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Abstract

Heavy metal toxicity has been playing an important role in the development of cancer. The presence of metals like nickel, arsenic, 
lead etc. in the soils may turn out to be carcinogenic, by means of their adverse impact on human health. Although arsenic has a thera-
peutic value in the treatment of certain diseases like promyelocytic leukemia, syphilis, psoriasis, asthma, rheumatism, haemorrhoids, 
cough and pruritus, its toxicity is a major concern now a days, since it is an established carcinogen. Arsenic can cause acute as well 
as chronic toxicity. The acute toxicity is manifested through its presence in urine and blood, while its chronic toxicity can be detected 
by its presence in keratin containing tissues like hair, skin and nails. This metal has shown to exert its toxicity in various internal 
organs like lung, liver, kidney, gastro intestinal tract, bladder, spleen etc. including skin. It has been well established fact that arsenic 
has a strong association with the development of skin, bladder, lung carcinoma. Moreover, its association with oral carcinoma is also 
studied as an emerging area of research in the field of metal toxicity impact on human cancers.
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Introduction

Arsenic toxicity through the intake of drinking water as a re-
sult of accumulation in ground water or other agricultural pro-
cesses has become a major alarming fact in countries like Bangla-
desh, Taiwan, India, Mexico, China, Chile, Argentina and USA [1]. 
Moreover, Taiwan (mainly Central and Eastern parts) [2], Mexico, 
Finland, Greece have reported cases of oral carcinoma, owing to 
the cause of arsenic exposure. In the world, Bangladesh and West 
Bengal (India) are the two most affected areas [3]. West Bengal is 

considered to the most effected state in India, which is on the verge 
of a major concern. Several studies stated the occurrence of arsenic 
level in the groundwater of various districts of this state, above the 
permissible limit recommended by WHO [4-6]. The Government of 
West Bengal has planned for an arsenic free state with an aim of 
eradicating arsenic from the ground water to a level of permissible 
limit in order to reduce its impact in the development of various 
fatal diseases including cancer [7]. So, the source of drinking water 
is a very important parameter to be studied.

Materials and Methods

Worldwide published research works on arsenic toxicity, its as-
sociation with oral health including different diseases along with 
cancer; in the form of original articles and review articles were 
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searched for, in Pubmed, Pubmed Central and Google. Only pub-
lished data was considered and imprecise descriptions of exposure 
were rejected. The information collected from authentic sources of 
publications regarding the topic lies in the inclusion criteria. Lan-
guages other than English fell in the exclusion criteria.

Results and Discussion
Arsenic is an important toxic environmental factor, which is a 

proven human carcinogen. Its contribution in different carcinomas 
has been well stated, especially skin, lung, kidney, bladder carcino-
mas, while presently, its relationship with oral squamous cell car-
cinoma (OSCC) is also suggested [8-10]. Arsenic toxicity has been 
causing deleterious health effects in millions of people including 
carcinoma. The recent studies suggest people dwelling in over 35 
countries worldwide are impacted by consuming heavily contami-
nated water coming from arsenic contaminated sources [11]. A 
lot of people residing in a total of 70 countries are suffering from 
various diseases as a result of intake of highly contaminated water 
[12]. In developing countries like Bangladesh, Taiwan, India, Mex-
ico, China, Chile, Argentina and developed country like USA, the 
drinking water sources on the basis of arsenic contamination has 
become an alarming fact [1]. In West Bengal, arsenic contamina-
tion in ground water has always been a concern [13], even in states 
like Bihar, Uttar Pradesh, Jharkhand, Assam and Chhattisgarh. This 
problem regarding arsenic contamination is also prevalent in coun-
tries like Bangladesh, Argentina, Canada, China, Mongolia, Taiwan 
and Saudi Arabia [14]. However, a lower risk is observed in US on 
account of a decreased concentration in inorganic arsenic [15]. Ar-
senic contamination mainly takes place from the natural geological 
sources rather than from sources of mining, smelting or agricul-
tural [16]. However, arsenic can be equally released in air or water 
in areas of intensive mining activities [17]. On account of these con-
ditions and activities, an elevated arsenic content gets deposited 
in soil and water. This is mostly evident in dry regions of Northern 
Chile, where the availability of water is very less and thus the pol-
luted water serves as the only means of drinking and agriculture 
[17]. It has been stated in some studies carried out in Taiwan and 
Chile that intake of arsenic above 500 µg/l in a lifetime may cause 
lung and bladder carcinoma, accounting to 10% of all the deaths. The 
safety limit of arsenic concentration in drinking water is 10 µg/l and a 
maximum permissible limit of arsenic in drinking water is 50 µg/l; as 
recommended by WHO [18]. The arsenic concentration for drink-
ing water is 0.01 mg/l according to Bureau of Indian Standard and 
it is 0.05 mg/l according to Rajiv Gandhi National Drinking Water 

