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Monochlovroethylene (CH, = CHCl), commonly called vinyl chnloride (VC), has

2
been used in large quantities for nearly 40 years as the monomer in the
production of polyvinyl chloride (PVC). Under ordinary conditions, vinyl
chloride is a gas with 2.5 times the density of air,.having a slightly sweet
smell., With air in concentrations 4% to 227 v/v it gives rise to inflammable

and explosive mixtures.(28,38)

From the toxicolqgical point of view, it is an inreresting fact that this
substance was long considered only slightly téxic, resulting in severe poison-
ing only in cases of large concentrations, butlnumerous instances of disease
in people chronica;ly exposed to vinyl chloride in PVC production facilities

have forced revision of that view.

Occurrences of severe VC poisoning are known both form experimental work

and reports of poisoning in people under harmful conditions in industrygll’so’ss)
Vinyl chloride's imuediate effects are narcosis and weak irritation, resembling
those of many other substances in the chlorinated aliphatic hydrocarbon group.
In concentrations of 0.5 to 7.0% v/v vinyl chloride causes disturbances in

the central nervous system, beginning with stupor and anesthesia, through
dizziness, headache, nausea, disturbance of vision, and momentary 'blacking
out", all the way to actual loss of consciousness. Concentrations of 7 to 10%

v/v bring about narcosis deep enough to fit the requirements of surgical

operations. Concentrations around 207, v/v can result in sudden death.
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Vinyl chloride has been considered as a substance suitable for surgical

-

aresthesia, yet it was found unsafe primarily because of the posﬁibilicy of
its bringing about disturbances in heart rhythm. It is similar in this

respect to other chlorinated ethyleues, e.g. trichloroéthyiene.

Besides its anesthetic effects in severe poisonings, vinyl chloride causes
enlargement of the liver, as has been observed both in experimental animals

an” in individual cases of fatal poisoning in humans., In animals exposecd to
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concentrations of 15% to 20% v/v swelling of the lungs has also been observed.

The long~term toxicity of vinyl chloride has been studied in conjunction
with the introduction of this substance into industry, and the occupational 5
exposure'of considerable numbers of workers in polyvinyl chloride production
facilities.czo’Bs) In consequence of exposure over a period of a few months
to concentratioens in excess of 100 ppm, corresﬁonding to about 250 mg/m3;
enlargement of the liver was obgerved in experimental animals, while with

concentrations of 500 ppm, i.e. 0.5% v/v, or roughly 1250 mg/ms, enlargement

of the kidneys was also observed. ‘ | S . _ .

The last 10 to 12 years have thrown a'compldtely.new light on the long- é
term toxieity of vinyl chloride. 1In connecti&n with the wide-ranging adapta-
tion of the so-called "suspension method" to the production of PVC, which
creates the possibility of periodic exposure of certain groups of workers to
3(41,25)

concentrations on the order of several hundred to a few thousand mg/m

there have been reports in many countrics of the appearance of a new disease




syndrome, unknown uatil now to occupational medicine. The syrptons of this

syndrome transcend the framework of disease-induced changes observed in ex- .
perimental animals. As ezrly as 1963, Ruzanian authors(éo) described the
results of cbservations on the clinical sc%te of 168 workers employed in the
polymerization of VC. 1In addition to disturbances in the nervéus system and
enlargement of the liver, they confirmed dysfunction of the thyroid, symptoms
of Raynéud's syndrome, and changes in the skin simflar to scleroderma. These

authors were of the opinion that they were dealing with primary damage to the

central nervous system, chiefly to the brcain itself, which damage was finding

‘expression in disturbances of the circulatory system. Later reports, mainly

from western countries, concern themslees primarily with bone changes(18:50;
31’7’33’2’13’9’12). The disorder of workers employed in cleaning autoclaves
Qhere polymerization of VC takes place, is called "occﬁpational acroosteolysis"
since the most important symptom is recognized to be the transverse belt of ~

