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ABSTRACT

Contamination caused by heavy metals (copper, zinc and chromium) was studied in a Pampean lake and its
biomagnification was considered. The samples were taken seasonally in different sites of the Chascomiis lake
during 1996 and 1997. The three elements were measured in water. sediments, fish muscle and viscerae, clam
muscle, phytoplankton and zooplankton. The concentration was higher than the limits allowed for acuatic life by
international and domestic legislation. Spatial and temporal differences were detected both in water and sediments.
The average value of total copper observed in water was 1.78 mg/l. The average value of total zinc in water was
0.19 mg/l. A higher quantity of zinc than copper was accumulated in the sediments. Hexavalent chromium was
of 0.12 mg/l in its average value. Accumulation was found in the viscerae and muscles of the ichthyofauna. In the
benthic fauna, copper concentration in muscle decreases according to the species’ swimming capabilities. In the
limnetic fauna the concentration increases in higher trophic levels.

RESUMEN

Cobre, zincy cromo en agua, sedimento y biota en la laguna Chascomus (Argenting).

Se analizo la contaminacion por algunos metales pesados (cobre, zinc y cromo) en la laguna Chascomus y se
considerd su biomagnificacion. Los muestreos se realizaron estacionalmente en 1996 y 1997, Se midicron los
elementos mencionados en agua, en sedimentos, en miisculoy visceras de peces, misculo de almefas, en fitoplancton
_yen zooplancton. Se encontraron altas concentraciones de (0s tres elementos analizados, superando el valor limite
aconsefado para la vida acudtica. Se comprobaron diferencias espaciales y temporales tanto en agua como en
sedimentos. El valor promedio de cobre total observado en el agua fue 1,78 mg/l, el de zinc total en qgua de 0,19
mg/ly el de cromo hexavalente de 0,12 mg/l. £n el sedimento se determind maqyor concentracion de zinc respecto a
cobre. Enla fauna ictica se encontrd acumulacton en viscerasy en musculo. En la fauna asoctada a los sedimentos,
cuanto mds nadadora es la especie considerada, menor fue la concentracion de cobre encontrada en musculo. En
cuante a la fauna relacionada a la zona limnética, la concentracion aumentd a medida que avanzamos en el nivel
trfico.
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INTRODUCTION

Certain elements such as heavy metals resist treatment
and can stay a long time in the environment. The heavier
metals are not generally involved with the activities of
living systems. When the biomass is consumed at higher
trophic levels, the consumer can receive a large dose of
absorved heavy metals (Waite, 1984). Copper, zinc, lead,
cadmiun, and mercury are very toxic and relatively ac-
cesible and are the elements of greatest concern for water
quality (Wood, 1974). Local disorders caused in natu-
ral water by heavy metals are less transitory in
freshwater than in seawater (Margalef, 1983).

Limnological studies of pampean lakes began 60 years
ago (Cordini, 1938). Probably, the best known lake in

T

the area is Chascomiis (Ringuelet, 1968, 1972). In
this lake, the species composition of fish community
(Barla, 1991a), the species trophic relationships
{Destéfanis and Freyre, 1972) the biology and some
species population studies (Ramirez, 1963; Sendra and
Freyre, 1978; Rodrigues Capitulo and Freyre, 1979)
and silverside feeding (Ringuelet, 1942, Ringuelet e
al., 1980) are known. Chemical composition of this
lake and its affluents has been studied even though
pollutants in the system were not analyzed (Conzonno,
1991; Conzonno and Claverie, 1990; Conzonno and
Fernandez Cirelli, 1987, 1988, 1995, 1996; Quirds,
1988). However, gill lesions in fishes produced by toxic
pollutants were investigated (Romano and Cueva,
1988).

Abiotic conditions in pampean lakes are not stable
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Sampled sites in the Chascomiis Lake.
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(Barla, 1991b). They are subject to cyclic and succesional
changes, even excluding the human influence of
activities such as agrarian and industrial developments.
The purpose of this paper is to measure three heavy
metals (copper, zinc and chromium) and to evaluate
their effects on the environment and aquatic
communities. We consider that the present paper is a
starting point for the study of chemical contamination
in pampean lakes.

