T ey

BIO-MEDICAL RESEARCH

DOCUMENT DESCRIPTION FORM 63 68 69 76 17 78
7757 | [00004R% . [_vZ)

Duplicate-in all cards: —>
i year as-1961- File number Sub-Index

[Right justify Code
[Numeric only] )

Author(s), as Last Name FS (No Punctuation) and
coden for journal as JAMA preceeded by ome blank space

1 20 21 ' 40 41 60 g;_gg
V/igLtd F<L 11
7/ 12 -
13

Title of Report; end with space~hyphen-hyphen-space. Follow with Index Terms,
separated from each other with comma-space. Avoid other punctuation;

- do not abbrev%ate. 61 62
| ' 21
T B YyrFe. (Aol p . pliessd — = 22
| LFPIT THT AETTER. JELr s 73, D, EFEALE G 23
BV LSl . 24 |

Source (Journal, Vol., Numbexr, Pages,Date )
. 61 62

12 .
YV Lo BLrISA S0PV S 7

Sommer. [ G0 - - 32

31

Brief Summary

61 62
1 2 10

SUMMARY : .
62

63
64

L06ELL SBY




0000428

fhe ¥inyl Chloride Disease,

X
0
wn
i
-
(74
w
o
(o]

C S : ' | P.L. violds

3 : ¥ Summar (1676)

e




Eibliocracvhical notes

Personal Investigations .

AX]

¥Yateriels and Methods

Resuits
Hygienlic working condlilons

]

Experinental iQVestigation
¥edical investigutiéns'
Discussions .
Prevention
Conclusions

Eivliozraphy

15
16
20
22
31
33
34

606ELL Sy




0L6ELL gpy

“H“““"_K“ﬁgﬁ”occupatioﬁal disease, characterized by lesions of the
bones and integuments, by anglonsurotic dictiurtances, nervous and -
digesfive disturtances, has been observed during-the last few years
among the personnel who work in the syﬁthesis of rolyvinyl chloride
(PVC), Tiagnosed as "acroesteolysis" after the specific osséous
modi’ication vhich chareeterizes iu, the disease has been studied
more from the radiologlieal and cl nical point of view than from the
etio;ogica_ and pathogernetic one. An Investigatlion of the polymerization
procezses and of the suvbstances used in varlious industiries demonstrated
that vinyl chloride (VC) is the only compound common to the various
technological cycles, Xeeving in mind that the disesase, was cauced by
monomer, an experimental study'&aS'undertakwn to investigate the toxic
effect of the compound. AS publLshéd in other places (1),(2), it recame
apparent thei in réta, it csused mocificatlone of ths bOnﬁS,‘Of the
cornective ticssue and of the small arteries, similar to thoserébzerved
in human beings affected. by acroosteolysis. In the present parer, a
' synthesls of the present knowledge on the sublect is madé, mentioning
briefly the results of experimental investigsations, combined with some
consideraticns on the etiology and the pathogenesis of the syndrom2 and
on the industriel hfgiene peasures 4o. be adopted,

Vinyl ckloride is & monohalogenated cer ivative of ethylene oy
forrpula CH —CHU*, whose sSynonims are: caloroethylene, chloroethane,
ethylene chloride, It is ﬁroducei industriaily bty means of synthssis of
acetylene and chlorhydric geid or ty pyrolisis of symmetric dichioro—
ethang end less frequently-by'sagcnification of 1,2 dichloroethane with

-

1wormzl. temperature and.pnessure, it is a color]esia--

ct

ecasustic soda. &

with a sweetish odor, 2.2% timss hneavier than air;-




2 dichlorcethane
2 dichlcocroprorane
trachloroethylene
1.2 - trichloroethane
1,2 dlichlorogthylene
Acetaldehyde
1,2 dichlorcethylene-tirans
Chloroprene
Methylene chloride
1,1 dichlorcethane
Carben vetrachloride
1l,1,1 trichlorosthane
1,2 dichlereethylene~cils
Chloroforz
Trichloroeihylene
Eenzene
Water
Ythane
vhylene
FPropans
Iscrutane
Carbon antiydride
Propylene
n-Butane
Acetylene
Cyclowroprane
1-=utene
Teomitene
Z2uZuitcne~tirans
Allene
2~-RButsne-cls
‘1,2 Butadiene
ethylacetylene
Methyl chloride
Ethylacetylene
2-Chlororropene
Ethyl chloride
l1-Chloro-l-provene-trans
l1-Chloro-l-propone-cis
N-nrovide chloride
Vinyledene cnloride
Isopropyl chloride
Vinyl tromicde
Kermalpenthene
Iscrenthane
- Methane
Mercury
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The principal pnysical cnaracterisilces ared

¥olecular weight 62.50 )

Specific weieght of liguid © 0.99 (-25 c°%/4 ¢°)

Boiling polint .o =13,37 C° R

Freezing point : -160 c°

Stecam pressure : mwa Hg 10 100 692 2660
c%. -87.5 -85.8 -15.8 425,0

At 25 CO and 760 mm Hg density - 2.55 gr/liter
_ ' 1 ppm - 0,00256 mg/liter
1 mg/liter - 391 ppm

Flash point ' ~78 CO

Autqcombustion temperature 472 ¢° -
Explosive limit tetween 4 and 2L.7% in air volume
Speciiic volume : at 70°F 1 atm. 6.2 CUFT/LE

Gas density 15 ¢° (air - 1) 2.15

Critical tcmperature 158,4 ¢°

Critical pressure B2.7 atm.

Latent bolling heat (boiling point) 5.5 K cal/mol
Latent fusion hent (fusion point) 1,181 K cal/mol

Specific heat, liguid at 20 C° 0,27 cal/g (cog
Specific heat, gas C p, 25 C° 1 atm. 0.205 cal/g (CO)
Liguid viscosity =-2C C° 0.281 centipoise

Easily flemmable, easily polymerizatle, 1t iz rormally inhibited by
addition of rthencl (from 50 to SCC rem). It. dececnposes easily, producing
chlorhydric acid, phosgene and carton monczide. The MAC of vinyl is Z0O
DL, o ‘

S51izntly solvrie in waver, solutle in aicohol, very soludblie in ethe v

carton tetraslilorids,

The coumercizl vinsl cﬁloridc used in the polymerization précess
contains a high number of impurities which collectively represent C.1 to
1Z of its voluﬁe (Table. 1. This can vary both qualitatively and
quantitatively, according to the method bty whizh the monomer has teen
synthesized. In the vinyl chloride obtained by éynthesis of .chlorhydric
acid and acetylene caleium cartlde, thefaggﬁlgagséghding'chloride -
inmpurities are: 1,1 dichloroethane; 1,2 dichloroethylense; 1,2 trans-di~‘
chloroethylene,.together with minor quaniities of 1,2 dichloroethylene-
eis; 1,1,2-trickloroethane; carten tetrachloride;: 1,2 dichloroethare;
l,1-dichloroethylene and traces of chloroforn; 2~chlororrene; l-chloro-

trichleoroethvyleney
l-propere-trans; acetic aldenyde; metiylene chliaride: and inorgonlce:

e

mercury, In the vinyl chloride ottailned Ty cracking of I,z—dichloril'nzr.

the highly *olling chloride imcurities in greater guantity =re:-
' ; sy e ke K i e & e A i  ad Ven W . e - - (Y
111 2-dschlcrasthaney 1,1 dichlcrgetiancey I, I-dfclidoroelhylendg; cuiusv

. - TR TR
Prene; 1,2-dizhlorcethylenz-trans: 1.2-dichklerosthylene-cls; chiora.ams:

- e m—
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1,12~ tr*cnloro +thane and traces of tenzene. Not tec re forgotten are

! saturated and unsaturated hydrocarrides like: eihylene, provene,. iso-.

