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Abstract: Aim: The Escaba dam is located in the south of the Tucumdn province,
Argentina, at 650 m above sea level. It has an extension of 541 ha. and a depth of 65 m
and its tributaries are the Chavarrfa, Las Moras, El Chorro and Singuil rivers. The
climate is mild with dry winters and rainy summers. The objective of this study was
to characterize physicochemical parameters in the limnetic zone of the dam and the
mouths of the tributaries to determine the water quality. Methods: Seasonal sampling
was carried out between August 2010 and May 2012. Temperature, transparency, pH
and electrical conductivity were field measured, whereas dissolved oxygen, biochemical
oxygen demand (BOD,), major ion constituents and nitrogen and phosphate compounds
were analyzed at the laboratory. Results: The water was classified as sodium-calcium-
bicarbonate with neutral to alkaline pH, and thermal stratification during spring and
summer. The water assayed was well oxygenated except for the bottom of the limnetic
zone during the summer months. Lowest transparency was measured in the El Chorro
River in November 2011 (0.12 m) and highest degree of transparency in the Singuil River
during the winter of 2010 (4.1 m). The waters assayed showed weak mineralization with
conductivities between 83 and 218 pS.cm™. Maximum BOD, value (183 mg.L™") was
measured in the Singuil River in spring 2010. Highest values for the different nitrogen
compounds were as follows: 7 mg NO,".L™" at the bottom of the limnetic zone in August
2010,0.07 mg NO,"L" in the Las Moras River in May 2011 and 1.8 mg NH *.L™" in the
Chavarria River in March 2011. During the summer of 2012 orthophosphate reached a
value of 0.22 mg.L™" at the bottom of the limnetic zone. The TN/TP ratio revealed that
phosphate was generally the limiting factor and rarely nitrogen. Conclusions: Considering
the TN, TP and transparency parameters the ecosystem was classified as hypertrophic.
PCA allowed a seasonal differentiation of the sites, and components 1 and 2 classified
the samples according to nutrient gradient, dissolved oxygen, BOD, and temperature.
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Resumo: Objetivo: A represa Escaba esté localizada ao sul da provincia de Tucumdn,
a 650 metros de altitude, sua extensdo é de 541 ha, tem 65 m de profundidade e seus
afluentes sio os Rios Chavarria, Las Moras, El Chorro e Singuil. O clima é temperado,
com invernos secos e verdes chuvosos. O objetivo do estudo foi caracterizar as propriedades
fisicas e quimicas das dguas limnéticas da represa e da foz dos seus afluentes, para interpretar
a qualidade de suas 4guas. Métodos: Realizaram-se amostragens estacionais de agosto de
2010 até maio de 2012. As varidveis medidas iz situ foram: temperatura, transparéncia,
pH, condutividade elétrica, ¢ no laboratério foram analisados: oxigénio dissolvido,
demanda bioquimica de oxigénio (DBO,), fons principais, compostos nitrogenados
e fosfatados. Resultados: O tipo de dgua ¢ bicarbonatada-célcica-sédica, de neutra a
alcalina e detectou-se estratificagio térmica na primavera e verio. Com excecio da zona
limnética: fundo, nos meses mais quentes, as 4guas estiveram bem oxigenadas. Em
novembro de 2011 no rio El Chorro, obteve-se o valor mais baixo de transparéncia: 0,12
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m e o valor mais elevado foi de 4,1 m no rio Singuil no inverno de 2010. Observou-se
uma mineralizagio fraca com condutividades que variaram entre 83 ¢ 218 pS.cm™. A
DBO, atingiu o registro mdximo de 183 mg L™ na primavera de 2010 no rio Singuil.
Os valores mais altos dos compostos nitrogenados detectados foram: 7 mg NO,~.L™
(zona limnética: fundo, agosto/2010), 0,07 mg NO,.L™" (rio Las Moras, maio/2011) e
1,8 mg NH,*.L™" (rio Chavarrfa, margo/2011). No verao de 2012, o ortofosfato atingiu
0,22 mg.L™! no fundo da zona limnética. A propor¢iao NT/PT mostrou o fésforo como
limitante, e o nitrogénio em raras ocasides. Conclusdes: O ecossistema analisado foi
classificado como hipertréfico considerando NT, PT e transparéncia. O ACP permitiu
uma diferenciagio estacional dos sitios, os eixos 1 e 2 separaram as amostras de acordo
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aos gradientes dos nutrientes, oxigénio dissolvido, DBO, e temperatura.

Palavras-chave: varidveis abidticas, qualidade da dgua, represa Escaba, Tucumdn,

Argentina.

