CEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEEALTH SERVICE
NATIONAL INSTITUTLS OF HEALTH

BLTHESDA, MARYLAND 20014

April 5, 1976

Daniel S. Dixler, Ph.D.
Keller and Heckman
1150 17th Streetc, N.W.
Suite 1000

Washington, D.C. 20036

Dear Dr. Dixler:

Thank you very much for your letter of March 9. I appre-
ciate your kind words regarding the talk I gave down at
Research Triangle Park on March 2, and I am enclosing a
copy of the talk in the form in which it will be published
in Environmental Health Perspectives.

After receiving your letter, I called NIOSH regarding
fabrication plant angiosarcoma cases, and was informed
that the NIOSH data presented as my Table 4 have not been
withdrawn. You might wish to communicate further regard-
ing this matter with Dr. J. William Lloyd of NIOSH.

Although 1 did not discuss "community" cases of angiosarcoma
in my talk, I am grateful for the information on community
cases you enclosed in your letter of March 9.

Again, my thanks to you and Mr. Heckman for your help.

Yours truly,

QLS A G s AA

Myra Karstadt, Ph.D.
Consultant
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PVCTEALTH IMPLICATIONS ARD PRODUCTION TRENDS
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Iy Jonvary 1097a, 0 F. Goodrich Chemical Company
conouncaod hat (hvee rencio. worrers in oa polyvinyl chlorade
(PVE) polymerization plant had developed a rare cancer,
angiosarcona of the Liver dixposvre to vinyl chloride was
Tinked vo development of angiossyueona of the liver by
subscquent cpldemiological studics. Aninal studies, scveral
initiated belore the .l Goodrich announcement, 4lso
Taink cxposurc toe vinyl chioride(VCM)'wiLh development of
ancer.

Regulations promulgated in the United States of
fmerica (USA) since carl, 1974 have resulted in the Iowering
of VCM concentrations in the atmosphere of PVC manufacturing
plants, and dccrcased concentrations of VCM in PVC vesin. This
hes reduced the cancer rish of pPV(O production workers, WOrkers
in PVC fabricatien plants and the ultimate consumers of
Fabricated PVC products.

We sve now af A crucial stape as regards
studics of the cffects of plastics and plastics components on
Juman health. Juman cxposure to massive doses of VCM, whether duc
" ¢o uncontrolled venting of PVC polymerization vesscls or the
voluntary venting in a home bathroonm of an aerosolized VOM hairv
spray, is cssentially over. The time has come for study of
pessible health hozards posed by ©he complex plastic system
callea PVC,

Why be concerned about PVC? A publication(l) states

that:

by ‘.

"rotal world omployment in the VCOM and PVC producing
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cmpioyed 1n Industrics which vee VO as 2 basic cloment are

Pikely to total in the widilions. Those who come in contact with
PVC every day irn scome form or othery probably make up about at

i1

<

lecast one-third ol the human race.

What arc the human healith effects of PVC? There
are several componcnts of PVC which, on their own, could aflfect

human health adversely:VCM, PVC dust considered as a dust,
additives of various sorvts("additives"” {or our purposes includeces

stabilizers, colorants, flame retardants, plasticizers, fillers

ctc.)

But one cannot consider the components of PVC solely
as independently-zcting potentially toxic agents. PVC is
a complex chemical system with little-understood intcractions,
both vhysical and chemical, among its components.

Leaving aside the multl-component interaction p?oblém
for the time béing} consider the individual components of PVC
which may posec risk oF harm to humans,

VCN is alrcady identified as @ cancer-causing agent.
Even given the reductions of VCM in PVC vesin, which have been
achicved by changes in both production and compounding procedurcs,
some RVCM(residual vinyl chloride monomer) 1s still present in

PV
In 1974 Rowe(Z2) estimated the average monomer concentration of

PVC resin to be approximately 1000 ppm. As shown in Table 1, RVQ

concentrations of 100 ppm or less for suspension resins before compounding
_ in July 1975

were not unusual by Apri' 1975. An advertisement(3) run/by a major

manufacturer of PVC stated that general purpose PVC homopolymers and

blending resins were being produced with a maximum of 10 ppm, and
ASI 0002304.

usually less than 5 ppm, RVCM.




