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A comparison of field and laboratory measurements of
arsenic in groundwater of Araihazar, Bangladesh, indicates
that the most widely used field kit correctly determined
the status of 88% of 799 wells relative to the local standard
of 50 µg/L As. Additional tests show that the inconsistencies,
mainly underestimates in the 50-100 µg/L As range,
can be avoided by increasing the reaction time from 20 to
40 min. Despite this limitation, the field data already
compiled for millions of wells by the Bangladesh Arsenic
Mitigation and Water Supply Project, in combination with
information on well location and depth, should prove to
be extremely useful to prioritize interventions in thousands
of affected villages.

Introduction
A compilation of recent estimates suggests that over 100
million villagers of Bangladesh, West Bengal (India), Vietnam,
China, and several other South Asian countries drink and
cook with groundwater drawn from shallow wells containing
over 10 µg/L As, the World Health Organization guideline
value for arsenic in drinking water (1-4). In addition, one-
third of the wells in Bangladesh producing water with less
than 10 µg/L As do not meet the WHO guideline for Mn in
drinking water of 500 µg/L (3). Technically plausible ap-
proaches to mitigate the situation have not been tested on
anything beyond the pilot scale (5). A viable strategy to provide
safe water throughout rural Bangladesh and other affected
countries has yet to be articulated, let alone implemented.
Even the value of past testing campaigns to identify safe and
unsafe wells with field kits, the logical first phase of any
mitigation effort, has been questioned by an influential group
because of purported discrepancies between field kit results
and laboratory measurements (6).

This report strikes a more optimistic note on the basis of
the experiences of an interdisciplinary team of health, social,
and earth scientists working since early 2000 in a 25 km2

study area that encompasses ∼6600 tube wells and a
population of 70 000 in Araihazar Upazila, Bangladesh (7-

8). We focus here on the performance of a field kit for As that
has been used to test millions of wells in Bangladesh since
its introduction by the Hach Company (Loveland, CO) in
2001. NGO workers contracted by the Bangladesh Arsenic
Mitigation and Water Supply Project (BAMWSP) used the
Hach kit to test all tube wells in our 25 km2 study area in
2003. Groundwater from many of the same wells had been
sampled in 2000-2001 and analyzed in our laboratories by
graphite-furnace atomic absorption (GFAA; 8). During our
sampling of 993 wells in Araihazar in 2003, 349 of which had
already been sampled in 2000-2001, the outcome of the
earlier BAMWSP tests was compiled by recording the color
of the paint on the spout of each well, green or red,
corresponding to estimates of As concentration <50 or g50
µg/L As, respectively. This resampling effort was motivated
by reports of discrepancies between the field tests and
laboratory results in our study area, as well as concerns about
potential changes in groundwater As concentrations over
time.

Methods
Sample Collection for Laboratory Analysis. Groundwater
was collected and analyzed in the laboratory from 4999 wells
in March-June 2000, an additional 972 wells in November-
December 2001, and 993 wells in April 2003, of which 349
had already been sampled in 2000 or 2001. To re-identify
individual wells, geographic coordinates were determined
with handheld global positioning system (GPS) receivers and
numbered stainless steel plates were attached to the base of
each well pump on the first sampling occasion.

All well-water samples were collected without filtration
in acid-cleaned bottles after pumping for∼5 min and acidified
in the field to 1% HCl (Seastar, Fisher Scientific). The addition
reduced the pH to the point where Fe oxyhydroxides do not
precipitate because the amount of acid in the sample (0.12
N) exceeds by a factor of 6 the highest alkalinities reported
for Bangladesh groundwater (3). Steps taken to determine
the reliability of the sampling procedure and analyses by
GFAAS for the 2000-2001 samples have been described
elsewhere (8). A similar quality control procedure was
followed in 2003 with a subset of 71 wells where a replicate
sample was collected and a third sample bottle was spiked
in the field for recovery tests with a known amount of As.
Well water was analyzed for As and 30 other constituents by
high-resolution inductively coupled plasma mass spectrom-
etry (HR ICP-MS) following 1:10 dilution (9). The analytical
detection limit of this method for As is 0.1 µg/L. The minimum
concentration of dissolved As that is reliably determined by
the entire procedure is estimated to be 1 µg/L, taking into
account small quantities of As released upon acidification
by fine aquifer particles that are occasionally collected with
a sample. In addition to all 993 samples collected in 2003,
groundwater collected in 2000-2001 from the subset of 349
wells sampled twice was analyzed by HR ICP-MS.

