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ABSTRACT 
Arsenic, a major environmental metalloid toxic threat of the state of West Bengal has natural and anthropogenic 

sources of origin. Extraction of contaminated groundwater for the purpose of irrigation often contaminates the 

natural water bodies of drinking water. Analytical data collected from water sample of tube well is reported in 

panchayats of Ranaghat block-I, Nadia. Thus severe health hazard to the large cattle population of the study area 

consuming the straw part of the rice plant has become a concern. The Some populations of this block are used to 

eat beef as a readily available and cheap source of meat. The cow milk has served the protein requirement of 

people of all the religions. Present paper investigates and reviews the contamination and threat of arsenic in 

different parts of Ranaghat block with respect to toxicological consequence. 
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INTRODUCTION 
Arsenic is an important toxic metalloid and 

considered as a serious environmental pollutant. 

Metalloids like arsenic, cadmium, lead, mercury 

and zinc are potential toxins which at low 

concentrations can affect growth of marine 

animals. Lima et al. (1984) experimentally proved 

that inorganic trivalent arsenic (arsenite) showed 

more adverse effects than that of inorganic 

pentavalent arsenic (arsenate). Contaminated 

sediment showed enrichment of arsenic and other 

heavy metals that affect the natural habitat of 

animal (Brouwer and Lee, 1999, Saha et al., 2008, 

2009 and 2010; Ray and Saha, 2011, Saha, 2012). 

Arsenic is a naturally occurring metalloid toxin 

distributed in surface and ground water and get 

concentrated in rivers and lakes upto a 

concentration of 5 ppm due to summer desiccation 

(Gomez – Caminero, 2001). Geogenic, non-point 

source, carcinogenic arsenic (As) is now 

considered as one of the most serious natural 

contaminants in groundwater worldwide 

(Mukherjee et al., 2008 and Saha et al., 2009). 

Arsenic is the main constituent of more than 200 

mineral species, of which about 60% are arsenate, 

20% are sulfide and sulfosalts and the remaining 

20% includes arsenides, arsenites, oxides and 

elemental arsenic (Onishi, 1969). The most 

common of the arsenic mineral is arsenopyrite 

which is found to be associated with many types of 

mineral deposits (Boyle and Jonasson, 1973). 

Mining, metal smelting; burning of fossil fuels and 

coal-fired power plants are the major industrial 

processes that contribute arsenic contamination to 

air, water and soil. It has been estimated that about 

one – third of the atmospheric flux of arsenic is of 

natural origin. Microbial oxidation of organic 

carbon depleted the dissolved oxygen in the ground 

water. The  highly  reducing  nature  of  the  ground  

water  explains  the  presence of arsenite (< 50 %) 

in the water. The “Pyrite oxidation”  hypothesis  is  

to  be  a  major  process  and  the  “Oxyhydroxide 

reduction”  hypothesis (Acharyya et al., 1999) is 

probably the main cause of arsenic contamination 

in ground water. Long term exposure to arsenic in 

drinking water has variety of health concerns 

including several types of cancers, cardiovascular 

diseases, diabetes, and neurological effects. The 

pentavalent arsenicals are relatively soluble and 

absorbable across mucous membranes whereas 

trivalent arsenicals, having greater lipid solubility, 

are readily absorbed across skin. Once absorbed, 

many arsenicals cause toxic injury to cells of the 

nervous system, blood vessels, liver, kidney and 

other tissues. Widely accepted mechanisms of 

arsenic mobilization in groundwater are still to be 

established. However, based on arsenic 

geochemistry, three hypotheses describing probable 
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mechanisms of As mobilization in groundwater. (i) 

Mobilization of arsenic due to the oxidation of As-

bearing pyrite minerals: Insoluble As-bearing 

minerals, such as Arsenopyrite (FeAsS), are rapidly 

oxidized when exposed to atmosphere, realizing 

soluble As(III), sulfate (SO4
2 -

), and ferrous iron 

(Fe
2+

). The dissolution of these As-containing 

minerals is highly dependent on the availability of 

oxygen and the rate of oxidation of sulfide. The 

released As(III) is partially oxidized to As(V) by 

microbially mediated reactions. The chemical 

reaction is given by (Gomez – Caminero, 2001): 

 

FeAsS + 13 Fe
3+

 + 8 H2O → 14 Fe
2+

 + SO4 
2 - 

+ 13 

H
+
 + H3AsO4 (aq.) 

