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PREFACE

This Report summarizes the activities and findings of the Task Force 
established by the Administrator on February 14, 1974, to assess the 
character and extent of the problems associated with the production, dis­
tribution, use, and disposal of vinyl chloride and polyvinyl chloride. The 
discussion and conclusions presented in the Report should be considered 
preliminary since the Task Force has only scratched the surface of a 
complicated subject and analyses within the Agency are continuing. The 
Report is not a statement of Agency policy even though many of the 
recommendations are already being implemented.

During the lifetime of the Task Force the Agency took several regula­
tory steps concerning vinyl chloride. These were directed to banning 
pesticidal sprays containing vinyl chloride as a propellant and requesting 
information from industry pursuant to Section 114 of the Clean Air Act 
concerning vinyl chloride air emissions and related control technologies. 
Since these activities have been or are being documented in detail in 
other reports, they are mentioned only briefly in this Report.

Similarly, in recent months the Occupational Safety and Health Ad­
ministration, the Food and Drug Administration, and the Consumer Product 
Safety Commission took a series of regulatory actions directed to vinyl 
chloride. While recognizing many of the problems facing other Government 
agencies and the implications for EPA of their regulatory steps, the Report 
dwells primarily on those activities of direct responsibility to EPA, and 
problems such as worker exposure to chemicals, use of polyvinyl chloride 
in food packaging, and consumer products containing vinyl chloride have 
not been a major concern.

The Report is organized into an Executive Summary, three Sections, 
and Appendices. The first Section discusses the nature and magnitude 
of the problems associated with vinyl chloride and polyvinyl chloride 
activities. The second Section discusses previous and planned activities 
within the Federal Government of particular significance and the role of 
industry. The Report concludes with a Section setting forth the specific 
recommendations of the Task Force. The Appendices present a consider­
able body of original data developed by the Task Force with the assistance 
of a large number of EPA specialists.
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EXECUTIVE SUMMARY

Background

EPA' e recent concern over vinyl chloride (VC) and polyvinyl chloride 
(PVC) was triggered by reports in January 1974 of (a) deaths of four PVC 
workers believed to be attributable to exposure to VC, and (b) an estimated 
material loss of VC and PVC of six percent during the PVC polymerization 
process. The investigations of the Task Force confirm that in the United 
States substantial amounts of VC--probably exceeding 200 million pounds 
annually -- and large quantities of PVC probably exceeding 50 million 
pounds — are being discharged into the environment during the PVC pro­
duction process. Meanwhile, additional epidemiological and toxicological 
evidence supports the linkage between worker deaths and VC exposure.

The VC/PVC industry has experienced rapid growth at home and 
abroad in recent years with PVC products currently permeating our entire 
economy. This multi-billion dollar industry involves not only several 
dozen large manufacturers of VC and PVC resin but also thousands of 
fabricators producing a variety of products based on PVC and probably 
employing more than 300,000 workers. There are readily available sub­
stitutes for PVC in some of these products; more expensive substitutes 
for others; and no substitutes for still others. A principal constraint 
on near-term production increases has been availability of ethylene, a 
petroleum derivative, A new constraint is the uncertainty over Govern­
mental regulatory actions affecting VC/PVC activities.

VC has induced angiosarcoma of the liver in rats and mice exposed to 
concentrations of 50 ppm at intervals simulating occupational exposure, 
and this same rare and fatal tumor has been identified in at least 15 
former workers in U. S. PVC facilities. Cancers at other sites, 
non-malignant liver disease, and a unique occupational disease -- 
acroosteolysis -- have also been attributed to VC exposure. There 
is no direct evidence that VC contributes to adverse health effects at 
the lower levels of exposure encountered outside the workplace; how­
ever, two recently reported cases of angiosarcoma of the liver in 
non-workers who had lived near PVC fabrication plants suggest the 
possibility of Buch a correlation. At the same time there has been 
little effort to search for adverse effects at these lower levels. Since 
carcinogens are generally considered not to have a "no effects" threshold 
level, there should be concern with possible risks to health at even 
the lowest levels of exposure to VC which are encountered in the ambient 
air, and possibly in water.

Preliminary monitoring results at seven industrial complexes involv­
ing 10 PVC resin and 2 VC plants indicate that the levels of VC in the 
ambient air near the plants fluctuate sharply, apparently due to the periodic 
opening of reactor kettles in the PVC plants, accidental plant discharges, 
variations in the production process, and meteorological conditions. 
While almost all of the samples collected contained detectable levels 
of VC, more than 90 percent of the instantaneous observations and 97 
percent of the 24-hour samples showed amounts less than 1 ppm. At
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several of the chemical complexes, a number of individual air samples 
shoved more than 1 ppm. At one PVC plant a high of 33 ppm was 
obtained at one site; however, repeated sampling indicated that 
this level was an unusually high excursion with the average at this site 
less than 1 ppm. Most of the air sampling was done within one-‘half 
mile of the property lines of the plants. In one case a level of 3.4 
ppm was recorded at a distance of three miles from the plant, but the 
average of several readings at this site was approximately 0. 5 ppm.

Water effluents were also monitored, and levels varied considerably 
depending on the in-plant handling of wastes and treatment of wastewater. 
The highest level for wastewater leaving the plant site was 20ppm. More 
typically, levels of 2 to 3 ppm were found. Not unexpectedly, the levels of 
VC entrapped in sludge and other solid wastes from the reactor kettles 
ranged from 100 ppm to, in one case, 3,000 ppm.

EPA Concerns

The principal near-term issues facing the Agency include <a) an 
assessment of the risks associated with exposure to VC, with such 
an assessment hampered by inadequate data concerning health effects 
at the levels likely to be encountered in the environment and only vexy 
preliminary monitoring results, (b) the costs to industry to reduce the 
levels of VC entering the environment, keeping in mind that much 
of the cost will be passed on to society as a whole, and (c) regulatory 
and related steps which will contribute to reducing the risks at an 
appropriate cost. Two closely related areas of interest are (a) the 
amount of Agency resources to be directed to VC/PVC in the months 
and years ahead, and (b) lessons that have been learned in addressing 
VC/PVC that can save time and resources in addressing other chemicals.

VC air emissions from PVC polymerization plants -- and to a lesser 
extent from VC plants and possibly PVC fabrication plants -- are the 
most immediate concern to the Agency. The earlier problems related 
to the use of VC as a propellant in pesticidal sprays have been largely 
resolved with the banning of such sprays. Other current concerns 
related to VC include the Agency1 s capability to provide sound advice 
in the event of transportation accidents involving the release of VC; 
the fate and effects, if any, of VC trapped in water effluents, and 
particularly VC that might thereby appear in drinking water; and the 
migration of unreacted VC from PVC products into drinking water or into 
the ambient air.

There are of course a host of other chemicals involved in VC/PVC 
activities that should be of concern. Impurities in the VC, PVC as 
inhaled or ingested particulate, additives introduced to alter the proper­
ties of PVC, copolymers used in conjunction with PVC, and chlorinated 
hydrocarbon wastes from VC production all need further investigation. 
The by-products associated with PVC incineration and the leaching of 
additives, and particularly plasticizers and tone metals, from PVC 
products which come into contact with the aquatic environment need 
additional study.

RSV 0019180
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Further Steps

Development of an air emission standard for VC is currently under - 
way, with additional monitoring activities being planned in the immediate 
future to improve the basis for the standard. While additional epidemio - 
logical and toxicological data are slowly becoming available, it is unlikely 
that there will be a good technical basis within the next few months or 
perhaps even within several years for establishing an appropriate ambient 
level to protect public health. Therefore, a performance standard may 
be far easier to develop and implement than a standard based. upon 
achieving a specific air quality level. Initial estimates indicate that 
available control technology when installed can reduce VC emissions 
by about 75 percent from PVC resin plants and 90 percent from VC 
plants with a concomitant increase in the cost of PVC of about four 
percent. Currently available information indicates that such reductions 
should result in ambient air levels which present no established risk 
to health or welfare. Meanwhile, close liaison with the Department of 
Labor is important to insure that the regulatory approach to protect the 
worker is compatible with EPA regulatory activities.

The Agency should monitor for VC in drinking water supplies. 
Monitoring is also needed in the ambient air -- indoors and outdoors 
distant from chemical complexes to determine whether concentrations 
of PVC products release quantities of unreacted VC that should be 
of concern. Further refinement of monitoring methodologies is needed 
in support of these efforts. The limited toxicological and epidemiological 
studies that are planned should be fully supported.

The Agency should continue its leadership role in bringing together 
other Agencies to exchange views on regulatory actions, supporting acti­
vities, and research projects related to VC and PVC. Industry should be 
strongly encouraged to accelerate its efforts to reduce VC discharges 
and its very limited research, testing, and monitoring activities to 
clarify further the problems associated with VC and PVC.

Finally, we have been alerted in a rather dramatic fashion to the 
need for greater attention to an important segment of our industrial base 
which will surely continue to expand in the years ahead. Many of the 
considerations and uncertainties that have punctuated the VC/PVC 
deliberations undoubtedly characterize a far broader swath of concerns 
over high volume industrial chemicals in general, and plastics in 
particular. Hopefully, we can extrapolate from current experiences with 
VC and PVC in identifying problems with other potentially important 
commercial chemicals early in their embryonic stage and thus minimize 
health and environmental hazards and also the economic dislocations 
attendant to corrective actions. In this regard the Agency should continue 
its efforts to seek early enactment of the Toxic Substances Control Act 
which can provide a much needed broader basis for addressing these types 
of problems.
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CHARACTER AND SCOPE OF PROBLEMS BEYOND THE WORKPLACE

Emergence of the VC Problem

On January 22, 1974, the B. F. Goodrich Company, the largest U. S. 
producer of PVC resin, notified the National Institute of Occupational 
Safety and Health (NIOSH) that four workers from its PVC polymerization 
plant in Louisville, Kentucky, apparently had died from a rare cancer, 
angiosarcoma of the liver. All four workers had been closely associated 
for many years with the production of PVC resins. The rarity of the 
tumor and the clustering of deaths at a single plant raised suspicions that 
an occupational disease related to VC* exposure had been found. Since 
that time, 10 additional cases of this tumor, which developed in U.S. 
PVC polymerization workers since 1961, have been confirmed. This tumor 
has also been reported in seven workers at European polymerization 
plants, one worker at a XJ.S. PVC fabrication plant, two workers at Euro­
pean fabrication plants, one worker at a European VC plant, and two resi­
dents in the general population, near U.S. fabrication plants.

Concurrently, toxicological data from animal studies became available 
which further strengthened the suspicion of VC as the etiological agent 
in the formation of the liver cancer. A broad spectrum of cancerB was 
reported by Professor Cesare Maltoni of Italy in different animal species 
at various exposure levels. Rig inhalation studies of rats exposed to 
50 ppm at repeated intervals approximating occupational exposures have 
produced angiosarcomas of the liver and abdomen as well as tumors of 
the kidney and skin. In mice exposed to VC the same tumors have been 
observed, with the addition of lung tumors. Animal studies sponsored by 
U. S. industry have confirmed Maltoni1 s observations at 50 ppm. Recent 
epidemiological studies also suggest the possibility of multiple cancers 
attributable to VC exposure.

Meanwhile, statements by industry and Government officials indicated 
that the material loss to the environment during the PVC polymerization 
process may be about six percent, with more than 75 percent of the losses 
being VC air emissions. Also, it soon came to light that VC was being 
used as a propellant in pesticidal sprays, and the EPA Regional Offices 
were becoming more aware of railroad accidents involving VC tank cars.

Until this series of events the Agency had not been particularly con­
cerned with VC as an urgent problem. PVC plants had been on the list 
of industries to be examined as candidates for new source perform­
ance standards to limit air emissions. Also, limited studies of PVC 
disposal were underway, and VC and PVC resin manufacturing activities 
have been addressed in the Effluent Guidelines promulgated under the 
Federal Water Pollution Control Act. However, only since January 
have VC/PVC activities been elevated to the level of priority Agency 
attention.

