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Abstract
Objectives: To study any possible correlation between arsenic toxicity and the development of oral carcinoma in West Bengal 
population. Material and Methods: Ethical clearance for this study was obtained from the Vivekananda Institute of Medical 
Sciences. Out of 30 785 patients attending our hospital from November 2012 to July 2015, 107 cases and 50 control individu-
als were selected. The hair and buccal smear samples were obtained upon their consent for the purpose of the analysis of 
arsenic count and cytogenetic damage, respectively. Results: Ninety-six percent of cases came from the highly arsenic affected 
districts and 81.3% showed their arsenic count above the safe limit (0.8 μg/g) whereas 96% of the controls’ arsenic count was 
within the safe limit. The study showed a significant difference of the micronuclei and apoptosis frequency between the cases 
and controls. Conclusions: The difference of micronuclei and apoptosis frequency between cases and controls was significant. 
The maximum number of cases came from highly arsenic affected areas and a higher percentage of cases showed elevated 
arsenic count, as compared to controls, which may indicate a possible link between arsenic toxicity and this disease. However, 
a larger sample size is required for a proper correlation. Int J Occup Med Environ Health 2017;30(2):271–279
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MATERIAL AND METHODS
Study sample
In this prospective study, a stratified sampling method 
was used for selecting 157 participants (54 oral malig-
nant (OM), 53 oral premalignant (OPM), and 50 con-
trol) who were asked about their daily lifestyle hab-
its and epidemiological data, after having taken 
their proper consent. A  total of 30 785 patients were 
screened in the Outpatient Departments of the ENT-
Head and Neck Surgery, Oral & Maxillofacial Sur-
gery of our hospital. Among these,  54  patients with 
histopathologically confirmed the  cases of oral carci-
noma,  53  with premalignant oral lesions and condi-
tions were recruited for this study between Novem-
ber 2012 and July 2015.
Adults with non-treated frank and premalignant oral and 
oropharyngeal squamous carcinoma as well as control in-
dividuals, exposed/not exposed to arsenic toxicity were in-
cluded in the study. Whereas we did not include pediatric 
patients, advanced oral malignant cases, cases with other 
oral lesions and post treatment cases. All cases were newly 
diagnosed. All were residents of various districts of West 
Bengal.
Fifty controls (cancer free) were recruited concurrently 
from the group of the patients residing in the similar geo-
graphic area. Controls were selected from among the rela-
tives of the  cases who accompanied them and stayed in 
the same localities. Age distribution for the controls was 
comparable to that of the cases.
Cases and controls were matched primarily by the  fre-
quency of geographic and social origin and secondly by 
the age distribution. They mostly belong to medium to low 
economic classes having the similar lifestyle and level of 
education.

Ethics
The study was ethically cleared by our respective institu-
tional committee.

INTRODUCTION
Oral carcinoma (OC) is a much discussed problem nowa-
days worldwide, occurring more amongst males. Its rate of 
incidence in India is 12.6 per 100 000 populations, the data 
being age-standardized  [1]. The main risk factors of this 
disease, being intake of tobacco (smoking and smokeless), 
betel quid and human papilloma virus (HPV) infection ac-
count for 43% of the  total number of deaths. But those 
behavioral risk factors do not explain the high incidence 
of the  OC, which may suggest the  interference of other 
potent factors.
Heavy metal toxicity has been found to exert its impact 
on various diseases, sometimes even proving out to be 
carcinogenic. These metals include lead, nickel, arse-
nic, cadmium, etc., the presence of which in soils might 
have toxic effects on human health by means of intake 
of food growing on them [2]. Arsenic exposure leading 
to skin, lung and bladder cancer has already been es-
tablished [3]. Moreover, certain regions of Taiwan have 
reported to have a  higher incidence of the  oral carci-
noma  [2], the  cause being arsenic exposure. Arsenic 
toxicity effect may be detected through the cytogenetic 
damage in the form of chromosomal anomalies, micro-
nuclei, sister chromatid exchanges, which occur due to 
the  genotoxic effect of arsenic to the  superfamily of 
ubiquitous multifunctional enzymes, namely glutathi-
one-S-transferases. Those enzymes are involved in cel-
lular detoxification, and genetic variants are created by 
this heavy metal.
Since the  State of West Bengal in India is reported to 
have high content of arsenic in its groundwater [4,5], we 
have included this region in our study in order to find out 
if there is any possible link between this metal toxicity in 
the oral carcinoma. This is a case control study carried 
out in our hospital in order to compare the arsenic (As) 
concentration in hair samples, frequency of micronuclei 
in buccal smear of patients  – with those in the  control 
population.
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level in hair. The arsenic (As) level mean, standard devia-
tion (SD), quartiles and medians for all these groups were 
calculated. The statistical analysis was done using Graph-
Pad prism software. Every test was  2-sided with a  level 
of p value < 0.05, which proved to be significant.

