Acta 1 imnologica Brasiliensia  vol. 11(2) 101-110 101

HUMAN IMPACT ON SOME LIMNOLOGICAL
CHARACTERISTICS OF THE GASTONA RIVER (TUCUMAN,
ARGENTINA)

MIRANDE, V', ROMERO, N.2 BARRIONUEVO, M.A2, MEONI, G.S. B3,
NAVARRO, M.G.?, APELLA, M.C.*5, TRACANNA, B.C.'

Fundacién Miguel Lillo e Instituto de Limnologia del Noroeste Argentino (Facultad de
Ciencias Naturales e Instituto Miguel Lillo de la Universidad Nacional de Tucumsén), Miguel
Lillo 205 '; Obras Sanitarias Tucuman, Avenida Sarmiento 991 % Laboratorio de Control
Ambiental, SIPROSA, pasaje Dorrego 1080 % Centro de Investigaciones y Transferencia en
Quimica Aplicada (Fac. Cs. Nat. e LM.L. de la UNT) % Consejo Nacional de
Investigaciones Cientificas y Técnicas °. San Miguel de Tucumén (4000), Tucuman,

Argentina. E-mail: llinca@csnatunt.edu.ar

RESUMO: Impacto antrépico sobre algumas caracteristicas limnologicas do tio
Gastona (Tucuman, Argentina). O objetivo deste trabalho foi avaliar o impacto antrépico
ocasionado por efluentes de esgbtos ¢ pela atividade de um engenho acucareiro nas caracteris-
tcas limnolégicas do rio Gastona (Tucumin, Argentina) 2o longo de um gradiente longitudi-
nal. Foram selecionados trés pontos de coleta e analisados, de marco a novembro de 1998, os
seguintes parimetros fisico-quimicos (turbidez, oxigénio dissolvido, compostos nitrogenados
e fosfatos) € bioldgicos (demanda bioquimica de oxigénio (DBO), colimetria e fitoplincton).Os
resultados obtidos evidenciaram um aumento em San Carlos, ponto mais perto da perturba-
¢do, para depois decrescer devido 2 depuracio prépra do rio. Observou-se, também, uma
forte diferenga nos meses de safra (junho-cutubro) com altos teores de coliformes, (até 9 log
UFC/100 ml), da DBO, fosfatos, aménia e nitritos, e valores minimos de nitratos e oxigénio
dissolvido. O fitoplncton tendeu a diminuir corrente abaixo, acentuando-se 2 diminuicio
do nimero de individuos em aproximadamente 50 %, de julho a outubro. As diatomaceas
foram dominantes, destacando-se as penadas sobte as céntricas, sendo as espécies Cymbella
affinis Kiitzing, C. ampbicephala Naegeli, C. belvetica Kiitzing, Fragilaria #ina (Nitzsch) Lange-
Bertalot, Melosira varians Agardh, Navicwla exigna (Gregory) Grunow, N. goeppertiana (Bleisch)
H. L. Smith e Nitzsehia palea (Kitzing) W. Smith as mais freqiientes e abundantes, Os outros
grupos encontrados foram as cyanoficeas, cloroficeas € euglenoficeas. A presenca deste tlti-
mo destacou-se, principalmente, a partir de junho, nos dois pontos de maior contaminacio.
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Também sio reportados os resultados da anilise de agrupamento para varidveis bioticas ¢
abidticas durante o periodo de estudo, que confirmaram as diferencas espaciais € temporais

entre os pOﬂtOS de AmMostragen.

Palavras-chave: Impacto antrépico, patimetros fisico-quimicos, parimetros bioldgicos,

fitoplancton, ambiente 1ético.