* Vinyl chloride (CRrpECl) is a colorless, faintly sweet smelling gas at room 
temperature. 4s a gas it is readily flcamable and explosive but is usually 
handled industrially as a liquid under pressure. Polyvinyl chloride resin 
is a fine powder which is produced by polymerizing vinyl chloride. The re­
sin is the base ingredient for a wide variety of plastics.

4
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Exposure to VC of Special Importance to EPA

Pesticidal Sprays

Spurred by the active interest of a consumer protection organiza­
tion, the Health Research Group, one of the earliest EPA concerns this 
year was the use of VC as a propellant in a large number of pesticidal 
sprays. After the searching of EPA pesticide registration fUes more 
than 50 different sprays containing VC -- including a large number used 
indoors - - were identified. It has been estimated that in addition to the 
cans in the possession of consumers, up to 100,000 cans were in the 
channels of trade.

Preliminary tests at EPA research facilities showed that a 30 second 
release of an aerosol containing VC could result in a concentration as high 
as 400 ppm inthe air. Related tests showed that in closed rooms VC 
will persist for many hours, and even when diluted by ventilation, will 
probably result in some VC exposure within the household for at least 
several hours. (See Appendix VI).

Discharges from VC/PVC Plants: Materials Balance and Monitoring
Data

Industrial reports and analytical studies (see Appendix HI) confirm 
that generally the material loss during the PVC polymerization process 
ranges from 4.5 to 7.5 percent. During recent months industry has taken 
a variety of steps to reduce the losses, and these losses may be now 
declining. The losses will vary with the type of process, the age of the 
plant, the level of technology that is employed, and manufacturing 
practices. However there is no doubt that in the United States substantial 
amounts of VC -- probably exceeding-200 million pounds annually - - and 
large quantities of PVC -- probably exceeding 50 million pounds -- are 
being discharged into the environment during the PVC polymerization 
process. Most of the VC escapes directly into the atmosphere, with 
lesser amounts dissolved in water .effluent streams and entrapped in sludge 
and solid wastes. PVC losses occur as particulate in air emissions, sus­
pended solids in water effluents, and components of solid wastes.

A principal area of VC leakage is associated with the operation of 
the polymerization kettles, including losses when they are opened or when 
they are recharged or sampled. Other losses occur during the transfer of 
VC from tank cars to storage, during the PVC drying process, and from 
leaks at a variety of valves, flanges, and pump seals throughout the 
process. Polymer losses are similarly distributed among a variety of 
activities including dust collector losses, disposal of oversize particles, 
and sampling losses. In this regard two aspects are particularly signifi­
cant: there are a variety of PVC processes with differing problems and 
control possibilities, and in every case the number of potential leakage 
points is very large.
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Losses at VC plants occur during the loading process* as the result 
of venting of gases, from leaks in pumps, and at otfier points. These losses 
are considerably less than one percent but still may be environmentally 
significant. As in the case of PVC polymerization activities, current 
industrial efforts should reduce these losses. No mass balance data are 
available concerning losses at PVC compounding and fabrication plants. 
However, the only source of VC at these facilities is the unreacted monomer 
in the PVC resin which suggests that environmental discharges are less 
than at the VC and PVC polymerization plants.

To obtain more direct evidence on VC discharges from VC/PVC acti­
vities, ambient air, waste water effluents, and solid wastes from seven 
chemical complexes were monitored during May. The 2 VC and 10 PVC 
production facilities located at these seven complexes are listed in the table 
below:

Vinyl Chloride and Polyvinyl Chloride Manufacturing Complexes
Monitored by EFA

Louisville, Ky. PVC Plant

Leominster, Mass. PVC Plant

Plaquemine, La. PVC Plant

Long Beach, Calif.
VC Plant 
PVC Plant

Paine sville, Ohio

PVC Plant 
VC Plant 
PVC Plant

Delaware City, Del.
PVC Plant 
PVC Plant

PVC Plant

Flemington, N. J. PVC Plant

Regional Offices

The B. F. Goodrich Co.
B. F. Goodrich Chemical Co. 

Borden, Inc.
Borden Chemical Division 

The Goodyear Tire fit Rubber Co.
Chemical Division 

Dow Chemical, U. S.A.
The B. F. Goodrich Co.

B. F. Goodrich Chemical Co. 
American Chemical Corporation 
American Chemical Corporation 
Unirbyal, Inc.

Uniroyal Chemical Division 
Robintech, Inc.
Stauffer Chemical Co.

Plastics Division 
Diamond Shamrock Corporation 

Diamond Shamrock Chem. Co. 
Tenneco, Inc.

Tenneco Chemicals, Inc.

The preliminary monitoring results indicate that the levels of VC in the 
ambient air near plants fluctuate sharply, apparently due to the periodic 
opening of polyvinyl chloride reactor kettles, accidental plant discharges, 
variations in the production process, and meteorological conditions. A 
summary of the monitoring results at each complex can be found in Appendix 
V. The monitoring method developed for this activity, and subsequently 
refined, is presented in Appendix IV. Since the samples were limited in 
number, time, and duration, additional monitoring is in order to obtain a 
more definitive assessment of VC discharges.

RSV 0019184
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Most of the sir sampling was done up to three miles beyond the prop­
erty lines of the plants although in two regions the EPA sampling teams 
were able to conduct part of the study within the plant properly. Almost 
all air samples contained detectable levels of VC. However, more than
90 percent of the instantaneous samples and 97 percent of the 24-hour 
samples showed less than 1 ppm. In one case a level of 3.4 ppm was 
recorded at a distance of three miles from the plant. The average of 
several readings at this site was about 0.5 ppm. A high value of 33 ppm 
was observed around one complex ata distance of 0.3 miles from the fence­
line although the average at this site was less than 1 ppm.

The levels of VC in water effluents varied considerably depending on 
the in-plant handling of wastes and treatment of wastewater. The highest 
level for wastewater leaving the plant site was 20 ppm. More typically, 
levels of 2 to 3 ppm were found. Not unexpectedly, the levels of VC 
entrapped in sludge and other solid wastes from the reactor kettles ranged 
from 100 ppm to 3,000 ppm.

Transportation Accidents

It is estimated that more than two-thirds of the produced VC is 
transported from the production site to another location, frequently 
located hundreds of miles away. More than 95 percent of the ship­
ments travel by rail tank car, with a small amount being shipped by 
water. During the past three years there have been 16 reported rail 
accidents involving VC tank cars. The immediate concern has been pre­
vention of fire and explosion and only recently has attention been directed 
to the long-term effects, if any, that might be associated with a one-time 
massive exposure to VC. 1}

Unreacted Monomer Entrapped in PVC Products

Industry has reported to EPA that PVC resin contains in very unusual 
cases.as high as 8,000 ppm of unreacted VC monomer although the levels 
are usually between 50 and 1,000 ppm. Presumably these levels are 
substantially reduced as the resin is processed further, with much lower 
levels (e.g. 5 to 20 ppm) present in finished products containing PVC.

Nevertheless, the eventual fate of the unreacted monomer in PVC 
products is of concern. Conceivably, it could be contributing to a 
general environmental background level of VC, and detectable levels 
of VC may be present where there is a heavy concentration of products 
containing PVC, and particularly new products.

In view of EPA's responsibilities concerning drinking water, a prob­
lem of special significance is the possible migration of unreacted 
monomer into the water from PVC pipe or liners used in drinking water 
systems. At present little is known about such migration.

RSV 0019185
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Health Effects of Vinyl Chloride

There is no direct evidence about the health effects on man of VC 
at the levels of exposure that have been or are likely to be encoun­
tered outside the workplace; however, the two recently reported non- 
occupational cases of angiosarcoma of the liver in neighborhoods near 
PVC fabrication plants suggest the possibility that there may be a 
correlation between the incidence of angiosarcoma and low levels of 
exposure. There are also recent reports of angiosarcoma among workers 
at fabrication and VC plants who presumably were exposed to relatively 
low levels of VC. At the same time epidemiological and toxicological 
studies have clearly linked VC to angiosarcoma of the liver and other 
adverse effects at the higher levels of exposure that have been encoun­
tered in the workplace. Given the previous lack of effort to search for 
effects at low doses, it seems prudent to assume that there probably 
is not a no-effects threshold for VC. and there should be concern about 
the possible health effects at any level of exposure.

Extrapolation of effects from animals to man, from intermittent to 
sustained or peak exposures, and from high to low dose levels is fraught 
with uncertainty. Nevertheless, such extrapolations can be useful in 
helping set the basis for the necessarily subjective judgements that 
must be made as to health risks. With regard to the toxicological data, 
studies are currently underway at the National Cancer Institute and with­
in EPA using statistical methods to extrapolate from the effects at 50 ppm 
to likely effects at 1 ppm and lower. Such statistical techniques must be 
viewed with caution but can be helpful in providing a sense of perspective 
in assessing risk. The relative sensitivites of rats, mice, and men to VC 
are not known, nor is there good information on the relative sensitivities 
within a human population. Another difficulty is interjected in attempting 
to deal with the extrapolation from worker exposure (i. e. 40 hours per 
week) to neighborhood exposure (i. e. up to 168 hours per week), even 
assuming that time weighted averages are the determinant in ambient air 
rather than peak levels.

The risks, if any, associated with ingestion of VC, via drinking water, 
food, or other routes are totally unknown. It is prudent to assume that 
ingestion is no less worrisome than inhalation although the likelihood of 
sustained ingestion at even low levels seems remote.

Summarized below are some of the most important known health 
effects of VC. A more detailed presentation of health data is set forth 
in Appendix VII, recognizing that additional information is continuously 
becoming available. Ongoing Agency studies are taking this information 
into account.

Anesthetic Effects of Acute Exposures: These effects have occurred in 
PVC workers exposed to high concentrations of VC as the result of acci­
dents or inadequately ventilated reactor vessels. A dizziness, nausea.
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and loss of consciousness occur which are reversible upon exposure to 
fresh air. Human volunteers have reacted in a similar way to high levels 
of VC inhaled for brief periods. These subjects reported feeling dizzy 
or inebriated, experienced loss of certain reflexes, and encountered 
feelings of impending unconsciousness. The effects were proportional to 
concentrations and duration of exposure.

Aaroosteolysis: A small proportion (from 1 to 3 percent) of workers 
involved in manual cleaning of PVC reactor vessels have experienced a 
combination of symptoms known as acroosteolysis. This is character­
ized by a soreness and thickening of the skin at the fingertips, a gradual 
dissolution of bone calcium at fingertips and toes, skin sores, and fre­
quently heightened sensitivity of the hands to cold (blanching of the skin 
and pain). These symptoms were first described in 1967, and apparently 
occur only after several years of high levels of exposure.

Liver Function Abnormalities: Changes in blood chemistry attributed to 
alterations in liver function have been observed in PVC workers whose 
8-hour exposures to VC averaged 300 ppm. At levels below 300 ppm, 
the noted functional changes were minimal, suggesting a dose-response 
relationship with respect to liver function. There has been no overt 
liver disease noted. From Europe, there are reports that liver damage 
was found in Russian workers, and disease of the liver, skin, and other 
organs has been discovered in workers in Rumania and France. Other 
chemicals are invariably present in the occupational setting, and may have 
interfered with the effect often attributed to VC alone.

Liver Angiosarcoma: A fourth effect related to occupational exposure
is angiosarcoma of the liver, a rare form of liver cancer which is a pro­
gressive and invariably fatal disease. It has recently been reported in 15 

- workers inPVC facilities in the United States. The exposure time of these 
workers inthefactory setting has ranged from 11 to 30 years. Many of these 
workers were engaged in cleaning polymerization reactor vessels in an area 
where exposure levels were the highest.