osteolysis in: the internodal bones of the palm. However, it may be pointed

out that osteolysis is often accompanied by Rsynsud's syndrome. The experi-
mental work of the Italian investigator Violi(47), presented to the Inter-
national Conferecnce on QOccupational Medicine in ?okyo (1969), had essential
meaning to the further development of knowledge concerning long-term vinyl
chloride poisoning, also termed "vinyl chloride disease".  After year-long
exposure of rats to vinyl chloride in 3% v/v concentrations, Violi succeeded
in observing symptoms similar to those in humag VC poisoning, i.e. osteolysis,

changes in the skin, thickening of vascular walls, and additional degeneration

in the brain and large musculature. Further elemonts essential to an overail




picture of chronic vinyl chloride poisonirg were provided by clinical inves-
tigations carried out in the university center in Bonn(19’49’3a’20’25’26).

In addition to confirming symptoms already noted elscwhere, the German authors
called attention to a process of fibrosis in the liver leading to an increase
in pressuve in the portal vein, with the clinical appearance of citrrhosis of
the liver. Besides this, they advanced the suspicion that the overall disease

. also involves the respiratory system, lcading to respiratory disturbances of

the character of restrictions and partial irregularity in breathing(zs)' A

new observation was the confirmation of throuwbocytopenia.

- ... The greatest anxicty was brought about by reports concerning significantly

. more frequent appearances, in loang-time workers at PVC production plants, of

a rarely encountered tumor, namely vascular sarcoma of the 1iver(27’46’5’10).

At present the chronie or long-term toxicity and carcinogenicity of vinyl
chloride occupies the center of attention of toxicologists, specialists in

occupational medicine, and investigators from other medical fields, The last

-two years have brought a wave of publications from various countries producing
polyvinyl chloride. As background for the available Literature‘vnd our own
investigations at ghe Instytut Medycyuny Pracy in £5dz, we can use the following
approach of presenting the clinical aspect of the disezsc and offering sug-

gestions as to its pathomechanisnm.

CLINICAL SYXPTQMS

Subjective Svmptoms The carliest and most frequently encountered subjective

symptom is oversensitivity'to ¢old, especially In the palms and feet, as well ' L
L




as the fceiing that the skin is "erawling", numbness, and weakening of the
sense of touch., 1In advanced cases paticnts sometimes complain of spreading
pains in the fingers. As general subjective symptoms, various authors cite

sluggishngss,%worsening of memory, nausca, incraased perspiration, vague
L1

- & . e s :
interwittent pains in the epizastrium, headzches and dizziness, buzzing in

W
Rl

the ears, spots before the eyes, lack of appetite, disturbance of sleep, loss
of weight, and loss of sexusal desire. Of course, it is necessary to take
into account the coincidental convergence of VC exposure with ailments arising

from other causes.

Objective Svmptoms The objective symptoms of long-term vinyl chloride poison-

ing are wmanifold, ewbracing varicus organs and systems.

B
one .Bone changes characteristic of long-term VC poisoning, evident
- .- N '@—ﬁg‘ - . i
in radiological examination, depend on the i1jpe=arance of a transverce: helt of

O reezy

Changes in

6s£é01§sis in the ungual internode, due to which the appearance is given of
dislocation or detachment of the finger tip. At times the finger tip seems to

aisapbear and the finger gives-the appearance, on an x-ray plate, of having‘
geeh ﬁar:ially ampugated. These changes can occur in individual fingers, or
in all fingers of both hands. Similar changes, though more weakly manijifested,
are'observed in the bones of the feet. O0Osteolysis as described above has been
obtained experimentally(47). Histopathological studies of affected fragments

of bones from extremities indicate decalcification in regions of osteolysis,

transformation of bony.materlial, ond internal stratification. The hands of

¢c£8S20 S»BY




workers with osteolysis have a characteristic appearance on physical examin-
ation, The finger tip is cvlindrically swollen, giving the impression of
being shortened. The skin of the fingers is usually bluish, thickened, and
rather inelastic,/:;ich is due to a loss of dexterity.