Field Kit Measurements. BAMWSP-trained NGO workers
used the two-step Hach EZ arsenic kit (product 2822800) to
analyze groundwater from all wells in the upazila in 2002-
2003. The method is one of several existing variants of the
1879 Gutzeit method (10) and involves the addition of
prepackaged sulfamic acid and zinc powder to ∼50 mL of
groundwater. The generated arsine gas (AsH3) is entrained
with H2 bubbles emanating from the acidified sample and
trapped by a strip of paper impregnated with mercuric
bromide. The option to trap sulfide with a lead acetate-
impregnated cotton ball was taken out of the kit because
sulfide levels are generally too low in Bangladesh groundwater
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to cause significant interference. BAMWSP evidently judged,
in our opinion correctly, that the very hypothetical sulfide
interference was not worth the added complication and the
risk of jeopardizing the results by wetting the test strip. After
the 20-min reaction time stipulated by the manufacturer,
the color of the orange-brown circle on the strip is compared
visually to a reference scale showing readings corresponding
to As concentrations of 0, 10, 25, 50, 100, 250, and 500 µg/L.
For 799 out of 993 wells sampled in April 2003, the color of
the paint applied on the spout of each well could be
determined directly or by asking well owners for their card
with the test result. Few if any traces of the paint adhered
to the rusty spouts by October 2003 however.

Our own testing with the Hach kit had suggested that the
field measurement might be sensitive to how long the sample
is allowed to react. For this reason, a subset of wells was
retested with the kit by following the recommended pro-
cedure and by doubling the reaction time to 40 min. A first
set of 43 wells was selected randomly in April and June 2003;
another 65 wells were retested in the field September 2003
specifically because of observed discrepancies between the
laboratory and BAMWSP results. The total of 108 wells that
were retested by our team may therefore be biased toward
the type of groundwater that is difficult to analyze with the
Hach kit.

Results
Quality Control of Laboratory Measurements. For ground-
water analyzed by HR ICP-MS containing <1-600 µg/L As,
differences in concentration for 71 sets of replicates averaged
0 ( 5 µg/L As (Figure 1). The difference in As concentration
between the average of the two replicates and the corre-
sponding spiked sample averaged 472 ( 22 µg/L, which
corresponds to a recovery of 96 ( 4% relative to the expected
value of 492 µg/L. Following the model derived in the
Appendix of ref 8, the standard error of individual measure-
ments by HR ICP-MS is estimated from the expression: σsing

) x(θ2σcal
2 + σmeas

2), where the As concentration is θ, the
single measurement error σmeas ) (5 µg/L)/x2 ) 4 µg/L is
based on the reproducibility of replicates, and σcal is the
relative calibration error of 0.02 derived from the reproduc-
ibility of the recovery tests corrected for variability in the

dilution of the spike. The standard error for all HR ICP-MS
measurements presented in this study was calculated ac-
cording to this expression. An absolute uncertainty of 4 µg/L
obtained from replicate analyses dominates below a con-
centration of 150 µg/L As. Above this concentration, a relative
error of ∼2% because of calibration errors or minor matrix
effects becomes the larger source of uncertainty.

