
Update on arsenic testing and mitigation in the Ballia District  March 2016

Arsenic contamination of groundwater is common on the Gangetic plain, which stretches from 
Pakistan, across northern India, and into Bangladesh, where the Ganges flows into the sea. The 
arsenic, along with lead and chromium and other heavy metals, has been deposited in 
sediments carried by the rivers flowing out of the Himalayas. Although the sediments date back 
tens of millions of years, arsenic contamination is a recent development: it has become a 
serious health problem only since the advent of of tube well technology. Prior to the late 1990s 
drinking water was drawn from shallow wells. Over the past 20 years the wells have fallen into 
disrepair and most families are relying on hand pumps that draw water from depths of 50-150 
feet below the surface, where arsenic deposits tend to be concentrated. Medical symptoms of 
slow arsenic poisoning range from skin lesions (see the photos on p.8) to cancer of internal 
organs.

The contamination is spotty. Many districts are free of it and even in villages with serious 
contamination, safe hand pumps yielding water with arsenic concentrations less than 10 parts 
per billion (ppb: the US and World Health Organization standard) are interspersed with hand  
yielding water with concentrations ranging up to 1000 ppb. Without extensive testing, there is no 
way of knowing which hand pumps are presently providing safe drinking water or whether the 
contamination is spreading as more and more ground water gets pumped to the surface for 
irrigating crops. 

I learned about the problem of arsenic contamination about five years ago, when I read the 
book, When the Rivers Run Dry, by Fred Pearce. One of the things that caught my attention 
was the mention of the Ballia District, the site of Gandhi College, as one of the stretches along 
the Ganges where serious arsenic contamination had been detected. The following year, an 
acquaintance told me that his family and friends living in Shukla’s village were concerned that 
they might be drinking contaminated water. When Susie and I visited the village in autumn 2013, 
I brought a kit for testing water samples for arsenic. Upon our arrival in the village, Abhishek 
Kumar, a Gandhi College graduate (Class of 2011) who had been a student in Susie’s English 
language learning class in 2010, took an interest in the project. He tested just a few hand 
pumps in Shukla’s village and found the arsenic concentration in the water to be under 10 ppb, 
the same as Seattle water. Abhishek was not surprised by the low reading. he told me that if I 
wanted to find the contaminated water we would need to travel about 30 km to the eastern part 
of the Ballia District.

Coincidentally, 2013 was the year in which Abhishek had finished his masters degree program 
in Geography at a college in Ballia and was in the process of applying to the PhD program at 
Banaras Hindu University (BHU), J. Shukla’s alma mater, considered to be one of the most 
prestigious universities in India. He had passed the two required entrance examinations and 
was scheduled for an on-site interview that was to take place while we were there. Despite his 
favorable examination scores, the prospects for Abhishek’s admission to BHU seemed remote, 
considering the small size of the program, the fact that many of the spaces are typically 
assigned to graduates of BHU’s masters program, and the fact that the Ballia District, where 
Abhishek hails from, is not held in high regard in the academic world. But in the end, not only 
was Abhishek accepted, he was assigned to Professor KNP Raju, an expert in geomorphology 
and the use of geographic information systems, one of the top scholars at BHU, a man with high 
academic standards and high expectations of his students. In January 2014, shortly after our 
return to the US, Abhishek took up residence in Varanasi and began his studies at BHU.
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As the time approached for our 2015 visit to Shukla’s village and Gandhi College, I 
corresponded with Professor Raju and Abhishek about the possibility of carrying out some 
arsenic testing in the Ballia District while I was there.They both expressed interest in organizing 
a pilot project with support from BHU. When Susie and I passed through Varanasi en route to 
Shukla’s village in late January 2015 we met with them for a day at BHU and Abhishek 
accompanied us on the 5 hr drive to Shukla’s village. During the 3 weeks that I stayed in the 
village Abhishek tested the water from nearly 100 public hand pumps in six different villages. In 
agreement with his prior result, he found that the ground water in the Beruarbari Block, which 
surrounds Shukla’s village, to be largely free of arsenic contamination. But that year we 
ventured into the region 30 km to the east of Shukla’s village, where arsenic contamination was 
known to be present and we found concentrations ranging up to a few hundred ppb. For 
reference, the US and World Health Organization standard for safe drinking water is 10 ppb and 
the Indian government’s standard is 50 ppb.