Whether prolonged exposure to vinyl chloride leads to other changes in
bone is a subject open to discussion. 1In persons exposed to vinyl chlsride
olher changes have been observed which appear often in various pathnlogical
conditizns, namely osteoporosis, local sclerotizaticn, c¢ysts, obliteration
of the outlines of glenoid surfaces, and bony growths, but convincing precof
is lacking for the toxic etiology of these changes. In cur studies, these
so-called "uncharacteristic'" changes in bone correlated with the aée of the
.subjects. It is worthwhile noting, however, that osteolysis is not peculiar
to vinyl chloride poisoning and eppears in'other aisorders, such as:
heriditary osteolysis, advanced scleroderma, certain forms of leprosy, in-

flammations of the joints due to psoriasis, or a far-advanced form of

Raynaud's disease.

Changes in the Skin In workers engaged in the polymerizatinn of VC allergic

dermatoses may appedr, but these domt establish the existence of chronic
vinyl chloride poisoning. The loss of elasticity alrcady described with
bone change appears, as well as thickening of the skin and the livid hue of
the fingers. It is likewise possible to observe excessive keratoseness,
in;reased perspiration of the palms, ard inappropriate shape of the fingzer-

nails, i.e. convex with transverse ridges. The most characteristic changes
. @"
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in the skin have the character of flat, thiolv bronching or lLncbby incrﬁst:-
tions, somewhat distributed over the surface of the skin. Thesz do not differ
essentially in temperature or coloraticn from the surrounding skin. These
changes are described by various authors as being similar to sclecrederma.
Histopathological examination of tissue samples taken from incrustztions, as
well as samples from areas without obvious macroscopic chinges but from
subjects with Reynaud's syndrome, yields the following observations: thin-
ning of the epidermis with loss of sppropriate structure; local hyperkeratosis;
thickening of the actual skin through swellirng and homogenization of un-
nucleated collagen bundles, obstruction of the pores and appendages of the
skin (glands, organs of tcuch); simultancously one may observe swelling in

. intercellular spaces, and lymphocytic flow about the vessels and among col=
lagen accumulations. Under tﬁe epidermis were observed widened loops of

capillaries with thickened endothelium; vessels of central and decper layers

of skin had clearly thickened walls(lg’zs).

As it appears from the above
account, the histological aspect of chronic vinyl chloride poisoning heas
features in common with the histological aspect of scleroderma. The differ-
ence consists in the retention of elastic elements which, it is true, undergo
fragmentation in both diseases. HKowever, in scleroderma, their numbers as
seen in the microscope are not diminished. <o the contrary--the degener-
ative changes in the skin lead to apparent increase In ela?tic fibers, while
in VC disease, besides fragmentation one observes their color dilution(zs),
The incrustations of the skin discussed earlier are localized mainly on the

palms and inner forearms, but are also described on the faca, neck and ugper

- chest.
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According to cur observations, which have not,hewvever,been numerous,’

obvious incrustzotions of the skin are expressions of significant advance in
g

o g raes

the progress of the disease. They accompany osteolysis and full manifestation

of Raynaud's syndrome.

Vascular Chanees

The earliest and most frequently occurring symptoms of chronic‘vinyi

chloride are poisoning changes in the circulatory system, leating to distur- ¥

. bances in proper flow.of blood through the tissues. These disturbances are

observed above all in abducent sections of the extremities. 1In the begin-

nings of the disease ,symptoms of these disturbances consist in the subjective -4

. oversensitivity to cold, while in more advanced cases Raynaud's syndrome

appears with sudden loss of color, under the influence of cold, in in- ’ }
dividual or in all fingers, and even in the entire hands aﬁd feet. Loss of

color is accompznied by pare;thesia, and on warming, bothersome pain. Another’

type of reaction to cold, similar to that in vibration sickness, may be

atonic opening of the vessels, leading to livid swelling. Detween attacks,

insufficient circulation may be observed in abducent sections of the extrem-

ities, which are characterized by bluish color and a drop in temperature.