Comparison of As Concentrations in 2000-2001 and
2003. Relative to the Bangladesh standard of 50 µg/L for As
in drinking water, the status of 331 (95%) out of 349 wells was
unaffected by the outcome of the second sampling and
analysis. Arsenic concentrations measured by HR ICP-MS
were consistent for 318 (91%) of the 349 pairs of samples
(Figure 2). Overlap of error bars corresponding to 3 times the
standard error for individual HR ICP-MS measurements is
the criterion that was used to determine consistency. The
probability that As concentrations measured in the other 31
pairs of samples that do not meet this criterion are actually
indistinguishable is therefore extremely low. The differences
cannot be attributed to changes in As concentrations over
time in the 2000-2001 sample bottles since previous
determinations by GFAA are consistent with re-analysis by
HR ICP-MS for all 31 pairs of samples, taking into account
the larger uncertainty of the original GFAA measurements
(8).

The agreement of laboratory measurements for the vast
majority of the 349 wells sampled in 2000-2001 and 2003 is
noteworthy for several reasons. The results demonstrate that
the procedure followed to label the wells, relocate them, and
sample and analyze the water was not flawed in any major
way. The identification of specific wells would have been
ambiguous if they had not been tagged, especially in those
cases where relatives from the same cluster own more than
one well. We have no explanation for the limited number of
discrepancies that were observed and are in the process of
retesting the wells and informing the owners of the results.
No systematic temporal trend can be inferred from the data.
The number of outlier pairs indicating higher concentrations
in 2003 (n ) 18) is only slightly higher than the number of
pairs with higher concentrations in 2001 (n ) 13). When the
31 outliers are excluded, the differences in As concentrations
determined by HR ICP-MS averages 2 ( 9 µg/L (n ) 318) for
samples collected in 2000-2001 and 2003. The limited
amount of well-documented monitoring data available for
Bangladesh aquifers suggest limited, if any, seasonal varia-

FIGURE 1. Comparison of As concentrations measured by HR ICP-
MS for 71 sets of quality control samples. Open circles compare
replicate samples relative to a line with a slope of 1 passing through
the origin. Black circles compare the composition of unspiked and
spiked water to a line with a slope of one and an intercept of 472
µg/L. Also shown are error bars corresponding to one standard
deviation of the measurement uncertainty.

FIGURE 2. Comparison of laboratory results for samples collected
from 349 wells in 2000-2001 and 2003. Pairs of samples showing
consistent results, as defined in the text, are indicated by solid
circles accompanied by error bars corresponding to one standard
deviation of the measurement uncertainty. Thirty-one pairs of outliers
are indicated by error bars only.
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tions in groundwater As concentrations (3). One significant
implication of the outcome of the resampling effort is that
As measurements made in the field with a kit should in the
vast majority of cases agree with the laboratory results, even
if a particular well was tested in a different year or a different
season.

Comparison of Laboratory and Field Data. In this
analysis, we use HR ICP-MS data as the reference for
evaluating the reliability of field tests with the Hach kit on
the basis of which wells were painted red or green by BAMWSP
workers (Table 1). Comparison of the results by the two
methods shows that the spouts of 99 (12%) out of a total of
799 randomly selected wells were painted with the incorrect
color. The largest proportion of errors (44%) is observed in
the 50-100 µg/L range of As concentrations (n ) 139). A
different compilation of the results provides a better way of
evaluating the actual threshold, if any, corresponding to the
change in paint color applied by the BAWMSP workers (Figure
3). When the set of 799 BAMWSP results is subdivided into
concentration intervals of 10 µg/L, the proportion of wells
painted green gradually declines from ∼95% at 30 µg/L As
to ∼15% at 100 µg/L As, rather than the sharp drop at 50 µg/L
that was expected (Figure 3). These results should be robust
since each of the concentration intervals is represented by
at least 20 wells. Whereas the largest drop in the proportion
of wells painted green is in the 50-60 µg/L range, the
proportion of incorrectly classified wells is up to 15% even
for As concentrations >100 µg/L (Figure 3).