When we visited the arsenic-stricken villages I watched the villagers’ reactions when they saw 
that the water in their public hand pumps was being tested. Usually a small crowd would gather 
and one to two of the men or boys would adopt us and escort us through the village. When 
Abhishek asked if there was anyone in the village who had the characteristic skin lesions that 
are symptomatic of arsenic poisoning it often happened that someone in the crowd would show 
us the palms of their hands or the soles of their feet or lesions on the other parts of their body. 
Invariably, some of the villagers would ask Abhishek whether he was going to do anything to 
help them and they seemed disappointed when he wasn’t able to offer anything specific in terms 
of action items. Many of them wanted him to test their private hand pumps and were 
disappointed when he declined. 

Some of these reactions reflect the general lack of information about arsenic contamination or 
the villagers’ distrust of what public information is available. Residents in Shukla’s village, where 
the water is virtually arsenic free seem to be no less concerned about the possibility that their 
families might be at risk for arsenic poisoning than residents of the contaminated areas who 
really have something to worry about. 

Another thing that impressed me during our 2015 visit was the enormity of the task of testing for 
arsenic contamination. The Ballia District is the home of 3.5 million people or roughly 700.000 
families, most of whom rely on hand pumps for their drinking water. More than 15% (100,000) of 
those hand pumps are located in regions of suspected arsenic contamination. When he works 
at it full time,Abhishek can test about 25 water samples in a single day. At this rate it would take 
him over ten years to test all those hand pumps, and that’s not allowing for retesting to 
determine how the pattern of contamination is evolving in response to the massive pumping of 
ground water for irrigation that is taking place. This experience also confirmed our belief that 
testing the villagers’ hand pumps without being able to offer them any hope of mitigation is not 
helping them.

During the evenings when Abhishek returned from the field we started to talk about mitigation 
options. In the town of Bariya we witnessed a “high tech” mitigation project funded by the 
government: a high capacity well that draws water from an aquifer hundreds of feet below the 
surface that is presumed to be arsenic-free, stores the water in a tower and, for a nominal fee, 
distributes it to villagers through a piping system. We also considered a “low tech” mitigation 
option. Peter Webster a research colleague  had introduced me to Linda Smith, the founder and 
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director of “Filters for Families” an NGO registered in Nepal that manufactures and distributes 
filters to families in need of safe drinking water [http://filtersforfamilies.org]. The design of the 
filters that she distributes is based on the SONO filter [http://www.gmu.edu/depts/chemistry/
CCWST/SONO%20Filter-%20A%20Solution%20for%20Arsenic%20Crisis%202013.pdf] in 
which arsenic and other heavy metals are bonded to activated iron filings. The filters are housed 
inside ~10 liter plastic buckets. One of these filters weighs about 15 kg, currently costs about  
$20, is capable of producing about 20 liters of filtered water per hour that is also free of harmful 
bacteria, and lasts for about four years without maintenance. One evening we called Linda on 
Skype to get acquainted with her and to learn more about the filter. Among the outcomes of that 
phone call were that Abhishek accepted Linda’s invitation to visit her project in Nepal and Linda 
accepted my invitation to visit the University of Washington to tell us more about the work of her 
NGO.