Objective, early appraisal of a vascular syndrome is very important to med-

ical treatment. Unfortunately, the objective detection of early stages in

vascular changes, in ccntradistinetion to changes in bone and skin, involves

5€8520 spy

large difficulties. The coexistence of the functional component with organic

changes in the vascular system assures that suitable methods of examination




do not yicld reproducible results. For the objective confirmation of distur-

bances {in circulation to ﬁeripheral sections of the extremities, methods
known from diagnosis of other circulatory disorders are adaptable dermal
theroomatry, cooling tescs, thermogréphy, capillaroscdpy, place counts,
oscillometry, angiography. One can likewise adapt an examination of flow

rates in very fine capillaries using isotopic methods,

Interesting observations were published by the German authors\zs), who

carried out angiography of the upper extremities in seven cases of chronic

VC poisoning. Results of the angiographic examinations(3l’25) correlate

with recults of microscopic exsmination of tissue sections taken from

subjects with VC disease(lg’zs) and from animals given long-term exposure

(47)

to vinyl chloride . Histological examination showed thickening of arter-

ial walls, while angiographic examination showed lessening of light in the

arteries of the curve of the palm and of the fingers.

The vascular syndrome in VC diseasé wmay then be connected not only with

3)

neurogenic circulatory disturbances, as is the opinion of Basalajew, et al.

4 .
¢ 0), but is likewise a manifestation of local organic

as well as Suciu et al.
changes in the vessels. Pathologically altered arteries may likewise dys-
function in a secorndary fashion, due to disrupted neurological stimuli. The

pathology of the ansiographic aspect included cases without clinical symptoms
2
d("s).

of Raynaud's syndrome, but with oversensitivity to col
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On the basis of the zccumulated data to this point, we may begin to
suspect that Raynaud's syndrome in chronic vinyl chloride poisoning is a
manifestation of generalized angiopathy, which most obviously asserts itself

in abducent segments of the extremities.

Changes in the Liver On the subject of damage to the liver in persons

employed in the production of synthetic waterials, including polyvinyl

chiviide, Soviet authors were already writing in 1949(45). Likewise,
%0y _

Rumanian authors confirmed in 1963 enlargement of the liver in nearly

.30% of the population observed by them to have been exposed to vinyl chloride./

. (30,38)

Liver damage was observed in e\perimental wor Nevertheless, in

descrxptxons of VC disease over the last few years, emphasis has been placed

on the bone, skin, and vascular alterations. Reports of vascular sarcoma

of the liver in persons employed in VC polymerization have turned the alert
attention of investigators to this organ. To the elucidatiOn of the character

of changes in the liver have applied themselves chiefly the Cerman investi-
(34,4)

gators who carried out complicated, specialized examinations combining
ecintillography, biopsy, and laparoscopy on 20 cases of suspected liver
"damage, and on 45 patients hospitalized oue of a-120-w0rker eomplement in a
plant producing PVC for many years. Analysis of this work and other similar
reports(lh) allows extraction of the conciusion, that in chronic VC poisoning,
it comes down to the development of fibrous alterations encompassing the area

of the portal vein and liver sac, with relatively small changes in the flesh

of the liver itself. Depositing of fat and other pathological aspects of
Insert: This observation was confirmed in 1967€41)

sl ""Lﬂei'f’a%i v
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3 the liver cells, as encountercd in‘some report;,'may Sc linked with distur-
# bances in circulation with the advance of the fib;osis. Supporting thkf
approach to the problem is the disproportion between laparoscopic evidence
and clinical symptoms of pressure on the portal vein on the one hand, and
the lack of or weak progress of dysfunction in”fhe liéer in laboratory tests

on the other. Difficulties in appraising the ongoing disease process in the

. n
liver with the aid of cormonly employed, so-called "liver tests probably
constituted the main cause of lack of early data on changes in this organ,

custained in the course of chronic vinyl chloride poisoning.

In advanced cases the bromsulfthalein tesé:'and'heightened activity of ¢ .

aminotransferase and other enzymes in the blood, have established themselves

' . as additional indicators. Fibrosis around the portal vein and under the sac
leads to.stoppage of the circulation between the éortal and the splenoﬁegalia,
the large veins of the esophagus and the bottom of the stomach, and later-to
dropsy. RegSrding the spleen, it is not known whether its enlargement is
soleiy due to blockage of the portal vein; or whether the orgaﬁ itself is af-

fected by the progress of the toxic disease.