" wutane, rropylere, l-butene, acetylene, 2~butene-irans, 2-htutene-cis,

EL6ELL SmYy

methyl chloride, 1,l1-dichlorocethyliene (4) o .
The polymerization process of vinJl chloride (CH5-CH1) ccnsists of
the sutjlection of an agqueous mixture.of the moncmer to rarticular |
cond;tibns of temperature and pressure in the presence of a catglyst
10 tind gmong themselves the single molecules for the purrose: of creatincs
a macroxmsolecule of polyvinyl chloride (PYC), The resaction occurs in
suitatle autoclaves of metal of a volume varying bvetween 3 and 2Sm3,
fitted with a large agitator with blades. The polymsr is synthetized.
‘in suspension (slurry) and lattice (latex) form, and in this case it is
discharged at the end of'each synﬁhesis process, over g8reclial metal
, filters. The autoclave remains em pty, tut cn the internzl walls polymer
¥ Eruﬁts repain, whicn mustvbg rexzoved. This cleaning.can re done
automatically ty msans of -violent Jets of-water or with solvents,.
or mantally by means of metal spakulas. Ir. this czse thé autoclave,
emptied of the polymer, is subjected to degassing either Tty bvlowing in
-of air or Tilling repeatedly wita water and thus mgh 2ining continuous
aspiration to remove the residugal gases, Those who are emplgyea in the
cleaning process enter through a manhole Into .the interibf of. the
regeptacle and serateh tha polymer from the walls with a metal spatula.
They remain in the interior of the autoclave for periods varying
between 15 and 45 minutes according to the size of the receptacle and
the worir systems useld, In ihe sutorated nlants where the crusts are
removel by means of water jJets unier preséure, the personnel enteors ihz

autoclaves only Iirregularly and for trief periods ol time..
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1blissranhical ¥otes

11

o~ The Tirst investigations on the toxicity of vinyl chloride were
made in 1930, Fatty ¢t al (&) observed that guinca plgs exposed to
concentrations of 5,000 to 1,CCC prm d;d nct present any gppreciable
disturtances; at concentrations of 25,CCO-to £C,CCO0 vpm there were
elterstions of cquilivbrium, motor ataﬁia end narcosie; from 10C,0C0 to
250,00C prm increase of the reSpiPaiory frequency, narccsis and. convul-
sions; at concentrations of 4CC,CCC pprm, tre animals demonstrated rapid
narrosis, accorpanied by tronchial spasms, convulslive marifestations of

the joinis and death. The guinea pigs exposed to the high coneentratlions

P16ELL SBY

shoved signs of congesiion and edema of the lungs, hyperemia of the
kidneys and the liver, Keeping 1n.mind that the toxicity of vinyl
chloride is lover than thét o chlorofcra we thought of a rossidtle use
of this substance as an sznesthsiic in sufgical sractice. Lehmamn and
~ Flury (6) elso came to similar conclusions having observed that virng
cnloride is rapidly eliminateé from the organisn and that the aninals

subjected to rereated narcosis did not show appraciable organiec Iezicrs.

Teoples and Leake (7) confirmed the low toxiecity of vinyl ckloride,

o)
{

Shaumaznn (&) okserved that ths vinyl'chloride administered bty respiras

ry route distritutes in the tlood to 15¢ in the rlasma and to E57 in the

red rlood corpuscles end that }O'hinutes after the suspension of
administraiion, the concentration iﬁ the vlood. is alreadj reduced bty
about 807. He also observed that the toxicity of this substance for the
cardiac nuscle is avout six times lower than that of ether, These
investigations were subsequéntly criticizel by Von Cettincen (9) and

Cst
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al (10) who discourazed {%e use of vinyl chloride as an
LT, Fe) e
: anesinetic, ha

S ving observed grave Jisturtances of the cardizac r'yt‘.in
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dogs exvosed to concentrations of 100,CCC rpm. Tn

L - .y R -2 Y M IRy R ” - no TV
radveardla, inversion of the R wave, molilfication of ths IRC comvisE,
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concentration, The 4sad anin

éinus arrythmia, transitory axial deviation, atrioventiricular tlock,.

multifocal ventiricular extrasystoles, inversion of the T wave with

superelevation of the ST seswent in 2nd deviation. This research was

also confirmed ty Carr et al (11),

Abendoning any thought of using vinyl chloride zs an anesthetirc,
this substance was suhseguently gtudied in terms of the work risk -
wh*ch the laztter presented. MaStromatteo.et. al. (1961 (12).
studien its toxicity in mice, yats and guinea rigs after exposure‘ta
concenfraticns varying tetween IC0,000’and 4C0,C00 p.p.m.. Exmosure
wzs extended {or a maximum of ic'minutes. The guinea pirs turned out
to te the most resist evt inasmuhn as they were atle to survive even.
after having teen exposed to the maximum concentraetiaons,while the
zice ané rats Adled zlready at.concentrations of 250,000 - 300,000

P.P.m. All animzls fell into profcund narcesis st the 1C0,000 p.p.2

often agssocizted with edzxa and uémoryha;ic marnifestationa,. épithexial
lesions of the traéhca,_congesticn of the liver and the ¥iZdneys. In
one gulnea pig'a fatty 1Dfiltfatfon of the liver was ohterved. These.
animals often showed mo f*chtio“s of the blood cosgulation. Lester
et.al. (19863) (13) ocserved in rats, whick had been exposed‘for'lg
days to vinyl choloride concen .trations of E£0,00C p.p.m and Tor 92
days to ccncenﬁrations ct EO,COO\p.p.m., a constant incrcase of 4he
gize of the liver without however any histological lesions either

in this organ, or in the zidne"s, the svleen, the lungs, nor moéi-
ficatlons of the tody weight, the hemataerit, the hemoglodulin,

the prothrombyn rate. Torkelson et.al. (1961) (14) -LDOaEd rats,.

Si6E€LL SBH

rabvrits, fuincz vies and docs to vinyl chloriue vapors for 4 ~ 6

months at concentratjons varying Jreca SCC {o 5C T.Dp.n. contro’lin“

the behavior of the-hematic crasizs, of the-wreic rnitroren,, of-the
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‘hands which radiologically vresented a transverse zone of 1?315.'{iiu’

nahsea, @ifficult cdigestion, herz splcnometaliu and the serological

signs of toxic heratitis, with decrease of the alvumin, Increase of
alfa, teta and gamna glotulins and of the aldolase. Some workers
sutsequently also rresented perirheral-circulatory aiéturbances similar
to tnose of the Raynsud syndrome. In some cases appeared cutanecus
lesions, iritiallj limited to nru“igenous manifestations and contact.
dermatitis, upon «hic follcacl in cue tire, rimples, tlisters and
erusts. Some presented restricted edema of the hands with the clinieal
characteristics of scleroderma, Dermo-nmuscular btlorsy confirred the
existence of a highly chronic dermatomyoma. The investigation of thre
icdine-demcnstratéd in some caSes the involvement of hyperihyroidism,

Cordler et. al. (1968) (24) observed in two workers employei in the

cleaninz of autoclaves used for the polymerization of vinyl chloride

disappearance of %the bony tissue. In one case existeld asteclytic
anifestations of the first toe of tre feet as well, The tony lesions
were acecorpanied bty painful manifestations of the toes which were
aggravated by cold, acropareéthesia, genersl disturbances of the nervous
system with asthenla, somnolence during the day, noctnrna‘ insomniza.
The toes seemed slightly swollen, the fingernalls were streaked, the
s¥in rresented tlistery whitish lesions, es;ecially-at the level of tra
forearms and the an°tomis£'s snuffoox. 4Histologlical examinatlion ol
the skin rave .evidence of rodifications of a degeneratlve type of th
conneCuivc tissue which arpeared separated in large collagenous strips
with loss of the staining affinity, Thne elastic reticule was confused
and strengly reluced. o pathologlcal Todiflcation was detectatle ‘tu
repard Lo tne vllier organs and systexs, Eemoved from the work, aiuer

two years the two ratients showsd disarpearance of the cutaneous modili-
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.‘ “Se‘:al,L__(,JrQ‘:l)(lc) holds, as doe‘-‘ Laz,areew (195L)(la that the toxicity

of vinyl chloride fcr man, even though limitcd is however still lower

(M
"~ than that of gasoline fuwmes and that of chloroform, while Danisewski

ettention to the injurious effect of monomer on

et.al. (1961)(17) call
the integumentS, the mucous memkranes aﬁ* the parenchymal ornana. Harr

(195;)(18) descrired necrotic lesions of thé mucosa and on the skin by

liqnid vinyl chloride. Ancio~neurotic rmanifestations were polinted out

uJccts exposed 10 monomer vapors,ty Filatova et al (1958)(19)

nanzinger et al (1960)(21) reported that

bde

n

by Plesitzer et al (1961)(2C).
two workers died after prolonged exposure to strong concenirations

40 cardio-circulatory 4isturtances,

Qinyl cnloride, probably due
Grigorescu and Toba (1566)(22) isolated in the ﬁr;nc of 43 sub jacis
traces of monochloer

oud

T 53 who hed teencexposed to vinyl chlorlie vapors,

of dicprotidemiaz with increouw

(o]

acid, and in the DLOOG Serum SiEns

ef the slfa and decrease of the gamma globulins, siudyl

of monomer in the human organism, thinking that this at the he

presence of water, transforms into ethylene monochlorhyd

level, in the
te and subsequently into chloralio and mbnochloraaeetic acid which
¥ore recently

.

passes into the urine as such or corbined with glycocol

Sucio et 21 (1967)(23) have descrited a toxic syndrome characterized -y

nervous, digestive, circulatory, cutaneous modifications in workers

exposed to vinyl chloride, These authors otserved that when the
as 1o te perceptible hy
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concentration of monomer in the air 1s so high

the men vresented a state of eurhoria which could

the sense of smell,

of heaviness in the legs, dlzziness,

te followed Ty asthenla, feellng

parasthzsia of the 1o:er Joints, sense of 1

‘ L‘
vl
fl
-

somnolence ard even
_‘l}3 “headac

exposed Lo the monomer

o
ck
[+

‘og
.

b

iraomnia, neguroses, In the sv

3

1£5, hycer—excitability,

2 mynt o
symplomatels

for = longer time, with the nervous sy

retus with anorex’

gy were gssoclated disturtances of the digestive arpz
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1?alipe phozphatase, the glutamic-pryruvic and ossalacetic transaminascez;

—'-.