MATERIAL AND METHODS

Six different sites (Fig. 1) were seasonaly sampled in
Chascomiis Lake, Argentina (35°36'S, 58°02'W) from
May 1996 to February 1997. Water, sediments,
phytoplankton, zooplankton, benthic fauna and fishes
were considered. Plankton nets for phytoplankton and
zooplankton, a dredge for sediments and benthic fau-
na, and trawls (Barla 1991a) and gillnets for fishes
were used. Gillnets were 25 m long with 30, 32, 34, 36
and 50 mm square meshes. La Limpia lake (35°37°S,
57°48'W) considering water, sediments and fish, and
Mar Chiquita coastal lagoon (37°40°S, 57°23'W)
considering muscles of silverside, both unconnected to
Chascomiis Lake, were also sampled.

Quantification of metals was carried out by the following
methods: Hach digesdahl system (Hach Company) was
used for sample pretreatment. In this procedure the
sample is oxidized by a mixture of sulfuric acid and
hydrogen peroxide. Digestion with sulfuric acid of a
dry sample requires 4 minutes at 440°C for sediments
and 468°C for muscle. Charred sample was clarified
with 10 ml. 50% hydrogen peroxide and boiled off excess
by heating for one more minute.

Digest is diluted to approximately 70 ml with deionized
water and pH adjusted to 4 with 8 N potassium
hydroxide when aliquots are taken for analysis using

I Cooper. zine and chromium in water, sediments and biota ... 1

bicinchoninate method for total copper (Hach,1993)

Zincon method for total zinc and 1,5-

diphenylcarbohydrazide for hexavalente chromium

(Greenberg et al.,1992).

Simultaneously, oxygen (Ysi Meter mod. 50 oxymeter),

pH (Orion pH sensor), water conductivity and

temperature (Hatch conductimeter) and transparency
(Secchi disk) were measured.

The metals were measured in the muscles and viscerae
in the following fishes: 1) Two planktivorous fish, the
silverside Odonthestes bonariensis bonariensis (Cuv.and
val.) (of economic and sporting importance) and the
bagarito Parapimelodus valenciennesi (Kroyer). 2) Three
benthic zone species, the carp Cyprinus carpio L., the
vieja Hypostomus commersoni (Cuv.and Val) and the
bagre sapo Rhamdia sape (Valenciennes). 3) A
piscivorous fish, the tararira Hoplias malabaricus
malabaricus (Bloch) which diet consist of insects and
fishes in the juveniles and fishes in the adults (Oliveros
and Rossi, 1991). Metals were also measured in the
muscles of a mollusc, the clam Anodontites anodontites
trapesialis (Gray)(Bivalvia, Mycetopodidae), in
phytoplankton and in zooplankton.

In the analysis, we considered: 1) the benthic fauna of
mud-fedders and bottom dwelling organisms, which
are associated with the sediments and the detritic chain;
and 2) the producers and primary, secondary and tertiary
consumers of the limnetic zone.

RESULTS AND DISCUSSION

The physico-chemical factors measured in the
Chascomuis Lake during the present period do not differ
singificantly from those previously recognized (Barla,
op. cit.; Conzonno, gp.cit., Quirds, op. cit.; Table 1).
During the sampled period the water-level rose 40 ¢m .

Physical and chemical variables recorded in Chascomiis Lake during the period 1996-1997. Maximum
and minimum values of depth, air and water temperatures, transparency, dissolved oxigen (DO), pH and
total dissolved solids (TSD).

