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Retention of vinyl chloride in the human lung
J K.RAJEWSKI, M DOBECKI, AND J GROMIEC

From the Department of Chemical Air Pollutants of the Institute of Occupational Medicine, Lodz, 
Poland

abstract Experiments with volunteers showed that 42% of an inhaled dose of vinyl chloride is 
retained in the lungs. This value is independent of the concentration of vinyl chloride in the air. 
Elimination of vinyl chloride through the lungs is negligible since its concentration in expired air 
decreases immediately after the cessation of exposure.

-t

Interest in the toxic action of vinyl chloride (VC) has 
grown recently following the increased incidence of 
hepatic angiosarcoma found among VC poly­
merisation workers.

In industry the main route of VC absorption is 
through the lung. No data on skin absorption in 
man are available, but it cannot be excluded since 
the compound was found to penetrate the skin of 
exposed monkeys.1 The retention rate of VC in the 
lung was reported by Buchter et alz to be 26-28%, 
but these results were obtained from only two indi­
viduals exposed to 2-5 ppm VC and may thus be 
subject to error. The purpose of the present study 
was to determine the percentage retention of VC in 
the lung in man.

Samples of inhaled air were collected into 500 cm3 
gas pipettes every five minutes, the expired air was 
sampled using charcoal tubes, and four to five 10- 
minute samples were taken every hour. The VC 
concentration in both the inhaled and the expired air 
was determined by gas chromatography3; deter­
minations were possible down to 0-3 mg/m3. The 
difference between the concentration in the inhaled 
and expired air was calculated to obtain the percent­
age retention of VC in the lung. Samples of exhaled 
air were also collected for the first 90 minutes after 
the cessation of exposure to determine the rate of 
elimination of VC from the lung.

Results and discussion

Method

Five healthy male volunteers aged from 26 to 31 were 
carefully examined by a doctor before and after 
exposure, and medical supervision was provided for 
each experiment. The volunteers were exposed to 
four atmospheric concentrations of VC with aim3 
toxicological chamber serving as the source of VC- 
air mixtures. VC monomer from a pressure cylinder 
was mixed with precleaned air in a two-step flow- 
dilution system to give the final concentrations. 
Volunteers were exposed for six hours to VC con­
centrations 60 mg/cm3 (24 ppm), 30 mg/cm3 (12 
ppm), 15 mg/cm3 (6 ppm), and 7-5 mg/cm3 (3 ppm); 
values equal to 2, 1, 0-5, and 0-25 of the Polish 
maximum allowable concentration respectively. The 
subject remained outside the chamber and inhaled 
the air from inside through a gas mask connected 
with the interior of the chamber.
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The percentage retention of VC in the lung is shown 
in the figure. The value was independent of the VC 
concentration, averaging 42% and reaching the 
highest level of 46% in the first 15 minutes of 
exposure. In all the experiments the retention rate

Percentage retention of vinyl chloride in the lung.
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Table 1 Vinyl chloride concentration in expired air at end of exposure

Krtijewski, Dohecki, and Gronu'eP

In inhaled air (mg}m*) In expired air. last hour of exposure 
{niftinp)

In expired air

Mean value in first JO minutes alter Percentage of inhaled < out vnirution 
exposure (fiijf/ui1)

600 27-6 2-84 4-73
300 112 1-30 4-30
150 5-8 054 3-60

Tabic 2 Individual differences in retention rate at 30 otgjnp vinyl chloride

Subject No % retention at selected time points from start of exposure

15 min 30 min Ih 2h 3 h 4h 5h 6h 6 hour mean

i 55-0 45-0 42*3 510 420 47-5 40 5 300 450
2 79-0 770 680 75-2 68-5 52-2 75-5 67-7 71-0
3 40*3 37-8 33-4 42-9 28-7 29-2 35-2 29-1 33-5 : T-
4 45 0 31-5 49*3 410 34-5 41-7 44 0 33-4 390
5 43-1 35-9 20-8 299 320 20-2 37-3 26-2 300 t
Mean retention 52-5 45-4 42-8 480 41-1 38-2 46-5 37-3 440
Standard deviation
of mean 5/Vn 71 8-2 6-5 7-6 7-2 5-9 7*4 7-7 8-6

dropped rapidly 30 minutes after exposure was begun 
and thereafter increased to a relatively constant level. 
A similar picture was observed by Rogaczewska4 for 
acrylonitrile.

Concentrations of VC in the expired air immedi­
ately after cessation of exposure are presented in 
table 1. The concentrations were extremely low and 
30 minutes from the end of the exposure no more 
than 5% of the chamber concentration could be 
detected. The values accounted for about 10% of the 
concentration in the air expired during the last 30 
minutes of the experiment. Results for the lowest 
chamber concentration, 7-5 mg/m3, were below the 
limits of detection of the method and are therefore 
omitted in table 1.