} and the histiopztholezicel alterztions of ithe various orgapi

the urine

{ | after the death of +the animals. Th2 hemntological z2nd enzyratic consoant”

did not present significant modifications in spite of degenerative

lesions of the liver and tudular and intersiitial modifications of thre

Pidnejs teling observed in rats exposed to-concentrations of 5C0 pom for

and rats
exposed for six months

four and a half onths in the liver of ratbitsy

tc con can+ra+ions of 200 rpm and an increase of liver sizec in rats
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to concentrations of 100 rnﬂ for 6 months. The animales exy

w
‘)1

exros
to concentrations of EO ppm for 7 ncurs a day for a duration of six
On the basis of lhese resuld:.

1¢ lesions,
¥4C of vinyl chloride from 500 to 50 pr.

months 4id rot present any organ

the authors advised fto lower the
Tnere 1s agr ee zent by the various researchers on the evidence ol
be dangerous onlr

e\

o

¢ ¢ffoet of vinyl -hlor‘1n~"1*ch seene to

. F a4
ho ancsthetl s f

ey
waniin

its cencentran

on whicnh are evaluaied ihe toxicity for man of the v

were derlved from the experimental observation remecrtering that the ret

rrm presented eguilibriun disturtances,

exposed for 2 hours to 70,CCO
at 100,0C0 ppm modifications of the cornedl reflexes, at 150,000 ppo
th occurred efter

aa

respiratory disturvances (13) and at 3CC,0C0 ppm dea

30 minutes (12).
Yore detalled inforzation on the
These demonsirated that exyposure to

uOY city of vinyl chloride wes

furnishe? ty observation on man.

L T

S minutes does not cause any aisturcance walls av 12,000

=ag-peeur (13), at 1£,CCC ppm after ornly £ minutes, apar:

4,000 rrm for

Tem dizziress

caring and vision ocour

from trne loss of egulilitrium, mpodifications of h
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cations, radiolozical recovery of the osteolytic process, improyement
of the nervous 4isturbtances with pe“si°tence'of the paresihesia, the
- asthenie ani the vasomotor disturbances. -—

After-this first otservation, other cases vere o tserved in Furope
and the United States of Arerica, In France,Chatelain and . ¥otillon
(1967)(25) descrited five cases of acroosteolysie in workers errloyed
in the cleanins of autoelaves, The bony lesicns wvere mostly localized
in the fingers. In some cases, the gistal extremity of the nail phalange
was sharpenei (tapered), assuming an aspect vhich the auvthors called
"sucked teet Sugar"; in other cases the osteolytic process involveid tﬁe
cehtral part of the phslange with Icss of the substance in transverse
strips, with the radiographicallaspect 0?2 a pseudo-fracture; finally,

in other cases the tony lesion manifested itself in the form of small

616ELL SBH

oundish zones cof diminuticn or densification of the cory tlssue,

ngers scemed défermed, sturpy, with dystrophied nalls. niopuic

examination of the sxin of the fingers evidenced the signs of an endo-
artéritis end chronic endcarteriolitis, alteration of the nerve tundles,
fitroses of the superficizl skin, These same patients were subsequently
2150 studied by Merin et 21 (26) who pointed out that in each case there
had been a symptox period, chraracterized by paresthesias and. pain in the
fingers of the upﬁer and Iowe} 1im¥s and that subsejuently anﬁeareﬁlthe
vasomotor distgpbances'of a Raynaud syndérome., The hands avpesared cold,
1ivid, edematous, often with a "drumstick" aspect, with nails deformed
like "watch glass". The skin eppeared infiltrated, thickened, inelastiic
vwith the characteristics of sclerciactyiy;.The osseous leéions began

th the signs of an osteopcrosis aof ﬁue distal rart of the phalanges
vron which followes3 2z vertizl awmsorpiion of the veripheral vart of the

oone or a lysis in korizontai banmd. The: arterioral perivheric eirele
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~ study of the vasal ecirculation showed an increase of the .arterio-

_irregular fibers, separated szmong themselves. The versyp

/;_‘.-"".;*-f‘ . ‘ : N = ~— 0 -
) H R = JEP o T

fﬁ‘&ppﬁgred slowe? down, with the signs of a distal vasoconstiriction, The

——

capillary resistences by vascular modifications which diminished the
character and the elasticity of the small vesseis at the leyel.of the
arterio-capillary pole., In threc ratients the clinical examination was
completed bty the ®tiorsy of the skin of the fingers and in one of these
also by the histeclogical examination of é bony freagment of the third
phalanée of the middle finger. This investigation demonstirated the
exlstence of vascular, nervous lesions ot ihe cennective tissue and of
the bony. tissue. In the more superficial layers of the skin, at the
level of the p%}llae, the carillariss were dilated with.swelling of
the endcthelium and edema aof the perithelial zone, In fhé deep layers,
the capillaries presented an intense teritheliel hyperrlasia with

~
H

. ISR 3 - - H N - b .;:° 3 ~1 -~ 3 N ome . o L . 1
formetion «f 2 iwube of fusiferm cellis which developed in onion tuldb
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form. This perithelizl proliferation present

tlastic trensformation and subsequent sclero-hyaline degeneration of

the entire vascular wall with atropay of the endotheliuw and.sterocsls
of fhe thin vessel up o0 its complete obliteration. The arterioies also
presented very similar alterations which went from a vperithelial’
proliferation to the tctél sclero-parietal hyalinosis wiih'bbstruction
of the vessel lumen. The nerves presented sclero-hyaline thickenling of
the perinerve vith fitrous invasion of the nerve,latrophy and degenera-
tion of the nerve firrils. The YWagner-Meissner tactile corpuscles and
the Facini corpuscles did not.seem altered, The connective tissue, poor
in cells, affected by an extensive lezgenerative vrocess,.appeared
separated in large collagermcus strips separated azmony themselves by
enpty sraces, The elpstic, atrozhic reticuie was composed of few |

s
jakis

ratory:

[
3]

¥
L]

often aprpeared atrophle, wkile the evidermis rresented rzones of nyper-




P azin y-tp B i

ey

ll'\

n P ETT E T L~ . - T _

2

plésia with hyperkera£051s. The cortical of the bone was slightly
thirner with a continuous osteoblastic edge; the tony marrow indicated
in some zones an iﬁitial fibroéis. The periésteum presentga a pro-
nounced sclero-hyaline thickening with chondroid metaplasia of the
deeper layers. The smell blood vessels presented the Signs of a
capillary and a constipating arteriolitis as in the skin. _
Harris and Adams (1967)(27) submitied to radlographic examina-

126etl SBY

tion 588 workers employed in the polymerisation of vinyl chloride,
Among the 15C employed in the éleaning af the sutoclaves, two pre-

sented osteolytic lesions of the fingers, the toes and the ¥neecap,

- combined with parestesia, vasomator disturbences aznd cvtaneous rodi-

fications of the hands and foreargs. The fingers.wene.étumpy, swollen,
with thickensd skin, strew. n with micron uular formations Histologi--
¢zl exuzrinaticn cf-g siin scpmenu of the Tinper showed thick eniﬂw oi the
derxza, subversion of the co+tocataﬂeou3'connrctive tissve 1n which
vere visible partially hyalinized.acellular collagenous. nodules.
The walls of the small arteries of the s¥in acpeared thWickened by a
pronounced hyﬁe;trophy of the average'énd.the Interval lsel

An investigation conducted In the United States of America on-
3,0C0 persons exposed to vinpylchloride, permitted Wilson et.al.(1967)
(28) to evilence in thirty-one cases clear 3igns of osteolysis of
the hande., The lesions were accompanied by vasomotor disturtances,
parestesia and sclerodermic-tyre modlficaticnsof the skin. The lesions
begép vith a 2iminution of the thickness of the cortical zoﬁe of the
distal »halanges to which were sometimes associated swall loszes of
osseous tissve in half-mocon shape. P“oare°s+valy"the lysis tecams more

eviZent wlth tninri“¢ of the rhalanges ard with. zonsl losses of

ct

iscuve.