Min. Max.
Depth (m) 0.25 1.4
Alr temperature (°C) 19 28.7
‘Water temperature (°C) 20 24.1
Transparency (cm) 5 19
DO (mg/l) 6.5 11
pH 8.5 9.28
TDS (g/l) 0.4 1.21
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The three elements, but especially copper, showed high
concentrations in water, sediments and biota (Table 2).
In samples from La Limpia Lake and Mar Chiquita
Coastal Lagoon these metals were not detected.
Nevertheless, mercury and lead were found in the biota
at Mar Chiquita by Marcovecchio et al. (1986).

Copper. The concentration observed in the water was
890 times higher than the limit recommended for
aquatic life (0.002 mg/l) by the current legislation and
domestic and international standards and quality
criteria for specific pollutants in natural waters,
according to the Secretaria de Recursos Hidricos de la
Reptblica Argentina. Concentration in sediments was
even higher: 9,522 times higher than the limit
considering the mean values.

Spatial and temporal variations in concentration were

3,071
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Figura 2
A: Copper, zinc and chromium concentration (ppm) in
water. Average of the period sampled in each site (from
1996 to 1997). The left range for copper and the right for
zinc and chromium. B: idem for sediments.
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observed both in sediments and water. Higher
concentrations in water were detected at the beginning
of 1996, gradually diminishing afterwards. A large
accumulation of copper in sediments was found even
though concentration in water had diminished. The
highest concentrations were measured in site I (Fig. 2
a, b). We consider that copper originated from human
activities because very low concentrations of this metal
(average 5 ppm, Csech, 1997) occur in soil in the rio
Salado basin.

We analyzed muscle in fishes because of its importance
for human consumption finding a remarkable
accumulation of copper. However, metals can
accumulate in different organs, with variations
according to species (Reichenbach-Klinke, 1976). We
detected that the highest concentration in fishes was in
viscerae, mainly spleen, liver and gills. We also analyzed
ovaries and found significant concentrations.
Pathological alterations in silverside gills from
Chascomtis Lake were described by Romano and Cueva
(1988) who considered that the lesions were occasioned
by toxic metals. Copper and zinc generate similar lesions
{Llyod, 1960 fide Romano and Cueva, 1988).

Among the benthic fishes, the higher concentration
occurs in the vieja Hipostomus commersoni, a bottom
dweller, illiophagous fish (Ringueleter al. 1967)(Fig. 3
a). The next decreasing concentration is found in the
bagre sapo Rhamdia sapo, related with the bottom and
vegetation; it is an omnivorous fish, that can even feed
on mud. The lowest concentration occurs in the carp
Gyprinus carpio, which feeds on mud and vegetables.
None of these species preys on each other. According to
their morphology, some are better swimmers than others
(Webb, 1984).

In the limnethic zone, copper becomes more
concentrated in the tissues of organisms at successively
higher trophic levels in food chains (Tyler Miller, 1990)
and could indicate biological amplification (Fig. 3b)

Zine. Concentration observed in water surpasses the
recommended limit for aquatic life (0.03 mg/1) but not
that for recreational activities (5 mg/l). The mean value
found in water is 6.33 times the recommended limit,
but the mean value in sediments is 19,458 times that
found in water. Zinc reaches a much higher
concentration in sediments than copper, perhaps due to
a less concentrated but long lasting income.

Zinc and copper, both in water and sediments, showed
the highest concentrations at the beginning of the study.
High concentrations were observed in muscle, with the
exception of Gyprinus carpio, which showed the highest
concentration in gills. The contact of zinc with gill
laminae provokes an increase of mucous cells, which

T
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Figura 3
Copper mean concentration (ppm) in muscle. a: benthic zone: Anodontites anodontites trapesialis
(A). Hipostomus commersoni (B), Rhamdia. sape (C), Cyprinus carpio (D). b: limnetic zone:
phytoplancton (E), zooplancton (F), Parapimelodus valenciennesi (G), Odonthestes bonariensis
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could cause breath distress with epithelium damage
(Carpenter,1927; Jones, 1939; Skidmore, 1970 _fide
Romano op. cit.).

Zinc concentration in benthic fauna has the same
pattern than copper.

