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Abstract
Principal component analysis (PCA) was used to deduce the common origin of trace contaminants in a slightly contaminated,
strongly seasonal river of low-average discharge, aiming to ascertain the type of the pollution. Splitting of data into categories
according to specific conductance was essential to reach conclusions. Dry-season data allowed the pinpointing of polluting
sites by means of the biplots resulting from the representation of the scores on the components. Concentrations corresponding
to the wet seasons yielded no useful results probably due to the high percentage of data below detection limits for 2 of the 6
variables. The Arenales River in North-West Argentina was monitored by means of 19 sampling campaigns between 2003
and 2005 comprising two hydrological cycles, at seven locations along a 25 km section of the river course across the city of
Salta. Pollution of the river was not severe, overall mean values in µg/ℓ being: As 1.2; B 490; Cu 4; Fe 92; Pb 13; Zn 83. Simple
correlation analysis revealed no significant correlation between these elements. The high positive loadings of variables B and
As concentrations on the first principal component and the biplots indicate that their main common point sources are boron
mineral deposits still existing in the urban area. Interpretation of the biplots shows that Cu, Fe and Zn contamination also
originated at point sources, the contribution of the sewage treatment plant being negligible.
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Introduction
River water quality monitoring is mandatory in present–day
society, especially for rivers affected by urban effluents. The
registration of their physico-chemical characteristics and of the
concentration of their main components as well of any trace elements present is recommended to establish the level of contamination, the efficiency of the wastewater treatment facility when
it exists, and the degree of recovery of the river water quality.
Even if the river water is not used as a source of drinking
water, pollution with microbes and organic and inorganic substances can pose a health hazard to water biota and to humans
as well. When the river water is used for irrigation, even low
concentrations of certain elements like B, Cu, Fe and Zn can
produce drastic effects on the yields, because, though needed for
the normal development of plants, at the same time they can be
poisonous when present at certain concentration levels. Abundant literature can be found on the determination of the concentration levels of numerous inorganic substances in river water,
from the Mississippi (Meybeck et al., 1989) through the Danube (Marjanovic et al., 1985) and to the Huanghe (Zhang et al.,
1993), since the first half of the 20th century. In some instances
the mineral contents reflect the main composition of the river
basin (De Villiers, 2005), but when abnormally high concentrations are found, the origin of the pollution is identified so as to be
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in a position to take adequate protective action for the environment (Schmitz et al., 1994).
Data produced by the monitoring of river water contamination with heavy metals and other elements in trace level concentration are generally used to assess water quality according
to concentration limits established by environmental protection
authorities. But the sources of the different elements are not
always clear, the hydrological system constituting a complicated
background. Statistical analysis is essential for proper interpretation of these time- and location-dependent data, to establish
correlations not only among the data, but between these and the
geological and climatic parameters as well, so as to characterise the water system. When concentrations of a relatively high
number of elements are recorded, factorial analysis is used to
reduce the number of variables and to highlight any relationships among them.
Principal component analysis (PCA) is proving to be a valuable tool to establish the hydrochemistry of rivers, as shown in
extensive studies carried out by Simeonov et al. (2003) in Greece;
to typify pollution sources of surface waters (Wunderlin et al.,
2001); or coastal seawaters (Morales et al., 1999); to study the
temporal variation of groundwater (Helena et al., 2000); and for
establishing water quality (Praus, 2005).
Trace element concentrations in a highly seasonal river at
7 sampling sites during 2 hydrological cycles were analysed
to assess the nature and the origin of the pollution. However,
the high background noise provided by the low concentrations
involved (less than 1 mg/ℓ, except for B), the sporadic nature of
the pollution at most of the sites, and the ample variations of the
river flow hindered the simple statistical analysis by correlation
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