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Mutagenicity of Vinyl Chloride

External Chromosome Studies on Persons With and Without

VC lliness, and on VC Exposed Animals

I. 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 undertaken. 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 n 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
Fig 1.

Personal Investigations
Investigations on persons concerned with the manufacture of
VC/PVC with estimated exposure have been undertaken n our
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medical department.® In this group we cannot make any definite
statements regarding the rate of exposure, but it 1s most probable
that the assumed values taken from abroad are also applicable to
the Federal Republic of Germany.'s 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 wviral
diseases and vaccinations, consumption of drugs. and smoking
habits. 1in 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

Table 1. — A Survey of Results from VC Exposed Persons.
Length of % Chromosoma Aberrations Pathological Rasults
Authors No. of Probands Exposyre VC Exposed Cantrols Mutagenic Effect (VC Syndrome)
(Years) (Average)
Fleig. Thiess (1974) 10 workers 4-26 75 55 Negative No pathologicai resurts
Dycatman Hirschhatn  Selikoff 11 workers
(1975) 10 controls 428 982 64 Positive —
Funes Cravioto et al (197%) 7 workers 9.29 952 194 Positive 1 thrombocytoperia
3 controls
Hansteen Hitlestad 39 workers
Thns-Evenson (1975} 16 contrals —_ 341 179 Positive —
Kihan, Picoiano (1975) 203 workers p to 30 39 55 Negatve —
108 contrals
Lange. Schwinger Veiiman 12 workers 32521 —_ — Negative Theombocylopenia  sadenomegaly
(19751 acroosteolysis Rayraexd s
syrdrome  sclerodermaa
Purchase Rwchardson, Anderson 56 workers
{1975 24 controls —_ 813 418 Positive —_
Fleg (1977) 20 workers 430 1z 55 Positive Theombocytopensa  sodenomegaly
20 contrals scleroderria Raynand 5 syndrome
Iiver hibrosis  esopregus  and
stomach varices of the fundus
acrousteolysis
Leanard et al (1977) 18 workers 217 19 resp 26 More savere —
10 controls 28 chvomasome
anomalies — due to
radsograph?
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were not exposed to VC or to any other

' Authors Tost — Mathod Exposurs e e known chromosome damaging agent but
et waES T 2000 20000, ) postres ol mutabons worked in the same factory in different
, G 4 .
eyt mlﬁ'e:s:-:-‘n‘ :j &hana 48 ) regative departments (e.g., clerical staff from the
1337, .
1978 a1 sales or technical department]. The same
[ " AMES-Toat 200,000 pom a) posttve Pt mutations questionnaire used for obtaining data on
Joh
Froavitiadl b) AMES - Test 30, 60, 90 Ming b} negatve expenmental subjects was also used for
Wachtmerstar TA 1536 TA 1537.
09t TA 1538 controls, and the same criteria for exclu-
Looneno et aronyces 2 3,000 pom » postve Faint mutations sion from the study was applied.
976) oy o Test b3 3,000 oM by postve lymphocyte cultures were prepared
ey < 700 morkg o postive from both groups and finally processed
{Mouse) e using the so-called “micro-method.” One
- Krowr Recarpgry lothal .
Magrusson ey e ot posir mutabons hundred metaphases per person were in-
s ——— — = — vestigated, making a total of 3,000, which
LETHAL- . 10, run
Penaraon Frimrll Toot 2 30,000 pom e mutasons were analyzed for structural chromosome
as7s} anomalies. The frequency of aberrant
ONE MARRO 2,500, 5,000 pam Dowtres Ghromosome m s totaled 3.1% excludi s
re BONE MARROW etaph‘:sg ta‘ed b excluding gap
and 7.5% including gaps. The correspond-
Fig 1. — A survey of the results using VC in various tests. ng values in the control group were 2.1%
and 5.5%, respectively. The individual datas
Recording WC content ]Remarks are depicted in Tables 2 and 3. There was
Point in ppm no significant difference in the rate of
Fluid Mixer <1 At headlevel in the position occupied chromosome aberrations compared with
by the operator the control group (Fig 31
Fluid Mixer Exit <1 At headlevel in the posnt:on'of:cupued Investigationé were also made on
by the operator (after the mixing process.) waorkers not employed in the BASF but with
Mixing-mill <1 At headlevel in the position occuped VC symptoms after an unknown rate of ex-
h rator o
by the ope . posure. Within the framework of a re-
Mixing-mrull directty 12 Position not occupied by personnel search program from the insurance associa-
he ni T
above the nip ‘ ‘ tion of the chemical industry and the Ver-
Colander feeding point | <1 At headlevel in the pasition occupied band Kunststofferzeugende Industrie (VKE),
by the operator . )
) . o 20 workers all showing symptoms of VC ill-
Cotander take-off <1 At headlevel in the position accupie ness {Fig 4} were studied. Many of the
by the operator . ’ .
workers examined showed signs of more
Extruder jet <1-4 Only temporarily occupied by the operator than one symptom of VC '”"ES'S_‘ The statis-
<108 ontv ¢ rily occupied by the aperator tical evaluation revealed a significant differ-
Extruder feed-hopper - | Only temporarily occup P ence between the rate of chromosome

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 atmosphere in the region of the KAE Technical Department.

