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PROELEMS OF OCCUPATIONAL HYGILNE AND THE STATE OF HEALTH OF WORKERS
EMPLOYED IN MANUFACTURING LATEX POLYVINYL CHLORIDE

V.S5. Filatova, Ye.Sh, Gronsberg, N.A. Smirmova, Ye.A, Stulova,
I.V. Oresikevich¥*

The production of polyvinyl chloride is developing at a rapid tempo in
the Soviet Union because of the particularly valuable qualities of polyvinyl
chloride, which makes it possible to replace lead coatings ir goods for the
electrotechnical industry with .his material. Moreover, polyvinyl chloride
is employ~d in the manufacture of plastie, anti-corrosive coatings, special
purpose fabrics, etec. We showed earlier that the primary harmful agent in
the manufacture of suspension polyvinyl chloride is vinyl chloride (V.S.

Filatova and Ye.Sh. Gronsberg; V.S. Filatova et al.).

!
J

The results of the iong—term clinical observations of N.A. Smirnova
(1956, 1962), and V.A. Antonyuzherko et al. showed that prolonged inspiration
of vinyl chloride leads to :he appearance of chronic occupational intoxica-
tion in workers, whose basic symptoms are lesions of the central nezvous
system, particularly {ts higher vegetative centers (general vegetative dys-

function with an accent on disorders of vascular regulation).

The goal of this work was to studﬂ problems of occupational hygiene and
the state of aealth of people working at the first heavy tonnage enterprise
in the Soviet Unlon for producing latex polyvinyl chloride, whose advantage
consists in continuousness of the technolopical process and the use -of new

equipment. Polyvinyl chloride is obtained by the method of water emulsion

*(Gor'kiy), the Insticute of Occupational Hygiene and Occupational Diseases.
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polymerization of vinyl chloride in the presence of an initiator. Polymeri-
zation occurs with continuous feeding of vinyl chloride to the reactor and a
, /

so~called aqueous phase at a low temperature and pressure, ,

f

The latex continuously emerging from the reactor proceeds to degassing,
e.g., removal of the unpolymerized vinyl chloride by the aid of a vacuum.
Vapors of the vinyl chloride are sent to the condencor after drying with
caustic potash and the condensed vinyl chloride is sent to a container. The
latex separated from the viryl chloride is stabilized by a solution of cal-
cined soda and is sent for drying, which occurs in an atomizer dryer by means
of heated air. The mixture of air and polyvinyl chloride powder is sent to
a cyclone from the dryer. Thence the air is purified in sleeve filters and
is discharged into the atmosphere. The resin separated in the cyclone runs
in streams into reinforced concrete eilos, from which it is manually packaged
in paper bags. 1In all apparatus (atomizer dryer, cyclones, filters, etc.),

a rarefaction is maintained to prevent entry of the resin.powder into the
air of the rooms.

The enterprise we examined is divided into two buildings; the first con=-
tains the vinyl chloride polymerization section and the latex stabilization
section, the second - the latex drring segtion. The percentage of saturation
of equipment areas (relationship of the volume of equipment to the volume of
the room) is low in the polymerization section - from 2.8 to 3, and signifi-
cant in the dryer section (21-22) as the result of using large equipment.
Planning of the rooms witn various degreeé of isolation of polluted air of
the rooms from each other is hygienically correct.

The flow-exhaust svstem of ventilation with pumps significantly remote
in a number of regions from the source of separating the vinyl chloride in
the vinyl chloride polymerization building is poorly eflective at inadequate
speeds and volumes of rendved air. The latex drying section is ventilated
by means of a mecnanical supply of flowing 2ir in combination with natural
draught ihrough an aeration head. 1In the process of obtaining the latex poly-
vinyl chloride, the air of working areas is polluted -rith vinvl chloride.
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g.-skez; 10- Local exhaust from reactor hatch with hinged screens; 1l- Bearing
ring of tube joint.

CONCLUSIONS

1. Poliution of the air with vinyl chloride and resin dqust is possible

during the manufacture of latex polyvinyl chloride, Such pollutien is caused

by disruption of the seal of equipment and by carrying outr certain operations

wmanually.

