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- T In January 1974 the B F GODdrlCh Company announced publlcly

that the plant phy51c1an at_lts Lou15v1lle, Kentuckv, oolyv1nyl LT

chlorlde (PVC) resin plant had 1dent1f1ed three cases of -

anglosarcoma of the llver an extremely rare tvoe of cancer,

among long-term plant employees. The company said it suspected

that. vinyl chloride monomer (vVvcM) , the gaseous lndustrlal chemlcal

" from which PVC resin is produced, mlght be lmpllcated 1n the three

b

.deaths. . -~ - - ‘:fl"; o

- The announcement by B:F Goodrlch trlggered one- of the

most 1nten51ve 1nvest1gatlons in the hlstory of occupatlonal

health. It was reported in extreme_detall to the American public'

-in literally hundreds of newspaper_and"magazine articles, in . .|

raoio shows and_televisionjapecials, and through rapidly organized
‘:medical conferences and regulatory agency hearings. Vinyl'chloride

' efeh-became the subject of a epecial Congressional hearing.

It is the Durpose of thlS paper to review the events of

'the last.rour years regardlng v1nyl chlorlde and to place them.

in perspectlve. It documents flve key points:

The PVC 1ndustry has sponsored the majorlty of the
medical research on vinyl chloride conducted to date,
and essentrally all of it conducted before 1974. In
fact, were it not for the actions taken by the PVC
industry from 1970 onward, we might still know next
to nothing about the health effects of vinyl chloride.
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The "epidemic" of angiosarcoma cases predicted by
" some individuals in 1974 has not occurred. Over
the past 16 years. there have bheen a total of 23
deaths from anglosarcoma in six U.S. plants and
approxlmately 48 in other countries.
Industry opp051t10n to the vinyl chloride standards as
originally onposed by the Occupational Safety and Health
Administration (OSHA) was based on technical infeasi-
bility, the vagueness of the. "no detectable level"”
proposal, and an over-reliance on animal data. OSHA
changed the standards témake them more. feasible and -
subsequent studies have proven the industry's contention
that experimental animals are far more susceptible to
-VCM than are human beings. : .

'Based on a w1de varlety of epldemlologlcal studles,
the current OSHA standard of 1 part per million in
air provides more- than an ample margin of safety
for 1ndustry workers. -

Accordlng to experts from Harvard University and
the University of .Texas, the single study alleging
an excess of stillbirths ‘and miscarriages among
the wives of heavily exposed vinyl chloride workers
is "inadequate," "mlsleadlng" and essentially
"worthless."” - ;

Background

_ The sole source of PVC is vinyl chloride monomer, a gaseous

industrial chemical derivgd'from petroleum or natural gas plus
chlorine. It is the raw matétial frém whict polyvinyl chloride
resiﬁlis—made by a procesé‘éélled ﬁoiymerization. The process
for manufacturing“PVC-iﬂ_iétéé-véssels'or reactors was discovered -
in Germany in the 19305 and 51m;lar ptocesses have been used to
make PVC resin in the Unlted States ever since.

" Like many other rét_materlals, VCM had been known for years

to have some worker-related problems. It was known by the medical

profession to be an anesthetic at extremely high levels; it also
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presented flammability and explosion risk potential. However,
controls were devised for these problems.

Information on possible long-term health effects of vCM
exuosure was admlttedly scanty and incomplete during the 1940s

_ '505 dnd '60s. The flISt inkling of a potential problem was a

*1949-study of 73 workers 1n ‘a Russlan plastlcs fabricating flrm.

The study 1nd1cated ev1dence of hepatltls among the workers but
concluded that this was due to exposure to a polychloro—blphenyl
(PCB) plast1c1zer used 1n“the factory and not to VCM. Much‘was
made of this study by profe551onal activists followxng the dlscovery
of the V1nyl ‘chloride cancer link, but auparently no one in the

American‘medical community - governmental, industrial or private -

was aware of the study prlor'eo 1974.

A 1961 study by the Dow Chemical Company found that long~
term exposure of experlmental anlmals to VCM at levels down to
' 100 parts per million (ppm) resulted in slight llver damage, but

a similar study conducted_at Yale University found no oause for

‘concern. . | _

From 1951 to 1952.a safety standard of 500 pom as a maximum
time-weighted average wae;reCOmmended for worker exposure by tue
Aﬁefican Conference of.Goverumental_Industriai Hygienistsl(ACGiH)f

" after careful study of ali_auailable‘medical data on the subject.
ACGIH is a professional-goverumental organization devoted to

technical and administrative aspects of worker health protection.

