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�e site is located at the border between the �rst and second Region of 
Chile. In the environment of Atriplex atacamensis, trees such as Prosopis 
sp., Geoffroea decorticans and aquatic plant as Scirpus americanus, 
Ruppia maritime and Stygeoclonium sp. were also observed.

Fourteen plants of A. atacamensis were identi�ed (10 female and 4 
male plants) on a surface area of 0.25 ha. �e soil samples (approximately 
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WHO for drinking water. �e water is also highly saline, with a mean 
EC value higher than 14 mS cm-1 in relation to a high concentration 
of Na and Cl. Similar As values in the Rio Loa were reported by 
Bugueño et al. [9] and Romero et al. [2]. According to these authors, 
the As concentration in water of Rio Loa is quite lower in the upper 
section and progressively increased from the Andes mountain to the 
paci�c ocean, as a consequence of extreme desert climate favoring 
high evaporation rates and the lack of tributaries or fresh groundwater 
contribution. Such As-enrichment thus occurs as a natural process, 
although some anthropogenic activities related to mining ore 
processing may also be involved. Beside As, water also contains high 
amounts of B, and a near-neutral to alkaline pH. �ose pH values, high 
salinity and high As concentrations do not favour the adsorption of 
As(V) species [22]. Considering the mean redox potential, both HAsO4

- 
and H3AsO3 may be present in the water [23]. At pH<7 in oxidizing 
conditions, As may be immobilized by co-precipitation/sorption with 
Fe and Mn oxy-hydroxides [24]. Despite a high total dissolved solid 
concentration (TDS), Fe and Mn are poorly represented in the water 
of Rio Loa. Similarly, under acidic sulfate reducing conditions, As can 
be accumulated as stable sulfur minerals [25] which probably does 
not occur at the pH recorded in the samples. For Ca/As molar ratio 
higher than 1 and low dissolved Fe and Mn concentration, As may be 
associated with calcite and kaolinite minerals [26] and the presence of 
this complex in suspension could not be ruled out under the recorded 
conditions.

Data issued from bulk soil analysis are given in Table 2. Soils of 
Quillagua were slightly alkaline and highly saline, containing only a 
small amount of organic matter. �ey were typically coarse-textured, 
dominated by medium and �ne sand. �e total concentration of As 
was high (220 mg Kg-1), which is by far higher than the world average 
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suggest that above a threshold level, the stressed plants clearly adopted 
an exclusion strategy. �is conclusion, however, should be mitigated by 
the fact that high As concentration were recorded in fruits and male 
�owers (Table 3). In both cases, As concentration was higher than 20 µg 
g-1 DW. �is is a surprising result since it is commonly considered that 
plants exposed to ion toxicities protect their reproductive structures 
from pollutant accumulation, even if the presence of salt may somewhat 
modify heavy metal or metalloids distribution [34]. A hypothesis 
may be that those structures harvested in �elds were contaminated 
by atmospheric pollution occurring as dust particles. However, our 
samples were thoroughly washed before analysis and there is no reason 
to claim that dust contamination was higher for �owers and fruits than 
for leaves. Moreover, the seeds of plants from the Atriplex genus develop 
in enclosing bracts which, as transpirating tissues, may accumulate 
ions and must commonly be released to allow an e�cient germination 
[35]. In our samples, however, As concentration in the bracts and in 
the seeds of A. atacmensis were in the same order of magnitude (Table 
3), thus suggesting that As may be translocated to the ovary and seeds 
issued from its maturation.

A high B content was also recorded in all plant parts and the 
maximal value (up to 649 µg g-1 DW) was recorded in the seeds. Plants 
from the genus Atriplex were already reported to be able to cope with 
high endogenous B concentrations [36] and A. atacamenis thus appears 
as a promising material for phytomanagement of soils simultaneously 
contaminated by both As and available B. Copper and Zn accumulated 
to high concentrations in the bracts (Table 3). In Atriplex halimus, some 
heavy metals may accumulate in the stems and it is considered that 
ligni�ed tissues may sequester toxic ions through cell wall �xation to 
avoid their translocation to the leaves [15]. Our data suggest that this 
process does not occur in A. atacamensis where stems growing on the 
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Figure 3: A)



Citation: Vromman D, Paternostre B, Briceño M, Teixeira-Cardoso C, Flores-Bavestrello A, et al. (2016) Arsenic Distribution in Shoots of the Halophyte 
Plant Species Atriplex atacamensis Growing in an Extreme Arid Mining Area from Northern Chile. J Bioremediat Biodegrad  7: 349. doi: 
10.4172/2155-6199.1000349

Volume 7 • Issue 3 • 1000349

Page 7 of 7

J Bioremediat Biodegrad, an open access journal
ISSN: 2155-6199

by high As concentration in the soil, but also by high B availability, 
high salinity, high temperature and very high vapour pressure de�cit. 
�is species thus appears resistant to as a promising candidate for the 
phytomanagement of contaminated soils under arid conditions.
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