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Authors’ reply — McArthur et al. argue 
that a single process, termed aquifer 
flushing, explains the pattern of dissolved 
arsenic concentrations we observe in 
groundwater in Bangladesh. We concur 
that rice-field recharge has the potential 
to flush out arsenic-contaminated 
groundwater at shallow depths; we have 
shown that rice-field recharge carries little 
arsenic or biologically available organic 
carbon that could mobilize arsenic from 
the aquifer1–3. However, we contend that 
their interpretation explains neither the 
origin of the high arsenic concentrations 
in groundwater located at intermediate 
depths, nor why concentrations decline at 
greater depths.

We argue that McArthur et al.’s 
interpretation is inconsistent with the 
physics that force groundwater layering. 
Pond recharge must flow horizontally 
beneath low-arsenic recharge from rice 
fields, to reach the irrigation wells and river 
channels where it discharges. Thus pond 
recharge should predominately occupy 
arsenic-contaminated intermediate depths2,4.

In their Fig. 1a, McArthur et al. compare 
water isotope data from one location with 
arsenic concentration data from multiple 
locations, where flow patterns differ. In 
fact, the δ18O minimum does align with the 
arsenic peak, within the resolution of the 
data, when data from the same wells are 
compared, contradicting their assertion of a 

mismatch (see Supplementary Information 
and their Fig. 1c). Our interpretation, 
however, does not rely on this alignment.

Plumes of different solutes that 
originate from the same source are often 
not collocated. Solutes follow different 
patterns because surface sorption retards 
transport to varying degrees and many 
solutes, including arsenic, are mobilized 
from the aquifer. Reactive transport 
of most solutes in groundwater is not 
explained by ‘endmember’ mixing, as 
suggested by McArthur et al. Indeed, 
according to their proposed model of linear 
mixing, the consistent decline in arsenic 
concentrations with depth, below its peak, 
implies more flushing towards the bottom 
of the aquifer, an implication that we feel is 
physically implausible.

In their Fig. 1b, McArthur et al. do not 
present our measurements5 from 30 m and 
below, arguing that they are of different 
derivation and age. However, the origin 
of the contaminated groundwater is the 
question being pursued; all samples have 
different ages; and ponds existed before 
the advent of irrigation pumping. When 
the complete data set is plotted, the trends 
apparent in their Fig. 1b are no longer 
evident (see Supplementary Information).

Our interpretation — that water within 
the intermediate contaminated zone 
originates from pond recharge — is also 
supported by chemical analysis showing 

that ponds provide dissolved organic 
carbon that is biologically available; 
carbon-dating analysis suggesting 
that organic carbon concentrations 
are maintained by old organic carbon 
released from the aquifer; and the 
observation that only pond water from 
early in the dry season can provide the 
isotopically light recharge matching 
contaminated groundwater. ❐
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Additional information
Supplementary information accompanies this paper on 
www.nature.com/naturegeoscience.
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