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Abstract The aim of this research was to study the effects
on streams water quality of non-point contamination as agri-
culture and cattle farming activities at a basin with pampean
characteristics located at the upper Reconquista River Basin.
Eight reaches with different uses in their neighboring zones
were selected with the proposed to detect differences at the
water quality among them. SRP range was 0-0.60 mgP.PO; "/
L, ammonia 1-137.3 ugN-NH4 /L and nitrate 0-4.15 mgN-
NO; /L. There was high similitude and homogeneous phys-
icochemical characteristics at the different reaches of the
streams. The high levels of dissolved nutrients showed similar
eutrophication conditions at the streams.

Keywords Pampean streams - Non-point contamination -

Water quality - Agriculture and cattle farming

Eutrophication of rivers is a problematic of international
concern. The undesirable symptoms of eutrophication in
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rivers occur primarily at low flows during the growing
season when higher water residence times, abundant light
levels and high water temperatures promote rapid algal
growth (Mainstone and Parr 2002). This is driven by dif-
fuse nutrient inputs in storm runoff from intensively
managed agricultural land. A similar behavior can be
observed with the diffuse organic matter and sediment
inputs from cattle farming (Jarvie et al. 2006). The char-
acteristics of water bodies that promote eutrophication are
generally found in pampean streams. Pampean streams
developed in grasslands with scarce slopes and low flow
conditions. Few recent studies carried out in the streams of
the Pampean region focused on the concentration of
nutrients and other elements transported in surface run-off
and sub-surface drainage water (Arreghini et al. 2005;
Mugni et al. 2005).

The study was carried out in eight reaches of streams of
the Reconquista basin, in Buenos Aires, Argentina. The
Reconquista River is a relatively warm water course that
develops in the pampas. It is originated by the confluence
of the Durazno, La Choza and La Horqueta streams at the
Roggiero dam, and finally joins the Lujan river, which runs
into the Rio de La Plata estuary, where Buenos Aires city
extracts water for drinking. These streams are neighbors to
fields where there are extensive cattle farming and cultures
of corn and soybean. The aim of this research was to study
the effects on streams water quality of non-point contam-
ination as agriculture and cattle farming activities at a basin
with pampean characteristics.

Materials and Method

In this study, eight sampling reaches were selected on the
upper Reconquista river basin. Three reaches were located
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Fig. 1 Study zone showing the
location of sampling zones
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at the La Choza stream, two at the Durazno stream, and one
at the Durazno Chico, Arias and Nutrias streams (Fig. 1).
Six seasonal sampling surveys were carried out between
December 2006 and March 2008. The fields adjacent to the
La Choza III and Durazno II reaches are devoted to agri-
cultural activities, whereas the fields adjacent to the reach
La Choza II is devoted to both agricultural and cattle
farming activities. La Choza I, Arias, Nutrias, Durazno I
and Durazno Chico are cattle farming areas.

Water flow was estimated using the velocity-area
method according to Gordon et al. (1992). The current
velocity was measured with Propeller flowmeter General
Oceanics 2030R (Miami, USA). Dissolved oxygen, con-
ductivity and pH field measurements were recorded with
Portable Hanna instruments (Woonsocket, USA). Collec-
tion and analyses of water samples were performed in
triplicate and conducted according to APHA (2005). The
variables analyzed were Soluble Reactive Phosphorous
(SRP), Ammonium, Nitrites, Nitrates, Chlorides, Chemical
oxygen demand (COD), Biological oxygen demand
(BOD), Alkalinity, Inorganic and Organic suspended par-
ticulate matter. Humic acid was estimated according to
Lavado et al. (1982).

Statistica 6.0 © was used in every statistical analysis.
The variables which did not conform to the assumption of
normality were transformed into logarithms. Normality
was tested using the Kolmogorov—Smirnov test. There are
carried out correlations among the variables and ANOVA
analysis to compare the reaches results. Principal Compo-
nent Analyses (PCA) included every physico-chemical
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variable except those associated with the water flow to
avoid redundancy.

Results and Discussion

Water composition is associated with the characteristics
and degree of conservation of terrestrial ecosystems.
Margalef (1994) asserts that the interaction between con-
tinental waters and the terrestrial ecosystem reflects the
general condition of their basins. Consequently, the non-
point sources caused by rural activities may be detected at
the neighboring reaches and should influence the eutro-
phication processes at the basin. Today, due to the
expansion of agriculture, Pampean streams suffer the
marginalization of cattle to the riparian zone, which leads
to its destruction by trampling. This destruction favors the
loss of infiltration capability and the input of nutrients and
solid particles at the streams.

