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TO DETERMINE IF ‘A HIGHER FREGQUENCY OF CHROMOSOME
ABERRATIONS OCCURRED IN VC FPOLYMERIZATION WORKERS THE
PERIPHERAL LYMPHOCYTES OF 7 OCCUPATIONALLY EXPOSED AND 3
NON-EXPOSED CONTROL SUBJECTSs ALL EMPLOYED IN THE SAME
FACTORYsy WERE STUDIED. THE AIR CONCENTRATION OF VC IN THE
POLYMERIZATION DEPARTMENT WAS ESTIMATED TO BE ARQUND 20 TO
30 ppm. THE DURATION OF EMPLOYMENT IN VC WORK RANGED FROM
? TO 29 YEARS. NONE OF THE WORKERS HAD ABNORMAL CLINICAL
EXAMINATIONSs EXCEPT FOR CASE A WHO HAD THROMBOCYTOPENIA
AMND ALPHA 1 - ANTITRYPSIN DEFICIENCY. CHROMOSOMAL ANALYSES
WERE MADE OM 48 AND 72 HOUR CULTURES WHICH WERE CODED AND
ANALYZED BLINDLY. THE DATA FROM THE CONTROL SUBJECTS (566
CELLS) WERE HOMOGENOUS AND THEREFORE POOLED. IN CELLS FROM
THE EXPOSED GROUP THERE WAS NOT FOUND IN ANY CASE A STA-
TISTICALLY SIGNIFICANT DIFFERENCE IN THE FREGQUENCY OF
ABERRATIONS RETWEEN 48 AND 72 HOURS CULTURESs AND THEREFORE
THEY WERE POOLED.

-2 HEVYIWWORDS 553 5%

VINYL CHLORIDE: HUMAN STUDY; OCCUPATIONAL EXPOSURES
CHROMOSOME ARERRATIONS: THROMBOCYTOPENIA3 ALPHA & -
ANTITRYPSIN DEFICIENCY; 'PERIPHERAL LYMPHOCYTES: X RAYSS
CHROMATID GAPS: ISOCHROMATID GAPS3 CHROMATID BREARSS
CHROMATID EXCHANGES: ISOCHROMATID BREAKS: DICENTRIC
CHROMOSOMESS RING CHROMOSOMES.

MM ARSTRAOACTS 9%

THE RESULTS OF THIS ANALYSIS OM A SMALL GROUP OF Y EXPOSED
WORKERS INDICATES THERE IS AN INCREASED FREQUENCY OF
CHROMOSOMAL ABERRATIONS. IN 386 CELLS OF CONTROL WORKERS
THERE WERE 11 APNORMAL CELLS (1.94%) AND IN 1430 CELLS,
COMRINING THE DATA FROM THE 7 CASES OF EXPOSED VC WORKERS
THERE ARE 318 ABNORMAL CELLS (9.52%), THE FOLLOWING FREQ-
DENCY OF ARERRATIONS IN THE CONTROL POPULATION CORRESPONDED
T THAT FOUND IN THE GENERAL FOPULATION. IN THE EXPOSED
POPULATION THE FREQUENCY OF CHROMOSOME ABERRATION WERE
FOUND HIGHER IN CHROMOTID AND ISOCHROMATID GAPS AND EREAKS,
BUT MOT FOR THE OTHER TYPES TESTED. THE HIGHEST FREQUENCY
OF AENORMAL CELLS WERE FOUND IN THE TWO INDIVIDUALS WITH
THE SHORTEST DURATION OF EXPOSURE (7 YEARS) AND TWO INDIV-
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IDUALSs ONE_ WITH 12 YRS. AND THE OTHER 20 YRS. EXPGSURE)
DID NOT DIFFER SIGNIFICANTLY FROM THE CONTROLS. A TEST OF

HETEROGENEITY GAVE A CHI SQUARED= 47.72 e LLESS THAN 0.001.
HIS NEGATIVE CORRELATION OF THE FREGUENCY OF ABNORMAL

CELLS WITH THE TIME OF EXPOSURE WAS NOT SIGNIFICANT,

NOTE: THE AUTHORS MENTION PREVIOUS DIAGNOSTIC X-RAYS A5 A
FOSSIBLE EXPLANATION OF CHROMOSOMAL ABERRATIONS IN THE
CONTROL. GROUP., SURJECTS WITH CURRENT DRUG INTAKE OR PRE-
VIOUZ X-RAYS ARE NOT INDICATED AS EXCLUDED FROM THESE
STUDIES. THERE IS ALSO A THIRD EXPOSED SURJECT, CASBE Es
THAT DOES NOT APPEAR TO DIFFER SIGNIFICANTLY FROM CONTROLS.
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rz'wase of low concentmations of proteolytic enzymes in the
skin due o e non-specific cyrotoxic cffects of biie sales
couid accouat for botr wac pigmeniation aad the pruritus of

