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Mutagenicity of Vinyl Chloride

External Chromosome Studies on Persons With and‘Without

VC lllness, and on VC Exposed Animals

1. Fleig, Dr. rer. nat, and A. M. Thiess, Dr. Med.

Review of the Literature

According to our knowledge, nine studies!-¥® ¥ relating to
vinyl chloride (VC) problems have been undestaken, However, no
conformity could be reached from these results. As Table 1 shows,
five studies had a higher rate of chromosome aberration in the VC
exposed group than in the control group. On the other hand., four
further studies produced negative results. All those investigations
made on animal and sub-mammalian species’ "' are shown in
Fig 1.

Personal Investigations
investigations on persons concerned with the manufacture of
.\LCIPVC with estimated exposure have been undertaken in our
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rpédical department.? In this group we cannot make any definite
statements regarding the rate of exposure, but it is most probable
that the assumed values taken from abroad are also applicable to
the Federal Republic of Germany.’ These values are: 1945-1950
— 1,000 ppm: 1950-1960 — 400-500 ppm: 1960-1970 —- 200-
400 ppm: and 1971-1973 — below 150 ppm.

In addition, investigations were undertaken on persons in the
VC/PVC processing plants who have undergone monitored VC
exposure (Fig 2).% Both groups were combined as “Exposed per-
sons showing no symptoms of VC illness” (Table 3 and Fig 3).

Before commencing the study, anamnestic data were collected
regarding sex, age, occupational exposure(s), medical x-ray treat-
ment either for diagnostic or therapeutic purposes, recent viral
diseases and vaccinations, consumption of drugs, and smoking
habits, in order to discard those subjects who have multiple ex-
posures. We matched these subjects with healthy controls of the
same sex (in this case male) and approximately the same age who
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Table L. -~ A Survey of Results tram VC Exposed Persons,
Longth of % Chromeseme Aberrations Pathalogieal Results

Authors No. of Probands Expogure VC Esposed Cantroby Mutagenic Effect (VC Syndrome} R
(Yoars) (Average) :

Fleg. Thess (19740 10 workery 426 15 55 Negalve No pathologeal resuits ill-
Oucatrnan, Hirschhar  Sshkolt 11 workers i
975) 10 controls o 982 5 Positive - |
FunaCravioto et af 11975) 7 wahers 929 952 19¢ Positive 1 tivombocytopera !
3 wmtroly |
Hanstesn, Hitlestad 19 workers ¢
Thas-Evemson {1975) 16 eontrols — 341 179 Poutw - ‘

Wdua Pucuym (19751 203 workers Up to 30 39 55 - Negatrve —_—

108 controky }
Lange Schwenger, Veltman 12 workers 12521 — —_— Megative Theambacytopema. splewomegaly )
1975) acronsteatysis. Raynaud's ;
syndrome  sclevgdermia .
Purchase. Richardson Anderson 56 worhers i
(1975} 24 ntrols —_ 213 418 Positve — ,
Fimg (1977) 20 workers 430 112 55 Positive Thrombocytopema  splemmegaly :
20 eantrals scherodermia Raynaud's syndrome {
irver hos, esophagus. and (
stomach varces of the lurdus i
Hroostechysis .
Leonwd et at (1977) 18 workery 2 19 resp 16 More severe — )
10 contrais 28 dvomasome ;
momabes — due to .
vadwograph? '
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wer  not exposed to VC of to any other

Autnors Tost = stnoa Erpos Eect Ao Tro known chromosome damaging agent but
Barsch e O 2000 20000, ) poviney Lepr— worked in the same factory in different
Moriewre whuesTow Shanaadn 14 ragatres departments (e.g., clerical staff from the
TA M sales or technical department). The same
Rann A Tou 200,000 oo o powie Pt mumrans questionnaire used for obtaining data on
m"‘“"m"'"" Mt 20,80, 90 ey B regaove experimental subjects was also used for
7 TA 15 controls. and the same criteria for exclu-

Lopmens 9 AMES-tont 13,000 pom o postve Polrt msutrons sion from the study was applied.
L e, ost 9 2,000 powm B posiwe lymphocyte cultures were prepared
o HOST IEOATROASEAY a 100 mong pryveses from both groups and finally processed
il M":M —— — using the so-called “micro-method.” One
Megrusson g me msnoms tundred metaphases per person were in-
:::.... e T — prrgw——— vestigated, making a total of 3,000, which
P raml and 30,000 pom ) were analyzed for structural chromosome
it anomalies. The frequency of aberrant
neo BOHE MARAOW 2,500. 3,000 e posmwe Choomosame metaphases totaled 3.1% excluding gaps
and 7.5% including gaps. The correspond-
fig 1. — A survey of the results using VC ln variows tests. ing values in the control group were 2.1%
. and 5.5%, respectively. The individual datas
Recording VC content Remarks are depicted in Tables 2 and 3. There was
Point in ppom - no significant difference in the rate of
Ruid Mixer <1 At headlevei in the position occupied chromosome aberrations compared with

- : by the operator the control group (Fig 3).