1. Introduction

The Escaba reservoir is located in the Juan
Bautista Alberdi department, about 110 km south
of Tucumidn city, the capital of the province of
Tucumdn. The dam was constructed between 1943
and 1948 (Bustinza et al., 2010). It is the fourth
largest dam in the province at an altitude of 650
masl and with an area of approximately 541 ha, a
volume of 138 hm?, and a maximum depth of 65 m
(Locascio de Mitrovich et al., 1997; Fernandez et al.,
2007). The hydrographic system is represented by
one of the most important basins in Tucumadn,
the Marapa River Basin, which mainly receives its
water from this dam and belongs to the Sali-Dulce
River Basin. The Escaba reservoir lies in a structural
depression, limited by the Escaba mountain range
in the east, the Los Llanos Cumbres (peaks) and
the Quico mountain in the south and by the Las
Higueras mountain range in the west. It receives its
water from two main rivers with a permanent water
regime, the Chavarria River in the north and the
Singuil River in the south, and two smaller rivers,
the Las Moras and El Chorro rivers, that flow into
the reservoir in the west (Ferndandez et al., 2007).
The Chavarria River originates on the Santa Ana
plateau from where it flows southeast of the Narvdez
mountain. The rivers of this mountain traverse the
mountain chain formed by the Churqui and Los
Alisos mountains. The Singuil River originates in
the Catamarca province, in the Atravesada range
west of the Campo de Pucard and it flows west
of the Narvdez mountain where it receives water
from numerous affluents from the Humaya range.
Thanks to a tectonic discontinuousness it flows
through the hilly area between the Narvdez and
the Balcosna mountains, receiving eastern tributary
rivers from the Las Higueras range (Pantorrilla and
Nuiiez Regueiro, 2000).

The lithology that can be observed around
the reservoir is characterized by sandy tufa that in
certain sectors can present clasts of pumice stone
and fine tufa formations that alternate with tufa
banks (Ferndndez et al., 2007).

The dam was built for several purposes:
reduction in flooding, regulation of the water
volume for irrigation, hydropower production,
recreation and tourism development (Rearte, 1981).
The main crops grown in the area are tobacco, citrus
fruit and sugarcane.

The reservoir has annual cyclic hydrometric
fuctuations that coincide with the marked dry
season in the province. Between May and January
the water level diminishes from its maximum level
of about 30 m on average and from mid January
the level starts rising until it reaches its maximum
level again in May (Pantorrilla and Nufiez Regueiro,
20006).

The climate of the region is template with dry
mild winters and warm, humid and rainy summers.
Average annual rainfall is about 1,200 mm with
highest precipitation in February (167 mm on
average) and lowest in August (3 mm on average).
The average annual temperature is 17.6°C. These
climatic conditions are favored by the position of
the mountain chains, which are perpendicular to the
humid winds from the east and the southeast. These
winds leave their humidity in Tucumdn, and dry
winds follow their way to the Catamarca province
(Santilldn de Andrés and Ricci, 1980).

The study area comprised the sub Andean
foothills, a region characterized by the Yungas
Eco-region. The natural vegetation of the area,
especially close to the Chavarrfa and Singuil rivers,
has been modified by diverse anthropic activities
like crop cultivation and deforestation for fire wood
and/or grassland for grazing. Currently, one of the
principal ecological problems is cattle, because the
animals feed on the forest vegetation and gradually
deteriorate the forest, allowing the introduction
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and installation of exotic species, mainly in the
Chaco Forest.

There are no systematic limnological reports on
this dam and consequently, the current study allows
us to know fluctuations in the abiotic factors of one
of the most important lentic environments in the
province of Tucumdn. The objective of the current
study was to analyze spatial-temporal variations in
the physicochemical parameters of the Escaba dam
and the mouths of the tributaries, the Chavarrfa,
Las Moras, El Chorro and Singuil rivers, in order
to determine the water quality. The results will help
provide basic information to assess future biological
studies and their interaction with physicochemical
variations in the aquatic system.

2. Material and Methods

Eight seasonal sampling campaigns were
carried out between August 2010 and May 2012
in the Escaba reservoir and the mouths of its
tributaries. The sampling sites are given in Figure 1:
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1-Chavarria River (27°38.803’ S; 65°47.229° W),
at 640 m altitude; 2- Las Moras River (27°39.020’°
S; 65°47.197° W), 617 m; 3- El Chorro River
(27°39.984° S; 65°46.992’ W), 632 m; 4- Singuil
River (27°40.631° S; 65°47.102° W), 630 m;
5- limnetic zone (27°39.565  S; 65°45.954" W),
642 m. In the limnetic zone samples were taken
at two depths: subsurface (0.20 m) and at the
bottom; the depth of the latter site depended on
the water level. Records on precipitation, water
level and volume were provided by Hidroeléctrica
Tucumdn S.A., a hydroelectric company. It should
be mentioned that the missing rainfall records for
December 2010, March, April and December 2011,
and April and May 2012 are the result of technical
inconveniences. Similarly, the low hydrometric
levels during November 2011 and 2012 did not
allow us to sample the mouth of the Las Moras
River.