2nis with chronic obstructive jaundice.
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CHROMOSOME ABERRATIONS IN WORKERS
EZXPOSED TO VINYL CHLORIDE
Sm.—tpi-c.mio ozical evidence suggests that the risk
of malignancy is increased in workers ch‘on,cauy exposed
© v.nyl chloride (v.c.).}=% The carcinogenicity of v.C. has
secn demonstrated ia animal experiments.t In-vitro 7 and

in-vivo * experiments suggest that the carcinogenicity of

v.c. provanly depeads oa the formation of an aliylating
wompouad, presumably chloroethylene oxide.  Since
cscinogenic cheriicals are often mutagenic,® we wondered
if v.c. is also mutagenic. In fact v.C. has been reported
15 induciag muzations in Saelmonella typhimurium in the
presence of metabolicaliy  active liver homogenates.t®
{( alkylation of D.N.A. by v.C. merabolites also produces
chromosomal aberrations in man, chromosomal analyses
could be used as an iadicator of risk and also possibly be
heipful in establishing a genetically meaningful maxi-
mum allowable concentration of v.C. We report an in-
treased frequency of chromosomal aberrations in workers
txposed to v.C.

Seven occupationally exposed male workers and three
aon-exrosed coatrol subjects, all employed in the same
factory, were studied. The level of exposure to v.C. had
continuously decreased during past years. In the weeks
preceding the collection of bicod-samples for chromosomal
aralysis (before the summer holidays in 1974) the air
concentration in the polymerisadon department was
stimated to be 20~30 p.p.m. Workers had been exposed
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7. Guthe, R., Call C. J., Ehrenberg, L., Wach
Ambio, 1974, 3, 234.

a Osterman-Golkar, S., Segerback, D., B: b LL'

9. Millee, E. C., Miller, J. A. i# Chemi M and
Methods for their Detection (edited by A. Holllendcr), vnl. 1,
p. 8. New York, [971.

i0. Rannug.au.. Johanssoa, A., Ramel, C., Wachmeister, C. A. Amdio,
1974, J, 194.

C A

(TS rY

/09

459

to v.c. ior 9-27 years. Clinical examinations Fad been
cacried out at rc"u ar intervais. None of the workers had
showed disturbed liver functise, sizns of acro-osiciysis or
hicer "to‘ogical CiLinges, cxespt for A in wiica there
wus siigit thiom Socytopenia and an - -zautcyR i
<acy. Chromosomal analyses were race on iy
venionai lymphocyte-cuizuzes incudated for N ol T3
nours. Axl bicod specimens and slides ware ooded aad
analysed dlindiy.

The result of the chromosome anaiysis is givea ia the
accompanying :abl The data for the control sudiicty
were homogencus and cherefore pooizd, Altogetier rhcy
comprisaed 3656 ceils, 11 of which (1-917%) conrainad caco-
mosomal aberrations. Tais finding might be espiaine
by provious diazeostic X-rays. The frequency of aieri-
tioas nevertheiess accorded with that of a male popuictioa
seiecred at randerm.tt

1450 ccils from the group exposed to v.c. were analysed,
800 i the 48-hour cultures and 630 ia the 72-bour cul~urcs,
In nonc of the cases was tiere a seatistically significant
difference in the frequeacy of aberrations betwesn the 43
and 72 hour culrures. Tasrefore these data were pooled,
The frequency of abnormal cells in the group exposed to
v.C. (9:32%) was signiicandy greater than in the controls
(? <0-001). This was aiso true for chromatid and isochro~
matid breaks whken analysed separately, but not for the
remaining types of aberrations.

The highest ftequency of abnormal cells was fouad in
those subjects who had the shortest duration of exposure
(sce table), and wwo cases (C and F) did not differ siznifie-
antly from the controls. A x? test of the frequencies of
abnormal celis also revealed a significant deviation from
homogeneity (p <0-:001). The negative correlation of the
frequency of abnormal cells with the time of exposuze wag
not siznificant. Therefore, on the basis of the present data
it is not possible to discuss the biological background of
this heterogeneity.