RESULTS
The Figure 1 shows the overall association of various risk 
factors with the patients and controls. The age-sex distri-
bution, source of drinking water and the various risk factor 
associations is depicted in the Table 1.

Questionnaire
The demographic data of the concerned subjects was col-
lected (age, gender and residential history). Data of the ex-
tent of arsenic contamination in various blocks/wards of 
the districts of this state was obtained from literature [6].

Sample collection and analysis
Buccal smear and hair samples were collected after hav-
ing obtained informed consents from all the  subjects. 
The collected 54 malignant, 53 premalignant and 50 con-
trol hair samples were treated by the method of flow in-
jection-hydride generation-atomic absorption spectrom-
etry for proper arsenic count and their buccal smears 
were taken on slides, Pap stained and examined under 
the microscope for detecting the presence of micronuclei 
and apoptosis.

Statistics
The statistical analysis was performed comparing the cas-
es with malignant and premalignant oral lesions to 
the  control on the  basis of demographic factors, arsenic 
level in hair samples and the presence of micronuclei and 
apoptosis in buccal smear. A  Student’s  t-test was used 
for comparing the  case and control groups for arsenic 
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Fig. 1. Relationship between risk factors and oral/
oropharyngeal carcinoma in West Bengal, 2012–2015

Table 1. Respondents’ characteristics in the study of arsenic exposure in oral/oropharyngeal carcinoma in West Bengal, 2012–2015

Characteristics

Study group
(N = 157)

[n]
carcinoma

control
(N = 50)malignant

(N = 54)
premalignant

(N = 53)
Sex

males 38 39 37
females 16 14 13

Age
15–35 years 11 13 12
36–55 years 35 33 32
56–75 years 8 7 6



O R I G I N A L  P A P E R         P. PAL ET AL.

IJOMEH 2017;30(2)274

out of 29 blocks in 5 districts. Unaffected districts include 
no affected ones out of 63 blocks in 5 districts [6].
A  total of  103  out of  107  cases have reported the  high-
ly affected districts being their origin and the  remain-
ing 4 came from unaffected areas of this state.

The State of West Bengal is having  3  zones of districts 
and wards, based on the extent of arsenic contamination. 
Highly affected districts include 107 blocks and 30 wards 
affected out of 149 blocks in 8 districts and 100 wards of 
Kolkata. Mildly affected districts include 4 blocks affected 

Drinking water

mineral water 1 1 1

municipality corporation

direct 20 21 20

treated 15 13 12

tube well

deep

direct 10 11 10

treated 0 0 0

shallow

direct 7 6 6

treated 0 0 0

pond water

direct 0 0 0

treated 1 1 1

Addiction*

betel quid using 20 12 4

tobacco chewing 14 17 1

tobacco smoking 20 22 0

alcohol drinking 9 9 0

using no substances 3 4 46

* Some of the malignant and premalignant cases and control individuals have > 1 addiction.