In due time could be observed z not-alwvays-cemplzste recovery of h

" osseous leslon. The majority of the patients wene:emproyed in the
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QJCuninC of autoclaves and the lesion for the most part manifested ’
'—n—_._,_,___.--"'

——
.

1tself after about a year of work,

E In Yugoslavia, Kovac et.al. (1669)(29) stvdied this new disease
syndrome in a sroup of seventy workers.. Awong those employed in the
cleaning of the autoclaves were detected eight cases of acroosteolysis
of the hands and in some cases also of the feet, in fourtecen subjects
existed only alterations of the skin, the skin sensitivity end of
the peripheric circle. The acroosteolytic lesions were accompanied bty
an abnormal flsxibilitiy of the distal extiremity of the phalanges,

The skin of the forearms and the hands presented zones of thickening

of. the. ekXin near the zone of 1cucop1a~1a. Bioptic examinations showved

Z26ELL Sy

décenerative modifications of the connective tissue, of the small
arteries and the tone. No pathologiczl zlteration was observed among

the persounel employved in the nandling and proecessing of finished PVC,

O

At the XVI International Congress of Occupat 13ﬂ‘"edic¢re in

Tokyo; Dinman et.al. (1959)(30) reported notes ani results of an in-
_vesti zation made in FVC planis in the United States of America. Five
thousand and eleven workers out of a total of 22,000 men/years employ-
ediin:thirty-two vlents were observed, Twenﬁy—five workers emrloyed in
the eleaning of autoclaves presented acroosteolytic lesions *of the
Wands, .The average was one patieﬁﬁ out of 116 workers exrosed, or more
rrecisely, one per 525.men/years; Sixteen workers preéented restricted
sseous lesions of the handc of unclear interpretsilion and therefore

-

were not included in the statistics. The ossc ous lesions were uniformly
&5 :

and censitivity
rreceded ty vasom notor/2isturbtances and presanted a clinicel ard

radinlogical symtomatology Similar to that slready descerited by the

-

-

-~ various authors. 2ioctemical or impunolocical alterztions were not ’

1, i -~ I S
deteated | The $31neas mondifosieol I4s0cll prizarily in Uhose who wesw

éupluyed in Lue cleaning of avtoclaves while no pathologlical altera-

-
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Nitrogen tranaport gas at 0.8 atm. - 1 ml/4.5 ssc.; auxilliary Yo gas
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tion was otserved among the~personhe1 employed in the processiné and
hanslings of the finished rrozuet.

Pointing out the constgpt assoc;ation-of & Raynaud synirome with
the éccrooateolytic lesions, the authoqs advancel the hyp?thesis of
an enzymatic alteration with an inhid®ition of the monoaminc bxydasis

and a prolonged local action of the catecholamines, rot excluiing a

perticuler individual blological predisposition.

FRSONAL INVESTICATICXRS

Fxperimental and cliniczl investigations have been mede to study

the toxicological prcperties of vinyl chloride, the work atmosvhere
and the clinical en2 radiological characteristics of the dicsease,

LR L -

The drffusion of vipyl c

e
3]

ilorije has bcéh abuﬁie in the anir
~ . induced by , :
organism and the organle aliteratilons -14 rponcner in rzts after an
E 34
4

. . or
exrosure of twelve months., The ersonnel of an establishment ,- the

el
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polymerization of PVC was periodically controlled (okserved) with

medical, radiographical end laborator tests,

Naterials and Methods - The aralytical exarinstions of vinfl chleoride

vwere éone bty means of the gas-chrematography methqd, A C. Erba ~
Biochemical G. appsratus vwas used with flame lonization indicatior
and Speedomar registrator molel G. 2.5 nV f,8,, coprer column of 2.5
m.; filled with diethyl syls ub acete at 255% with 60-80 mesh ceiite.
0.45 atm, air 1.2 atm. c® temperature detector 180°, evaporstof
1500, coluzn chamoer (tute) 60°. -

‘he dosing Of vinyl chlerilde in the work atmosphera was carpicd

out with an infrared apraratus (Uki0R). The detsrminations were executed

e i e — o mear s
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vhere the concentrations are presumed to be the highest.

rencwed. The racing of vinvl chlioride 4% ithe oreans was gr2de¢ by

L T A @ =

in’the various phases-of the worY rrecess in all the zones where the
ﬁersonnel vere located fér worg purposes ané akove all at the roints

The distribution of vinyl chloride was studied in the respiréiory
air, the tlood, train, liver, kidneys, and urine of rats which had.
treathed for one heur z2ir contzining monomer a2t a concentration of
10,600 rom. Yinety rats of the Wistar strain -were used,of a medlunm
weight bf 200 gr., divided into five groups of sixteen animals, Tem
rsts were used to study the concentration of monomer in the exhaled
2ir. After the end of the treatment the animals were Xept in. severate.
glass cages whicﬁ were perfectly air tight and of known volumxe, Ifrom
which every fifteen minutes an air semple was taken fof £as -

chrometograrvhic examination, then the air in the receptacle was

sacrificing 2t intervals of fifteen minutes an animal of eazh .j._-rcu;::_,.

©
>
]

collectiing in separgte glass receptacles the traln, the liver,
ine kidneys which vere fapidly homogenized. For the tlcod ani the
urine the appropriate apperatus was used tuflt bty C, Erta for tlre:
gas.. free in the blood,
An exrerimental investigation was maede to study the togie-effect
of vinyl chloride on the aninesl orgaznism, as already stated vefore (2).

Twenty-five male rats, of an average wélght of 15C gr, were exposed

for four hours a day for five days a week over a reriod of twelve

months to vapors of sald substance. Turing the procedure the animals

vere Xept 1in a plastic.case in which circenlzted dn zir ecuvrrent. con-
“aining vinyl chloride in a rercentase of 3% by welghi equal to

20,CC0O ppm. At the end of the twelve months the survivirgz arnimals .‘:e‘
sagerificed 2t intervals ef lwenty days. The paws, the tralin, Iiver,

kidneys, thyroild were submitted to histolorical examination tefor
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ﬁigyétign, inclusion, and stéinin? with hematozyline-eosiﬁe; Van Gleson,
P4S, Welighrt, --illegible-- Gomori. 'Tﬁenty—five rats of the same
‘strain.were kept as'controls.: '

The personnel of a plant for thé rdlymerization of vinyl chlonide
of - a total of 12C persons was was subritted Tor five years to medlcal
control witn periodic radiographic‘exam;nation of the handz and
chest and a complete checlk-up comprising: hemochromocytozetric examina—
tion, platelet count, test of the hepatic and renal functions, azoteria,
glycemia, uricoemia, cholssierinenia, aldolasis, electroforctic
examination of the serum, alkaline and acld rhosphatase, Waaler-Rose
reaction, Latex test, LE cell count, phosrhoremia, calcemia,. calcuria

and phosphaturiz, lodine protidemia, mercury search in the urine, E.CL.G..

RESULLS
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Eyrlagnliec wvorking conditions - The_ﬁygienic working conditions
were studled at length, reclated to the concentration of vinyl chlorid
to which the men were exposed. The major quantity of manomer was
found in the fil%ers and in the autoclaves. At the beginning'of"our‘.
inauiry it was noted that on the filters at the moment of the polymer
éischarge the vinyl chleride concentration was of ihe crier of 2,000
vpm. and in the autociaves lacking an efficlient means of degassing,
the monomér concentration remained high zbtove the maximum tolerabdle
values (M¥AC). On the gengway and in the other work locations tutween

1C and 150 ppm. were recorded, Coxzparing the results of our exapm with

by
-

those made in five other eziaklishments t turnsd gut that in fouvr

,.
~

Plants wkre cases of -acroosteoliysis were found XT3 at the moment at.

which entered those employed in the cleaning,the monomer ccncentration:

5 - o T 5 LV mnn W -
ae of the oriecr of 2,000 porm, waliie in anouaer Wo
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estarlisrments where no illness was obtserved at all in the workers,
the vinyl chleride did not excaed 150 ppm. when arrlying asriration
1ids on the filters aﬁd an efficient air exchange at the interior of
the sutoclaves during the cleaning process, a.clear drop was roted in
the vinyl chloride concentrations in the work envirenment and in the

arpearance of any .organic disturtances among the personnel..

