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Abstract: Millions of people living in India are at risk by consuming arsenic contaminated groundwater.
Several technological solutions have failed to address the problem due to segmental approaches, resulting in
human suffering for a period of three decades. The article is based on an analysis of arsenic-related health
problems from an ecosystem perspective through a primary survey conducted in five arsenic affected villages in
the state of West Bengal and review of existing research and policy documents. Although modern agricultural
practices and drinking water policies have resulted in arsenic contamination of groundwater, current mitigation policy is essentially confined to biomedical approaches, which includes potable water supply and
medical care. The study also shows that existing disparity, difficulty in coping, inaccessibility to health service
and potable water supply and lack of participation in decision making have resulted in more suffering among
the poor. On the other hand, spreading of arsenic contamination in the ecosystem remains unabated. Foods
grown in the affected area have emerged as additional sources of exposure to humans. There is lack of evidence
of any perceivable benefits due to sustainable agriculture, as present nature of agriculture practice is essentially
driven by crop yield only. Further research is needed to generate credible evidence of alternative agriculture
paradigms that may eventually reduce body burden of arsenic through reduced dependency on groundwater.
Keywords: arsenic, ecosystem, equity, groundwater, agriculture

INTRODUCTION
The first chronic arsenicosis1 case in West Bengal was detected in 1982, followed by cases in four other Indian states
and neighboring Bangladesh (Fig. 1). It is now recognized
that millions of people from India have been endangered by
the prospect of consuming water contaminated with
arsenic at levels greater than the guideline value of
acceptable level set by the World Health Organization
(WHO) (10 lg/liter); more than 95% of them live in West

Bengal (SOES, 2010). Chronic exposure to arsenic increases
the risk for noncancerous skin lesions such as pigmentation
changes and keratosis and diseases of the liver, lungs,
nervous system, cardiovascular system, as well as cancers of
the skin, lung, and bladder (Smith et al., 1992). Several
studies have suggested a strong association between poor
nutritional status and dietary intake (protein and micronutrients) with clinical manifestations of chronic arsenicosis. The study explained that the nutrition deficiency
might result in slow metabolism, less detoxification in the
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Disease with single or multiple symptoms of chronic arsenic exposure.
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Figure 1. Groundwater arsenic contamination in India (adapted from SOES website (http://www.soesju.org/arsenic/arsenicContents.
htm?f=health_effect.html) and south and southeast Asia (inset).

liver and impaired urinary elimination of arsenic. Thus,
with increased body burden of arsenic, the clinical manifestations turn from milder to moderate and eventually to a
severe variety (Haque et al., 2003; Rahman et al., 2001;
Mitra et al., 2004). There is no specific medical treatment
for these arsenic-related diseases, except using chelating
agents to reduce the body burden by enhancing the elimination of arsenic through urine and salicylic acid ointments to provide temporary relief from keratosis.
The West Bengal alluvial plain is composed of three
interconnected aquifer systems: the shallowest aquifer
(extending up to 12–15 meters below the surface), the
intermediate aquifer (35–46 meters), and the lower aquifer
(70–150 meters). All aquifers are reported to be enriched in
arsenic-containing minerals in varied concentrations (Stüben et al., 2003). In the affected areas, the aquifer sediments
are capped by a layer of clay or silt (of variable thickness),
which has effectively restricted entry of arsenic into the
surface water (Smedley and Kinniburgh, 2002). However,

human exposure has begun, through the tapping of
groundwater sources after the introduction of domestic
hand pumps and irrigation wells (Nickson et al., 2000).
This author argues that there is a need for a framework
of information gathering that simultaneously reflects ecological, socioeconomic, cultural, and human health aspects
while taking into account the interrelationships among
these components to tackle groundwater arsenic contamination and health consequences. Ecosystem approaches to
human health are designed to improve overall community
health by focusing on both the social and ecological
interactions in the analysis of health determinants and responses to health problems (Rapport and Singh, 2006).
Furthermore, the ecosystem approach framework identifies
both human activities that place stress on the environment
and the impacts that changes in the environment have on
human well-being. The ecology and transmission of most
diseases are closely related to environmental resource management, social interaction and behavioral patterns and their
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persistence is largely rooted in social inequity, with poverty
being the major impediment to their control and elimination
(Noronha, 2004; Hartigan, 1999). The ecosystem and health
framework includes three core elements: transdisciplinary;
social justice and equity; and stakeholder participation. All
three are essential to understand the social and ecological
interactions that lead to disease, as well as to arrive at feasible
ways to prevent transmission and improve health (Lebel,
2004). Furthermore, to evaluate the burden of disease due to
environmental factors, priority setting and decision making,
the application of an ecosystem and health framework can be
very helpful (WHO, 2005). To develop an ecosystem perspective of arsenic contamination of groundwater, the
present study has explored (1) causal pathways to human
arsenic exposure, (2) assessment of vulnerability and equity,
(3) current stakeholders in the mitigation program and
challenges to converge the actions, and (4) a socially robust
solution that integrates the knowledge of wide range of causal
relations and adopts the common language.