The etiological role of VC in the induction of liver angiosarcoma is not 
certain because of possible confounding factors. The occupational expo­
sure of the workers to other chemicals precludes identifying this substance 
as the sole cause for cancer. However, taking into account the effect of VC 
on animals in the absence of other chemicals, the implication of VC as the 
possible etiological agent is very strong, and unless another carcino­
genic agent is identified, VC must clearly remain the prime suspect.

The reported cases of angiosarcoma of the liver have in the past been 
extraordinarily rare. For example, in the Third National Cancer Survey 
(1969-1971), a population of 21 million persons residing in nine geographic 
areas was sampled for incidence and type of cancer. In this period, only 
eight cases of liver angiosarcoma had been newly diagnosed among that ten 
percent of the U. S. population.

9
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Controlled Exposures of Animals to VC: On laboratory maiyiraalg VC con­
centrations of 5 to 20 percent have narcotic effects which are not unlike 
the human anesthetic effects noted above. The acroosteolysis syndrome 
has never been produced in animals, although disturbances in peripheral 
blood circulation, abnormal cartilage formation in the toes, and abnormal 
skin lesions have occurred in rats. Liver enlargement in rats has been 
seen with inhalation exposure as low as 100 ppm for 6 months, but little is 
known about frank liver disease caused by VC exposure.

Among the several animal inhalation experiments employing repeated 
exposures of over six months duration, two have disclosed liver angio­
sarcoma at 50 ppm and higher in mine and rats. It remains to be deter­
mined whether the liver angiosarcoma observed in animals are precisely 
the same as those reported for occupationally exposed workers and for non­
workers. Nevertheless, the similarities observed between the animals and 
man strongly suggest that the animal carcinogenic reaction is like that 
reported for PVC workers.

Persistence of VC

As discussed in Appendix VI, very preliminary investigations at EFA 
laboratories suggest that in the ambient air near the emission source VC 
can be considered as a stable pollutant whereas VC rather quickly escapes 
from agitated or aerated water.

The available results indicate a rate of reaction of about 8 to 10 per­
cent per hour for VC in air. The direct and indirect reaction products 
identified include ozone, nitrogen dioxide, carbon mononde, formaldehyde, 
formic acid, and formyl chloride. High eye irritation levels found with 
human exposure levels are consistent with these products. Although VC 
would disappear significantly over longer travel distances, the conversions 
anticipated within a few miles downwind of VC emission sources indicate 
that VC can be considered a stable pollutant near emission sources. The 
usual meterological dispersion equations for gases could be applied to 
approximate concentrations. Because of strong inversions at night during 
the fall and winter period, buildup of VC near emission sources might 
be of particular concern during such periods.

Ecological Effects of VC

As indicated above, preliminary studies concerning the volatility of VC 
from aqueous solutions as well as analyses of hydrolysis and photolysis 
suggest that the impact of VC in the aquatic environment may not be 
significant. However, if there is a continued input of VC into water, 
it is possible that a steady state concentration of VC could be reached. 
Bioaccumulation and/or biotransformation might then become of con­
siderable concern.

Potential terrestrial ecosystem effects, as well as transport pathways 
from source to plant or animal receptors, of VC are unknown. How­
ever, the suspected volatility of VC may result in a large dilution factor 
which might reduce the toxicological or bioaccumulation hazard to an 
insignificant level.

10
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Given the leek of pest attention to the ecological effects of VC, 
some inferences drawn from the behavior of other low molecular weight 
chlorinated hydrocarbons may be helpful in anticipating the fate and 
effects of VC. In particular, 1, 1, 2 trichloroethane and 1, 2 dichloro- 
ethane comprise a portion of the waste products -- often referred to as 
tars--from the production of VC and are of concern in themselves as 
well as possibly suggesting VC behavioral patterns. Other potentially 
hazardous compounds, such as hexachlorobenzene and hexachlorobutadiene, 
are also found in these tars. Therefore, tars are discussed below.

Other Chemicals of Concern in PVC Activities

Immediately following the January report of worker deaths related to 
VC exposure, questions arose as to whether other chemicals, such as 
vinylidene chloride, might also contribute to angiosarcoma either indepen­
dently or in conjunction with VC. Little work has been done to date to 
clarify this concern. Also, the toxicity of PVC particulate has become a 
significant interest. There have been some inhalation toxicology studies 
conducted on PVC. However, there are no readily available data to indi­
cate whether any substantial risk is involved at the levels of exposure that 
might be encountered via inhalation or ingestion of PVC outside the work­
place. 2j

As pointed out in Appendix VIII, a large number of chemicals are used 
in PVC products as antioxidants, antistatics, colorants, fillers, plasti­
cizers, and stabilizers, and many of them can reach man through a variety 
of routes. The health effects of some of these chemicals are reasonably 
well known; the effects of others have yet to be explored. Several of them 
are particularly good candidates for further investigation, e.g. cadmium, 
barium. However, the Task Force has not attempted to assess in any 
detail the known health risks nor sort out the priorities for further investi­
gation,

A special concern of the Task Force has been disposal of products con­
taining PVC and disposal of the by-products of PVC/VC plants. As 
discussed in Appendix Vin incineration of PVC produces HC1 and possibly 
metallic vapors. As the volume of PVC and other plastic products enter­
ing municipal waste systems continues to grow, the possibility of problems 
resulting from incineration and land disposal — particularly leachates 
will increase. In addition, toxic leachates from PVC used in the 
lining of fish tanks are known to have caused damage to aquatic 
organisms. 3/

The adverse effect of the tars from VC plants on aquatic organisms 
has been of special concern since they are known to affect at least some 
marine species at concentrations of 2.5 ppm. Worms and barnacles are 
also affected at levels below 5 ppm. Bioaccumulation of the tars appears 
possible through the food chain, and these materials also adhere to 
particles in water. However, relatively short biological half lives and 
rapid excretion rates may prevent serious accumulation of the tars. 4/
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Size and Character of the PVC Industry

During 1973 VC production in the United States was at the 5.35 bil­
lion pound level with PVC and its copolymers at the 4.56 billion pound 
level. The industry has been operating for about forty years, and over 
the past five years has shown an annually compounded growth rate of 14 
percent -- a rate of growth that is expected to taper off only moderately 
in the next few years. A few of the most significant characteristics of the 
industry are summarized below with additional details presented in Appen­
dices I and II. 5/

PVC has become a very important polymer as evidenced by the broad 
dependence of nearly every branch of industrial and commercial activity 
upon products and components fabricated from this plastic. Markets include 
the apparel, building, construction, electrical, home packaging, recreation, 
and transportation industries. The wholesale value of the annual output of 
fabricated products is at least several billion dollars.

The synthesis of VC is conducted in fifteen U. S. plants, and thirty- 
seven plants are engaged in polymerization with almost all of these plants 
currently operating at or near capacity. Five new PVC resin, plants are 
under construction and together with expansions at five others will yield an 
additional annual capacity of 1.378 billion pounds. Additional plants are in- 

. volved in manufacturing copolymers using VC. Approximately 7500 plants
are engaged in fabricating products from PVC. It is estimated that 1000 
to 1500 workers are employed in monomer synthesis, an additional 5000 are 
engaged in PVC polymerization operations, and approximately 350,000 are 
associated with the 7500 PVC fabrication plants.

More than 97% of the monomer is used for the manufacture of homopoly­
mer and copolymer resins, with the remainder utilized primarily for (a) the 
production of methyl chloroform, (b) additives in specialty coatings, and 
(c) until recently, aerosol propellants. Over 90% of the VC produced in the 
United States is manufactured by ethylene-based processes; the remaining 
10% is synthesized by the acetylene-based process. In both processes VC 
is made by a continuous rather than a batch process.

PVC resins are manufactured byfour polymerization processes: suspen­
sion - 79% of total; emulsion - 13%; bulk - 6%; and solution - 2%. These 
are all batch processes.

The number of PVC fabrication plants is at least several thousand 
but no complete compilation by company, location, and capacity is known 
to exist. For example, the B. F. Goodrich Company alone supplies finished 
resins and compounds to about 2200 U. S. customer plants. Some of the 
more important products are set forth in Appendix n.
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Appendix I discusses the opportunities for PVC substitutes at com­
parable and at higher price. In many cases there are substitutes; in 
some cases there are no substitutes. At the present time worldwide 
shortages of ethylene and the uncertainty of regulatory actions concerning 
VC are creating more intensive searches for alternatives to PVC resins 
in a variety of applications.

Lessons Learned from VC/PVC Experiences Relevant to Other Chemical 
Problems

Except for continuing concern over spills and accidents* Government 
and industry have been rather complacent with regard to the potential 
environmental threat from the high volume industrial chemicals (e. g. the 
top fifty in terms of production levels). This complacency is in large 
measure attributable to the relative absence of visible and uncontrolled 
dangers from exposure to the chemicals during their long histories. In 
addition* since each of these chemicals is manufactured by a number of 
companies* firms may lack incentive to invest individual company 
resources to clarify the safety aspects of their usage. Clearly, the 
experience with VC -- the twenty-second leading chemical in terms of 
production — underscores the problems that can result from such com­
placency. Despite the continuing commercial importance of these high 
volume chemicals* it cannot be assumed that adequate research* testing, 
and related safety measures will be taken by industry* and vigorous 
governmental leadership in this area seems essential.

The Agency's experience in addressing VC discharges from PVC plants 
has highlighted the need for three key types of information for decision­
making and the difficulty of such decisions in the absence of adequate 
information:

-- The levels of exposure to populations beyond the fenceline, with 
monitoring data being the key ingredient in estimating such levels.

-- The health and environmental effects of the levels of exposure 
that are encountered, drawing on available epidemiological, toxi­
cological, and ecological data from all sources.

-- The feasibility --in terms of technology* cost, and time - -of 
introducing controls to reduce discharges.

In all of these areas, concerted short-range efforts enhanced signi- 
cantly the existing data base and provided critical inputs into the deci­
sion-making process.

Reliable techniques for sampling and analysis of VC were not available 
and had to be developed in a short period of time. Similarly, monitoring 
personnel gained their experience during the actual operations. While 
each chemical problem that arises will undoubtedly have unique charac­
teristics, EPA should be able to improve its, anticipatory monitoring 
capability by such steps as limited stockpiling of equipment <e.g. Tedlar 
bags), clarification of organizational and funding responsibilities, and 
development of immediately available contractor support services.

13
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Ill the pesticides area, the use of VC in aerosol propellants has 
emphasized the need for greater attention to the many inert ingredients 
in pesticides. With regard to water pollution and to drinking water con­
tamination, EPA must extend its emphasis beyond the traditional con­
cerns with gross pollution effects and with toxic metals and pesticide 
contaminants to include a wide range of other organic chemicals. Simi­
larly, in the area of air pollution, VC has awakened the entire environmental 
community to the broad problem of uncontrolled and unmonitored chemical 
discharges reaching neighborhoods adjacent to chemical complexes. 
Also, the potential problems associated with the incineration and burial 
of FVC products may be common to a variety of plastics.

Even at this late date all the commercial products using VC have pro­
bably not been identified by EPA and other Government agencies, pointing 
out the need for a better means of acquiring information concerning the 
uses of toxic chemicals. Finally, the problem of unreacted monomer in 
PVC products has opened a broad vista of possible new concerns associ­
ated with contaminants in polymers in general.
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INTERESTS AND ACTIVITIES OF GOVERNMENT AGENCIES AND INDUSTRY 

EPA Regulatory Authorities

Pesticide Registration

On April 26, 1974, the Agency determined that the potential risk 
associated with continued use of VC in pesticidal sprays was unjustified, 
given the acceptable substitutes which were available. Therefore, on that 
date Notice was given of the emergency suspension, and intent to cancel 
the registrations, of all spray products containing VC for use in the 
home, food handling establishments, hospitals, or other enclosed areas. 
At the same time EPA requested that all existent stocks of such products 
be recalled by the manufacturers (39 FR 14753). * In addition, EPA 
will no longer register pesticides containing VC for indoor or outdoor 
uses, and all existing registrations have now been withdrawn or amended 
to substitute another propellant.