Table 1. Respondents’ characteristics in the study of arsenic exposure in oral/oropharyngeal carcinoma in West Bengal,  
2012–2015 – cont.

Characteristics

Study group
(N = 157)

[n]

carcinoma
control

(N = 50)malignant
(N = 54)

premalignant
(N = 53)
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The data relating to the highly arsenic affected and unaf-
fected districts of West Bengal and the data of the geo-
graphic distribution of the patients coming from those dis-
tricts are depicted in the map of West Bengal (Figure 2). 
The tabular comparison is illustrated in the Table 2.
The distribution of As level in hair samples of cases and con-
trol is shown in the Table 3, which includes the mean, SD, 
medians, range and the quartiles. Out of 107 cases, 81.3% 
showed their arsenic count above the safe limit (0.8 μg/g) 
whereas 96% of the controls’ arsenic count was within the 
safe limit. This is shown in the Table 4 and Figure 3.
There is a  significant difference of the  micronuclei fre-
quency between the cases and controls (Table 5). In our 
study we have found no significant correlation between 
the As content in hair and micronuclei frequency in the ma-
lignant as well as premalignant patients whereas Spear-
man’s r value is found to be 0.116 and 0.19, respectively. In 
both the  malignant and premalignant cases, distribution 
was found to be non-parametric by Kolmogorov-Smirnov 
test. One case and all the controls showed the presence of 
apoptosis. The micronuclei and apoptosis may be clearly 
seen through the Photo 1a and 1b, respectively.

Darjeeling

Jalpaiguri

Cooch Behar

North
Dinajpur

South
Dinajpur

Malda

Birbhum

Bardhaman

Bankura

Hooghly

Kolkata

District:
highly arsenic affected
arsenic unaffected

Patients:
max %
min. %

Purulia

West Midnapore

East Midnapore

Murshidabad

Nadia

North 24
ParganasHowrah

South 24
Parganas

Table 2. Arsenic highly affected and unaffected districts of West Bengal and patients with oral/oropharyngeal carcinoma, 2012–2015

Extent of arsenic exposure  
and district in West Bengal 

Patients with oral/oropharyngeal carcinoma
(N = 107)

[%]

Arsenic affected blocks
(N = 241)

[%]

Highly affected
Nadia 2 100.0
North 24 Parganas 17 95.4
Murshidabad 2 92.3
South 24 Parganas 14 64.7
Howrah 12 58.3
Kolkata 45 30.0

Unaffected
Purulia 2 0.0
Midnapur (East) 4 0.0
Midnapur (West) 2 0.0

Fig. 2. Arsenic exposure and patients with oral/oropharyngeal 
carcinoma in West Bengal, 2012–2015
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of Taiwan  [8], Greece,  etc. Prominent consequences in 
the form of cytogenetic damage have been reported from 
acute and chronic arsenic toxicity in various countries like 
Mexico, Finland, Argentina, etc. [9]. Arsenic involvement 
in the mutation of glutathione-S-transferases hampering 
the cellular detoxification may be detected through assays 
of chromosomal abnormalities and micronuclei [9].

DISCUSSION
The level of heavy metal exposure to the human body is 
said to arise from its elevated content in soil [7]. Longtime 
intake of water containing these metals may come out 
with toxic outcomes in different parts of our body. Studies 
related to this kind of heavy metal exposures turning out 
to be carcinogenic have been carried out in many places 

Table 3. Arsenic concentration in respondents’ hair in West Bengal, 2012–2015

Study group
Respondents

(N = 157)
[n]

Arsenic concentration in hair
[μg/g]

M±SD 25–75th percentile range Me 95% CI of M p

Malignant carcinoma 54 2.071±1.102 1.170–2.615 0.72–4.78 1.88 1.616–2.526 < 0.001*
Premalignant carcinoma 53 1.746±1.067 0.935–2.520 0.39–4.23 1.45 1.306–2.187 < 0.001*
Control 50 0.544±0.110 0.440–0.630 0.40–0.76 0.52 0.513–0.576 < 0.001*

M – mean; SD – standard deviation; Me – median; CI – confidence interval.
* The difference of mean values between the control group and case (premalignant and malignant) group with reference to arsenic count is highly 
significant.