Changes in Other Orpans <To the overall aspect of chronic vinyl chloride

poisoning can be added certain symptoms, which may be espressions of dis-

PR3 25 2T PRI YR P N TR D TS IR NP W

turbances in the central nervous system. Degenerative changes in the brain K

were found in experimental work(47’3), chiefly in the cerebellum. Basalajew,

et a1, () interpret the vascular syndrome in terms of damage to the brain.
(40,41,1) . 13

In half their cases affected by skin changes, the Rumanian authors
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confirmed dysfunction of the thyroid, basing the {dentification of this
disturbance on tests involving the granulation of iodine. Lhen we come to
the peripheral nervous system; one of the early symptoms'islweakening of the
sense of touch and paresthesia., These symptons may‘bg conséquences of
circulgtory disturbances, but worthy of attention are the histological exam-
inations of the skin of rats in the experiment of violi(47), and of human

skin sections in the German work(lg’zs) where mention is made of obstruction,

by connecting tissue of nerve endings and other systems localized in the

skin. Changes in the nervous system and their part in the pathomechanism
of chronic vinyl chloride poisoning demand further investigation. The path-
(19,34,25) .. one

ogenesis of low platelet count,‘described by German authors
of the easily assessed objective symptoms of the disease under discussion, is
.completely unknown, and the symptom itself demands independent confirmation

with other methods, while the literature from orther countries does not take

"thrombocytopenia into account. OQur clinical investigationms, involving mild

cases of VC poisoning, it is true, have likewise not afforded significant

deviations from the norm.

The suspicionlof a disease process in the lungs of workers exposed to
vinyl chloride, expressed aé restriction in spirometric examination and
partial uneveness of respirétion in gasometric examination of the blood, is
borne out in more than a few cases, so it is possible éo draw some connecting
conclusions. 1In addressing ourselves to this proﬁlem it is well to keep in

mind that workers in VC polymerization plants are likewise exposed to poly-
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vinyl chloride dust through inhalation, which may.bc'the source of reactions,
from the iungs,having no connection with chronic vinyl chloride poiséﬁing.
Instances 6f pneumopathy caused by inhalation of PVC dust, or hair spr}y
preparations supported on some other synthetic polymer, are known from the

literaturecza’zg)

Damage to the kidneys was likewise observed in experimental work involving
"exposure of animals to large concentrations of VC(BB). Reports of kidney

damage in humans suffering from chronic vinyl chloride poisoning are lacking.

CARCINOGENICITY OF VINYL CHLORIDE

.

I

In 1971 Violi, BigoLti and Caputo(aa) pubiished reporfﬁ of numerous

.. Instances of skin cancer, lung tumors, and osteomas in the extremities of

- .

Ttats exposed to vinyl chloride, in 3% v/v concentrations, for 12 months.

On the basis of epidemiological examinations,a link was proven between
vascular sarcoma of the liver 2nd long-time employment in-vinyl chloride pol?-
"merization facilities. A statistical analysis from the United States,
presented at the International Symposium in Lyons in 1974, shows that employ-
‘ment involving exposure to vinyl chloride increases the probability of con-
tracting this type of tumor 300-fold in rélation to the whole population of
the United States. The time elapsed between the beginning of exposure and

"contraction of the tumor falls between the boundaries of 12 to 29 years.
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Up to 1974, 13 cases of angiosarcoma of the liver were identified in
the United Statcs among pcrsons employed‘in VC polymerization, while 6 cuses #
were reported in Europe. Reports on the subject of links between chronie '
VC exposure and other tumors are lacking, but the results of the experiment

of the Italian authors(aa) have provided the stimulus for work on this prob-

lem, by investigators of various countries. ) : 1
In our councéy, thare have been no confirmed instances of vascular
sarcoma of the liver, or other tumors, which would have been suspected as
causal lianks with employment in vinyl chloride polymerization.
oy . . L ;
P 'pISCUSSION B Lo 5

" Long-term vinyl chloride poisoning has the character of an ailment with

wmanifold gymptoms. 1In spite of its embracing various organs and systems,

the disease should be viewed as a whole. In all organs manifesting symptoms

of the disease, changes affected connective tissue and connective vascular

systems, respectively. Dermal changes in clinical and histopathological

L¥8G20 SBH

aspects testify that in chronic vinyl chloride ébisoning, we arc dealing with

toxic collagenosis, similar to scleroderma. In advanced scleroderma there

likewise appear osteolysis and Raynaud's syndrome. There are differences

between scleroderma and VC disease involving not only etiology, buc also
the histopathological and prognostic aspects. There are no data to indicate

that VC diseasc has immunological character. Testimony to this conclusion
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is offered by negative results of LE cell examinations, examination of
rheumatoidal egent fractions of garma-globulin in the proteinogram, énd im=

munoelectrophoresis carried out by us and other authors.

