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Arsenic Contamination in Water: A Conceptual 

Framework of Policy Options  
 

Zareena Begum I 
 

Abstract 

 
Arsenic contamination in water supplies continues to increase in many 
countries, especially in developing nations, thereby creating both 
environmental and health hazard. Its sources and effects are multiple 
and diffused in nature and it requires detailed assessment and policy. 
This paper discusses the global extent of the problem, its sources and 
effects and explores different policy options. Sources and pathways of 
interaction require comprehensive assessment and policy. Innovation in 
low cost technologies offers possibilities for reducing abatement cost and 
for economic efficiency. To reduce arsenic in water resources, incentive 
policies such as taxing and subsidizing can be used to reduce arsenic 
levels in point sources through creation of appropriate incentives. The 
paper also identifies opportunities for enhancing self-protection efforts 
through education and information sharing. Under a self-protection 
policy, though the damages decline to a greater extent, there is a 
possibility of an increase in arsenic emission. Finally, a combination of 
policies is proposed that involve low cost technology, education and 
awareness to mitigate the damage from arsenic contamination at a 
watershed scale. It is also necessary to enforce these policies through 
appropriate institutional changes that involve coordination and 
cooperative efforts to mitigate arsenic contamination. 
   
Keywords: Arsenic; Education policy; Incentives; Self-protection; Taxing 

and subsidizing policy; Technology; Water 
 
JEL Codes: I18; I28; O31; Q25; Q28; Q52; Q53; Q55; Q58 
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INTRODUCTION 

 

The continuing growth in global population is increasing demand for fresh 

water and placing a severe strain on water supplies. One of the reasons 

for the increase in water scarcity is the reduction in usable supplies 

through water quality degradation, which reduces the amount of fresh 

water available for residential, agricultural and industrial uses. Despite 

recent efforts to mitigate this problem, human populations continue to 

face a substantial risk from water quality problems in many parts of the 

world (WRI, 1996). Water degradation resulting from toxic and 

cumulative pollutants such as arsenic is a major water quality issue that 

is receiving increased attention.   

 Arsenic contamination has recently received worldwide 

attention because of the nature of its health effects. The problem is 

severe in South Asia, particularly in Bangladesh and eastern parts of 

India, where the impacts on water quality and public health are seen in 

disastrous proportions. Arsenic enters water supplies through various 

pathways that are both natural and anthropogenic in origin and is often 

cumulative in nature. This makes it difficult to develop appropriate 

policies. One issue that is often debated is the level of standard to enforce. 

While the World Health Organization (WHO) suggest a standard of 50 

micrograms per litre (mg l
-1

) (WHO, 1993), scientific studies advise a 

much lower value of 10 ppb (WHO, 1999). The Environmental 

Protection Agency (USEPA) enforced a limit of 50 mg l
-1 

for arsenic in 

drinking water (Viessman and Hammer, 1998) but changed it to 10 mg l
-

1 
in 2001. In the Hetao region of China, the average content of arsenic in 

drinking water is as high as four times the WHO environmental standard 

(Zhang et al., 2002). Given the public health concern and water quality 

impacts, the study of arsenic contamination and evaluation of this 

problem globally can be useful in studying comparative mitigation 

opportunities and developing policy options. 
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 The rest of this paper proceeds as follows: Next section discusses 

about the global distribution of arsenic contamination. The following two 

sections discuss about the sources and effects of arsenic contamination 

and policy options. The final sections conclude the study. 

 

GLOBAL DISTRIBUTION OF ARSENIC 
CONTAMINATION 

 

Arsenic contamination is severe in several developing countries. For 

example, the distribution of arsenic contamination in Bangladesh is 

presented in Figure 1(a).  In the worst case of arsenic contamination, 

about 35 million people in this country are exposed to arsenic levels that 

are above the US Environmental Protection Agency standards.  The 

problem of arsenic contamination of the groundwater in Bangladesh was 

identified in 1993, but it did not get proper attention until very recently. 

By this time more than 30 million people were impacted and as many 

as 70 – 80 million people are threatened by arsenic contamination.  

 
 Exploitation of groundwater from deeper aquifers has resulted in 

mobilization of the arsenic and led to mass poisoning, which is defined by 

the generic term arsenicosis (Rahman et al., 2001). A higher 

concentration of arsenic contamination is observed within the deltaic 

and floodplain region of Bangladesh (Islam and Uddin, 2002). A 1998 

estimate showed high arsenic concentrations in shallow tube wells in 61 

out of 64 districts of Bangladesh; 46% of the samples were above 0.010 

mg l
-1 

and 27% were above 0.050 mg l
-1 

(BGS and DPHE, 2001). In the 

Pabna district of northern Bangladesh, the pumped groundwater had 

an exceptionally high arsenic concentration of 14,000 g l-1
 
(Rott and 

Friedle, 1999). 