of chronic arsenicosis (Guha Mazumder et al., 1998).
During the screening process, assessment of socioeconomic
status and arsenic exposure (any history of intake of arsenic
contaminated water on regular basis in past year) also was
performed. After identification of chronic arsenicosis cases,
in-depth examinations were conducted to determine the
magnitude of arsenic exposure, nutritional history, and
coping strategies. A number of focus group and informal
discussions were conducted to obtain additional qualitative
data from the study villages. Administrative officials of the
local government (or panchayat2) from the villages and the
block, with technical experts (health, irrigation, and agriculture) also from the block and officials from the district
headquarters were interviewed to obtain information
regarding governance, current mitigation strategies and
related issues, as well as alternative development paradigms.
In the second phase, information was gathered by a walkthrough survey, as well as focus groups and informal discussions with the villagers and local administrative officials.

Methods

MATERIALS

AND

METHODS

The study was based on two phases of field visits to the
arsenic-affected villages (microlevel analysis) and a review
of research papers and government documents (macrolevel
analysis).

Study Area
The first phase was performed in 1998–2004 in Domkol (an
administrative block or county) of Murshidabad—one of
the worst affected districts of West Bengal (Fig. 2). Five
severely affected villages, which were earlier extensively
surveyed by government and international agencies, were
selected for the study. The arsenic level of all water sources
and people’s response to arsenic contamination were the
most important components of this study. The second
phase of the field study was conducted in 2005–2006, as a
follow-up in the same villages to assess changes in human
adaptation, vulnerability and policies.

During first phase of the study, average arsenic levels in
drinking water sources were measured for persons diagnosed with chronic arsenicosis. Water consumption patterns in the villages were very complex, because people
drink water from multiple sources (including domestic
sources and irrigation wells) on a regular basis. Therefore,
to assess the average arsenic concentration in drinking
water for each individual, average arsenic concentration
(lg/L) from daily consumed water (from multiple sources)
was measured.3 Reports of groundwater arsenic levels were
collected from the Public Health Engineering Department
(PHED) of Murshidabad and the School of Environmental
Studies (SOES), from Jadavpur University, Kolkata. Average daily intake of water from each source during a 1-year
period and approximate duration (in days) of intake from
each source/s were estimated by discussing with each
respondent.

2

The panchayat system as a form of local self-government has been embodied in the

constitution of India. The experience of West Bengal under the panchayat system

Data Sources
In the first phase of the study, the entire population living
in the five villages was screened for the presence of arsenicrelated skin manifestations—the earliest clinical symptoms

stands in sharp contrast to the other states in India and together with land reform it
has been credited for playing an important role in the impressive economic turnaround of the state since the mid 1980s (Ghatak and Ghatak, 2002).
3

Majority of the scientific research showing dose–response relationships takes into

account the arsenic level of single principal source only and disregards proportional
consumptions from multiple sources.
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Figure 2. West Bengal, Murshidabad district, and Domkol block/
county.

