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minimum amount of chromium necessary to perform a good
tanning is approximately 3 g of Cr2O3 for 100 g of leather.
Chromium may enter the body by breathing, eating and by
direct cutaneous contact, therefore, the tannery workers are
exposed to this element, mainly in the inorganic Cr(III) form,
or in the protein bound form (leather dust). Sensitivity to
trivalent compounds is much less frequent, but some workers
may react to high concentrations of these compounds.
Occupational exposure represents the main source of human
contamination by chromium.
The present study aimed to investigate the genotoxic
effects associated with occupational exposure to Cr (III) on
South Indian tannery workers using the Micronucleus test
(MN test). This test allows the detection of both clastogenic
and aneugenic agents [22]. The influence of confounding
factors like age, smoking, alcohol drinking, duration of
exposure on the differences in DNA damage was also
analyzed.
Although it is well established that tobacco smoking
causes lung cancer, cancer at other sites and several other
adverse health effects; less information is available
concerning the outcome of combined exposure to cigarette
smoke (CS), and other agents [1]. The present study
analyzed the synergistic genotoxic effect of smoking and
alcohol consumption among tannery workers.

Abstract —Trivalent chromium used in tanning industry is an
environmental contaminant that acts as a carcinogen towards
humans and animals. The carcinogenic potential of metals is a
major issue in defining human health risk from exposure. In
the present investigation, 84 tannery workers and 52 control
subjects with similar mean ages, smoking prevalences and
alcohol consumption were enrolled for DNA damage analysis
in buccal cells by Micronucleus assay (MN). Workers showed a
significant increase in micronucleated cells compared to
controls with respect to their smoking habits and alcohol
consumption, age and years of exposure. The current study
suggests that chronic occupational exposure to Chromium
during tanning could lead to increased levels of DNA damage.
Keywords-trivalent chromium; genotoxicity; micronucleus
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I.

INTRODUCTION

Chromium is a widely used industrial metal distributed in
its two stable oxidation states +3 and +6 [15]. Elemental
chromium (0) does not occur naturally on earth. Commercial
applications of chromium compounds include tanning (III),
corrosion inhibition, plating, glassware-cleaning solutions,
wood preservatives (VI), manufacture of safety matches,
metal finishing (VI), and the production of pigments (III, VI)
[4].
Chromium has been recognized as one of the most
effective tanning agents and has been widely employed in
the leather industry since its discovery more than 100 years
ago. Since then, some 85 % of the leather produced
worldwide is tanned with chromium salts, either alone or in
combination with other tanning agents. Chrome tanning is
economically advantageous and provides good quality
leather, and is not likely to be replaced by the existing
alternative tanning agents in the near future.
Cr and Cr compounds have been tested for genotoxicity
in a variety of short-term tests using different end-points [24,
25, 14]. Moreover, there are reports on positive genotoxic
effects in populations exposed to Cr [8, 26, 21, 3, 9].
Workers occupationally exposed to Cr are considered to be
at an elevated risk for developing cancer [23, 11].
Basic chromium (III) sulfate [Cr(H2O)5(OH)SO4] is
widely used in the leather industry as a chelating agent to
stabilize collagen fibers in the animal skin, providing it with
the known thermal- and hydro-resistance of leather [6]. The

II.

