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Vinyl Chloride: Its Impact on
Occupational Medicine Practice

in lran

jehangir Aryanpur, M.D.

Upon the establishment of a positive relationship between
occupational exposure to VCM and angiosarcoma of the liver,
strict precautionary measures for the protection of VCM ex-
posed employees in the Abadan Petrochemical Company have
been instituted, Al such workers have been required 1o have
pre-employment and annual medical examinations with em-
phasis on liver functions. Among 43 such employees who have
undergone regular medical evaluation in the past three years,
no instance of liver dysfunction or angiosarcoma has been
discovered.

The lIranian Standards institute reviewing occupational
health data and local conditions provisionally set in 1976 a TLV
of VCM of 25 ppm TWA for 8 haurs with revisian foreseen for
1977.

It is believed that such precautionary measures should be
revised and improved according to available data and knowl-
edge and that variations in other environmental and local fac-
tors which may well play an important role in the potential
pathogenicity of the exposure should be carcfully considered
in determining the cxtent of the precautionary measures and
standards in each locality.

A bombshell hit the petrochemical ndustry worldwide when
euidenco in the USA was reported in 1974 inking angiosarcoma ot
the hiver and exposure 1o vinvl chlonde monomer (VCM and
polvvinyt chlonde PVCLY This was turther supported by espoen-
meatal and epidemiologic studies. leading to the development ot
new standards and work practices ' The suddenness of the wen-
thcaton of VUM as o cardinogen and ity potential adverse etiecd
an the health of the workers, on the health ot the community m
which the plant s located and on the users o the product aad o
protound eftect an dran Tecbncal measures wore immedaately
tihen at the Ahadan Petrochemical Company IAPC) Lo imprise
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the workig conditons mots VOM and PVC units A sew musdial
mOnLonng progeam weaas established 1o the sworkers n these unis

More imporfant peethaps was the tarther teabization by the in-
dustrial phistcans in the SNational franan Od Company that they
b o sl role to plav m the soell o of ther campany Three
problems had to be addressed and while sl have not been en-
treh resalved  each bas brevn esamimesd thotaughiv

bowWhat TV tor v L chlonde should be adopted mran? The 1
ppm TV adopted us the O5HA LSS standaed maght not be ap-
phicable to the specm geographecal and local condiions ot Tran

2 Whas shotbd be the decosaon segarding the VOM entraned i
the manutac ture of PVC IR the Western countries PYC contain-
wg mote Than a certan amount of VO woukd haves to be treated
AN LT omagen

Vol our PVC plant eaprogee v located 4 PVO manuatas ture and
all supporting chemual processes are near o tesidenaal aea,

The purprose of thes et b s to disenbe the medical protectine
meastnes tihen to canton the hazand danms the manotactuse ot
PVC and to esamuoe the anpae Ut this new s capational harsard

on the prctee of occapateaa’ medine mefran

History of the Prablem

Pordenoe af vim ] chinnde's sty has been noted tor many
vears I T8 when commeroad production ot PYC was bewun
by B 1 Goodrch Company espenments showed tut VOM uned
at the plant was dangerous Tooanamals £ A 19459 Russan repon
show ed that VO caosed normahgnant lner damage in 13 out of
38 warkhers esposed o the chenmead - Sunvevs n o the other
furopean countnes over the nest dis ade aned o halt contemesd the
above felaanshp?