At present a few implementing details of this determination remain. 
Perhaps the most important action is to insure prompt removal of the 
cans containing VC from commercial channels and environmentally sound 
disposal of these products, i. e. proper land disposal. EPA Regional 
Offices have been actively pursuing this problem and should complete their 
efforts within several months.

Air Pollution

The results of the initial monitoring efforts clearly document the fact 
that neighborhoods adjacent to PVC resin manufacturing complexes are 
being exposed to some level of VC air emissions. At present there is 
no scientific evidence to indicate that these emissions pose an imminent 
hazard to people living near these plants. However, because of the severe 
health effects associated with occupational exposure to VC and the lack of 
data regarding the levels at which effects begin to occur,, prudence 
dictates that steps should be promptly taken to reduce the emissions to 
the lowest practical level. Indeed, EPA, together with state and local air 
pollution authorities, has an immediate responsibility to Insure that these 
levels are reduced.

The key questions revolve around (a) the levels of VC concentration 
that should be achieved outside the plant area, and (b) the regulatory 
approach that is most appropriate, e.g. ambient air standard, per­
formance standard for new sources, or emission standard for hazardous 
air pollutants. Several factors bear on such determinations in addition to 
the uncertainties inherent in the health risks involved, namely: the effect 
of regulations which are to be promulgated in early October by the 
Department of Labor on VC levels in the workplace; the technical feasi - 
bility, costs, and timing of control technologies and other approaches to 
reducing emissions; and compliance schedules for the industry as a whole 
and for individual plants.

*The FR citations identify the Volume and Page of the appropriate Federal 
Register announcement.
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Depending on the air emission level and/or the level of technology to 
be achieved, the costs of compliance could have several effects: The 
price of PVC could increase, thus opening the way for substitutes in 
•some products. Some of the older plants might find it more attractive 
economically to close or to replace the old technology with new. New 
plants presumably would emphasize even more than at present larger 
reactors with fewer requirements for entry and other innovations to re­
ducing leakage rates.

On May 31, EPA requested the manufacturers of VC and PVC resin to 
provide detailed technical and economic information concerning steps 
that have been and could be taken to reduce VC emissions. The in­
formation was sought under Section 114 of the Clean Air Act.

The Task Force believes that a standard based upon achieving a 
specific air quality level will be very difficult to develop using currently 
available data. On the other hand a performance or emission 
standard, which is designed to drive down the emissions as low as 
practical, and in the longer run drive technology toward more envi­
ronmentally acceptable approaches, would seem consistent with the 
desirability of reducing risks from carcinogens to the minimum possible 
level.

Present preliminary estimates are that emissions can be reduced by 
75 percent in PVC plants and 90 percent in VC plants. Such reductions 
can be achieved by employing best available control technology which 
includes a variety of control measures that could be in place from with­
in several months to two years after promulgation of regulations. Each 
plant would likely use different combinations of such measures to achieve 
the necessary reductions. Currently available information indicates that 
such reductions should result in ambient air levels which present no 
established risk to health or welfare. The cumulative costs of the 
control technology are estimated to increase the cost of PVC resin by 
about four percent.

An expanded monitoring program to gain additional data at selected 
plants to assist in setting an air standard is needed. Twenty-four hour 
integrated samples taken during a period of several days or longer at 
a number of sites around representative complexes are desirable. To 
the extent possible in-plant activities should be correlated with external 
readings. Since no previous monitoring was done at fabrication or co­
polymer plants, they should also be included.

Water Pollution

In view of its low solubility and volatility from water, VC is not 
currently a candidate for the hazardous substances list under Section 311 
(spills) of the Federal Water Pollution Control Act. Similarly, VC in 
water has not been shown to present a threat to aquatic life, and there­
fore there is no basis at present to develop water quality criteria under 
Section 304(a) or to consider designating VC as a toxic effluent. At the 
same time, in view of the monitoring data indicating discharges up to a 
level of 20 ppm of VC from at least two PVC resin plants, further 
investigations of its effect, if any, on the aquatic environment seem in 
order.
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The Effluent Guidelines for the Plastics Industry promulgated by EPA 
cover only PVC polymerization activities and not compounding or fabrica­
tion activities. However, some of the potentially most troublesome 
water effluent problems relate to the toxic materials used in the com­
pounding process.

Also, as previously mentioned, the possibility of toxic additives 
in PVC products leaching into the aquatic environment is of concern. 
Further clarification of these problems is needed prior to considering 
regulatory action.

Solid Waste Disposal

Problems associated with disposal of PVC products through incinera­
tion and burial are discussed in detail in Appendix VIE. The emission 
of HC1 is the only clearly identified incineration problem at present 
although there are many uncertainties concerning the fate of PVC addi­
tives during the incineration process. There are well accepted environ­
mentally sound landfill techniques that should adequately contain PVC 
products. At the same time there are sufficient uncertainties -- par­
ticularly with regard to additives -- in both of these areas to warrant 
more detailed investigations in the months ahead. There is no evidence 
at present that PVC will revert to VC during incineration or as the 
result of biological or chemical activity during environmental exposure.

Disposal of the solid and semi-solid wastes from VC/PVC plants 
poses many problems encountered with hazardous wastes in general. One 
particular concern is the disposal of tars --a concern that was height­
ened last year when a large number of cattle were contaminated due 
to poor handling and disposal practices involving hexachlorobenzene 
wastes. 1/ Another problem is the possible exposure of personnel at 
landfills to sludges containing up to 3000 ppm of entrapped VC which 
might be escaping. Given the widespread concern at the local level 
over VC/PVC activities, EPA guidance on handling such hazardous 
wastes would be welcomed. In the longer term the steps called for in the 
proposed Hazardous Waste Management Act might be particularly 
appropriate.

Ocean Dumping

The October 1973 criteria for evaluating ocean dumping permit ap­
plications prohibit dumping of organohalogen compounds, except for 
narrowly defined trace amounts, and compounds which may combine with 
other substances to form organohalogens in the marine environment. 
These criteria cover the principal earlier concerns over ocean disposal 
of the by-products of VC/PVC manufacturing activities which were 
triggered by reports of fish kills in the North Sea from disposal of 
tars and of the buildup of organohalogen compounds near Puerto Rico. 
Unfortunately, earlier ocean disposal practices for tars in the Car­
ibbean also have had adverse effects on marine life. 2/
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Drinking Water

Currently there are no data on VC concentrations in community water 
supplies, primarily because no one has ever looked for VC. Conceivably, 
it could be present in drinking water. Possible sources are PVC poly­
merization plants just upstream from water intakes and from PVC prod­
ucts used in the distribution system such as PVC pipe and storage tank 
liners.

Monitoring a few selected water supplies should provide a basis for 
assessing VC concentrations that may be found in water supplies from 
both industrial pollution and product contamination. Adequate sampling 
and analytical procedures will of course be required to insure the 
soundness of the results. The results should be used to determine the 
need for additional sampling and possible research requirements.

Proposed Toxic Substances Control Act

An important authority which is currently missing is the Toxic Sub­
stances Control Act. The requirements for reporting of industrial pro­
duction data evisaged in the Act would enhance knowledge of the types 
and extent of different uses of VC. The testing provision would be the 
basis to obtain much needed data — and particularly data on toxicity and 
persistence -- for assessing the risks associated with low concentration 
levels of VC, including those levels that are likely to persist beyond 
the workplace. The proposed regulatory provisions would provide a 
mechanism for addressing those products using VC not now subject to 
regulation tinder other laws. Also, if considered appropriate, steps 
might be taken to limit the amount of unreacted VC in certain PVC 
products which could eventually migrate out of these products to pose an 
unnecessary risk.

Supporting Research Activities

As a component of the national effort to clarify the health risks 
associated with VC, the Agency plans to support a toxicological effort 
at the University of Cincinnati. These studies are designed to determine 
the effects of VC on the developing fetus, to determine changes of VC 
toxicity caused by nutritional imbalance and interactions with other 
common chemicals, and to develop cell culture techniques for rapid 
screening of the oncogenic potential of VC and related compounds. 
Also, epidemiological studies of neighborhoods near PVC activities 
are scheduled to complement related efforts of other Government agen­
cies.

Regulatory Interests of Other Agencies

Aerosol Sprays

Early this year evidence indicated that some supplies of hair sprays 
containing VC were still on the market, and the Food and Drug Adminis­
tration (FDA) requested that all known manufacturers recall these
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supplies. In early April, three manufacturers initiated recalls for hair 
spray and other drug and cosmetic aerosol products. On April 22, FDA 
published a notice of proposed amendments to the Federal Food, Drug 
and Cosmetic Act concerning the use of VC as an ingredient, including 
propellant, of (a) aerosol drug products, and (b) cosmetic aerosol prod* 
ucts <39 FR 14215). At the same time, but in a separate notice, FDA 
requested a list of all marketed drug products containing VC as an ingre­
dient or packaged in containers of or lined with PVC (39 FR 14238). On 
August 26, FDA published regulations which (a) banned the use of VC in 
cosmetic aerosol products, and (b) required a new drug application as 
a condition for marketing drug aerosol products when VC is used as an 
ingredient <39 FR 30830). r

The Consumer Product Safety Commission has undertaken two steps. 
An information gathering process was initiated in May to determine the 
specific aerosol products containing VC which are being or have been used 
(39 FR 16511). The Commission has identified more than 25 aerosol 
products containing VC and is currently continuing its analyses. On 
August 21, the Commission promulgated a regulation, effective from 
October 7, banning as hazardous substances "self-pressurized products 
intended or suitable for household use that contain VCM as an ingredient 
or in the propellant" <39 FR 30114).

Worker Protection

The Occupational Safety and Health Administration (OSHA) of the De­
partment of Labor, responsible for worker safety, determined that VC 
levels exceeding 50 ppm in the workplace present a hazard and on April 5 
set an emergency temporary standard at that level (39 FR 12342). To 
initiate the process for setting a permanent standard, on May 10, OSHA 
proposed lowering the standard to the level of detection, defined at 1 ppm 
plus or minus 0.5 ppm (39 FR 16896). Public hearings to gather infor­
mation for a permanent standard and to assist OSHA in making a final 
judgement as to the adverse effects of VC and the appropriate levfels of 
exposure to workers were held in June and July. The final standard is to 
be set by October 5, 1974.

Much of the information being developed by OSHA is of direct rele­
vance to EPA concerns, and particularly concerns over an air standard. 
Evenmore importantly the regulatory action taken by OSHA within the next 
several months can have a profound effect on the need for and character of 
action by EPA. If OSHA uses health data as the basis for its standard, 
it is important that the interpretation of the data not be inconsistent 
among agencies. Also, OSHA should be encouraged to recommend control 
techniques which will not simply vent VC to the environment external to 
the workplace.

Unreacted VC Monomer in PVC Products

Early last year reports were received of possible migration of VC to 
distilled spirits and wines packaged in PVC bottles under an experimental 
program authorized by the Department of Treasury. Subsequent inves­
tigations by FDA confirmed that residual VC had migrated from the PVC

20 RSV 0019198



into various distilled spirits and wines. Since there were no available 
toxicological studies supporting a safe level of VC in food, FDA published 
a proposal which in essence would preclude the use of PVC resin in con­
tact with alcoholic food (39 FR 12931). At the same time, the Department 
of Treasury withdrew the approval of the experimental use of PVC bottles 
to contain distilled spirits. Since there was no indication, at that time, 
that VC migration occurred from PVC in contact with non-alcoholic foods, 
FDA proposed a regulation which identified criteria for safe use under 
the prior sanction (38 FR 12931). Recently, however, FDA has received 
data confirming VC migration from PVC packaging into a variety of foods 
and currently is considering limitations on the use of PVC in food packag­
ing.