To obtain a thermal profile the temperature was
measured at 5 different levels in the limnetic zone of
the dam, taking into account the maximum depth

I
65°4545.68'0

65°45'45.68"0

Figure 1. A- Location of Tucumdn, Argentina. B- Escaba Reservoir in Tucumdn. C- Study area and sampling sites:
1- Chavarria River; 2- Las Moras River; 3- El Chorro River; 4- Singuil River; 5- Escaba reservoir (limnetic zone).
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according to the season. Measurements were carried
out in triplicate.

The following physicochemical parameters were
measured 77 situ: transparency (Transp.; Secchi
disk), depth, water temperature (T), pH and
electrical conductivity (EC). These variables, except
for transparency and depth, were measured with
a portable digital multi-parameter water analyzer
(Water Quality Meter 850081, Sper Scientific). The
position of the sampling sites was obtained with a
GPS (Garmin 48). Samples for dissolved oxygen
(DO) were fixed in situ and 1.5 L plastic containers
were used for chemical analyses of major ions,
biochemical oxygen demand (BOD.), nitrogen
compounds, orthophosphate and total phosphate,
except for cations, which were sampled in caramel-
colored glass flasks with 2 mL of 65% nitric acid.
All samples were transported to the laboratory on
ice and in the dark.

Major ions were measured in shallow water
(August 2010 and 2011) and deep water (March
2011 and 2012), whereas all other parameters were
determined every three months.

Physicochemical analyses were carried out
according to APHA standard methods (APHA,
2005). Quality control of the sampling procedures
and analytical determinations at the laboratory
was carried out according to IRAM (Argentine
Standards and Certification Institute) standards
(29012-2, 1996; 29012-3, 1998; 301/ISO
17025, 2005). Piper-Hill-Langelier diagrams were
constructed with mean values in mEq of major ions
(HCO,, SO,*, CI, Ca*, Mg*, Na* and K*), using
the RockWorks 15 program.

The relation between total nitrogen and total
phosphorous (TN/TP) was calculated by the values
(mg.L™") obtained for each variable and its atomic
weight (Margalef, 1983). Similarly, correlation
analysis (Pearson coefficient: p<0.05 *and p<0.01 **)
between physical and chemical variables was carried
out using the SPSS program. Previously, data were
logarithmically transformed, expect for the pH.

Principal component analysis (PCA) was carried
out with the following parameters: Temperature,
depth, electrical conductivity, DO, BOD,,
nitrate, nitrite, ammonium and orthophosphate
(normalized and standardized values) using a
correlation matrix. Data were processed using

NTSYS (Rohlf, 1990).
3. Results

Table 1 shows minimum, maximum, and
average records as well as the standard deviation
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of the physicochemical variables of the Escaba
reservoir and the mouths of the tributaries. The
minimum values for the water level and the volume
were obtained in January 2012 with 603 masl and
24.42 hm’, respectively, while maximum values were
measured in May with 628 masl and 114.15 hm?.
Water contribution, expressed in m?.s, oscillated
between 1.59 in November 2011 and 56.23 in
February 2011 (Figure 2A). Average precipitation
fluctuated between 0.2 mm in September 2011 and
415.6 mm in February of the same year, which was
also the month with most rainfall during the period
assayed. A pronounced difference was observed
between the summers of 2011 and 2012; the latter
one was much drier. In addition, October 2011
was atypical because elevated rainfall was registered
(Figure 2B).

A great variability in the depth of the reservoir
could be observed throughout the period studied.
Periods with extremely low levels in November of
both years (2010 and 2011) made it impossible
to sample the mouth of the Las Moras River. The
maximum depth in the limnetic zone was observed
in May 2012 with 40 m, while the minimum depth,
18 m, was registered in November 2010. Depths
in the river mouths greatly differed with values
of 1.1 m in the El Chorro and Singuil rivers in
November 2011 and 10 m in the Chavarria River
in May 2011 and 2012 (Table 1). Table 2 shows a
significant negative correlation between this variable
and the pH.

Minimum transparency records fluctuated
between 0.12 (El Chorro River, spring 2011) and
0.51 (limnetic zone, spring 2010), while maximum
values varied more and oscillated between 1.5
and 4.1 m in the El Chorro and Singuil rivers in
winter of 2011 and 2010, respectively (Table 1;
Figure 3). This variable was correlated with the
temperature (r=-0.72; p<0.01), BOD, (r=-0.72;
p<0.01), potassium (r=-0.65; p<0.01) and sodium
(r=0.47; p<0.05).