 
 The problem is also prevalent in other developing countries such 

as India, China, Vietnam and Laos. The arsenic-rich groundwater is 

mostly restricted to the alluvial aquifers of the Ganges basin (Bihar, 

Uttar Pradesh and West Bengal) in India (Nickson et al., 1998).



3
 

F
ig

u
re

 1
: 

A
rs

e
n

ic
 C

o
n

ta
m

in
a

ti
o

n
 i

n
 D

e
v

e
lo

p
in

g
 a

n
d

 D
e

v
e

lo
p

e
d

 N
a

ti
o

n
s
 

 

 

 



4 

 In the state of West Bengal in India, the groundwater in 9 out of 

18 districts has high levels of arsenic contamination. The tube wells in 

West Bengal contained arsenic concentrations ranging from 60 g l-1
 
to 

3,700 g l-1. Various types of adverse health effect including cancer which 

are often associated with prolonged exposure to arsenic have been 

reported in these districts (Acharyya, 1999). The pandemic of arsenic 

poisoning (arsenicosis) due to contaminated groundwater in West 

Bengal, India, has been thought to be limited to the deltaic region of 

the Ganges River. A recent study conducted in the Middle Gangetic Plain 

showed that 56.8% of this area exceeded arsenic concentrations of 50 

g l-1
 
and 19.9% of the area exceeded 300 g l-1, the concentration 

producing the overt arsenical skin lesions observed in the state of Bihar 

(Chakraborti et al., 2003). 

 

In general, the contamination is not severe in most 

developed countries compared with that of developing countries. In 

the US, experts are of the view that only a few water supplies have 

levels of arsenic above 50 ppb and even the number with levels above 

the  standard of  10 ppb are  easily manageable (Focazio et al., 1999). 

A study has demonstrated that less than 1% of water systems exceed an 

arsenic concentration of 50 ppb (Foust et al., 2004). Concentrations of 

arsenic in Atlantic Canada are generally low, and have a maximum 

allowable limit of 25 ppb (Figure 1(b)).  

 

SOURCES AND EFECTS 

Arsenic in drinking water is related to multiple sources that include both 

natural and anthropogenic origins.  These sources include leaks from 

industrial waste dumps and mines, use of old arsenic- containing 

pesticides and indirect effects from indiscriminate groundwater 

pumping. The pathways of arsenic contamination and transfer depend 

on locational characteristics.  
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There are different pathways through which arsenic enters 

human systems: drinking water, inhalation and dermal uptake 

(Aswathanarayana, 2001). Uptake through water is a major source and is 

observed in Bangladesh, West Bengal, Inner Mongolia, Xinjiang in China, 

southwest and northeast coasts of Taiwan and western USA. Inhalation of 

arsenic-containing aerosols through coal burning is observed in Guizhou, 

China. Dermal uptake of arsenic is observed in Taiwan, where rice 

farming is practised. The dermal pathway explains the prevalence of 

“blackfoot disease”, which is more common among rice farmers, 

fisherman and salt workers whose feet and legs are exposed to arsenical 

waters for prolonged periods. 

 

The World Health Organization, the US Department of Health 

and Human Services (DHHS) and the US EPA have determined that 

inorganic arsenic is a human carcinogen. Several studies have also shown 

that inorganic arsenic can increase the risk of lung, skin, bladder, liver, 

kidney and prostate cancers. Arsenic can cause cancer, blindness and 

fetal malformations in other mammals and amphibians. Various adverse 

health effects including cancer have been reported from the districts in 

West Bengal which are associated with prolonged arsenic exposure.  

Blackfoot disease is more prevalent in developing countries, particularly 

among the poor, because the process of detoxification of arsenic may 

not take place in their bodies as a result of nutritional inadequacies. 

 

 

POLICY OPTIONS 

 

The discrepancy between observed levels of arsenic in water and the 

optimal level is distinct in several countries, particularly in developing 

countries such as Bangladesh. The damages are also considerable as is 

evident from a clear correlation between contamination and arsenic-

related diseases in humans. The standard marginal abatement cost 

(MAC) – marginal damages (MD) framework is used in this paper to 
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evaluate alternative policies. Optimal conditions and the relationship 

between marginal abatement and marginal damage curves are 

presented in Figure 2. The triangular area m (bounded by points e
t
, e* 

and the marginal damage function) depicts the total damages existing 

when emissions are at level e*, while the triangular area n shows the 

total abatement costs at this level of arsenic emissions. The sum of the 

two areas (m + n) is a measure of the total social costs resulting from 

e* level of emission of arsenic pollutant. 

 

The point e* is an optimal point at which marginal damages 

equal marginal abatement cost. Marginal damages have a threshold at 

emission level e
t
, while the uncontrolled emission level is e

u
. The marginal 

damages increase with an increase in arsenic emission while marginal 

abatement costs increase with the removal of arsenic exposure. In the 

following sections, the exploration of various policy options to achieve 

efficient levels of arsenic abatement within the MAC – MD framework as 

shown in Figure 2. 

 

Figure 2: Efficient Level of Arsenic Emission 
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