The proportion of wells incorrectly classified by BAMWSP
was particularly high (66%) for the subset of 108 wells selected
by our team for retesting in the field (Table 1). To some

extent, this reflects the selection of over half the wells on the
basis of discrepancies relative to laboratory results. This is
probably not the only explanation, however, since field tests
by our team using a 20-min reaction time reduced the
proportion of incorrect results for the same set of wells to
34%. More significantly, the proportion of incorrect results
was reduced to 6% for the same set of wells by increasing the
reaction time from 20 to 40 min (Table 1). The effect of
increasing the reaction time was particularly dramatic in the
50-100 µg/L range of As concentrations, where the propor-
tion of incorrect results was reduced from 79% to 2% (n )
43). The longer reaction time, however, also increased from
0 to 12% (n ) 49) the proportion of wells containing <50
µg/L As that were incorrectly classified as unsafe relative to
the Bangladesh standard. Analysis of an additional 30
inorganic constituents that included Na, Mg, Al, Si, P, S, K,
Ca, Mn, Fe, Zn, and Sr (listing only those present at
concentrations >10 µg/L) did not reveal any systematic
relationship between groundwater composition and whether
laboratory and field data agreed or not (Supporting Informa-
tion).

Discussion and Recommendations
Reliability of the Field Kit. The Hach kit, as deployed by
BAMWSP workers in Araihazar in 2003, correctly classified
88% of wells relative to the Bangladesh standard for As in
drinking water of 50 µg/L. Retesting of a subset of wells in
the field by our team indicated that increasing the reaction
time to 40 min is a modification of the procedure that could
greatly increase measurement accuracy, which could be of
particular benefit for the wells with concentrations between
50 and 100 µg/L As. Many of these wells had been incorrectly
labeled as containing less than 50 µg/L As. The longer reaction
time is desirable even if it is likely to discourage drinking or
cooking with water containing 10-50 µg/L As since those
wells do not meet the stricter WHO guideline for As in drinking
water. Clearly, the Hach kit should continue to be used to
test wells throughout Bangladesh and other countries affected
by elevated As in groundwater.

Comparison of the BAMWSP results with our team’s Hach
kit data also suggests that BAMWSP workers may not always
have allowed the reaction to proceed for the prescribed 20
min in our study area (Table 1). This was confirmed by
anecdotal reports of field workers feeling pressed for time
because of the need to complete a certain number of tests
within the day. Incentives may therefore be needed to reward
good quality measurements in the field.

The outcome of this comparison of laboratory and field
measurements is considerably more optimistic than that of
similar studies conducted in Bangladesh (5) and West Bengal,
India (6). One possible reason is that the three kits in ref 6
used a smaller sample volume (5-15 mL) than the Hach kit
(50 mL). Our results clearly indicate that sending every tube
well sample to a central laboratory for testing should not be
a high priority, as was also pointed out in ref 11. The probably

TABLE 1. Comparison of Laboratory and Field Kit Results for 799 Wells Tested by BAMWSP and a Partially Overlapping Set of 108
Wells that Were Retested by Our Teama

As concn (HR ICP-MS) <10 µg/L 10-50 µg/L 50-100 µg/L >100 µg/L entire range

no. of sampled wells with BAMWSP paint 236 187 139 237 799
no. of wells with incorrect result (%)
BAMWSP paint 3 (1) 15 (8) 61 (44) 20 (8) 99 (12)

no. of wells retested in the field 28 18 43 19 108
no. of wells with incorrect result (%)
BAMWSP paint 4 (14) 10 (56) 43 (100) 14 (74) 71 (66)
Hach 20 min 0 (0) 0 (0) 34 (79) 3 (16) 37 (34)
Hach 40 min 2 (7) 4 (22) 1 (2) 0 (0) 7 (6)

a The laboratory data are taken as the reference to evaluate the field data.

FIGURE 3. Comparison of BAMWSP field tests with laboratory
measurements for 799 randomly selected wells sampled in 2003.
Each As concentration interval of 10 µg/L below 100 µg/L and of
50 µg/L from 100 to 300 µg/L is represented by at least 20 wells.
The 300-1000 µg/L As concentration interval contains 44 wells.
The shading emphasizes the area where the proportion of green
wells does not agree with the laboratory data.