.
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One of its principal functions is the promotion of standards and

techniques in industrial health. Thus the standard was not an

arbitrary one, but was set after professional evaluation of all

available data. In 1963, the ACGIH recommended a ceiling of

' 500 ppm for vinyl chloride. This same level was adopted in 1971
l,jby_the newlylcreated Occupational Safety and Health Administration
‘JUSHAYi . :
In 1966 a reversible disease of the bones of the fingers

cailed acroosteolysis was discovered among some heavily exposed
. reéétor cieaners. Prompt and appropriate industrial hygiene
effé;ts by the industry-quickly eliminﬁteg the problem.
h Sfrangeiy enough, it was the"industry's seérch for an

answer to the cause of acroosteolyéis that eventually lead to

the discovery of the carcinogenic risk of vinyl chloride.

Cancer Link Discovered

Becaqée of the acroosteolysis situation, industfy-gponsored
research projects were undertaken both in the United States and
Europe in an attempt to_diséb&er the exact cause of the disease.
?he_American study, sponsored at thg University of Michigaﬁ by
the Manufacturing Chemists Association (MCA), was unable td pinooint
the-cause in humans but re;ommended further animal experimentation.

The Europeén study was condﬁdted by Dr. P. L. Viola of |
the Regipa Elena Institute for Cancer Research in Rome, Italy.

Dr. Viola, who is also a medic&l director of Solvay et Cie., a-

leading European PVC producer, reported at the 10th International

Cancer Congress in Houston in May 1970 that he had been able to
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produce cancers (but not angiosarcoma) in test animals at ex-
tremely high levels (10,000 to 30,000 ppm]} of VCM exposure.

Dr. Viola'e findings were subsequently published in the Joﬁfnal -

of Cancer Research in 1971.

wh .. v.'.

_ [ R
While no notice of Dr. Viola's findings was taken by any

government agency involvedfiq_worker health, the PVC industry .
Q;IL ;n the‘United States and in Europe began plans for more
e#ten51ve animal studies at levels of exposure more likely to

be- encountered An actual-plant situations. Epidemiological

- studies of plant workers were also planned.

- The European aniﬁéi inhalation study was conducted ender‘
the:direbtion of Dr. Cesare Maltoni of the Instituto di Oncelogia
and Centro Tumori in Bpioéﬁe, Italy. In addition, two European
PVC producers undertook.studies of workers who had been exposed
to VCM -at; high and sustained levels.

| In the United States the Manufacturiné Chemists Association

in June 1973 announced that 17 PVC producers had dgreed to sponsor

a study of all causes of deaths in vinyl chloride workers to be
undertaken by Tabershaw-Cooper Associates of Berkeley, California.
In February 1973 the-lndustry also contracted w1th the Industrlal

Bio~-Test Laboratorles, Inc. of Northbrook, IllanlS, for llfetlme

chronic 1nhalatlon studles u31ng test anlmals.
Thus, before the mlddle of 1973, four studies sponsored by
the PVC industry were underway at various research facilities’

around the world, all of them prompted by the Viola findings,

which were also industry-sponsored.
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Because the European research had gotten underway earlier
than the efforts uqeerfaken in America, some preliminary results
of Dr. Maiteni’s etudy became available in early 1973. 'Accoqdingly,
_ettechnieel deleéatidh from the U.S. PVC industry'visited
- . Dr. Maltonl in Italy 1n.January of that year to rev1ew the

progress of hlS research.‘ ~The American team learned that .

N —

Dr. Maltonl hadﬁdetecped.a variety of tumors in test animals
athconcent;etiehs as low as 250 ppﬁ.

‘.The American PVC ih&hstry thehirequested a meetihg-hith
‘the Nationel Institute of Occupational Safety and Health (NIOSH)
to call the Maltonl results to the attention of the U.S. govern;
ment. The meetlng was held 1n July 1973 and 1ncluded discussions

of varxous-klnds_of cancer that Dr. Maltoni had found. NIQSH

requested that the industry keep itsinformed as the research

progressed. - o
In April 1973 Dr. Maltoni also announced some of his pre-

liminary results at a medieel meeting in Italy at which represen-
'tatives of the U.S. government were present.

| Thus, by Uuly 1973 at the latest, the U.S. government, as
well as at least some portions of the American PVC 1ndustry, were
aware of Dr. Maltonl 's " prellmlnary flndlngs. That this did not
result in great alarm in elther government or industry c1rcles
is not surprising_consi@e:ing the fact that (1) Dr. Maltoni's
findings were onl§ preliminary and not final, (2)lear1y resulte