 

(ii) Dissolution of As-rich iron oxyhydroxides 

(FeOOH) due to onset of reducing conditions in the 

subsurface: Under oxidizing conditions, and in the 

presence of Fe, inorganic species of As are 

predominantly retained in the solid phase through 

interaction with FeOOH coatings on soil particles. 

The onset of reducing conditions in such 

environments can lead to the dissolution of FeOOH 

coatings. Fermentation of peat in the subsurface 

releases organic molecules (e.g., acetate) to drive 

reducing dissolution of FeOOH, resulting in release 

of Fe
2+

, As
3+

, and As
5+

 present on such coatings. 

The chemical reaction is given by (Gomez – 

Caminero, 2001): 

 

8FeOOH - As + CH3COOH + 14 H2CO3 → 8 Fe
2+

 

+ As (dissolved) + 16 HCO3 - + 12 H2O 

 

The second mechanism involving dissolution of 

FeOOH under reducing conditions is considered to 

be the most probable reason for excessive 

accumulation of As in groundwater. 

 

Global states – Most of the cases of arsenic toxicity 

in the medieval and early modern age were due to 

arsenic intake through medicine, smelting or 

genocide activities. Around the middle of 20
th

 

century arsenic poisoning surfaced from some 

countries where people ingested arsenic 

contaminated water. This toxicity manifested on 

mass scale rather than the mere individual cases. 

Many countries, including Bangladesh, India, 

Taiwan, Mongolia, Vietnam, Argentina, Chile, 

Mexico, Ghana and the United States, exposed to 

arsenic have problems because the sources of 

arsenic are primarily natural rather than 

anthropogenic or geothermal (Table 1). 

 
Inorganic arsenic of geological origin has been 

recognized as the main form of arsenic in 

groundwater. In global arsenic contamination 

scenario 38 countries are affected at present (Ray 

and Saha, 2011). Different Countries have set 

different standards of arsenic content for drinking-

water quality. WHO's norms for drinking-water 

quality go back to 1958; in that year, the 

international Standard for drinking-water was 

established at 200 µg/L as an allowable 

concentration for As. In 1963 the standard was re-

evaluated and reduced to 50µg/L. The WHO 

guidelines have been revised during the recent past 

and the permissible limits have been reduced from 

50 µg/L to 10 µg/L (10 ppb) in year 1993 due to 

adverse health reports arising from different parts 

of the world where arsenic is causing severe health 

problems. India has set its maximum permissible 

limit for arsenic to 50µg/L. The standards set by 

different countries for As for drinking-water quality 

are given in (Table 4). 

 

In India – During the middle of 20th century, South 

Asian countries like India and Bangladesh (then 

East Pakistan) had two major problems. The first 

was providing food for the huge population and the 

second was preventing water contaminated 

(including As) diseases like diarrhoea, cholera, 

typhoid, dysentery, etc. During the year 1950, in 

Charmajdia, a small village of the district Nadia, 

West-Bengal, the first induction of groundwater by 

pump created a furor. Since 1983 when there were 

only 33 affected (As > 50 μg/L) villages in four 

districts, the number of villages has increased to 

3417 in 111 blocks in nine districts in till 2008 in 

West Bengal alone. 

 
In West Bengal – Acharyya (2002) reported that 

problem of arsenic contamination in West Bengal 

as a natural phenomenon which is increased by the 

excessive use of contaminated ground water for 

agricultural practice. Das and Roy Chowdhury 

(2006) reported that natural and anthropogenic 

arsenic has toxic effects on the living organisms. 
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They documented that among the nine arsenic 

affected districts of West Bengal, arsenic 

concentration ranged from 0.5 – 3.2 ppm. 