Fxperimental Investiéations - An investigabion_was made tc. study the
distritution of monomer in tke animal organisﬁ” At the end of th

pfocess there vas the maximur concentration of vinyl chloride. in all.

the orrans and particularly in the blood, with a varied distrivution.
awonz corpuscles and vlasza. The red cells containel moere monower than th
serum in a very divergen’t ratlo gsecording to ihe concentration to 1-!‘_"
the arimals were exrosed. Vinyl chloride 1s rresent in the urine as

soon as eritted, tut the mafor guantity is found in the  expired air

'rich rerresents the main channel of elimination of the comround. The
monozer concentrztion in the exrired alr, the ‘lood, urine.end the.

various organs fells Patidlj during the first bour, to ais poear ccm-

rletely after three - four hours., It Seemws trat vinyl chloride has.
very unstavle. ccnnect*ons with organic components in that it tends to

~

free itself srontanecously frea the urine, the tlood and the organ
homogenates.

One group of rats was exposed for a yezr to vinyl cliloride varors

at a concentraticen of 3%. buring tre exvosure the animals yresentec a

ate of slight Z2rowsiness, yet at the teginning of the treatment izey

did not QPESF.T'T. madi M nations af the \"@(isr Crcv'.:"."‘_h- Eg!ﬁeﬂf*hﬂ-’ bokaral ':;,2.4.".-"
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SCORivally O 1udlolurlivally iraceavlie organic nmodifications,. After une
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--_tenth month some animals had started to present aecrease of the Eody
wegggzjﬂggﬁ;ggressivity, reaction to external stimuli and some
(:3 cquilitrium disturbances. Thirteen animels died through cemrlications
of 4he cardio-respiratory apparatus, accompanied by bronco-dulmonary
manifestations, sometimes hemmorrhagic,and extensive pleuro-carglac
reactions. Two animals diedvque to hemoperitonea. Signs of sﬁf’ering
of the'brain, the liver, and the kidneys existed in the maﬁovity of
the animals., Six r2te alsc presented modifications of the skeleton
end the soft ti*suns of the paws, |
The small metatersal bones presented an extensive neriostal
proliferation of e¢lements of the cartilagineous type, which seemed to
originate dir ly from the tissue by metanlasia of same, At th
perirhery of the newly formed cartilage, the cellular elemcnts were
i@ Lan cienu allf arrang to th° ca lzce 80 as tc econ-
rerichondral Layer. The is:geneue groups of tho caftilege

vere irregularly arranged and the nuclel conuaincu in these 2

non-uniform size and often two or more nuclel were present in oné

cell. The edges of the cartileges appeared irregular through the

presence of digitiform formations, &n expression of a diverse growth

L2Z6€LL SBY

potential. Manifestations'cf chondroid metaplasia'wefe also-vpresent
in zones of maturse, compact tene in which the ce rtilagenous elementt
wera arranged at -illegivle-- around 2 central osseous nucleus as
ooserved in the osteo~chondromatous processes, In the small btones
chondroid metaplasia process was sometimes very extensive and. the
appeared as 1f soaked with s mucbid sukstance which altered the
Eharavter istic arrangement of the osteomes with disarrecarance of
The s¥in of tre pave presente

thickening of the epidermis,
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slight accentuation of the papillary layer of the skin. Almost
(' constant was an edematous state of the epidermic zone. The conneciiv
| tissue appeared changed due to separation of the collageﬂ;ﬁs tundiles.
Diminution and fraementaticn of the elastic reticule was present. The
small arterial vessels presented signs of sub-endothellal Ilbroésis
with thickening and separé.tion of the elastic covering, often associated
© with a partial hyalinization ard homogeneization of the walls and with
e proliferation of the endothelium. Some vessels seemed comrletely
occluded vith proliferation oP the cornective tissue in "onion skin®
form. The small nerve bundles often apvesred engloted énd infiltrated
by fibvotxc processes, The microsecopic examination of the Ybrain
dexzonstrated dilfuse degenerative lesions of the grey énd of the
vhite wmatter. The external granulér layer often appeared reduced and
'(”} in some aresas a reduction of the middia-cells and w1cqwti reils

exizt -d. Tie hyporeslered, rophied neurons were numero with 21

o

arpearance of the nucleg¢ll and sometimes even the nucleus. At the level
of the white subsitznce were zones of intense rezctive pliosts censtituts
in 1arce vart of protoplatnatic and fiovrillar astroc"tes, scme of

vere
wuﬁch/arransea in tubes around the tlood vessels, These presentie

manifestations of neuronophagis with satellitosis by arrangement of
o1itoﬁewdr £lia elenents around the altered nervcus celila, SIighi pro-

liferation of microglial elements especially in the zones of mosi

826€1L1 S%H

intense gliosis, Zones of intense sronglosis were present with
accumulétion of astrocgi ry elements with abundant basofilous cyioplasn,
of the penmistocyte type zand of anicrogllal elements whose aspect re-
miﬁded cr2 of the "scavengzer cells", In the cereXeilum,signs of atroph]

<:) of the granular layer,often represented only by a few isolated niiiei-

The layer of Furkinye cells wa3s in some zones rrofourndiy altered in




that the cells appezred affected ty an intense degenerative

process

end one could obcerve all the 2iverse aspects of this alteration of

d one from vwhich had disapreared
/

the healthy cell to the most .aflecte
any characteristic morphology ard remzined only small homogeneous

rodies with indistinct bvoundaries, The molecular layer avpreared, with

the exception of restricted zones, rather undisturbted,

The liver,
color with a smooth surface and was often more friable than normal,

Histological examlnation demonstrated in the majority of the cases
the siegns of a 4iffuse interstitial hepatitis with numerous hepatic

cells affected by rezressive processes which went from a turtid

ften inereassed in volume, sometimes had an upexpscted

6¢6€LL SBY

. degeneration of the cytoplasm to neercsis with distinct protorlasmatic

and nueclesr polynorphism. Some hepatocytes presented glgantic nuclel
c38 of the ¢=lluvlar necirosed glways

3

ly
1]
et
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and dovtle nuclizi. In the hoth

a

existed a corpusculate sxudation composed of round-celilular clements

of |ymphocyte and vlasma~-cellular type. The often bypgrtrophic Kupfer

cells vpresented an ztnormal proliferaticn, The triangular spaces

apgegred increased by‘infiltration of round znd polynucleatic cells

of the portal capillaries and of the cenirolobular velns and af the

sinusoids with numerous hotbeds of parcellar necrosis in the middle:

zone was not infrequent., & diffuse adlpose degeneration with small

drops with restricted zonss of acldophrile necrosis and formation of
bodies similar to the round, acidophile ones in viral heratitis..and
to those of "Councilman® in yellow fever was often present. In some

cases the signs of an intense Titrosclerotic rsection were tracsd

teside the degenerative
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1y aiiered by the prolongea exprosure to vinyl ehlorid
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and of eosinophiles with marked cellular rolymorphism. The congestion

the signs of a tutulo-nerhrosis somstimss assocciated with a chronic
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'cells and sometimes the signs of a colloidal golterwerfe ohserved,

Modifications of a modest

~interstitizl nerhritis were always present.

nature took place in the thyroid where ‘an increase of the para=-{folliculsxr

The
control animels never presented the histopathological modifications

of the skeleton ani of the various organs.

¥edical investication -~ The personnel of an establishrent for the

polymerization of polyvinyl chloride were submlitted from 1966 to

this Qate to repeatéd medical orservations., During the course of the

first investigation, one case of ac“costeolysis was identified among

the personnel employed in the manufacture,

A young man of 33 years,ermployed for three years In the cleaning

of autoclaves, presenteld acroosteolytic lesions of the third distal
mwe first, second, third, and filfth fingser of the right

r2t, sccond, third of the left hand (fig« 1), The. .
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fingers vere slichtly swollen, vastiyv, on the back skin of the hanis
o j ] - I

ne face of the palm of the forearms /sic. / small white pimples
were noted, t“e nails of the first and of the second fingers of toth
hands vere erlurbed and rounied in "watch-glass" faspion. During the
vinter months the cold caused pain in thé hands which tecame pale znd

often presented chilblains, The disiturtances hecazme more pronounced

recently., The patlent did not rerort pain in the hands etther during

N . hed
work or when touching the fingers, For about two years he digestion

difficulties and a certain aversion towzrds fats. His body weignt was

reduced and he often reported asthenia and headaches. The liver exceei-

ed by two Tingers the cosual arch, it was of norral consistency,

olerztely painful to the touch, The arierial preszure was 140/100..