Tablos 2 und 3, taken from the United States
Eavirommenta’ Proteciion Agerov(EPA) pubiication “"Standard
Support and nvirommental Impact Statement:Imission Standard
for Vinyl Chioryide"(4) give some idca of the present RVCM
in sceveral PYC resins. Jn parvticular, notce company I in table
1, 806.8% of suspension resin production 3s said to be at (0-~50
ppm.RVCM(with 2 footnoted qualificetion that "some valucs are
speculative until dimproved strapping is installed'".) Note
also that {ov company A, 00% of whosc resin had a RVCM concentrati

of 2000-4000 ppm in April 1975, with the remaining 40% at

4000-6000 ppm,"all suspension resins (were) to be reduced to

less than 400 ppm RVCM by 7/757.

Health problems which may be associated with RVCM
in finished PVC resin are of importance to &orkers and consumers.,
The residual VCM in the old high-residue PVC evidently poscd
problems fory workers in fabrication plants. Data collected by
the United Statces National Institute fer Occupational Safety
and Health(N10SH) indicate that several angiosarcoma cascs
wvere identified in fabrication plant workers in this country
and abroad(Table 4)(5).

NTICSH data(Table 5)(6) prescented in late 1974
indicated that brecathing zone samplces in fabrication plants
turned up YeLATIVELY 16y concentrations of VCM-cven at a time
when RVCM concentrations were high compared to today's valucs,
Even at that time, as Wagoner put it:"60% of the AST 00023046
samples were less than 1 ppm". (7). 1 ppm is the maximum
exposure level (8 hour time wecighted average) currently

permitted by the United States Occupational Safety and Health




Administratiog

COSHAY siandard./SAcain queting Wancorner(8):
" Co e L o , . .
I think it(the cccurrcence of aaprosarceas of the liver in

rication plant workers-authoris. note) points to the

1

-

Ta
possihility of low leve! exposuye being obviously very hazardous.'
(8).

A reocent contract study{9) prepercd for MIOSH reported
on fabricating plant VCM concentrations in 1975. The VCM

concentrations, as showr in Table 6, are, in a number of cases,

(W) 4

very low(less than 0.0) ppm, the 1imit of devection). However,
certain worl stations hsd values which cxceceded the 1 ppm
8 hour time-wecighted average curvently permitted by OSHA.

How low must you go before RVCM ccases to represent
z hazard? A "no-cffcct" level for VCM carcinogenesis has not
been found to date;cancer has been found in all groups of animals
tested with non-zero concentrations of inhaled VCM, Just‘how
low arc the VCM concentrations jin fabrication plants now?
Publication of monitoring data would be useful for analysis of
possible risks of harm to hecalth. _

A fabricated PVC product category with wide consumer
exposure is PVC automobile upholstery, rooftops and interior
fittings. The LPA has a contract study in progress entitled
"Sampling of Automobile Interiors for Vinyl- Chloride Monomer™.
(10).

Accoyding to Hedley(11), who is working on the EPA
contract study, of 7 cars in which 30-60 minutc grab samples were
taken in 1975 under varying heat and sunlight conditions, oﬁc

reading was 1.2 ppm VCM, onc 0.4 ppm and the remaining five less

than 0.05 ppm(the detection limit). The car with the highest
ASI 00023047
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reading was sarplod - coe wonth siier assenbly-under the following temperaturc
UL : 0 ' 0,
conditions:ambient 307 ., interior alr of car 00 C., seat surface 66 C.

No attempt was made to follow any decrease in off-passing of RVQM over time.

Given the number of individuals cxposcd to ''new
car atmosphercs' and cars or other motor vehicles generally,
some further data on the RVCHM content of PVC auto fittings
might bec usciul,

Cven if risk to consumers from RVCM in PVC scat
covers is low, what is the risk of harm to persons working in

~automobile factorscs?