Mukherjee et al. (2008) studied hydrogeochemistry 

(including arsenic) of different sub-basins ground 

water in the Bengal Basin. They collected 

groundwater samples from sub-basins in the 

western margin (River Bhagirathi sub-basin, Nadia, 

India; 90 samples) and eastern margin (River 

Meghna sub-basin; Brahmanbaria, Bangladesh; 35 

samples) of the Bengal Basin. Groundwater in the 

western site (Nadia) has mostly Ca–HCO3 water. 

The trends of various redox-sensitive solutes (e.g. 

As, CH4, Fe, Mn, NO3 −, NH4 +, SO42−) indicate 

overlapping redox zones, leading to partial redox 

equilibrium conditions where As, once liberated 

from source minerals, would tend to remain in 

solution because of the complex interplay among 

the electron acceptors. Bhattacharya et al. (2010) 

reported that the paddy soil gets contaminated from 

the groundwater and thus there is a probability of 

bioaccumulation of arsenic in various parts (straw, 

husk and grain) of the rice plant of different 

varieties rice plants cultivated with arsenic 

contaminated groundwater and soil in the arsenic 

affected two blocks (Chakdaha and Ranaghat-I) of 

Nadia district, West Bengal. Arsenic contamination 

in groundwater and consequent human suffering in 

West Bengal, India was first reported in December 

1983 when 63 arsenic patients from 3 villages were 

identified. At present 3000 villages are arsenic 

affected. The area and population of these 9 arsenic 

affected districts of West Bengal are 38865 km2 

and 42.7 million respectively (Table 5). Till to-

date, Dr. Dipankar Chakraborti and its team 

(School of Environmental Studies, Jadavpur 

University, Kolkata) have analyzed 1,10,000 hand 

tube well water samples from 9 arsenic affected 

districts. Out of them, 51% are unsafe to drink 

according to the WHO recommended value of 

arsenic in drinking water (10 mg/L). In their 

preliminary study, 95000 people were clinically 

examined from arsenic affected districts of West 

Bengal and 10100 people (9.4% including 2% 

children) were registered with arsenical skin 

lesions. At least 100 cancer and few hundred 

suspected Bowens disease were detected. 

Peripheral neuropathy is a common finding to those 

having arsenical skin lesions. They have analyzed 

around 35000 biological samples collected from the 

arsenic affected villages and on average 85% of the 

samples contain arsenic above normal level. Thus 

many people in the affected villages may be sub-

clinically affected. Children are more susceptible to 

arsenic toxicity. Approximately 90% of the 

children below 11 years, living in arsenic affected 

villages show elevated level of arsenic in hair and 

nails. Infants and children might be at greater risk 

from arsenic toxicity due to more water 

consumption on body weight basis. The maximum 

arsenic concentration (3700 μg/L) was found in 

Ramnagar village of GP Ramnagar II, Baruipur 

block, in South 24-Parganas district. Nine districts 

(Malda, Murshidabad, Nadia, North 24-Parganas, 

South 24-Parganas, Bardhaman, Howrah, Hooghly 

and Kolkata), where more than 300 μg/L arsenic 

concentrations was found in tube-wells are 

categorized as severely affected. Arsenic 

contaminated ground water strata lies largely in the 

intermediate zone depth that ranges between 15m 

to 50 m. Villagers are using arsenic contaminated 

water not only for drinking and cooking but also in 

agricultural field. It was estimated that over 1 

million people consume drinking water containing 

up to 3.2 mg/liter arising from normal geochemical 

processes (Das and Roy Chowdhury, 2006). The 

survey of arsenic contamination in some villages of 

Ranaghat block-I in Nadia district  of West Bengal. 

