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ABSTRACT

Arsenic is considered to be a major environmental pollutant and its exposure occurs through environmental,
occupational and medical sources. Arsenic contaminated drinking water is the main source for arsenic exposure
especially in the South Asian regions. It is highly toxic and carcinogenic in nature. Therefore, high concentration of
arsenic present in the drinking water is considered as a danger to human health. From the past few years, the
contamination of drinking water because of arsenic is increasing especially in the northern and north eastern region
of India. The ground water was previously considered as safe for drinking but now due to increasing amount of
arsenic in it has lead to contamination of the groundwater and hence is harmful for humans. This amount has
crossed the permissible amount of arsenic in drinking water that is 10 pg/l. Long term exposures to arsenic
contaminated drinking water leads to Arsenicosis, also cancer of skin, bladder, liver, kidney and skin diseases. In
this review paper we have reported most of the studies/ research where quantity of arsenic in drinking water has

been reported for the Indian sub-continent after the year 2007.
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I. INTRODUCTION

Arsenic and its Properties

Arsenic is a semi-metallic or a metalloid element. It is
tasteless and odorless and is found in nature in the
earth’s crust as sulfide ores. Arsenic is found in soil,
water and air due to its release from volcanoes or
industrial processes and also by combustion of fossil
fuels. P*! Occurrence of arsenic in a particular area
depends on its geographical location. It is found in
organic, inorganic and gaseous (arsine gas) form in the
environment. It is toxic and carcinogenic in nature. **

Inorganic arsenic is stable in oxidation states (-3, 0, +3,
+5) but is naturally found in its trivalent and pentavalent
state. Inorganic arsenic is mostly found in industry and
in private well water in some parts of the country. !'”]
Arsine is a potent hemolytic poison in cases of both
acute and chronic poisoning. The toxicity level of an
arsenic compound depends on its valence state,

solubility, physical properties, rate of absorption and
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elimination, etc.*!

Inorganic trivalent compounds of
arsenic are most toxic whereas elemental arsenic is the
least toxic. Arsine gas is considered to be the most toxic

in acute cases. *¥

Arsenic is considered as group 1 carcinogen i.e. it is
well known as fatal to humans. Acute and chronic
poisoning are the two types of arsenic poisoning.
Usually acute arsenic poisoning occurs when the arsenic
is accidently ingested i.e. as pesticides or insecticides
and sometimes for suicide.”) Doses less than 5Smg
causes diarrhoea and vomiting and can be resolved
within 12 hours with or without treatment. However,
doses in the range of 100mg to 300mg are considered as
lethal and can cause death within 24 hours to 4 days
after consumption of arsenic.”* Arsenicosis is the term
used to refer to long term or chronic poisoning of
arsenic. Arsenic absorbed in the body is accumulated in
liver, lungs, kidney, nervous system, heart, spleen, hair,
nails and skin. This leads to multiple organ failure and

hence malignance. *
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II. METHODS AND MATERIAL
Essentiality of Arsenic in the Human Body

Arsenic is essential in trace amounts in animals as well
as humans. A very minute amount of arsenic 0.00001%
is needed to be present in the human body for proper
growth and healthy nervous system. Decreased serum
arsenic concentration may lead to disease in central
nervous system and cancer. It is a major clinical
nutritional concern in humans as both low (< 12 pug/day)
or high (more than 250 pg/day) intake can possibly
induce susceptibility to cancer of urinary bladder,
kidney, liver, skin, lung. Human serum arsenic levels
are measured by atomic absorption spectroscopy and the
normal amount is 0.02pug/ml. The normal urinary
excretion of arsenic is 2-25 pug/ml. The concentration of
arsenic in hair is 0.15- 0.35 mg/kg and in nails it is 0.25-
0.34 mg/kg. The permissible amount of arsenic in
drinking water is 10 pg/1. "

