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PROBLEMS OF OCCUPATIONAL HYCILtlE AND THE STATE OF HEALTH OF WORKERS 

EMPLOYED IN MANUFACTURING LATEX POLYVINYL CHLORIDE

V.S. Filatova, Ye.Sh. Cronsberg, N.A. Smirnova, Ye.A. Stulova, 

I.V. Oreshkevich*

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 in goods for the 

electrotechnical industry with .his material. Moreover, polyvinyl chloride 

is employed in the manufacture of plastic, ar.ti-corrosive coatings, special 

purpose fabrics, etc. We showed earlier that the primary harmful agent in 
the manufacture of suspension polyvinyl chloride is vinyl chloride (V.S. 

Filatova and Ye.Sh. Cronsberg; V.S. Filatova et al.).
i
I

The results of the long-term clinical observations of N.A. Smirnova 

(1956, 1962), and V.A. Antonyuzher.ko 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 nervous 

system, particularly its higher vegetative centers (general vegetative dys­

function with an accent on disorders of vascular regulation).

The goal of this work was to stud>j problems of occupational hygiene and 

the state of health of people working at the first heavy tonnage enterprise 

in the Soviet Union for producing latex polyvinyl chloride, whose advantage 

consists in continuousness of the technological process and the use *of new 

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

*(Gor'kly), the Institute 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 oi the unpolymerized vinyl chloride by the aid of a vacuum.

Vapors of the vinyl chloride are sent to the condensor after drying with 
caustic potash and the condensed vinyl chloride is sent to a container. The 

latex separated from the vir.yl 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 Bent 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 silos, from which it is manually packaged 

in paper bags. In all apparatus (atomizer dryer, cyclones, filters, etc.), 

a rarefaction is maintained to prevent entry ol the resin powder into the
I

air of the roans.

\
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 drying section. 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 degrees of isolation of polluted air of 

the rooms from each other is hygienically correct.

The flow-exhaust system 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 effective at Inadequate 

speeds and volumes of removed air. The latex drying section is ventilated 

by means of a mecnanical supply of flowing air in combination with natural 

draught through an aeration head. In the process of obtaining the latex poly­

vinyl chloride, the air of working areas is polluted -'ith vinyl chloride.
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g.sket; 10- Local exhaust from reactor hatch with hinged screens; 11- Bearing 
ring of tube joint.

CONCLUSIONS

1. Pollution of the air with vinyl chloride and resin oust is possible 

during the manufacture of latex polyvinyl chloride. Such pollution is caused 
by disruption ot the seal of equipment and by carrying out certain operations 

manually.

2. During the study of the state of health of the workers, some of them

were found to have changes characteristic for the 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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Polyvinyl chloride dust is noted to enter the air in certain industrial areas.

During the study of the degree of air pollution, more than 300 air sam­

ples were taken.

The content of vinyl chloride was determined according to a method de­

veloped by Senior Scientific Associate Ye.Sh. Gronsberg. 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 chronotropic acid. 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 where concent j-

tions of vinyl chloride in the air arc most often encountered in excess of
3

the maximum permissible value (30 mg/m ), exceeding It by 2 times or more.

In 25Z of the samples the vinyl chloride content was found to be within limits

of the permissible level.
i
|

Sources of escape of vinyl 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 dryer in the period of loading 

the caustic potash, the degassed latex collectors, etc. In the presence of 

leaks in gaskets of the agitators, air pollution near the reactors Increases 

10 times 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 proved to be (unjustified - this measure does 

not prevent the escape of vinyl chloride from the reactors.

Deserving of the attention of the hygienists is the escaii^ of unreacted 

vinyl chloride from the latex with its return In the production cycle. De­

gassing of latex makes it possible to reduce air pollution at the stages of 

stabilization and drying of the latex. However, as the results of the in-

3
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vestlgations shoved, the effectiveness of latex degassing is inadequate. 

Approximate analyses established that the content of vinyl chloride In latex 

after degassing drops 10 times. But at the same'time, the absolute mount 
of vinyl chloride in the latex remains significant - 3.6 ng/cm^, and there­

fore its concentration in the air near the degassed latex collectors is 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/m^, and near the dryers and in the control

3
panel room - from 7 to 15 mg/m . Ko vinyl chloride was detected in the air 

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-
3 I

ing areas fluctuated from 1 to 6.5 mg/m , e.g., did not exceed the maximum
3

permissible concentration (10 mg/m ). High dustiness of the air was measured
3

in the area of manual packaging polyvinyl chloride - 78 mg/o or more. The 

automatic scales And packaging machine provided for by the design were not 
operating. ^

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

to the sanitary norms.