Table 4. Oral/oropharyngeal carcinoma and arsenic level in respondents’ hair in West Bengal, 2012–2015

Study group

Respondents with different arsenic level in hair
(N = 157)

[n]

total ≤ 0.8 μg/g
(safe limit) 0.81–1.8 μg/g 1.81–2.8 μg/g 2.81–3.8 μg/g ≥ 3.81 μg/g

Malignant carcinoma 54 6 23 14 7 4
Premalignant carcinoma 53 14 22 11 4 2
Control 50 48 2 0 0 0

Table 5. Micronuclei frequency in buccal smear of respondents in the study of arsenic exposure in oral/oropharyngeal carcinoma  
in West Bengal, 2012–2015

Variable

Study group
(N = 157)

(range)
[%] p

premalignant and malignant 
carcinoma control

Micronuclei frequency 0.1–1.5 0.0–0.1 < 0.05*

* The difference of mean values of micronuclei frequency with reference to cases and control groups is significant.
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controlling the cell cycle and deoxyribonucleic acid (DNA) 
repair [11]. So, various cytogenetic tests including the mi-
cronucleus test in addition to tests of various degenerative 
alterations indicative of apoptosis (karyorrhexis, pyknosis, 
and condensed chromatin), which examines the  presence 
of micronuclei, absence of apoptosis and presence of any 
chromosomal anomaly under microscope, give a promising 
method to detect the occurrences of cytogenetic alterations 

West Bengal (India) and Bangladesh are the 2 worst arsenic 
affected areas in the world. In those 2 regions, the arsenic 
source being mainly geological contaminates aquifers which 
provide water to over 1 million tube-wells. About 42.7 mil-
lion individuals in 9 districts of West Bengal are exposed to 
ground water arsenic concentration which is above the max-
imum permissible limit of 50 μg/l. The arsenic accumulation 
in the Bengal Delta Plain is supposed to have taken place 
during the Holocene age with alluvial sediments contain-
ing arsenic, which have been deposited by the rivers Ganga, 
Brahmaputra, Meghna and other smaller rivers flowing 
across this plain into the Bay of Bengal.
The overall As content in the farm soil of contaminated 
areas of the selected region has profound negative impacts 
on nearby residents. The association between heavy met-
als residing in the environment and those inside the hu-
man body may be detected through their high concentra-
tions in blood, urine and hair. Since arsenic toxicity is well 
established in the causation of skin, lung and bladder can-
cer [10] we have carried out this study in order to find its 
direct or indirect involvement in oral carcinoma, the latter 
being highly incident nowadays in this population.
Like all other carcinoma, oral cancer also results from vari-
ous mutations and chromosomal abnormalities in genes 
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Photo 1. Papanicolaou-stained buccal cells (100× magnification) 
of respondents in the study of arsenic exposure in oral/
oropharyngeal carcinoma in West Bengal, 2012–2015
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CONCLUSIONS
This study has come out with useful findings indicating 
the  environmental effects on human health. The  results 
show that the  arsenic concentration in the  hair samples 
of the  cases is comparatively higher than those found in 
the control group, although the limitation lies in the sample 
size. This may infer a possible relation between the metal 
toxicity and oral malignancy in this population. Although 
the higher number of cases have their origin in highly ar-
senic affected districts of West Bengal, a few patients also 
came from the unaffected districts. This may indicate the in-
volvement of the main risk factors of this disease.
Yet a  larger sample size and extensive statistical analy-
sis are required for detailed and comprehensive investi-
gations. This may help us in risk assessment and policy 
development in order to protect general human health, 
particularly in developing countries where public concern 
towards these issues is limited.
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