The average daily arsenic intake (lg/L/day) was measured as:
X

X
Ln :Dn
Arsenic exposure(lg) ¼
An :Ln :Dn =
A arsenic concentration (lg/L) of a particular source,
L quantity of water of respective source (L/day), D duration
(days) of water intake from respective source.
Additional exposure through food occurred; however,
there was little scope to measure arsenic from food samples
(cooked with contaminated water and crops grown in the
lands irrigated by arsenic contaminated water).
The severity of skin manifestations of chronic arsenicosis was categorized as mild, moderate, and severe (Guha
Mazumder et al., 1998). Socioeconomic status (SES) categories were constructed on the basis of a participatory
assessment to reflect the local context.4 All households were
categorized into three SES categories: low (up to subsistence level), middle (relatively comfortable), and high
(affluent).
The nutritional status of individuals was assessed by
measuring the body mass index (BMI = weight (kg)/
4

In the study villages, measurement of socioeconomic status, based on conventional

system, such as per capita income or ownership of household amenities or calorie
intake, was found to be unrealistic. Rather people’s perception of economic status
was considered more feasible and contextually appropriate. Before the first phase of
field survey, a pilot study was conducted in the study areas, which asked about their
concept of subsistence level requirements and indicators of what was relatively
comfortable and affluence. Furthermore, they were asked about nature and amount
of household property required to maintain various levels of socioeconomic status.
Because it is an essentially agrarian society, people responded in terms of landholding
and assets, such as livestock and fruit trees.

{height (m)}2). BMI within the range of 20–25 is considered normal, whereas 18.5–20 and <18.5 are defined as
low-normal and low, respectively (Asthana et al., 1998).

RESULTS
Groundwater Use in Agriculture
Use of groundwater in irrigation began in the early 1970s
and intensified in the early 1980s when farmers began
cultivation of paddy in the dry winter season (known as
Boro rice) in addition to the traditional monsoon season
crop. In most cases, irrigation came from wells that sourced
water from shallow and intermediate aquifers. Until 2006,
there had been 17 irrigation wells being regularly used
during the summer and winter seasons. In the rainy season,
less groundwater had been used in irrigation; however, it
was necessary for farmers to run groundwater pumps if the
summer extended for a longer period. Due to lack of
maintenance and regulation, the traditional irrigation systems, drawing from lakes, canals, and large ponds lost their
water-carrying capacity due to silting, and hence could not
meet the high water demand, particularly during the dry
season. In several places, the local people drained water
from former lakes to cultivate in the dry lake bed. The
study identified 13 irrigation wells containing arsenic with
concentrations ranging from 100 lg/L to 600 lg/L. The
farmers, who spent prolonged periods working in the fields,
often drank arsenic-contaminated water from irrigation
wells, despite many of them having access to arsenic-safe
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domestic sources. The farmers indicated that carrying water
bottles or any other containers from their homes was
inconvenient and water became hot quickly.

Table 1. Severity of chronic arsenicosis and average arsenic level
in daily consumed water
Severity of manifestation

Domestic Water Use
The study showed that approximately 90% of the rural
population was dependent on groundwater for domestic
consumption, including drinking and cooking, and 69% of
these sources were contaminated with arsenic at levels
greater than 10 lg/L. According to the village elders and
health workers, since the 1970s, consumption of groundwater was extensively promoted by the government to
combat water-borne infectious diseases from dug wells and
ponds. Since the early 1970s until 2006, the total number of
hand pumps had increased from almost nil to 76. Apart
from drinking and cooking, groundwater also had been
used to feed cattle and for irrigation of the kitchen garden.
During the first phase of the field visit, it was found that the
villagers accepted the hand pumps as the only sources of
potable water and simultaneously had almost abandoned
the ponds for domestic use, only using them for washing
clothes and utensils, as well as for bathing. Most of the old
dug wells had been filled up with earth or household waste.

Arsenic Levels in Water and Manifestation
A total of 9,427 people were screened; 7,678 had been exposed to arsenic from drinking water on a regular basis and
410 exhibited clinical signs (melanosis and leucomelanosis)
of chronic arsenicosis. Detailed water intake of 410 cases
indicated that the average arsenic levels in consumed water
ranged from 10 lg/L per day to 600 lg/L per day. Table 1
illustrates the severity of clinical manifestation, which increased with higher arsenic levels (Chi-square test,
P < 0.03).

Socioeconomic Status
The study villages were mostly (76%) inhabited by low SES,
followed by middle (18%) and high (6%) SES categories.
Table 2 shows that the prevalence rate of chronic arsenicosis was highest (6.3%) among the low SES, followed by
middle (2.5%) and high (2.2%) SES. Of 22 deaths reported
during the first phase of the study, 21 were from low SES
and 1 from the middle SES.