Figure 4 shows the thermal profile in the
limnetic zone demonstrating mixing periods in fall
and winter and stratification periods in the warm
months of both years assayed. The temperature of
the selected sites showed a seasonal distribution with
maximum values that were registered during the
hot months and minimum values during the cold
months (Table 1). Highly significant correlations
were found between T and BOD., potassium,
transparency and bicarbonate and to a less extent
with magnesium and nitrate (Table 2).
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Figure 2. A- B. A. Fluctuation in water level (m.a.s.l.) (0) and volume (hm?®) (A); B. Variation in the rainfall (mm)
(in bars) and water contribution (m?.s™) (line).

Table 2. Correlation matrix of variables with ** p<0.01, * p<0.05 significance levels.

Depth Transp. pH EC T DO BOD, HCO, SO/* Cl- Ca* NO, NH/
pH -51*
T =72
DO .62**
BOD, =72 70*
HCO, -.86** -.55%*
Coz 92+ 59** 71
Slojy 44*
CI 59** -.45* -.52**
Na* AT AT A45*
K* -.65** 78** 75%*
Ca* A43* -48%  72**
Mg?* 61 -42% -.48* -51* 73 65"
NO, -.43* -.30*
NO, -.34* -.33* .62**
PO* .39** -.35* .36* A4**

The water assayed was neutral to alkaline as
pH values oscillated between 7.3 at the bottom
of the limnetic zone and 9.5 in the Chavarria and
Las Moras rivers (Table 1). pH was correlated with
carbonate (r=0.92; p<0.01), bicarbonate (r=-0.86;

p<0.01), DO (r=0.62; p<0.01) and nitrate (r=-0.43;
p<0.05).

Electrical conductivity oscillated between
83 uS.cm™ for the Chavarria River in March
2011 and 218 pS.cm™ in the subsurface limnetic
zone in November 2011 (Table 1). EC was highly
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Figure 3. Variation in transparency in the limnetic zone and the mouth of the tributaries.
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significantly correlated with chloride, magnesium
and phosphate and significantly with sodium,
calcium and nitrite (Table 2).

During the hot months minimum values for
dissolved oxygen were observed in the limnetic
zone (bottom), reaching 2.7 mg.L™" in the fall
of 2012, while were well oxidized during the
remaining seasons, reaching 10.8 mg.L™". In the
mouths of the tributaries DO values fluctuated
between 6.5 and 14.5 mg.L", except for November
2011 when minimum values of 4.5 and 5.2 mg.L™!
were registered in the El Chorro and Singuil rivers,
respectively (Figure 5). The DO was correlated
with the pH (r=0.62; p<0.01), carbonate (r=0.59;
p<0.01), sulfate (r=0.44; p<0.05), nitrite (r=-0.33;
p<0.05) and orthophosphate (r=-0.35; p<0.01).

BOD, measurements of all sites assayed were
<5 mg.L™" in the winters of 2010 and 2011 and in
the fall 0f2012. In May 2011 values <5 mg.L™" were
obtained in the limnetic zone and in the Chavarria
River, while BOD; values for the other tributary
mouths oscillated between 10 and 49 mg.L-. The
maximum value, 183 mg.L™", was registered in the
Singuil River in spring 2010. In summer BOD,
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values in the mouths of the tributaries greatly
differed; in 2011 they fluctuated between 46 and
51 mg.L"!, except for the Chavarria River with
20 mg.L!, while in 2012 the records oscillated
between 6 and 22 mg.L™!, and only the El Chorro
River reached a value of 59 mg.L". For the last two
years, values of 8 and 12 mg.L™! were measured in
the limnetic zone (Figure 5). BOD; was correlated
with the temperature, potassium and transparency
(p<0.01) and chloride and magnesium (p<0.05)
(Table 2).

According to the Piper-Hill-Langelier diagrams
the ionic composition of the waters of the reservoir
and its tributary mouths was sodium-calcium-
bicarbonate (Figure 6). The HCO, concentration
oscillated between 10 mg.L™" in the Chavarrfa River
and 93 mg.L™" at the bottom of the limnetic zone,
both measured in the summer of 2012. The Ca*
values fluctuated between 10 mg.L™ in the Singuil
River and 37 mg.L™" in the Las Moras River in
March 2011 and 2012, while the Na* concentration
maintained rather stable (10-12 mg.L™") throughout
the period assayed, except for the Singuil River in
August 2010, when the maximum value (19 mg.L™)
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Figure 6. Piper-Hill-Langelier diagrams of the sampling sites.

was observed. Regarding the other ions assayed,
Mg?* concentrations were slightly higher than
K* concentrations. In relation to SO, and CI
concentrations, the first was found in low and
high water levels in 2010 and 2011 and the inverse
effect was observed in winter of 2011 and summer
of 2012.