Arsenic Exposure and its Effects

Human Exposure to arsenic can be through food, water
or air. Arsenic enters the food web from plants which
are sprayed with arsenic containing pesticides or
insecticides. Inhalation of arsenic or exposure to arsenic
through air is seen in areas where mining is done or in
industrial places where arsine is released in a large
amount. Mostly human exposure to arsenic is due to
intake of water containing arsenic in trace amounts for a
long period of time or intake of water containing excess
amount of arsenic beyond its permissible value.
Presence of arsenic in drinking water can be due to
various sources which mostly include the industrial
effluents which are let out into the rivers or lakes,
erosion of rocks, mining and due to contact of
groundwater with insecticides or pesticides. ** Arsenic
can cause damage to internal organs without any
external symptoms and hence arsenic poisoning
detection is very difficult to identify. Symptoms are
seen only after 10 years of exposure and in some cases
it may take 20 years also. ")

WORLD SCENARIO

Arsenic contamination is an issue of concern worldwide
and it is a considerable risk factor in various countries
including Bangladesh, Taiwan, India, Mexico, China,
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Chile, Argentina, and USA.” Over the past decade
concentration of arsenic in drinking water is increasing
and hence the risk to human health is also increasing
and is now considered as a threat to the human health.
WHO has set the minimum amount of arsenic in
drinking water to be 10ppb.>"!

Most of the tube wells from all the countries contained
more than 10pg/l arsenic and also in some of the
countries in South Asia, the arsenic content was
2,500pg/l. In countries like Argentina and Cordoba
province, the levels of arsenic in water are found to be
very high, i.e. 5000pg/l and 11,500ug/1 respectively. !

WHO in 2010 gave a report on exposure to arsenic.
This report concentrated on the effects of inorganic
arsenic as a toxic substance and active carcinogen to the
human body. The groundwater contains arsenic in large
amounts and hence the risk to human health has
increased. Most of the countries like Argentina,
Bangladesh, Chile, China, India, Mexico and USA have
arsenic in their tube wells. WHO gave another report in
2011 which said that the maximum amount of naturally
occurring arsenic in ground water is 25mg/1.

The amount of arsenic present in the drinking water of
some of the countries was estimated. The countries like
America, European countries and the African countries
follow 10pg/l to be the permissible value. It was found
out that Australia has set up the most severe value of
7ug/l as the minimum permissible value of arsenic in

drinking water. **!

INDIAN SCENARIO

The water of the rivers like Ganga and Brahmaputra are
highly contaminated by arsenic and hence the states
which are situated on the basin of these rivers like West
Bengal, Bihar, Uttarakhand, Uttar Pradesh and some of
the north eastern states are highly affected. The first
case regarding the arsenic contamination in drinking
water was reported in Chandigarh in the 20" century.

In 2007, Mazumder reported that Arsenic content in
the drinking water in the state of West Bengal was
found to be 330ug/l. In his further study in 2010, he
reported that the amount of arsenic in drinking water
has increased to 1362 pg/1. ™"

According to the North Eastern Regional Institute of
Water and Land Management, concentration of arsenic
in water in the North Eastern states like Assam, Tripura,
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Manipur, Nagaland and Arunachal Pradesh is 300ppb.
Arsenic is a virulent poison. Its ingestion if 76mg in
acute dose is considered to be fatal.

In India, arsenic contamination is seen in the northern
and north eastern states. The approximate range of
arsenic found in these states is 50-3200 pg/L. B

The contamination of arsenic in the basins of the rivers
Ganga and Brahmaputra was reported. The states in
which these rivers flow are West Bengal, Assam,
Jharkhand, Bihar, Uttar Pradesh and Manipur. Most of
the drinking water in these states is obtained by the
rivers or ground waters of the above rivers which leads
to arsenic exposure. The water of these regions contains
arsenic in more than 10ug/L. The mean or the average
amount of arsenic in the basin of these rivers is 200
mg/1. 1"