Ranaghat block-I consists of 19 gram panchayats 

(Fig 1, 2 and Table 2, 3, 4, 5, 6). 
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DESIGN OF RESEARCH 

In 1993 arsenic contaminated blocks of Nadia 

district were first reported. They were Karimpur I 
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& II, Tehatta I & II, Kaliganj, Nawadwip, 

Haringhata, Santipur and Chakdaha (III and IV). In 

1996 added another two block which was Ranaghat 

I and II (Fig 2). Dipankar Chakraborti and his team 

(2008) (Das et al., 1995) analysed block wise 

distribution of arsenic concentration in West 

Bengal. Analysed data in Table 2.  Ranaghat 

(District: Nadia; State: West Bengal) groundwater 

arsenic contamination is in alarming condition for 

long and in the rural area the arsenic contaminated 

groundwater is not only used for drinking purpose, 

but also used for irrigation of various crops and 

especially for rice. Bhattacharya et al. (2010) have 

reported about the bioaccumulation of arsenic in 

the various parts (straw, husk and grain) of the rice 

plant of different in the arsenic affected two blocks 

(Chakdaha and Ranaghat-I) of Nadia district, West 

Bengal. Arsenic accumulation in rice straw at very 

high levels indicates that the cattle populations are 

in direct threat for their health and also, indirectly, 

human population, via consuming contaminated 

bovine meat and milk. They reported. The rice 

plants grown in the arsenic contaminated study area 

have a good accumulation of arsenic in the straw 

(0.89 ± 0.019 to 1.65 ± 0.021 mg/kg). Analytical 

data collected from water sample of tube well is 

reported that Nowpara-Masunda and Tarapur 

panchayats (among 19 panchayats) are threatening 

much more in arsenic contamination. Villages of 

Nowpara-Masunda and Tarapur panchayats are 

surveyed areas of my study (Fig 1 and 2; Table 3 

and 4) Arsenic survey for the assessment of risks of 

contamination of drinking water sources in villages 

of Ranaghat-I 

  

PRESENTATION OF ANALYSED DATA 

West Bengal is one of the most geographically and 

geologically diverse state of India. West Bengal 

supports approximately 7.81% of the population of 

India on only 2.70% of country’s geographical 

area. Nadia is one of the most unique district of 

West Bengal consists of 4603756 individuals in 

3927 sq. km. area. Geographical position of Nadia 

district between latitude 88
0
09’ E to 88

0
48’ E and 

between longitude 22
0
53’ N to 24

0
11’ N. In 17 

blocks consist the Nadia district and Ranaghat-I 

block consists of 19 panchayats (Fig 1 and 2). 

Nowpara-Masunda and Tarapur panchayats and its 

villages are focused study areas of my survey. In 

the present study, investigate the scenario of the 

degree and nature of arsenic contamination in 

 
.
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above two panchayats under the block Ranaghat-I. 

The total population of the surveyed panchayats-

villages are 36249 (Nowpara-Masunda = 26976, 

and Tarapur = 9273) (Table 6). The main source of 

drinking water in above surveyed villages is hand 

pump tube well (Table 5 and 6). Since the 

groundwater arsenic contamination first surfaced in 

1983 from nearly 33 villages in 4 districts in West 

Bengal, up till 2008; 9 districts covering 3417 

villages in 111 blocks in West Bengal have been 

detected for groundwater arsenic contamination. It 

was already identified and reported that the 

surveyed 12 villages of three panchayats of the 

block Ranaghat-I under the threat of arsenic 

contamination spreading the area approximately 12 

km (Bhattacharya et al. 2010; Table 5). Due to 

chronic exposure of arsenic contaminated water, 

people of the villages are more or less affected. In 

all the surveyed villages the range of the depth of 

the hand pump tube well 40 to 600 ft. water sample 

collected from these tube wells were reported as 

arsenic contamination range from 0.01 to 0.28 

(Table 5).  Since 1992 the Govt. of West Bengal 

has taken a number of counteractive steps and 

measures to combat the natural calamity of 

groundwater arsenic menace like; public awareness 

programs, devising and demonstrating some of the 

results acquired from scientific analysis. Steps 

include establishing arsenic free hand tube-well, 

organizing seminar, training programmers etc. 