>

from the European and American epidemiological studies showed
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no excess of cancer or any other disease among the workers,

and (3) angiosarcoma had not yét been discovered among indgstry

workers. -

The Government Acts °|

In addition to its public announcement on January 22, 1974,

régarding the .three angiosarcoma deaths, B.F. Goodrich also

notified officials of NIOSH as well as Kentucky state medical

‘officers.
" A week later it was discovered that another former employee
-of tﬁe same plant had also died from angiosarcoma. _This resulféd-
~in an extensive search by the industry through old medical_fecords
of otﬁer cases. Ultimatéig, it was determined that over the.past_
16 years there have been.a total of 23 deaths from angiosarcoma in
six U.S. ?VC‘plants, and approximéﬁely 48 in other countries.
The workefg' jobs involved cleaning residue of PVC resin
from the reactors in whiéh it was produced; Their work thﬁs re-
'éul;éd ir high exposure to VCM over a period of many years.

After a special Jﬁapféfinding" hearing held in FeBruary
1974 OSHA prdmulgaﬁed an Emergency Temporary Standard which lowered
the maximam VCM workpléée;exposure from 500 ppm to 50 ppm. This
decision, which was annoﬁncéd_oq_April 5, was based primarily on
testimony from Dr. Maltoni at the fact~-finding hearing that rats
in his research did not develop angiosarcoma at 50 ppm. Only
five days later, however, MCA reported to OSHA, NIOSH and the

Environmental Protection Agency (EPA) that preliminary results

of the Industrial Bio-Test Laboratories animal exposure study
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This was subsequently confirmed by Dr. Maltoni on his rat experi-

ments in June. On May_lo, therefore, OSHA proposed a permanent -

worker standard which would reduce in-plant exposure to the "no

detectable level" and requlre complete impervious suits and self-

-\ —
J

contalned breathlng equlpment. '.j
Shortly before thlS, on May 7, MCA publlcly announced the

preliminary results of the Tabershaw-Cooper worker survey which

showed that workers exposed to VCM had overall cancer death rates

comparable to those of other U.S. industrial groups.and lower than
those of the general public. '

Public hearings, up tlll then the largest ever held by OSHA,
began in‘Washington on June 25, The industry's position was
essentially-that the OSHA proposal was unrealistic because (1)
it relied too heavily on animai‘date, even though nore relevant
human morgelity data were available,—té) its requirementé were
far in excess of what was felt to be realistically required to
protect employee health)'and (3) attaining‘the proposed "no
: detectable 1evel“ standard was not considered to be feasible,

- employlng the then ex1st1ng control technology.

The 1ndtstry, therefore, recommended the adoption of a
hlgher numerical standard, w1th phased reductions over a number
of years and revisions ofjthe other requlrements.

During the hearings evidence was presented which clearly
- showed that the employee deaths from angiosarcoma were a result
of conditions existing a decade or more ago when exposure levels

were in the hundreds, if not thousands, of parts per million., Data

developed by the Dow Chemical Company showed no excess mortality
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from any cause among long-term workers exposed to levels

below 200ppm.

Despite the evidence presented at the hearings, on

October 1, 1974, the agency announced a permanent standard for

~ VCM which called, for reducing expo;ufe levels to 1 ppm averaged

» oo 4

over an eight?hour day,_w?te peak exposure lé&elsAﬁot'fe eXCeed _
s_pgm_gs meesured-over any lS-miﬁhte period. |
‘_- The stendard furtﬁer said that, during the first’year{

employers*were to providelrespirators for employees expoSed to
. betwéen 1 and 25 ppm, bu% that it was up to the employee whether
he‘hanted to wear it or not.” at exposures above 25 ppm, wearing -

of respirators was mandaﬁof&. After‘January l; i976, wearing of
reepifators would be mandatorj for all workers whenever 1evels
'exceeded the 1l ppm and 5 ppm 1evels. On the other hand, fegulations‘
as to the types of resplrators to be used at 1ow levels of exposure

were made” less strlct.

__' The new ruleSy whlch were scheduled to go into effect
January 1, 1975, appllEd not only to VCM and PVC resin plants but
aieb fo“proeessors and fabrleators, including firms engaged in’
%E:ansﬁortation, seorage, handliﬁg er use" of VCM and PVC resin,
uniess:expoeures“were fdﬁhd to be below the so-called "action
“level” of 0.5”pme :;i;_'- - o

The industry filed a petieiee for ﬁudicial review of the
stendards. ) | -
| In January }Q?S the éoﬁrt of Appeals‘in New York upheld‘

the QOSHA étandards. It declared that OSHA is not reetficted to

setting standards that are feasible with known technology, but

that it is permissible to set "technology forcing” standards that
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may be achievable at some undetermined time in the future with
technology as yet undeveloped.
Because of the judicial proceedings, the implementation

-~

date for the standards was delayed until April 1, 1975.