VOL. 39, NO. 1, 2005 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 301



unintended consequence of such a recommendation issued
in West Bengal has been that, because of the complex logistics
involved in shipping samples and returning the results to
the well owners, current government policy is to test only
community wells while the vast majority of existing wells,
which are private, remain untested.

Implications for Arsenic Mitigation. Considerable varia-
tions in the proportion of unsafe wells between neighboring
villages have been pointed out by previous studies (3, 8). The
prioritization of interventions should therefore be based on
information disaggregated at the village level and not at the
level of the upazila which typically covers several hundred
villages (12). The comparison of BAMWSP data with our
laboratory results indicates that field tests compiled for
millions of wells provide a sound basis for ranking the severity
of the situation faced by individual villages throughout the
country (http://www.bamwsp.org/search.htm).

Effective mitigation of the groundwater As crisis is urgently
needed in Bangladesh and several other affected countries.
Aside from its known association with various cancers and
cardiovascular disease (13-15), new evidence shows that
exposure to even low levels of As impairs the cognitive
development of children (16). As a short-term measure, the
sharing of existing wells could be promoted in villages where
BAMWSP data indicate a significant proportion of existing
safe wells (7, 17). The installation of safe community wells
appears to be the most viable option for many villages in the
medium term (18). In Araihazar, we have sponsored the
installation of nearly 50 community wells that tap deeper
aquifers that are low in As. The community wells in Araihazar
have become very popular and are each used, on average,
by ∼100 households living within a distance of 150 m (18).
Nearly all these wells draw their water from sandy deposits
with a characteristic orange-brown color. Periodic monitoring
shows that most of the community wells consistently meet
the WHO guideline of 10 µg/L for As as well as the 500 µg/L
guideline for Mn in drinking water (unpublished data, A.v.G.).
The minimum drilling depth that was required to reach these
aquifers varied from 50 to 200 m within the study area,
however. This is a reflection of the variability of the local
geology and supports the notion that the village is the
appropriate scale to consider for mitigation (8, 18).

The sustained impact of both forms of interventions in
our study area, the promotion of sharing of safe wells and
the installation of community wells, has been confirmed by
a dramatic drop of urinary As levels, a reliable indicator of
exposure (unpublished data, J.H.G.). To our knowledge, the
impact of a mitigation effort of this scale has not been
documented for other approaches based on surface water
treatment, As removal from groundwater, or rainwater
collection. There are concerns about the long-term viability
of deep wells, but these may have been exaggerated (3, 8,
19). In our study area, the groundwater withdrawal for
personal use with hand-pumps is comparable to the recharge
rate of the deeper aquifers tapped by the community wells
(20). The much larger withdrawals by mechanized pumps
for irrigation should be banned from using the deeper
aquifers, however.

This study has shown that existing BAMWSP data based
on field kits could in short order be used to prioritize and
target the installation of community wells in thousands of
affected villages. In parallel, it appears that a network of
reliable testing services would have a major impact at the
village level. In contrast to a national blanket testing campaign
where many wells need to be tested in a day, the conse-
quences of increasing the reaction time from 20 to 40 min
to improve accuracy of routine testing at the local scale should
be minimal. The installation of a community well to a safe
depth is likely to result in the installation of private wells to
the same depth. Because of the considerable geographic and

depth variability of groundwater As concentrations, these
wells will also need to be tested. If such a network can be
created with help from the international community, then
the parallel deployment of field kits for Mn should also be
considered.
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Comment on “Reliability of a Commercial Kit
to Test Groundwater for Arsenic in
Bangladesh”

