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ABSTRACT: Van Phuc is located 15 km downstream Hanoi in a meander of the Red River. This site features
a sharp gradient of high and low arsenic concentrations along with contrasting redox conditions. As an inter-
national research team we established a network of observation wells to tackle biogeochemical and hydro-
logical causes of arsenic mobilization, transport and retardation. Groundwater flow points towards Hanoi
where large-scale pumping is drawing high-As groundwater from Holocene aquifers to Pleistocene aquifer.
Various results and aspects of on-going studies including groundwater isotopes will be presented.

Van Phuc is a candidate site for in-depth studies within the International Continental Drilling Program, in-
volving various scientific teams from ~10 countries.

1 INTRODUCTION
The village of Van Phuc is located south of Hanoi

2). The high resolution cross section illustrates con-
siderable changes in arsenic concentrations and re-

and exhibits sharply contrasting groundwater As
concentrations (Figure 1). Embedded in a well-
defined hydrological system, this site is ideal to
study the complex interplay between geochemistry
and hydrology that control the magnitude of dis-
solved As in the aquifer (Berg et al. 2008, Eiche et
al. 2008).

Van Phu‘c transect

J\hnl’%. S =

=g <

7 I SR :

Figure 1. Bird view of the Van Phuc study site denoting the
sharp contrast of high and low levels of dissolved As in the ag-
uifer. Groundwater flow points towards Hanoi where extensive
amounts of groundwater are pumped for public water supply.

2 RESULTS

Since 2006, we collected sediment and porewaters
from 10-55 m depths along a 1-km transect (Figure

tention. The cross section was used to target specific
locations to collect sediment cores and to install
monitoring wells for mineralogical and biological
investigations (van Geen et al. 2008, Eiche et al.
2010, Bostick et al. 2011, Al Lawati et al. 2011).
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Figure 2. Cross section of sediment coloring and As concentra-
tions along the Van Phuc transect indicated in Figure 1. The
transitions zone of high to low As spans over a short distance
of <100 m.

Besides the As and sediment reflectance shown in
Figures 2, the sharp transition zone is also character-



ized by sudden changes in dissolved NHa, DOC,
Mn, and Fe concentrations. And perhaps even more
striking are the groundwater ages that exhibit young
water converging with old water in the transition
zone (Figure 3).

Groundwater dating with the *H-"He method
(Klump et al. 2006), and hydrological modeling
based on long-term observations of groundwater
levels in our monitoring wells, revealed that
groundwater flows in north-westerly direction to-
wards the City of Hanoi (see Figure 1) where public
drinking water facilities draw >750,000 m*/day of
groundwater from the Pleistocene aquifers that have
already become As-contaminated (Winkel et al.
2011).
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Figure 3. Areas of mean groundwater ages at the Van Phuc site
featuring a pronounced gradient in age from 25 years to >55
years concurrent with the sudden transition in As concentra-
tions and other groundwater parameters.

3 OUTLOOK

Scientific evidence gathered so far indicates that
groundwater pumping in Hanoi is drawing As-laden
water to formerly uncontaminated areas. The key
question examined here is whether the boundary be-
tween low- and high-As aquifers within Van Phuc is
shifting northward in response to increased with-
drawals in Hanoi and, if so, by how much.

Our on-going studies in Van Phuc therefore have the
potential to determine key parameters that are likely
of general importance for any As-affected regions
around the globe, such as 1) to witness the intrusion
of high-As groundwater from highly reducing (grey
colored) aquifers to more oxic and low-As aquifers
(orange colored), ii) to determine As retardation co-
efficients in-situ, iii) to estimate time-scales of vul-
nerability to future contamination of low-As aqui-
fers, and iv) to tackle relevant biogeochemical

triggers controlling As mobilization and retardation
at transition fronts.
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