Fluid Mixer Exit <1 At headlevel In the position occupied Investigations were also made on
by the operator (after the mixing process) workers not employed in the BASF but with
g Mixing-mill <1 At headlevei in the position occupied VC symptoms after an unknown rate f ex-
s by the operator posure. Within the framework of a re-
Mixing-mill directly 12 Position not occupied by personnel search program from the insurance associa-
o [|2bevethenip ' y ) tion of the chemical industry and the Ver-
N | Colander feeding point <1 c‘ r::adlevei :" the position occupied band Kunststofferzeugende Industrie (VKE),
o yihe opera-or o . 20 workers all showing symptoms of VC il
e Colander take-of <1 Ct ':::cge::;tlgrthe position occupied ness (Fig 4 were studied. Many of the
Y ° workers examined showed signs of more
Extruder jet <1-4 Only temporarily occupied by the operator ::;; :m: sy:nzt:)m ofle\:’C Tn “':. Th: :;:fm-
Extruder feed-hopper <1-28 Only temporarity occupied by the operator ence ‘:e‘tj:f;:n ‘:;:3 r.'maa o'?nct::?nos‘or:;

aberrations in these persons and those in
the control group. The frequency of
aberrant metaphases in the exposed group was 5.2% excluding

Fig 2. — Recordings of VC concentrations in the atmosphete in the region of the KAE Technical Dapartment,

gaps and 11.2% including gaps, compared with 2.1% and 5.5%,
Table 2. — Chromosome Aberration Rate of Control respectively, in the control group (Fig 5). The control group was
the same one mentioned earlier. The individual datas are depicted
Aratyred ln: :“"“"‘ m in Tables 2 and 4.
Motophmess 1 . . . - N .
add i = External investigations were done on a patient with an angiosar-
18 ;: :g ; : coma due to VC exposure. According to information received
2
2% 1 100 1 —
» » 100 § z Table 3. — Chromosome Aberration Rate of Exposed Persom
132 ol 100 1 - Showing No Symptoms of VC lliness
149 56 100 7 ?
153 5 100 3 — Deration
206 54 jou 3 : of Eipossre  Analyred % Abwrrant Metaphare
r “ 100 $ Mo, Age (Yoars) Metapham Inel. Gags Excl. Cape
208 (7 100 9 7
209 3 100 ? 3 5 51 1 100 ] 1
210 62 100 9 ] 3 9 7 100 8 2
M kt} 100 7 2 14 57 20 100 10 2
1 3 100 $ ] 7% 52 % 100 9 3
- 13 s7 100 ? 1 82 Q 1% 100 7 3
1) Q 100 ] . n s 0 100 3 )
216 0 100 ? z 8 54 0 100 6 .
n 13 100 ‘ ? % 4 e 100 ] s
218 52 100 3 2 Y 5 % 100 'l s _
29 50 100 ? 2 10 k] 6 100 4 b4
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Fig 1. «= Chromosome sberration rats of sxpossd werkers showing no symptoms of
VG lllness, '
from the Berufsgenossenschaft, 11 cases from a total of 57 cases of
hemangioendothelial sarcoma. attributable to VC/PVC exposure,
were discovered in the Federal Republic of Germany (Table 5).
One of these 11 persons who is still alive, aged 43, was occupied
in the PV.C manufacturing area for 13 years. The rate of VC expo-
sure to which he personally was exposed during the last years was
between 35 to 150 ppm. He was occupied for 20 to 30 hours per
month manually cleaning the autoclaves. in addition, he some-
times took samples from the decontarmnination plant to the labora-
tories for testing.

An analysis of 200 metaphases produced a rate of aberrant cells
of 7.3% excluding gaps and isogaps. a significant increase com-
pared with a control group which had a rate of 2.1%. The rate of
aberrant metaphases including gaps and isogaps was 16.6% com-
pared to the control group, with a rate of 5.5%.

1"n2 Controt

incl. gaps

Controt
excl. gaps

.t
o
1

Exposed
incd. gaps

Exposed
excl. gaps

% aberrani metaphases incl. and  xcl. gaps

Fig 5. ~— Chromosome aberration rate of exposed workers showing symptoms of
YC illness.