A Conne bon betw een VOM and cancer was st marde n 1971
by Viola ot al ot the Unmversity of Rome, w ha 1ound tumors i the
lungs shine and bones of s exposed 1o high concentrations ot
the gas © I danoan 19718 P Goodich Company reported that
w1971 three men w ho worked nats Fowsville Ky PVYC manu-
tag tuting plant had died of angiosarcoma of the lver ” Because ot

the entromely low ncdenoe o this disease estimated 1o be ap-
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Tabla I - Ropomd Coses of An(hur:om of the Liver Among
Vlnyl Chioride Polymarization Workers
(Up to February 1977)
Country No. Age at Yo from Totat I
of Cawes Daagnoth It Epp 10 D Yis Eap |
Canaila 10 {Awating Detastsl
Crvcvnlovahu 7 A0 L 46 4B 19 & 16 (159 15 & 16 0599
Fedeeat .
Rep Germany <% 3810 49 U28) 1Hta 17 042 1) 10 17 (1) 6}
federal
Rep Getmary 2 {Awaning Details)
France 7 38 1o 63 (4R Q) 10 10 2% (208) 10 ¢ 29 194
Great Brton 2 37871048 9 k26 U725 440U
Naly 2 43 85 49 15222 08% 64 2) 015
}atatn 1 %2 22 e
Nocway I 4% 22 21
Sweden !4 19 18
United States 17 37 w6l (B 121032 (204 410 32 1179
Unded States T fA;mmg Detaty)
Yugoslava 2 42 259 (505 20 & 23 4215 1B L 20 (9
Total % 37 10 71 ) 910 32 410 32
(54 - median} (205 - medan) {18 - medun}

O tne Sh cases Dt aee 36 deasis 4 alee 1R padding detads Frgares 1 b ety
TRV ELANT M ahy

Soutes Halionat Ingtaute ot Orrymationdd Satety gnd Health  {lepyrtment of Heglth
Edutatian and Weilate Conoanute Onyy

prosvimately 20 10 30 deaths per year i the United States the ap-
PEALINCe OF 1oUr Cases 10 ivesyear period i one plint bed 1o the
conluson it a new occupationdl Cancer — aniosarconia ot
Uy Iver — had been discovered

This was butttessed by the animal work ot Protessor Cesare
Malton" who demonstrated nduction ot anaiosarcoma ol the
ver and other organs, as well as the producion of other cancers
i rals evposed o vyl chlonde,

Later, Tahershaw and Garfey released therr aindustov-wide opa-
demological study ot vinel Chlonde workers which suggested n-
creased oumbers of mabgnant neaplasms at ather body sites !

Up o the present timie atotal of 56 adentitable cases ot angio-
sarcoma of the hiver have been uncovered throughout the world
with at feast 36 deathst wee Table 1

Description of Plant and Operation

The manutacture ot PVC mdran started in 1969 by the APC as
a gt venture of the Natonal Iranan Petrochemcal Company
with the 8 [, Goodrch C()mp‘u\ly The mtal annaal produc tion
rose from 20,000 tons 1o 60,000 tons by the end ot 1970 The
plant employs approvmately 650 people, ar whom 43 are em-
ploved o VOM and PVC production

At the APC the manulacture of PVC o a tatallv contuned
operation That s chlotme s st [)H)(hn ed by the vlectrolvas or
salt Then ethvlene dichlonde (CHACHOHCD s made by the reacs
tot o the gases othvlene and chlonne Bthy lene dichlonde s
transtomusd ty vyl chlonde monomer CCHACHCR in speanl
teactors The VM passes by pipe 1o the polvmenizaton plant
where it s mined with water, an emulsater and a0 catalvat and
reas ted under pressute i an autocls e reacton o [)ll)\l\l(l' a
sturry ot polvanyt chlonde This slorev s then deesd and warthes
proe essed to produce PVC posder PV powder s packaged and
supilied to other Lactores where st s used 100 the manutae tare o!
PVE pipes, cable coverngs, toor covenngs, shoes ote A smph-
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Simphfied flow chart of PYC production at Abadan Petrochemical Company

teed thow chatt ot thee processes pseed at the APC s shownoan the

b

Contro! Measures

The possibality or g relatonstup hetween angiosanc o of the
et and oc capatinal eaposure o vt chlotde drew the at-
tenton of fespansable ranagement om the sery beginmng, ime-
mediatel atter the recemt ot the relevant ntornateon angent and
IpOANT steps swene Lhen to sategudard the health and satety o
coplovers i the Abadan PVC manutactunng plaints The rallow-
g areas ob control have beer established tesming area monitor-
[S51% pu':sunm-l maontonng festoe bing entry ntqo N'\;ul.lh-d ALILALY
theses bt areas that have a potential to cause exposure to VM
e eseess ot the permssabbe ity oand medical surveatlance o
emplovecs exposed 1o VOM and comprebensaoe mamtenance o
viplover teconds Detads of the program aise very umislar to those
prostnbhed by the OSHA regalations