A study was conducted on the effects of arsenic and its
increasing concentration in the Gangetic plain, Bihar,
India. It was reported that arsenic concentration in Bihar
is 1654ug/L. Some of the highly contaminated districts
in Bihar are Buxar, Bhojpur, Patna, etc. (331

In the state of Uttar Pradesh, India it was observed that
the range of arsenic in the water was 2.0-1310ppb but
most of the samples had arsenic more than 50 ppb.
50ppb is considered as the permissible value of arsenic
in drinking water. ") The districts like Ballia and Kheri
have highest amount of arsenic in their drinking waters.
The range of arsenic was found to be very high i.e.
4800-6300 ppb which has increased significantly from
the past few years in the district Ballia in the state of
Uttar Pradesh. *!!

Concentration of arsenic in drinking water (India)

Source of arsenic

Name of the state

West Bengal Ground water
- Paraganas
- Murshidabad
- Howrah
- Hugli
Uttar Pradesh Ground water
- Ballia
- Mathura

Bihar
- Patna
- Buxar
- Bhojpur
- Samastipur

Ground water

Chattisgarh Ground water

Assam Ground water
Manipur Ground water

Arunachal Pradesh Ground water

Concentration Reference
(ng/L)

> 500 Chakraborti et al
1321 (2009) and
2037
50-155
510
>1300 Kunar et al (2009)
1310
520
>1800
1810 Kunar et al (2009)
1222-1400
1630
626
50-1890 Kunar et al (2009)
100-200 Devi et al (2009)
798-986 Devi et al (2009)
618 Devi et al (2009)

III. RESULTS AND DISCUSSION

The WHO and ISO have given the permissible value of
arsenic in the drinking water as 10pg/L.!) The BIS has
given the permissible value of arsenic in the drinking

water 50pg/L but later it was changed to 10pg/L. The
drinking water containing arsenic beyond this limit
becomes toxic. The arsenic content in West Bengal,
India is 3200pg/l. P!t has led to multisystem diseases,
cardiovascular diseases, reproductive failures and
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different types of cancers. The North Eastern states of
India also have high amount of arsenic i.e. more than
300ug/L which has caused deaths of half of the people
living in these villages.” The techniques used for
detection of arsenic in drinking water are HG-AAS;
Hydride Generation Atomic Absorption Spectroscopy.!
Arsenic less than 10ug/L is very essential in the human
body as it plays a major role in proper growth and
healthy nervous system but excess amount can lead to
arsenic poisoning''>’ After West Bengal, the state of
Uttar Pradesh is considered to be containing high
amounts of arsenic in ground water i.e. 1310ug/L. The
Ballia district is highly affected by arsenic
contamination. ") The like Ganga and
Brahmaputra are highly contaminated with arsenic and
contain 300pg/L of arsenic approximately.”” The state
of Bihar is found to be having 1654 pg/L arsenic in
water. ¥ The state of Uttar Pradesh has concentration
of arsenic as 4800-6300 pg/L which has led to increased
deaths of children and some adults. 1 In order to
reduce the level of arsenic to the permissible level
different types of programmes were started by the

rivers

been
[23]

government and have implemented also.
Awareness Programmes , Rain water Harvesting
programme in order to divert the excessive use of
arsenic contaminated ground water, etc. have been
implemented. !

IV. CONCLUSION

From the above discussion it is clear that arsenic level
has increased highly from the past few years. The states
like West Bengal, Uttar Pradesh, Bihar and Assam are
the highly polluted states in India. The major reason for
presence of arsenic in the ground water is the entry on
industrial effluents containing arsenic into the rivers and
lakes. These rivers and lakes the source of drinking
water to majority of India’s population. Another reason
is that excess digging of the tube wells has led to
naturally occurring arsenic in the soil to enter into the
water and hence into the food chain of humans.
Therefore it has become necessary now to implement
some measures in order to resolve this issue. Various
techniques like rain water harvesting have been
implemented in order to divert the people from using
ground water for drinking and other household purposes
which lead to exposure to arsenic.