Mild (%)
Arsenic level (lg/L/day)
10–50
34 (64.2)
50–200 117 (50.6)
200–400
45 (54.9)
400–600
15 (34.1)
Total
211

Moderate (%)

Severe (%)

Total (%)

13
78
32
23
146

6
36
5
6
53

53
231
82
44
410

(24.5)
(33.8)
(39)
(52.3)

(11.3)
(15.6)
(6.1)
(13.6)

(100)
(100)
(100)
(100)

Table 2. Prevalence rate of chronic arsenicosis and socio economic status
SES

Exposed population
Chronic arsenicosis cases
Prevalence rate (%)

Low

Middle

High

Total

5808
365
6.3

1278
32
2.5

592
13
2.2

7678
410
5.4

Table 3 illustrates the association between SES and
average arsenic level in daily consumed water, severity of
manifestation of chronic arsenicosis, and age of the chronic
arsenicosis cases. Arsenic level and severity of manifestation
were associated with SES (Chi-square test, P = 0.005 and
0.008 respectively). The explanation for higher chronic
arsenicosis among the young population with the low SES
could be early exposure and/or associated factors, such as
malnutrition. The research showed that the poor people
generally started agricultural activities at an early age and
were exposed to arsenic from irrigation wells. More severe
forms of manifestation among the low SES population can
be explained by the high arsenic exposures among them.
However, the relationship between high exposure of arsenic
and low SES was more complex. Occupation played an
important role; for instance, agricultural laborers, who
belonged to the low SES category, spent longer hours
working in fields and more frequently drank water from
arsenic-polluted irrigation wells. Landed rich farmers only
occasionally visited the field to supervise the activities of
the agricultural laborers; furthermore, many of them could
afford to shift to potable water sources, such as using
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Table 3. Average arsenic level in daily consumed water, severity of manifestation and age of chronic arsenicosis cases and socio
economic status
SES

Arsenic level (lg/L/day)
1050
50–200
200–400
400–600
(P = 0.005)
Severity of manifestation
Mild
Moderate
Severe
(P = 0.008)
Total
95% confidence interval of age
Range: 8–73 years

Low (%)

Middle (%)

High (%)

Total

41 (11.2)
208 (56.9)
73 (20)
43 (11.9)

6 (18.7)
19 (59.4)
7 (21.9)
0 (0)

6
4
2
1

(46.1)
(30.8)
(15.4)
(7.7)

53
231
82
44

178 (48.8)
135 (37)
52 (14.2)

21 (65.5)
10 (31.2)
1 (3.1)

12 (92.3)
1 (7.7)
0 (0)

211
146
53

365 (100)
20.4–28.1

32 (100)
28.2–39.8

13 (100)
36.3–48.9

410

Table 4. Average arsenic level in daily consumed water (lg/L/day) and occupation
Arsenic level

Occupation
Agricultural laborer
Household activitya
Studentb
Landed farmer
Otherc
Total

10–50 (%)

50–200 (%)

200–400 (%)

400–600 (%)

Total (%)

13
17
6
3
14
53

104
76
10
10
31
231

36
23
2
3
18
82

28
13
1
2
0
44

181
129
19
18
63
410

(7.2)
(13.2)
(31.2)
(16.7)
(22.2)

(57.4)
(58.9)
(52.6)
(55.5)
(49.2)

(19.9)
(17.81)
(10.5)
(16.7)
(28.6)

(15.5)
(10.1)
(5.3)
(11.1)

(100)
(100)
(100)
(100)
(100)

a

Married and unmarried women and also young girls who quit school to assist mothers/elder sisters in household activities.
Mainly students but occasionally helped in household working or farming and other occupational activities. Students who quit schools and joined farm
activities or other household occupations were included in respective occupation.
c
Including milkman, artisan, barber, service, business, etc.
b

arsenic filters, or obtaining water from their own newly
sunk dug wells5 (Table 4).
Agricultural laborers were found to be the most vulnerable followed by women involved in household activities.
Women are generally not permitted to work outside the home
due to the conservative nature of the society and thus had
been exposed to arsenic exclusively from domestic sources.

5

SOES conducted a study in the same county and found the arsenic level in the dug well

water (*10 m depth) within safe levels, whereas the closest hand pumps, which drew
water from the deeper aquifers (>15 m depth) were highly contaminated by arsenic.
http://www.sos-arsenic.net/english/dugwell/dugwell3.html. Accessed February 2010.