2. During the study of the state of health of the workers, some of them
were found to have chanpes characteristic for tie initial forms of chronic

vinyl chloride intoxication: slightly pronounced disorders of the vegetative-

vascular regulation, symptoms of vegetative polyneuritis and thermoregulatory

disorders.

3. An improvement in the conditions of labor of workers employed in
manufacturing latex polyvinyl chloride can be attained by means of sealing the
equipment, improving technological operations and improving the function of

ventilation,
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A sct of health moasures is secommended to improve work condilions.
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Polyvinyl chloride dust is noted to enter the air in certain industrial areas.

During the study of the degree of air pcllurion, more than 300 air sam-

ples wvere taken.

The content of vinyl chiloride was determined according to a method de-
veloped by Senior Scientific Associate Ye.Sh. Cronsberg. The method is based
on oxidation of vinyl chloride by a mixture of permanganate and iodic acid
to formaldehyde with subsequent colorimetric determination according to the
reaction with chromotropic acid. S$Sensitivity of measurement is 10 ug in the
colorimetric volume, Dustiness of the air was determined by the gravimetric

method., The FPP-15 filter was used as the filtering material.

The materials of the investigations showed that the vinyl chloride poly-
merization and latex stabilization sections are the places wvhere conceni a-
tions of vinyl chloride in the air are most often encountered in excess of
the maximum permissible value (30 mglms). exceeding it by 2 times or more,

In 25% of the samples the vinyl chloride content was found to be within limicts
of tﬁc permissible level. -

|
Sources of escape of vfnyl chloride are leaks in the gaskets of the re-
actor and pump agitators, the lower hatch of the reactor when cleaning the
latter, the open hatch of the vinyl chloride drver in the period of loading
the caustic potash, the degassed latex collectors, etc. In the prescnce of
leaks in gaskets of the ag!tators, air pollution near the reactors increases
10 rimes or more. Our suggestion that supplying water to the agitator gas-
kets under a pressure in excess of pressure in the apparatus would have po-
sitive hygienic significance prcved to be‘unjustxf:ed - this measure does
not prevent the escape of vinyl chloride from the reactors.

Deserving of the attention of the hvgienists is the escan: of unrdacted
vinyl chloride from the latex with its return in the production cycle. Le~
gasainz of latex makes it possible to reduce air pollution at the stapes of
stabilization and drying of the latex. However, as the results of the in-
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vestigarions shoved, the effectiveress of latex degassing is inadequate. T
Approximate analyses established that the content of vinyl chloride in latex

after degassing drops 10 times. 5ut at the same'time, the ablolute amount

of vinyl chloride in the latex remains significant - 3. 6 ng/cm3. and there—

fore its concentration in the air near the degassed latex collectors 1is higher

than the maximum permissible amount, in a number of cases. ‘

For the same reason, the air in the latex drying building is also pol-
luted with vinyl chloride with the existing leaks in equipment. The concen-
trations of vinyl chloride at the pumps feeding the latex to the atomizer ,
dryer channel comprised 4-48 mg/nB, and near the dryers and in the control
panel room ~ from 7 to 15 mg/ma. No vinyl chloride was detected in the air o
in the center of the top floor, between filters, and on the first floor of
the dryer building, Concentrations of polyvinyl chloride dust in most work-
ing areas fluctuated from 1 to 6.5 mg/ma. e.g., Lid not exceed the maximum
permissible concentration (10 mglns). Bigh dustiness of the air was measured

L

in the area of manual vackaging polvvinyl chloride - 78 mg/n3 or more. The
automatic scales ind packaging machine provided for by the design were not

operating.

Meteorological conditions in the industrial areas, as a rule, corresponded i

to the sanitary norms. ) {-“

Hence, the materials of our investipgations enable cn2 to state that ihe
continuous method of obtaining latex polyvinyl chloride with remote control
of the basic stages of the technological process descrves encouragement from
the viewpoint of occupational hvgiene. At the same time, the existing de-
ficiencies in the technology of production, apparatus arrangement and equip~-
ment operation have an unfavorable effect on the sanitary-hvgienic conditions

of labor.

