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In Wang Saphung District, Loei Province, arsenic in the soil occurs through
natural geological processes due to the intrusion of granodiorite rocks that transport
mineralized hydrothermal fluids to accumulate along sandstone fractures. Arsenic is
primarily found in the form of arsenopyrite (FeAsS) co-occurring with gold veins. Natural
weathering processes and gold mining activities have resulted in the release and
subsequent deposition of arsenic in the Huai Phu Lek stream, a natural lotic ecosystem
adjacent to the mining area. Within this system, arsenic adsorbs onto iron and
aluminum oxides in the sediments. The primary objectives of this research were (1) to
study the total arsenic content and chemical composition of sediments in the natural
wetland, as well as to explain the relationships of environmental factors affecting the
spatial distribution patterns of arsenic across depth and distance; and (2) to
characterize the chemical speciation, along with elucidating the relationships and
transformation mechanisms of arsenic in the sediments. This study conducted
sediment sampling at Huai Phu Lek stream along three main stations: upstream,
midstream, and downstream. Samples were collected at 5-centimeter depth intervals
down to a maximum depth of 150 centimeters. The samples were then analyzed for
arsenic content using ICP-OES and ED-XRF, coupled with the application of an
advanced spectroscopic technique, X-ray Absorption Near Edge Structure (XANES).

The results revealed that the sediments in the study area were fine-grained
lateritic soils enriched with-iron oxides (4.73-78.21%) and aluminum oxides (0-6.47%).
Total arsenic concentrations were detected ranging from 0 to 1,911 mg/kg, which
significantly exceeded soil quality standards and natural geochemical background
levels. Regarding depth distribution, the total arsenic content in the upper sediment
layer (0-40 cm depth) was significantly higher than in the lower sediment layer
(45-150 cm depth) across all sampling sites. Furthermore, the proportion of arsenate
(As>*) was found to be statistically significantly higher than that of arsenite (As>*) overall.
According to the analysis of variance (ANOVA) comparing depth levels, the absolute
concentrations of both arsenate (As®*) and arsenite (As®*) exhibited the same

distribution trend; there was a high accumulation in the upper sediment layer, which



tended to decrease significantly as it transitioned into the lower sediment layer
(p < 0.05).

For chemical speciation, the XANES technique via the LCF model
demonstrated that the majority of arsenic in the sediments accumulated as arsenate
(As>), with a distinct transition of host minerals along the depth profile. In the surface
sediment layer (5-40 cm depth) under oxidizing conditions, arsenic was predominantly
and stably immobilized as arsenate adsorbed on gibbsite (As>*-Gibbsite, y-Al(OH)3) at
a maximum proportion of 88.0%. However, as depth increased and the environment
transitioned into reducing conditions, a shift in host minerals towards iron oxides was
observed. Goethite (As**-Goethite, a-FeO(OH)) and lepidocrocite (As**-Lepidocrocite,
y-FeO(OH)) became the primary components controlling the adsorption mechanism
in the deeper soil layers (100-150 cm depth). Furthermore, the proportion of arsenite
(As®") was found to increase significantly with depth, reaching a maximum of 32.1% at
a depth of 150 cm. This increase in the highly toxic arsenic species corresponded well
with the observed decrease in the absorption edge energy (Eq) value from
approximately 11,871.4 electron volts (V) in the upper soil layer down to 11,867.6 eV
in the bottommost layer, confirming the natural reduction process. The analytical
model utilized was highly reliable statistically, with R-factor values ranging from 0.008
to 0.042.

In conclusion, the arsenic immobilization mechanism in the Huai Phu Lek
wetland functions efficiently in the upper sediment layers, where arsenic predominantly
binds to aluminum oxides as arsenate (As>*). As depth increases into the lower sediments
under reducing conditions, the host minerals shift to iron oxides, accompanied by an
increased proportion of arsenite (As>). Therefore, it is recommended as a policy
guideline to avoid stream dredging or activities that disturb the sediment profile. This
precaution prevents sudden redox alterations that could trigger the dissolution of iron
minerals and the subsequent. release of arsenic into the water source. Additionally,
management strategies should prioritize preserving the natural state of aluminum and
iron oxides to sustainably maintain their role as a buffer for arsenic immobilization within

the ecosystem.
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