Nutrition
Malnourished persons exhibited more severe forms of
clinical manifestation of chronic arsenicosis and the association between nutritional status and severity of clinical
symptoms was statistically significant (Chi-square test,
P < 0.001) with BMI (Table 5). Not surprisingly, BMI was
found to be significantly correlated with SES (Chi-square
test, P < 0.005). In rural West Bengal, a combination of
cereals (primarily rice and wheat) and various pulses had
made up a traditional staple diet, one that provided a
balanced combination of carbohydrate and protein. In the
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Table 5. Severity of manifestation and body mass index
Severity of manifestation

Table 7. Average arsenic level in daily consumed water and
severity of manifestation and gender
Male (%)

Mild (%) Moderate (%) Severe (%) Total (%)
BMIa
Low
Low Normal
Normal
Total

19 (14.1) 76 (56.3)
63 (54.3) 44 (37.9)
95 (87.9) 11 (10.2)
177
131

40 (29.6)
9 (7.8)
2 (1.9)
51

135 (100)
116 (100)
108 (100)
359*

a

Body mass index is applicable to persons older than aged 14 years.
Therefore, 48 persons (of 410) who were younger than 14 years with three
overweight persons were removed and the rest of the 359 were considered
for analysis.

Table 6. Food intake and socioeconomic status
SES

Cereal
Mean ± SD

Pulse
Mean ± SD

Low
Middle
High

14.26 ± 1.5
15.35 ± 2.1
15.94 ± 2.2

0.63 ± 0.23
1.26 ± 0.16
1.31 ± 0.29

SES socioeconomic status.

study villages, however, the average intake of staple food
(kg/adult/month) was less among low SES; this was particularly true for pulses because they were more expensive
items (Table 6). The mean pulse and cereal intakes of
adults of high SES were 2.08 and 1.11 times greater than
those of low SES categories respectively.
Locally grown fruits, vegetables, and fish were the only
available sources of additional nutrition for the villagers.
However, improved transport facilities and a high demand
in nearby cities had resulted in the transport of almost all
major products, eventually leading to a high price in the
local rural market. In the second phase of the study, the
situation was found to have further worsened as statesupported farmers’ cooperative societies began to facilitate
the farmers in sending local products outside the state of
West Bengal, with the result being the reduction in their
availability to the local population.

Gender
Of the total male and female populations, 89.2% and 66.1%
had been exposed, respectively. A total of 272 male and 138
female chronic arsenicosis cases were identified with

Arsenic level (lg/L/day)
10–50
50–200
200–400
400–600
Severity of manifestation
Mild
Moderate
Severe
Total

Female (%)

33
152
57
30

(12.1)
(55.9)
(20.9)
(11.1)

20
79
25
14

(14.5)
(56.4)
(20)
(10.7)

108
115
49
272

(39.7)
(42.3)
(18)
(100)

103
31
4
138

(74.6)
(22.5)
(2.9)
(100)

prevalence rates of 6.01% and 4.37%, respectively. Males
had slightly higher levels of arsenic in their daily water
consumption; moreover, they also had a higher proportion
of severe forms of manifestation (Table 7). Of 22 deaths,
18 were reported to be men.
Due to the link between arsenic exposure and occupation, men had higher exposure rates, using multiple
sources and higher average water intake; particularly those
who worked in the fields. During summer and during
cultivation periods, men drank more than half of their daily
water intake from irrigation pumps and, hence, the quantity of arsenic consumed was presumed to be much higher
than women. Marriage was found to be an important
reason for the gender differential in arsenic exposure. As
arsenic distribution in the aquifers was scattered, several
households even in the affected areas remained safe. There
were several married women whose parental homes were
arsenic-safe and they were exposed only after marriage,
which led to shorter duration of exposure than their husbands.

