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Abstract

The genotoxicity of low-level exposure to ethylene dichloride (EDC) and vinyl chloride monomer (VCM) in humans is not
clear. We used lymphocyte sister chromatid exchange (SCE) frequency as a parameter to investigate the genotoxicity of low
level EDC and VCM in VCM-manufacturing workers. The SCE frequency was determined for 51 male workers with exposure
to VCM and/or EDC and for 20 male workers devoid of such exposure. Epidemiological data were obtained by questionnaire,
and included history of smoking, drinking, and any medication taken, as well as a detailed occupational history. Personal- and
area-sampling and analysis were conducted in order to calculate the time-weighted average (TWA) contaminant-exposure
level corresponding to different job categories. Moderate EDC exposure around 1 ppm corresponded to a significantly greater
SCE frequency than was the case for the low EDC exposure group (p<0.01). However, VCM exposure of similar level was
not associated with increased SCE. We conclude that EDC may cause genotoxicity at a relatively low level of exposure.
© 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ethylene dichloride (EDC; CAS No. 107-06-2) has
been used extensively industrially, greater than 90%
of this use having been specifically designated for the

Abbreviations:VCM, vinyl chloride monomer; EDC, ethylene
dichloride; SCE, sister chromatid exchange; TWA, time-weighted
average.
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manufacture of vinyl chloride monomer (VCM; CAS
No. 75-01-4) [1]. While the carcinogenicity of EDC
remains somewhat unclear, epidemiological and ani-
mal studies suggest that EDC might be associated with
a variety of cancers [2,3]. Currently, EDC is classified
by the International Agency for Research on Cancer
(IARC) as a group 2B carcinogen, a possible human
carcinogen [4], and gene mutation resulting from
EDC exposure has been demonstrated in bacterial
and animal models [5,6]. In an earlier mammalian as-
say, however, a micronucleus (MN) frequency change
was not associated with EDC exposure [7] whereas
sister chromatid exchange (SCE) frequency in mouse

1383-5742/00/$ – see front matter © 2000 Elsevier Science B.V. All rights reserved.
PII: S1383-5742(00)00045-4



110 T.-J. Cheng et al. / Mutation Research 470 (2000) 109–114

bone-marrow cells increased with EDC exposure sub-
sequent to VCM exposure [8]. In addition, DNA bind-
ing with EDC was observed in mouse liver, kidney
and lung [9,10]. Evidence of EDC-induced genotoxi-
city for humans, however, has been limited [1]. Thus,
we conducted a study to investigate the genotoxicity
of EDC for workers in a VCM-manufacturing plant.

VCM is produced through the cracking of EDC.
In VCM-manufacturing plants, workers may be ex-
posed, occupationally, to both VCM and EDC. Ex-
tensive study has been conducted to investigate the
genotoxicity of VCM for workers in vinyl chloride
polymerization plants [11]. Increased genotoxicity
for VCM-exposed workers including SCE, chro-
mosomal aberration and MN frequencies, has been
demonstrated by a number of researchers [12,13].
The availability of genotoxicity data for low level
VCM-exposure for humans appears limited, hence
we also investigated the genotoxicity of occupational
low-level VCM exposure in VCM-manufacturing
industry.

A change from the normal frequency of SCE is one
of the most sensitive markers of DNA damage and has
been used previously to investigate the genotoxicity of
a variety of different chemicals [14]. Previous studies
have shown that workers exposed to VCM revealed
a greater SCE frequency than controls [11–13]. SCE
is also reported to be more sensitive than chromoso-
mal aberration and MN formation for detecting ge-
netic damage caused by VCM [13]. Thus, we used the
SCE frequency as an index to determine if exposure to
low levels of EDC and/or VCM would cause increased
genotoxicity for VCM-manufacturing workers.

2. Materials and methods

2.1. Study population and exposure assessment

A total of 71 male workers were enrolled from
two VCM-manufacturing plants. Personal and area
air sampling was conducted in order to obtain EDC-
and VCM-exposure information according to a US
National Institute of Occupational Safety and Health
(NIOSH)-recommended method [15]. Estimated me-
dian EDC and VCM time-weighted average (TWA)
contaminant exposure levels were assigned to each
category of work as has been previously reported [16].