Asimilar pattern was observed in the limnetic zone, but
with more overlapping standard deviations than in
copper (Fig. 4 b).

Chromium. The concentration of hexavalent chromium
in water {medium value: 0.12 mg/l was higher than

bonariensis (H), Hopllas malabaricus malabaricus (I).

s e

e Sl el O o e

the limit recommended for aquatic life (0.002 mg/l)
and recreational activities (0.05 mg/l). The
concentration is 3,369 higher in sediments than in
water. Sites IV and V1 showed the highest concentrations
in water at the beginning of the period. In the Site V
the highest accumulation in sediments was found at
the end of the period.

In the biota, the highest accumulation was in gills and
muscle (also in ovaries in Rhamdia sapo).

In the benthic fauna, the concentration pattern of
chromium differs from that observed for copper and

72 Natura Neotropicalis 30 (1 y 2): 67-76 (1999)
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Figura 4.
Zinc mean concentration (ppm) in muscle. a: benthic zone: Arodontites anodontites trapesialis (A),
Hipostomus commersoni (B), Rhamdia sapo (C), Cyprinus carpio (D). b: limnetic zone: phytoplankton (E),
zooplankton (F), Parapimelodus valenciennesi (G), Odonthestes bonariensis bonariensis [H), Hoplias

zinc. Besides, there are more value dispersion. The
different pattern is probably due to the lower chromium
concentration in sediments respect to the other metals.
In the limnetic zone, accumulation was observed in the
predatory species Hoplias malabaricus malabaricus (Fig.
5b).

We did not include those inhabitants of vegetated waters
which are preyed by Hoplias malabaricus malabaricus
(Ringuelet, 1975). During the period, we caught only
one specimen of the tertiary consumer Hoplias

malabaricus malabaricus. The scarcity of this fish could
be due to overfishing but it could also indicate that the
community structure is regulated by a «bottom up»
control, where the prevailing factors are resource
availability and environmental perturbations (Bechara,
1993; Brewer, 1994). Finally, we agree with the
suggestion by Romano and Cueva (1988) that the
Chascomts lake is contaminated with chemicals coming
from sewers, plaguicides used in surrounding rural
establishments and illegal industrial waste.

Finally, according to the present evidence,

Natura Neotropicalis 30 (1 y 2): 67-76 (1999) 73
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Figura 5
Chromium mean concentration (ppm) in muscle. a: benthic zone: Anodontites anodontites trapesialis (A),
Hipostomus commersoni (B), Rhamdia sapo (C), Cyprinus carpio (D). b: limnetic zone: phytoplankten (E),
zooplankton (F), Parapimelodus valenciennesi (G), Odonthestes bonariensis bonariensis (H), Hoplias malabaricus
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contamination in the Chascomis Lake seems to have
been originated from sewers, plaguicides used in
surrounding rural establishments, and illegal indus-
trial waste.

ACKNOWLEDGMENTS

To Biog. Gémez Casati for advice in chemical analysis,
Drs. E. Martin and M. E Tassara for mollusc identification,
M. Cerda Gilbert for samples from Mar Chiguita Lagoon.
Lic. F. Pieckenstain for valuable information, Dr. V.

74

mﬂm.ﬂ‘ i

o e i e i e R e il

Conzonno for comments on a former version of the
manuscript.

REFERENCES

Barla, M.J. 1991a. Species composition, richness and
diversity of fish assemblages in different
habitats of a pampean lake (Argentina). Ann.
Limnol. 27(2): 163-173.

Barla, M.]. 1991b. Inestabilidad ambiental y diversidad
ictica en una laguna pampésica. Biol, Acudtica

Natura Neotroptealis 30 (1 y 2): 67-76 (1999)



15(2): 194-195,

Bechara, ].A. 1993. El papel de los peces en el control de
la estructura de las comunidades bénticas de
los ecosistemas loticos. Conferencias de
Limnologia: /nstituto de Limnologia Dr.Raul
A.Ringuelet (UNLP - CONICET) A. Boltovskoy &
L. Lopez eds, : 143-158.