Another highlight of Susie’s and my visit to India in 2015 was meeting Chander (CK) Singh at 
the Tata Environmental Research Institute (TERI) in Delhi, who collaborates closely with 
Alexander Van Geen at Columbia University.  Chander has tested 15,000 hand pumps in 
villages along the Ganges, and has an ongoing project in the state of Bihar, almost directly 
across the Ganges from where Abhishek conducted his pilot project. Chander convinced 
Abhishek that instead of conducting random sampling of hand pumps, a few in each village, he 
should sample every hand pump so that the spatial patterns of arsenic contamination will 
emerge and every family in a village will know whether their drinking water is safe. He also 
cautioned that before embarking upon an extensive mitigation program, the sponsor should 
consider whether the villagers will be willing to maintain any equipment that they are given or to 
commit themselves to ongoing expenses to purchase water. To this end, Chander’s research 
methodology incorporates a substantial social science component.

Susie and I returned from India in March 2015 without any specific plans for further involvement 
in arsenic testing and remediation, but we discussed the project with friends in Seattle. Among 
the people we told about it were Barbara Maurer and her husband, Gerry. Barbara and Susie 
worked together on various projects for students and teachers in the Highline School District  for 
over 20 years. Barbara and Gerry are both active in Rotary clubs in Seattle. In 2010 Barbara’s 
club made a generous gift in support of Gandhi College. When we told her about Abhishek’s 
arsenic project, she suggested that we might consider putting together a proposal to the Rotary 
Clubs for consideration by their international grants program. We made a point of introducing 
her to Linda Smith when Linda visited the University of Washington in November and, In 
response to Barbara’s suggestion I wrote a short “white paper” about the project that is included 
here as an Appendix. At present we are planning to submit a formal proposal to Rotary in 
February 2017.

During this year’s visit, from which we have just returned, the project seems to have acquired 
much more momentum, largely due to initiatives on Abhishek’s part in connection with his PhD 
thesis at BHU with encouragement from his adviser, KNP Raju. We met with both of them when 
we stopped in Varanasi January 27 en route to Shukla’s village. They told us that Abhishek was 
prepared to conduct a more extensive pilot project this winter, which would involve testing on 
the order of 1000 hand pumps in villages suspected of having high arsenic contamination, ten 
times as many as he tested last year, and it would include a mitigation component. They also 
told us that they plan to establish an NGO that will be capable of funding and administering a 
testing and remediation project. They believe that after a year to so, the NGO can be converted 
from domestic to international status and be capable of receiving contributions from abroad. 
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The next day we set out for Shukla’s village and two days later I joined Abhishek in a preliminary 
survey of two of the villages in which he planned to concentrate his efforts. He told me that he 
intended to establish an ongoing field office in the town of Bariya in the middle of the region of 
arsenic contamination and the site of the government-funded water tower that we saw last year. 
Bariya is located 30 km to the east of Gandhi College, about an hour’s drive. It is the 
headquarters for an administrative block with a population of about 125,000 which translates 
into 25,000 families. most of whom obtain their drinking water from hand pumps. The task of 
serving so many families seems daunting, but less so than taking on the entire Ballia District 
(see map on p. 7) which is home to 30 times that number of families. The villages that we visited 
lie along the ‘shore’ of the flood plain and one of them includes an island. The flood plain is 
cultivated with vegetables. It looks nice now, in the dry season, but we were told that in the 
monsoon season it’s a sea of mud. The last name of most of the villagers and all of the 
inhabitants of the island village is “Yadav”. When he visits a village for the first time, one of the 
first questions that Abhishek asks is, “Have your hand pumps previously been tested for arsenic 
contamination?” Thus far, the answer has been uniformly “Nahi” (No). 

At the first house that we stopped at in the sprawling village of Mishra ka Mithiya, the first that 
we visited, we were received with suspicion by women, but by the time we reached the second 
house we has collected our usual entourage of curious onlookers. When Abhishek asked if 
there were people in the village with arsenic-related skin lesions, several people showed us 
their palms, the soles of their feet, and spots on other parts of their bodies. This year Abhishek 
was more forthright about his intention to try to help the villagers to secure safe drinking water 
and their response was visibly more positive than it had been the previous year.