Changes in the liver are characterized by developmént of connective tissue
especially in the vicinity of the entrance of the portal vein and below the
sac. On dissection of the liver, changes in the walls of vessels and
siuuses(la? are observed, Disturbances to the funciion of the liver appearing
rather late, after long periods of exposure, may be manifestations of toxic‘
changes connected with the direct effects of VC on liver cells, or consequences
of insufficient cifcuiétidn of blood caused by’deve¥opment of fibrous tissue
and thickening of internal mewbranes in the vascular system. Similar judg-
ments may be applied to osteolysis, which may be 2 manifestation of neurogenic
disturbance of normal processes, insufficiént supply of blood, or indeed

direct influence of the toxic agent on the transformztion of materials in

the bones.

.

The pathomechanism of the vascular syndrome likewise requires elucidation.
Angiographic and histopathological aspects, indicate thickening of the walls
of small caliber arterie;and lessening of their light., From examinations of
this type 1t turns out that'central dysregulation does not explain the entire
mechanism of the vascular syndrome in VC disease. Moreover the'fgct presents
itself, that the capillaries are not ﬁhe only organic foundation for insuf-
ficient blodd supply. The vascular syndrome in cﬁronic vinyl chloride poison-

ing seems to be a generalized angiopathy equally in the anatomical and function=

¢v8520 S®»H
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In the present state of knowledge regarding the disorder consequent éo
chronic exéosure to vinyl chloride, the opinion may be expressed that the
pathomechanism of this disease and its individual symétoms is completely
unknown, and its clinical aspect is itself open to discussion on many points:
For example, the matters of changes in the blood-producing system and the
respiratory organs require elucidation. It is not known, moreover, in what

relationships the individual syndromes of symptoms stand to one another. Can

an isolated aspect of the liver appear without the other symptoms of chronic

.ve péisoning; do the changes associated with fibrosis in the liver precede

the appearance of vascular sarcoma, or does the tumor 2rise independent of
the development of other symptoms of VC poisoning, and is this independent

of the development of fibrosis as well?

: it Qould be‘possible:to pése méﬁy questions, beginning with the met;bglism
;f VC in the body and eﬁding with prognosis, for which there are no answers
as yet. Th; father short time during which systematic obscrvations have been
made of persons affected, does not allow a firm statement on the subject of
prognosis in chronié vinyl chloride poisoning. Obsgrﬁétions are noted, in
the literature heretofore available, of graduasl subsiding of the changes in
bone, skin, and vascular systems(41’39) on cessation of exposure. Prognosis

in vascular sarcoma of the liver is always unthinkable, and whether changes

in working conditions or complete cessation of exposure help prevent the

appearance of the tumor or lengthen the period of latency, are questions’

Y8520 Sy
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which lend of no firm answers yot.

On the global scale, polyvinyl chloride is produced, transformed, and

used in enormous quantities daily, and this may constitute a source of dis-

b¥8520 Spy

tribution for small guantities of vinyl chloride trapped with the polymer or
perhaps arising from depolymerization. The problem thus ariscs.not only of
occupational exposure of workers producing PVC, but of the pollution of the
enviromment and exposure of the entire populations of civilizcd nations to
tracﬁ amounts of vinyl‘chloride. *The chronic VC poisoning syndrome, dig-
quicting in its clinical aspects, uncertain in prognosis, and with icts car- ;
cinogenic aspect established, has caused widespread interest among scientific ¥
centers and in public opinion around the world. This produées certﬁin chances
. ‘ for the elucidation of uncertainties and the taking of protective steps. )
The first step on the road go protection and‘prévention in the USA and Westerh 1
Eurépe was changing the mandatory hygienic standards. At first, the concen- N
tration_in air of VC considered safe was taken to be 500 ppm, i.e. 1250 mg/mB.
In 1972 this maximum allowable concentration was lowered to 200 ppm and in
1974 to 50 ppm in the USA and 25 ppm on the European continent. In October,

