
Abstract
Arsenic has been associated with the occurrence of various carcinoma like skin, lung, bladder, kidney, liver, oral cavity. Its 
toxicity is reported to have been contributed through the intake of drinking water from various contaminated sources. 
However, its possible relationship with the intake of the metal contaminated fish flesh with the occurrence of carcinoma has 
not yet been well established. 83 oral malignant and 80 control individuals were selected for the study and on their proper 
consent, the hair samples were processed for arsenic estimation by the method of flow injection hydride generation atomic 
absorption spectrometry. The data related to the determination of arsenic level in fish flesh obtained from the affected districts 
of West Bengal was collected from the literature. The statistical analysis of all the data was performed by using SPSS Version 
10.1, which suggested a highly significant large positive correlation between the intake of arsenic contaminated fish and the 
occurrence of oral malignancy in the affected individuals (p value = 0.023). The study concludes that the intake of the metal 
contaminated fish can be a possible factor leading to the malignancy of the selected population. 

*Author for correspondence

1.0  Introduction
As a strong paradoxical human carcinogen, arsenic is 
a significant environmental hazard. While reports of 
its impact on many malignancies, particularly skin, 
lung,    kidney, and bladder carcinomas, are available, its 
relationship with OSCC is currently also a subject of 
extensive research1-3. Millions of people are affected by 
arsenic toxicity worldwide, which has negative effects 
on their health including cancer and death. Drinking 
arsenic-contaminated ground water currently affects 
residents of more than 35 different nations4. Through oral 
consumption of carious dietary items like rice, fish, etc., 
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the metal can also enter the human body through natural 
sources. One of the main ways that people are exposed 
to arsenic, cadmium, mercury, and lead is through fish 
intake5. Total exposure to arsenic is largely caused by 
fish; however, most of the arsenic found in fish is in the 
form of organic arsenic, notably arsenobetaine, which is 
essentially benign6.

The attempt of the present study is to study the 
possible correlation between the incidence of arsenic 
contamination in fishes and the occurrence of Oral 
Squamous Cell Carcinoma (OSCC) in the selected 
population of West Bengal, since the state is the most 
arsenic effected area in the country.
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2.0 Methodology
After obtaining the ethical clearance from the institutional 
committee, 83 oral malignant individuals and 80 control 
(healthy age and sex matched individuals from same 
geographic locations) individuals were selected for the 
study,   among all the patients attending the Out Patient 
Departments of ENT Head & Neck Surgery and Oral 
Maxillofacial Surgery Departments of Ramakrishna 
Mission Seva Pratishthan, Kolkata. The patients were 
all screened by the respective clinician for the presence 
of oral squamous cell carcinoma in different oral sites. A 
detailed questionnaire regarding the dietary habits and 
other epidemiological data of the concerned individuals 
was administered with the respective individuals for 
collecting the related data. Upon their consent, the hair 
samples were collected from both the effected and control 
individuals and were processed for arsenic level estimation 
by the method of flow injection  hydride generation atomic 

absorption spectrometry. The data related to the arsenic 
count in fish flesh of the respective districts of West 
Bengal (from where the effected and control individuals 
came) was collected from the literature. The final data of 
arsenic count estimated in oral malignant, control and 
fish flesh were statistically analyzed using software based 
on SPSS version 10.1 (spss.exe) Statistical Product and 
Service  Solutions.