Health Service
During the period of the first phase of study, proper
medical care facilities were available only in Kolkata—the
state capital (250 km from the study villages). However,
there was an attempt to decentralize medical care by
extending it to primary health centers—an initiative that
was witnessed during the second phase. Despite this, a lack
of doctors and an erratic supply of drugs resulted in continued dependency on Kolkata. Of 11 cases who sought
treatment from Kolkata, 8 were from middle and high SES.
Usually the poor villagers visited local government doctors
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or untrained health workers for palliative care. Gender
disparity regarding treatment-seeking was evidenced.
Although 97% of men sought treatment from local doctors
compared with 88% of women, only men traveled to
Kolkata for proper treatment. Long-term benefits of the
medical care had been debatable as several patients complained of recurrence of symptoms after completion of
treatment due to reexposure to arsenic-contaminated water
after returning from hospitals.
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local organizations. The community-based filters were
based on adsorption, coprecipitation, and ion-exchange
techniques and were provided by the PHED.
All interventions were believed to be beneficial to the
community in terms of supply of arsenic-safe water and
improvement of symptoms. However, the community, local authorities, and technical experts have expressed several
shortcomings related to the existing mitigation strategies.
Arsenic filters

Arsenic Control Strategy
During the period of the first phase of study, the mitigation
strategy was found to be limited to the promotion of dug
wells and sinking hand pumps to deeper, arsenic-safe layers. After the identification of a few arsenic-safe public
hand pumps, the local public health authority advised the
villagers to shift to these alternative sources as well. People
from high SES had greater access to information and could
afford to opt for alternative arsenic-safe sources of water
for domestic use, such as new hygienic dug wells, sinking
new hand pumps to extract water from deeper arsenic-safe
aquifers, rainwater harvesting, and arsenic filters.
Conventional dug wells had a higher chance of bacteriological contamination due to percolation of polluted
surface water from the surroundings. However, the newer
version of dug wells were relatively safe as concrete rings
were used to prevent percolation of contaminated water
from upper parts of the subsurface layer and concrete
sealing of the well top prevented further contamination
(Rahman et al., 2010). It is worth noting that regular
chlorination could ensure more protection from waterborne diseases. In fact, there had been an initiative to
promote dug wells in another arsenic-contaminated district
of West Bengal. This initiative encountered the problem of
microbial contamination in its initial phase. Later, the
problem had been resolved after improving the dug well
design, construction and management, and involving the
community through outreach programs (Project well
(PW), 2009a, b, 2006; Smith et al., 2003). The author had
an opportunity to visit the project area in 2006 and noticed
that the acceptance of dug wells and the maintenance of
water quality were dependant on social mobilization and
community motivation to participate in collective actions.
The arsenic filters were mostly of two types: domestic (to
serve an individual household), and community-based
(fitted with the hand pumps). The domestic filters were
based on charcoal or alum and mainly provided by some

• Frequent breakdown and poor maintenance
• Lack of quality check and suboptimal filtration efficiency
• Management of highly toxic sludge, which is currently
discarded in open fields, thus causing serious ecological
hazards by contaminating soil and surface water
Dug Well
• Objectionable chlorine odor (as a result disinfection
measures)
• Lack of community ownership resulting in poor maintenance (chlorination)
• Risk of water-borne diseases due to poor maintenance
Rainwater Harvesting
• Poor surface runoff due to the materials (straw) used to
build roof (particularly poor households)
• Lack of storage facility for rest of the year as rainy season
lasts for 3 to 4 months (although average annual
precipitation of 1200–1600 mm is sufficient for household need)
Medical Care
• Erratic supply of medicine and nonavailability of health
professionals
• Recurrence of symptoms after completion of treatment
due to reexposure to arsenic
Due to lack of coordination and poor communication
between PHED and health departments, local hot spots
(i.e., cluster of arsenic-contaminated hand pumps) could
not be identified and hence the subsequent actions, such as
surveillance of cases and community awareness, could not
take place. There also was a lack of community participation in the planning process, implementation, monitoring,
and evaluation; for instance, several dug wells were sunk
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(by the PHED) adjacent to the swampy land covered with
water hyacinths and because of the poor water quality,
villagers have refused to use them (malodorous). Thus,
several policies, which had developed at the central and
federal level, could not garner community support and
eventually failed to yield the desired result.

Macro Perspective of Development Policy
The present study was designed to examine this environmental health catastrophe in a more integrated way from
an ecosystem perspective. Based on this perspective, a
conceptual framework for human arsenic exposure pathways has been constructed (Fig. 3), which was derived from
a review of macro level (state) data, addressing agriculture
development, natural resource management, food contamination, food security, health services, and governance
(described below).
To increase food production, the West Bengal government took a number of measures, including irrigation,
intensive paddy cultivation, increased cropping frequency,
and land development (more utilization of land for

Figure 3. Conceptual framework of human arsenic exposure pathways.