Medical Surveillance Program. — Since 1971 650 emplovecss
o1 the APC have been subyected 1o penodic medica! soreeming
Sence 197 the A3 emplosees on the VENM and PVC umits have
breen subyedc ted 1o g complete annoad medwal vaammation -
my the talloaang steps 1 Medial hstory 20 Occupationat
history 01 Phvaacal caammation and b Laboraton tests of C8C,
uonalysie SMACTY chest vy and vrav ot the hands

in addtion the pre-employment and penodic esamination o
these emplovess must mdude ae Phasical examnabion methedds
to detedt diseases ot the dner or spleen b Histony ot alcohaohe in-
tahe hepatitin exposure to hepatotosc agents hlood transiusions
and previous haspitalization

Thirtv=tour o1 these vplovees are 2 to 35 vears old - mne are
3 to 40 vears old Theetv-nine have been workineg e VON andd
PVC manata turnngd units sinee the commissiomng o1 the unis in
14969, and the remaiming taur hase worked v these units tor three
1o ve vears The maidence of cidarette \H\ukn‘m‘ morelitnedy low

amotud these emplovess anh mne o 4 wae hat 3 b Y Cnarettos
A dave Alcabel consumption s very loae onle e donkoa bittle
beor or soddha occasianath Sone has given o pevious acoupa-
vl histon of exposyrne tooany known hepatotosee agent Only
o emplovee could aoall havne had bepatites since hepatits s
eidemuc n the anea some af the ather emiploveces can beeyvpedt-
vd 1o hase baed ankid e sabchmical cases i the past

Thae abioe mentioned mmll| hechaups have thas tar been e

pt Al 1t Comas GUAE Vedrs SO of the employers had

Viny! Chintide /Aryanpuyr

g a i b s

B ot L DR S NS U SR O

e o el TN,

R o v




s N,

Stwrte  raman Shandardy Instiivte

any Hm)p\.nnl‘-. such as escessine Tatge, samnolence, paress
thes or aches i bones or jomts The phvacal exammations and
routine lests wnnalysis, complete oload count and other blood
chemustries) have revealed no sgnidicant abnormabtios Liver tune -
tion tests and radhologie exammations have sl been waithin noomal
hmits. No thrombocytopenia, nger clubbing, or signs or ssmp
toms referable to Raynaud's phicromenon, acro-osteokvas detet-
able liver d.wpage ur cases of ngiosarcoma of the liver woene
ducavered.

Threshold Limit Value, — WCM had been identibed as a
hepatotosic agent® ™ Gt is a chlonnated hydrocarhom and has
been incrimmated i praducing the disease acro-osteciess ™t
TLV @threshold mit value) betare 1974 was set at 500 ppm In
1974, the QSHA WUSA) set the emetgency standard ot 50 ppm tor
VECM, and. in 1975. imited emnloyee VCM evposure to 1 ppm 8
hours TWA {time weighted average) and 5 ppm 15 minute TWA
based upan its newly found carsmogenic propertios

Since 1974, maost of the countnies having PYC manufactusng
plants have lowered ther TEV for VOM The USA and Sweden
have towered theie TIV for VOM to 1 ppm 8 hours TWA: Canada
Waont Germany Netherlands and UK have reduced this to 10 ppm
and Iran and many ather countnos have reduced ther THV 1or
VOM 10 25 ppm 8 hours TWA  (Table 2 shows the TIV o1 VOM
14 diferent countnies )