Mission, which is known as the “Maximum Permissible Limit” [19]. 
A number counting to around 200 million of human population in 
the whole world is getting affected due to this metal contamina-
tion, 50% of which has been reported to reside in the most arsenic 
effected area, “Bengal delta plain” [20]. These two areas are the 
most affected areas in the world [3]. The arsenic content in these 
two areas is found to be 800µg/l in drinking water [21]. Studies 
suggest that 79.9 million and 42.7 million are suffering from high 
metal toxicity in the groundwater of 42 districts of Bangladesh and 
9 districts of West Bengal respectively, for having the arsenic count 
in the ground water above the WHO recommended permissible 
limit [22]. Surveys carried on in West Bengal state that the arsenic 
level in ground water in some areas of this state has been found 
to be as much as 3.4 X 103 µg/l [23]; which is said to be the great-
est arsenic calamity in the world [24]. A number over 26 million 
individuals in this state are impacted by chronic arsenic toxicity 
from different water sources [25]. In fact, a few studies carried out 
in this state have indicated the occurrence of OSCC in a consider-
able number of individuals, who have been exposed to the highly 
arsenic effected districts [8-10,13]. The most vulnerable rage of 
age of effected individuals has been found to lie less than 19 years 
[26]. Men are more likely to be industrially exposed to arsenic than 
women. However, the difference in male and female individuals on 
the basis of risk estimation of arsenic induced carcinoma states 
that it is not the age of the individual but the extent of exposure to 
the metal, which determines the effect. It is apparent that men are 
more exposed to arsenic than female in the population, accounting 
to the occurrence of lower rates of carcinoma in female population. 
However, both the male and the female population stand on an av-
erage risk of metal contamination, owing to no biological reason 
behind the lower occurrence of carcinoma in females.

The metal has been reported to get accumulated in groundwa-
ter as a result of natural weathering from arsenic containing rocks 
and also from the waste coming out from different industries like 
those of pesticides, herbicides, glass and ceramics, electronics, 
wood preservatives, alloys, catalysts, fertilizer, petroleum refining 
and feed additives/veterinary chemicals [27]. People get exposed 
to arsenic either through the oral route by the intake of food and 
water containing the metal or by inhalation of pesticides and also 
by mining deeds [1]. Arsenic in foods like seafood, fish and algae 
occurs in the form of comparatively nontoxic organic compounds 
(arsenobentaine and arsenocholine) [28]. These organic com-
pounds result in higher levels of arsenic in blood of the effected in-
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dividuals, although it is rapidly excreted unaltered in urine [29,30]. 
Arsenic intake is higher through the intake of solid foods than that 
of liquid foods [31,32]. By means of taking water and food, an indi-
vidual takes up an average arsenic amount of 300 µg everyday [33]. 
The intake of arsenic by the plants, both in organic and inorganic 
forms, occurs through the water taken up from the soil where the 
plants are grown, by mena sof the various agricultural processes 
[34]. These issues are much highlighted in countries like Bangla-
desh, where maximum of the human population in rural areas de-
pend on the availability of ground water for their various activities 
like irrigation, cooking, drinking etc. [3]. It has been reported in 
a study of West Bengal that a much high percentage of human in-
dividuals have been found to suffer from the genotoxic effects of 
arsenic, marked in their urothelial cells, although they were not ex-
posed to high arsenic area. The reason lies in the fact of consump-
tion of cooked rice with the metal concentration above 200 µg/kg. 
So, rice has also been considered to be one of the major exposure routes 
of arsenic contamination [35]. The presence of elevated arsenic con-
tent in cooked rice can be accounted to the higher levels of more 
toxic inorganic forms of the metal, while the good bioaccesibilities 
and bioavailabilities of rice also accounts for higher percentage of 
effected individuals [36]. On the other hand, it has also been sug-
gested that arsenic level in cooked rice is of lower magnitude when 
compared to the level of the metal present in individually rice, or 
water, or both rice and water [12].

Conclusion
A positive correlation has been stated between the occurrence 

of oral squamous cell carcinoma and arsenic contamination in 
ground water [10], which indicates the potency of this heavy metal 
factor contributing to the adverse impact oral health. The factors 
like dose, duration of metal exposure and the threshold value of 
arsenic needed to manifest carcinogenic effects will help us to take 
up the preventive measures against this metal toxicity and also to 
arrest the occurrence of carcinogenesis in much vulnerable popu-
lation [37]. In order to find out a link between the toxic manifesta-
tions of the metal and general factors like age, gender, nutritional 
status, any possible genetic polymorphisms etc., much extensive 
research work is required. The practices of harnessing surface 
water and harvest rain water can prove effective in reducing the 
impact of this metal toxicity on the human population. Therapies 
and supplementation of antioxidants, vitamins applied on human 
population with prior proper validation can result in reduction of 
toxic manifestations of this metal contamination, since there has 

been no established treatment designed for such cases, although, 
the present situation has turned up with various supportive mea-
sures being taken up for designing this metal toxicity related dis-
ease management strategies.
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