agriculture purpose). Paddy cultivation was given top priority by the state because rice had been the staple food in
the region and farmers were familiar with its cultivation
(Rawal and Swaminathan, 1998). The total area cultivated
for rice production had increased from 4 million hectares
in 1951–1956 to 6.1 million hectares in 2000. Paddy cultivation required very large amounts of water compared
with other crops. Moreover, promotion of Boro rice (grown
in dry winter) had further accelerated the demand for water
in irrigation. From 1980 to 2001, Boro production in West
Bengal increased from 0.86 to 4.54 million tonnes (GoWB,
2003).
The rising demand of water for irrigation had been
largely fulfilled by groundwater extraction. Between 1975/
1976 and 1995/1996, groundwater irrigation has increased
from 0.14 to 1.74 million hectares (GoI, 1998). During the
same period, the density of groundwater irrigation wells
(per 100 km2) had increased from 298 to 952 (Rawal,
2001). In fact, the traditional patterns of irrigation (such as
surface water from rivers, old canals, and water bodies)
could not meet the high demand and lacked state patronage
(Rawal and Swaminathan, 1998). Slowly their water storage
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potential was reduced due to silting and eventually the
farmers became more dependent on groundwater. Due to
political and social reasons, groundwater had been treated
as a free commodity. In the absence of vigilance and legislation, government norms had been flouted flagrantly and
hence there had been indiscriminate sinking of irrigation
wells and extraction of groundwater beyond basic
requirements (GoWB, 1993, 2005).
During the early 1970s, groundwater was promoted for
drinking as an instrument of public health policy to prevent
water-borne infectious diseases, such as diarrhea, cholera,
amoebiasis, and other gastrointestinal diseases. According to
the national census report of 2001, of 15.7 million households in West Bengal, two-thirds were dependent on
groundwater for domestic use and although most of the
remaining third used urban-supplied tap water, that was in
fact mostly from underground sources (Banthia, 2003).
Census reports also mentioned that 90% of the rural population in the arsenic-affected districts of West Bengal was
dependent on groundwater for domestic use (Banthia, 2004).
The author had little scope to analyze arsenic exposure
from food; other studies, however, found that food cooked
in arsenic-contaminated water further increases exposure.
Use of contaminated water in irrigation also polluted the
topsoil in irrigated lands and arsenic subsequently entered
the crops (Alam et al., 2003). The mean arsenic concentrations were higher in the soils of agricultural land irrigated with arsenic-contaminated water compared with
fallow land soils (Roychowdhury et al., 2002). Vegetables
that grew underground (tuber, potato) contained greater
amounts of arsenic than other vegetables (Meharg, 2004).
Most of the arsenic absorbed by plants was deposited in
their roots followed by economic part (grains). However,
the leaves also could be a potential source of arsenic for
livestock if used as fodder. In fact, due to scarcity of grazing
land in rural West Bengal, leaves and stems of agricultural
plants had been the main source of fodder. The presence of
arsenic in fodder could adversely affect cattle and subsequently human beings via the plant > animal > human
pathway (Nandi et al., 2005). Analysis of arsenic intake
through food and water showed that 20–40% of arsenic
came from rice and vegetables (both cooked and raw)
(Chowdhury et al., 2001). A study in Bangladesh showed
that the intake of arsenic entering the body through food
items is greater than the WHO’s maximum limit with regard to drinking water (Molly et al., 2007).
Micronutrients and proteins were believed to have
some protective role in occurrence of chronic arsenicosis.
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These nutrients were mostly available in pulses, animal
products, green vegetables, and fruits. However, pulse
production in West Bengal had declined from 0.24 million
tonnes in 1980 to 0.17 million tonnes in 2003 and subsequently the price had increased, making them beyond the
reach of the poor. From 1980/1981 to 2000/2001 vegetable
production had increased from 4.7 to 7.5 million tonnes
(GoWB, 2003). However, due to improved transportation
facilities, locally produced green vegetables and fruits were
being transported and sold to nearby cities and other states,
and eventually they become nonavailable in the local
markets or unaffordable to the poor.
The district health officials had initiated a decentralized plan for medical care, including the distribution of
chelating agents and keratolytic ointments in peripheral
health facilities of the affected areas. However, in the
Jalangi county of Murshidabad district, the recurrence of
symptoms was noticed after completion of treatment due
to reexposure to arsenic (Rahman et al., 2005).
The recent mitigation strategy developed by the West
Bengal Government essentially focused on: (1) short- and
mid-term plans, such as arsenic filters fitted with hand
pumps6; and (2) long-term plans, including a piped water
supply after treating river water7 and groundwater from
deep wells. The strategy had rejected the earlier plan of
using dug wells to avoid any possibility of water-borne
disease (GoWB, 2009). However, there were examples in
the state showing that chlorination, the most economical
mode of water purification, could effectively provide safe
drinking water from the dug wells. In fact, the arsenic task
force of the Planning Commission of the Federal Government had recommended reintroduction of dug wells,
rainwater harvesting, and slow sand filters for pond water
as the supportive low-cost alternatives (GoI, 2007).

