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ABSTRACT Arsenic is a paradoxical human carcinogen. In West Bengal it affects around 42.7 million people. Arsenicosis is
the effect of arsenic poisoning due to high level of arsenic in body, usually over a long period such as from 5 to 20 years. A total
of 100 arsenic exposed individuals and 50 age and sex matched healthy controls were taken for this study. All the individuals
have given information regarding their tea drinking habit and addiction history. Arsenic from water, hair and nail samples of all
exposed group and control group individuals were studied. Oral mucosal cell was collected from each subject to study micronuclei
(MN) from buccal smear. In exposed individuals the mean arsenic content in the drinking water was found to be 66.75µg/l
which was above the WHO recommended level of 10µg/l. The mean arsenic content in hair and nails of the exposed individuals
was found to be significantly higher (P≥0.01) than the control.  In the present study we found that in the individuals belonging
to exposure group had a significantly higher buccal smear MN percentage (P≥0.01) than the control group. It was also found
from this study that the individuals who had tea drinking habit had a lower percentage of MN in compare to non-tea drinkers.
The individuals who had addiction history, in case of both tea drinkers and non tea drinkers had a higher percentage of MN in
compare to the non-addicted person. Therefore micronuclei can serve as an efficient biomarker of arsenic exposure and tea has
got protective role against arsenic exposure.
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INTRODUCTION

Arsenic is one of the most toxic metals de-
rived from the natural environment. Arsenic was
ranked first in a list of 20 hazardous substances
by the Agency for Toxic Substances and Dis-
ease Registry and United States Environmental
Protection Agency (Goering et al. 1999). Hu-
mans are exposed to arsenic (As) primarily from
air, food and water. However, elevated inorganic
arsenic in drinking water is the major cause of
arsenic toxicity. The WHO recommends a limit
of 0.01 mg/l of arsenic in drinking water. The
two worst arsenic affected areas in the world
are Bangladesh and West Bengal, India. Ground
water arsenic contamination in West Bengal
(WB, India) was first reported in December
1983, when health officials identified 63 people
from three villages of two districts as suffering
from As toxicity. In October 2001, 2700 villages

in a total of nine districts in WB are identified
as arsenic-affected. More than 6 million people
are drinking water containing ≥ 50 mg/l (Cha-
kraborti et al. 2002). The problems of protec-
tion against exposure to arsenic through drink-
ing water have assumed considerable impor-
tance, due to widespread effects of arsenic poi-
soning of large human populations numbering
several millions in West Bengal and Bangladesh.
The effects of arsenic induced toxicity in human
beings can be assesed using a biomarker. Here
for this study we selected micronuclei (MN) as
a biomarker. A micronucleus (MN) is a small
extra nuclear part separated from the main
nucleus, generated during cellular division by
a whole lagging chromosome or by an acentric
chromosome fragments. The micronucleus test
is used as an indicator of genotoxic exposition,
since it is associated with chromosome aber-
rations (Roberts 1997). Majority of the exposed
population who had an exposure history for a
relatively longer period showed higher inci-
dences of micronuclei formation (Dulout et al.
1996). Our earlier study in the arsenic affected
area of West Bengal showed similar results
(Chakraborty et al. 2006). The study carried out
by Ramirez and Saldanha (2002) showed an
increase in oral mucosal cell MN frequency in
person suffering from cancer in compare to the
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controls and concluded that MN are a product
of early events in human carcinogenic pro-
cesses. MN study is a short non-invasive techni-
que and can be repeated very easily.

Considering the widespread effect of arsenic
toxicity there was always a search to provide
protection against arsenic toxicity using a natu-
ral ingredient. Tea is a well-known beverage,
brewed from leaf of Camellia sinensis and
widely consumed throughout the world. Com-
mercial tea is available in several forms,
amongst which black tea is most prevalent in
India and green tea in Japan and China. Con-
sumption of tea has been associated with anti-
mutagenic and possible anti-carcinogenic effects
(Yang1997). In an earlier study by our lab co
workers had shown that black tea when used
along with freshly prepared solution of ferrous
sulphate can reduce the cytotoxic effects of in-
organic arsenic in mice (Poddar 2004).

In the present work we wanted to study the
effect of tea in the arsenic exposed population
using MN as a biomarker. The work is of spe-
cial importance in view of the widespread ex-
posure of human population of several districts
of West Bengal, India and Bangladesh to arsenic
through drinking water from deep tube wells.

METHODOLOGY

The arsenic exposed populations (n=100, 69
females and 31 males) were selected from the
residents of Baduria block in Atghara, which is
located in the North 24 Parganas district. This
district is well documented as one of the most
arsenic affected district in West Bengal (Chakra-
borti et al. 2002). A person using their present
drinking water source at least for the past 15
years was an inclusion criterion for the exposed
population as well as control population. Age
and sex matched control populations (n=50, 33
females and 17 males) were selected from the
arsenic unaffected area of West Bengal (Howrah,
Kolkata). The socio-economic condition of both
control and exposed population were same and
the age range for both groups was 15-39 years.
Cohorts of 150 persons (50 control individuals
and 100 exposed individuals) were subjects of
the present study.

