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A group of forty-four scientists and students from four-

teen countries met on 25–27 April 2011 in Hanoi, Vietnam to 

set the stage for a new continental drilling program focused 

on the groundwater arsenic (As) problem in Asia. Half of the 

participants were from low and lower-middle income coun-

tries directly facing the major health threat of elevated 

groundwater As. This issue affects over 100 million rural 

inhabitants across Bangladesh, Cambodia, China, India, 

Myanmar, Nepal, Pakistan, and Vietnam who rely on shallow 

(typically <100-m-deep) wells as their main source of 

drinking water (Ravenscroft et al., 2009). Groundwater from 

these areas can contain As at levels that have been shown to 

cause deadly cancers and cardiovascular disease and to 

inhibit the mental development of children (Smith, A.H. et 

al., 2000; Wasserman et al., 2004; Kapaj et al., 2006; Argos et 

al., 2010). 

There is broad agreement within the international scien-

tific community that reductive dissolution of iron (Fe) oxyhy-

droxides in river basins across Asia is a key factor leading  

to widespread occurrence of As in shallow groundwater 

(Kinniburgh and Smedley, 2001; Fendorf et al., 2010). The 

underlying reason is the strong affinity of As for Fe oxyhy-

droxides that results in As accumulation on the coatings of 

suspended particles. Upon burial, As is released to ground-

water by microbially mediated dissolution of these Fe oxyhy-

droxides. There is a lack of necessary data, however, to dis-

cern the relative importance of other mechanisms, including 

the role of local vs. advected sources of reactive organic car-

bon that drive aquifers towards reduction. There is also a 

lack of critical information required to identify the cause of 

the extraordinary variability of groundwater As concentra-

tions across a wide range of spatial scales (Fig. 1.) It is clear 

that this spatial variability is not directly controlled by the 

bulk As content of the sediment which, although not par- 

ticularly elevated, is sufficient to increase groundwater As 

concentrations to over 1000 times the World Health 

Organization’s guideline of 10 μg L-1 for As in drinking water 

if released.

Recent work reviewed at the International Drilling to 

Recover Aquifer Sands (IDRAs) workshop highlighted the 

importance of understanding the interactions between geol-

ogy, hydrology, geochemistry, and microbiology that must 

be understood to understand and predict the release of As 

that occurs mostly in aquifers <100 m deep (Fig. 1a). Because 

of the difficulty of distinguishing some of these processes, 

participants agreed to focus their efforts on the issue of 

greatest societal relevance, which is the vulnerability of 

those aquifers that are currently low in As (von Brömssen et 

al., 2007; Michael and Voss, 2008; Winkel et al., 2011). 

Tapping those aquifers, shallow or deep, that are low in As 

has had a much bigger impact in terms of lowering exposure 

than any other form of mitigation, including water treatment 

or rainwater harvesting, and it will likely continue to do so 

for the foreseeable future (Ahmed et al., 2006). 

 Workshop participants agreed that an effective approach 

to gaining a better understanding of the vulnerability of low-

As aquifers is to study pronounced lateral and vertical con-

centration gradients and determine whether such transitions 

could shift in response to massive groundwater pumping in 

some regions. In this context, one key question is whether a 

low-As aquifer is more likely to become contaminated 

because of inflow from a high-As zone or because of in situ 

As release triggered by a change in groundwater composi-

tion induced by massive pumping for irrigation or municipal 

and industrial use (Fig. 2). This is a critical distinction.  

A number of plausible mechanisms have been proposed by 

which changes in the flow or composition of groundwater in 

response to pumping could either increase or decrease the 

As levels in groundwater (Klump et al., 2006; Neumann et 

al., 2010; McArthur et al., 2010), but none have been demon-

strated across a broad range of settings.

Workshop participants agreed that a decade-long inte-

grated research program is required in order to identify the 

mechanisms that are most relevant to predicting the fate of 

low-As aquifers. A guiding hypothesis for such a program 

was formulated at the workshop as follows:

“The distribution of As in reducing groundwater is 

anchored to the local geology across a range of spatial scales 

and therefore naturally evolves on 100–1000 year time scales. 

The scale of human perturbations of the natural groundwa-

ter flow that threaten aquifers that are currently low in As on 

10-yr timescales can be predicted by considering a limited 

set of parameters.” 