DISCUSSION
Contamination of groundwater with arsenic is an increasingly severe ecological and public health issue in India.
Existing research publications had provided a rich source of

6

Arsenic-safe water was found beyond certain arsenic-contaminated aquifers and an

effort has been made to identify them to supply potable water to the community.
However, leaching from higher layers may contaminate the lower safe layers and
hence arsenic removal plant (filter) is needed to ensure potable water.
7

River and pond water are surface water and were found to be arsenic-free as their

levels lie above arsenic aquifers (UNICEF, 2008).
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information on epidemiology of chronic arsenicosis,
medical treatment, agriculture policy, arsenic mitigation
strategies, and their pros and cons. However, there had
been no efforts to integrate this information to develop a
sustainable strategy. Therefore, the interventions remained
confined to biomedical approaches, such as provision of
potable water supplies and medical care for the affected
population. The author argues that inequity, current mode
of agriculture practice, and drinking water policy have resulted in problems with mitigation strategies and that
problems would worsen if these factors are not addressed in
a larger policy framework.
Arsenic contamination has been spreading to newer
areas and if the present trends continue, by 2010 approximately 450 million people living in the Ganga-MeghnaBrahmaputra basin, encompassing the affected Indian
states and Bangladesh, will be at risk (Chakraborti et al.,
2004). It had been estimated that lifelong ingestion of arsenic (1 lg/kg of body weight/day) is associated with an
approximately 0.1% risk of skin cancer (Smith et al., 1992).
This is very alarming as the level of arsenic contamination
has been extremely high and its presence in multiple
sources, such as foods and water, increases the opportunity
for exposure. It had been predicted that in the large parts of
southern Bangladesh, almost 1 in every 10 adult deaths in
the coming decade will be a result of arsenic-induced
cancer (Smith and Smith, 2004). Studies in Bangladesh had
shown that lifetime mortality risks due to arsenic-related
lung cancer of women and men were 23 and 159 per
100,000 respectively and bladder cancer of women and men
were 0.3 and 5.4 respectively (Chen and Ahsan, 2004). A
similar trend can be predicted for West Bengal and other
affected states in India, because the nature and extent of the
problem in this region are similar. This study showed the
limited role of medical care due to technological constraint
and a poor delivery system. Therefore, ecological management had become imperative to halt further human
exposure. The conceptual framework (Fig. 3) discussed
might contribute to identify interventions needed.
A piped water supply requires relatively high capital
investment in installation and maintenance. Ironically, the
dug wells had been rejected by some authorities, based on
an argument of high risk of spreading of water borne diseases, and yet, a similar threat could be posed by piped
water supply due to leakage in supply lines and contamination of sewage. Widespread use of arsenic filters could
cause further damage to the local ecosystem due to
unplanned open disposal of the highly toxic sludge pro-

duced after their use. This might pollute soil and surface
water, currently the only source of arsenic-free water.
Moreover, in many places the arsenic filters had failed to
remove arsenic down to the desired limit (Hossain et al.,
2005). This study has shown the role of socioeconomic
disparity in high occurrence of chronic arsenicosis, poor
coping, and lack of participation in decision making.
However, such an important social issue has not been addressed in policy and there is a need to ensure greater
participation of marginalized and highly affected communities. Lastly, the most significant gap in the strategy was an
absence of intervention in agriculture policy, which had
actually triggered the contamination. Perhaps, there is a
need of empirical and conclusive evidence of the benefits of
alternative agriculture policy in terms of interruption of
further contamination to convince policy makers. It is
recommended that future efforts address the challenge to
generate credible evidence through multiple interventions
supported by research and monitoring.
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