The Consumer Product Safety Commission has not taken a position on 
unreacted monomer in consumer products.

Transportation Handling

The problems associated with VC have heightened the concern of the 
Department of Transportation (DOT) as to whether any changes in its 
regulations are warranted since some commercially important chemicals 
have been identified as carcinogens. A major question is whether a single 
exposure to these chemicals can cause cancer. At present, DOT is con­
sidering the desirability of changes in labeling requirements and/or 
packaging requirements for carcinogens but has not yet reached a con­
clusion.

In July 1974, DOT published (a) proposals to amend the bulk dan­
gerous cargoes regulations for the carriage of VC (39 FR 26752), and (b) 
a requirement for protective head shields on uninsulated tank cars carry­
ing liquefied flammable compressed gases such as VC (39 FR 27572). In 
a related action in August, DOT proposed amending the requirements for 
handling freight cars carrying hazardous materials to include those pla­
cards as "Dangerous" (39 FR 29197).

Related Research Activities

The Center for Disease Control (CDC) and the National Institute of 
Occupational Safety and Health (NIOSH) are maintaining a nationwide 
surveillance network of all cases of angiosarcoma of the liver which have 
been reported since 1965. For each case identified, the health history 
of the individual will be reviewed and analyzed to determine if there was 
any connection with VC or PVC plants. CDC/NIOSH are also conducting 
studies to determine if other cancers and other mortality causes are 
associated with exposure to VC. In these studies, pathological informa­
tion will be obtained from hospitals. A CDC survey among meat wrappers 
in Houston, Texas, should determine if chemicals produced upon combus­
tion of PVC film may be implicated in "meat wrappers asthma."
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CDC/NIOSH are conducting a comprehensive epidemiological survey 
of workers from 11 polymerization and fabricating plants. Employee 
medical records are being subjected to intense screening to determine 
the scope and magnitude of VC effects. Hospital data obtained in this 
study are being sent to the angiosarcoma network. NIOSH is also 
planning studies to determine the levels of exposure at fabricating 
plants and to determine if cosmeticians exposed to VC from aerosol 
hair sprays have had any cases of liver angiosarcoma.

The Consumer Product Safety Commission plans to support rodent 
experiments to determine the effects over a lifetime of single dose and/or 
intermittent exposures of VC at several dose levels. Reproductive, 
mutagenic, and teratogenic effects may be considered.

The National Institute of Environmental Health Sciences (NIEHS) has 
taken an active role in bringing together interested Government agencies, 
industry, and the academic community to begin to assess the public health 
implications of a broad range of chemicals used in the plastics industry. 
An initial meeting in Pinehurst. North Carolina, from July 29 to 31 was 
designed to set the stage for a continuing effort to sort out research pri­
orities within Government and industry, as well as to highlight the types 
of considerations that should surround regulatory actions in this field.

The National Cancer Institute is providing pathology services (human 
and experimental animal) and in collaboration with the Armed Forces 
Institute of Pathology is establishing a case registry for VC associated 
diseases.

The National Bureau of Standards (NBS) is conducting research on the 
development of calibration methods for EPA. This includes preparation 
of standard VC air mixtures in the ppm range and of charcoal sampling 
tubes with known VC loadings. NBS is also doing research to develop 
more sensitive techniques for the detection of VC in the atmosphere.

Role of Industry

During the past several months industry has cooperated extensively 
with the Task Force and with individual Agency offices in the assessment 
of problems associated with VC/PVC activities. Summarized below are 
some of the areas of greatest concern involving major industrial commit­
ments.

Reducing Disharges of VC and Other Toxic Chemicals -

There is no doubt that industry has taken and can continue to take a 
variety of immediate steps at relatively little cost to reduce the VC 
losses at VC and PVC polymerization facilities. During the past few 
months many plants have already started to tighten maintenance and 
operating procedures; other plants are installing improved pumps, seals.

RSV 0019200

22



i

and disconnect devices; while still other plants are introducing more 
significant process changes. One company is reportedly spending $3 
million to tighten the processes at a single PVC facility; another company 
reports that it has 100 engineers working to introduce modifications that 
will dramatically cut VC losses at several plants.

In the longer run significantly different approaches to the polymeri­
zation process may be in order. Clearly, the opening of the reactor 
kettles is a major source of discharges, and a continuous rather than 
batch process should be considered as an example of a design change to 
reduce VC losses. In the batch process the trend toward larger ket­
tles will probably accelerate- At"the same time some companies may 
elect to mark time with regard to major modifications or significant new 
departures until the initial OSHA and EPA regulatory approaches become 
clearer.

A number of other toxic chemicals are also associated with VC/PVC 
activities. As previously mentioned the disposal of tars and the dis­
charges of toxic metals at PVC compounding plants are of particular 
concern. A number of the troublesome chemicals may be better known to 
industry than Government, and industry should not delay in taking correc­
tive actions even though these chemicals have not yet been designated for 
control by the Government.

Medical Surveillance

Clearly, VC concerns have triggered extensive medical surveillance 
programs of VC and PVC workers throughout the industry. These pro­
grams should become routine to cover a far broader swath of chemicals 
at VC/PVC and other chemical complexes. Published analyses of the 
results of such programs would be very valuable to EPA and other 
agencies.

In addition, industry has a responsibility to support medical surveil­
lance programs for residents in neighborhoods adjacent to VC/PVC 
complexes and other types of plants releasing chemicals into these neigh­
borhoods. The character of such surveillance will obviously depend on 
the type of chemicals involved and the arrangements that can be worked 
out by industry with local health authorities.

Fenceline Monitoring for Chemical Discharges

Traditionally, the chemical industry has conducted very little fence­
line monitoring not required by Federal, state, or local agencies to de­
termine the chemical discharges leaving plant property. During the past 
several months, however, monitoring for VC has become a concern, and 
hopefully this concern will rapidly spread to other chemicals. Clearly, 
a plant manager should know the chemical mix of the air emissions
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drifting over the plant fence into nearby neighborhoods. Similarly, he 
should be fully aware of the chemical cross section of his liquid and solid 
waste streams. Thus, a far more intensive physical monitoring effort on 
the part of industry is needed -- monitoring not only for gross pollution 
(e.g., biological oxygen demand, chemical oxygen demand, total suspend* 
ed solids) but for individual chemicals as well, including VC and related 
chlorinated hydrocarbons.

Toxicological Testing of VC

Until the recent revelations concerning the relationship of VC to 
angiosarcoma of the liver, the efforts of U. S. industry to clarify the 
chronic toxicity of VC were nearly negligible, despite the commercial 
importance of VC. The industrial studies of the early sixties and the 
recent Manufacturing Chemists Association ( MCA) toxicological study on 
behalf of a number of companies have not been adequate, in terms of 
direction, scope, or quality. Even the additional toxicological studies 
which have been proposed by MCA calling for animal exposures down to 
1 ppm of VC may not be sufficient if the objective is to understand in 
some detail the biological effects from the types of dose levels likely 
to be found in the workplace and beyond. This proposed effort, while 
important, is but a small step toward a very complicated problem. Also, 
a number of experts have expressed concern over the design and statis- 
tical significance of the studies as currently planned.

Testing for Persistence and Environmental Fate and Effects of VC
and PVC---------------------------------

A related area is industry's responsibility to clarify the environmental 
fate and effects of the chemicals it manufactures, and in this case the 
behavior of VC in water and air (including degradation products) and the 
fate and effects of products containing PVC in soil and water. This is 
a new area which has not attracted sufficient attention from industry but 
which is of crucial importance in assessing environmental impacts of 
chemical activities. Governmental leadership will probably be essen­
tial in helping to point the way as to the types of tests and analyses that 
are the most appropriate.

Testing for Levels of Unreacted Monomer in PVC Resins and PVC 
Products - -

In view of the likelihood that FDA will limit the levels of unreacted VC 
allowed in PVC food packaging, industry has recently accelerated efforts 
to analyze the levels of VC that are present in PVC resin used for food 
packaging and in the packaging itself. This relatively inexpensive pro­
cedure should be extended to other types of products as well. It is par­
ticularly important that the manufacturers of resin, who in general are 
well equipped to carry out the necessary sampling and analysis, advise 
their customers (i. e., the fabricators) of the quality of the resin in 
terms of unreacted monomer in addition to the usual quality criteria. The 
fabricators in turn have a responsibility to be aware of the levels of 
unreacted monomer that persist in the products that eventually reach 
the marketplace.
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RECOMMENDATIONS

This Section sets forth the recommendations of the Task Force 
concerning steps that should be taken by the Agency and steps that 
the Agency should encourage industry to take in the near term to (a) 
help clarify and reduce the risks associated with VC/PVC activities# and 
(b) take full advantage of our experiences with these chemicals in ad­
dressing other chemicals.

Regulatory and Directly Supportive Actions by EPA 

Recommendation #1:

An air standard for YC should be established as soon as practical 
under the Clean Air Act for VC and PVC polymerization plants 
and# if warranted by further investigations# for PVC fabrication 
plants. The Agency should determine the ambient levels that are 
likely to be achieved and, to the extent possible# the health risks 
associated with such levels

Recommendation #2:

Additional ambient air monitoring should be carried out to support 
regulatory action under the Clean Air Act. These efforts should 
include sampling at a number of carefully selected sites around a 
few VC, PVC polymerization, and PVC fabrication plants. The moni­
toring measurements made at these facilities should be correlated 
with specific in-plant activities such as reactor venting.

Recommendation #3:

More detailed material balance studies should be conducted, in 
cooperation .with industry# at a few VC and PVC polymerization 
plants. Specific VC leakage points should be more clearly identified, 
and attempts should be made to correlate the magnitude and timing 
of the estimated losses with the levels of VC detected in a monitoring 
program.

Recommendation #4:

A program should be initiated to determine whether and to what 
extent background levels of VC are present in the ambient air - - 
indoors# and outdoors—due to the presence of PVC products.

Recommendation #5:

A limited VC monitoring program should be undertaken of drinking 
water supplies which might be contaminated from VC discharges 
from nearby PVC plants. Prior to undertaking the program sampling 
and analysis procedures should be carefully reviewed and refined as 
necessary.
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Recommendation #6:

A study should be conducted to determine the amount of VC migra­
ting out of PVC products used in water distribution systems--such 
as PVC pipe or storage tank liners. Prior to undertaking the pro­
gram sampling and analysis procedures should be carefully reviewed 
and refined as necessary.

Recommendation #7:

To insure comparability of results between laboratories EPA should 
further develop its interim method into a standardized method for 
monitoring levels of VC. Concurrently, the Agency should also 
investigate the feasibility of developing continuous air monitoring 
devices.

Recommendation #8:

Monitoring and bench-scale studies should be conducted around 
industrial storage and disposal sites and municipal disposal sites 
to determine the types and quantities of toxic substances leached 
or discharged out of (a) semi-solid and solid wastes generated by 
VC/PVC facilities, or (b) PVC products discarded by consumers. 
If these studies indicate that there could be a health or environ­
mental hazard, guidelines should be developed to control the storage 
and disposal of these wastes.

Recommendation #9:

The responsible Office should continue to support currently planned 
VC toxicological studies.

Recommendation #10:

The responsible Office should continue to support currently planned 
VC epidemiological studies.

Recommendation #11:

More intensive studies should be conducted on the behavior of VC in 
the atmosphere and in the aquatic environment, and particularly on its 
degradation products and related chemical reactions. These studies 
should be supported by both industry and Government.

Recommendation #12:

The industries covered by the Effluent Guidelines for the Plastics 
Industry promulgated tinder the Federal Water Pollution Control 
Act should be expanded beyond the production of resins to include 
the compounding and directly associated activities that result in 
discharges into the water of toxic metals and other chemicals of par­
ticular concern.
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Recommendation #13:

Enforcement efforts* including spot checks of manufacturers* 
distributors* and retail outlets, should continue to be pursued 
vigorously to insure that pesticidal sprays containing VC as a 
propellant are removed from the channels of trade as rapidly 
as possible.