This study is the first in evaluate non-point contamina-
tion in streams of Reconquista river upper basin. Table 1
shows the results of the various surveys and the means and
standard deviations for each site. These results evidence
high variation at the range of values of each variable pro-
moted by more important seasonal than reaches differ-
ences. There was a great variability of nutrient, suspended
solids and conductivity between sites: SRP range was
between 0 to 0.60 mgP.PO4 3/L, ammonia varied between 1
and 137.3 ugN-NH41/L and nitrate between 0 and 4.15
mgN-NO; /L. The high levels of SRP, ammonia and
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nitrate reflect eutrophication processes at the streams.
Biocides at water and sediment were analyzed in two
sampling occasions but we do not found these components.
Probably there were transformed in metabolites or residual
components. Then, these components could not be recor-
ded or have not even arrived to the stream, because there
were few years of developed of agricultural practices in
upper basin.

Urea, phosphates and nitrates are the main form of
fertilizations added and therefore, the main non-point
waste (Haygarth et al. 2005). The soils of this Pampean
zone have scarce structure because of the abundance of
sodium ions. This characteristic, along with bare riparian
zones due to the action of biocides, promotes an eutro-
phication process at the upper Reconquista basin because
bare soils increase the runoff rate and the horizontal and
vertical particle movements (Chagas et al. 2004).
Arreghini et al. (2005) advised that it is necessary to
apply more efficient fertilization strategies in order to
reduce the nutrient load in the pampean region. It is
necessary to promote the control of the phosphorus levels
used in the fields to avoid the eutrophication effect in
superficial water bodies and to control nitrogen levels to
avoid groundwater contamination.

Despite the different land uses there were no significant
differences in the physicochemical variables between
reaches (ANOVA). Only reaches adjacent to cattle farming
fields tended to present greater amounts of humic acids and
suspended solids. An analysis of the different variables
considered at the reaches was carried out by a multivariate
(PCA) analysis. The first three components of this analysis
explained 31.5, 19.19 and 11.65% of the total variance (62.
34%) respectively. The first component (eigenvalue: 4.72)
showed a positive correlation with humic acid level
(coefficient: 0.83) and COD (0.80), and a negative corre-
lation with conductivity (—0.82), alkalinity (—0.8), pH
(—0.73) and chloride concentration (—0.72). The second
component (eigenvalue: 2.88) had a positive correlation
with both the particulate material estimated as gDW/L
(0.93) and that estimated as gAFDW/L (0.9), and a nega-
tive correlation only with flow (—0.78) (Fig. 2). Thus, there
are reaches with high levels of humic acids and COD and
others with high soluble solids. To visualize the reaches
distribution at each sampling occasion, we represented the
scores of the two first components (Fig. 3) and observed
that the reaches at December appeared differentiated of the
others (rounded rectangle in Fig. 3). This date was the
sampling opportunity with most flow.

Jarvie et al. (2008) asserts that high SRP concentrations
indicate a non-point source of SRP mobilized under high
flows but, other authors have demonstrated that cattle
farming also contribute to phosphorus content (Withers
et al. 2007). Nitrogen, mainly as nitrates, also increases in
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Fig. 3 Location of scores of the reaches in the plane determined by
two first components. The rounded rectangle shows the reaches
location at high flow conditions

highflow conditions. Jarvie et al. (2008) reported an
increase in nitrate concentrations corresponding with the
onset of higher flows, which led to high nitrate concen-
trations. Pionke et al. (1999) reported that the nitrate con-
centrations were lowest at baseflow (5.36 mg/L) and
highest at high flow (7.12 mg/L). Therefore, this study
demonstrates homogeneous physicochemical characteris-
tics at the different reaches of the streams. This could be
explained by the dragging of solutes from the neighboring
soils because diffuse runoff is mobilized during rainfall
events but also by the cattle activities near or into the
streams.

In the sampling occasions with normal flow the cattle
farming reaches generally locate at the right side of the
graph while the agricultural ones locate at the left side of
the graph. Cattle farming reaches generally present more
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COD and humic acids at the waters while agriculture seems
to increase the conductivity, pH and dissolved oxygen
(Fig. 2, 3). However, the similar increase in phosphorus,
ammonia and particulate material at both rural activities
led to the homogenization of eutrophication process and
water quality at the studied streams.
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