ABSTRACT: Human impact on some limnological characteristics of the Gastona River
(Tucuman, Argentina). The aim of this papet was to evaluate the human impact caused by
sewage and by the sugarcane industry in the limnological characteristics of the Gastona River
(Tucuman, Argentina) along a longitudinal gradient, from March to November 1998. Three
sampling sites were selected and physico-chemical parameters (turbidity, dissolved oxygen,
nitrogen compounds and phosphates) as well as biological parameters (biochemical oxygen
demand (BOD,), colimetry and phytoplankton) were analysed. The results obtained showed
an increase in the polluton in San Cados, the site nearest to the disturbance, and then a
decrease downstream due to the river self-recovery as regards its water quality. A marked
difference in the sugarcane campaign period (June-October) was observed with high amounts
of coliforms (up to 9 log UFC/100 mL}, BOD,, phosphates, ammonium and nitrites, and
minimum amounts of nitrates and dissolved oxygen. The phytoplankton became lower
downstream, the number of individuals getting scarcer by approximately 50 % from July to
October. Diatoms were the most abundant gtoup, the pennate diatoms prevailing over the
centric ones. Cymbella affinis Kiitzing, C. amphicepbala Naegeli, C. helvetica Kiitzing, Fragilaria
ulna (Nitzsch) Lange-Bertalot, Melosira varians Agardh, Navicula exigna (Gregoty) Grunow, N.
goeppertiana (Bleisch) H. L. Smith and Nitgschia palea (Kiitzing) W. Smith were the most often
found species. Othet groups such as Cyanophyta, Chlorophyta and Euglenophyta were found,
the latter becoming more frequent from June in the two sites exhibiting the largest pollution.
The results of the cluster analysis of biotic and non-biotic variables in relation with the sampling
period under consideration were reported, which corroborated the spatial and temporal

differences among the sampling sites.

Key-wotds: Human impact, physico-chemical parameters, biological parameters, phytoplankton,

lotic environment.

INTRODUCTION

The Gastona River is a part of the mid basin of the Sali river and is one of the four
ttibutaries from the Rio Hondo dam, the others being the Sali, the Medina and the Marapa
rivers. The Gastona rises in the Sierras del Aconquija through the union of the Solco and the
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Conventillo rivers; then, it joins the Chitimayo river at the city of Concepcion and continues
its course southeastwards through a plain until it reaches the Rio Hondo dam. The prevailing
climate according to Képpen (Torres Bruchmann, 1978) is temperate, moderately rainy with
mild dry winters; towards the east the climate becomes steppelike with xerophylous vegetation
and precipitation that decrease from 2,000 to 600 mm a year from west 1o east. On the whole,
the area has a partly loessic slimy-sandy soil fit for agriculture (Acefiolaza e/ 2, 1984). One of
the Gastona river drawbacks is its salinization, which increases towards the dam, partly because
of the rain-washed soluble salts present in sedimentites of the cretaceous-eotertiary covering
on areas with a gentle slope and, consequently, with an insufficient natural drainage (Consejo
Federal de Inversiones, 1980). The waste waters from a sugarcane factory together with the
sewage from the city of Concepcién (Chicligasta Department) ate drained into the Gastona
throughout its course, making this river, together with the Sali, the most highly polluted ones
in Tucuman during the sugarcane campaign petiod, with dissolved oxygen values of 0 mg L'
(Romero et 2/, 1994),

The aim of this paper was to evaluate, through the study of physico-chemical and
biological parameters (bacteria and phytoplankton), the effect of human impact on the Gastona
River.

MATERIALS AND METHODS

Three sampling sites along the course of the Gastona were chosen for our study: 1) El
Molino dam, 2} San Catlos and 3) Chicligasta (Fig.1), located 16 km upstream, and 7 km and
33 km downstream of the waste water discharge, respectvely. Monthly samplings were carried
out from March to November 1998, in order to cover the sugarcane campaign petiod (June-
October). Turbidity {Turb), biochemical oxygen demand (BOD,), dissolved oxygen (DO),
nutrients (ammonium, nitrites, nitrates and phosphates), bacteria (total coliforms (TC) and
faecal coliforms (FC) and phytoplankton amounts were determined according to  APHA
(1992) and Rodier (1989). Phytoplankton, was counted using the Utermdhls (1958)
sedimentation technique under an inverted microscope. Primary taxonomic sources used
were Simonsen (1979) for diatoms; Geitler (1932), Komarek and Anagnostidis (1986, 1989)
and Anagnostidis and Komarek (1988) for blue-green algae; and Boutrelly (1972, 1985) for
other groups.

The statistical analysis of the data was cartied out following the clastering method,
using 2 cosine similitude coefficient, through the UPGM mean link of the NTSYS-pc program,
by means of the log transformed data of the physico-chemical variables, bacterial concentration
and quantity of the algal groups in relation to the period considetred in this study.

