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CONSIDERATIONS IN THE DECISION OF THE SWEDISH GCCUPATIONAL
STANDARD FOR VCM.

Ms for report on panel "Internotionol differences in
decision-making on environmeniol conirols. Case study:
Vinyl chloride.” ot the Internotionol Conference on the
Public Heolth Control of Environmentol Hazards, MNew York

Academy of Sciences, June 29, 1978.
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QHEBQIBPHQJ - Polyvinyl chloride (PVC) was first synthesized

in the laborulory in Sweden during World Var 1I. Vinyl chloride
monomer (VCM) was made convenlionolly by odding hydrogen
chloride to acetylene over o fixed bed cotalyst containing

mercury salt. AL the end of the wor, pilot plunts were

opcrating and markel rescarch wos carried out by lwo Swedish

compunics. One of thesc, later nomed Kema Hord or Kema Nobcl,
slorted commercial produciion shortly aficer the wor ond is

still monufocturing both VCM and PVC.

VCM was considered a rother harmless qgos in the fourties in
Sweden, as well as elsewhere, and il may certainly be ussumed
thot workers “exposure to VCM was budly controlled. The
exposure showed probubly a great variation from time to time
and wos generolly very high during lhe first decode of
production. Hygienic control was hampered by lack of good
analyticol techniques in that range of concentrotion which

is of most inlerest from lhe hygienic poinl of view. lHowever,
it hus been estimoted that the exposure may have been several
hundred ppm as o time-wecighted averoge for an 8-hour work daoy.
Occasionally 1000 ppm may hove been exceeded lor hours und

il happened that concentrations were around or above the

lower explosion limit.

In the mid~sixties, the exposure wos controlled to o highest
level of 500 bpm according lo reccommendations from the
avthorities, the figure obviously cmanating from the ACGIH
TLV list. These recommendolions were lotler decrcosced in

steps down to 200 ond 50 ppm (1972) portly due to the anxicty
arouscd by the reports on cases of acroosleolysis., Actuul
exposure for most work places where VCM was hondled in early

1974, when lhe great concern for VCM as o corcinogen arose,

was around 30 ppm,




The situation for the workers cleuning wutoclaves merils

special attention. Although the reactors were ventlilated

before cleancrs entered, these workers must have been

heavily exposed. Compressed oir gas musks were used [rom

1260 und on, but lor some ycars during the sixties Lhe use

of such masks was not mandulory. After dircctives from the aut-

horities they were gencrolly used from aboutl 1970 and on.

The VCM exposcd group of workers (population ot risk) in
-=-={he"whole PVC polymerization industry up Lo 1974 in Sweden
may be opproximated Lo be obout—1OOO.EDuc to.rot%onulizcd‘
production the work force todoy is wuround 250 Formon annual
production of wbout 150 000 tens PVC in o total of two
plants. Most of this quonlily is used by Lhe fobricator
induslirices in Sweden. The number of workers in the labricotor

plonts is lodoy obout 6000, os compared to a lolul labour

force in the country of obout 4 million.

It may be oppropriate ol Lhis point to remind of the orgunizo-
tion of the Swedish Mational Boord of Occupotional Safety

ond llealth (NBOSH) . HBOSH is comparable Lo the US outhorities
NIOSH and OSHA, taken together and orgonized under the
Ministry of Lobour. The Board of NBOS!H hus eleven members .-

only, two of which orec civil servuntls, namely the president

and the vice president of the Boord, who ore at the same

time genercl dircctor and vice direcctor of NBOSH. Of the

other members lour come from the employces, three from the
employers und {wo from the parliamenti. One employer represents
the public employers (state and commune) and of ihe politicians
one comes from the present politicul oppesition party.

Besides being ruled mainly by laymen NBOSH has good conncc-
tions with the inlerested moin porlies on the labour murket.

[t should be pointud oul furthermore, that oil draft rules

and regulation are thoroughly discussed with the labour
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unions and ecmployers primarily involved before brought up
for fimal decision by the general director or by the Board.

The proposed standard for VCQ4 was also trecoted in this

porticipatory manner.