Recommendation #14:

Regional. State, and local authorities should be kept fully 
informed of Agency efforts under* the Clean Air Act and other 
authorities. As the Federal approach becomes clearer, they 
should be encouraged to undertake supportive actions as appro* 
priate.

Recommendation #15:

The Agency should build on the experience gained in respond­
ing to the problems associated with VC in strengthening its 
organizational, manpower, and contractor resources to anticipate 
and respond to similar situations involving other chemicals. 
Readily available information on the handling of VC should be 
made available to the Regional Offices to assist them in respond­
ing to rail or barge accidents resulting in the release of VC.

Recommendation #16:

Laboratory procedures for safe handling of VC should be developed 
and distributed to all EPA laboratories. Consideration should be 
promptly given to how such procedures can most effectively be 
developed for a number of carcinogens that are likely to be of con­
cern to the Agency.

Recommendation #17:

Should the Toxic Substances Control Act be enacted, prompt 
consideration should be given to the need for and feasibility of 
(a) requirements for industrial testing of the toxicity of VC at 
low ambient levels and the persistence of VC in different media, 
and (b) limitations on the levels of unreacted VC monomer in 
selected PVC products.

Recommendation #18:

The Agency should continue its leadership role in bringing together 
the interested Federal agencies to exchange views on regulatory 
actions, supporting activities, and research projects directed to 
problems associated with VC and PVC. In addition, an appropriate 
interagency mechanism should be developed to address a broader 
spectrum of potential problems associated with the plastics 
industry.
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Recommendation #19:

EPA should exercise leadership in stimulating Governmental and 
industrial efforts to analyze in depth the other high volume 
chemicals (e.g., top 50 in terms of pounds of production) to 
identify those which deserve additional testing or controls to 
clarify or reduce potential environmental problems.

Steps by Industry

Recommendation #20:

All possible steps to tighten up operating and maintenance pro­
cedures to reduce VC and PVC losses at VC. PVC polymeri­
zation. and PVC fabrication facilities should be taken promptly 
without waiting for further Governmental regulatory actions. 
R&D efforts should be expanded to develop new approaches to 
reduce losses during polymerization, such as continuous flow 
systems.

Recommendation #21:

Each VC and PVC resin facility, and indeed chemical complexes 
in general, should have up-to-date information on the character 
and extent of the chemical pollutants that are leaving the plant 
property as air, water, or solid waste discharges or degradation 
products. A systematic monitoring program operated by industry 
at the fence line and beyond will in many cases be essential to 
ascertain the nature of the pollutants reaching nearby neighbor­
hoods.

Recommendation #22:

The levels of unreacted VC monomer in all grades of PVC resin 
should be routinely ascertained and purchasers of the resin should 
be advised accordingly. Also, analyses of the rates of release 
of VC monomer from PVC products should be expanded.

Recommendation #23:

The Manufacturing Chemists Association should, in consultation 
with interested Government agencies, carefully reevaluate its 
planned VC toxicological experiments at low doses to insure 
that the design is (a) statistically reliable, and (b) relevant to the 
ambient air concerns of EPA.
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est°blis >me nts where no illness was observe! at all in the workers,, 

the vinyl chloride did not exceed 1=0 ppre. ’.‘.’hen applying aspiration 

lids on the filters and an efficient.air exchange at the interior of 

the autoclaves during the cleaning process, a clear drop was noted in 

the vinyl chloride concentrations in the work environment and in the 

appearance of any .organic disturbances aror.r the personnel.

experimental Investigations - An investigation was made tc. study the 

distribution of monomer in the animal organism.. At the end' of the 

process there was the maximum concentration of vinyl chloride iii all', 

the orr.cnc and particularly in the bicod, with a varied distribution, 

air.on;-;; corpuscles and plasma. The red cells contained r;:orc wonomsr tha 

sc-ru.7, in a very divergent ratio according to the concentration to vrr.l 

the- animals were exposed. Vinyl chloride is present in the urine as 

soon as emitted, but the major cuantity is found in the' expired air 

which represents the main channel of elimination of the compound. The 

monomer concentration in the expired air, the blood,, urine and the 

various organs falls rapidly curing the first hour, to disappear com­

pletely after three - four hours. It seems that, vinyl, chloride, has 

very unstable connections with organic comr.-onents in that* it tends to 

free itself spontaneously from the urine, the blood and the orr&r* 

homogenates^ •»»

One group of rats was exposed for a y

at a concentration of 3;** during the exnos

state of slight drovsin-ess, yet at the hey

did not rresent. nodi t'I r?» ?.5 nviq n** rv>a Vv-inu • * * ^

ear to vir.yl chloride vapor 

ure the animal's presentee a 

ir.r.jr.r. of the treatment ths

>»«v»»»ifi rr eiucrc

5Cv/cA-wa.i.y or i dmOxUf au'ac.'ULis oivaruc tccc.ii ications
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jtenth month some animals had started to present decrease or the tody 

weight, of aggresslvity, reaction to external stimuli and some 

ccuilltriuD disturbances.. Thirteen animals died through c-e-mpH cat ions 

of the cardio-respiratory apparatus, accompanied by bronco-pulr.onary 

manifestations, sometimes hemnorrhagic,and extensive pleuro-cardiac 

reactions. Two animals died due to hemoperitonsa. Signs of suffering 

of the brain, the liver, and the kidneys existed in the majority of 

the animals. Six rats also presented modifications of the skeleton 

and the soft tissues of the paws.

The small metatarsal bones presented an extensive periostal 

proliferation of elements of the cartilagincous type, which seemed to 

originate directly from the tissue by metaplasia of same. At the S 

periphery of the newly formed cartilage, the cellular elements were 

compacted and turgientially arranged to ths cartilage so as to con­

stitute a perichondral layer. The isogenous groups of the eartilece 

were irregularly arranged and the nuclei contained in these appeared of 

non-uniform size and often two or more nuclei were present in one 

cell. The edges of the cartileces appeared irregular through the 

presence of digitifera formations, an expression of a diverse growth 

potential. Manifestations' of chcndroid metaplasia were also'-present 

in zones of mature, compact bone in which the cartilagenous elements 

were arranged at -illegible— around a central osseous nucleus as 

observed in the osteo-chor.dromatous processes. In the small bones the 

ctior.droid metaplasia process was sometimes vwy extensive and the bones 

appeared as if soaked with a mucoid substance which altered the 

characteristic arrangement of the osteomes v;ith disappearance of the 

cement lines. The skin, of the paws presented zones of hyperkeratosis, 

superficial thickening of the epidermis; vec^cO.' or. end degenera­

tion of the basal layer, dis&ipyccu'twicb of the cutaneous connect!cm*,
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slight accentuation of the papillary layer of the skin. Almost 

constant was an edematous state of the epidermic zone. The connective 

tissue appeared changed due to separation_of the collagenous turtles. 

Diminution and fragmentation of the elastic reticule was present. The 

small arterial vessels presented signs of sub-endothelial fibrbsis 

with thickening and separation of the elastic covering, often associate 

with a partial hyalinization and homogeneization of the walls and with 

a proliferation of the endothelium. Some vessels seemed completely 

occluded with proliferation of the connective tissue in '‘onion skin' 

fora. The small nerve bundles often appeared enriched and infiltrated' 

by fibrotic processes. The microscopic examination of the brain 

demonsti-ated diffuse degenerative lesions of the grey and of the 

vhitc natter. The external granular layer often appeared reduced and 

in so:*** a reduction of the middle ''ells ??nd ri r*-:^ tie r*> 7 i 3

existed. The hypcrcolcred, atrophied neurons were numerous with dis­

appearance of the nucleoli and sometimes even the nucleus. At the level 

of the white substance were zones of intense reactive rliosis eor.stitu".

in large part of protoplasmatic and fibrillar astrocytes, some of 
were

v:hich/ar ranged in tubes around the blood vessels. These presented 

manifestations of neuronophagia with satellitosls by arrangement of 

oligodendroglia elements around the altered nervous cells,. Slight pro­

liferation of microglial elements especially in the zones of most 

intense gli_osis. Zones of intense spongiosis were present with
t X.

accumulation of astrocy.ary elements with abundant basofilous cytoplasv 

of the penistoevte type and of microglial elements whose aspect re­

minded one of the "scavenger cells” :e csrebellum/si-rir-7 of atro;/:

of the granuler layer,often represented only by a few isolated nvclc* 

The layer of Furktnye cells was in some zones profoundly alter':! in
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that the cells appeared affected by an intense degenerative process 

and one could observe all the diverse aspects of this alteration of 

the healthy cell to the moat affected one, from which had disappeared 

any characteristic morphology and remained only small homogeneous 

bodies with Indistinct boundaries. The molecular layer appeared, with 

the exception of restricted zones, rather undisturbed.

The liver, often increased in volume, sometimes had an unexpected 

color with a smooth surface ar.d was often more friable than normal. 

Histological examination demonstrated in the majority of the cases 

the signs of a diffuse interstitial hepatitis with numerous hepatic 

cells affected by repressive processes which went from a turbid 

degeneration of the cytoplasm to necrosis with distinct protoplasmatic 

and nuclear polymorphism. Sonie hepatccytss presented gigantic nuclei 

end ^sub^c nuclei It; th,<? -c»tb"d£ $-r -m-, r. c* * ar* ul'-avs

existed a corpusculate exudation composed of round-cellular elements 

of Lymphocyte and plasma-cellular type. The often hypertrophic Kupfer 

cells presented an abnormal proliferation. The triangular spaces 

appeared increased by infiltration of round and polynucleatic cells 

and of eoslnophiles with marked cellular polymorphism. The congestion 

of the portal capillaries and of the centrolobular Veins and of the 

sinusoids wi-th numerous hotbeds of parcellar necrosis in. the middle 

zone was not infrequent. A diffuse adipose degeneration with snail 

drops with restricted zones of acidophile necrosis and formation of 

bodies similar to the round, acidophile or.esh in viral hepatitis .and 

to those of "Councilman" in yellow fever v/33 often present. In some 

cases the signs of an intense fiore sclerotic reaction were traced 

beside the degenerative processes. The kidneys never seemed excessive­

ly altered by the prolonged exposure to vinyl chloride, ever* though 

the signs of a tubulo-r.cphrosit sometimes associated with a chronic.
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' interstitial nephritis, were always present. l-Tod* ±cations of a modest 

nature took place in the thyroid where ‘an increase of the para'-follicu 

cells and sonetir.es the signs of a colloidal goiter observed. The

control animals never presented the histopatholorlcal modifications 

of the skeleton and of the various organs.

Medical investigation - The personnel of an establishment for the 

polymerization of polyvinyl chloride were submitted from 1966 to 

this date to repeated medical observations. During the course of the 

first investigation,one case of acrcosteolysis was identified among 

the personnel employed in the manufacture.

A young man of 35 years/ employed 

of autoclaves, presented acroosteolytic 

phalange of the first, second, third,

for three years in the cleaning 

lesions of the third distal 

and fifth finger of the right

hand ana the first, second, third of the left hand (fig. 1). The 

fingers were slightly swollen, pasty, on the bach shin of the hands

and the face of the palm of the forearms /sic.__7 snail white pimples

were noted, the nails of the first and of. the second fingers of both 

hands were enlarged and rounded in "watch-glass" fashion. During the 

winter months the cold caused pain in the hands which became pale and 

often presented chilblains. The disturbances became more pronounced 

recently. The patient did not report pair, in the hands either during

work or when touching the fingers. For about tv/o years he digestion

difficulties-snd a certain aversion towards fats. Kis tody weight was 

reduced and he often reported asthenia and headaches. The liver exceci 

ed by two finger3 the costal arch, it was of normal consistency, 

moderately painful to the touch. The arterial pressure was l^C/lCO. 