Correlations between anions and cations were
highly significant (p<0.01) with r=-0.71 between
HCO,/CO,”, r=-0.52 for SO /CI" and r=0.65
between Mg?*/Ca**. Furthermore, both SO *
and CI" showed correlations with Ca?* and Mg*
and SO > also correlated with Na*. Similarly,
Table 2 shows other associations of the major ion
constituents with electrical conductivity, BOD,,
DO, pH, temperature and transparency.

Maximum NO,~ concentrations were observed
in August and November of 2010 at all the sites
studied, reaching 7 mg.L™" at the bottom of the
limnetic zone, whereas minimum records were
obtained in March 0f 2012, except for the Chavarria
and Las Moras rivers (Figure 7A). Compared with
other nitrogen compounds, NO," concentrations
during most of the period assayed were less than
0.007 mg.L, except for May in 2011 and 2012.
During the first year values oscillated between
0.02 and 0.07 mg.L"! for the Singuil and Las
Moras rivers, respectively, and during the 2"
year they varied between 0.01 for the El Chorro

River and 0.06 mg.L™! in the subsurface area of
the limnetic zone. The minimum NH_* value was
less than 0.013 mg.L™" and it was mostly observed
during November 2010, May 2011 and 2012 and
August 2011. In general, values oscillated between
0.02 mg.L! (Chavarria River, August 2010 and May
2011; Las Moras River, August 2010, subsurface
limnetic zone, August 2010) and 1.8 mg.L"
(Chavarria River, March 2011). All sites showed
an increase in NH,* during spring 2011, which
differed this season from the other months assayed.
Correlations were observed between NO,~and pH
/ temperature / PO,* (r=-0.43, -0.30 and 0.36,
respectively; p<0.05). NO,™ was associated with
SO, (r=0.62; p<0.01), EC (r=-0.34; p<0.05) and
DO (r=-0.33; p<0.05). NH,* was only correlated
with orthophosphate (r=0.44; p<0.01).

Figure 7B shows that in general orthophosphate
values were less than 0.05 mg.L™' and maximum
values fluctuated between 0.14 mg.L-' (Singuil
River, November 2010 and the subsurface of the
limnetic zone, November 2011) and 0.22 mg.L™!
(bottom of the limnetic zone, March 2012).
PO,* correlated with NH,* (r=0.44; p<0.01), EC
(r=0.39; <0.01), NO," (r=0.36; p<0.05) and DO
(r=-0.35; p<0.05).

In 80% of the samples the total nitrogen / total
phosphorous ratio (TN/TP) varied between 26 and
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158 and the lowest value (4) was recorded at the
bottom of the limnetic zone in May 2011.

PCA showed that the first three components
explained 62% of the variability of the data, which
contributed 23, 21 and 18% of the total variance.
Axes 1 and 2 contributed to a separation of the
sites according to the seasons. The spring samples
were arranged towards the left lower quadrant
and the summer samples towards the right lower
quadrant, except for the bottom of the limnetic
zone in March 2012. On the contrary, samples
corresponding to fall and winter were separated
towards the upper quadrants. The variables that
contributed to Axis 1 were orthophosphate,
dissolved oxygen (DO), nitrate and ammonium
(intra-set correlation coefficients: -0.82, 0.59,
-0.57,-0.56, respectively). In component 2, BOD5

and temperature contributed with correlation

coefficients of -0.86 and -0.79, respectively
(Figure 8).

4, Discussion

The Escaba reservoir has annual hydrometric
fluctuations that coincide with the seasonal
rainfall that show two well-defined periods in the
Tucumadn province: high water level (summer-fall)
and low water level (winter-spring). Variations
in water level, volume and flow coincided with
those observed in other lentic environments in the
province (Tracanna et al., 2006; Seeligmann and
Tracanna, 2009, among others). During the period
assayed the differences in the water level of the lake
were similar to those described by Pantorrilla and
Nufiez Regueiro (2006), even though precipitations
recorded for the summer of 2011 triplicated
values observed during the same season in 2012.
Maximum transparency was registered in winter,
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which coincides with the low water level period,
while the decrease in this variable observed in
spring and summer could be attributed, among
other factors, to the increase in suspended solids,
which agrees with studies on other reservoirs in
Tucuman, like Dr. C. Gelsi (Tracanna et al., 20006)
and La Angostura (Seeligmann and Tracanna,
2009), and the influence of algae (Margalef, 1983;
Ordoiez Salinas, 2010). This agrees with the strong
negative correlation between temperature and

transparency (Table 2).