Besides the hygienic investigation, a medical examination of 163 people
working in the production of latex polyvinvl chloride was made (84 men and .
79 vomen). Of these, 107 people were examined twice at an interval of 1 year

4
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and B months. Most of the workers ranged in age from 21 years to 4D years,

and had a working experience in the shop of 2-2 1/2 years. Many of those exa-
nined had not worked in the chemical industry before, During the study of

the state of health of the workers, besides the conventional clinical methods
of investigation, oscillography, skin thermometry, capillaroscopy were employed,
which make it possible to characterize the condition of the vascular system

in more detail.

In the process of the dynamic observations, complaints of headaches and
pains in the extremities were obtained in some of the workers and certain
workers combined these complaints with various paresthesias and chills, The
results of the objective investipation indicated certain changes in the state
of health of some workers. These were characterized by disorders of the vege-
tative=vagscular regulation (arterial hypotony - cemporal and btrachial, sig-
nificant fluectuations in the tempero-brachial coefficient, capillary spasms
of the instep, asymmetyy of the arterial pressure and oscillatory index,
changes in the cutaneous-vascular reactions in the form of clearly differen-
tiated dermographism, extension of the tiue of the white spot svmptom beyond

5 seconds, acrocyanosis, increased sweating, disruption of temperature regulation

=~ subfebrility, acrohypothermy, temperature asywmetry), and by certain symptoms
of organic les’ons of the nervous system combined with symptoms of vegetative

polyneuritis (disorders of pain sensitivity, corneal reflexes, nystagmus),

The identified changes in the stage of health of workers were posed in
connection with the effect of the occupational factor and in some peuple were
qualjfied as initial aymptoms of chronic oceupational intoxication. The fol-
loving data confirmed this.

1. Certain pathological signs were frequently combined in several people.

2. The greatest {requency of pathological changes was noted in equipment
operators of the vinyl chloride polymerization section and welders with a
wvorking experience of 2-2 1/2 years. It is namely in the polymerization sec-
tion that the greatest depree of air pollution with vinvl chloride waz found.

5
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3. The principal nature of the changes in the state of health that were
found were confirmed by the data of the dvnamic observacion of workers. The
nuber of coaplaints had increased by the sccond examination (headache in-
creased and recurred in a number of people, pains in the extremities began

to be noted more frequently), there was an increase i{n the frequency and degpree
of expression of scparate symptoms (reduced arterial pressure, asymmetry of

the skin and subruscular Cemperature (more than 0,5%), asymmetry of arterial
pressure, etc.). The cited data confirm the relatinnship of the noted path-
ological deviations in the state of health of workers witl the conditions of
work, and primarily with pollution of the air with vinyl chloride.

On the bisis of the hyrienic investigations, the adninistration of the
enterprise took certain measures to seal the apparatus and reduce pollution
of the ventilation air (by remuving discharies of abpasses {rom the point of
air intake). This facilitated a reduction in concentrations of wvinvl chlor-.
ide of 2-10 times in the air. In order to improve furthcer the sanitary-hy=-

esieaic conditions of vapor, we suggested recuperative mcasures.

% leading cole in reducing air pollution {n manufacturing latex polyvinyl
chloride Leionss to sealing the equipment (reactors, puros, depassed latex
collectors, vinv1l ch.oride drver, ete.). Replacing the existing pumps for
punping the vinvl chloride with gasket-free pumps is extremely desirable.

An {important measure in imoroving the sanitarv-hvgienic conditions of
labor is also irmproving the method of sampling for technical analysis from the
Jegassed latex collectors, packaping polyvinyl chloride, loading caustic po=-
tash tnto the vinyl chloride drver, etc. chuclng the enission of vinvl
chloride into the air can be achieved bv improving degassing of latex.