In a recent publication, “Reliability of a commercial kit to
test groundwater for arsenic in Bangladesh” (1) regarding
the effectiveness of the Hach EZ arsenic kit (product 2822800),
Van Geen et al. remarked “Clearly the Hach kit should
continue to be used to test wells throughout Bangladesh and
other countries affected by elevated arsenic in groundwater”.
They studied only 799 wells in a 25-sq-km study area, when
in Bangladesh there are 8-10 million wells (2) and more
than two-thirds of the geographical area (140 000 sq km) is
arsenic-affected. It has been reported (3) that the reliability
of a kit depends on concentration distribution in the survey
area and there is a short-range variability (over 1 km or so)
of arsenic concentration in Bangladesh. Notably, out of the
total 4.95 million tubewells tested in Bangladesh, 2.36 million
were tested by the Hach kit in 147 upazillas in a study
employing more than 54 000 field team members in 2002-
2003 (4). The rest were tested by other kits; among them
BAMWSP alone tested 0.67 million tubewells by using a Merck
kit. The authors should have employed several groups across
Bangladesh and analyzed (by Hach kit) a couple of hundred
samples at least from each of the geomorphological regions
of Bangladesh. They should have checked the efficiency of
other kits widely in use in other countries before giving a
global clearance to the Hach kit.

The authors reported, despite having actua1 concentra-
tions >50 µg/L, 12% (n ) 799) of the tested wells were
analyzed to be safe (<50 µg/L) by the Hach kit. Extrapolating,
with 12% of 2.36 million tubewells tested by Hach kit reported
as safe, about 0.283 million reportedly safe ones may be
actually unsafe (>50 µg/L). On average, 24 people use one
tubewell in Bangladesh (5). So 0.283 million × 24 (6.8) million
people may drink contaminated water considering it safe. In
the opinion of van Geen et al., the inconsistencies in the
Hach kit mainly underestimate in the range 50-100 µg/L.
Analyzing by FI-HG-AAS technique, we found 31% of 52 000
samples from different parts of Bangladesh (5) were con-
taminated (>50 µg/L). Among the contaminated samples,
27% contained arsenic between 50 and 100 µg/L (unpublished
data, D.C.). So a good percentage of unsafe tubewells (>50
µg/L) could have been misclassified as safe by Hach kit.

Various factors act behind erroneous field kit measure-
ment. van Geen et al. stated “...field workers feeling pressed
for time because of the need to complete a certain number
of tests within the day” is one of them. Elaborating, Erickson
(6) noted “BAMWSP worked out an agreement with the World
Bank, which financed a U.S. $50 million loan for the effort,
to complete screening and mitigation of wells in 147 upazillas
or subdistricts, in Bangladesh by June 2003. According to
Rosenboom, the work had not even begun as of past October,
and BAMWSP has asked the World Bank for a second
extension”. BAMWSP subcontracted the World Bank Project
to different groups based on the number of households in
an Upazilla. While working, field team members found that
the actual number of households was more than they were
asked to cover and they were denied any additional money.

In an evaluation survey (1998-2001) we dealt with three
then widely used field kits (NIPSOM, GPL, and Merck)
analyzing 2866 samples from hand tubewells already colored
red or green from 60 villages of 20 police stations in 10 districts
of Bangladesh (7). We observed from field experience in

Bangladesh and West Bengal that, due to repeated subcon-
tracting to inexperienced, ill-qualified persons/groups, the
overall quality of work suffers a lot. NAMIC Bangladesh
informed (4) “To conduct the survey efficiently, training was
given at three levels. BAMWSP provided training to master
trainers. Master trainers provided training to Regional Project
management team, NGOs, Upazilla coordinators, and field
mobilizers, and then they provided training to the Field Team
members.” So there remains ample scope for dilution of
“expertise” in the mid-steps of this “top down” approach.
Our experience in the BAMWSP-World Bank project [names
of their field workers: Jharna, Harun Rasid, Sahina, Muffazul,
Md. Khorsed Alam] in Bangladesh is narrated below.

Date, 25th June 2001; Village, Disaband; Union, Khiladi;
P.S, Laksham, Comilla. Field workers told Jubeida Begum
(F/40) that her tubewell was arsenic-contaminated and she
had arsenical skin lesions. We tested her tubewell water and
the results showed that it contained less than 10 µg/L of
arsenic. Our dermatologist could not detect arsenical skin
lesions on her.