According to Margalef (1983) the reservoir
can be characterized as warm monomictic
with thermal stratification in spring-summer, a
classification that can be applied to the majority
of the artificial reservoirs in central and northern
Argentina (Boltovskoy and Foggetta, 1985;
Locascio de Mitrovich et al., 1997; Bazin, et al,,
2004; Salusso, 2005; Tracanna et al., 2006;
Seeligmann and Tracanna, 2009, among others).

The highest pH values observed close to
the surface of the dam could be directly related



378 Tracanna, BC., Martinez De Marco, SN., Taboada, MA. et al.

to the CO, consuming photosynthesis process
which produces an increase in the pH values. In
different lakes around the world a relation has
been observed between to high pH values and the
capacity of certain phytoplankton members like
Ceratium, Anabaena and Microcystis capture CO,
(Mancini etal., 2011). The elevated pH values could
be related to the dominance of Ceratium hirundinella
(OE Miill.) Dujardin, observed during most of
the months studied (Martinez De Marco et al.,
2011; Taboada et al., 2011). The strong positive
correlation between the pH and carbonate would
be related to pH values higher than 8.5; above this
value carbonate concentrations begin to increase
(Weiner, 2008).

With regard to electrical conductivity and
according to the classification by Rodier (1990),
the water presented mild mineralization during
most of the assay period. This is the result of the fact
that salts of the crystalline metamorphic basement
rocks are hardly dissolved by precipitation and
besides, at this stage the water has covered very
little distance to be in significant contact with
the sediment. Thus, conductivity is exclusively
determined by dissolution of the minerals that
characterize the lithology of the region. Similarly,
the sodium-calcium-bicarbonate classification of
this reservoir agrees with the relative composition
of fresh water bodies around the world (Margalef,
1983), which would be the result of the incongruent
dissolution of plagioclase. On the other hand, this
variable only allowed a temporary differentiation
which influenced mainly high temperatures and
hence increases evaporation in the late periods
of drought, which can be demonstrated with the
inverse relationship between the water level and the
conductivity. This result coincides with observations
in the Campo Alegte reservoir (Borja, “pers. com.”,
2011) and for other bodies of water.

Dissolved oxygen is an important parameter
to determine the water quality. The oxygen
concentration in the limnetic zone during the
hot months presented a gradient with a higher
concentration in the epilimnion and a deficit in
deeper strata without reaching anoxic conditions,
which was in agreement with the stratification of
the reservoir. This diminution could be attributed
to the degradation process of organic macter, caused
by a considerable accumulation of dead vegetation
and elevated temperatures (Peralta and Ledn, 2006,
among others). These results agree with the higher
pH values measured close to the surface of the
dam because of the photosynthesis process that
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releases oxygen to the medium during the summer
months (Weiner, 2008). This is confirmed by the
significant positive correlation found between the
pH and dissolved oxygen. During the mixing period
the oxygen concentration in the water column
maintained stable.

In general, BOD, measured in the mouths
of the rivers and in the limnetic zone was higher
than 8 mg O,.L”", which is characteristic for
highly contaminated aquatic environments
(Orozco Barrenetxea et al., 2008). Highest BOD
levels were detected during the summer months
which coincided with the lowest transparency values
of the water and consequently with the highest levels
of organic matter. Part of this material is generated
by diverse human activities like agriculture, cattle
breeding and domestic activities in the area. This
variable behaved similarly to that in the Dr. C. Gelsi
and Rio Hondo reservoirs, while the BOD, values
for the La Angostura reservoir could be considered
acceptable all year round in the entire water column
(Locascio de Mitrovich et al., 1997; Seeligmann
and Tracanna, 2009; Tracanna et al., 1999, 20006,
among others).

The concentration of the majority of the
nitrogen and orthophosphate compounds tend
to follow seasonal patterns, diminishing during
spring and summer as a result of the increase in
biological activity (Margalef, 1983; Vila Pinto,
2003, among others), which agrees with our results
during the summer and at several sites during
spring. In most of the cases NH,* values did not
exceed recommendations for aquatic life. Nitrate
was generally higher than 1 mg.L™! which would
indicate contamination by agricultural practices
(both crop growing and livestock). Nitrite was
in most of the cases below the accepted level for
normal biota development, as the mainly oxidizing
environment most likely favored its oxidation to
nitrate (Weiner, 2008).

Natural phosphorous is scarce, because it is
predominantly found in insoluble salts, which
makes its bioavailability difficult and hence, it
behaves as a limiting nutrient for algal growth
compared with nitrogen and carbon that naturally
exist at higher concentrations. The critical threshold
of inorganic phosphate for algal bloom can be as low
as 0.005 to 0.01 mg.L™, buct it is more frequently
around 0.05 mg.L™! (Weiner, 2008). In the current
study most of the data obtained were below this
value. The low levels registered could be the result
of the fact that the pH values measured were not
adequate to release phosphorous from the sediment
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and in addition, there are no important external
phosphorous sources. On the other hand for atomic
nitrogen/phosphorous ratios > 17, phosphorous
behaves as a limiting factor, whereas at ratios < 10,
nitrogen is limiting (Conzonno, 2009). The samples
from the Escaba reservoir (limnetic zone and mouth
of the rivers) generally showed phosphorous as the
limiting factor and only in a few cases nitrogen. The
ecosystem studied can be classified as hypertrophic
considering TN, TP and transparency (Secchi
disk) parameters and according to the trophic
classification by Conzonno (2009).