3.0 Results
The oral malignant individuals showed an elevated 
arsenic count ranging from 0.08-1.03 mg/kg while the 
control individuals showed the arsenic count ranging 
from 0.08-0.33 mg/kg. The literature indicated that 
the arsenic count observed in fish flesh dwelling in the 
water bodies of the concerned districts of West Bengal 
(Nadia, North 24 parganas, South 24 Parganas, Burdwan, 

Arsenic count 
in malignant 
individuals

Arsenic count in 
control individuals

Arsenic count in fish 
flesh

Mean 0.3648193 0.145715 0.3578

Standard deviation 0.1735862 0.0471009 0.102209458

Table 1. Tabular representation of mean values and standard deviation of arsenic levels 
obtained in hair samples of oral malignant & control individuals and fish flesh samples 
collected from the respective districts of West Bengal

Figure 1.  Graphical representation of correlation analysis of arsenic counts observed 
in hair samples of oral malignant individuals and fish flesh obtained from the respective 
districts of West Bengal.
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Howrah and Murshidabad) was considerably high, falling 
within the range of 0.04-0.4 mg/kg; safe limit being 0.08-
0.25 mg/kg7. 96% of oral malignant individuals while 
only 4% control individuals showed arsenic level above 
safe limit. The mean and standard deviation of arsenic 
counts in malignant, control individuals as well as fish 
flesh is depicted in Table 1, which indicates a significant 
difference in the mean values of arsenic counts obtained in 
malignant group and control group. 

Results of the Pearson correlation indicated that 
there is a significant large positive relationship between X 
(arsenic count obtained in hair samples of oral malignant 
individuals)  and Y (arsenic count observed in fish flesh 
obtained from the respective districts), (r(5) = .823, p = 
.023), presented in  Figure 1 and there is a non-significant 
very small negative relationship between X (arsenic count 
obtained in hair samples of control individuals) and Y 
(arsenic count observed in fish flesh obtained from the 
respective districts), (r(4) = .404, p = .427), presented in 
Figure 2.

4.0 Discussion
Arsenic in drinking water has become a serious global 
issue, especially for developing nations. It is thought to 
be a significant risk factor for cancer in several nations, 

including Bangladesh, Taiwan, India, Mexico, China, 
Chile, Argentina, and the United States8. Arsenic has 
been linked to the development of skin, oral, liver, 
kidney, and bladder cancer in a number of nations, 
including India9. Ground water contamination with 
arsenic has been reported in West Bengal, Bihar, 
Uttar Pradesh, Jharkhand, Assam, and Chhattisgarh10. 
According to WHO recommendations, the safe 
level of arsenic in drinking    water is 10 g/l, and 
the maximum amount that can be present is 50 g/
l11. The maximum permissible limit for arsenic in 
drinking water is 0.05 mg/l according to Rajiv Gandhi 
National Drinking Water Mission and 0.01 mg/l 
according to Bureau of Indian Standard12. Aquaculture 
species, including fish, have been shown to be arsenic 
poisonous, which leads to the metal’s bioaccumulation 
in fish flesh, liver, and gills. Finally, the deposited 
metal becomes biomagnified in the human body 
following fish consumption through food. The fish 
body absorbs arsenic through its gills, skin, digestive 
system, and absorption from arsenic-contaminated 
food. In gills, it enters the blood through a large amount 
of gill surface where the blood-metal barrier is quite 
thin13. Aquatic creatures exposed to arsenic develop 
bioaccumulative toxicity, which over time has harmful 
effects on the skin, gastrointestinal tract, circulatory 

Figure 2.  Graphical representation of correlation analysis of arsenic counts observed in 
hair samples of control individuals and fish flesh obtained from the respective districts of 
West Bengal.
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system, liver, gills, kidney, muscles, and, to a lesser 
extent, the heart and brain. They negatively alter the ion 
regulatory parameters, biochemical, and hematological 
parameters14. Biochemical diseases caused by arsenic 
bioaccumulation included poisoning, liver lesions, 
impaired fertility, cell damage, and cell death15,16. 
According to Min et al. (2014), physiochemical 
parameters including pH, temperature, salinity, 
turbidity, and water hardness of aquatic body also 
affect the toxicity level of arsenic17. At increasing 
temperatures, arsenic’s toxic effects on growth and 
blood parameters both rise18. Fish are an attractive 
organism to research the toxicogenomic of toxicants 
since they are recognized biomarkers of exposure 
and are used as a surveillant for biomonitoring of 
pollution in aquatic medium19. Hematological levels 
that rise or fall outside of the usual range in response to 
harmful chemicals serve as a measure of physiological 
alterations and fish health20. One of the top 10 toxins 
for public health, according to the WHO, is arsenic. 
Due to their surroundings, fish contains a variety of 
contaminants. Fish have distinct mechanisms to bio-
transform the persistent arsenic into less harmful forms 
for elimination15. Fish are the primary consumers of 
arsenic in the aquatic food chain, and they store this 
poison in their bones, liver, kidney, gills, fat, and other 
tissues21. In addition to epigenetic modifications (in 
utero) and genetic mutations that result in cancer, 
consuming contaminated fish caused a number of 
issues in bodily organ systems22.