This is one of many examples.
There are some technical constraints of Hach or any other

field kit, as follows: (1) The authors stated that the sulfides
trap in the Hach kit could jeopardize the result by “wetting
test strips” and advocated its removal since Bangladesh water
does not have sulfide problems. However, a recent report (8)
shows areas in Pakistan (e.g., Sargodha) with reducing
groundwater where anoxic compounds such as dissolved
iron, hydrogen sulfide, or methane are found. (2) There have
been EPA-funded efforts (6) at developing mercury- and/or
lead-free arsenic test kits to overcome environmental hazards
associated with disposal of used test strips. In most cases the
used test strips are thrown near the test site. (3) Conceding
that the Hach kit in its present form may be inadequate for
accurate measurement, van Geen et al. advocated increase
of reaction time from 20 to 40 min, when already 2.36 million
hand tubewells have already been measured by the Hach kit.
(4) Recent reports (9, 10) suggest harmful effects of arsine
gas generated during field kit testing.

The paper also suffers from some minor discrepancies as
detailed below.

The press release from Hach (11) regarding method of
using Hach EZ arsenic kit mentioned the 70 µg/L reference
point on the scale, which the authors missed in the methods
section.

Reference 6 (7) of van Geen’s paper mostly featured our
group’s work in Bangladesh not on West Bengal.

The authors mentioned that in West Bengal “the current
government policy is to test only community wells while the
vast majority of existing wells remain untested.” This is not
supported by any reference.

The authors opined that a long-term solution lies in
“community wells that tap deep aquifers that are low in As”,
suggesting a drilling depth between 50 and 200 m. In West
Bengal many tubewells installed by PHED to depths around
100 m (12), although initially safe, became contaminated
over time.

On the basis of two experiences in Cambodia with the
Hach kitsone “good” and another “bad”, Dave Polya (13)
expressed his concerns about (i) lack of precision; (ii)
criticality of training of and implementation by field opera-
tors, and (iii) the amount of information lost in using field
kits rather than laboratory ICP or AA analysis. The South
East Asia Regional Director of WHO commented, “We are
now at a stage to support the development of standardized
laboratory testing of arsenic” (14).
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An endorsement such as that given by van Geen et al.
may send the wrong signal as a nice advertisement for the
manufacturer. In fact, a salesman (15) for Hach Company
came to us and boasted that the superiority of their kit has
been vindicated by a recent publication in an ACS journal.
Though we understand the pertinence of evaluating test kits,
considering the urgent need to screen millions of tubewells
in Bangladesh, any kind of premeditated judgment on the
basis of a small subset of a total database (799 wells make
up only 0.008% of the total 10 million tubewells in Bangladesh)
can have long-term implications on arsenic screening as well
as mitigation programs
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Response to Comment on “Reliability of a
Commercial Kit to Test Groundwater for
Arsenic in Bangladesh”

Muhkkerjee et al. raise three main objections to our recent
recommendation that a commercial field kit continue to be
used to test well water for arsenic throughout Bangladesh (1,
2): (1) our study did not have broad enough coverage to
constitute a representative evaluation of the kit; (2) many
wells have been and will continue to be misclassified on the
basis of field kits; (3) poor training and certain types of
groundwater can lead to incorrect field-kit results.

Before responding to these concerns, we wish to applaud
Dr. Chakraborti and his colleagues and students for the
absolutely central role they have played in documenting the
scale of the arsenic calamity in India and Bangladesh over
the past 20 years. Soon after the first signs of disease in West
Bengal were linked to elevated arsenic concentrations in
groundwater in 1984, Dr. Chakraborti started to orchestrate
heroic efforts to sample tens of thousands of wells and
accurately measure the arsenic content of well water in his
laboratory at Jadavpur University. Without Dr. Chakarborti’s
tenacity in bringing to the world’s attention the plight of
millions of people drinking groundwater with elevated levels
of arsenic, the inertia of government and international
organizations in responding to the crisis might still not have
been overcome. In the following paragraphs, we try to explain
why, despite our enormous respect for Dr. Chakraborti’s
achievements, we disagree with his current stance on testing
with field kits.

