 10 21 43 (12%

Note: Workers with hypertension had no greater prevalence of peripheral vascular
. changes in hands and feet,

1]

Elevated BUN prescnt in only three instances,
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. Table 16
. L

100101

li
Abnormal urine findings among 354
vinyl chloride workers

Duration of Current -EEEEEEE
cxposure (years) exposure 1+ RBC Casts
T2 36 Current 1 0 2
25 Prior . 2 9 ¢]
2.,1-5 62 Current 2 o 2
13 Prior 1l 0 0
5.1-10 47 Current 1 1 1
15 Prior . 0 1 0
10,1-20 77 Current 1 6 0
. 27 Prior 1 1 1
‘ 20+ 45 Current 1 3 0
7 Prior 0 Q 0
354 10 12 5]
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, Table 1"7 ) §
) v

Hepatosplenomcgaly among
354 vinyl chloride workers

r

Total
Duration of number Enlarged Enlarged
exposure (years) examined liver* spleenik
No. % No. %
22 61 4 6,5 1 1.6

2..1-5 75 L. 5 ’ 6.7 ’ 2 217

Total " " 354 53 .12 3.4

*Difference in prevalence of enlarged liver in workers
exposed for less than § years as compared to those ex-
posed for more than 5 years.‘x 2_ 12.107

p <0,001

**For enlarged spleen 7Q2= 0.945
noso
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Table 18

- A
. Abnormal LFT among 354 <
vinyl chloride workers §
r
: . =
Duration of Total number ‘ Bilirubin SGOT  SGPT LDH Alk, Phos.* '
exposure {(years) examined 21,1 >50 >36 >225 >86
2 61 2 3 5 0 9 12.6%
" 2,15 75 - 5 4 7 0 7 9.3%
5.1-10 62 7 3 5 4 11 17.7%
10,1-20 104 2 6 8 3 18 18.2%
20+ 52 5 T4 6. 1 13 25.0%
Total 354 21(6% 20(6%) 31(9%} £(2.3%) 39 (16.6%)

*Prevalence of elevated alkaline phosphatase significantly higher in workers with
more than 5 years exposure than in those with less than'5 years exposure,

*j_2= 3.84 p=0.05
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L.iver function

test

Biliyrubin
SGOT
SGPT
LCH
Alk., Phos.

>1.1
>50
>36
>225
>86
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Table 19

1

i

Abnormal LFT among 354 vinyl chloride workers
currcntly or previously employed

Current Prior licpatosplenonmcgnly,
ernloynent (267) cmployment (87) Hepatic tendcrness (5G)
18 (6.7%) 3 (3.6%) ' -—-
17 (6.4%) 3 (3.6% 6/20 (30,0%)
26 (9.7%) 5 (5.7%) 8/31 (26.9%)
5 (2.4%) 2 (2.3m) -
43 (16,0% 16 (18,0%) : 27/59 (45.8%)
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Duration of
exposure (years)

‘ Table 20
— ek s

Relation of hepato and/or splenomegaly
to elevated alkaline vhosphatase
among 354 vinyl chloride workers

Enlarged liver and/or

22
2,1-5
5.1-10

10.1-20
20+

spleen, or hepatic _ Elevated
Vo, tenderness alkaline phosphatase
61 7 3 43%
75 e T : 1 14%
62 10 4 40%
104 20 ' 10 45%
52 20 9 45%
354 64 27 11%

11()(1]]355
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Table 21

»

Hematolegic changes in 354 vinyl chloride workers

Total number

1

Thrombocytopenia Leoucopenia llemoplobin
examined - <150, 000 <41000 4,000-5,000 T <14 pr.
> 2 61 1 8 1
2,1-5 75 3 G 1
5,1-10 62 1 2
10,1-20 104 - 6 4+
20+ 52 1 — 6 24+
Total 354 1 (0.3%) 5 (1.4%) 28 (7.8%) 8 (2.2%)

+persons with past history of G,I. bleeding,

N
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in 354 vinyl chloride exposed workers

Table 22

Alcohol intake

Alcohol Intake

a5

Duration of Total +4 +++ i+ -
exposure huber (1-2 (2-3 Known
(years) examined | quarts/week) quarts/week) alcolhiolic Total
No. %

2 > 61 10 5 0 15 24.6
2,1-5 75 11 4 1 . |1 21.2
5.1-10 62 13 o (o} 13 21

10.1-20 104 9 4 0 13 12.5
20.1-> 52 - 10 1 1 12 23
Total 354 53 15% 14 3.9% . 2 0,6% 19.5%

GY
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Significant alcochol intake and liver changes (clinical)

e Table 23

Pl

Enlarged Cases with

Duration of Total number liver and/or spleen significant
exposure {yecars) examined or hepatic tenderness alcohol intake
: No., ; % No. %
22 61 7 11.5% 2 3.3%
5.1-10 62 10 16.,0% 4 G.5%
10.1-20 104 21 20.0% 4 3.8%
20+ 52 20 38.0% S 15.0%
354 65 18.2% 21 6.2%