Interpretation of principal component analysis
(PCA) only allowed seasonal ordination of the sites.
The results obtained confirmed that the temperature
affected the physical mixture of the water column
and that the hydrological cycle favored the nutrient
concentration in low waters. In conclusion, it could
be said that the physicochemical variables in this
dam are regulated by seasonal changes and thermal
stratification.

Acknowledgements

The authors would like to thank the hydroelectric
company Hidroeléctrica Tucumén S.A. for records
on the precipitation, water level, flow and volume.
They are also grateful to the Research Council of the
National University of Tucumdn (UNT; CIUNT,
26G/446) for the grant to carry out the study and
the Faculty of Natural Sciences and IML of the
UNT and the Miguel Lillo Foundation for their
support of the field studies.

References

American Public Health Association - APHA. 2005.
Standard methods for the examination of water and
wastewater. 21th ed. Washington.

BAZAN, R., ORONA, C., LARROSA, N., DEL
OLMO, S., COSSAVELLA, A., CORRAL, M.,
RODRIGUEZ, A. and WUNDERLIN, D. 2004.
Monitoreo optimizado de la calidad del agua del
embalse Los Molinos, Cérdoba. In Actas del XIV
Congreso Argentino de Saneamiento y Medio Ambiente,
2004. Buenos Aires, Argentina. p. 1-4. Available
from: <www.bvsde.paho.org>.

BOLTOVSKOY, A. and FOGGETTA, M. 1985.
Limnologia fisica del embalse Rio Tercero: térmica,
hidrologia y derivaciones biolégicas. Biologia
Acudtica, no. 7, 58 p.

BUSTINZA, J., ROCCA, R. and ZEBALLOS, M.
2010. Reevaluacién de la estabilidad de una presa
de contrafuertes. In VI Congreso Argentino de presas
y aprovechamientos hidroeléctricos, 2010. Neuquén,

Assessment of the physicochemical variables of a subtropical ... 379

Argentina. p. 1-12. Available from: <www.cadp.org.
ar/docs/congresos/2010/106.pdf>.

CONZONNO, VH. 2009. Limnologz’a quimica. Buenos
Aires: Universidad Nacional de La Plata. 222 p.

FERNANDEZ, DS., PUCHULU, ME. and
CZERNICZYNIEC, M. 2007. Trabajo de campo
en el embalse Escaba. In CICERONE, DS. and
HIDALGO, M. DEL V., orgs. Los humedales de la
Cuenca del Rio Sali. Buenos Aires: Jorge Baudino
Ediciones. p. 227-254.

Instituto Argentino de Normalizacién y Certificacién
- IRAM. 1996. Norma IRAM 29012-2: calidad del
medio ambiente: agua: muestreo: directivas generales
sobre técnicas. Buenos Aires. 23 p.

Instituto Argentino de Normalizacién y Certificacion
- IRAM. 1998. Norma IRAM 29012-3: calidad
ambiental: calidad del agua: muestreo: guia para la
preservaciéon y manipulacién de las muestras. Buenos
Aires. 34 p.

Instituto Argentino de Normalizacién y Certificacion
- IRAM. 2005. Norma IRAM 301/ISO 17025:
requisitos generales para la competencia de los
laboratorios de ensayo y de calibracién. Buenos
Aires. 37 p.

LOCASCIO DE MITROVICH, C., VILLAGRA
DE GAMUNDI, A., TRACANNA, BC.,
SEELIGMANN, C. and BUTTI, C. 1997. Situacién
actual de la problemdtica de los embalses de la
provincia de Tucumdn (Argentina). Lilloa, vol. 39,
no. 1, p. 81-93.

MANCINI, M., BETHULAR, A., VIGNATTI, A.,
ECHANIZ, S., BONANSEA, SALINAS, MV.
and RODRIGUEZ, C. 2011. Calidad de agua y
zooplancton del embalse San Roque (Cérdoba,
Argentina). Ciencia, vol. 6, no. 21, p. 69-80.

MARGALEE R. 1983. Limnologia. Barcelona: Ediciones
Omega. 1010 p.