A recent siudy by Infante et al(l2) is especlally
interesting. The data collected by Infante and his coworkers have
been interpreted to suggest that VCM may exert a mutagenic effect
on sperm cclls of PVC production workers, leading to an 1ncrcasc
in fetal deaths amonge ‘pregnancics{ workers' wives, Infantc's

findings arc not surprising in light of i(he demonstration by

Ducateon ef ol
Fredmmmiaf (13) of chromosome oberrations in PVC production workers

and the finding by Ames(24) that VCM is mutogenic in a Salmonclla

test system., ~5-
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1

o1 viny! awicmebile upholstery and other

Vﬁﬂyl fabric v orenule fatioaone a5y ovidenily, i large part
teoman's work'  rSven gaven (he wlii-component nature ol the
PVC in auto fittings, -t mighi he intercsting 1o determine the
inciderce of cncoy stiiyrisihs and hirth defects in offspring
among womern viayl ane upholsierny wolkers.

What hoppens o PVE on pyrelysis? There scems to be
somc disagyeonent as Lo whether VO is Liberated(l5) or
whether the principod he=lth threat from burning PVC is causcd
by evolutjon of 11163 Jlas there been a definitive demonstration
that VCM is nel cvolved Juring pyrolysis of PVC? What about
depolymerization on aging? in sunlight? in hcat?

PVC cxposuye has bow 1inked both to dermatitis and

(1Ga).

Raynaud's sypdyome/occuputionad acyoustcolysis,/Dermatitis
could be attributablc o coveral of ibe additives 1n PVC, or
possibly to VOM dtseri. A cotologue of resin components which

censitizotion reactions would be usceful.

have caused skin

, o e
Jne of ihe impoytant us consumer uses of PVC is in food

packaging. Regulations(1i7) recently proposed by the United States

Food and Drug Administration(FDA) deal with PVC food packaging. Although

| | =08
industry data(l8) have been presonteq/which indicate migration of VM

from PVC au below 50 pphiihe "Iowest

deieciable' leve) established by

the FDA proposal), chalienges(19) have been raised to permitting use

of PVC food wrap if there is

G- AST 00023043




PUC Tood wrap points up what may be

the salient characierisiac of PVC consideved as a source of
hed in PVE has pow joinced the ranks of
1nces whose presence in trace amounts-

the anmo: of Jdetection-Iin the

US food supply is forbida by : Ded y Clause, an
amendment to Food, Drupg and Cosmetic Act.,

That clause reads 1n pertinent part:

“ o no additive shall be deewmed to be safe if it 1s
found to induce cancer when ingested by man or animal, or if it

is found, 1fter tests which ave appropryiste {for the evaluation of

1

the safety of food additives, to induce cancer in man or animal...’
(207 .

FDA's attempt to set a non-zero tolerance for VOM in
food wrap has been chalienged as illegal due to conflict with

the Delancy Clausc(21). 1t may be that final promulgation of a

proposal sctting a non-zero tolerance for RVCM in food wrap will

be challenged in the courts,

Lfforts to reduce VCM residual in PVC have come a long
way in just over two years. The industry has demonstrated 1ts
ability to reduce VCM levels in PVC production plants from
hundreds oy thousands of ppm to a level closc to or at the
OSHA 8 hou, TWA of 0 ppm. AST 00023050

Since chemical reactions rarely go to completion and
arc usually reversiblc, will it cever be possible to produce a
PVC vesin completely frece of residua) VOM o and iﬁcapnblc of

breaking down to release VCM? The stumbling block {for the

continucd health and growth of the PVC industry may well prove
77 -




Lo e ot the Chreat of waselive doses of VO oand high potential
e few, but the threat of low doses of V(G
Doonn Lt o non-ioro cask of coancey for Lhe many.
he o wresence of BEVOM o an PVC vepresents a potential
Lo tin hesacd for othe Jaree numbey of humans exposed to resin or,