Considerable individual differences in retention

rate were observed as illustrated by the values 
obtained for exposure to 30 mg/cm3 (table 2).
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Al. Noska, K, Pertiov, A! Spasovski — Yinvlchtoride Disease i?> Bulgaria

Summary The auihr’irs followed the concentrations of \ imlchlotide from the beginning 
cJ its production 111] now cturlny j[s sjiith-es.i and pi'lvmerLzanon'and established that in 

■ D65 they were 1 JO mg mJ but since 1070 the;, were Jn ihe rar.-res of J2 to 240 mg m3 cf the 
threshold value cl 30 mg m3

They undertook twice examinations oj •>' workers, including neurologic status, chan­
ces in hemopoiesis, protein and enzvmrc iuncron of liver.

They discovered len cases with virylch’.cride disease era <9 with single syndromes. 
The sick persons were mainly from the person*1, working dunn* Ihe polymerization of vioyl- 
chlotide at the repair workshop with a lengih ci sen ice cl 3 to El years. Vegetative poly­
neuropathy and increased activity of gam ma-c i ut am yltra ns peptidase were the leading signs. 
There were acroosteolisis and thrombocytopenia in some of the patients

The authors prepare medical-prophylactic treasures in respect to a 6-hour working day, 
additional food without pay, preliminary and periodical examinations of the workers and 
suitable labour establishment of the same patients. An experiment is carried out to correct 
threshold value of Ihe concenEration.
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nPOMEHH B AJIEPrH4HATA PEAKTHBHOCT y MEXAHH3ATOPH 
W. ^Eewapoua

MX — CcpViS, IlhCTitixT -a x;T;ie>,a ii spane-e. KrtiiHn*-? ~s nr;d‘fenoHa.7MH zcffrMH8a-i''i, 
fsxc». j.011. X:. II o ,t , s

Haii-\jpaKTepHoro aa tiaueio cou.sia.rtCTnqecKO 7e.".ct:o ctofish-teo ca cco- 
fieifo dtpjrrre TCMnoae Ha pmBimie c uiupoKo ir3no.T3\Bane na nocn;>KerntJtT2 Fra 
navKara if lexHHKaTa C yejpHBaHeto. c MexamraaijjiHTa si xiiMii3aucinTa sty ce 
noBjnrar w pejnua npotJwiaTO.iorrmHif npc5.7evit (3- ol Or ejHa expand, ce.icho- 
cToraiicKOTo npoeoBojCTBO ace nosene ce jofj.isrwtcsa to npo\mnueHOTO, a, qt 
Tpyra, to ce xapaKTepsisupa etc cboii cneu:t4)n<fHH occoeHOCTM — tr aitec ee.i- 
cKocronaFECkiire patfoTHiiun ca ita.TowteKj: kb Bb3Teuc73::eTo na KOMn.ieKc «e- 
6.iaronpHJrrKii Tp\j,OBir £}33KTopii, npitMep.-o Tpyja Ha 'EexaHitaaropiiTe. ripoyq- 
earnum ua mhoto aBTOpn d. 2. 4) hok223.it, qe no speMe Ha pa6orara ch re 
•recio ca H3,7oatetm na npocTYjKu M0.veHT;t n npaxoao s Metier sue, HaABmr> 
samo j.eceTKii iiltii npe.re.7Ho JonycrirM;re KOpvui. Hp:; toss siHxa.iupaHHsrc or 
tax npax e c sfiwa jticETepcKocr it etc c.iceteH cbcias c'nixepa.ieH it opraHHqeKl. 
cbAipwaui necTituturr, MimepaiHit topcse it to-ihmo Ko.TimecTBO rvfiHa tpaopa. 
Bc.ieiicTBiie Ha paGoiara na m2liimhhiih Js/rate.T bbb BMyxa ca nr-fepenn if hst- 
npeje-iito jonvcTiiuit KOKueF'Tpauj'.u BpcTHii rajose 'CO) u lre^TonpojvKTn, 
a uiyMiT no Bpeue na pa6oia aoentra 95—!"6 tB c ea-tCBpeveuno u:i6poB7»3*ej'i- 
crasie Bi»pxy uhcioto Tfl.lO t2, 1\.

BcitHKit re3ii ^taxropji «a padornaia epeaa He ca Ges 3Kaieitne 3a 3jpa3eTO 
na MexaHii3aTopHie» 3a cicToaHne7o Ha H.vr.Ho6»o.70r;[H:-:aTa peakT5F3Hocrt Koaro 
e ejHo ot BOAem me n p n c.7o>kh j i re pe a k u is h h a n p 11 c nocoC.’ sane c o kojh axa epej a.

