
DOI: 10.1126/science.1081057 
, 584c (2003); 300Science

  et al.Alexander van Geen,
Extraction in Bangladesh" (II)
Comment on "Arsenic Mobility and Groundwater

 www.sciencemag.org (this information is current as of November 14, 2009 ):
The following resources related to this article are available online at

 http://www.sciencemag.org/cgi/content/full/300/5619/584c
version of this article at: 

 including high-resolution figures, can be found in the onlineUpdated information and services,

found at: 
 can berelated to this articleA list of selected additional articles on the Science Web sites 

 http://www.sciencemag.org/cgi/content/full/300/5619/584c#related-content

 http://www.sciencemag.org/cgi/content/full/300/5619/584c#otherarticles
, 1 of which can be accessed for free: cites 2 articlesThis article 

 http://www.sciencemag.org/cgi/collection/tech_comment
Technical Comments 

 http://www.sciencemag.org/cgi/collection/geochem_phys
Geochemistry, Geophysics 

: subject collectionsThis article appears in the following 

 http://www.sciencemag.org/about/permissions.dtl
 in whole or in part can be found at: this article

permission to reproduce of this article or about obtaining reprintsInformation about obtaining 

registered trademark of AAAS. 
 is aScience2003 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
 (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience

 o
n 

N
ov

em
be

r 
14

, 2
00

9 
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org/cgi/content/full/300/5619/584c
http://www.sciencemag.org/cgi/content/full/300/5619/584c#related-content
http://www.sciencemag.org/cgi/content/full/300/5619/584c#otherarticles
http://www.sciencemag.org/cgi/collection/geochem_phys
http://www.sciencemag.org/cgi/collection/tech_comment
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org


Comment on “Arsenic Mobility
and Groundwater Extraction in

Bangladesh” (II)

Harvey et al. (1) recently presented detailed
vertical profiles for groundwater arsenic and a
suite of other water and sediment properties from
a study site in southern Bangladesh. This infor-
mation, supplemented with carbon isotopic data
(13C and 14C) for dissolved organic carbon
(DOC) and dissolved inorganic carbon (DIC),
was used to support the notion that the DOC
introduced into subsurface aquifers with ground-
water recharge could lead to reduction or disso-
lution of iron oxyhydroxides and the subsequent
release of associated arsenic into groundwater.
This is an important issue for tens of millions of
people in Bangladesh and other South Asian
countries, who are at risk of contracting various
cancers from drinking water with elevated ar-
senic levels (2). The process of arsenic mobili-
zation could be much more dynamic than previ-
ously thought if, as Harvey et al. have proposed
(1), the leading agent for arsenic release from
iron oxyhydroxides is indeed DOC penetrating
sandy aquifers on time scales of tens of years
rather than particulate organic carbon deposited
over several thousand years throughout the
Ganges-Brahmaputra-Meghna delta (3, 4). On
the basis of particulate and dissolved sulfur data,
Harvey et al. also have effectively laid to rest the
argument that the oxidation and dissolution of
particulate sulfide is the dominant cause of ele-
vated arsenic in groundwater, at least for their
study site.

We are troubled, however, by the argument
that groundwater pumping for irrigation in-
creased the penetration of DOC into the subsur-
face and therefore caused the release of arsenic
into the groundwater. We believe that the data in
(1) and related information from other regions of
Bangladesh could be equally well explained
without invoking a response of groundwater
arsenic to irrigation pumping. This is an impor-
tant point, because policy-makers in Bangladesh
and elsewhere should not be confronted with the
false dilemma of elevated arsenic in groundwa-
ter caused by irrigation or insufficient agricul-
tural production.

The Harvey et al. data appear to be inconsis-

tent with recent mobilization of arsenic by irri-
gation pumping, if their model of vertical flow is
taken at face value. As Harvey et al. point out,
the concentration of radiocarbon in the atmo-
sphere increased to unprecedented levels starting
in the 1950s because of atmospheric testing of
nuclear bombs (5). The penetration of radiocar-
bon above pre-testing levels in subsurface aqui-
fers is an indicator of groundwater recharge over
the past 50 years. The onset of this particular
anthropogenic perturbation therefore preceded
the onset of massive irrigation in Bangladesh by
about 25 years. According to their vertical flow
model, this would mean bomb-produced 14C
should have penetrated at least to the depth of
maximum arsenic mobilization if this feature
was indeed caused by an enhanced supply of
DOC linked to irrigation. Yet, according to fig-
ures 1A and 3 in (1), the maximum in arsenic
mobilization is observed at about 40 m depth,
while only the two shallowest radiocarbon sam-
ples, at 3 and 19 m, indicate addition of bomb
radiocarbon. Thus, the Harvey et al. data do not
necessarily indicate a direct connection between
arsenic mobilization and increased irrigation
pumping in their study area.

Even if the portion of the Harvey et al.
argument that we dispute were correct in their
study area, there is convincing evidence that it
does not apply to other parts of Bangladesh.
Tritium (3H) is another radionuclide whose con-
centration in the atmosphere increased dramati-
cally in response to atmospheric bomb testing (6,
7). The distribution of 3H in water has therefore
also been used extensively to study oceanic cir-
culation as well as groundwater recharge. A re-
cent report from the International Atomic Energy
Agency (8) lists eight samples with significantly
elevated arsenic levels that do not contain any
detectable 3H. We have collected and analyzed
an additional 49 groundwater samples from other
wells in Bangladesh that include a set of 5 paired
arsenic and 3H analyses indicating high arsenic
levels without detectable 3H (9, 10). The impli-
cation of the combined data set is that over a
dozen carefully analyzed samples indicate that

Bangladesh groundwater was elevated in arsenic
well before the onset of massive irrigation. We
therefore believe that increased irrigation over
the past 25 years is unlikely to have caused
widespread arsenic mobilization in Bangladesh
groundwater through the sequence of steps pro-
posed by Harvey et al. in their otherwise very
valuable contribution.
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