MATERIALS AND METHODS

A. Study Subjects
Buccal cell samples were obtained from full-time tannery
workers (n =84) directly involved in the chromium tanning
process. We also collected buccal cells and urine from
control individuals (n=52) not known to be exposed to either
environmental
or
occupational
carcinogens.
The
experimental and control groups was further branched as
smokers (64 and 28), non-smokers (20 and 24), alcoholics
(57 and 27) and non-alcoholics (27 and 25) respectively. The
subjects who smoked >5 cigarettes/day at least for 1 year
were considered as smokers and those who
consumed >120gm of alcohol/day were considered as
alcoholics in both groups. Individual questionnaires were
filled by all subjects, the questionnaire covered standard
demographic questions (age, genetic disorders, number of Xray diagnoses, vaccinations, medication, smoking, alcohol,
etc.) and occupational questions (years of exposure). We
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ensured that the workers and the controls did not markedly
differ from each other except for occupational exposure. We
also ensured that all the subjects had not been taking any
medicines nor had they been exposed to any kind of radiation
for 12 months before sampling. The workers and control
subjects were informed of the objectives of the work, and
gave expressed informed and written consent to participate in
this study before the collection of urine or buccal cell sample.
The samples of urine and buccal cells were coded and the
anonymity of the workers and control population was
guaranteed. The institutional ethical committee approved the
research procedures used in this study.
B. Cell Sampling and Preparation
Buccal cells (BCs) were collected from consented
volunteers at the end of the work shift according to the
criteria established by Tolbert et al [20]. Prior to BC
collection the mouth was rinsed thoroughly with water to
remove any unwanted debris. Buccal cell samples were
obtained by rubbing the inside of both cheeks using a cyto
brush. The cells were collected in tubes containing 3ml
sterile saline.
C. Micronucleus Assay
The MN test was carried out on buccal epithelial cells of
84 workers and 52 controls, selected randomly from the total
number of subjects, according to the method of Rajeswari et
al [19]. Oral buccal cells obtained were smeared on a precleaned slide, fixed in methanol and stained with 2% Giemsa.
A total of 2000 cells per individual were scored for analysis
of micronuclei.
D. Statistical Analysis
The samples were coded at the time of preparation and
scoring. They were decoded before statistical analysis for
comparison. Mean and standard deviation (SD) were
calculated for biomarker. The significance of the differences
between control and worker end-point means were analysed
using Student's t-test, whereas simple and multiple linear
regression analyses were performed to assess the association
between end-points and the independent variables. All
calculations were performed using Windows statistical
package, version 11.5 (IL, USA). Mean values and standard
deviations were computed for the scores and the statistical
significance (P < 0.05) of effects (exposure, smoking and age)
was determined using analysis of variance (ANOVA).
III. RESULTS
The distribution of subjects with respect to age, smoking,
alcohol consumption and years of exposure is given in Table
I. The two groups studied had similar demographic
characteristics.
A. Micronucleus Frequency in Buccal Cells
The frequency of micronuclei (MN) was studied in 84
workers and in 52 controls. Workers revealed a significant
induction of MN when compared with controls (7.19 vs.
4.03;) (Table I). Individuals of the exposed as well as control
groups with smoking habit and alcohol consumption showed
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an enhanced frequency of micronuclei (11.85 and 12.05) vs.
(5.75 and 6.59) when compared to non smokers and non
alcoholics (6.45 and 6.29) vs. (2.87 and 2.88). Workers who
are smokers and alcoholics showed a highly significant
increase (p<0.05) in MN frequency when compared to all
other groups and subgroups (Table 1).An increase in MN
frequency with an increase in duration of exposure was
observed in workers (11.02 versus 9.12) (Table II). An agedependent increase in MN frequency was also noted both in
controls and exposed (2.61 vs. 2.04 and 6.85 vs. 5.12) (Table
II).
IV.