Each subject was first undergone a standard-
ized questionnaire interview which reveals the
information on demographics, life-style factors,
occupation, source of daily water intake, diet,

medical and residential histories assessment of
exposure and level of exposure, addictions etc.
Physicians examined the study participants.
Water and other bio samples were collected same
day from the subjects and code numbers were
given. The selected subjects provided informed
consent to participate and they fulfill the inclu-
sion criteria. It was found from the interview
that arsenic in drinking water was the principal
source of exposure in this region. The samples
that were collected for arsenic estimation include
drinking water (~100ml), nails (~250-500mg)
and hair (~300-500mg). The samples were ana-
lyzed at the School of Environmental Studies,
Jadavpur University, Kolkata. Drinking water
was collected in acid-washed [nitric acid: water
(1:1)] plastic bottles into which nitric acid
(1.0ml/l) was added later on as a preservative
.For collection of hair and nail samples ceramic
blade cutters were used. Hair samples that were
collected are of similar size and were taken from
more or less similar region of head [behind the
ear close to the scalp with a diameter of about
1cm; (Agahian et al. 1990)]. Ethical committee
of our Institute had approved the study.

Oral smears were obtained from the subjects
as follows for micronuclei study:

The subjects were asked to rinse their mouths
with water and a pre-moistened wooden spatula
was used to sample cells from the oral mucosa.
The spatula was applied to a pre-cleaned mi-
croscope slide. Smears were air dried and fixed
in 80% methanol. Slides were stained by the
Giemsa solution and the micronuclei frequency
was scored using the criteria described by Sarto
et al. (1990) and Tolbert et al. (1992). The same
person scored 1000 cells blindly in each case to
determine the micronuclei (MN) percentage.

RESULTS

A comparative data among the control and
exposed population in terms of the arsenic
contents (mean±SD) in water, hair and nail
samples of the individuals were given in Table
1. The first group i.e. the control group contains
50 persons (33 females and 17 males) who were
drinking water which contains arsenic within
the permissible limit as given by WHO guide-
lines i.e. 10 µg/l (WHO 1996) and the second
group i.e. the exposed group contains 100
persons (69 females and 31 males) with arsenic
level in their drinking water above the per-
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missible limit. The persons belonging to both
the control and exposed groups were mainly
daily wage earners, students, housewives, farm-
ers by profession. In the control group 24 per-
sons belong to the age group of 11-20 years, 15
persons in the age group of 21-30 years and 11
persons in the age group of 31-40 years. In the
exposed group the number of persons belonging
to the age group of 11-20, 21-30 and 31-40 years
were 42, 33 and 25 respectively. The mean (SD)
arsenic content in water of the exposed group
was 66.75±2.53 µg/l, whereas in control group
it was found to be 6.44±0.23µg/l. The exposed
group contained 1398.74±519.53 µg/kg arsenic
(mean±SD) in hairs and 1989.43±734.75 µg/
kg arsenic (mean±SD) in nails, whereas in
control group the arsenic (meanSD) content in
hairs and nails were 361.23±92.36 µg/kg and
389.17±152.47 µg/kg respectively. The mean
(±SD) arsenic contents of water, hair and nail
samples were significantly high (P≥0.01) in the
exposed population.

Table 2 showed a detailed history of expo-
sure, tea drinking habit and addiction history
among the study participants. Of the 50 per-
sons belonging to the control group, 46 persons
drank water from tube well and 4 persons drank
corporation water. Twenty five persons did not
take tea, 15 persons took tea with milk and 10
of them took tea without milk. Five of them had
chewed various tobacco preparations, 5 were
smokers and one drank alcohol and no addic-
tion was found in 43 subjects. All of the 100
persons residing in As affected areas drank wa-

Table 1:  Detailed history and comparison of the mean values of arsenic content in water, hairs and nails of the control
and exposed group

Type No.of Sex Age group (in years) Arsenic level Arsenic level Arsenic level
indivi- in drinking in hair in nails
duals water (mg/l) (mg/kg) (mg/kg)

(Mean±SD) (Mean±SD) (Mean±SD)

Control 50 33 17 24 15 11 6.44±0.23 361.23±  92.36 389.17±152.47
Exposed 100 69 31 42 33 25 66.75±2.53** 1398.74±519.53** 1989.43±734.75**

**Statistically significant at P≥ 0.01 (Fisher’s t test)

Female Male 11-20 21-30 31-40

ter from tube well. Fifty-three of them did not
take tea, 27 persons took tea with milk and 20
persons took tea without milk. Various forms of
tobacco-chewing were found in 29 of them, 12
were smokers and one drank alcohol and no
addiction was found in 60 subjects.

Table 3 showed a detailed MN frequency
among the study individuals based on tea drink-
ing habit. In the control group the average MN
frequency was 0.32 whereas in the exposed
group it was 0.73. In the control group, the in-
dividual who drink tea has a MN frequency of
0.31 whereas for non tea drinkers it was 0.33.
In the exposed group, the individual who drink
tea has a MN frequency of 0.71 whereas for non
tea drinkers it was 0.74. These values are sig-
nificantly higher than the control values
(P≥0.01).