T

Lo cemonly . faaished plaostic peods. The «

.
i

nety nature of

SV resin omay represent a health hazard {or persons with an
orcuvetionzl exposare to PVC,

o could DPV( dust represent @ significant hazard?

oa polymerization plant, work siations which could be dusty

’

inelude drying and bagging arcas, storage rooms or silos where

PVC resin bs held Tor shipment, muxing arcas in conpounding
cnd/ov fabyacation facilities, and baghouses or cyclones

iy, prodoction oy fabrication facilities. 1f the dusty
DRerdnaons are nol o complevely ssolatec yyom the remainder of

oproduciion oy fabricetion facility, dust hazards could

)
Lo owpresent throuvughout the plant,,

dow duaty do PYC plants get? Two photographs(Figure
1oond Figure 2)(Z7) taken in 1975 in a large PVC pélymcrization
faciltity in the US may be of interest. The first of the two
piciures paves a general idea of the powdery coating on |
th: equipment in the bagging srea. The second is a picture ol
the floor . of the plant-note the depth of the

i

Yoooroas andacated by the footprint-.,

PVC dust concentiration data are not recadily
cvadlableror leost, the suthor had difficulty obtaining such
Goia {yow Labor, government, academic and industry sources. It

Y

-8 -
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" r .
would be very hose ater problens of dust
cauncd discasce for ipduerry, labor or govermnent 1o take
e PRI ' i} a ot . - .

o ) a1 - . - ublic.
measuvoenments oL PVC dust oan the workplace and malke them 13_ T

Particle =1 within the respirable particle range have been
noted in o US PVC pelymerization plant(23). (This was not the same plant

gs the one in which the photographs displayed as Figures 1 and 2 were taken.)

FISE

-
3

A nunmber of clinical studies have demonstrated

Julmondary abnormalitics in PVC production and fabrication
)

workers, (24). Abno.malities have runged from decrcased
T

pulmonaryzfunctjon,as neasured by FEV, to pulmonary fibrosis.
Given the data currently svailable, work is neceded to separate
the ecffects on the lung and vespiratory system of VCM from those
of PVC dust.

Experimental studies associate pulmonary-{ibrosis with
exposurc of animals to PVC dust, In a recent paper froem Italy,
Frongia ¢t al(25) perfommed a series of studies with a simple
‘basic plan-place guinea pips or vats in cages in the bagging arca
of a PVC polymerization plant and obscrve the. cffects on the
animals® Jungs. These animal experiments were inspired by a
clinical report of PVC-inducced pnceumoconiosis,. (20). The
Frongia group, aftier microscopic cxmination of tissucs of the
animals under study, concluded that they had demonstrated a
pnocumoconiotic reaction hrought on by PVC dust, Bxperiments

Q-
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reported as Min progvoss' as Tate 1974 were designed to
dGeternine whether the pulmonary {ibrosis was reversible on
cessaticen of exposurce fTo PVC. Data on reversibility of
pulmonary and vespiratory effccts of DPVC exposurec should
alsoc be obtained {for human populations.

Work 1is ;ccded to determine whether VCM exposure
heightens pulmonary response to PVC dust or whether, converscly,
PVC dust may convey low levels of VCM or additives to the

C2R) € s~ e
lungsN\ Possible enhancement of dust effects by other chemicals
in the work atmosphere and/oy the additives in the PVC resin
should also be investigated.

PVC dust could also be swallowed. Volkheimer (27)
has found that PVC particles can be "persorbed” from the
intestine into the lymph ory blood systems. The effect of

1ocally high concentrations of PVC particles carrying minute

amounts of potentially leachable RVCM or additives merits

investigation, especially as concerns contact with lung or liver
tissue. .

The possibility of PVC dust serving as a skin
irritant should be explored., PVC dust gould serve as an cfficient
means for bringing a sensitizing compound into contact with the |
skin.