We cthank the s:iaff at KemaNord, Srockviksverken, fop
cooperation and Miss Anita Tillberg for rechaical assistance,
The expenses for the present study were covered by grants from
the Swedish Medical Research Council (3681) and the Swedish
Bosrd of Occupational Safety and Health.
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CHROMOSOMAL ABERRATIONS IN WORKSRS EXPOSED TO VINYL CHLORIDE

) - Gaps No. of different types of aberrations -bn:n:-‘l'lc aits
Duration! No. of ‘ i
Sabiect | osure | I® F roctico. | Cheoma- | SPE% | 1oochro-: Dicentric! Ring | o per
(e} Y N d ud madd | " oid | chromo- ; chromo- N Totat | Total %
ud mad breaks €X= | breaks | somes | somes ypes
| changes |
Zemerole () 0o 566 5 4 4 1 4 2 i o 12 1 1-94
Lraosed: i
-9 200 22 8 19 2 19 0 ! ] 1 41 6 18-00
B 9 250 15 14 24 1 17 3 H 2 48 7 1430
C 12 250 4 6 5 1 5 2 ' 1 ] 14 12 480
D 18 200 8 EH 12 t 9 o | o 2 24 2 | 1100
E 19 150 3 2 . 0 s 0 o 2 11 1 7.33
F 20 20 1 1 [} 0 1 [ [+] 2 3 3 1-50
G 29 200 9 12 K4 [1] 9 H H 1 1 19 17 850
Tetal (A-G) . 1450 62 48 n s 65 1 ! 3 10 160 318 9-52¢
n I

* A test of heterogeneity gave x* =47-72, 6 4.1, r <0-001.
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The expenses for the present study were covered by grants from
the Swedish Medical Research Council {(3681) and the Swedish
. Cresch, . L., Johnson, M. N. J. occup. Med. 1974, 18, 150. Board of Occupational Saitry and Heaich.
L Lee, F. L, Hoery, D. S. Lancer, 1974, i 1316, . . . Francisco Funzs-CravioTo
v, 3 Monson, R. R, Psters, J. M., Johason, M. N. i&d. 1974, ii, 397. Depmm:nt‘uf Cliaical Genetdics, Bo LAMBERT
4, Block, J. B. J. Am. med. Ars. 1974, 229, 53, Karolinsks Hospital, ¢
5. Holmberg, B., Molina, G. Wk, inciron. Hith, 1974, 11, 138, Stockholm, Sweden. JaN LiNDSTEN.
6. Maleoni, C., Lefemine, G. Emmon Ru 1974, 7, 387. of Radiob
- 1. Goths, R., Calleman, C. J., Eb L., Wachmeiscer, C. A. D”w‘.;;;::‘;:m l‘:‘hm‘;;m Lars EHRENBERG
3 Ambio, 1974, 3, 234. Univessity of Stockholm, - L+ NATARAJAN
R 3 Osrerman-Golkar, 5., Segetbick, D., Ehrtnben L. Unpubluh:d. Sweden. Siv OSTERMAN-GOLKAR.
% Miller, . C., Miller, J. A. in Chemi and
L] Methods for their Detection (edited by A. Hollmder), vol. 1,
et p. 3. New York, 1971. . )
Llie W. Rannug, U., Johansson, A., Ramel, C., Wachmeister, C. A. Ambe, 11, Coust-Brown, W. M. Human Populadon Cyrtogeneucs; p. 7.
e 1974, 3, 194. Amsterdam, 1967.
) CHROMOSOMAL ARIRRATIONS IN WORKERS EXPOSED TO VINYL CHLORIDS
ace . : Na. of
e Gaps No, of different types of aberrations | abnoereal eetls
. Duration} ,. H
L sabjects | OF = | T2 Chro-  icentric]  Ri ; [
i ubjects posure 4 en T Chroma-| =% % | [sochro-; Dicentrie| Ring o) o i {
[ (yt.) id dd td . matid | chromo- | chromo- . ' Totl Total @ %
o ma breszs | X breaks | somes | somes | VPP ! 1
| changes i H
il el o 586 s A 4 1 . 2 i ) 12 itooi0e
Stposed: i
e A 9 200 22 8 19 2 19 0 ] 1 41 36 . 1800
uad 3 9 230 15 14 24 i 7o 1 2, 48 37w
[} 12 250 4 -] 3 { ot 2 1 0} i4 i2 ] 480
" D 18 200 5 12 1 9 1] 0 2 24 22 i ll'OO
. E 19 150 3 2 4 0 5 [} [} 2 1 o733
Wea F 2 200 1 1 0 0 i 0 [} 2 3 3 ‘ 1-50
s G 29 200 9 12 7 0 9 1 1 ST 17 0 %50
Tral (A-G) . 1450 62 48 n s 65 6 3 114 160 Mns 9-52°
erfine 7)
* A test of heterogteneity gave z® = 47-72, 6 d.f,, r <0-001.
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release of low concentrations of proteolytic enzymes i the
skin ditc to che non-specific cytotoxic effects of bile salts
couid aceount far boil ie pigmeniation and the pruritus of