Meetlng the New Standards i. i

Long before the standards went into effect, 1ndustry
members had been actlvely seeklng new means to reduce ‘'worker-
exXposure. The 1ndustry s opposxtlon to the. "non—detectable"
proposal had been based pr1nc1pally on the virtual technical
1mp0351b111ty of achieving this standard and on the 1mpract1cality

of using air respirators that would be unsafe, uncomfortable

and'ﬁould inhibit workers from moviné around on the job.

The regulations finaily promulgated by OSHA, contrary to -

some reports in the media at the tlme and to the statements of
some individuals even to this present day, were substantlally
differenﬁifrom those originally proposed. OSHA's change from
"non-detectable” to a level of 1l ppm to 5 ppm. brought the standard
lnto the realm of technologlcal feas;blllty, although still ex-
tremely'dlrflcult and-costlf_to ach;eve.n Since some fluctuathn
is apt to-occur in even the best-controlled piants, the intro-~
"duction of a peak gave the industry flexibility that was not
available under the propoeed standard. It introduced a new .
dimension into the solution of the design and development problems.
In addition, by pernitting the use of "gas mask"” type
respirators at levels below 25 ppm, OSHA eliminated a major

- compliance difficulty with the standards.
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ﬁhile the new standards did result in the closing of a
haﬁdful of plants, the industry's all-out effort to meet the
OSHA~requirements resulted in technological progress that PVC
producers themselves did not feel was possible at the tlme of _;.: _
the heérlngs. &ﬁ; rhddstryw1de eest of compliance has run be-
tueeh $300 and $400 milldon ih capital expenditures,lwith many
add;tdo;al millions being expended yearly in operating expenses.
The achlevements in reducing exposure have to date far surpassed

the expectatlons of 1ndustry executives and technlcal experts

allke._ _ -

Are-the Standards "Safe?"

Since 1974, when-angiosarcoma of the liver was first
identified in PVC workers, numerous animal and epidemiologrcal:‘_
studies‘hau? been undertaken to establish a\"safe"‘level for
exposure to vinyl chloride._ The results of these studies show.
that the current OSHA standard of 1 ppm provides more than an
': ample margin of safety for-lndustry employees.

Because VCM has been in use in industry for upwards of
40 jearsy.sufficient numbers of peopie have been exposed long
enough to make epldemlologlcal studies reliable 1nd1cators of
the effects of VCM at varrgushleyels of exposure.

In general, these studies showed no excess of cancer
nor any casesvof aﬁgiosarcoma among workers exposed to low or_'

intermediate levels (below 250 ppm) of vinyl chloride even if

the exposure extended over long periods of time. Other studies
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have estimated the long-term exposure levels of the 23 confirmed
U.S5. angiosarcoma cases at between 350 and 1,660 ppm. The median
length of exposure for these cases was i8 years.

'Theleingle laréest study conducted to date was that”under—
taken by Tabershaw—Cooper ‘Associates and subsequently expanded

ah *

_upon by Equltable Env1ronmenta1 Health Inc. This study examined

the mortallty experlence of lO,l?l.workers with at least one year
of-;gcupational vinyl chloride exposure and analgzed the:cause of
deatnjof 707 porkers in the study population. As is common'for_
heaithy induetrial populations, the results showed a 20-30 percent
lower than normal death rate from all causes among the workers,
whether high or low, or 1ong~ or short term exposure. Cancers of
the dlgestlve-system (prlmarlly angiosarcoma), respiratory sysuem,
and cancers of "unknown" 51te were sllghtly elevated in the high-
exposure category, but the excesses were not statlstlcally significant.
Brain/canceg was increased in the euudy population but'the increase
was_not relatable to vinyl chloride,‘according to tne investigators.
Axsimilar study conducred in Great Britain of 7,717 VCM

and PVC resin workers showed similar results,‘except that there
__nuas_"no evidence to support the sugéeetion" that vinyl chloride

' caused cancers other than anglosarcoma. - |
- A study by Ott, Langner and Holder conducted at a single

?VC plant in the U.S. found no angiosarcomas and no excess of
overall deaths or deaths from cancer in either the low or inter-
mediate exposure groups. A‘slight excess of cancer deaths in

the high—exposure caregory was noted, however.