Among these study subjects, 20 employees work-
ing in the office or away from the manufacturing
sites were presumed to have experienced neither EDC
nor VCM exposure. EDC- or VCM-exposed work-
ers were divided into low and moderate exposure
groups with a contaminant-in-air level of 0.5 ppm
set as a cut-off point between the two categories.
Twenty-three workers including mechanics, safety
and hygiene officers and operators in control rooms
experienced a low VCM-low EDC exposure (medians
of VCM: 0.25–0.39 ppm; medians of EDC: 0.2–0.29
ppm), while 20 workers including oxychlorination
operators, EDC-unloading operators and field leaders
were exposed to low VCM-moderate EDC exposure
(medians of VCM: 0.16–0.27 ppm; medians of EDC:
0.69–1.31 ppm). Eight workers, including VCM- and
EDC-unloading operators and one employee with
solely VCM-unloading exposure, were classified into
a moderate VCM-moderate EDC exposure group (me-
dian of VCM: 1.63 ppm; median of EDC: 0.77 ppm).

2.2. SCE assay

The SCE frequency assay was performed according
to a modified cytogenetic method [17]. Venous blood
was collected in heparinized tubes from all subjects.
One milliliter of whole blood was mixed with 9 ml of
PB-Max Karyotyping medium (Gibco BRL) contain-
ing RPMI 1640,l-glutamine, 10% fetal bovine serum,
penicillin (100 units/ml), streptomycin (100mg/ml)
and phytohemagglutinin. Cells were then incubated in
5% CO2 in air at 37◦C for 72 h. After 24 h, 50mM of
5-bromodeoxyuridine was added to the culture in order
to achieve differential staining, and Colcemid (Gibco
BRL) (0.1 mg/ml) was added 1.5 h before harvesting.
The lymphocytes were then harvested in 75 mM hypo-
tonic KCl solution for 10 min. Cells were subsequently
washed twice and fixed in a methanol:acetic acid mix
(3:1; v/v). Slides were prepared by the air-dry tech-
nique. Chromosomes were stained by a modification
of the fluorescence-plus Giemsa technique. Each slide
was mounted with Sorensen’s solution (pH=6.8), ir-
radiated with the black light from two 15-W lamps
for 9 min and subsequently stained with a 5% Giemsa
stain for 5 min. For each subject, 50 cells at metaphase
were scored to determine the individual mean SCE fre-
quency. All slides were scored by one reader blinded
to the status of the subjects.
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2.3. Epidemiological information

We have collected specimen and epidemiologi-
cal information from 71 workers employed at two
VCM-manufacturing plants. Information pertaining to
smoking and alcohol-consumption habits, medication
consumption, and a detailed medical and occupa-
tional history was collected from study-participating
employees via an interviewer-administered ques-
tionnaire. The smoking history included packs of
cigarettes smoked daily, duration of smoking, and
“pack-years” of cigarettes smoked. Pack-years were
defined as packs smoked per day multiplied by years
of smoking. Current smokers were defined as smok-
ers who had been smoking for at least 6 months prior
to blood collection. Alcohol-drinking was defined as
alcoholic consumption on at least one occasion per
week. Occupational history included job title, daily
activity and a history pertaining to respirator use
during current and/or past employment.

2.4. Statistical analysis

Comparisons were made between the different ex-
posure groups for age, duration of employment and
packs of cigarettes smoked each day using ANOVA,
and for alcohol consumption and current smoking
status using aχ2 test. Crude comparisons of SCE fre-
quency among variables of interest including age and
occupational exposure stratified by smoking status

Table 1
Characteristics of VCM manufacturing workers

VCM exposure None Low Mod Total (N=71)

EDC exposure None (N=20) Low (N=23) Mod (N=20) Mod (N=8)

Age (years) 40.5±11.4a 35.1±7.4 34.8±8.3 36.1±10.5 36.6±9.4
Duration of employment (years) 9.7±7.9 7.3±6.3 7.1±5.4 7.8±7.3 8.0±6.6
Drinkingb