1974 new standards were proposed, amounting to l'ppm = 2.5 mg/ma. This Bk

s

‘standard aroused the opposition of producers as being technically unattain-

- -

able. The nations of Western Europe variously adopted themselves to the
American standard; in some the M.A.C. has becen lowered and directives issued

requiring the use of masks with aspirators in work involving higher concen-

PR

trations of VC, while in others the matter is still in the discussion stage.
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In\the Soviet Union 2nd in Poland, frcm the beginning, the M,A.C. for
Qinyl chloride has. been 30 mg/m3, corresponding to 12 ppm. Evaluating that
figure from the peint of view of risk of causing chronie VC poisoning, it
seems safe. In the USA, operating under the 50 ppm figure,'there have been
no reports of poisoning. 'The chemical industry has the urgent task of dis-

covering and quickly developing such methods of PVC preduction, as will

guaranéee VC concentrations within the bounds of s2fe values of M.A.C,, and

§v8520 Spy

will guarantee tﬁe purity and stability of the polymer and ncnpollution of

the enviromment surrounding the production facilicy.

ey
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Translation of the German, French, Italian, Polish, Romanian and Russian

titles in the references. ) . L. - o

Note: {1 wsp = and co-workers.

1. (Clinical and pathologlcal consxderatlon on Raynaud s syndrome in vinyl
- workers.
2. English,
3. Pathogunesis of changes which take place upon prolonged exposure
to vinyl chleride.
4, Sequence scintillography investigations of the liver and spleen in
patients with VC-disease.
5. English,.
~ 6. Raynaud's syndrome in those employed in PVC production. .
7. Acroosteolysis of occupational origin and of new observation (constan-
- tion) in France.

8. 14, English.
15. Chromosome investigation in exposure to vinylchloride.
16. Observation on certain biochemical modifications in workers in the
. ....vinyl-chloride synthesizing industry.
17. Hazards of vinyl chloride.
-18. English.

' 19. Sclerodermal skin changes, Raynaud's syndrome and acroosteolysis in

the PVC-producing industries.
20. The so~called vinyl-chloride disease.
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21l. Scleroderma and connective tissue problems related to it.

22, Acropathia extremictatuz in vinyl chloride polymerizotion - a new
occupational disease.

23. English.

24. Mew cccupational diseascs.

25. The so-called vinyl-chloride disease, - 3 new occupational system
sclerosis?

26, On the occurrence of angiosarcomas of the liver in two workers in the
PVC-manufaccuring industry. -

27, English,

28. Chemistry and toxicology of plastics,

29, Damage to health by plastics and their intermediate products.

30. English.

31. 'Acroosteolysis of occupational origin.

32. Unusual syndrooe of acropathy as a new occupational disease,.

33. English,

34, Chronic toxic liver damage in workers in PVC production.

35. English.

36, Liver and glandular damage (or lesions) of workers occupied in the
production of certain types of plastics.

37. Infrared thermography in the diagnostics and monitoring of consecutive
effects in operations in the polymerization of vinyl chloride.

38. Toxicology of vinyl chloride.

39. Band-shaped osteolysis in the end digits of the hand skeleton.

40. Contribution to the study of "imboluavirilor”wproduced by vinyl
chloride. . .

41. Study of illnesses due to vinyl chlorxde. T

42, Plant wedical care and technical protective measures in PVC manufactur-
ing plants. '

43. OQccupctional medical ideas concerning the so-called vinyl-chloride
digease.

44. Retrospective survey on the mortality and morbidity after VC exposure.

45. Working conditions and measures to improve hygienic conditions in the
production and uses of vinyl chloride plastics.

46. - 48, English. i

49. Dermatoses in the plastics industry. Occupational dermatoses.

_50. English. ' ’

* Could not find this Romanian word. - Translator.
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