MARTINEZ DE MARCO, SN., MIRANDE, V.,
TRACANNA, BC., ISASMENDI, SC. and
TABOADA, MA. 2011. Evaluacién espacio-
temporal del fitoplancton de los tributarios de un
embalse subtropical (Tucumdn, Argentina). In
XXXIII Jornadas Argentinas de Botdnica. Boletin de
la Sociedad Argentina de Botdnica, no. 46, p. 145-
146. Supplement.

ORDONEZ SALINAS, J. 2010. Limnologta del Embalse
de Sau: relaciones del zooplancton, la clorofila y los
s6lidos en suspension con el clima luminico del agua.
Espana: Universidad de Barcelona. 253 p. [Tesis
Doctoral].

OROZCO BARRENETXEA, C., PEREZ SERRANO,
A., GONZALEZ DELGADO, MN., RODRIGUEZ
VIDAL, FJ. and ALFAYATE BLANCO, JM. 2008.
Contaminacidn ambiental: una visién desde la
quimica. Madrid: ITES-Paraninfo. 682 p.



380 Tracanna, BC., Martinez De Marco, SN., Taboada, MA. et al.

PANTORRILLA, MM. and NUNEZ REGUEIRO,
VA. 2006. Investigaciones arqueoldgicas en la zona
de Escaba, provincia de Tucumdn: asentamientos
Condorhuasi y Aguada en las Yungas. Intersecciones
en Antropologia, no. 7, p. 235-245.

PERALTA, P. and LEON, J. 2006. Estudios de
caracterizacion limnoldgica de los embalses de la
provincia de Mendoza. Argentina: Departamento
General de Irrigacién. Mendoza. 148 p.

REARTE, J. 1981. Provincia de Tucumdn. In Centro
Editor de América, org. Atlas fisico de la Repiiblica
Argentina I. Buenos Aires. p. 99-105.

RODIER, J. 1990. Andlisis de las aguas. Barcelona:
Omega. 1059 p.

ROHLE FJ. 1990. N7S5YS-pc: Numerical Taxonomy and
Multivariate Analysis System. Version 1.60. Exeter
Software. Setauket.

SALUSSO, MM. 2005. Fvaluacién de la calidad de
los recursos hidricos superficiales en la Alta Cuenca
del Juramento (Salta). Argentina: Universidad de
Buenos Aires. 203 p. [Tesis Doctoral]. Available from:
<http://www.bl.fcen.uba.ar/catalogos.php>.

SANTILLAN DE ANDRES, S. and RICCI, T. 1980.
Geografia de Tucumdn: consideraciones generales.
Argentina: Facultad de Filosofia y Letras, Universidad
Nacional de Tucumén. 177 p.

SEELIGMANN, C. and TRACANNA, BC. 2009.
Dindmica del fitoplancton en un embalse de alta
cota del Noroeste Argentino (Tucumdén). Limnetica,
vol. 28, no. 1, p. 105-124.

Acta Limnologica Brasiliensia

TABOADA, MA., TRACANNA, BC., MIRANDE, V.,
ISASMENDI, SC. and MARTINEZ DE MARCO,
SN. 2011. Andlisis del fitoplancton y de variables
fisicoquimicas de la zona limnética de un embalse del
Noroeste Argentino. In XXXIII Jornadas Argentinas
de Botdnica. Boletin de la Sociedad Argentina de
Botdnica, no. 46, p. 146-147. Supplement.

TRACANNA, BC., SEELIGMANN, CT., MIRANDE,
V., BENITEZ DE PARRA, L., TORRES DE
PLAZA, M. and MOLINARI, FM. 1999. Cambios
espaciales y temporales del fitoplancton en el embalse
Rio Hondo (Argentina). Boletin de la Sociedad
Argentina de Botdnica, vol. 34, no. 1-2, p. 101-105.

TRACANNA, BC., MARTINEZ DE MARCO, SN.,
AMOROSO, M]J., ROMERO, N., CHAILE, P.
and MANGEAUD, A. 2006. Physical, chemical and
biological variability in the Dr. C. Gelsi reservoir
(N'W Argentine): a temporal and spatial approach.
Limneética, vol. 25, no. 3, p. 787-808.

VILA PINTO, IC. 2003. Los sistemas acudticos
continentales. Su ontogenia natural acelerada por
efecto antrépico: la eutrofizacién y la salinizacion.
In FERNANDEZ CIRELLIL, A., org. El agua en
Iberoamérica: tépicos bésicos y estudios de caso.
Cartagena de Indias: CYTED-XVIIL. p. 11-21.
Programa Iberoamericano de Ciencia y Tecnologia
para el Desarrollo.

WEINER, ER. 2008. Major water quality parameters
and applications. In Taylor & Francis Group, orgs.
Applications of environmental aquatic chemistry: a
practical guide. 2nd ed. Boca Raton. p. 53-108.

Received: 19 December 2013
Accepted: 14 October 2014