The present study reveals a significant difference 
between the mean values of arsenic counts observed in 
oral malignant population and control population, also 
indicating a considerable high mean value of arsenic 
count observed in fish flesh obtained from the respective 
districts of West Bengal, the districts being arsenic 
effected areas of the state. The statistical analysis suggested 
a highly significant large positive correlation between the 
occurrence of oral malignancy in the effected individuals 
and the incidence of high arsenic level in fish flesh obtained 
from the corresponding locations. This can be explained 
by the fact that intake of contaminated fish flesh by the 
concerned individuals may have led to the development 
of malignancy, on taking the other factors like habit of 
various addictions, intake of rice, fruits, vegetables into 
consideration. So, intake of arsenic contaminated fish 

flesh can be one of the possible factors of the causation 
of this malignancy independently or along with the 
effect of other factors (if any), which can be explained 
with the evidence of elevated arsenic count (above the 
safe limit) in the hair samples collected from the effected 
individuals. The metal residing in fish flesh, when taken 
up by the concerned individuals may have accumulated 
in the keratin rich tissues, which upon biomagnification 
have gradually exerted its chronic toxicity leading to oral 
carcinoma. However, this explanation can be contradicted 
by the findings based on control group, which showed a 
very negligible percentage  of individuals with high arsenic 
level and a non- significant small negative correlation 
between the incidence of elevated arsenic level in fish 
flesh and the occurrence of oral malignancy. Although 
both the effected and control individuals dwell in the 
same geographic  location, indicating their equal extent 
and duration of  exposure to the metal, yet the data of the 
two groups highly vary, suggesting the possible reason 
being retention capacity of the specific individual. The 
development of malignancy is reported to be not always 
linked to the duration and extent of metal exposure, rather 
it depends on mainly the retention capacity, ability of 
bioaccumulation and biomagnification of the concerned 
individuals, which gradually leads to a chronic outbreak, 
even in the form of cancer.

5.0 Conclusion
The study revealed a possible association between 
the intake of arsenic contaminated fish flesh and 
the occurrence of oral carcinoma in the concerned 
population, indicating the capacity of bioaccumulation 
and biomagnification along with the retention of the 
metal by the individuals for a chronic effect being the 
most important factor playing the role in the development 
of malignancy; which ultimately explains the fact of 
obtaining a highly significant difference in the occurrence 
of this malignancy between the two groups: control 
and effected. The other factors like various addictive 
habits, intake of various other food products like rice, 
wheat, fruits, vegetables, animal meat, which can also 
be considered as the potent risk factors of this metal 
contamination should also be taken into consideration, 
since the exposed individuals (both control and effected 
groups) showed a detailed history of intake of such food 
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products. Thus, the study reveals a possible contribution of 
arsenic contaminated fish flesh in the development of this 
malignancy in the selected population, independently or 
associatively with the other risk factors. However, a highly 
stringent population of participants with no history of 
intake of contaminated food products other than fish 
flesh for a considerable duration needs to be selected for 
drawing any strong conclusion indicating independent 
role of the metal contaminated fish flesh in this  
malignancy.
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