DISCUSSION

The extensive use of chromium in industrial settings has
elicited concern over the safety of workers and surrounding
population. The trivalent form of chromium which is
extensively used in leather tanning may directly react with
the genetic material and has also been shown to generate
oxidative damage in vitro. Although The International
Agency for Research on Cancer has not evaluated chromium
(III) compounds as potential carcinogenic agents for humans
[12], the risk involved in chronic exposure is uncertain.
Present study reports an elevated MN frequency among
Cr (III) exposed south Indian tannery workers. The current
analysis suggests that tannery workers under their particular
conditions of exposure (tobacco smoke and alcohol) reveal
clear evidence of genotoxicity in buccal epithelial cells when
evaluated by MN test. Previous investigations reporting
genotoxic effects in workers of tanning industry using the
MN test are scanty. Our study revealed a significant
induction of MN in workers when compared to controls with
respect to their age and years of exposure.
A clear increasing trend in MN incidence was evident in
a large study designed specifically to assess the effect of
ageing on chromosome damage [2]. Bukvic et al [18] also
demonstrated a strong correlation between age and MN
frequency and suggested that chromosome loss is a
determining factor in this increase. Although the link
between smoking and cancer is strong and exposure to
genotoxic carcinogens present in tobacco smoke has been
convincingly demonstrated [13, 10], and the same
convincing association is apparent when assessing
biomonitoring studies of genotoxicity. Fenech [17] showed
that, after adjustment for age and sex, individuals with high
cigarette usage [16] had statistically greater MN compared to
non-smokers. An increase in MN has been observed in
alcoholics consuming alcoholic beverages but not in
abstainers of a year or more [5, 7]
Therefore our results demonstrate that MN assay
performed in exfoliated buccal mucosa cells is an ideal
methodology to measure potential risk related to Cr (III)
exposure. However, the results of this study are not enough
to establish any causal connection, although there is
experimental evidence that supports the genotoxicity of Cr
(III). Also, the possibility of unrecognized confounding
factors is inevitable in studies such as this.
Workers in many occupational settings are exposed to
certain genotoxic agents. These workers may not be aware
that they have been exposed to genotoxic agents nor do they

know the type and amount of agent to which they have been
exposed. Therefore, there is a need to educate those who
work with heavy metals about the potential hazard of
TABLE I.

occupational exposure and the importance of using
protective measures.

FREQUENCY OF MICRONUCLEI WITH RESPECT TO SMOKING HABIT AND ALCOHOL CONSUMPTION IN CONTROL AND TANNERY WORKERS

Cigarettes/

Alcohol

(years)

day

(gms/day)

37.63 ± 8.44

-

-

-

4.03 ± 1.65

28

38.03 ± 7.53

-

9.17 ± 2.49

-

5.75 ± 1.40*

No

24

36.45 ± 8.28

-

-

-

2.87 ± 0.78

Yes

27

34.55 ± 8.10

-

-

195.55 ±
44.77

6.59 ± 1.15*

No

25

36.52 ± 8.22

-

-

-

2.88 ± 0.83

84

37.48 ± 8.60

18.03 ± 8.31

-

-

7.19 ± 1.15*

Yes

64

38.23 ± 8.19

18.81 ± 6.31

9.21 ± 2.29

-

11.85 ± 2.06*

No

20

36.5 ± 9.32

14.65 ± 8.38

-

-

6.45 ± 1.19

Yes

57

39.71 ± 8.08

19.17 ± 8.49

-

196.31 ±
40.78

12.05 ± 2.10*

No

27

35.89 ± 9.44

15.70 ± 8.51

-

-

6.29 ± 1.13

(years)

52
Yes

Characteristics

Total

Controls

Smoking

Alcohol
consumption
Total

Exposed

Smoking

Alcohol
consumption

No. Of

Exposure
duration

Sample
size
(n=136)

Age

MN
(M±SD)

*p<0.05

TABLE II.

FREQUENCY OF MICRONUCLEUS WITH RESPECT TO DURATION OF EXPOSURE AND AGE IN CONTROLS AND TANNERY WORKERS

Control (n=52)
Characteristics
Sample size

Exposed (n=84)

MN frequency
(M±SD)

Sample size

MN frequency
(M±SD)

Age
(years)
Exposure
(years)

<35

21

2.04 ± 0.04

38

5.12 ± 1.10

≥35

31

2.61 ± 0.15*

46

6.85 ± 1.23*

<15

-

-

32

9.12 ± 2.02

≥15

-

-

52

11.02 ± 1.57*
*p<0.05
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