Biological consideralions. - The estoblishing of ¢ permissible
level of occuputional exposure to VCM involves theereticol
difficuliies as concerns phc extrapolation from large doses

to smoll doses within the some populotion stvdied (whether

it is a mousec model or o group of occupationally exposed

men). A few exiropolotion models are at hand, as rcvicwpd

by Schneiderman et ol (1), bul no one can, on the present
stole of knowledge, tell which molhematical model is the

Arue one to use for extrupolation from high doses to low

doses for humon dose-responsdalta. Unfprtdnolcly, very fow

comparisons (2) of dose-response curves bosed upon animal

and humon stludies for the same chemicol con presently be made.

By using dose-recsponse data {rom Moltoni s experiment
Schrneiderman et al (1) extrapoloted wouse data to the low
dose ronge ond found that 1 ppm VCM inhaled during 4 hours
at day, 5 duys a week for 52 weeks would probably cause
less Llhon onec Swiss mousc having a liver hemangiosurcoma
out of 10 000. Now, this exirapolation did only consider
hemangiosarcoma of the liver, o tumour type vhich in foct
was in minority (3,4) omong the hemangiosarcomas in the
mouse and more so when oll {umour {ypes ore considercd.
Studies (5,6) on VCM exposcd workers support the idea that -
VCM is o multipotentiol carcinogen also for human popula-
tions as it is for rodenls. This means that extrupolotions
should ideolly include all tumour types ond nol only liver
hemangiosarcomus. In Maltoni s expériment (3) the Swiss
mice inhaling 50 ppm did gect o life exposure dose of

50 ppm x 4 hours x 5 doys x 52 weeks = 52 000 ppm x hours.
This is to be comporcd'with the exposure for a PVC worker
ul a supposcd TWA level of 20 ppm giving u yeorly dosc of
20 ppm x 8 hours x 5 duys x 48 wecks = 38 4C0 ppm x hours.
Addnd Lo Lhat, the worker might be exposed {o olher chemicals,
such us lobacco smoke, olcohol or drugs, compounds which

may contribute to the cancer risk.

18101 SBH
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We don i know whether 1 ppm gives o risk ubove or under

1 in 10 000 omong occuputionally cxposéd men. There were

no dose data ol hund Tor VCM exposure in Lhe VA4 und PVC
producing indusiries. No extropolotion model can thus be
applicd Lo humon data. In many inslances, wilnesscs declored
that the viclims of the VCM exposure qeccusionally have hod

high levels of cxposure in their previous working hislory (7).

It might, however, be thot high levels of exposure to o

“carcinogen for short time periods do involve a .proporlionally

smoller risk thon low levels of exposure during a longer time.
Doto obtoined with polycyclic hydrocarbons (8) and with
nitrosamines (9) scem to indicate thot low levels are more
effective lhan high levels, and this is discussed ‘also for

other carcinogenic agens (10).

An imporlont biological information wl the time of the
decision of hoving ¢ low Swedish occupulionul stondord for
VCU was thot Moltoni (11) reporied tumours in oll tested
species and porticularly thal 50 ppm, 4 hours o day, 5 days
weekly for 52 weeks caused 2 % nephroblastomas. 2 % ongio-
sarcomos and some other tumours in Swiss mice. The Swiss
mouse might be reyorded as being more sensitive towards .
VCM than the human, but a very imporlonti odditional biologicul
information relevant Lo the decision of the Swedish VCM
slondord wos that liver tumour cases were reported Lo hauve
occurred also among PVC fabricator work men (12). Mo dosc
dota Tor previous exposures were ot hond for the PVC
fabricators cither, but certoinly most or even all the
fobricotor industries in Sweden have hod on uverage level

of less than 20-und probubly even wmuch less than 10 ppm

for many ycars. In that porticular Swedish VCM and PVC
production plant where two cases of liver hcﬁongiosorcomog
ware reported (13) in 1974, Lhe totul population ot risk
since 1945 was 771 individuals (7) giving o hemangiosarcoma

frequency of 0.26 % (2594/10%).




Tt should be added, lhot loday we know of two additlienol

coses in the same worker s population, e.g. ¢ totul of 4
cuases (giving u frequency of 5188/106). The number of liver
hemangiosarcomas in the tolal population (8 millions) in

Sweden is 16 cases during the years 1958 through 1949 (13).