Imbortant saignificunce in the studied industry balonps to an efficient
system o. ventilation, particularlv local exhaust mechanical ventilation.
The local exhausts from the reactor apitator paskets should be in the form
of removable tubes connected at ore end (lower) with the main air duct, and

at the other end witn screens completely closing off one opening in the

6
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gasket housing (see the drawing). The diameter of the intake pipe should be
no less than 300 millimeters. The intake apertures in the screens should
have an area of 0.18 mz in the lower half. The upper half of each screen
should be openable, mounted on horizontal bearings. The voiume of removed
alr is determinad according to the velocity of intake in the opening of the
fousing, which should be no less than 3 m/se¢, and the volume of intake

air - no Jess than 300 m /hr. ‘

‘Local exhausts from the lower hatches of the reactors should be buflt in
the form of tubes with screens attached at a distance of no more than 400 mnm,
If the rate of i{ntake near the hatch is acceapted to be no locs than 0.5 m/sec
and the rate of intake in the tube is no less than 7 m/sec, then with an area

of the intake aperture 0.18 mz. 4,500 mslhr air should be removed.

The recuperative measures we recommended have been accepted by the admin-
istration of the enterprise for executiou. !

Figure. Local exahusts from the agitator pasket and reactor hatch. 1= Housing

of reactor agitator; 2- Screen covering copening in housing; 3- Handle with fast

ener for attaching the upper half of the uscreen to the housing; 4= Handle with "
nount for attaching lower half of screen to housing: 5 Hinge between upper and
lower halves of screen; 6~ Diffuser with exhaust tube: 7- Brackets for attaching
exhaust tube; & Bracket for attaching lower half of screen to housing; 9~ Agitator

?
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fud. legismter; Steader, J. Standari for
ezpossre to viayl chloride. Ped. Mgister
39 (198) : 35090-35890 (197a),

Effective Jansary 1, 1975, the Depatteent of
tabor Standard of Izposure for wvinyl chloride
will provide that 80 enployas sAY be eZpo
ccoacentrations greater thas 1 ppe ovar aey
petiod, or to sore thad 5 ppe averaged over ssy
18 sin period, or to any Airect comtact with
liguid wvinyl chloride. “iction level®™ is defised
as 0.5 ppa YC over as 8-hr day. Iaitial
asonitorisg smhall detaraise ezposaces ia excess of
tae actioa level; shall thes be Cepwatad sonthly
if ia ezcess of the permissible erposurs lisft,
or quartarly if ia excess of the sction level, or
at any change vhich say cause escess of the
action lavel. Begulated sreas, lisited to
ssthorized persoanel recorded ¢a a daily roster,
shall b established where ¥C or PVC ia
sanufactesed, reacted, repachagel, staced,
handled or wsed, or vhere VC comteatratiosa are
is excess of the peraissible expossre lisit
Zuginesring work practice coutral
where MCESSATY by cespiratory motastion, a
srittan in plans to pdated every & sonths,
shall be used to reduce siposates to ths
peraissible limit. Respiratery proteztios
ssitable to the staospheric coacmatration of ¥C
shall be supplied by ¢ aployer fros those
jointly approved by the B Enforosaeat and
Sxfety AMsisistration, and the Extiomal Institute
for Ocewpatiomal Safety and Sealth (WIOSE).

oty iate sakaows coscentratioss, of
canceatrations greatar tham 36,000 ppe, mey be
sade only for 1ifa resces. Ruployess engaged ia
hazardous operatioas ehall be providel with
propar respiratory protection asd clsas, icy
protective garments. Uritten opescratiosal plass
for eawrgeacy situatioas shall be developsi for
sach facility storing, hamdling, or othervise
usiag ¥C as liguid or coapressed gJas, aad sach
saployse shall madergoe trainiag celatisg to
hamards and precastioss of its wse. A program of
nedical surveillasce shall be pravidel vithout
cost to sach saployes. Entrances and coataiaers
shall be iaforwatively labeled as to the
withis. Soaitoring, persoasel, asd sed 1
tecords eball be saiatained for n pariod of 30
yea. Backgrownd, findings, discmseiosn, aad the
detailed tfules and regulations aca to be foand ia
the Stamdard.

SEANDARDS OCCOPATIONAL XXPOSDRE

<180>

Ped. Register; Strelow, B.  Batissal enisaion
standards for hatardouws air pollatawts. Rotice of
public hearimg. Fed. Register S0(251):
60079-60080 (197%5).