Table 2: Detailed history of exposure, tea drinking habit and addiction among the study participants.

Type Total Drinking water Tea Addiction
no. of

samples Tube well Corp.  water No With Without Tobacco Smoking Alcohol No
milk milk chewing addiction

Control 50 46 4 25 15 10 5 5 1 43
Exposed 100 100 - 53 27 20 29 12 1 60

*Some persons had more than one kind of addiction.

Table 3: Frequency of MN in the studied population
based on tea drinking habit

Type Micronuclei requencies MN (%) (Mean ±SD)

Average Drink tea Do not drink tea

Control 0.32 ± 0.032 0.31± 0.023 0.33 ± 0.025
Exposed 0.73 ± 0.033* 0.71± 0.039* 0.74 ± 0.041*

*Statistically significant at P≥ 0.01

Table 4 showed a detailed MN frequency
among the study individuals based on tea drink-
ing habit along with addictions. In the control
group the average MN frequency of tea drink-
ers along with addiction was 0.35 whereas  for
the tea drinkers without addiction it was 0.29.
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Again in the control group the average MN fre-
quency of non tea drinkers along with addic-
tion was 0.34 whereas  for the non tea drinkers
without addiction it was 0.32. In the exposed
group the average MN frequency of tea drink-
ers along with addiction was 0.78 whereas for
the tea drinkers without addiction it was 0.70.
Again in the exposed group the average MN
frequency of non tea drinkers along with addic-
tion was 0.73 whereas for the non tea drinkers
without addiction it was 0.69. These values are
significantly higher than the control values
(P≥0.01).

DISCUSSION

An environmental tragedy is developing in
West Bengal, India where a large population is
drinking arsenic-contaminated water, and an
alarming number of toxicity cases associated
with ingestion of arsenic-contaminated water
have been reported (Guha Majumder et al.
1998).

Unstable chromosome aberrations can be
studied in epithelial cells by the detection of MN
and other nuclear aberrations in exfoliated in-
terphase cells (Picker and Fox 1996). Various
groups have found it that analysis of MN in
buccal cells to be a sensitive method for moni-
toring genetic damage in human populations
(Kayal et al. 1983; Foiles et al. 1989; Sarto et
al. 1990). Micronuclei are suitable internal do-
simeters for revealing tissue specific genotoxic
damage in individuals exposed to carcinogenic
mixtures (Stich et al. 1990).

In our present study we found that there was
significant changes in MN frequencies in the
exposed population in compare to control as
indicated in Table 3 and 4. These results clearly
showed that due to exposure of arsenic in drink-
ing water there was a significant increase in
cytogenetic damage in oral mucosal cells. The
gradient of MN frequencies in the oral mucosal
cells of exposed population was confirmed in

Table 4: Frequency of MN in the studied population based on addictions

Type Micronuclei frequencies MN (%) (Mean±SD)

Drink tea Do not drink tea

Tea with addiction Tea without addiction Tea with addiction Tea without addiction

Control 0.35 ± 0.027 0.29 ± 0.039 0.34 ± 0.035 0.32 ± 0.038
Exposed 0.78 ± 0.051* 0.70 ± 0.047* 0.73 ± 0.043* 0.69 ± 0.053*

*Statistically significant at P≥ 0.01

comparison with the controls, revealing a 2.3
fold increase in MN frequency in the exposed
individuals which was statistically significant
at P≥0.01. In the tea drinkers group the average
MN frequency was lower than the non tea drink-
ers group. It was also found that the persons,
who had got any kind of addictions, had a higher
percentage of MN frequency than the non ad-
dicted person both in tea drinkers and non-tea
drinkers group as indicated in Table 4. This may
be due to the fact that arsenic is a potent
clastogen.

In our study we found a 2.3 fold increase in
MN in oral mucosal cells in our exposed group
in compare to control group and this elevated
level of MN in the exposed group was found to
be statistically significant (P≥0.01). This result
tallies with the study done by Tian et al. (2001)
who found a 3.4 fold increase in MN in the ex-
posed populations who were drinking arsenic
contaminated water with mean arsenic concen-
tration of 527.5 ± 24mg/l. However, the study
carried out by Martinez et al. (2005) in north-
ern Chile found elevated but no statistically sig-
nificant increase in MN frequency in exposed
population in compare to the control individu-
als. This result was not in agreement with our
study.

To the authors’ best knowledge this was the
first study of this kind to evaluate the effect of
tea on a human population affected by arsenic.

CONCLUSION

The present study can be concluded with our
findings that MN estimation in buccal mucosa
provides an easy, non-invasive technique of
genotoxic damage. Environmental exposure to
arsenic causes genotoxic effects that can be eas-
ily assessed by MN assay and tea has got some
protective effect against arsenic exposure. The
incidences of oral cancer in India are high and
its relation to arsenic intake can be assessed by
this method. In our study we found a signifi-
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cant increase in oral MN frequency in arsenic
exposed population in compare to matched con-
trols. The prevalence of significantly high fre-
quencies of MN in our arsenic exposed study
population is an alarming one and calls for im-
mediate remedial and preventive measures
against arsenic induced carcinogenicity.
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