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Introduction
The Red and Mekong River Delta Regions in Vietnam are one of the most
agriculturally productive regions in Southeast Asia (Berg et al. 2001; 2007). In
addition to water availability pressures from dam construction and irrigation,
groundwater is a prime source of drinking water in the region (Van et al. 2004).
Quality of drinking water sources needs to be accounted for in addition to availability
and studies have documented high salinity and As (arsenic) in groundwater both of
which have the potential to affect not only agricultural production but health as well
(Buschmann and Berg 2009; Buschmann et al. 2007; 2008).
Arsenic contamination of drinking water from groundwater sources was
investigated in the Mekong Delta. In addition to examining As occurrence and
magnitude, toenails from individuals consuming drinking water in the region were
collected as a biomarker of As exposure, and a general health and diet questionnaire
was administered. The objectives of this study were not only to evaluate As in
groundwater but also to assess how it is bioaccumulating in populations exposed to
elevated As.

Methodology
IRB approval was obtained from Duke University, Ho Chi Minh Science
University, and the Department of Natural Resource and Environment of Dong Thap
Province. Sixty-eight groundwater wells were sampled and analysed, in addition to 5
surface water samples from the Mekong River for comparison. All water samples
were collected following USGS protocols (USGS 2011).
Toenails (n=62) were collected from participants whose water had also been
sampled. Individuals donating samples were also asked to complete a short survey
to collect demographic information, water consumption patterns, and basic health
issues. All nail samples were collected and analysed according to methods in Merola
et al. (2013).
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Results
Fifty-three percent (36 of 68 wells) of wells sampled from the Dong Thap
region had As levels above the WHO’s recommended 10ppb limit. High As was
found to correlate with low Eh values.
A literature review was preformed to compile an As concentration database
(n=7,346) for the entire region. The As concentration values were interpolated and
showed a clear patter with regards to distance from the Mekong River throughout not
only Vietnam but also Cambodia. This data was combined with census information to
estimate that approximately 12.7 million people in the region live in areas where the
average As concentration of groundwater is above the WHO’s 10ppb limit.
Nail-As values were found to statistically correlate with water-As values
(r=0.49, p<0.001). Diet and use of filtration systems were also found to have an
affect on As accumulation. High meat and low seafood consumption were associated
with lower As levels than low meat/high seafood consumption patters.

Discussion
Several studies have seen a potential threshold at which As begins
accumulating in nails (Karagas et al. 2000; Merola et al. 2013). This relationship was
also found in this dataset with the threshold found at 1ppb. If this limit is applied to
the As database compiled, an additional 4.12 million people are potentially
consuming As concentrations that are bioaccumulating.
This study had several important limitations that should be noted. The method
used to digest nails for this study only provides total-As concentrations making it
impossible to differentiate between organic-As (non-toxic) levels in nails and
inorganic-As levels. This setback is particularly of note when analysing As
concentrations in nails related to seafood since seafood is a source of organic-As an
increase in As-nail concentrations in tangent with increased seafood consumption
would not be detrimental to an individual’s health.

Conclusions
Arsenic contamination of drinking water wells is a serious health concern that
is affecting millions of people living in Southeast Asia. Our analyses showed that the
risk of exposure decreases with distance from the Mekong River. Our data also
showed that As is bioaccumulating in residents consuming contaminated drinking
water at concentrations as low as 1ppb.
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