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Human Health Hazard Posed by Textile Dyes: A Genotoxic
Perspective
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Background: Thousands of workers are annually engaged in textile industries. The workers engaged in textile dyeing processes are occupationally exposed
to different set of dyes. Methods: In the present study, a group of 38 workers from a dyeing unit including dyers (» = 30) and managers (n = 08) were assessed
for genotoxicity using micronucleus test in buccal mucosal cells. An equal number of the subjects (z = 38) matched with the exposed individuals were chosen
as controls. Results: The results showed a significant increase in the frequency of micronucleated (MNed) cells in the exposed group as compared to the
controls (Mann Whitney, P<0.001). Conclusion: Our finding clearly indicated the genotoxic hazard related to dyes in textile industry workers.
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INTRODUCTION

Extensive scientific and industrial development have resulted
in the destruction of the environment, as well as adverse
effects on human health. Occupational exposures to chemical
agents in different industries pose a major carcinogenic risk.
Textile industries are using different varieties of dyes, solvents,
bleaching agents, finishing chemicals, acids, alkalies, and
metals including copper (Cu), cadmium (Cd), zinc (Zn),
chromium (Cr), and iron (Fe).[! Many aromatic dyes are
known to be the derivatives of benzene, toluene, naphthalene,
phenol, and aniline.”! Many recent studies have also shown
the association of cancer with the textile industry.?”! Cotton
industry workers have been shown to have pulmonary
dysfunctions.® The effect of dyes on human health has been
previously discussed in different industries.” ¥ Dyes being
used in textile industry pose a major carcinogenic risk for the
workers.'>!®! Dye workers have been shown to suffer from
different types of cancers including urothelial cancer.['™-"]
Dyes which are the derivatives of amines have also been
found to cause cancer.”” One of the previous studies reveals
the genotoxic effect of fiber dust in textile cutting workers as
assessed by micronucleus frequency (Workers: 3.30+0.35 vs.
Controls: 0.06 = 0.05; P <0.05).

The threat of occupational exposure to human health is still
poorly understood for its nature and magnitude. The detection
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of genotoxic effects of mutagenic and carcinogenic chemicals
being used in different industries by adequate means as early
carcinogenic markers is the basic element in cancer prevention
strategies. In this study an attempt has been made to assess the
occupational genotoxicity in the textile industry workers on
the basis of the nature of their job and exposure to a particular
set of dyes.

MareriaLs AND METHODS

Population studied

After taking the due consent, a population of 76 individuals
was analyzed for the present study. Totally, 38 subjects
including 30 dyers and 8 managers were chosen from a
textile industry in the region of Ludhiana, Punjab, who was
exclusively working in the dyeing area. They were using a
set of different dyes. An equal number of controls (n = 38)
who had not been subjected to any kind of exposure to
the textile industry was chosen as controls. This group of
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individuals contained normal healthy individuals belonging
to the same socioeconomic strata, age group, sex, drinking,
and smoking habits. They had not been subjected to any kind
of dye exposure and had not undergone any X-ray therapy,
at least 3 months prior to the sampling.

Epidemiological survey

Prior to sampling, information on personal, medical, exposure
histories, and protective measures from each subject were
recorded. The questionnaire included the information of their
name, seX, age, drinking habit, duration of exposure, smoking
habit, use of protective equipment, previous exposures, and
their medical record. The data were recorded for both the
exposed and the control groups.

Preparation of slides

Slides for the buccal micronucleus test were prepared
according to Singh and Chadha.?'! After moistening the
mouth, exfoliated cells were collected from the oral or
buccal mucosa by swabbing with a wooden spatula. Smears
of the buccal mucosal cells were prepared on the slides.
The slides were coded according to the subjects for further
identification.

Fixation and hydrolysis

Within 3—4 h of sampling, the air-dried slides were fixed in
freshly prepared fixative (glacial acetic acid and methanol;
1:3) for 15 min. Again the slides were air dried. The buccal
smear preparation was hydrolyzed in 1N HCl at 60°C for 8 min
followed by a rinse in double distilled water.

Aceto-orocein staining

The slides were placed in a couplin jar containing a solution
of an aceto-orocein stain for 20 min at 40°C. After this, the
slides were washed with ethanol and double distilled water.

Counter staining with fast green

Counterstaining was carried out by placing washed slides in
a coupling jar containing 0.1% fast green solution for 12 min.
After rinsing with ethanol and distilled water, the air dried, and
stained slides were mounted in DPX.