Epidemiological studies by Nicholson et al. and by Waxweiler

et al. were of limited value in determining a "safe" level for
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vinyl chloride exposure since no attempt was made to assess
“the equéures of the‘workers §tud;ed.

~In addition, a study:by.Organiza;ioq Besourqes_Cqunseio;s‘
of ﬁoré than 4,100 dgéths_among PVC,faprication wquers dis-~
éovered'nof é_single case of angiosarcomé. Workers in PVC
) f&bricatiép, ;p shoq;d be pointed out, were, even in-the.pqst,
- exposed to far lower leQels of vinyl chloride than were their
ﬁgiloy workets in the VCM"and,EGC resin industries. Accusationé-
by the Environmental Defense Fund ﬁhat this study demonstrated
ag excess risk of breast cancer from low-level vinyl chloride
e;posure were proven false Qhen it was found upon re—exgmination
_tggélonlyxtwolof.the 44_ca;gs of breast cancer in the study had
“definite e#posure" to vihyllchloride.

Animal inhalation’étﬁdiés,_on'the other hand, have produced
angiosarcoma in test aniﬁgls-at levels as low as 5 ppm. This has
prompted Dr. David Rall, director éf the National Institute'of
Environmé%tal Health Sciences, to conclude that vinyl chloridg
) may be as much as 500 tiﬁes more'bércinogenic in animals. as it is

- in man. "This-position is supported by research conducted by

. Gehring et al. which shows that the body's defensive mechanisms

can detoxify limited amounts of vinyl chloride that find their

way into the system. AIt_qou1d~appear,_thereforg, that a "threshold”

‘or no-effect level exiéts for vinyl chloride. The epidemiological
déta suggests that this‘lével_is far greater than the OSHA standard
'of'l ppm.

Ql-" This is not to say that occasional cases of angiosarcoma
will not occur in the futﬁre due to the heavy exposures of a decadé

- Oor more ago. However, it appears reasonable to conclude that
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employees who work their entire lifetime at a level of 1 ppm

will have no greater risk of contracting angiosarcoma than

workers who were never exposed to vinyl chloride at all.

—— 'With regard to the question of whether vinyl chloride is
- \ ' .

capable of cau51ng cancers other than angiosarcoma, the ev1dence

is far from conclu51ve.- Nonetheless, ‘even if future research

shows this supp051t10n to be correct, the reductlon in exposure
to l ppm w1ll undoubtedly have taken care of this problem as well.

Non-Carcinogenic Effects

In early February‘1976 Ralph Nader's Health'Research Group
released to the press the text of a study scheduled to be prlnted

in the April 3, 1976, issue of The Lancet. The study, by

Dr. Infante et al., was conducted at a single PVC resin plant
in Pennsylvanla. It purported to show that the wives of workers

-exposed to heavy concentrations of VCM had a statlstlcally sig-
nlflcant increase in the number of stillbirths and miscarriages
.compared to the wives of workers exposed to little or no VCM.

The Society of theiPlastics'Industry, Inc. (SPI) engaged
eminent.scientists -- Dr. Brian MacMahon, chairman of the
Department of Epidemiology,'ﬁarvard Uniuersity Graduate School
of Public Health, and Dr. fnomas D. Downs, professor of biometry,
University of Texas Health Science Center, and colleagues -- to
undertake independent reviews of this study. |

Both Dr. Mabﬁahon and Dr. Downs were highly critical of
the analytical methods used. Dr. Downs said that the "misleading

conclusions" drawn by the authors were brought about through the
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"selection and use of their control group." Dr. MacMahon called

-

the data "worthless," the analysis "naive" and the test "inadequate
and misleading."” "In short,” he said, "this paper is strewn

with evidence of carelessness and incompetence and deserves, in

ah .

my opinion, no consideration whatsocever in weighing the question
_ of whether there is or is not a genetic risk associated with

————

ekposure to VCM."

Conclusion

Since 1974, when the plastics industry first identified and
reported the relationshi§'betweenAQinyl chloride exposure and_
angiosarcoma of the liver 'in industrial workers, enormous progress
has been made in-reducing plant exposures to safe levels.

Dr. Irvipg J. Selikoff, director of the Environmental Sqieﬁces
LabératorzAat the Mount Sinal School of Medicine in New Yofk City,
called'vinyi chloride one of industry's "success storfes.“ It

is, in fact, an excellent case study of how a responsible in-

dustry working closely with-government and medicine has been

"able to identify, report and rapidly control a health hazard.
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