Was the Evaluation Representative? We believe that
comparing laboratory measurements of arsenic concentra-
tions for 799 wells that were independently tested by NGO
workers is sufficient to establish the reliability of a field kit
under realistic conditions. Although the geographic extend
of the area where the study was conducted is limited, the
highly variable geology of Araihazar upazila afforded us the
opportunity to sample a spectrum of aquifers representative
of much of the country.

Laboratory vs Field Tests. We evaluated the Hach kit
because we felt its novel design had overcome some of the
limitations of other kits and because it had been widely used
by NGOs in Bangladesh. The fact that less reliable kits have
also been used in the past has no direct bearing on our
recommendation that the Hach kit continue to be used in
the future. We realize that good laboratories will produce
more accurate arsenic measurements for the foreseeable
future. The main drawback of laboratory testing, however,
is that it is not realistic to expect such an approach to allow
testing on demand. This is very important because wells
continue to be installed throughout the country, partly in
response to the previous test results. Of the 6000 wells within
a 25 km2 area that we tested in 2000-2001, for instance,
approximately 1000 had already been replaced privately by
2004 (3). The logistics of testing millions of wells by setting
up a few thousand hubs of field testers who rely on a good
field kit throughout the country (e.g., at the union level) are
daunting but conceivable. In contrast, it would be nearly
impossible to perform millions of laboratory analyses in a
few centralized locations and to communicate these results
back to individual households.

Training and Matrix Effects. Our results actually show
that 21% of wells containing >50 ug/L As (n ) 376) were
misclassified by BAMWSP workers (the 12% figure quoted

by Muhkkerjee refers to the entire set of 799 wells, including
safe wells). The proportion of misclassified wells containing
>50 ug/L As was drastically reduced to 2% for the 62 wells
that we tested by increasing the reaction time to 40 min. On
the basis of these observations, we believe the level of
misclassification for high As wells could be reduced to a few
percent if testers are properly trained and motivated. This
is not ideal but, in our opinion, the lesser of two evils if
laboratory testing of a smaller number of wells is the only
alternative. Whenever the Hach kit or other kits are used in
different environments, e.g., in Pakistan, an initial comparison
with laboratory measurements is imperative (With respect
to the specific interference brought up in the comment, we’d
like to point out that people generally do not drink water
elevated in sulfide.).

Changes in Well Arsenic over Time. Perhaps the most
important unknown of the Asian arsenic crisis at this point,
alluded to in the comment from Dr. Chakraborti’s team, is
the issue of changes in well As concentrations over time. In
this context, it is worth reminding the reader that our study
included a comparison of laboratory results for 344 wells
sampled 2 years apart in Araihazar which showed that As
concentrations did not change significantly in the vast
majority of wells over this period. The finding is consistent
with one year of observations for a number of wells over a
range of depths in other parts of the country by BGS/DPHE
(4) and more detailed time series data for a set of 20 wells
in Araihazar containing e50 ug/L As that were monitored
every 2-4 weeks over a period of 3 years (5). Two of the wells
that were monitored in Araihazar, however, did show
worrisome increases in As concentrations over this period,
in one case most likely because disconnected pipe sections
led to the entrainment of groundwater from a shallow aquifer
elevated in As. Other groups working in Bangladesh, the state
of West Bengal in India, and Vietnam have reported seasonally
changing As concentrations or increasing As concentrations.
Such observations, which in our opinion do not warrant a
wholesale rejection of the exploitation of aquifers that are
presently low in As, serve only to reinforce the need for making
testing services available at the village level throughout the
affected regions.

We conclude our response to Dr. Chakraborti’s surely
well-intentioned comment by pointing out that the time for
strident alarms may have passed. Decisive intervention to
mitigate the arsenic crisis appears to be still lacking, but the
affected populations might be better served if the scientific
community could constructively reach out to entities such
as the World Bank and UNICEF that have the wherewithal
to scale up mitigation. A concrete joint activity that would
be extremely valuable would be to set up a network of wells
for monitoring representative aquifers that are presently low
in As in Bangladesh, India, and other affected South Asian
countries over a period of at least 10 years.
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