The suggestive naturce of the clinical and
experimental data available at this time supports reduction of
PVC dust levels in polymerization, compounding and fabrication
facilitics. The OSHA standard(28) does not‘incluﬁc PVC dust
protection or veduction regulations, although such regulations
were rccommended by NIOSII(29). ' ' AST 00023053
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Finally, the question of additives,

The fingt coble(Table ) lisis scoveral major
categorices of PVC additives-colorants, {ibrous reinforcements,
plasticizers and stabilizers. (30). Basced on

4. n /

axperimental and/or clinicel data, questions are in order as to

the safety of represcentatives of cach of these chemical classes.
S
For instance, Anes(31) hus recently reported that a

cetardant compound usced iIn children's sleepwear
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15 highly mutagenic in a Salmoneclla test system. Compounds

nutagenic activity in this Dbacterial test system are

7
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Likely to be carcinogens as well. What about the toxicity of

Flame rctardants uscd in PVC plastics? -

In September 1972, NTEHS held a conference on phthalic acid

esters. (32). what is the current thinking of rcgulators and researchers

regarding the safety of thesc chemicals?

There is considerable documentation of toxic cffects of

certain organotin comppundsc(sa). The biocidal activity of

organotin compounds, several of which arc beinpg used as

pesticides at prescnt, should cause concern about possible

offects of organotin plastics additives on human health,
Possibility of complex interactions among PVC

plastics componcnts and between the components and living

systems should be emphasized. Most probably, very little is

xnown about thesc intcractions. ASI 00023054
Sincce Jast Fall, the author has been working, as a

consultant to NIEHNS, on a project designed to identify chemicals

whiich should be studicd for possible adverse health effccts

-11 -




fey bumons, Because of ity wide population exposurce «uc to
enormous nroducticn volume and broad spectrum of uses, and hecalth
nyoblems alveady owszociated with VOM and PVC dust and certain

idate {for further investigatlon.

-
-
-
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Siven the current svate of scientific knowledge-at
lecast as vepards data available for public scrutiny-producers and
Tabricators of PVC cannet assure the public that PVC plastics
ave safe {or human usc.

. Therefore, interested scientists the world over,
whether working for industry, government or labor unions, OT
engaged in research at universitics, should make a concerted
effort to collcct and analyze such data as are available at
present on possible risks of havm to human health attributable to
PVC. Scientists should identify rcsearch which should be carried
out to determine whether or not the family of PVC plastics 1is

safe for general usc, and seek the necessary funding to carry

out whatever studics are needed,

12~
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1
Teble 4-6 APRIL 1975 STATUS OF SUSPELSTON RLSIN STRIPPINGY
[ Nunber of Suspension “% of Suspension R VCHM
Company Resin Grades Resin Production (ppm)
n 2 : 60 2000-4000
~ 40 009-6000
p &/ . 150 2000-5000
C 5 Cracdes 100 <400
D | - 80 400
20 500-700
A , ¢/
E 13 Grades 86.8 0-50+~
5.4 160
3.8 500
3.2 1000
.8 4000
F 15 Grades 100 <400
G 4 Homopolymer 6 1500
14 2500
&0 100
4 Copolymer 16 300
84 400
H 4 Grades 100 2000-10,000
I - 38 -400
) 9 600
25 800
75 1800
15 3600
8 4000

l/Based on data from responses to 3/31/75 section 114 request.
2/A1] suspension resins to be reduced to <400 ppm R VCHM by 7/75,

§/Some values are speculative until improved stripping is installed.
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Susnens 1 on Resing

Avg. ppm Emission
1, VO nut Ava. ppm factor
ASTH- % Pisd VO of stripper  out of ka VCM/
Cell Class  Prog.  inte stripper  (dey basis) drven 100 ka PVC

6PT-26250 (60-60) » 10° 3,050 301 0.27

(40-C0; 107 2,050 0.18

(50-70) ¢ 107 1,200 .09
GP4-15360 (60-90) x 10 1,050 .09
GP6-15343 : (90-120" % 10° 950 .08
GPT-14443 \ (80-100) x 10° 600</ - .06
6P2-14443 (80-100) x 10° ~ .06
6P3-15432 (80-100) x 10° | .05
GP5-15433 5 (90-110) x 10° .05

—

GP6-15433 (100-140) x 107 .05
Copolymers
C11-8500 (40-60) % 107 2,100

C17-3500 (90-110) x 10° 1,000 95

1 asTH cell class is standard definition of resin. ASTM-D-1755
2/3ased on Timited data {less than three samnles).