Journal of Occupational Medicine/Vol. 20, No. 8/August 1978

Ret | Age | £xposwre | Symptoms % atrrant| mecach, Flﬂuncn
e, b i x) ncl. gaps {excl. gaps
90| 58 6 Livar Alwoyais, oesoohagus 10 [ 2
varices, thrombocytopema,
aplenomegaly
9| 54 " Liver Krosia, portal hyper- " [ ] ]

tension, thrombocytopena,
splenomegaly, 0e30phagus
varcas

19| a3 14 Livar parenchyma damage, r 2 -

158 37 ) Sclarodarmus, liver fibrosis, Ray- 7 4 1
fauds wmhm: ACIODMWOtymy,

160§ 32 L) Liver parenchyms damage, 13 7 1
thrombocylopetwa

161 | 42 15 Thrombocytopema, fiver 10 5 1
parenchyma damage

182 | 60 0 !...Mr paenchyms damage, " -1 -

164 | 53 19 Liver fibrosia, thrombocytopania ] 4 1

165] &4 2 Livar fibrosia, thrombocytoperie, " 4 2
splanomegaly

187 ] 52 26 Liviw parenchyma damage, 20 9 |
thrmmbocylopema .

1701 L Liver parenchyma damags, 9 3 i

1711 44 9 Uver fibrosia, Reynauds " 5 |}
syndroma, scoosteolysis

1772| 52 5 Liver parencivyyra damege, a 3 ]
Raynauds syndrome,
thrombocytapama

173 4t 3 Liver parenciryme damage, 3 t
Splanomeg sy

174 | 62 10 Livar parenchyma damags, 2 10 2
Raynauds syndrome

e M 14 Livar fibroma, thrombocytopania, 14 [] ]
Of300NhAgUS Varices

1r|ia 1" Thrombocy e, h Qaly AL ] ]

1831 49 10 Liver parenchyma damaga, 7 L]
splenomegaly

199 | 52 12 Liver parenchyms damege 3 5 ]

2031 42 s Liver fibrosia, splenomegaly 1" L]

Fig 4. — VC symptoms and rate of chromosome abemration in the exposed
prabands.

Apart from our investigations on human beings, tests were also
performed using bone marrow of Chinese hamsters. Two types of
tests were undertaken: (1) inhalation tests with dosages of 2,500
ppm and 5,000 ppm, respectively, for four hours a day, 24 hours
apart over a five-day period, and (2) intraperitoneal injections of
300 mg/kg and 600 mg/kg, respectively. given in five injections, 24
hours apart, over a five-day period. Table 6 shows a survey of all
important data concerning the arrangement of our animal in-
vestigations. Both tests (Figs 6 and 7) showed that the frequency of
structural anomalies, inclusive and exclusive of gaps in the bone
marrow cells, was significantly higher compared to the control
group.*

Discussion

The mutagenic effect of vinyl chloride mentioned in various
sources of literature. bacterially tested, investigated on mammals,
sub-mammals and human beings, has been confirmed by our in-
vestigations on mammals (2,500 ppm and 300 mg/kg) and man
(5000 ppm and 600 mgkg).

The most important point to mention is that an increased rate
of chromosome aberration could be found anly in those persons
showing symptoms of VC iliness, as well as in an angiosarcoma
case. One very important fact must, however, be taken into ac-
count. Nine months before blood samples were taken (February 1,
1977), the patient with the angiosarcoma was given
polychemotherapy which was comprised of applications of 150
mg Adriblastin, 120 mg Vincristia, 3,000 mp Endoxan, and 6,000
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mg DTIC (Dacarbazin). It is, therefore, not possible to say whether
or not the results we have obtained are solely due to the patient's
exposure to VC or whether his chemotherapeutical treatment,
together with the exposure rate of VC, affected our results?

Summary

Chromosome analysis was undertaken on lymphocyte cultures
taken from (1) six workers with estimated exposure to VC and
four workers with monitored exposure to VC {employed in the
BASF); (2) 20 workers showing symptoms of VC illness with
unknown exposure and one angiosarcoma case, due to VC ex-

angiosarcoma case, and the animal test show a significant increase
in the rate of aberrations in comparison to the control group.
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Fig 7. — Chromosome abarration rate of Chiness
tamsters after being intraperitoneally injected with
300 mg/kg and 600 mg/ig VC.
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Fig 6. ~— Chromosome abecration rate of Chiness
hamsters after inhalation of 2500 and 5000 ppm VC,
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