Yes 10 (50.0)c 10 (43.5) 8 (40.0) 7 (87.5) 35 (49.3)
No 10 (50.0) 13 (56.5) 12 (60.0) 1 (12.5) 36 (50.7)
Smokingd

Yes 8 (40.0) 7 (30.4) 12 (60.0) 4 (50.0) 31 (43.7)
Pack/day 0.7±0.3 0.5±0.3 0.7±0.4 0.9±0.4 0.7±0.4
No 12 (60.0) 16 (69.6) 8 (40.0) 4 (50.0) 40 (56.3)

aMean±SD.
bDrinking, habitual alcohol drinking≥once a week.
cN (%).
dSmoking, smoking during 6 months before blood collection.

were subsequently conducted using ANOVA. Subse-
quent analysis used General Linear Models (GLM)
with the dependent variable (SCE) as a function of
age, smoking, alcohol consumption and exposure.

3. Results

Seventy-one male workers were included in this
study. Demographic figures are summarized in
Table 1. The mean age of subjects was 36.6 years.
Current smokers accounted for 43.7% of study sub-
jects.

The SCE frequency by age, cigarette-smoking sta-
tus, duration of employment, alcohol consumption
and exposure group is summarized in Table 2. The
mean SCE frequency was 7.6 per cell. Current smok-
ers exhibited a greater SCE frequency than those
who were not current smokers (8.0 vs. 7.2;p<0.05,
t-test). Among the current smokers, the SCE fre-
quency increased with exposure (controls, 6.8; low
VCM-low EDC, 7.6; low VCM-moderate EDC, 8.8;
moderate VCM-moderate EDC, 8.7). SCE frequency
was significantly different among the control and ex-
posure groups (p<0.01). Among workers who were
not current smokers, the SCE frequency also in-
creased with exposure (controls, 6.7; low VCM-low
EDC, 7.0; low VCM-moderate EDC, 8.2; moderate
VCM-moderate EDC, 8.3). Again, SCE frequency
was significantly different among control and expo-
sure groups (p<0.01).



112 T.-J. Cheng et al. / Mutation Research 470 (2000) 109–114

Table 2
SCE frequency by smoking status, EDC and VCM exposures and
alcohol consumption in VCM manufacturing workers

Variables Smoking Total

No Yes

N Mean±SD N Mean±SD N Mean±SD

Total 40 7.2±1.1 31 8.0±1.7* 71 7.6±1.4
Age (years)
<36 20 7.4±1.2 21 8.3±1.9 41 7.9±1.6

>36 20 7.1±1.1 10 7.4±0.9 30 7.2±1.0†

Duration of
employment
(years)

<5 14 7.4±1.1 9 8.0±1.5 23 7.7±1.2
5–10 14 7.1±1.2 13 8.3±2.1 27 7.7±1.8
>10 12 7.2±1.2 9 7.5±1.1 21 7.3±1.1
Exposure

None 12 6.7±0.8‡ 8 6.8±1.8‡ 20 6.7±1.2‡

Low VCM
Low EDC 16 7.0±1.1 7 7.6±1.5 23 7.2±1.3
Mod EDC 8 8.2±1.0 12 8.8±1.5 20 8.5±1.3

Mod VCM
Mod EDC 4 8.3±0.9 4 8.7±0.8 8 8.5±0.8

Drinking

Yes 14 7.7±1.3† 21 7.9±1.4 35 7.8±1.3
No 26 7.0±1.0 10 8.2±2.2 36 7.3±1.5

∗p<0.05, comparison between smokers and non-smokers.
†p<0.05, comparison among exposure groups and non-

exposure group.
‡p<0.01, comparison among exposure groups and non-

exposure group.

