
Introduction

Many people are occupationally exposed to various
biohazardous agents, including radiation, dust, fibers,
fumes and organic and inorganic chemicals. These
hazardous agents typically are used as raw materials or in
intermediate manufacturing processes. Significant
increases in sister chromatid exchange (SCE) frequencies
have been reported in studies of the human population
occupationally exposed to wood dust, coal dust, and diesel
emission particles (1). 

In order to use raw cotton in the textile, oil and grain
industries, the seeds and fibers are separated from each
other. The separation procedure and removal of
contaminating cotton fibers are performed in a section of
the cotton gin. Although the effects of cotton dust on
pulmonary function and the respiratory system have been
described, to our knowledge, there are no reports related
to the genotoxic consequences of cotton dust exposure.

Cotton gin workers are at risk of lung disease,
including byssinosis and chronic bronchitis (2,3). In
surveys conducted previously, relatively short-term

respiratory problems have been evaluated, and it is not
clear whether exposure to cotton dust has permanent
effects on pulmonary function (4).

Damage to genetic material can be cytologically
observed as chromosome aberration, micronuclei or SCE
(5). Therefore, the induction of these responses suggests
exposure to genotoxins and possibly carcinogens. These
biomarkers are used not only to assess occupational
exposure but also to evaluate populations that are
environmentally exposed  (1,6-7). In the present study
we evaluated the genotoxicity caused by exposure to
cotton dust by measuring SCE in the peripheral
lymphocytes of cotton gin workers.

Materials and Methods

Subjects

Twenty female cotton gin workers (29-54 years old)
were included in the study. Blood was collected from the
experimental group at the end of the work day. A control
group (22-52 years old) included 14 females and 6 males
who were not exposed to cotton dust. All volunteers
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answered a detailed questionnaire in which health
conditions and past and present exposure to possible
genotoxic agents such as drug and alcohol usage,
smoking, pesticides and herbicides were considered.
Written informed consent was obtained from all
volunteers.

Human Lymphocyte Culture and SCE Assay

Five milliliters blood was collected from each donor
with heparinized syringes. Eight drops of the blood were
added to 5 ml of RPMI 1640 medium containing L-
glutamine (Biochrom) plus 0.2 ml of phytohemagglutinin
(Biochrom). The cultures were incubated at 37 oC for 72
h. After 24 h, 5-bromo-2-deoxyuridine (Sigma) was
added to the culture medium at a final concentration of
10 mg/ml, and the incubation was continued in the dark.
Colchicines (Sigma) was added 2 h prior to the harvest at

a final concentration of 10 mg/ml. Metaphase cells were
harvested by centrifugation, treated with 0.075 M KCl
and fixed in methanol-acetic acid 3:1. Slides were
prepared and stained by the fluorescence-plus-Giemsa
technique (8). Twenty-five well spread metaphases were
scored blindly per donor.

Results

Twenty-five metaphases from each donor were
evaluated for SCE. SCE frequencies were 14.66 in the
subject group compared with 10.44 in the control group,
a significant difference (P < 0.0001). Data for the
individual subjects, along with certain features of the
subject and control groups, are summarized in Table.

The effect of age on SCE frequency was evaluated in
the subjects and controls using the Mann–Whitney U Test,
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Table. Comparison of SCE frequencies in the subject and control groups.

Controls Subjects

Control Age Mean Subject Age Duration of Work Mean
No. (years) SC No. (years) Employment Environment SCE

SD:±1.37 (years) SD:±4.18

C-1 22 11.72 S-1 49 21 C 16.40

C-2 22 8.92 *S-2 52 18 C 11.32

C-3 23 13.28 S-3 47 17 C 23.56

C-4 25 10.40 S-4 38 16 C 10.04

C-5 26 9.16 S-5 52 15 O 10.88

C-6 27 12.84 *S-6 48 14 C 10.60

C-7 28 10.24 S-7 48 14 O 18.36

C-8 31 8.76 S-8 51 14 O 10.48

C-9 33 9.16 S-9 38 13 C 16.96

C-10 35 10.76 S-10 48 12 O 10.32

C-11 37 10.20 S-11 46 10 C 20.04

C-12 38 10.32 S-12 40 10 C 18.20

C-13 39 7.84 S-13 37 7 C 18.20

C-14 39 11.60 *S-14 54 6 O 9.88

C-15 41 10.24 S-15 48 5.5 O 16.76

C-16 41 10.60 S-16 29 5 C 20.32

C-17 41 11.68 S-17 42 4 C 12.64

C-18 45 9.20 S-18 32 4 O 13.64

C-19 46 10.04 S-19 35 4 C 11.32

C-20 52 11.20 S-20 45 2 C 13.28

*Hypertension, O: Open area, C: close proximity to mechanical equipment, SD: Standard Deviation



and no significant differences were found within the
groups. Additionally, because of our subject group
consisted of all women volunteers, we cannot make any
statistical analysis on the sex effect on SCE in our study.

The cotton gin workers were grouped according to
their work place environment, either as working in an
enclosed area in close proximity to mechanical equipment
or in an open area. 

The enclosed area consists of 13  workers, 11
seasonal (6 month seach year) and 2 continuous whose
mean duration of employment is 10.84 years. The open
area consists of 5 seasonal and 2 continuous workers
whose mean duration of employment is 10.07 years.
Differences in SCE stratified by work environment were
not significant according to the Mann-Whitney U Test,
although workers in the confined areas had a slightly
higher frequency of SCE (P > 0.05). 

Discussion

Cytogenetic assays have been used since the early
1960s to evaluate the exposure of workers to potentially
mutagenic and carcinogenic agents (9). SCE analysis has
been used in many of these studies. In order to determine
agent-related effects in such studies, it is very important
to collect samples from a control group that is matched
as closely as possible to the experimental group in all
regards except for the exposure being evaluated (10). In
our study, we have chosen individuals for both the subject
and control groups who are non-smokers, do not use
alcohol, and have no exposure to pesticides, chemicals or
known mutagens. The only possible exception was for 3
individuals in the subject group who had been using
antihypertensive drugs. Telez et al. (11), however, found
that antihypertensive drugs have no effects on SCE
frequency; therefore, we included these 3 individuals in
the experimental group. Because cotton gin workers in
our region are almost all women, our donor group was
exclusively made up of females. Several studies indicate
no relationship between SCE frequency and age in
individuals less than 60 years old (12-14), and the SCE
frequencies of the volunteers in our study did not show
any age-related changes. Although, closed area workers’
SCE value was slightly higher,  we can not find statistically

important differences between workers in open and
closed areas, because the closed area environment is well
ventilated and working conditions do not have any dose
effect differences between the two. 

Previous studies indicate that exposure to wood
dust and diesel emission results in increased frequencies
of SCE (1).  There is little data as to whether or not
exposure to cotton dust causes a long-term loss of
pulmonary function. Christiani et al. (4) have an ongoing
study examining the chronic effects of cotton dust
exposure on the respiratory system which had continued
for 15 years.  They have observed a positive relationship
between exposure to cotton dust and loss of pulmonary
function. Although, it is known that cotton dust produces
respiratory illness, there have been no reports on the
potential genotoxic, mutagenic, or carcinogenic effects of
cotton dust in the literature. 

Our results found a significant increase in the SCE
frequencies of lymphocytes cultured from  exposed
workers as compared with controls, suggesting that
exposure to cotton dust may have genotoxic
consequences.  It will be necessary to confirm these
preliminary findings using larger study populations,
perhaps using prospective studies with factory workers,
and using other biomarkers of genotoxicity more
mechanistically linked with human disease, such as
chromosome aberrations and micronuclei.
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