This company plans to install secondary strippers 1o furthef reduce
the residual vinyl chloride content shown above by increasing the stripping
temperature to as high as 85°C (185°F) and the residence time to one hcur.
4.12.1.2 Company L°-

The values below were obtained by conventional steam strioping at the

conditions shown. VYalues are for 1973 and 1974,

AST 00023057




; Table 4-5. APRIL 1975 STATUS OF DISPERSTON RESIN STRIPPING WITH PROJECTIOH OF FUTURL CAPASILITIESY

Current RUCMg/ (ppm) Projected RVCH {opm) Time to Implement
Plant After Stripmer  In Product After Stripner Controls Needed to Meet Projected Levels

A 30,000 1-3 20,000 H omonihs

B 50,000 5 10,000 : 6 manths
: C 23,000 5-15 4000-5000 48 monins
E D 1500-4000 - - -
| £ 15,000 1-10 6000 12-18 months
i F 13,000-15.000 10 4500 3gwmenths
= 500-1000 42 months
i G 2000-10,000 25 2000 - 30 wmenths
] —————————————————————————————————————————————————————————————————
: | 400 48 months i
| H 14,000-18,000 . 5-30 1200 ‘ 30 months

2000 <} - -

1l From responses to March 31, 1975, section 114 request'

2/ RYCHM = Residual Vinyl Chloride tlonomer
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ADDITIVIES
colorants

{ibrous reinforcements

{lame retardonts
plasticizers

phthalic acid esters
stabilizers

organotin compounds
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I., Spinezzola, A, and A, Bucarelli; Lesioni pulmonari
Lo da ﬁnalaziono prolungat ! wo?veri di PVC 1in
) cooe 221(197 ”\ (LI*] trawwWa'ﬁﬁn
’ ’ ‘amoge Trom prolonged in-

nier:  Pneumoconiosis

Med, Lavor 433(1970).
fccording to Miller et al., (24, above,at 51): "...I1{ exposure to
vinyl chloride and/or PVC 1P causally retated to air flow impair-
ment, we do not know which substance is more pathogenic. The fine
dust of the polymar micht be more WWVA7V to COWC“ﬂuTatQ in and
damage ihe small Airways. This dust, end other small respirable
narticlics, parhaps from tobacco Sno}e, may a?so Serve as carriers
Tor MQ1QLUIQS of & wonomer gas to setile in these airways."
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chloricde particles, 246 Ann. N.Y. Acad. Sci. 164(1975).

Lebor, Occupetional Safety and Health Administra-

U.S. Departiment of
for Exposure to Vinyl Chloride, 39 Fed. Reg. 35890

tion, Standard fo
(October 4, 1974).

For the NIOSH recommendations, see 1, above.

To date, neither the US OSHA nor the US EPA has taken any specific
steps to reduce PVC dust considered as dust. Dust reduction and pro-
tection was recommended to the OSHA by NIOSH, EPA on p. 49 -of its
standard support document (4, above) states:

“VWith regard to the potential problem of polyvinyl chloride
particulate as a possible cause of pneuumoconiosis, NIOSH is currently
involved in e xperimental studics on the effects of the particulate
in animals. The extent of public exposure (as opposed to occupational
exposure) to ambient concentrations of the particulate is unknown at
this time. Ambient measurcments of po1yw1ny] chloride particulate have
not been made by EPA in the vicinity of industrial sources because no
technology 1s currently available for scparating polyvinyl chloride
particuicle from total suspendcd particulate. As data become available
from NJTOSH and other sources on the healih effects of polyvinyl chloride
particulate, EPA mey find that it is necessary to rcevaluate the need
to propose standards for polyvinyl chloride particulate."”
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