patients with chronic obstructive jaundice.
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CARGCMGSOME ASERRATIONS IN WORXERS
EXPOSED TO VINYL CHLORIDE

Sir,—Epidemiological evidence suggests that the risk
of malignancy is incoeased in workers chronically exposed
t vinyl chloride (v.C.).'-* The carcinogenicity o v.Cc. tas
“aen demonstrated in animal experiments.® In-vitro 7 and
In-vivo * experiments suggest that the carcinogenicity of
v.c. probably depends oa the formation of an alkylacing
compound, presumably chioroethylene oxide. Since
arcinogenic charaicals ace often mutagenic,® we wondered
i v.c. i~ also mutagenic. In fact v.c. has been icported
a inducing mucations in Salmonella typhimurium in the
sreseace of merabolicatiy active liver homogenates.t®
i alkylation of D.N.A. by v.C. metabolites also produces
dromosomai aberrations in man, chromosomal analyses
couid be used as an indicator of risk and also possibly be
heipful in establishing a genetically meaningful maxi-
mum allowable concentration of v.¢, We report 2a in-
ueased frequency of chromosornal aberrations in workers
txposed to v.C.

Seven occupationaily exposed male workers and three
non-exrosed control subjects, all employed in the same
factory, were studied. The level of exposure to v.c. had
concinuously decteased during past years. In the weeks
preceding the collection of blood-samples for chromosomal

*/09

to v.C. Jor 9-29 years. Clinical examina=ons fic deen
cacriad out at reguiar m:urvais None of the wor fers. nad
>h¢w 2d disturbed liver funciion, signs of acro-o:

nxmatological changes, excipt for cuie A in wi
was sugae thrombocytopcnia and an - ~
ency. Chromosomal anaiyses were maca on ¢ S
veationai lympilocyte-cuilures incuvsted fur s Lia TO
aours.  All blood specimens and siides weore codew and
analysed blindiy.

The rosult o the caromosome ana.ysis is g
accompanying table. Tae data for the controi .i'd ¢S
were nomogenous and thersfore pooled. Altogstier ey
comprised 566 cclls, 11 of which (1:94%%) conrsized carc-
mosemal aberrations. This fading might e expiai
by previous diagnostic X-rays. Tas frequensy of aher
tions ncvertheiess accorded wich that of a male popuiiioa
selececd at random.!t

1450 celis from the group exposad to v.C. were ﬂﬂa.'/'SCd,
820 in the 48-hour cultures and 650 ia the 72-hour culcures,
In nonc of the cases was taisre a statisticaily signidcant
difference in the frequency of adberrations betweea the 43
and 72 hour cultures, Thnerefore thess data were pooled.
The f:cqueﬂc'l of abnormal cells in tke group exposed o
v.C. {9:32%) was significantly greater than in the conirols
(P <0-001). This was also true for chromatid and isochro=
matid breaks when analysed separately, butr not for the
remaining types of aberrations.

The highest frequency of abnormai cells was found ia
thnse subjects who had the shortest duration of exposure
(see table), and two cases (C and F) did not differ sigaific-
antly from the controis. A x* test of the frequeacies of
abnormal cells also cevealed a significant deviation from
homogeneiry (» <0-001), The nezative correlation of the
frequency of abnormal cells with the time of ¢cxposure was
not significant. Therefore, on the basis of the present dura
it is not possible to discuss the biological background of
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