ripoy4BS5UiH aa ctCTOHHtiexo sa a.^epriSHHaia peaxTitatiocT non Mexanirsa- 
70pH Jiocera y wac ne ca npaseHit. H?te c;: nocraati-XMe 2a tte,7 ja npoymix tojii 
npo&ieM c or.ieA onpe^enstie na pncita 3a si>3HiTKBaKe v.z a.:epro3Ji cp?A rpyna or

nfOirejn s LserrmiHaTj jejKTi'S'-xvT y yexanioaTOfn ■113

70 jytuii ‘texaflijaaTopH or aipapKonpoMiiunemin KOMnaeKC b rp. KnejKa. Or 
tax 51 Csxa TpaKTopncTh. 9 — KOMdaithepn ei 10 — MOHTbopn. Bchhkh 6flxa 
HbHte, k3to M.ianne MtunBiun ot 20 to 30 rontiHii 6nxa c.7a6o 3ac7bneHH (7J ?b). 
npeo6.7aj,aBaxa nnuaia a .-pF.ia 11 Hanpejwa.ra ewpacT: J2,9°a 6nxa or 30 jo 
40 roaiiHH. 40% — ot 40 to 50 rojiinit n cbuio totkobb — 40%. ot 50 j.o 60 
roAKHtr. Ha Toaa BMpacrcso paonpeaenesnie KopecnoKAiipaiite tr npoAaciHciiTe.T- 
HHHT TpVTQB CTadt rp?E TAX — 77,1 % iEMaXa H3T 10 rOAJIHII CTHiK KaTO Mexanit- 
aaiopH. Ot tjtx 25,7% ca p;5oTir.7H ot 10 jo 15 roj , 40% — or 15 to 20 rox 11 
11,4% ca H3nKiHJrBa.nl npc4«cnnTa cn noee^e ot 20 roaimir.

3a ocbinecTBHBaHe Ha namaTa ue.7 oCBew noTpodHaTa anaMHe3a bciihkm Jiima 
6flxa KiitHrinecKH nper.ieTasn ot cneunanitcrii n KOKcyATiipaRit c thx — Ka patio- 
jior, o^TariMOrTor n oTo-piEHO-napitHroTor. C rroMomra «a cnfrporpa4> <5#ixa na- 
cAeasaHit noKa3are.7itTe Ha abHimtoro aiimane (BK, CEOBK. AWBl, a aa onpe- 
AejiHHe ciCTOHfmeTo «a fiponxitannaTa peaK7HBHocr 6eute npiLio^en 101 xa.i atop- 
hhht aepoao.lOB aueTiMAOTiirHOB tbct npn .timaTa 6ea t|>yhkmioha.7hn ashhii 3a 
6poHxoo6cTpyKUim. ripovie:-;:! b a.iepniHHaTa ism peaKTiiBHOci TipcexAie 'ipea 
xo*Hoa.7epr:tHHo tbct\ bshc c saCop a.iepreH]! — <5htobji. 6aKiepna.iHii, rb6HH it 
no.ieHOBH. C ii3K.7K)veHiie na ncjeRoscre anepremu koeito an.inntipiNMe cKapn- 
4mxauiioHHO, ocTaHa.iHTe rrccraBHXMe iiHTpaT^pvariHo. Kohtpo.ihiiat teCT hii 
cjiyntewe sa ouenHsane Hopvta.inaTa KO/KHa peaKTMBHOCT. BcEiqKit KOHtHoaaep- 
thmhh peaKut5ir OTqniaxue i3>erartK0 — Ha 2C*—30-ra MHH\ra n Ha 24-im qac. 
noayqeHnTB aanmi cpasH«*a.\3ie c janwine r,z KOHTpo.7Haia rpyna Tima, na- 
6posBao.Ei 30 ayiim aajmHrjcTpaniBHn c.iy/Knrein c noj,o6no BMpactOBO si rpv 
aobo pa3npej;e.7eHEte.

Peay.miH « oGcvKTaHe

AHa'^ciara it K.7j!Hi[t:-rTs,7 nper.:eT noxasaxa, qe Mexanrf3CTopsiTe 6oneay 
bbt no-HcCTOox KOHJOHKT;.s:;ri. KatapH H3 rcpHt‘ie AnxaTe.iHit nVTtrjia n 6pot5- 
xhtii (tbCt. I) b cpSEHen]1? 0 rCHTpo.iHBTa rpjra, KaTO vcTaHoaenara paa.mKa ce 
oKa3a cTET.'.CTimecKii 20c::*rpHa (p<‘\05^ Teat! sainm Caxa b ro.iowtiiTe.ma 
Kope/tantsHa BpB3Ka He t: ,*.i:c33 c TiorioHon;. TteneTO {BbnpeKh xe n^seqe ot no- 
noBnuaTi — 54.3%, 6qxa r.; kc.^ktto c ipoTKiHiirTe.inocna na tpvaoeieh
CT3JK.

■ T a tS/iu 112 E

aaCo.TBSVii.i .v.e-.i oi’crit Vv rt>j na .

Kon."CHfcT;-E * r ~ . 30%
npehapar' u Tipu im ren r * 4 :o%
Bpri'Xl'Tl' ■5. 1 . 3 2 3%
Pei, mu.. .IV,
Xi reprcr- r -Jy\t
Heepecis: *-. : tupc>i

C no::o:uTa na Kowvr.:e.:=pntqHOTO Teciyaane 6euie ycTanoBeno, He 48 ot 
tax (68,5%) ca a.ieprn'i'.t:. xaTO c.iyqaflre z no.iirceHcnSif.iniaijTiJi (45,7'%) 
HaABtmis3zxa ABVKpa7;:o c.ty xatiTe c \roncceHCri6n.7H3amrn (22.8% I. rio.iyqemiHT
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