 

 

DISCUSSION 
In natural aquatic environment of West Bengal, 

concentration of arsenic residues was reported to be 

3.2 ppm. The high arsenic contamination in ground 

water has been recorded in Nadia district of West 

Bengal. The arsenic concentration in water samples 

collected from some selected villages of Nadia 

district (in 1997). The data indicated that out of 13 

samples analysed 7 samples was arsenic content > 

0.05 mg / L. the ground water in arsenic affected 

zone is characterized by high iron content. Clinical 

symptoms of chronic diseases such as 

hyperkeratosis and melanosis in palms and soles 

among the affected people. Significant 

accumulation was reported in urine, nail, hair, skin 

in animals. The problem of arsenic pollution in 

ground water in W.B. has been reported to be to 

due to the geological origin. Use of heavy duty 

pumps for irrigation in the arsenious zone had also 

been reported and thought to be helped in mixing 

of waters in the isolated arsenious pockets in the 

aquifer, leading to progressively wide incidence of 

arsenic contamination. Accumulation of arsenic in 

various parts of the rice plant was reported in 

arsenic contaminated two blocks (Chakdaha and 

Ranaghat-I) of Nadia district, West Bengal. Present 

study is also aimed to establish an effective data by 

which the health of the people against arsenic 

contamination will be analysed and recorded. The 

results show that more than 4.6 million people in 

17 blocks of Nadia district are drinking water 

containing ≥ 50 μg/L arsenic and the number of 

28794 samples were analysed. These people may 

have visible arsenical skin lesions in recent future. 

The arsenic content of the physiological samples 

indicates that many more may be sub-clinically 

affected. Children in As-affected villages may be in 

under serious and dangerous threat. I had surveyed 

two gram panchayats Nowpara-Masunda and 

Tarapur with 12 villages where groundwater 

contained 0.4 mg/L of arsenic. The present 

situation is that in total 36249 people of 12 villages 

water sample (groundwater) contains arsenic 

ranges from 0.01 to 0.4 mg/L. Proper watershed 

management and participation by villagers are 

needed for the proper utilization of water resources 

and to combat the arsenic calamity. Height arsenic 

affected habitation is Kashinathpur under the depth 

172 m in village Gajipur of Tarapur panchayat 

where the arsenic contamination is 0.4 mg/L. 2
nd

 

most arsenic affected habitation is Tildanga under 

the depth 156 m in village Gagpur of Nowpara-

Masunda Panchayat where the arsenic 

contamination is 0.28 mg/L. 3
rd

 most arsenic 

affected habitation is Pumppara under the depth 

137 m in village Charsundalpur of Nowpara-

Masunda Panchayat where the arsenic 

contamination is 0.24 mg/L (Table 6). The 4
th

 most 

arsenic affected habitation is Purba Tarapur under 

the depth 165 m in village Tarapur of Tarapur 

Panchayat where the arsenic contamination is 0.20 

mg/L. Other arsenic contaminated habitations are 

Dangapara, Labutala, Bazryamari, Benerdanga, 

Shahebdanga, Bidyanadapur, Belaiate, Gawmohal 

and Purba Tarapur (Daksin) where the 

contamination range is also high from 0.13 – 0.19 

mg/L under the depth 26 to 265 m (Table 6). 

Present information would provide an important 

database concerning toxicity of arsenic in 

Ranaghat-I of Nadia district. Toxicological 

information of arsenic on people of Ranaghat in 
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relation to tube-well depth and health status against 

survey report is limited (Table 2 and 3). Present 

information would help environmentalists to 

generate a sustainable strategy against arsenic 

contaminated areas and habitations in Nadia district 

of West Bengal. From present investigation and 

generated data, we suggest adopting necessary 

measure to minimize the degree of arsenic 

contamination for protection of various villages of 

Nadia district of West Bengal. 
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