Normal E’CG-. The laboratory exams gave the following results::

Ms c . • li u. t.? Wijrvd n r*T v Kvnbul +e°+ ^ r--r ^iirrcr test
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7.7/ICC cc •,.neg.; aldolasis 6,4 u/cc*r total proteinenia gr. 

albumin globulin ratio 0.*C; albumin globulin 66jT; al'fa globulin* ;

1 f>\ alfa2; 6£; -beta globulin "2l£; globulin 35£; iodine

protidecia 3-65 gamma^j; mercury of urine 20 y/liter. The hemochromo- 

cytometric exam, azotemia, rlycemia, uricoemia, cholesterolemia, 

alkaline and acid phosphatase, ’/isaler-Rose reaction and the Latex test 

were within the- physiological limits; the LF cell search was negative, 

the phosphoremia, calcemia, c&lciuria-and phesphaturia were normal.

Removed from the department after two years, his general condition 

inproved, the asthenia and the headaches disappeared. The radiographic 

exam of the hands demonstrated that the acrocstE~"olytic lesions were 

replaced by a process of osseous recovery- The perif.eric. circulatory dis 

turbances persisted; so did the deformation of the nails.

>:c ether cases of acrcost-2olysis were observed aseng the personnel 

employed in the polymerization process. Five workers presented cir­

culatory disturbances with Raynaud phenomenon. Fifteen presented 

kepatcaeg&lia and signs of small hepatic insufficiency, but.their con­

dition was greatly improved after modifying their diet, which was ex­

cessively rich in animal fats. The iodine protidomia was', cm the 

average, maladjusted toward the low values of the/illegible//, the 

quantity of nercury found in the urine was below / Illegible./ .,

Similar investigations were made in other establishments occupied 

in the process of polymerization of vir.yl chloride, employing a total 

of 5.0C workers, among which thirteen cases o? acroos teol'ysis were 

diagnosed. Hence the opportunity existed to compare the results, of 

our investigation and to extend ever a larsrer number of. cases our

observations on-which basis it was possible to trace a ricture of the 

synitoeHioj ocry ana the course of the disease.
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DISCUSSION

The prolongs! exposure to vinyl chloride vapors In concentrateons 

sufficient to produce a state of poisoning,induces In man a disease 

which can have an acute or a chronic progress. The acute form is 

caused by exposure to very high, concentrations of monomer. It la 

characterized by general malaise, headaches, dizziness, asthenia and 

sometimes nausea, vomiting and chills. If exposure to monomer is pro­

longed and above all if its concentration in the ambiant air is higher 

than 100,000 ppm. unconsciousness, narcosis, cardiac and respiratory 

disturbances also appear.which could even cause the death of the. 

patient. The effect of the monomer in these cases is primarily on the 

ttsrvuuS yyultra besides that on the ayocArdiuts, and death occurs due

to cardio-rssciratcry disturbances.

Chronic poisoning arises instead through exposure to lover con­

centrations of vinyl chloride and is characterized by alterations of 

the nervous system, of the circulatory and digestive system, the 

bones and the skeleton. The nervous disturbances are the first to 

manifest themselves each time the vinyl chloride concentration is 

sufficiently high to ce perceived by smell. / illegible _/ nay. be: 

a state of euphoria upon which follow {_ illegible __/ astenia,- heavines 

of the legs, vertigo and after prolonged exposure also a sensation of 

tingling in the inferior joints, of heat all over the body and' ■ 

somnolence which may persist ever, after discontinuing the work.. These 

disturbances disappear after a day or two of rest,, but if exposure 

to very high concentrations continues, a state cf neurosis can 

-appear together with headaches.,, states of excitation, reduction of 

memory, general astnsrtla, nocturnal insomnia often accompanied by
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digestive disturbances with, a sense of*heaviness in the epigastrium and 

in the.right.hypochondrius /sic._/, difficult digestion, -bloating, 

anorexia especially with, regard to fats and hepatosplenoraegaly. Under 

these conditions food intake is reduced and body weight tends to 

decrease. The liver is increased in volume and can present signs, 

almost always slight, of modification of the hepatocyte function.

Often the spleen is also increased in volume.

Besides these nervous and digestive disturbances, there is specific 

evidence of poieoning, in a certain number of cases- a Raynaud 

syndrome may establish itself which manifests Itself by pain and 

crises of asphyxia of the fingers and sometimes of the toes after ex­

posure to cold. In these- cases the patients complain about cJold hands, 

pain p.t tne pressure of objects, paresthesia; the fingers are pale, 

rarely livid, cold, deformed by a hard edema with inelastic, thickened 

and atrophic skin which does not glide on the underlying tissues and 

is therefore difficult to lift off in folds. The skin of the tack of 

the hands and of the distal part of the forearm presented whitish 

papulae with zones of hyperkeratosis. Sphyemography does not reveal 

modifications of the arteriolo-capillary circulation, but arteriography 

shows an intense distal vasoconstriction of the arteries at the level 

of the fingers.

The most characteristic sign of the disease is represented however 

by the osseous Issionc of the hands. Fxterior signs of the lesion, but 

which are not necessarily present, are: pain to touch of the distal 

part of the fingers,, abnormal flexibility of the nail phalanges, 

paresthesia, deforma lien of the nails which are often streaked and v/r.i 

tend tc be enlarged., The caseous modifications manifest themselves for- 

the most .n.^rt. At, +>>» ”[ev'e! of the nail phalange of the" finaero of the 

hand, more rarely in the toes and in -the kneecao. Thickening of the
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marginal part of the pelvis, increase of the sacro-Illac space, 

images of pseudo-fracture of the cubital styloid, were observed*

The inter-phalangeal Joints can be involved in the disease process 

by which the articular entir. are- deformed and maladjusted one 

on top of the other. It is a particular characteristic of the lesion 

that it is symmetrical in both hands and that it affects almost 

always more than one finder. (Fig.l). The pathological process may 

initially be extremely limited and in these cases during the 

radiographic examination they present the*nsn iv'-s with a dill r.v.th on 

of the thickness of the cortical part of the phalange or with small 

•half-moon shaped incisions, perpendicular to the edge of this, or 

with limited round z'-nes of osseous diminution.. In a subsequent 

the illness presented more characteristic radiographicai 

images. Thr- nr.-l onn be c-vt'neriely 7'?¥“o2 so a? to hav?

the aspect which French authors call "sucked beet surer", since It 

is diminished ir. thickness, deprived of the cortical part and has 

a pointed distal extreme. (Fig.2}. Ir. other cases,, .the phalange 

presented in its distal third a loss of substance along a transverse 

zone in all its thickness, with a picture which recalled that of'a 

fracture (Fig.3). The distal part is sometimes limited to a very 

small fragment which may in due time disappear,, for the tone seems 

as if amputated (Fig.4), After these patients are removed frem their 

specific work, one observes a process cf recovery of the lesion and 

the zones of diminution are slowly replaced by an intense osseous 

proliferation, rich in osteophytes, in which is no Longer rscornize- 

ablc the characteristic trabecular pattern... In this stage of the 

illr.es, the. formation of small round sense of osseous increase is

—requenj, /.f.cr d^cccntlnuatlcn cf cajCouI’c Lij uue lu.\,iu hi!«ion 01 

vinyl cnionce, the general conditions of nutrition improve raridly
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as do those of the digestive functionsThe nervous disturbances are 

slower to disappear tut the angioneurotic ones persist. The fine-ers 

often remain shorter, in the shape of drumsticks, with the nails having; 

a watch-glass shape.

In our investigation ve did not find significant modifications of 

the thyroid, the kidneys, the cardio-circulatory apparatus, nor 

functional modifications of other organs nor a ma’or incidence of

neoplastic forms.

The bioptic examination of the papulae which often appear on the

skin of the hands and forearms of those exposed to vinyl chlci'ide

vapors.always revealed diffuse degenerative manifestations. The

epidermis and its annexes appeared normal but the dermic connective

tissue separated in collagenous bundles, poor in cells. This has lost

its staining-. affinity for anilin blue ana uri.-kt rrecn, while "svsimnjr

well with saffron and trichronic color, FAS and mud-carmine. The

elastic reticule stained well with orceine, with FAS and suci-carmine,
it M2

presenting: slight cetachroaiasia with Toluidine blue: ur.~iAatrophic and 

reduced to few fragmented and scattered fibers..The nerve ends appeared 

atrophic and degenerative in the sclerotic process. The VJajner- 

Keissner and-Pacini corpuscles were not altered-. The capillaries and 

the arterioles of the deep layer of the skin are constantly altered by 

a state of capillaritis and constipating arteriolitis. These vessels 

seemed surrounded by a tubs of periihelial elements vfith one or several 

layers; the-wall is affected by a process of fitro-hyalinosia with 

diminution, up to the complete obliteration of the vessel lumen (26). 

Sometimes the small arteries cf the skin have vails extremely thickens:: 

with hypertrophy of the middle; and fibrotic thickening; of the internal 

part (27). The capillaries of the skin aupearect on the contr.vrv 

^listed, vrith swollen emotViellurj un-.i .often with h ot cluber-l t: ‘nsju of
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edema. Biopsy of an osseous fragment of the phalange of a man affected 

by acroosteoliais demonstrated that the periosteum presented a very 

pronounced sclero-hyaline thickening with chondroid metaplasia in 

large bands in the deeper layers (26).

More than sixty cases of acroosteolysis were iescnbei, for tv*e 

most part among the personnel employed in the cleaning of autoclaves. 

Their incidence varied from 1.5£ according to Karris^, to according 

to Vilson, 4.5^ according to Chatelain, 12.6ft according to Kova. The 

average age was between twenty-five and forty years.

The etiology of the disease suggested by technical considerations 

and the study of the working conditions has confirmed that of the 

experimental research. It is impossible not to think of vinyl chloride 

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

atmospheres and its toxic effect or. the huicaii organism is h;.o.v:i. It 

is true that \r. the polymerization process many other substances are 

used, but for the most part of those no traces of gas remain in the 

autoclaves as opposed to monomer which always remains in considerable 

quantity. Furthermore, these additives- are not always equal/since when 

a check of the manufacturing methods and the substances used was made 

in six companies, it was found that the only compound which was always 

used and by All in the last ten years, was vinyl chloride. The relation 

between monomer and the nervous and digestive disturbances is too 

evident to permit doubt as to this aspect of the problem. There is 

resemblance between the alterations of the connective tissue, the 

elastic reticulum of the nerve endings and the vessels of those animals 

to those presented by men affected with acroosteolisis. The connective 

tissue is separated in cell-poor collagenous bundles, the- elastic 

j'wllvuiti is notably diminished aim m part fragmentedj the small r.ervs
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bunaTr5-are'’inglotatod and Infiltrated by fibrotic processes; the 

small arterial vessels present a diminution of their juincn up to the 

complete obliteration by notification of the vessel vails. Karin 

referred to the results of a biopsy performed at the level of the 

acroosteolytic lesions of the phalanges of a nan, and defines the 

fundamental histopatholcgical alterations of the lesions: a thickening 

of the- periosteum with chondroid metaplasia of the deeper layers.

It is the same as observed in the raws of rats exposed for one year to 

vinyl chloride vapors. The small metatarsal tones present an abundant 

pericstal proliferation of elements which are initially of the 

cartilaginous type end which seem to originate from the underlying 

osseous tissue. Subsequently this proliferation rives way to an often 

perichondral layer. In the deeper layers ample zones of mature, com­

pacted tissue are replaced by car-tilaccneous tissue. »v.ch 5n t-’.sic 

substar.ee. From all these references it seems sufficiently demonstruted 

that the functional and organic modifications observed in the men 

occupied in the polymerization process are caused by vinyl chloride.

