
1. INTRODUCTION 

The Holocene sediments (Acharyya, et al, 2007) of 
the river basins of the state of Bihar, India, is 
presently recognized as having the world’s most 
extensive areas of arsenic contaminated underground 
water. Arsenic is a slow bio-accumulative genotoxin 
(Faita, et al, 2013)  The desirable limit of arsenic in 
drinking water at 10 µg/L as per WHO guidelines 
(WHO, 2004) and Bihar’s aquifers has registered up 
to eighteen times more than this limit (Ghosh, et al, 
2010). This has exposed approximately 30 million 
rural inhabitants residing in of the Gangetic Plains of 
Bihar vulnerable to the carcinogenic properties and 
other serious symptoms of arsenic poisoning. 
Furthermore, in the state of Bihar (India), the 
situation is further aggravated by acute poverty, 
malnutrition and illiteracy and as such 
public/community participation becomes essential 
for any sustainable arsenic mitigation strategy. The 
objectives of this study therefore were to test an 
energy-efficient, adsorption- based arsenic filter 
under private-public ownership model, and generate 
a cost effective design for providing clean water to 
the effective community. The principles of 
participation sought to be the guideless of this 
initiative, encompass inclusion, equal partnership, 
transparency, sharing power, sharing responsibility, 
empowerment and cooperation. 

2. METHODS/EXPERIMENTAL 

The experiments were carried out with an easy-to-
operate adsorbent unit to provide arsenic-safe drink-
ing water using re-generable arsenic adsorbents. 
When the filter is exhausted, the absorbent material 
is regenerated. The water of the selected hand pump 
has more than 90µg/L arsenic with seasonal dilution 
by 30 µg/L in the monsoon season. A filter, with an 

upper tank having activated alumina and a lower 
tank having hybrid anion exchange resin as media, 
was installed near the hand pump and connected 
with the same, so as to yield the arsenic (As) and 
iron (Fe) safe water upon manually operating the 
hand pump. Waste backwash was made to pass 
through a coarse sand filter to reduce the arsenic 
concentration before its release to the environment. 
Both raw and filtered water were tested for As and 
Fe concentration by atomic absorption spectropho-
tometer (AAnalyst 200-PerkinElmer) with a graphite 
furnace. The precision of analyses was better than 
10%. Community involvement was obtained by con-
tinuous interactions and interviews with 30 house-
holds in the village, and training of selected persons 
on operation and maintenance of the filter unit.  

3. RESULTS AND DISCUSSION  

The pilot trials verified the suitability of the system 

as a viable and sustainable option for arsenic reme-

diation in rural  India. The system was successful in 

reducing both iron and arsenic concentration within 

WHO permissible limit. This technology conserved 

scarce power supply in the study area. The filtration 

process reduced iron to within permissible limit of 2 

mg/L of water (WHO, 2008) over a span of 28 

months, after which the efficacy of the media de-

clined (Table 1, Graph1).  
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Figure 1. Iron removal by adsorption filter 

 

Safe arsenic levels were also maintained in the fil-

tered water (10µg/L), while the backwash after be-

ing subject to sand filtration, had lower arsenic lev-

els than raw water (Table2, Graph2).  
 

 
 
Table 2. Iron removal by adsorption filter 

 

 
 
Figure 2. Arsenic removal by adsorption filter 

 
The total arsenic reduction was about 97% and 

throughout the study period the arsenic concentra-

tion in filtered water was below 10 μg/L.A total of 

thirty families shared the filtered water. The present 

approach of creating demand for arsenic and iron 

free water, individual ownership and leadership de-

velopment was backed by collective decision-

making. Making such unaware arsenic affected 

community change over from one traditional drink-

ing water source to alternate options immediately 

was very difficult. This filter was accepted by the 

villagers as it was perceived as an extension of the 

hand pump in place. Secondly, the issue of granting 

ownership of the filter to one family was mutually 

decided by the community and social conflicts 

avoided. A feasible water pricing mechanism based 

upon cost-effectiveness of the filter operations was 

calculated at an affordable sum of INR 0.12 per litre 

of arsenic free water .This guaranteed proper func-

tioning, maintenance and security of the filter unit, 

while other hi-tech and expensive mitigation strate-

gies adopted by the stakeholders became defunct. It 

was proved that sustainable technologies in develop-

ing countries greatly depend upon their integration 

with local socio-economic parameters. 

4. CONCLUSIONS 

The study confirms that simple and low cost tech-
nology for arsenic removal is sustainable through 
community participation in developing economies 
like India. The pilot-scale findings conducted in ru-
ral Bihar, India demonstrate that a granular media 
community filter can be a viable option to treat arse-
nic and iron rich groundwater and supply safe water 
to poverty stricken rural population at low cost.  

ACKNOWLEDGEMENTS 

This work has been supported by Dept. of Science 
and Technology (DST), Government of India and 
The Taagore-SenGupta Foundation, USA. 

REFERENCES 

Acharyya, Subhrangsu K. and Shah, Babar A. (2007), 
‘Groundwater arsenic contamination affecting different ge-
ologic domains in India—a review: influence of geological 
setting, fluvial geomorphology and Quaternary stratigra-
phy', Journal of Environmental Science and Health, Part A, 
42:12, 1795 — 1805.  

 
Faita, F., Cori, L., Bianci, F., and Andreassi, M.G. (2013), Int J  
       Environ Res Public Health. 2013 April; 10(4): 1527–1546. 
 
Ghosh, A.K., Bose, N., Bhatt, A.G. & Kumar, R. (2010); New 

dimensions of groundwater arsenic contamination in Mid 
Ganga Plain, India in “Arsenic in Geosphere and Human 
Diseases”- ed. By Bundschuh, J. & Bhattacharya, P., Taylor 
& Francis Group, London,. ISBN 978-0-415-57898-1. 

 
Iron in Drinking-water, Guidelines for drinking-water quality 

(1996), 2nd  ed. Vol.2.World Health Organization, Geneva. 
 
World Health Organization;. Guidelines for drinking-water 

quality (2006), incorporating first addendum. Vol. 1, Rec-
ommendations. – 3rd ed. 

 
. 