Fotice is givea of a pablic heariag to provide
opportunity fer interested persces to provide
isforastios 1) oa health effects of viayl
chloride (VC) ia aebient air amd 2) stasdards to
be adopted to cvegulate esissiocas of vC.

REGULATION: STAUDARSS

<18V

Fod. Register; Trais, R.B  Yisgl chloride.
tascgendy cespassion order coscerning
registrations for certain prodesta aad lateat to
caacel cagistratioas. Pad. Register J9(8D):
1875314758 {1978).

Evidence presastad relative to ths bealth effects
of viayl chloride (VC) iadicates a clear tisk to

59

aanass in the use of isdror asgosol iasactizide
prodsctz. YTherefore cegistrations for all sach
products castainiag vS either as ap active or
Loart ifegrediest ia saspesded for all nem ia
hosas, bospitals, food~handliag establishmeats,
or enclosed ateas. All sxistest stock of thess
prodacts are to be recalled by the aasufactsrers,
wad interstats ehipueat ia banned.

ABROSOLS; PESTICIDE; REGULATION

<

Peron, V.J.; Speak, A.J.; ®illess, B.I.; Vax
Battunm, D.; Da droot, A.P. Observations on the
oral admiaistration ani toxicity of winyl
chloride is £ats. Fi. Cosmet. Toxicol. 13(6):
$33-630 (1971%).

Adninistration of viayl chlocide sonomer (¥O)
orally to rate was isvestigated by seans of
gastric istmbation of a solutios in edible 3i);
#Y iscorporatiom of a solation ia edible oil iate
the diwt: and by addition of a PVC povder vith a
high coaceatration of ¥C to the dist. Solstione
2f vC ia soya-bean oll appearsd stable ia ¥
coatent aad fatty acid coaposition and
ceaction prodects of ¥C vith the coapobeats of
the oll vere detactad. Zastric iatubation vas
choses bacauss the diet Zonstitassts loss ¥C very
capidly: levels of 0, 30, 100, asd 300 mg/kg body
veight wvare adsinistered omce dally ¢ dap/wk/13
vk. viarl chloride vas Jetected is the tail
blood witaim 2 aia, reached a saxiwws vithin 0
sin, asd decteased to an wndetsctable level
within 40 ain, HEesatological, biocheamical, aai
orfgan veight differsaces occurtimg darisg the
20-day tests vare aot cosaldered toxicologically
significaat. o histipatdological changes could
ba dstectad in ZIyabal gland tisswe; no evidencs
of liver dasage vas obsstved at the highest doaes
level, This say have baas dew to the shert
dacaties of the axpavisent aad the short daily
agpoanie of the rats to VC. A wo-affect level
was zouservatively placed at 30 mg VC/Xkg body
volght.

F00D;: BAT; INGRSTION

<183>

rilatova, V.S. (Sanitecy~bygisaic conditions of
vork in the prodection of pol.{vun. cesias and
ssamres of lsprovesest.) Giy. Sanmit. 22(%:
38-02 (V95]). .

Amalysis of viayl chlorils (¥C) ia the air >f
polyvinyl chloride (PVC) massfacturing plaat wrs
carried out by the sethod of Grousberg, that ia,
photobronination of s solution of VC {a
zhlorofors with a solution of bromine in a
siztace of chlorofors sad glacial acetic avid.
YC oaacestrations fluctaated coasiderably pat
avecaged 0.05 to 0.0 pg/l. Incideaces tosiz
ARYLOASEEONAS ABONS the VOrkaes necessitated
lowariag the sazisus allovable cosceatratios of
¥C bales the carreat legal lisit of 1 ag/).

Rass.: Bag. Sume.

STANDARDS: OCCUPATIONAL BIFOSURE; ANGIONZUEDSLS

(411}

Pilatova, Y.5.i Anteayazheuke, V.A. (Changes ia
hygiesic conditioaz of vork amd occupatioaal
disease-iacidence aswony vork angaged 1 the
peoductios of polyviayl shloride over a petiod ef
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