Conwdenng the marked difterenoes which ovast n vanous ©oun-
thes and PVC manutactunng, plants e ditferences in ¢hmate
humdity, prevanbing wand plant [ocatmon and desgn, ethne geaop
alcahol ntahe, diet, presalence of hepatitis, ete g sevis ap
proprate that in settiag the TLV tor VOA, muere consideration
shogld be given 1o these geographical, ethmc and other e
oTenes

The dranuwn Standards instimuie m 1976 set the TEV of VOAL
provivonally at 25 ppm TWA 1o egght hour, with rovisminn tons
seen e 1977 The committee setting ths standa d onsisted of
the representatives of the Jranun Standards Insttate, the Lnvron-
mental Convernvation Qrganwvation, the Atinstty ot tabor and
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“ Table 2, — Theeshold Limit Values for Vinyl Chloride ! Table 3~ Cnviconmental Messurement ot Total
PR Monomer in Diftarant Countries. - | Hydrocarbons in PVC Unit
Counlrf.‘".»‘. Year . Thiewhold Limit Yalue of Vinyt Chlorde Monomer ¢ Location Tatal Hydrocarbon Concentration
Belgwn X 19757 25 pom TWA {8 nours), 50 pom (15 mutes) l Qutsste of the poly
Cawc1 - 77 1975 10 poen TWA (B hoaws! 25 pprm TWA {15 momaten? L e s ofves 10-1% com
fvang 1975 S pom TWA {8 naurs) 10 pom TWE {15 minutes) ] L T I T TS 1730 pon -
Fraeee .. 1975 25 oom TWA (8 hours) Blant 1o ogengy 50 tom
Germany ° 1976 10 pom Pevsonai Manmum, 10 pom ceiling Contial sy v contrl pavwl 1425 1on
W 1976. 25 pom TWA (8 hours). 50 pom TWA (1 foaw) Bazgng staten 30 xm
it Y revew om 1977 [T TR 20 aom
naly 1975, 50 ppm TWA (3 haurs) -
Futurk N 2% porm YWA 8 hours?, 50 pra TWA 115 mustes) Porowy et by temer teemcat 0 gn OF R ambhovent g apde 9T W on
fapan 1975 25 mg/m’. aporasinstely 10 pom e )
Netrerands 1975 10 pom TWA 18 howrel Socnd At the Aymetrny ot Health and Sooal Weltare and the
Smeden 1975 - & pom TWA {8 hours), 70 pprm TWA (15 miwtes! Abadan et hemical Campany The committels had to reach s
. 1976 1 pom TWA (8 hoursi, 5 ppm TWA (15 mautes) recommendations entieelh empracadly based uphn the docal con-
Sutzetland 191% 100 pomn thyan. "
Future 10 porn TWA (8 bours) I reviewang o results and camparnng them wath those ot
Untled Kingdam 1915 25 pom TWA {8 hours), 50 pom TWA (15 muwtes) other conntoes gt seoms that apaet rome sach ditterences as
October 197% 10 pom Personal TWA 30 pom ceding cthne by e aleohol consumpten the enedetin natoe of viral
United States 1975 75 ppm TWA L5 mimutes) hepatite - the areg and o onadence g et smoking
1976 1 ppm TWA {8 hours) 5 ppm TWA (15 minutes) R
ety hainte may alve oly crale Rice ater all campises
USSR —_ 30 mg/m', apoeonmately 12 ppm
] wreater part of thee dict ot these s arkers than o those on standard

Western ddnts

Fhe chmatn confimans af the soorhang and ong ateas ane dalso
Adtterent tron thoseon st ot the other PV paants of the world
I Abuidat the averngte samimer lemaeratate s aboat 00 C L5 e
shude sath g masenom o 1975 o 49 0 The average humdity s
404 woth oy soells of TOO . m sumiomes The aveetate winter
lemperatate o Hito 15 C owath a mummupm n 197501 117 C The
average vond velooty s 10 knats AL weark o carned outdonan,