Scoring of slides

The air-dried slides were scored as per the methodology of
Tolbert et al.??! under a trinocular microscope (Olympus
CX-31). 2000 cells per slide were scored for the presence of
micronucleated (MNed) cells and binucleated (BNed) cells.

Statistical analysis

The data were normalized using square root transformation.
The difference in the frequencies of MNed cells between the
control and exposed groups was analyzed using Mann—Whitney
U-test. A one-way analysis of variance (ANOVA) was applied
to assess the effect of duration of exposure on the frequency
of MNed and BNed cells. P < 0.05 was considered as the
significant level of the statistical analysis. All statistical
analyses were performed using the program Minitab
version 16.1.0 (Minitab Inc.) for windows.

ResuLts

In the present study, a group of 38 textile industry workers
were selected for the evaluation of genotoxicity following
exposure to multiple dyes. Characteristics of exposed
subjects are given in Table 1. The exposed group was
further categorized on the basis of their nature of job namely
dyers (n =30) and managers (n = 08). Duration of exposure
in textile industry workers came out to be 9.89 + 1.14 years.
The exposed as well as the control group was further
categorized into drinker/nondrinker and smoker/nonsmoker
groups on the basis of their alcohol taking and smoking
habits. About 63.15% and 55.26% workers were found to
be drinkers and smokers, respectively.

MNed cell frequency (MNCF) and BNed cell frequency (BNCF)
were assessed from buccal mucosa slides. From the
micronucleus test [Table 2], it was revealed that the MNCF
for the exposed group (n = 38) was significantly different
from controls (1.816 = 0.292 vs. 0.474 + 0.118; W = 1795,
P=0.0002). The group of dyers (n =30) and managers (n = 08)
were separately analyzed for the level of significance for
MNCEF. The results revealed a significantly higher MNCF
among dyers (W= 1217, P=0.0127) and managers (W =337.5,
P =0.000) as compared to controls. Similarly, the BNCF was
found to be significantly higher among exposed group when
compared to the controls (1.789 + 0.197 vs. 0.236 + 0.879;
W =1993, P=0.000). BNed cell frequency among dyer and
managerial groups were also found be significantly higher
as compared to control group (Dyers, W = 1415, P = 0.000;
Managers, W = 743, P = 0.000).

The effect of confounders on both the end points was also
assessed. The exposed subjects were categorized into four
exposure groups (1-5, 6-10, 11-15, and 16-20 years) on the
basis of their duration of exposure. Mean MNCF and BNCF were
assessed for all the four groups. It was found that higher values
for MNCF were observed in higher exposure groups but the
trend failed to reach statistical significance (one-way ANOVA,
General Linear Model (GLM): F=2.39, P=0.086) [Table 3 and
Figure 1]. However, the results revealed a significant increase
in BNCF among textile industry workers with respect to
increasing exposure years (one-way ANOVA, GLM: F'=5.40,
P=0.004). Drinking and smoking habits were also assessed for
their effect on both the endpoints. The values for MNCF were
found to be nonsignificantly higher in the exposed drinkers as
compared to control drinkers (P = 0.06), but was found to be
significantly higher in exposed nondrinkers as compared to
control nondrinkers (P = 0.003). On the same line, the BNed
cell frequency was observed to be significantly higher among
exposed subjects only in nondrinking group (P = 0.000) but
failed to reach significance in case of exposed and control
drinkers (P = 0.073). Smoking was found to have a significant
effect on MNCF among smoking workers (P = 0.03) when
compared to smoking controls, but was having a nonsignificant
effect on nonsmoking groups (P = 0.142). On the contrary,
BNed cell frequency was found to be significantly higher
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Table 1: Characteristics of subjects of textile industry workers and controls

Group Categories n Mean age (years) Duration of Alcohol status (%) Smoking status (%)
of workers exposure (years) D ND S NS

Exposed 38 40.03+1.51 (27-55) 9.89+1.14 24 (63.15) 14 (36.84) 21 (55.26) 17 (44.73)
Dyers 30 38.60+1.80 (27-55) 8.63+1.28 (1-26) 20 (66.67) 10 (33.33) 16 (53.33) 14 (46.67)
Managers 08 45.38+1.35 (40-50) 14.63x1.78 (10-25) 4 (50) 4(50) 5 (62.50) 3(37.50)

Control 38 25.45+1.58 (18-52) 07 (18.42) 31 (81.57) 06 (15.78) 32 (84.21)

All values are expressed as mean+SE. D: Drinker, ND: Nondrinker, S: Smoker, NS: Nonsmoker
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Figure 1: Increasing trends in micronucleated cell frequency
and binucleated cell frequency among textile industry workers.
MNCF: Micronucleated cell frequency, BNCF: Binucleated cell frequency

only among nonsmoking workers when compared to control
nonsmokers (P = 0.000).