60
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Table 24
Elevated alkaline phosphatase .
and significant alcohol intake - ~
Alkaline Significant
Duration® of Total | phosphatase ‘alcohol intake
exposure (vears) examined No. % No. L%
L2 61 9 12,6 1 1.6
2.1-5 75 4 7 9.3 1 1.3
]
‘ 6.1-10 ' 62 11 17.7 6 9.7
. 10.1-20 104 19 18.2 2 1.9 .
: 20+ 52 13 25 4 1.3,
Total 354 59 le 14 3.9
A}
:
i
:
i
i




Table 25

Hepato- and/or splenomegaly
and significant alcohol intake

Significant alcopol

No significant alcohol

intake & intake

Enlarged Enlarged
Total number Total liver and/or Total liver and/or

examined number spleen nunber spleen
: No. % No. %
2 61 15 2 13.4% 46 7~ 15.0%
2,1-5 75 16 2 12,5% 59 4 6.8%
5.1-10 62 13 v 4 30,5% 49 5 10.2%
10,1-20 104 13 4 30.5% 91 17 18.7%
20+ 52 12 8 75.0% 40 12 30.0%
Total 354 ! 69 20 29,0% 285 45 16.0%

Difference in'hrevalence'of enlarged liver and/or splecn between the group with
alconol intake and those without alcohol intake non-significant for workers with

less, than 10 years of exposure.

f

~

Significant Zfor workers with more than 10' years_ exposure,

2. 7,248
p< o,01° .

*

o2
= 1,951
NS
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$ . Table 26

.

Alcohol intake and abhormal liver function tests -

1]

tvT00?

Total number Alkaline S
examined phosphatase Bilirubin SGOT SGPT ITH
No, % No. % No, % No. % o, %
Significant . )
alcochol intake 69 14 20.3% 1 1.4% 9 13.0% 11 16.0% 2 2,9%
Non~significant
alcohol intake 285 45 15.8% 20 7.0% 11 3.9% 20 7.6% 6 2.1%
Total 354 59 16.0% 21 6,0% 20 G.0% 31 9,0% 8 2,.3%
2 2
7\.2= 0.810 7&2= 3.087 o= 8,790 A= 5.537
Nn.S. N.S. p <0,01 p <0.01 .S,

[«
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Table 27

»

' Gastrointestinal disease (by history)

in 354 vinyl chloride txposed workers

S No. %
"Gastritis” 47 13
Ulcer (gastric

duodenal) 31 -9
or ducdensa 52 15
Ulcer and upper j )

2

G.I. blecding l___ 6.
Gall bladder 13 3.6
diseasg .
Total 112 *
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-}UA . . T _ Table 28

Gastrointestinal disease (by history)

and enlarged liver and/or spleen
{clinical examinatiop)

S
Total number k Enlareed liver-
No. %

"Gastritis" . 47 8 17.0%
Ulicer {(gastric
cr ducdenal) 31 . 7 22,6%
Ulcer and upper i
¢.1. bleeding 21 .- § 38,0%
Ga?l vladder 13 5 38.4%
disease
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Duration‘of
Exposure (years)

Total

Table 29

»

Chest x-ray abnormalities*among
142 vinyl chloride workers

L
X-Ray findlings

Current .
Exposure Normal Abnormal
13 Current 12 1 5.2%
, 6 Prior ) 6 0
32 Current 25 7 23.0%
3 Prior 2 1
19 Current v18 1 11.0%
8 Prior 6~ 2
32 Current 17 15 48.6%
5 Prior .2 3
23 Current 15 8 33.3%
1 Prior 1 ()
142 i04 38 27.0%

*Data incomplete.
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“Table 30

':}I

, k)

Chest x-ray and smoking
Chest xerav Total Smokers Ex smokers Non-smokers
! A-ray number No, % " No. % Ko, %
Normal 104 53 - 51 23 22 28 27
Abnormal 38 25 G5 6 16 7 18

- Prevalence of abnormal chest X-ray in persons with
history of smoking not significantly different from
that in non-smokers.

2

¥ = 1.083
N.S.

¢
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Chest x~-ray and chronic bronchitis

.

Table 31

v
.

' Total History of ° No khistory of
Chest x-ray number chronic bronchitis chronic bronchitis
No, % No, %
Normal 104 20 21 84 79
Abnormal 38 8 19 30 81

&€




Tahle 32

Abnormal chest x-ray and abnormal peripheral circulation
- Y.
Chest ) Raynaud's M Abnormal
X~Ray syndrome Cyanosis Pseudo-clubbing Allen test
No. % No, % No. % No, %
Noxrmal 104 5, 4.8 9 8.6 8 7.7 20 19
Abnormal 38 7 . 18.4 6 16.0 7 18.4 13 34