RESULTS

Turbidity (Fig. 2 A) showed an important increase in the June-October period in the
three sampling sites. In August, a marked difference was observed between San Carlos and El
Molino, with values of 200 and 68 NTU, respectively.
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Fig. 1. Location of the sampling sites. 1.- El Molino dam; 2.- San Carlos; 3.- Chicligasta

Dissolved oxygen (DO) (Fig: 2 B) remained above 8 mg L at El Molino dam, while in
the other two sites, up to June, it fluctuated from 6.7 to 9.9 mg L, dropping to ) mg L' from
August to October in Chicligasta and in August in San Carlos.

The biochemical oxygen demand BOD,) (Fig: 2 B) never reached values higher than 4
mg L'in El Molino dam. The difference between the values obtained here and those of the
disturbed sites increased between July and October, maximum values being observed in August
with 365 mg L in San Carlos and 330 mg L in Chicligasta.

Nitrate amounts tended to dectease along the course of the Gastona (Fig: 2 C). Highest
values for the three sites occurred in March, with 16, 19 and 9.9 mg L1 for the three sites,
respectively, Lowest values were observed from May to October, 0 mg L being found duting
July, August and September in San Carlos and Chicligasta.

As to the remaining nuttients (nitrites, ammonium and phosphate) {Fig. 2 D-F}, an
increase occurred downstream. In the mote highly polluted sites, as a whole, the lowest
concentrations were found from March to June 2nd the highest from July to October, ammonium
and phosphates being prevalent, with values of up to 4.9 and 14.8 mg L, respectively. In El
Molino dam, these three parameters remained more stable during the 9 months under study
(March-November).
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Tostal and freral coliform bactenz (Figr 3 A-B; showed the sume behaviour throwgshout
the petiod under study, increasing in April and August in the three sites. An important amount
of hacteria was derermined in the distarhed sires with respeet s E] Moling dam. Tn this sire,
total baceerial counts remained between 1-4 bog UL/ 100 mE with the excepdon of Auguse,

when they climbed up o 5 UFC/100 ml. In Ban Carlos, they ranged fram 3 o 7 TFC/ 100
mb excepl in Apdl and Movember, when they went up 1o 9 UFC/ 100 tal. In Chicligasta, they



106

ranged between 3 and 6 UFC/100 mL, while in April, August and September they were above
7 UFC/100 mL. Faecal bacteria showed a behaviour similar to that of total ones in all three
sites, but with lowet values. .

The amount of phytoplankton (fig, 3 C-E) became lower downstream, the decrease of
individuals being 50 % or higher between July and October. Except in March and November,
phytoplankton in sites 1 and 2 increased towards August (El Molino dam) and June (San

Carlos) and then decreased, while in site 3 no important variations were observed. The amount
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of individuals found increased from 203 (April) to 976 ind mL" (August) in El Molino dam,
from 141 (October) to 503 ind mL"* (June) in San Carlos, and from 131 (September) to 502 ind
mL"' (November) in Chicligasta. Bacillariophyceae was the most abundant group, the pennate
diatoms prevailing over the centric ones, the abundant and most often found species being
Cymbella affinis Kiitzing, C. amphicephala Naegeli, C. helvetica Kizing, Fragilaria ulna (Nitzsch)
Lange-Bertalot, Melosira varians Agardh, Navieula exigna (Gregory) Grunow, N. gogppertiana
(Bleisch) H. L. Smith and Nizgschia palea (Kitzing) W. Smith. Cyanophyta, Chlorophyta and
Euglenophyta were also observed. The last group, found mainly in San Carlos and Chicligasta
from June onwards, exhibited species belonging to the genera Euglena, Lepocinclis and
Trachelomonas.

The results of the cluster analysis of the sampling sites throughout the period under
consideration at a level of similatity of 0.91, resulted in two groups, A and B (Fig. 4). Asa
whole, the former was made up of the samples from El Molino dam, which were similar as
tegards their low bactetial counts (3 log UFC/100 mL} and the amount of dissolved oxygen
(>7mg L"). Group A was subdivided into A and A, on the basis of nitrates and density of
diatoms, The first subgroup had higher amount of nitrates (8 - 25 mg L', except Chicligasta
-June) than A, (2 - 4 mg LY). On the other hand, subgroup A had lower density of diatoms
(180 - 201 ind mL", except El Molino dam - March) than A, (474 - 680 ind mL").
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Gruup B was composed mainly by the samples from Sun Carlos and Chicligsea and
two subgroups (B, and B} were derermined on the busis of biochemical oxygen demend,
ammoninm, phosphates and density ol euglenids B, was again subdivided ints B and B |
the latter comprising those samples that had heen affecred by the suprarcane acdvity, with
BOD, values betwesn 190 - 365 mg 1.1 whereas the former vever reached values higher than
29 mﬁ; L Subgroup B, was not meluded in B since it showed BOD, values thar were
intermediate berween B and B aroops.