The multiple regression models were constructed
to test the association of SCE frequency with po-
tential variables using different comparison groups.
In model 1, the low VCM-low EDC group had a
higher SCE frequency than the control group, but
this difference was not statistically significant. While,
both the low VCM-moderate EDC and the moder-
ate VCM-moderate EDC groups had a significantly
higher SCE frequency than the control group. How-
ever, SCE frequency was not significantly different
between the low VCM-moderate EDC and the mod-
erate VCM-moderate EDC groups. In model 2, the
low VCM-moderate EDC group had a significantly
higher SCE frequency than the low VCM-low EDC
group. Again, the moderate VCM-moderate EDC
group did not have a higher SCE frequency than the
low VCM-moderate EDC group. In both models,
alcohol consumption was not associated with SCE

Table 3
Multiple regression model for SCE in VCM manufacturing workers

Model 1 Model 2
Regression
coefficient
(95% C.I.)

Regression
coefficient
(95% C.I.)

Intercept 6.61**
(5.88, 7.33)

7.10**
(6.24, 7.67)

Age (>36 vs.<36) −0.18
(0.80, 0.44)

−0.33
(−1.03, 0.37)

Smoking (pack/day) 0.89*
(0.6, 1.62)

1.01*
(0.20, 1.83)

Exposure
Control a

Low VCM Low EDC 0.46
(−0.29, 1.22)

a

Low VCM Mod EDC 1.57**
(0.79, 2.34)

1.06**
(0.32, 1.80)

Mod VCM Mod EDC 1.56**
(0.56, 2.55)

1.06**
(0.09, 2.03)

Model R2 0.37 0.36

aReference group.
∗p<0.05.
∗∗p<0.01.

frequency. There was also no interaction between
cigarette-smoking and chemical exposure upon SCE
rate (Table 3).

4. Discussion

In this study, we found that smoking and exposure
to EDC around 1 ppm were associated with increased
SCE frequency.

Previous reports have shown that smoking and age
are associated with an increase in the SCE frequency
[18,19]. We also found that cigarette-smoking was as-
sociated with increased SCE frequency in this study.
However, we did not observe an association of age
with SCE, probably because the range of age was
small. The association of alcohol consumption with
SCE frequency has been reported in alcoholics [20].
We did not observe the association of SCE frequency
with alcohol consumption in this study. This may be
due to the fact that our study subjects consumed rel-
atively small amounts of alcohol. The association of
alcohol consumption with SCE frequency was not ob-
served in other studies [18,19,21].
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In this study, the low VCM-low EDC, the low
VCM-moderate EDC, and the moderate VCM-
moderate EDC groups had significantly higher SCE
than the control group. In order to further assess the
effect of EDC or VCM alone on the SCE frequency,
we used the low VCM-low EDC group as a baseline
to compare to the low VCM-moderate EDC group,
and the low VCM-moderate EDC group as a baseline
to compare to the moderate VCM-moderate EDC
group. We found that relatively low levels of EDC ex-
posure may cause increased SCE frequency. However,
we did not observe similar result for VCM exposure.
SCE frequency increases with VCM exposure have
been demonstrated in a number of previous reports
[11]. Human studies suggest that VCM exposure at a
contaminant-in-air level greater than 5 ppm could in-
duce SCE frequency elevation [11], although, despite
a comprehensive study design, we did not observe
an elevated SCE frequency for workers with a VCM
contaminant-in-air exposure level of around 1 ppm.

The SCE frequency increased with an EDC-in-air
exposure level of around 1 ppm in this current study.
Currently, the maximum exposure level recommended
by NIOSH (REL-TWA) and permissible by OSHA
(PEL-TWA) is 1 ppm in air for EDC. The threshold
limit value (TLV-TWA) set by the American Confer-
ence of Governmental Industrial Hygienists (ACGIH)
is 10 ppm, although this level is currently under revi-
sion.

To the best of our knowledge, this is the first human
study indicating that EDC may elicit significant ge-
netic damage at a relatively low level. It is advised that
EDC exposure level should be maintained at below 1
ppm EDC in air, in order to prevent genetic damage.

VCM and EDC are similar in structure and may
share common metabolic pathways [22]. Thus, poten-
tial synergism between VCM and EDC may affect ge-
netic damage. However, we cannot demonstrate the
synergism of VCM and EDC in the current study. Fur-
ther investigation is needed to clarify this question. In
conclusion, it is prudent to consider the genotoxic ef-
fects of EDC for VCM-manufacturing workers who
are exposed to EDC.
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