MeeLagan,. 4 wu.t.g
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neg.; aldolasis 6.4 u/ce., total proteinemie er. 7.7/1C0 ce.,.
™, zltusin glotulin ratio 0.50; altumin 34%, glotulin 66¢; alfa clotulint
193 alfa®: 6%; teta élobulin 21%; gamma gloﬁu in 38“- iodine
protidemia 3.85 gammaf®; mercury of uriné 20 y/liter. The hcnocbrOﬂo-
cytometric exam, azotemia, glycemia, uricoemia, cholesterolemia,
alkaline and acld rhosphatase, “Waaler-Rose reaction and tﬁe Latex test
were within the physiological limits; the LE cell search waS'negative,‘
the phosphoremia, calcemia, calciuria-and phosphaturia were normal,
Removed from the depariment after two years, hls general condition

inproved, the asthenia send the hezdaches disapresrzd. The radiographic

N .
" exam of the hands dﬂmonstratea that the acrocoste olytic lesions were

replaced by a process of ossegous recovery. The cnriferic circulatory dis~

turtances persisted; so dild the deformation of the nails,

]

CA olyais wvers cobserved mpongs tiie personned

ok
g
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errloyed in the polymerization process,' ive vworkers presentied cir-
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culatory disturtances with Raynsud rhenomenon.. Fifteen rresznted
hepatomegalie and signs of small heratic Insufliciency, tut. thelr -con--
dition was fFreatly improved after modifying thelnr diet which was’ ex--

cessively rich in animal fats. The lodine protidemia was', on-the.

Le6ell SB°H

average, maladjusted toward.tne low values af the/illegitle /,
quantity of mercury found in the urine was below / 1llegible./

imilar investigstions were made in other éstabiishments occupisd
in the rrocess of polymerization of viryl chloride, employing total
of 800 workers, among which thirteen cases of acroosteolysis were
dlagnosed. Hence the opportuniiy exlsted to ccmpare the resulisg: of -~

y . our investiration and to extend cver a Iarger numker of cases. our

L1

o otservations on-which tasis it waa prossible to trace a ricture of the

symionuiology and the course of the disease,.
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DISCUS3ION

The prolonged exposure to vinyl chloride vapors in cencentrations
sufficient td produce a state of polsoning, induces in man a dlsease
ypich can have an acute or a ckronic progress. The acute form 1s
céuséd ty exposufe to very hish concentrations of monomer. It s
charactériied by general malaisé, headaches, dizziness, asthenia anrnd
sometimes nauseas, vomiting and chills. If exvosure to monomer is pro=-
longed and sbove 211 if its concentration in the ambtient air is higher
than 100,000 ppm. unconsciousness, narcosis, cardiac and respiratory’
disturtances also appear which could even cause the dezth of the
vatient. The effect of the monomer in these cases is FrimariIy on the

asidecs that on the myocardium, &na death occurs due

c‘
[$4)

NErVvous vuniless
to cardio-resrirztory 4isturtances,

Chronie polsoning arises instead through exposure to lower con—

ze6ell SBH

centrations of vinyli chloride and is characterlized by'alterattona'of
tﬁe nsrvous sysiem, of the circul&tary and digestive system, the:

bones and the skeleton. The nervous disturtances are the first to
manifest themselves each time the vinyl chloride concentration is
sufficiently high-to te perceived by smell. [/ illegitie _/ may be

a state.of eupnoria uson which follow [ 1llegible _/ astenia, hezviness
of the lers, veritigo and after prolonged exposure also a sensation of
tingling In thé inferiof joints, of heat all cver~thé tody én&
somnclence wnich may persisti even after discontinuing the work., These
disturvances ¢isappear after a day or two of rest, tut if exposure.

{:} to very high concentirations continues, a state of neurcsis can

[

—.———.appear _together vith headaches, states of excitation, reduction of

memory, zeneral asthenia, nocturnal inscmnia often accompanied bty
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direstive disturbances with. a sensé of heaviness in the epigastrivm and
.’ in the right hypochondrium [sie._/, difficvlt digestion, 2loating,
anorexia especially with regard to fats and hepatosplenomegaly. Under

these conditions food intake is reduced and rody welght tends tq

€E6€ELL SBH

decrease. The llver 1s increased in volume and can present signs,
: alﬁost always slight, of modiflcation 6f the hepatocyte function.
Often the spleen is also inereesed in volume,
Besides these nervous and dligestive distﬁrhances, there 1s specific
evidence of poisoning, in a certain number of cases. a Raynaud
syndrome may estatlish itself which manifests itself by paln and
crises of asphyxia of the fingers and sometimes of the toes after ex-
| posure to cold. In these cases the patients complain about'élﬁld handsg,
' pa{n at thz prassure of abjcets, pareathesie; the fingers are pale,
“’!l rafely livid, cold; defdrmed iy a hard edemavwith inelastic, thickened
and atropnic skin wrich does not glide on the underlying tissues and.
13 therefore difficult to IL1ft. off in folés; fhe skin of the btack of
the_hands and 6f the distel part of fhe forearm presented vhitish
ﬁapuﬂae with zones of hyperXeratosis, Sphygmography does not reveal
modifications of the arteriolo~capillary circulation, tut arteriograrhy

shows an irntense distal vasoconstriciion of the arteries at the level

of the fingers.

The most characteristic sign of the disease is represented however
by the osseous lesions of the hands. Fxiterior signs of the lééion, tut
vhich are not necessarily present, are: pain to touch of the digtal
part .¢of the fingers, abnoremal f2exibility of the nall phalanges,

paresthesia, deformation ¢f the nails which are often streaked and which

(;'..

tend to be enlarged. The osseous modifications manifest themselves tor
the most part at the Teval of the nall phalan

hand, wore rarely in the toeg and in the knaecac.
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merginal part of tne pelvis, lncrease of the sacro-illac space, .

" The inter-rhalangeal joints can be involved in the disease process

~half-moon shaﬁed ineisions, perpendicular to the elge of this, or

L ‘ ' -2h4-

images of wmseuvdon-fracture of the cutitel °t"10id, were observesd,

by which the articular ends are-dsformed aﬁd maladjﬁsted one

on tov of the other, It is a particular characteristic of the lesion
that it is s;mmetrical in ®oth hands and thet it affects almosu

always more than one finger. (Flg. 1) The patholoaiéal Process may
initially be extremely limited and in these cases during the
adiozrarhic examination they present themsaotves with ajdiﬂﬁnﬁtiaﬂ

of the thickress of the cortical part of the vhalange or with small

with limited.rounc Zﬁnes -of osseous diminpution. In a suksequent
stage  the 1llness presented more cheracteristic diogra§h16a1
images. The en? bha]nngss can he extremely tape.ei 80 as Lo have
the asvect whnich Frenéh guthors eall "sucked reat sugar’, since
1s diminished in th;ckness, devrived of the eertical part end has:
e polinted distal extreme. (Fié.2); In other cases, the pralanze
presénted in its distal third a2 10ss of substance along a iransverse
zone in &all 1iis thiczpess, with a picture vhigh recz lled-that of a-
fracture (Fig,3). The distal part ia sometimes iimited t'o a very
small freagment which may in due time disavpear, for the bﬂqa seems

as 1T amputated (F iuq“) ter these patients are removed from tueir

specilic worx, one ohbhserves a process cfvrecovery of the lesion ard

the zbnes of dimirution are slowly replaced by an intense osseous
oliferation, rich in osteophytes, In which %s no longer recognize-

able the charasteristic trateculsr pattern. In this stage of the

{llness, the, formation of sma2ll round zones of osseous incerease 18

- e - m— o w - L "'.
SFregueont, Aftor 4 ERNOSule Lo Lie lualc acllowl

vinyl c¢nlorice, tne general conditions of nutriticon 1morove rapidly,
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‘lhs do those of the digestive functions. The nervous disturbances are
-

(.

'slower to disappear but the anglcneurotic ones persist, The fin

v

often remain shorter, in the ghape of Arumsticks, with the nalls having
a watchgzlass shape.