V. ACKNOWLEDGEMENT

We would like to express our gratitude to the Director,
Institute of Forensic Science, Mumbai, India for the
support and encouragement throughout our work. This
research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit
sectors.

VI. REFERENCES

[1]. Mazumder DN. (2007); Effect of Drinking Arsenic
Contaminated Water in Children; Indian Pediatrics;

44, 925-927
[2]. Singh N., Kumar D. and Sahu A. (2007); Arsenic in
Environment: Effects on Human Health and

Possible Prevention; Journal of Environmental
Biology; 28(2), 359-365.

[3]. Petrusevski B. and Sharma S. (2007); Arsenic in
Drinking Water; IRC International Water and
Sanitation Centre; 17, 1-57.

[4]. Shraim A., Yousef L., Kanan S., Abdo N., Olszowy
H., Petry S. and N J. (2008); Quantification of Total
Arsenic in Groundwater by HG-AAS Using Low
Acid Concentration and L-Cysteine; Journal of
International ~ Environmental Application And
Science; 3(4), 215-223.

[5]. Khurana 1. and Sen R. (2008); Drinking water
Quality in Rural India: Issues and Approaches;
Water Aid; 1-31.

[6]. Mazumder DN. (2008); Chronic Arsenic Toxicity
and Human Health; Indian Journal of Medical
Research; 436-447.

[7]. Kozhisseri D. (2008); Now Arsenic in Karnataka; 1-
5.

[8]. Kunar S., Jain S., Shekhar S. and Sharma V. (2009);
Arsenic In Ground Water in India :
Bhujal News Quarterly Journal; 1-8

[9]. Devi L., Chandra I. and Shihua 1. (2009); Recent

Status of Arsenic Contamination In Ground Water

Of Northeastern India- A Review; 1(3), 22-32.

An Overview of Arsenic in Drinking Water—Tamil

An Overview;

[10].
Nadu; Government of Tamil Nadu Water Resources
Department (2009); 1-11.

Chakraborti D., Das B., Rahman M., Chowdhury U.,
Biswas B., Goswami A., Nayak B., Pal A., Sengupta
M., Sad A., Hossain A., Basu G., Roychowdhury T.
and Das Dipankar (2009); Status of groundwater

[11].

arsenic contamination in thestate of West Bengal,
India: A 20-year study report; Molecular Nutrition
Food Research Journal; 53, 542-551.

Ghosh N., Singh R. and Scientist F. (2009);
Groundwater Arsenic Contamination

[12].
in India:
Vulnerability and Scope for Remedy; 1-24.

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)

Young C. (2009); Scientists solve puzzle of arsenic-
poisoning crisis in Asia; Stanford Report; 1-3.
Mazumder DN., Ghosh A., Majumdar K., Ghosh
North., Saha C., and Mazumder RN. (2010); Arsenic
Contamination of Ground Water and its Health
Impact on Population of District of Nadia, West
Bengal, India; India Journal Of Community
Medicine; 35(2), 331-338.

Pimparkar B and Bhave A. (2010); Arsenicosis
Review of Recent Advances; Journal of Association
of Physicians, India; 58, 617-629.

Chouhan S. and Flora S. (2010); Arsenic and
Fluoride: Two major ground water pollutants; Indian
Journal Of Experimental Biology; 48, 666-678.
World Health Organisation (2010); Exposure to
arsenic: A major public health concern; 1-5.
Bhagure R. and Mirgane R. (2011); Heavy metal
concentrations in groundwaters and soils of Thane
Region of Maharashtra, India; 173(1-4), 52-643.
Rajashekhar D. (2011);Arsenic Mitigation in Rural
Drinking Water Sources In Ballia District, Uttar
Pradesh State; Ministry of Drinking Water and
Sanitation Government of India, 1-28.

Khan M. and Ho Y. (2011); Arsenic in Drinking
Water: A Review on Toxicological
Effects,Mechanism of  Accumulation and
Remediation; Asian Journal of Chemistry; 23(5),
1889-1901.

