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ABSTRACT:  Over a hundred million people across the globe are chronically exposed to high levels 
of Arsenic (As) in shallow reducing groundwaters utilized for drinking, cooking and irrigation. The im- 
portance of the role of degradable organic matter (OM) is widely recognized in As mobilization by mi- 
crobially mediated reductive dissolution of iron (Fe-III) hydrated oxides/hydroxides and/or reduction of 
As(V). However, the role that organics play in As release in high-As aquifers remains ambiguous in many 
regions. Initial results of the organic analysis of the hydrocarbon fractions of sediments obtained from 
SW Taiwa (Yichu) and the Red River Delta, Vietnam (Van Phuc Village) revealed an influx of mature 
OM source in these sediments. The mechanism and the controlling factors on the release of As from these 
sediments are investigated. 

1 INTRODUCTION 

Millions of people worldwide are exposed to 
elevated levels of Arsenic (As) in the water they 
consume (Ravenscroft et al. 2009) and thousands 
are dying annually as a result (Polya et al., 2010). 
Arsenic is released from rocks and  sediments 
into groundwaters, by both natural processes and 
anthropogenic activities. However, arguably the 
most widely accepted mechanism of As release 
into shallow groundwaters in As hot spots in West 
Bengal and Bangladesh, Cambodia and Vietnam is 
via microbially mediated reductive dissolution of 
As-bearing iron oxyhydroxides and/or derived by 
dissimilatory As(V) reduction (Islam et al. 2004, 
Polya et al. 2005, 2010, Berg et al. 2008). Recent 
studies suggest that the  overall  controlling  fac- 
tor driving the release of As in shallow reducing 
groundwaters is the reactivity of the OM present 
(Postma et al. 2007). However, Gault et al. (2005) 
has shown that it is not the total amount of OM 
that controls As mobilisation. Indeed, Héry et al. 
(2010) has found that As may be mobilised even 
from very organic lean sediments. It remains to be 
seen if the OM composition in high As shallow 

aquifers are comparable to those already investi- 
gated in Cambodia (van Dongen et al. 2008) and 
West Bengal (Rowland et al. 2006). 

Here, two sets of sediments from other As hot 
spot areas, Yichu (N 23.25, E 120.25) in Taiwan 
and Van Phuc village (site L; N 105.89, E 20.92 
and site H; N 105.89, E 20.91) in Vietnam (Berg 
et al. 2008, Al Lawati et al., 2012), were chosen for 
OM characterization. These were then correlated 
to the amount of As in the aquifers and microbial 
communities present (Vietnam sediments) or to 
the rate of As(V) reduction and subsequent release 
of As(III) in pore waters of microcosm slurry incu- 
bations (Taiwan sediments). 

2 SAMPLE SITES 

2.1 Sample collection from Taiwan 

Sediments were obtained from Yichu, an As hot 
spot in SW of Taiwan. Two sets of samples were 
obtained: first set (from 3–17.8 m depth; aero- 
bic conditions; stored at −20ºC) and second set 
(from 17.8–200 m depth; anaerobic conditions; 
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stored at 4ºC). Solid phase As ranged from 0.8 
to 23 mg/kg. 

 
2.2 Sample collection from Vietnam 

Sediments were obtained from Van Phuc village, 
on the Red River Delta, northern Vietnam, from 
two sites: first site (Holocene age; high groundwa- 
ter As (Site H) up to 600 ⎧g/L) and second one 
(site L) (Pleistocene; low groundwater As less than 
10 ⎧g/L). Solid phase As ranged from 2 to 29 and 
from 1 to 30 mg/kg at site L and H, respectively. 

 
 

3 RESULTS AND DISCUSSION 
 

A total of 13 sediment samples from Taiwan and 
from Vietnam were analysed for the composition of 
the hydrocarbon fraction (some results are shown 
in Table 1). All hydrocarbon fractions from the 
study sites showed general predominance of High 
Molecular Weight (HMW) n-alkanes (C20–C34). 
The carbon preference index (CPI) values, the 
Average Chain Length (ACL) and the abundance 
of an n-alkane were used to assess the sources of 
n-alkanes. These results, in combination with the 
abundant levels of n-alkanoic acids, n-alkanols, 
stereochemistry of the hopanes and the presence of 
unresolved complex mixtures, reveal lipid biomar- 

 

Table 1. Total high molecular weight n-alkane abun- 
dance and ratios of OM in sediments from Yichu, Taiwan 
(7 samples) and Van Phuc village, Vietnam (6 samples). 

 
 

Sample     Depth/m     n-alkanea        CPIb         ACLc         Cmax 
 

 

Taiwan 
Oxic 12 720 1.9        27          31 
Oxic 17.3 1800 1.0        23          20 
Anoxic        17.8 350 1.2        24          21 
Anoxic        40 1100 1.3        25          21 
Anoxic        65 480 1.2        23          21 
Anoxic        80 520 1.8        28          29 

kers of predominantly terrestrial origin with an 
influx of petroleum-derived OM source. 

Microcosm experiments using sediment slurries 
from Taiwan, indicated that As release is a micro- 
bial process however, no correlation was found 
between the total As release and the different types 
of OM analysed (e.g. TOC, n-alkanes, n-alanoic 
acids, n-alkanols), suggesting that (i) part of the 
OM that was considered to be less bio-available 
could still be degraded/used as electron donor or 
(ii) other electron donors, not analysed in present 
study could be contributing/controlling the rate of 
As release. 

Organic geochemical combined with microbial 
analyses of the sediments from Vietnam suggested 
that (i) groundwater As  concentrations  at  both 
the low As and high As sites are not caused by in 
situ microbially mediated reductive transforma- 
tions of As-containing iron (Fe-III) oxides  and 
that (ii) these processes are not critically limited by 
the absence of OM electron donors or solid phase 
sedimentary As. 

 
 

4 CONCLUSIONS 
 

– Organic geochemical analyses on sediments 
from As hot spot areas in Taiwan and Vietnam 
suggest, comparable to previous studies, OM 
originates from both terrestrial and petroleum 
sources. 

– Microcosm experiments on Taiwanese sediments 
indicate that the microbiological dissimilatory 
As(V) reduction is active in this aquifer, causing 
the release of As into the groundwater. 

– As release in Taiwan sediment slurries is not 
controlled by an identified specific source of 
OM. 

– Microbial community analyses of the Vietnam 
sediments do not reveal microbial communities 
associated with Fe(III) or As(V) reduction. 
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