Among the 38 omplovess of the VO and PVO oanatactunng
plants ar the APC who have bad varoing degress ot eaposgre (o
VONM o @ petod ar el v s na evadence or o osteal s
Ives e o angosarcoma o the ver has been detecred
Takinigy intor e count e rebitn ely short esposure penod of theae
emnloneres three Tao et vears angd the 1act that i the UsA the
avenage knent perod o test evposane 1o VO Lo diagnoss at
angosars o bas been about 19 Lears perhaps one shouald oot
expect totmd angesarcoma cases i APC at the prosent tume
Hence ou expeoence apy to thes nme cannat he taben as g
ficwent cunde Conunued vivilanee weh aea mangaong, and
miedieal sorvedlince woll e caroed aut and o ported upon at
penochc mrenals

Entrained vOM, — The prosent PVE manans tured at the Ape
woror use o ey Stadues e beng carned out o doetermine the
amaount o VOAY entramed an o the ArC orodoct bot at thas tome ne
sprec il techmnues to bt the amourt ot VMO the manutac
turey] VO have beon nstituted 1 as anhbely that the enteganed
VCAY bherated swhen the PVC s tsed woald osoeed the presemt
theesheold s tor ran This PYC s nat gaed tor the mani’ i tute af
totad Contamers or wrappimg owter,y b tood statt Studies are
bene plinned to moator workers vaposed 1o PVE dust o the
manuia e ot the resin

Community Effects. — The Abadd i Petron bt al Coman s
tated near peadentol and manutaclunong areas As lar s s
kv 0 there has bevn oo release of sabstantal amoonts o VOA
which mnght attect the commpnay However on g Ny o Casions
Chinene tael been redeased trom the tnanutad tuting comples caus
e uation of L arade school st the edie of the ndgstrgd com-
ples T arntation trom chlonne and the recopmaion that VOM
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could be harmful motivated the Abadan Prtiochenucal Company
to assist in refocating the grade school to 4 location at some
distance away no longer i the path of the prevading winds The
former school site is now used as warchouse with miimal per-
sonnel.

Summary

1. Awareness that VCA has been demonstiated to be a car-
cinogen producing A rue tumor angiosarc oma, has led the com-
pany to tghten s medical montoring and industnal hygiene con-
trols.

2. A temporary TLV has been gstablnhed tor VCM at 25 ppm
comistent with the operabing proceduns of the company and
local geopraphical condmons.

1. The potential hbarm from mndustr chemicals has stimulated
the government and the company 1o support further control of in-
plant and outplint  crveanmental  hazards drom andusinal
OPTrALIoNs,

Thanis ame due 10 the managemwent of danun Od indgan ko thee e e

thes (adslm ath iy of tha arte b Al Thanks are dues 1o ¢ ollengess 0 Abaidin b the:

Peepnatatewn on the dol

Some Words to the Wise on a Search Committee

HBe wary of sient phyicians,
Reprssions orupt trom wathin,

Be careiul with saubing techmenns,
Duasters hurk under the gnin

Conuder the partly disablod.

Thoy always seem cager o uy

Be (ool to the Famous and Fabled:
Thev mav say hello ind good-byw

Rewist the agpressve audacioges,

Ther courage may onbe be tear

Take heed of the luzid oquacious,
They say what they want you to hear

Beware the heroic unharnied,
They'd rathet be elsewhere nstead.
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Lok out tor the staic onmarosd,
Thev may take 3 hatthe ta bied

Seden t the ecbectie and pated
The CV will e vou the clue
Can someone be utd or conscopted,

Or »n he too good ta be true?

Keep searching tor something elusive,
The meue cannot be resolved
You must be cancsely conclimive

Berare vou are otdered disolved

Assignment iy hinally tinishaed
A candidate seems o emerge
Adronal reserves are diminshed
Farewell' 10 s time to sy merge

— From o Letter o the Lditor by Selony Phershbaps 12 M o The Non Trnelioed
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