It must,, however, be pointed cut that the compound studied by us i.a 

not chemically pure, but is a commercial compound which, as already 

described, contains numerous impurities, some of which present a 

definite toxicity for the animal organism. The total {_ illegible _/ 

of these contaminated compounds varies between 0.1 and \$ but the 

quantity of each substance which actually penetrates into the organism 

during the inhalation of vinyl chloride is extremely reduced.. This is 

not a sufficient argument, to exclude a priori their participation in 

the lesions encountered in nan and in the animal, because some of these 

like carbon tetrachloride, can produce a toxic effect even at very low 

concentrations, but cf course their effect cannot be determined. One 

impurity which has particularly claimed our attention is mercury which
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can be present in the monomer obtained bv synthesis of acetylene and 

of chlorhydric acid. It can be seen in the literature (35, 36, 37, 3D, 

59, AO)‘that in the process of synthesis, at the level of active carbon, 

an iriternediate organic compound also called Eifinelli compound forms, 

which is chloro - 2 - chlorvinyl - nercuryl tr m-arcvr/UhtomDc:cmlcr- 

ViHVL which when reacting- with chlorhydric acid

forci vinyl chloride (CKg - CHCt ). An as-yet-unpublished investigation 

vas made to study whether organic mercury compounds exist in commercial 

monomer. This possibility could be excluded because the compounds 

which form at the level of active carbon impregnated with mercuric

chloride are split from the chlorhydric acid, vrhich ir. the ph- ase 

subsequent to synthesis comes in contact with the noncmer in the so- 

called “ felling towers'*. Furthermore, the mercury, exclusively in the 

1 norganic fort?, is found iri ex Lrui.i^lv sm^ll quartif i c-s \-n t.’-*® ">orr>'’,ftr 

which arrives at polymerization ar.d its concentration varies between 

1C and 60 y/kg. A check made or. the personnel employed in the 

autoclaves demonstrated that the quantity of mercury in the urine does 

not, on the average, reach 30 /illegible _/ , that contained in.the 

hair is negligible. The possibility, even though remote, of a participa 

tion of the contaminating compounds in the organic modification induced 

by vinyl chloride carnet be excluded. Neither can the hypothesis of a 

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

in the autoclaves after the polymerization process. As in fact other 

authors (24, 26) have seated,' in the bubbles ’v:hich form in the residual 

crusts (deposits) always remains monomer with traces (lover than 0*1;I) 

1»1 - dichicroethane; 1,2 - dichlcroc thane; perchlorcethyleno; 

acetaldehyde; Gaboon tetrachloride; vinyl bromide; 1 - chlorpropnr--’; 

vlnylcdonc chloride; 1,2 - dichiorosthylent; ■trichloroethylene; r- — »• «“* ’•*
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methyl chloride; methylene chloride; chloroform; 1,1,1 -trichlcrcethane.

The.pathogenesis of this disease syndrome is comrlex. Vinyl 

chloride penetrates the respiratory tree and with the blood spreads 

throughout the whole organism, it does not seem to contract bond3 with 

the organic components, it crosses the cellular harriers easily and is 

eliminated from .the organism through the expired air and in minor 

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

system is rapid and intense. The hecatocyte feels the toxic, effect of. 

monomer as do the .peripheral arterioles and the connective tissue, 

where the collagenous structures to a major extent are affected..

It might ts interesting in this respect,through a possible, work, hypothesi 

to determine the affinities which exist between the modifications 

induced by vinyl chloride and those found in the experimental

lainyricc Oi» 32). The iisynaud syndrome cannot be separatee the

artcrio-capillary lesions which are caused in part by the toxic effect 

of vinyl chloride, as was. experimentally demonstrated, and in part by 

a traumatic effect which is related to the specific autoclave, cleaning 

work. In fact, to remove the polymer crusts, the workers use metal' 

spatulas with short wooden handles which are used alternatively with 

one hand or the other, pushing with the palm of the hand. The- vascular, 

modificationc:in particularly predisposed subjects can be caused in part 

by these microtraumas with the mechanism of the instruments vibrating, 

and probably with the involvement of neurological components.

Present knowledge is insufficient to. explain the pathogenesis of. 

the osseous lesion. This modification was termed acrcaste.ol'ysis due to 

a certain radiological similarity with the illness described by Guy— 

Laroche and Hochfeld (33) in 1?4S and by Harr.sch (3*) in. 19=0.. This 

illness is characterized by the progressive absorption of. the bone of 

tne extreme distal of the joints and by perlcheral c? rcvTe.tory
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dVs-tur.hanges-. of which'an idiopathic fora end a familiar fora are 

described. The acroosteolj'sls of Suy-Laroche and Kochfeld is often 

associated with a generalized- osteoporotic process and can affect not 

only the Joints tut also the bones of the elcov.r, the collarbone, the 

Jaw, the nose tone and the sella turcica. The illness has teen related 

to neurotrophic disturbances (35) and by some authors (36) to an 

osseous reabsorption progress determined by an excessive growth of the 

capillaries of tne oone.

The osseous modifications of the vinyl chloride disease cannot be 

confused with the "acrco'steolysis" of Guy-Larcche, nor with the 

"massive osteolysis" of Gorham and Stout which consists of angiomatosis

of the blood and lymph, nor with the illness of Pierre-Marie and Leri 

which is basically a chronic, evolutive polyarthritis in which there is 

a resorption of tb." extremity of the hone, r.Oi- with the Raynaud disease 

nor with pocryasic rheumatism in which acroosteolytic manifestations or 

added to the cutaneous disease, nor with the osseous rrodifications 

of syringomyelia, scleroderma and sclerodactylia and even less with 

the illness of Ainhum or with the osteolysis of leprosy or tabes.

The acroosteolysis of vinyl chloride is a disease manifestation 

with its own known etiology, symptomatology and clinical progress., 

with well-defined histopatholog.ical and radiological modifications , for 

’which can be used the term "acroosteolysis". but only with reference to 

the radiographic outline of these lesions.

The functional ar.3 organic disturbances'-caused by vinyl chloride 

only manifest themselves when the concentration of monomer in the air 

is sufficiently high, and it is of basic importance to know the maximum 

tolerable limit below which the monomer is net harmful for the human

u i-gan-ism. con centra lions ce i o w -1^0 \ are certainly rot danroroua
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-XL- o©
because, it was rossible to determine that in two polymerization plants 

where the vinyl chloride in the air never exceeded this value in about 

twenty years of activity neither functional disturbances nor organic 

lesions were ever observed among the personnel.' From 150 to- 500 ?pin. 

there exists a reasonable margin of safety because the nervous system 

disturbances such as asthenia, myalgia, headache, general malaise, as 

nausea and the disturbances of the digestive tract become evident, as 

confirmed by the majority of the authors (23), when vinyl chloride is 

well perceptible by smell. The olfactive threshold of monomer varies 

between 6000 and 10000 ppmy but we hold that among those ’which present 

modifications of the bones, liver, and blood vessels, which always foil 

upon nervous and digestive disturbances, must, necessarily have-spent-a 

long time in surroundings where the vinyl chloride concentration

”1 = 0 + by The h^ts fur""* t'-e

literature and by our investigations seem to agree in shewing that the 

vinyl chloride illness would not have occurred if the monomer concentre 

tior.s had always remained within the limits, set by the MAC. 1st us say 

that the disease ,at least Ir. Its more severe manifestations ^is bound 

to disappear if the necessary Industrial hygiene measures are 

universally adopted. '

FK EVICTION

The prevent! 

goal of elim.ir.ati 

environment. The 

claves and the- la 

that of automatic

Vh £| t ^ C ^ V» 1

cn of the vinyl chloride disease has essentially the 

r.g the monomer as much as possible from the won.-: 

two principal sources of contamination Are the m:to- 

tox filters. Tor the autoclaves the cest solution i S' • 

cleaning by hydraulic me^r.s,. but if this reosiiro <-« 

can alec octsia moca results "with an nrciueni>.
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rational degassing method. At the end of the synthesis process, as 

soon as the porthole of the autoclave is open, an aspiration sleeve 

must he connected.to It to remove the residual paces, the elimination 

being facilitated by total filling of the autoclave v.’ith water. After 

the v/ash water has been discharged,, the aspiration sleeve is lowered 

to the bettors of the autoclave where it remains until the end of the 

cleaning process, being careful to close the discharge hole sitx:2ted 

at the bottom of the autoclave to avoid the possibility of monomer 

vapors leaking: through. After the air at the interior of the autoclave 

has been completely renewed and ascertaining with the proper, portable 

apparatus (MSA) that the monomer concentration is sufficiently low, 

the personnel is allowed to enter the interior of the autoclave. :

"he latex filters are another source: of contamination because each

trie polymer i^. oissenarpeu a ore-it quantity oi vinyl c:\.once pours 

into the atmosphere. It would therefore be suitable that said filters 

be isolated in a different environment, provided with efficient vsntila 

tion, or that good aspiration caps* be applied on them to convey the 

monomer to the exterior. It is necessary to always remember that in no 

point must vinyl chloride be smel'iable because when, it is perceived 

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

the maximum tolerable limit. An ideal polymerisation plant from the 

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

doors", putting the autoclaves—in which must be installed cn automatic 

cleaning system—under an ancle protection r.dof with eliding lateral 

walls thus remitting the most courlete air circulation. The filters 

would have to be lodged in a separate environment .'furnished with on 

efficient aspiration system. Under those conditions the risk of cr.poru:: 

•to vinyl chloride would be prac.ti.cm.Hy reduced. to: zero ■ and the vir.vl
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chloride—disease v/ould remain only a memory.

In combination with these technical measures it is necessary to 

provide-a medical control service for the personnel. It is in fact 

necessary to exclude from the autoclave cleaning work the subjects 

affected with cardlo-rc-spiratory disturbances and those which present 

angioneurotic manifestations of the extremities. The personnel must 

be submitted to periodic medical visits and examination of the hepatic 

function and to radiographic examinations of the hands. Those vrhich 

present excitability of the nervous system, insomnia, scmnoler.ee 

during the day, or direstive disturbances with hepstosplenomegsly and 

signs of hepatic involvement, decrease of body weight, disturbances of 

the cardiac rythm, signs of myocardiac involvement, Raynaud syndrome 

cr osseous lesions of the osteolytic type, must be removed from the 

‘.-o:v. environment..

conclusions

In these last few years years(a new occupational disease 

characterized by disturbances of the nervous system and the digestive, 

system, by angioneurotic manifestations and osseous lesions, has mani­

fested itself among those occupied in the cleaning of the autoclaves' 

used for the polymerization cf vir.yl chloride. In man the disease is 

accompanied by degenerative manifestations of the connective tissue, 

the elastic reticule, the peripheric arterioles and osseous lesions 

character!zed by thickening of the periosteum, chondroid.metaplasia of 

the deeper layers and radiological ly by acroosteolys is. In ar.ii.vil 

experiments , vir.vl chloride causes s tccat^o"* crri^al mod' ^icaticns of 

t.ho oo^ripritiv? Mssijp. n' t.'np srt.ar’i ol an t.v*e» bones. s1rpn;-r to
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those observed in man^ apart from degenerative lesions of the liver 

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

longed exposure to monomer concentrations notably above the" limit value 

set by MAC. In fact the nervous disturbances which are the -first to 

manifest themselves are most evident when the characteristic sweetish 

odor of monomer is perceptible in the air, l.e., when its concentration 

exceeds 60C0 ppn. Systematic controls in some factories have confirm­

ed that the disease has always manifested itself where the vinyl 

chloride concentration in the air was very high. Men exposed for twenty 

years to concentrations below 150 ppm, never presented either organic 

disturbances or lesions. It should be remembered however that even 

though the 500 ppm. limit set by MAG gives a reasonable safety margin,, 

even a reduction of that v:ould oe favorable.

Indus trial hygiene- ir.saoures s»r** advised to eliminate the rich of 

the viwyl chloride disease in the polymerization plants.
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