Initial studies would be focused on a subset of previously 

studied sites from which background information is already 

available, as well as a on series of new transects that are sci-

entifically relevant but also cross the borders between 

affected countries, some of which are politically sensitive 



50  Scientific Drilling, No. 12, September 2011

��������	
������

fer sediment from precisely the same interval are typically 

not available for detailed analysis and incubation. Participants 

agreed that a transportable drilling facility with new technol-

ogy for collecting and processing paired groundwater and 

sediment samples under sterile and anoxic conditions would 

be an important catalyst for a long-term collaborative inter-

disciplinary research program across the affected region. 

The new technology is based on isolating a coring tube until 

the desired depth has been reached, followed by sealing the 

end of the coring tube before retrieval by in situ freezing. 

(e.g., Pakistan-India, India-Bangladesh, and Cambodia-

Vietnam). The objective of in-depth study of selected sites 

would be to identify which minimum set of geological, hydro-

logical, geochemical, and microbial parameters must be con-

sidered to make reasonably accurate predictions of the vul-

nerability of low-As aquifers across the affected region in the 

absence of a full-scale study. 

A key factor that has impeded progress in understanding 

the processes regulating groundwater As levels is that 

matched samples of uncompromised groundwater and aqui-
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Figure 1. [A] Map of population density within regions where groundwater As concentrations are potentially elevated. [B] Geographic information 

system (GIS) files with population density from Ravenscroft (2007). Distribution of As in groundwater as a function of depth within five areas 

indicated by green rectangles in [A]. The vertical dashed line marks the WHO guideline of 10 μg L-1. Sources include Kinniburg and Smedley 

(2001), Guo et al. (2003), Shrestha et al. (2004), Nickson et al. (2007), Buschmann et al. (2008), Guo et al. (2008), Deng et al. (2009), Gao 

et al. (2010), Han et al. (2010), and Winkel et al. (2011). These regions were outlined by considering a limited set of hydrogeological and 

climatic factors. Whereas groundwater contamination with As has been confirmed by actual measurements in many of the predicted regions, 

groundwater As concentrations have also been measured and found not to be elevated in some, including the lower reaches of the Yellow River 

in China and Chao Praya Delta in Thailand. In other areas such as the lower Mekong River, groundwater As levels may be elevated but the local 

population does not drink the water because it is affected by salt intrusion (Ravenscroft et al., 2009).
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Such a drill rig, sampling tools, and a 

machine shop for repair and mainte-

nance included with the mobile facil- 

ity would fit in four 6-m shipping 

containers. 

The proposed drilling facility would 

be complemented with a fifth contain-

erized laboratory equipped to sterilize 

sampling tools, extrude aquifer sam-

ples anaerobically, analyze labile prop-

erties, and prepare samples for ship-

ping to laboratories for further 

analyses. The facility would have the 

ability to test for sample contamination 

with drilling fluids using techniques 

developed under the Integrated Ocean 

Drilling Program (Smith, D.C. et al., 

2000). The facility has been designed 

for sampling both groundwater and 

aquifer sediment from depths of up to 

300 m, which will be important to 

determine the fate of the particularly 

deep low-As aquifers that are increas-

ingly relied on in the Bengal Basin (Fig. 1).

Over the next several months, workshop participants as 

well as interested scientists who could not join this partic-

ular meeting will prepare a full International Continental 

Scientific Drilling Program (ICDP) proposal for the January 

2012 deadline. Key features were outlined at the Hanoi work-

shop, including identifying a viable management structure 

for prioritizing study sites, ensuring broad participation, 

standardizing methods, and securing supplemental funding. 

The group’s likely strategy will be to focus during a first five-

year phase on sites with sufficient geophysical and hydro-

logical background information that are either unperturbed 

by groundwater pumping (e.g., portions of Vietnam or 

Cambodia) or so strongly perturbed by municipal pumping 

(e.g., around Kolkata, Dhaka, or Hanoi) that groundwater 

flow patterns are fairly predictable. Based on the new knowl-

edge generated during the first phase, the group expects to 

be ready to study sites that are affected by more complex 

patterns of irrigation pumping in other regions in a second 

five-year phase. This multi-year and multi-country project is 

unique in scientific drilling, and it will require strong man-

agement, communication, and coordination. Participants 

agreed that annual workshops and support for scientists and 

students from countries affected by As to work in countries 

other than their own will be key to maintaining the momen-

tum generated in Hanoi by providing a forum for planning 

and reviewing the latest findings. 
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