In our investigation we did not find significant modifications of
the thyroid, the kidneys, the cardio-~circulatory arparatus, nor
functional modifications of other organs nor a mator incidence of

neoplastie forms,

GE6ELL S?H

.The bioptic examination of the pzpulae which often apoear on the
skinn of the hands anﬁ'forearms of those exposed to vinyl chloride
vapcrs.always revealed diffuse degenerative mzanlfestations. The

epidermis and 115 annexes appeared normal btut the dermic connective

Lais

tissue separated in collagencus bundics, poor in cells. This has lost

- - s

its stzining afiinity for anilin Tiue zna btrignt grespn, while sitzining

L4

well with saffron and itrichromic eolor, FAS and muci-cazrmine. The

elustic reticule stained well with orceine, with FAS 2nd nuecl-carmine,
' it was

presenting slight metachromasia with Toluidine tluet eni, atrorhic and

reduced to few fragmented and scattered fibers, The nerve ends anpeared

atrorhic and Zdegenerative -in the Sclerotic process., Tne Yagner-
Meissner and Pacinl corpuscles were not altered, ThHe capillaries and
the artericles of the decp laryer of the skin are constiantly altered bv
a state of caplllariiis and constipating arteriolitis. These vessels
seemed surrcunded by a tube of .perithelial elemenis with one or several
layers; the well is affected by a process of fitro-~hyalinosis wiih
diminution, up Lo the complete otliteraticn of the vessel 1umén (26).
Sometirmes the small arteries of the skin have walls extiramely tnickened

with hyrertrorhy of the riddle,and fibrotic thickening of the internal

_part (27). The capillaries of the skin arpeared on the contrary

.

dilateld, with swollen endothelium aud often wiih 4 perlyheric halo of
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-edema. Rlopsy of an osseous frasment of the phalance of a man alffected
(“py acroosteolisls demonsirated that the periostevm presented a very
Hjtronouncei sclero~hyaline thieksrinc with chondroid metanlssia in

large bands in the deeper layers (26). -

A More than sixty cases of acroosteolysis were descrided, for the
most part among the personnel exployed in the cleaning of. autoclaves.
beir incidence varied from 1.Jp according to Harrig,to 34 acqordiﬁg
to Wilson, 4,5% sccording to Chatelain, 12.89 according té ¥ova. The
avérage age was between twenty-five and forty yecars,

The etlology of the disease sugrested by technical con ;sdderations

and the study of the working conditions has confirmed that of the
exrerimental recsearcn. It is i¢possible not to think of vinyl cnhloride

as the principal etiological agent since it is present in all the work

P"--—-m.'.-“'\ﬂﬁw ] Y k3
NU-“'JU:J-b -

cc znd 448 toxic effect on the humen orpanism iz
is ’.c,r-'ws that in the polymérization prccess many other subsiances az_'e.
used, but for the most part of those no traces of gas remain in tre
autpleVes as opposcd to monomer which alweys remains in considerztie
quantitj. Furthermore, these gadditives are not zlways equal,since wheﬁ .
& check of the manufacturing methods and the subsiances used was made

in six cormpanies, it was found thzt the leymggppqg?d which Was 2lwnays
used and by all in the last ten years, was vinyl chloride. The reclatlion .
between mornomer and the nervous snd digestive disturﬁanccs is ‘toc
evident to permit doutt as to this aspect of the problem. There is
resemblance between the alterafions of the connective tissuve, the
eiastic reticulum of the rerve endings and the vessels of those animals,
to those presented by men affected with acroosteolisis, The connective
tissue is sevarated in cell-poor ccllasenous tundles, the elastic

.m
b o=l

’-J

rebivule  is notably diminisned ana in part fragmented; the small
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QEH:Itﬂware”inglohated_ani infiltrated ty fitrotic processes; the

(‘“small arterial vessels present a dirinution of their Jumen up to t
Marin

corplete otliteration by mo3jification of the vessel walls
of a biopsy performed at the level of the

+ o

referred to the results

acroosteolytic lesions of the phalanges of a man, and defines the
a thickening

furdarenual hisiopathological alterations of the lesions
etanlasia of the deeper layers.

of +the periosteum with chonaroid
It is the same as observed in the vaws of rats exposed for one year to

vinyl chloride vavors., The spall metatarsal tones rresent an abtundent

periostal proliferation of elements which are initlally of the

cartilaginous type zand which seem to originate from the unﬂerlying
vently this proliferaticn gives hay to an aftem

arva

osseous tissue. Subsegu

pc“ic‘ondral layer,. In the deeper leyers ample zones of mature, con-
rieh in bawic

eneous tissue,

8 vacied iiscue are replaced by caritilag
" substeance. From all these references it seems SLfficientWy uemons’crﬂtea

thzt the functional and organic modifi"atiors otserved in the men
are caused by vinyl chlcride.

occupied in the voWymerizatio“ process
It must, ho~ever, te pointed out thet the connound studied by us is
tut is a commsrclal compcund_which, a8 already

Jc66Lt SBH

not chemically pure,
some of which present a

contzins numerous: impurities,
the animal organism. The total / illegible
% but the

descerivced,

e

definite toxicity fer
of these contaminated compounds varies tetween 0,1 and 1

quantivy of each substance wh lch actually peneirates into the organlsm
This is

during the 1nha1ation of vinyl chloride 1s extremely reduced.
2 prioiri their participation in

not a sufficient argument to exclude
and in the aninal,

tecause some of tiese;

untered in man

the lesions enco

!:) like carton tetrachloride, can rroduce a toxic

eonecentrations, btut of courte their effect cannot te

at very 1_0'{1

ffect even

deternined. One

lmpurity wnich has pariicularly claiwed our attention is mercury which

o ko -q- £ A :'*a--ﬂv-u- A
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can be rresent in the monomer oktained Ty synthesis of acetylene and

~ . .
( 5f chlorhydric azcid., It can e seen in the literature (35, 35, 37, 38,
. . .

—

39, 40) that in the process of synthesis, at the level of actlve carton,
an intermediate organic comrourd also callecéd Eiginelli éomﬁound forms,
which is chloro ~ 2 - chlorvinyl - mercuryl ¢r memur-ylcblam?c*&— CHLCR- "
VINYL (Cszﬂsc‘l), , " which when reacting with chlorhyiric ecid
fores vinyl chloride (CHop : CHC!). An as~yet-unputlished investigation

was made to study whether organic mercury compounds exist in commerclal

ge6€LlL S®BY

monoxer. This rossibility could e excluded bvecause the compounds
whiéh Torm at the level of-aétive carton imoregnsted with mercuric
chloride are split from the chlorhydrie ecid, vhich in the piZ%se
subseguent to synthesis coxes in.ccntact with the monomer in thg 20~
called "Zelling towers". Furthermore, ithe mercury, exclusively in the
(~\ inorganic form, 1s Tound in exiremely sm#il guantities tn'the Tonnwer
vhich grrives at pélymefization and its,éoncentraticn varies Eétween .
10 and &0 y/kg; A check made on ﬁhe rersonnel exployed in the
autoclaves demonstrated that the guantity of mercury in the urine does
not, on the average, reach 30 /illegible _/ , that conteined in the
hair is negliéible. The possibility, even though remccte, of a participa-
tion of the contaminzling compounds in the organic modification induced

by vinyl chloride carnct Ye exrluded. Neither cen the hypetheais of a

toxic effect on the human organism by the residual gases which remain

In the auﬁoqlaves after thé'polymerization process., As in fact other
authers (24, 26) have stated, in the buttles which form in the regidual
crusts (éeposits) 2lways remains ponomer witith traces (lower than C.1%
of:‘l,l - diechlcroethore: 1,2 - dichlorocthane; perchloraocthylenes

o’ acetaldehyde; cabbvon tetrachloride; vinyl bromide; 1 - chlorpropane‘l'

vinyledene chloride; 1,2 - dichloroethylene; - trichloroethyiene; benzenes

T T Y g R et A A et g < i T
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methyl chloriZfe; methylene chloride; chloroform; 1,1, I -~ trichlerc t.ane;
(:} The pathozenesis of this disease syndrome 1is comvlex,. Vinyl
 chleride penetrates the respifator& tree and with the blo&E-Spneads
throughout the whole organism, 1t does not seem to contract Tonds with
the organic conronents, it crosses the cellular barriers easily and 1s
eliminated from the organism through the expired air. and in minor

quantity through the urine, Its effect at the level of the nervous.

6E€6€11 S%BH

system is rapid znd intense. The hepatocyte feels the toxic effect oﬁ'
monomer as do the perivhergl arterioles and the ccnnectlive tissue,
where the collarenous structures to a mator extent are arfected.

It might te interesting in this respect, through a possible.work.hxpothesis,
to-determine the affinities which exlst tetween the modiﬂications

induced ty vinyl chloride and tEQSe found in the experimental

lobhyrien (%1, 32). the Hsynaud syndroue “cannot be separated from the
artcrio-capillary lesions which are caused in part by the toxic effect

of vinyl chioride, aé was experimentally demonstrated, and in part by-

‘a traumatic effect which is related to the specifice avtoulave.cieaningL
work. Iﬁ Tact, t0 remove the polymer crusts, the v kars use metal -
‘spatulas wiih short wooden handles which are used alternatively with

one hand or the other, rushing with the palm-of -the-hand. Thé vascular

modificetiors in particularly rredisposed subjects can be caused in part

by these microtraumas with the mechznism of the instruments vitrating,
and ‘protably with the involvemsnt of neurolcgical components. ;
Present~know1edge is insufficlent to. explain the.pathogénesié of
the osseous lesion, This =zcdification was termed acroosteolysis due. to.
. a certain radioliogical similarity with the i‘lln'c-:ssl deserited by Gi:y;---
x;} Laroche and Yoch?feld (33) in 1948 and by Harmsceh {34) in. 1950, This

11lness iz choracterized by the rrogressive avsorptlion of the bone of

reme distal of the jolnts and by perirherzl circvlator
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dts{unh“nnea of wnich an idiopqthic ro“m and a familiar form are

.descrired. The acroosteolysis of GuyuLaroche and Hochfeld is often
\

associated with a reneralized 6steoporotic process and can affect not
only the joints btut also the bones of the elbow, the collarbone, the
jaw, the nose tone and the sella £urcica. The illness has teen related-
to neurotrophic disturbances (35) and by some authors (36) to an
osseoﬁs:reabsorption Progress determined by anfexcessive‘growth.of the
capillaries of tine oone.