Discussion

In the present study, 38 textile industry workers were assessed
for the genotoxic effect of dyes being used in the industry.
Micronucleus test has been widely used for genotoxicity
studies.?*?" In the present study also, micronucleus test was
employed to assess the genotoxic effect. Overall, the MNCF
and BNCF were found to be significantly higher among the
exposed group when compared to the control group (P=0.0002
and 0.000, respectively, Table 2). Different studies have also
shown an increased genotoxicity following exposure to
dyes.[*3U As per Table 1, duration of exposure was highest
in the managerial staff (n = 08) with a range of 40-50 years.
The dyers were also having a high duration of exposure in the
industry (range: 27-55 years). As the duration of exposure is
thought to increase the magnitude of genotoxicity, the mean
BNCF was found to be increased with increasing duration of
exposure (one-way ANOVA, P=0.004, Figure 1). However, in
case of MNCEF, the increasing trend failed to reach the statistical
significance (P = 0.086). The effect of confounding factors
was also determined on the endpoints. Alcohol drinking habit
failed to affect the values of both the endpoint parameters,
whereas, the smoking habit was found to affect only the MNCF
among textile industry workers (P = 0.03, Table 3). Smoking
has been associated with oxidative stress and may contribute

Table 2: Mean values of MNCF and BNCF in textile
industry workers (n=38)

Group Categories n Mean MNCF/ Mean BNCF/
of workers 2000 cells 2000 cells

Exposed 38 1.816+0.292%%%  1.789+0.197%%*
Dyers 30 2.26+0.26% 1.433+0.190%*
Managers 8 1.8740.54%** 3.12540.295%**

Control 38 0.474+0.118 0.236+0.879

*P<0.05, **P<0.01, ***P<0.001 when compared to controls (Mann-Whitney
test), All values are expressed as mean+SE. MNCF: Micronucleated cell
frequency, BNCF: Binucleated cell frequency

Table 3: Mean values of MNCF and BNCF in textile
industry workers with respect to duration of exposure

Exposure group n Mean MNCF Mean BNCF
1-5 years 13 0.769+0.303 0.923+0.265
6-10 years 09 2.223+0.465 1.889+0.389
11-15 years 09 2.334£0.764 2.223+0.222
16-20 years 07 2.571+0.782 2.714+0.522
One-way ANOVA F 2.39 5.40

P 0.086 0.004

All values are expressed as mean+SE. MNCF: Micronucleated cell frequency,
BNCEF: Binucleated cell frequency, ANOVA: Analysis of variance

Table 4: Mean values of MNCF and BNCF among exposed
and control groups with respect to drinking and smoking
habits

Group Subgroup n MNCF BNCF

Exposed  Drinkers 24 1.667+0.334 1.917+0.240
Nondrinkers 14 2.071+£0.559%** 1.571+0.343%%*
Smokers 21 2.143+0.354* 1.857+0.261
Nonsmokers 17 1.412+0.478 1.706+0.306%**

Control Drinkers 07 0.429+0.297 1.01+0.309
Nondrinkers 31 0.484+0.130 0.064+0.044
Smokers 06 0.667+0.422 1.00+0.365
Nonsmokers 32 0.438+0.118 0.093+0.052

*P<0.05, **P<0.01, ***P<0.001 when compared to the same subgroup
of the control group (Mann-Whitney U-test), All values are expressed as
mean+SE. MNCEF: Micronucleated cell frequency, BNCF: Binucleated
cell frequency

to genotoxicity indirectly.?* One of the previous studies
reported higher oxidative stress levels among grinders.™ As
three out of four parameters in the present study (Exposed
drinker and smoker subgroups, Table 4) were not found to
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be affected by confounders in a significant way, thus indicate
a clear association with exposure to dyes. The results of the
present study indicate a potential genotoxic effect of dyes in
the textile industry workers.

CoNncLusIoN

The textile sector is one of the leading sectors in India and
annually employs lakhs of workers to meet their demands.
Textile industries are using different varieties of dyes which
are genotoxic in nature which is confirmed in the present study.
The workers exposed to dyes are prone to genotoxicity which
may result in different health related problems. Conclusively,
Textile industry workers exposed to dyes must use proper
protection equipment to minimize the exposure.
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