DISCUSSION

The impact caused by human scdvity on the Gastana River was evident, both sparially
and lemporally, 20d became more imparrant on certain months, especially m August,
enincidentally with the petiod of lowese rainfall and of sngarcane seriviry. Tn rhe firss case, thae
5, along die conrse of the river, the deorease o the water qualicy appeared as an inctease in
turbidity, BOL, phosphates and ammaoniom wngether with 2 deercase in DO and autrades, all
of which in mirn led to an ncrease in bacletia n San Carlos and Chicligasta, Thytoplankron,
wilh the exception of Tuglenophyra, deercased downstream despite the hirh phosphale coming
from rain-washed seils (ferlilizers and ammal wastes! of the drainage area and of the ciry
sewage, Fuglenophyra vas favoured by the high atvounts of organic macter and of armtnonia
nitrogren, this being the only way in which nirrogen can he arilised by most species in this
group {Anpeli, 1977, The phytoplakion composed a large aumber of rychoplanktonic speeics
irum petiphyton, benthas and other communines. Dhfferent authori myvolve the sedimenls
with survival oof fluvial alrsl communities, even of primarily bearhic organisms_ and they
observed that a arge element of a rfiver plankron, as of shallow lukes, was wychoplankionic
(Tzmgruirre & Vinocur, 1994, Billen e 2/, 1994; Reynolds e 2f, 190, Thiatnms wene the mest
abundant group, provailing the pennste distoms over Lthe centric ones. This sinsaton was
reported to other rivers from Argentina (Gaglion, 1992; Lugue #f 2, 1997, Muttinez de Fabricius,
1066; Martinez de Fabricius of af, 1988, Mardnex de Uabdoius & Corigliana, 1289),

Allocthonous confriburinns of organic matter favor waler lile by increasing the density
of ulzse with heterotrophic behaviar such as Niggrobda spp. and Nuavioedz app. and of depaosit
rollenting and filtering orpandsis (Cotipliano, 1988, Crwbais aiftes, O amphuspbaly, O, delvetice
Fragilurter whea, Melosivg varions, Navienls exagrea, N goepperfons and Niltgehea poka were e most
often found species, De Wolf (1982} described Crabdedis afenic, Medorirg nerans and Nitgreliz
etz as entrophic speeics and FPrgglenz sfka as  meso-eutrophic species. Based on Lange
Bertalor (197% creeta, the species maose trlerans rer difforent concontratons of onpanic wmiet
wore Fragilana wina, Naroda goeppertiana, INfchia pata.

In the second case, that s, throughout e, sugatcane activiey increased the diffetences
Letween the sites under smudy, although a cermain amount of the rver self-depuration in water
quality cccurred in Novemnber. The beginning of the teiny period mogether with the end of the

SUZATCANE Calmpaig caused the dilutan of cerrain comraminants, a decrease hein)z observed 1
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BOD,, turbidity, phosphate and ammonium. Besides, the increase in nitrates and DO resulted
in an increase in phytoplankton in the disturbed sites, especially in Chicligasta. In El Molino
dam, an undisturbed site, this increase in phytoplankton was related to the availability of -
nitrates and oxygen and with the decrease of the flow toward August and to the increase of
the turbulence in this month due to atypical rains, which allowed better conditions for planktonic
algae to remain in suspension. Several rivers studies (Schiaffino, 1977; Anselmi de Manavelia
& Gatcia de Emiliani, 1995; Luque ¢f 2/, 1997) described temporal variations in phytoplankton
density and composition and showed its relation with water level fluctuation, Garcia de Emiliani
(1997) observed that river water regime had a high influence on river phytoplankton in a small
side-arm of the Parana River (Cotrentoso) and a close inverse relationship was found between
water level and total biomass (dilution). k

This papet would demostrate the important supply of organic matter (up to 365mgL’
in BOD,) provided by a sugarcane plant which, together with sewage, result in undesirable
conditions during the period of lowest rainfall thus producing noticeable differences, both
spatial and temporal (campaign-noncampaign petiod) between the sites. Moreover, the cluster
analysis carried out confirmed the differences between the various environments.
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