The osseous modifications of the vinyl chloride disease cannot be
confused with ths "acroosteolysis" of Guy~Laroche, nor with the
"massive osteolysis" of Gorham and Stout which consists of angilomatosis
of thevblao and lymph, nor with the 1llness of Plerre- Marie and Léri

which is bésically a chronic, evoluuive polyartlritis in which there is

N
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“hheg. extre: _q..,y of the Yone; nor with Lhe Haynoud disease

P~
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nor with pscryasic rhemmatlsm in which gcroosieclytic manisl e'tatioﬂs e
added to the cutznecus disezse, nor with the osseous modifications
of syringomyelia, scleroderma and sclerocdactylia and even less with
the 1115ess of Ainhum or with the osteolyéis of leprosy or tabes,.

The acroosteolysis of vinyl chloride is a disease manifestation
with 1ts own known etioloéy,,éymptomatology and clinicel prcéress,
with well~defined histopaihological and radiological modifications, for
which can be used the term "acroosteolysis" btut only with reference to
the radiographic outline of these lesions.

The functionzl and organic disturtances caused by vinyl chloride
only manifest themszelves when the concentration of monomer in the air
13 sufficiantly hizh, and i1t is of tasic importance to know ithe maximun

toleravle 1linit relow which the ~onorer is not rarmful for the hura

organism. Concentrations celow 150 ppm, are certainly not danserous
E




5%

recause it was tossibdle 4o determine that in two polymerization plants

where the vinyl chloride in the alr never exceeded this velue in avout

'"“twenty yeers ¢f activity neither functional disturtances nor organic

1esions were ever observed among the personnel, From 150 to- 5CO ppm.

there exists a ressonable margin of safety because the nervous system

Iv6€tl SBH

such as asthenia, myalgia, headache, seneral malaise, as

disturvances
dent, as

nausea znd the dizturbances of the digestive tract become ev

the authors (23), when vinyl chloride is

confirmed ty the matority of
by smell, The olfactive threshold of monomer varies

well percegtible

10000 ppm, btut we hold that among trose which present

between 8000 and
blood vessels, which always follow

wodifications of ithe bones, liver, and

digestive dlsturtances, rust necessarily have spent a

2ines where the vinyl chloride concentration

upon nervous and

long time in surroun

. - we £ - dher £, am X ACN F e .
1e 1imi{e seot by HAC. The Gata furnichss Ty e

(3

gnesily exceeded il
iy ' ' . : g
-/ 1literature and by our investlicaticns seem to qqr*e in showin h?t the

concentra-

would not have occurrced if the monomer

vinyl c¢nloricde illiness

tions had 2lways remained wit hin the limlits set Yy the MAC., Let us say

that the disease ,at least In its more severe manifestations is bound

to disa ar if the necessary indevsirial hygiene measures are:

[y Ll

-adopted.

univergally

PREVENTION

of the vinyl cnhloride disease hes essentially the

The Treventicn

goal of eliminating the moncmer zs much as passible from the work

Q . environment. The two princirz]l socurces of contaminaiion are the auvto-
') -

latex filters. For the autornlaves the

that of avtomailc cleanlnz by hydraulic mezns, Put IT this measure 1S

F3ULLs with an accuraie ana

rest. solution

The

claves angd
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°ratlonal degassing method, At the end of the syrthcuis process, as
(f\sosn as the porthole of the autoclhvc is open, 2n asvirdtion sleeve

must te connected to it to remove the residusl gases, the e€limination
beiné facilitated by total filling of the. autoclave with watef. After
the wash water has been discharged, the aspiration sleeve 1is 1owered.
‘to the bottox of the autoclave where it remains until the end of the
cleaning rrocess, teing careful to close the discharge hole situated
at the bot om of the autoclave to avoid the possibility of monomer
vapors leaking through. After the air at the interior of the autoclave
has teen comrletely renewed and ascertailning with the proper, pertatle
apparatus (MSA) that the monomer ccncentraiion is:sufficiently low,

the personnel is allowed to enter the 1nterior'of the adtoclave.

ch6€LL S®H

The latex filiers are aznother source of contaminztlon tecause ezch

% b

- . 3 3% - 'y 1% y % £ Carlyner Y 1N 28 .
Lime the pelymer is dischorged a2 great quantity of vinyl chicride pou

!
3
4]

into the aimosphers. It would therefore he sultable tha

C
. Sy
ctk

ezid filter

te isolated in a different environuent, provided with efficient ventile-
ion, or that good asviration cars be appllied on them to convey the

monomer to the -exterior, It is necessary'to.alwayS'femember that In no

poi 1t must vinyl chloride bBe smellzile Because when it 1s percelved

with the gense of smell its concentration.in the air: is higher than

the maximum toleravle 1imit. Anm Ldezl polymerization vlant from the

point of view of industrial hygiene would be constructed almost "out-

doors”, putting the auvtoclaves--in which must be installed an automatic

cleaning system--under an amrle protection roof with sliding lateral
walls thus verzitiing the most conrlete air circulation. The filters

would have to be lodged environment  furnished with an
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k,) efficient astiratio Fese conditions the risk of exgosure
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S e = L0 vinyl-chlc;idc would bte practicslly refuced t9:zero and the viny
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chloride disease would remaiﬁ.oniy é me@ory;

In conbinztion with these technical Qeasures it is necessary to
provide ‘a mediczl control service for the rersonnel. It is in fasct -
ﬁecessary to exclule from the szutoglave cleaning work the subjecté
affected with cardio-respirztory éisturbances and those which cvresent
angionsurotic manifestations of the extremities, The persomnnel must
be subtmitted to periodic medical visits"and examination of the hgpatic
function‘and to radiographic examrinations of the hands. Those which
present excitarility of the nefvous system,‘insomnia, somnolence

during the day, or digestive disturtances with hepatosplenomegaly and

"signs of hepatie 1nv01vemént, decrease of body weight, disturbances of

the cardiac rythm, signs of myccardiac involvement, Raynaud synirome
or oscseous lesions of the osteolytic type, must e removed from the

wory senvirduzent.

EV6ELE SBH

CONCLESIONS

In these last few years years,a new occupational disease
characterized bty disturtances of the nervous system and the digestive
system, by anglioneuroilc manifesiations and osseous lesicns, has mani-~
Tested itself among those occupied in. the cleaning of the autoclaves
used for the volymerizstion cf vinyl chloride. In man the 3isease is
accompanied by degenerative man;festationS'of the connective tlssue,.
the elzstic reticule, the perirheric arterioles and osseous lééréns
chavracterized by thickening of the pericsieum, chondroid metaplasia of’
the deever lavers =nd radiologically by acroosteolysis. In animal

experiments,vinyl chloride causes histopatholegical modiflcationms of

0

. the ronneantive tiséﬁ;; of the avterioles and the bhones, similar to
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those observed ir man, apart from derencrative lesions ¢f the liver

and the brain. The vinyl chloride disease aprears in man through pro-

" ‘longed exposure to monomer concentratlions notably atove the limit values

set by MAC. In fact the nervous disturtances which are the -first to
manifest themselves are mosﬁ evident vwhen the characteristic sweetish
odor of monomer is perccptible in the air, i. €., when its concentration
exceeds 80CO ppm,. Syetemetic conirols in some ‘fectories have confirm-
ed that the disease has always manifested itselfl where the vinyl
chloricde concentration in the air was very high. Men exposed for tweniy
years to concentrations telow 150 ppm, never presented either organic
disturbances or lesiona, It should re rememhered however that even
though the Z5CO ppm. liwit set by MAC gives a reasonatle safety ma”ﬁ*nh
even o reduction ol that ‘would e favorable. b

"'-J\
)
Industrizal hyelenc msasuvres ave ajdvised to eliminste the risk sf‘.

“\ .
(:f the viuyl chleride disease in the polymerization nlants,
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