World Health Organisation (2011); Arsenic in
Drinking Water, 1-16.

Food and Agriculture Organization Of The United
Nations
Basin; 1-15.
India Water Portal; Arsenic (2012); 1-10.

Kumar A. and Singh M.(2012); A Global Problem
Of Arsenic In Drinking Water &lts Mitigation- A
of Advanced
Engineering Technology; 03, 196-203.

Chaurasia N., Mishra A. and Pandey S. (2012);
Finger Print of Arsenic Contaminated Water in
India-A Review; Journal of Forensic Research;
3(10), 1-4.
Srivastava  A.

(2011);Ganges-Brahmaputra-Meghna

Review; International Journal

(2013);  Arsenic-21st  Century
Calamity- A Short Review; Research Journal of
Recent Sciences; 3, 7-13.

Chowdhury S., Jiang J., Ashekuzzaman S., Jiang A.
and Sharifuzzaman S. (2013); Arsenic Contaminated
and Its
Bangladesh; International Journal Of Environmental
Research and Public Health; 10, 18-46.

UNICEF (2013); Arsenic Contamination IN Ground

Water; 2, 1-4.

Groundwater Treatment  Optionsin

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].
[38].
[39].
[40].
[41].
[42].

[43].

Das A. (2013); Ground Water Arsenic
Contamination-A Study of Major Arsenic Affected
Districts of West Bengal; International Journal of
Science and Research;4(6);2993-2996.

Shankar S., Shanker U. and Shikha (2014); Arsenic
Contamination of Groundwater: A Review of
Sources, Prevalence, Health Risks, and Strategies
for Mitigation; The Scientific World Journal; 2014,
1-18.

Dey T., Banerjee P., Bakshi M., Kar A. and Ghosh
S. (2014); Groundwater Arsenic Contamination in
WestBengal: Current Scenario, Effects and
ProbableWays of Mitigation; International Letters
Of Natural Sciences; 13, 45-48.

Shrivastava A., Barla A., Yadav H., Bose S. (2014);
Arsenic contamination in shallow groundwater and
agricultural soil of Chakdaha Block, West Bengal,
India;
http://journal.frontiersin.org/article/10.3389/fenvs.2
014.00050/full1/; 1-20.
Singh S.  (2015);
Contamination in the Middle Gangetic Plain, Bihar
(India): The Danger Arrived; International Research

Groundwater Arsenic

Journal of Environmental Sciences; 4(2), 70-76.
Kainth G. (2015); Arsenic Poisoning in Drinking
Water; Huge Public Health Problem; A journal of
Analysis and News; 1-24.

Tantry B., Shrivastava D., Taher 1. and Tantry M.

(2015); Arsenic Exposure:
Mechanisms of Action and Related Health Effects;
Journal of Environmental and  Analytical

Toxicology; 5, 1-5.

Pandey N., Lehri A., Mehrotra S. and Shrivastava J.
(2015); Arsenic Pollution Scenario in Eastern UP,
India: A Review; International Research Journal of
Environment Sciences; 4(11),83-86.

Sahu S. (2016); Ministry of Drinking Water and
Sanitation; 1-18.

Joshi T., Gaur G., Agarwal M., Singh T. and Gauba
P. (2016); Arsenic Toxicity; Journal of Chemical
and Pharmaceutical Research; 8(6), 240-245.

World Health Organization (2016); 1-2.

World Health Organisation (2016); Arsenic; 1-5.
Bose T. (2017);
groundwater killing villagers in Ballia; 1-2.
Chakraborty M. (2017); West Bengal: Poisoned by
Water- A review Article, 1-2.

Nordberg G., Fowler B., Nordberg M., Friberg L.,
Chou S., Jones R. and Chen C. (2007); Handbook
on the toxicology of the metals; 3, Chapter 19;
Arsenic, 368-397.

Arsenic contamination in

304