Indeed, Abhishek has been thinking seriously about mitigation options. At his request, Linda 
Smith’s NGO has donated 30 of her adapted SONO filters for use in this year’s pilot project.  
When he visited Linda’s NGO last March, Abhishek had an opportunity to visit some of the 
families to whom her NGO had given filters. One of the filters had been taken apart so that the 
plastic bucket could be used for storing grain and some of the others were in disrepair. Mindful 
of this experience, he is afraid that the filters that Linda had given him may not be used for their 
intended purpose for very long if he distributes them directly to the families with contaminated 
hand pumps. Hence, he has decided to retain them at his field office and use them to produce 
safe drinking water that will be bottled in 20 liter (~5 gallon) plastic carboys with spigot 
assemblies on the bottom and sold to families at a nominal price. This is the essence of his 
arsenic mitigation plan.

Selling bottled water is not a new idea. Many people in the Ballia District, even those living in 
areas free of arsenic contamination, purchase it from small, local, private companies. The 
market rate is about 25 rupees for a 20 liter carboy, which is enough to supply a family of 5 with 
drinking water for a day. That translates into 2 cents per liter— remarkably cheap compared to 
the price of a bottle of Perrier, but that adds up to 40 cents per day or $12 per month.To place 
this price in context, the poverty line (https://en.wikipedia.org/wiki/Below_Poverty_Line_(India)) 
is currently about $2 per day and the primary wage earner in about 30% of Indian families earns 
less than that amount. Hence, for a family at the poverty line, it would require 6 days’ wages to 
purchase commercial bottled water for a month. That’s prohibitively expensive. Abhishek plans 
to charge 10 rupees per liter, 40% of the current market price. Numerous families in the villages 
where he has been testing have indicated that they would be glad to purchase bottled water if it 
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were available to them at this price. However even ten rupees per day is steep for the poorest 
families, so Abhishek is thinking about providing a limited number of subsidies. 

Accessibility to the poorest families isn’t the only consideration in setting the price. To help the 
thousands of families in the Bariya Block who are in need of safe drinking water, Abhishek’s 
mitigation effort will need to generate sufficient income to sustain itself. The threshold price for a 
sustainable enterprise depends upon the manner in which the water is filtered, bottled 
distributed and tested for adherence to safety standards. All these factors are dependent upon 
the scale of the operation, which is limited by the availability of startup funding. This year, 
Abhishek’s NGO will have sufficient funding to rent space for the field office, to purchase about 
100 carboys and a hand truck, and to pay the salaries of a few staff people for a few months. It 
helps that his field office is located very close to a village with upwards of 100 families with 
contaminated water. Abhishek believes that if his nonprofit can attract and service this number 
of customers, each paying $5)per month, it will be sustainable and it might even be able to grow 
very slowly. But to expand the operation beyond the nearest villages will require the purchase of 
motor vehicles— small trucks capable of carrying on the order of 50 carboys— at a cost of 
about $7500 each.

So at present, Abhishek hopes to proceed in two stages. This year, while he is still devoting 
most of his own time to his PhD thesis, he will mount a pilot mitigation project out of his field 
office in Bariya, providing water to up to about 100 families living within walking distance while 
he continues testing hand pumps in the neighboring villages. Experience acquired through this 
project will reveal whether families are sufficiently concerned about arsenic poisoning to commit 
themselves to paying for arsenic-free bottled water or whether, after trying it out for a few 
months, they will revert to drinking contaminated water from their own hand pumps. To 
counteract the tendency for backsliding, Abhishek plans to mount a vigorous public information 
campaign with videos focusing on the health risks of arsenic poisoning. Abhishek’s pilot 
mitigation project will also reveal whether a price of 10 rupees per carboy is low enough to 
attract “customers” but high enough to enable him to keep his nonprofit operating without large 
subsidies. If his plan proves to be workable, we will seek funding to move to the second stage in 
which trucks are used to transport water filtered and bottled at his field office to more distant 
villages, thus providing safe water to 1000 families and providing employment to dozens of local 
residents.

