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Abstract

The Bolivian Altiplano (BA) is a high plateau located in the western part of the
country at an altitude of 3,600 to 3,900 meters above sea level and is bordered
by the Eastern and Western Cordillera. Within the BA there is a large endorheic
hydrologic system linking the Titicaca Lake in the north the Desaguadero
River, lakes Uru-Uru and Poopó in the central part; and the Lacajahuira
River and Coipasa and Uyuni salt pans in the south. Several mineralized
areas, especially in the Eastern Cordillera, have been intensively exploited for
centuries for the extraction of silver, gold, and tin from polymetallic sulfide ore
deposits. Presently many urban centers are also contributing for an extensive
contamination in localized areas; especially the Poopó Lake and some rivers are
affected by high loads of wastewater and solid waste, in addition to the release
of heavy metals and arsenic (As) due to acid mine drainage.

The presence of As in the BA was known to be related to mining only, but
recent studies revealed that As of geogenic origin also contributing to the
elevated concentration of As in surface and groundwater. The Poopó Lake basin
is characterized by a semiarid climate. Geologic formations predominantly
are of volcanic origin and groundwater flow is sluggish in nature. These
environmental settings have generated substantially elevated concen- trations
of geogenic As and other trace elements in surface and groundwater. Both
surface and groundwater used for drinking water have high concentrations of
As that by far exceed the World Health Organization (WHO) guideline. The
overall objective of the present study has been focused on the determination
of the sources and principal mechanisms for mobilization of geogenic As into
surface and groundwater of the Poopó Lake basin area. More specifically,
this study has determined the spatial distribution and the extent of As
contamination in surface and groundwater; chemical composition of surface
and groundwater, rock and sediment; major geochemical mechanisms for
As mobilization from solid phase to aqueous phases. This study also made
an assessment of drinking water quality in rural areas within the Poopó Lake
basin.

Arsenic concentration exceeded the WHO guideline and national
regulations for drinking water of 10 µg/L in 85% of the samples collected
from the area around the Poopó Lake (n=27) and 90% of the samples
from the southern part of the lake basin (n=42). Groundwater samples
collected from drinking water wells had As concentrations up to 623 µg/L,
while samples collected from piezometers had even higher up to 3,497 µg/
L. Highest concentration in river water samples was observed 117 µg/L.
Alkaline nature of water (median pH 8.3 for groundwater and 9.0 for surface
water), predominance of Na-Cl-HCO3 water type and elevated Eh reflecting
oxidized character has been revealed by As(V) as the major species in As
speciation. Different rock types were analyzed for their As content and the
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highest concentration of 27 mg/kg was found in a coral limestone sample. In
evaporate it was 13 mg and 11 mg As/kg was measured in calcareous sandstone.
Elevated concentration of As was also observed in sediment cores collected
from two drilling sites; 51 mg/kg in Condo K and 36 mg/kg in Quillacas.
Physical and chemical weathering of volcanic rocks, limestone, carbonates and
plagioclase minerals enhance the supply of Na+ and HCO3

- into solution and as
a consequence pH and alkalinity increase, which in turn, favor As desorption
from solid mineral surfaces (especially Fe(III) oxyhydr- oxides) and therefore
dissolved As in water is increased.
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