gaps and 11.2% including gaps. compared with 2.1% and 5.5%,
Table 2. — Chromosome Aberration Rate of Contrals. respectively, in the control group Fig 5). The control group was
the same one mentioned earlier. The individual datas are depicted
Anslyzwd % Abwrant Metaphases in Tables 2 and 4.
. Inet, Excl. ] R . . .
Mo Aes Metaphases el Gopa xel Gao External investigations were done on a patient with an angiosar-
;g 2 183 ; 3 coma due to VC exposure. According to information received
50 1
i kX! 100 1 -
A % 100 § 2 Table 3. — Chromosome Aberration Rate of Exposad Persons
152 7 100 3 - Showing No Symptoms of VC fliness
149 5 100 7 2 L No Symp -
;53 46 100 3 1— Duration
zg? i: ix i 1 of Exposare  Analyzed % Aberrant Metaphsses
. (Years) Hataphees 1, Exel. Ga
208 & 100 9 ; No Age s ap! incl. Gaps xel. Gaps
209 37 100 ? 3 S 1 100 7 1
210 62 100 9 4 6 7 100 & 2
2t 38 100 ? 2 14 57 20 100 10 2
212 35 100 5 t % 82 25 100 9 3
213 57 100 2 1 82 43 (H 100 7 3
214 4z 100 9 ‘ 83 52 20 100 8 5
216 60 100 7 2 84 54 20 100 & 4
ki) 33 100 4 2 86 L1 4 100 8 A
218 52 100 3 2 87 55 2 100 8 5
219 50 100 7 2 101 3 3 100 4 F]
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Fig 3. — Chromosome aberration rate of exposed workers showing no symptoms of
VC illness.
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 sl alive. aged 43. was occupied
in the PVC 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 occupted for 20 to 30 hours per
month manually cleaning the autoclaves, in addition. he some-
times took samples from the decontamination 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%.

1.2 Control

incl. gaps

Control
excl. gaps
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incl. gaps
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excl. gaps
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Fig 5. — Chromosome aberration rate of exposed workers showing symptoms of
VC iflness.
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Symptoms % J h g

Nr IN years inct, gaps |excl gaps

90 | 56 6 Liver fibroma, oasophagus 10 [ 2
vancas, thrombocytopenia,
aplenomegaly
91| 54 1 Liver hbroms, portal hyper- 1 ] 1

tension, thrombocylopenia,
splanomeagaly, oesophagus
vances

119§ a3 7 Liver parenchyma damage. 7 2 -

158 | a7 5 Sclerodermia, Ivar fibrosis, Ray- 7 4 1
nauds syndrome, acroosteolyms,
splenc penia

160 | 32 [ Liver parenchyma damage, 13 7 1
thrombocytopena

161 | 42 15 Thrombocylopenia, liver 10 § 1
parenchyma damage

162 | 60 30 Liver parenchyma damage. 1 5 -
cyt'opema. o'esopnaq'ua vancas

164 ] 53 19 Liver fibroms, thrombocytopenia 9 4 1

165 | 64 22 Liver fibroms, thrombocylopenia, 1 4 2
splenomegaly

167 | 52 26 Liver parenchyma damage, 20 9 1
thrombocytopanis

170 34 4 Liver parenchyma damaga, 9 3 1

171 44 9 Liver fibroais, Raynauds " H 1
syndome, acroosteotysis

172 | 52 § Liver parenchyma damage, 8 3 1
Raynauds syndrome,
thrombocytopena

173 41 5 Liver parenchyma damage, 8 3 1
aplenomegaly

174 | 82 10 Liver parenchyma damage, 22 10 2
Raynauds syndrome

176 | #1 16 Liver fibroms, thrombocytopema. 14 (] 1
oesaphagus vances

177 | 38 1" Thr h 18 8 2

183 | 49 10 Liver parenchyma damage, 7 5 -
aplenomegaly

199 | 52 12 Liver parenchyma damage 8 5 1

2031 42 8 Liver fibrosis, aplanomegaly 1 5 2

Fig 4. — VC symptoms and rate of chromosome aberration in the exposed
probands.

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. aver 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 mg/kg).

The most important point to mention 1s that an increased rate
of chromosome aberration could be found only in those persons
showing symptoms of VC illness, as well as in an angiosarcoma
case. Qne 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 Vincristin, 3,000 mg Endoxan, and 6,000
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Table 6. — Test Procedure.

Table 4. — Chromosome Aberration Rate of Expossd Persons
Showing Symptoms of VC lliness.
Duration
of Exposure Anatyzed % Abarrant Metaphases
No. Age (Yaars) Meotaphases net. Gaps Exel. Gaps
90 56 6 100 10 [
91 54 1 160 11 6
119 33 7 100 7 2
158 37 5 100 7 4
160 32 6 100 13 7
161 42 15 100 10 5
162 60 30 100 11 5
164 53 19 100 9 4
165 64 22 100 11 4
167 52 26 100 20 g
170 34 4 100 9 3
mn 44 9 100 1 5
172 52 5 100 3
173 41 5 100 8 3
174 62 21 100 22 10
176 41 16 100 14 6
177 38 11 100 18 8
183 49 1o 100 7 5
199 52 12 100 8 5
203 42 8 100 i1 5

Anmmal species Chinese hamsters
Animal's age 10-14 weeks
Animal's weight 2630 g
Substance Yinyl chiorde
Tet 1

Type of admunistration Inhatation
Interval of admumstration 24 howrs

Dosage 2,500 ppm/S days/4 hours
5000 ppm/5 days/4 hours
Time until sacrdiced after last

administration 6 hours
Tost 2

Type of administration 19 tnjection
Solvent Qlve ool
Interval of administration 24 hours
Quantity admimistered 5% 05 mi

Dosage 300 mg/kg body weight
600 mg/kg body wesght
Time until sacrificed after last

admnastration 6 fiours

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-
posure (not employed in the BASF); and, (3) on bone marrow cells
of Chinese hamsters after inhalation of 2,500 ppm or 5.000 ppm,

or after intraperitoneal injections of 300 mg/kg or 600 mg/kg. The
proband groups showing symptoms of VC illness, the only living
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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