To place Abhishek’s arsenic testing and mitigation effort in a broader context, he will be 
conducting research on other projects that are currently underway in the Bairiya Block, whose 
administrative offices are conveniently located right across the street from his field office. There 
he will hopefully be able to find out about the deep wells that the government has been drilling in 
the villages where he has been testing. Among the relevant questions are, “How much do they 
cost to install and maintain? How many families do they serve? Are they adequately 
maintained? Does the arsenic concentration of the water that they are providing to villagers 
meet the World Health Organization or Indian government standards?” Abhishek will also be 
conducting a survey of the companies that are currently selling bottled water to villagers in the 
Bariya Block and testing the quality of the water that they are providing. He would like to 
understand why the current market price of commercial bottled water is more than twice as high 
as the 10 rupees per carboy that he intends to charge. Are the companies making large profits, 
or there costs involved in providing bottled water that he hasn’t been taking into account in his 
calculations? In a similar manner, he will be surveying the purchase price, ongoing maintenance 
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costs, and effectiveness of commercial filters that some of the more affluent families in the 
villages are using to protect their families from arsenic poisoning.

Abhishek’s arsenic mitigation project appears to be the only one of its kind in the Bairiya Block 
but he has learned from CK Singh of another NGO in the Ballia District that is distributing 
arsenic-free filtered water to families in the village of Haldi, in the nearby Belhari administrative 
block. This project was established by Ashok Singh, a retired government official in the energy 
industry, who has retired to his native village,in collaboration with Arup Sengupta, Senior 
Research Professor in Environmental Engineering at Lehigh University, well known for his work 
on water resources. I talked with Professor Sengupta on the telephone and was impressed with 
his determination to address the problem of mitigation. He is convinced providing safe drinking 
water is is technologically and economically feasible: the problem is to develop a sustainable 
filtering and delivery system and convincing villagers that they need to use it.

 Abhishek has also been in touch with Saurabh Singh, Chief Functionary of the Innervoice 
Foundation’s Community Arsenic Mitigation Organization, who has also been involved in arsenic 
testing in the Ballia district. Abhishek recognizes that networking with other NGO’s engaged in 
arsenic mitigation is essential if he is to avoid “reinventing the wheel” and that, given the limited 
availability of financial support, cooperating with other NGOs is preferable to competing with 
them.

Abhishek hopes to submit his PhD thesis in early 2017 and defend it later in the year, following 
in the footsteps of J Shukla who earned his PhD from BHU in 1971.  Like Shukla, Abhishek 
hopes to be able to accomplish something significant for the benefit of his community and for 
mankind.  It’s too early to predict whether his dreams for arsenic remediation will be realized, 
but witnessing a Gandhi College alumnus from a humble family in a humble village working so 
hard to make such a dream come true has been one of the highlights of our recent visits to 
India.

PHOTOS —  NEXT TWO PAGES 
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The Ballia Bistrict, with a population of 3.5 million people, located at the extreme eastern end of 
Uttar Pradesh.. The names of the 16 administrative ‘blocks” are printed in capital letters. The 
Ganges River forms the southern boundary of the District. Gandhi College is in the Beruarbari 
block in the center of the District and Abhishek’s project is in the Bairia Block, an hour’s drive to 
the east. 

 Abhishek telling villagers about his arsenic project. 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Test results. Individual buildings in villages are visible in this close up satellite view in Google 
Earth, Each colored balloon corresponds to the position of one of the hand pumps that Abhishek 
has tested. Green balloons indicate hand pumps that are safe, with arsenic concentrations 
below 10 ppb. R� � ed balloons indicate contaminated hand pumps with concentrations above 50 88
ppb. Yellow indicates intermediate readings.

Skin lesions, tell tale symptoms of arsenic poisoning. Abhishek took these photos in the villages 
where he has been testing.
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