Hence, the materials of out Investigations enable cna to state that the 

continuous method of obtaining latex polyvinyl chloride with remote control 

of the basic stages of the technological process deserves encouragement from 

the viewpoint of occupational hygiene. At the same time, the existing de­

ficiencies in the technology of production, apparatus arrangement and equip­

ment operation have an tsi favorable effect on the sanitary-hygienic conditions 

of labor.

Besides the hygienic investigation, a medical examination of 163 people 

working in the production of latex polyvinyl chloride was made (84 men and 

79 women). Of these, 107 people were examined twice at an interval of 1 year

4
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and 8 months. Most of the workers ranged In age from 21 years to 60 years, 

and had a working experience in the shop of 2-2 1/2 years. Many of those exa­

mined had not worked in the chemical industry before. During the study of 

Che state of health of the workers, besides the conventional clinical methods 

of Investigation, osdllography, 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 Investigation indicated certain changes in the state 

of health of some workers. These were characterized by disorders of the vege­

tative-vascular regulation (arterial hypotony - temporal and brachial, sig­

nificant fluctuations in the tempero-brachlal coefficient, capillary spasms 

of the Instep, asymmetry of the arterial pressure and oscillatory index, 

changes In the cutaneous-vascular reactions in the form of clearly differen­

tiated dermographism, extension of the time of the white spot symptom beyond 

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

- subfebrility, acrohypothermy, temperature asymmetry), 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 people were 

qualified as initial symptoms of chronic occupational intoxication. The fol­

lowing data confirmed this.

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

2. The greatest frequency of pathological changes was noted in equipment 

operators of the vinyl chloride polymerization section and welders with a 

working experience of 2-2 1/2 years. It is namely in the polymerization sec­

tion that the greatest degree of air pollution with vinyl chloride was 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 dynamic observation of workers. The 

number of complaints had increased by the second 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 in the frequency and degree 

of expression of separate symptoms (reduced arterial pressure, asycnetry of 
the skin and subenscular temperature (more than 0.5s), asymmetry of arterial 

pressure, etc.). The cited data confirm the relationship of the noted path­

ological deviations in the state of health of workers with the conditions of 
work, and pilmarlly with pollution of the air with vinyl chloride.

On the btsis of the hygienic investigations, the administration of the 

enterprise took certain measures to seal the apparatus and reduce pollution 

of the ventilation air (by removing discharges of abgas&es from the point of 

air intake). This facilitated a reduction in concentrations of vinvl chlor­
ide of 2-10 times in the air. In order to improve further the sanitary-hy­

gienic conditions of vapor, we suggested recuperative measures.

Ja leading cole in reducing air pollution In manufacturing latex polyvinyl 

chloride belongs to sealing the equipment (reactors, purps, degassed latex 

collectors, vln'-’l chloride dryer, etc.). Replacing the existing pumps for 

pumping the vinyl chloride with gasket-free pumps is extremely desirable.

An lmnortanc measure in lmnrovlng the sanitary-hygienic conditions of 

labor is also improving Che method of sampling for technical analysis from the 

degassed latex collectors, packaging polyvinyl chloride, loading caustic po­

tash into the vinyl chloride drver, etc. jRcducing the emission of vinvl 

chloride into the air can be achieved bv improving degassing of latex.

Imoortant significance in the studied Industry belongs to an efficient 

system o.' ventilation, particularly local exhaust mechanical ventilation.

The local exhausts from the reactor agitator gaskets should be in the form 

of removable tubes connected at or>e end (lower) with the main air duct, and 

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

6



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 
2

have an area of 0.18 m In the lower half. The upper half of each screen 

should be openable, mounted on horizontal bearings. The volume of removed 

air is determined according to the velocity of Intake lh the opening of the 

housing, which should be no less than 3 m/sec, and the volutae of Intake
3

air - no less than 300 m /hr.

Local exhausts from the lower hatches of the reactors should be built In
the form of tubes with screens attached at a distance of no more than 400 nxs.

If the rate of intake near the hatch Is accepted to be no l.'cs than 0.5 m/sec

and the rate of Intake in the tube Is no less than 7 m/sec, then with an ares
2 3of the Intake aperture 0.18 m , 4,500 m /hr air should be removed.

The recuperative measures we recoonended have been accepted by the admin­
istration of the enterprise for execution. '

Figure. Local exahusts from the agitator gasket and reactor hatch. 1- Housing 
of reactor* agitator; 2- Screen covering opening in housing; 3- Handle with fast 
cner for attaching the upper half of the acreen to the housing; 4- Handle with 
nount for attaching lever 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; 8- Bracket for attaching lower half of screen to housing; 9- Agitator
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