The lrue form of the dose response curve ot low doses of

a carcinogen has been much discussed both before and af ler
the VCM event in 1974, For mutogens (14) as well as for
“carcinogens (15), which odd to on effecl olrcady appearing

in the background ("noisc"), the dose response curve is
probably lincar from zero dose ond onwords. This would mean
thot Lhere does not exist o sofe level for exposure to a
carcinogen. By lowering the dose, the risk is oﬁly diluted,
ond the problem is lhen to define o dose giving o reusonable
risk level. This level of exposure to o carcinogen we prefer

to coll on occepted low risk level of exposure. In the

agcceplance of an uccepted low risk level nol only toxico-
logicol information is impoariont bul so ore olso consideralions
on technologicol feasibilily and on politicol issues in «

more yenerol sense. It is to be recognized thol we belicve

that o democratic invelvement is reosonuble in the acceptance

of the low risk leovel.
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Technologicol considerations. - In the spring of 1971 it
scemed inevitable, according lo the judgment vccepled by
MBOSH to conclude that VCM is a polent animal ond humoan
carcinogen. The first slc§ made by NBQOSH was to demond the
PVC-producer and olso the PVC-fubricators to control that
exposure was nolt higher than 20 ppm as an 8 hours “TWA. This
scemed possible to achieve by more slringent operotion of

the technicul equipment and processes alrecady in use.

Although almost no measurements hod been made in the fabricotor

“industry which tronsfer the PVC resin inlo moulded articles,

floorings, coatings, films elc. il scemed certoin thut the
general expeosurce omong the fabricotors wos olmost everywhern
well below 20 ppm. Higher VCM concentrations over some
hoppers for PVC-powder and in similor ploces could cusily

be reduced drastically. So lhe lechnological problem was
moinly confined to the process industry. In the PVC~poly-
merizaotion industry 20 ppm wos in the spring of 1974 bLelieved
lo be the best wchievable level in the immediotie future.

Therefore o tenlatlive valuz on 20 ppm was set.

In the aulumn of 1974 morc information wus avoiloble. Tuking
into accounl the possibilily thot even very low exposurcs
might corry some risk and toking into uccount the technicol .
und cconomic possibililies of eliminaling exposure, MNBOSH
finally stoted late in the autumn of 1974 thot. the maximum
permissible concenlration (MPC) should be 1 ppm (8-hours TWA).
However, the industry was given the whole yecar. of 1975 for
odjustment to the slandord. Current exposures were around

10 ppm TWA or more ot that time. The decision followed very
much the sume lines that hod been drawn up in the U.S. and

the OSHA Standard for VQM was of course studicd thoroughly.

A possibility which was considered for o while was o slepwise
decrcase Lo the permissible level, but it secméd more suiluble
to give the industry o more definite figure ot once and by
that give them due timn to plan and adjust their technology
accordingly. The labour union representative at the PVC

plont concerned urged for a zero value bul was contenl with

T ppm. Also the central trade union wus in lavour of o




stringent bul nol draconic move. 1 ppm scemed slringent

and still possible to meausure wilh satisfoctory occurucy.

The technologicul considerations were based, amongst other
things, on two factls. First it was known Lhal the formal-
dehyde industry had long been operating in the few-ppm ronge
and Lhe elhylenc oxide industry at not very much higher
levels (16). Whot these industries could do, the VCM industry
would also bec able to achieve. Secondly, it was obvious
- that VQU, earlicr believed to be safe, had been hilherto

hondled caorclessly.

The compuny Kemu Nobel engoged in intenese work during 1975
in order Lo comply with the promulgated stoundard and it
succeeded. The measures token were mony ond some examples

arec given Lelow:

T. Thorough investigotion of processes ond process cquipment
was carried out in order to avoid all major emissions of VCM.
- This included beller gadgels in langes, pump shaflls eic,

closing recject water systems ond oir oullels frem pressurcless

tgnks uand vessels and o lol of similar meousures.

2. Speciul venlilation wos instolled to catch cvery small
emission at the source. VWell designed hoods were necessary

in many places (17).
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3. All PVC-products were, os far us possible, stripped of

unpolymerized VCM before handled openly.

4. Speciol care was token that oll PVC-crust from rcactor cleoning

is hundled in closed systeoms.

5. Mew processes were inslolled in order to avoid crust

formation. lligh-pressure cleaning of reaclors was introduced.

6. Automolion and remole conlrol was installed,
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7.

Special pressure ventilolion rooms were instolled for
aulocluve operalors.

8. General ventilation of o thoroughly designed Lype with

jet-streom distribuiion of air llow was installed (16).

9. Speciol cure was token thot spenl vir was not recycled
to work premiscs.

10, ALl work arecas are continuously controlled with instruments
11, Personol protective equipment, moinly respirotors, but

olso protective 'clothing is thoroughly conlrolled. Respirulors
should bLe used as soon as VCM levels exceed o certoin peak
value. '

12, Some processes and cquipments arc not uscd ony more,

13, All worker ecxposure is corefully monitored.

It is Lo be noted thaet oll these hygienic measures were

possible by applying known technoloyy only. True technological
innovalions were unnecessary.

—

Present worker exposurce is currently around 0.5 ppm or lower.

Kemo Mobel says the firm has spent 20 million Swedish Crowns
(around 4 million US dollars) on lechnicol changes. This

has odded o cost of 1-2 million Swed:sh Crowns per ycur
compared lto the production cosl at an vir quality slandard

period would hove meanl essential savings in the cconomical
investment., However,

of 5-10 ppm. Kemo Mord olso cloims that o longer adjustment
the judgment of +he situvotion is difficult
ceven in relrospective,

Il secems probuble thot the immaleriol
guin of the producer in restored confidence on beholf of

the workers and the gencral public is worth much more thon




a portion of 4 million dollurs. This sum should in ils lurn

be seen in proportion to the profit per year of the compuny s

PVC-division and secems then nol to be a frightening froction

of money.

The resulls of all these endeavours con be scen in Table 1,
vhich shows exposure ot differenl time periods for diflerent
cathegories of workers., Personul monilors huve been used

and samples have been onalysed chromotographically,

Also in the fobricotor induslry the situalion is nmow satis-
foctory. This is partly owing lo the fact thot the standard
PVC resin produced and selled by Kema Mobel now contouins
less thon 10 mgs of VCM per kg of resin. Some qualilics cven
come as low as below 3 mgs/kg. On the olher hond, some PVC
resin products are still on the market wilh os much as
1000-1500 mgs/kg of VC4. Thanks to speciol measures taken

ol the plants using this particulor resin, the exposure

lo VCM today is well under 1 ppm omong the fubricator

industrics ioo.
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PYC-tisrkers “exposurs to VO in ppm.

fucrter 2 Quarter 3 Quarter 4 Quortar 1 Qucrter 2 Quarter 3-4 Year Yecr Quorter

Cczupctisn 1974 1974 1974 1975 1975 1975 1976 1577 1778
Shift foreran 8 4,7 1,4 1,1 1,8 0,9 0,1 , 0,2
Czerator, ‘genarcl 14 11,5 5,3 1,9 1,4 1,0 0,3 , 5,2
Coerator, polymarisaticn 11 10,8 3,4 1,4 0,9 0,7 0,2 , c,?Z
Toarctor, irecirent g é,2 2,3 D,8 1,4 0,4 0,2 , 2,1
Sizre worker - 2,4 0,4 0,1 2,1 0,5 ¢,3 , 0,1
Sescir men L4 25,3 2,2 1,0 0,6 0,3 0,2 0,1 0,2
Service man 18 9,5 4,0 1,1 0,7 0,7 0,3 0, 0,3
Tr2=iccls presarctions 25 12,4 1,7 0,8 0,3 0,7 0,3 0,1 a,1
Cl2cner ' 8,6 3,0 1,4 0,8 1,0 0,2 0, G,2
VYld-zherger i0 13,0 13,3 Z2,3 0,4 g,>3 Gg,3 ; G,3
Pecker - 4,0 2,4 1,83 0,9 0,8 0,3 , 0,2
House clacne - 3,5 2,1 1,2 0,8 0,3 0,2 o 0,1
Shginecers 5 5,4 1,8 0,9 0,7 0,3 0,2 10,1

, fru=ber of mecsu;ement: 20 71 32 40 44 L0-44 52-460 57-5% 43

|

!Av='cce rclues 15,5 10,3 3,4 1,3 1,1 0,9 0,3 0,2 0,2 gpn

/
Figures ore 8 hours T"A bcsed on perscnal dose measuremants.
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