Brewer, R. 1994. The Science of Ecology. Saunders
college publishing, 2 Ed., New York, 773 pp.

Conzonno, V.H. 1991, Determination of seston
alkalinity in natural waters. Hydrobiologia 222
085-87.

Conzonno, VH. and E.F. Claverie. 1990. Chemical
characteristics of the water of Chascomus pond,
(Provincia de Buenos Aires, Argentina).
Limnological implications. Rev. Brasil. Biol. 50:
15-21.

Conzonno, VH. and A. Fernandez Cirelli. 1987. Solu-
ble humic substance from the affluents of
Chascomus Pond (Argentina). Arch. Hidrobiol.
109;: 305-314.

Conzonno, V.H. and A. Ferndndez Cirelli. 1988. Solu-
ble humic substance from Chascomus Pond (Ar-
gentina). Factors influencing distribution and
dynamics. Arch. Hydrobiol. 111: 467-473,

Conzonno, V.H. and A. Ferndndez Cirelli. 1995.
Dissolved organic matter in Chascomis pond
(Argentina). Influence of calcium carbonate on
humic acid concentration. Hydrobiologia 297:
55-59.

Conzonno, V.H. and A. Ferndndez Cirelli. 1996. Humic
substances and phytoplankton primary
production in Chascomiis pond (Argentina).
Facts and speculations. Rev. Asoc. Cienc. Nat.
Litoral, 27(1): 35-42.

Cordini, L.R. 1938. La laguna de Chascomus (Provin-
cia de Buenos Aires). Contribucién a su conoci-
miento limnolégico. Ministerio de Agricultura
de la Nacion. Direccion de Minas y Geologia ,
44: 1-36.

Cseh, S. 1997, Situacion de los desbalances minerales
en la depresion del Salado. X7 jornadas de Pro-
duccidn Animal (resumenes). Dolores, Argenti-
na: 41.

Destéfanis, 5. and L. Freyre. 1972. Relaciones tréficas
de los peces de la laguna Chascomis con un
intento de referenciacion ecolégica y tratamien-
to bioestadistico del espectro tréfico. Acta Zool.
Lilloana 29: 17-33.

Greenberg, A., L. Ciesceri and A. Eaton. 1992, Stan-
dard Methods for the Examination of Water and
Wateswater. 18 Ed. American Public Healt
Association, Washington, 1100 pp.

Natura Neotropicalis 30 (1 v 2): 67-76 (1999)

I Cooper, zing and chromium in water, sediments and biota ... {

Hach Co. 1993. Procedures Manual, Colorado, 606 pp.

Marcovecchio, J. E., S. M. Obenart, A. Pérez and V. J.
Moreno. 1986. Total mercury and lead contents
in the biota at Mar Chiquita Lagoon, Province
of Buenos Aires, Argentine Republic. /. Shoreline
Manage. 2: 207 - 222.

Margalef, R. 1983. Limnologfa, Omega, Barcelo-
na.1010 p.

Oliveros, 0.B. and L.M. Rossi. 1991. Ecologfa tréfica
de Hoplias malabaricus malabaricus (Pisces,
Erythrinidae). Rev. Asoc. Cienc. Nat. Litoral
22(2): 55-68.

Quirds, R. 1988. Relationships between air
temperature, depth, nutrients and chlorophyll
in 103 Argentinian lakes. Verh. Internat. Verein.
Limnol. 23: 647-658.

Reichenbach-Klinke. 1976. Enfermedades de los pe-
ces, Acribia, 506 p.

Ramirez, F. 1963, Contribucién al conocimiento de la
tararira (Hoplias malabaricus malabaricus) de
la laguna de Chascomiis (Provincia de Buenos
Aires). Not. Mus. La Plata 20(201): 141-158.

Ringuelet, R. 1942. Ecologia alimenticia del pejerrey
(Odonthestes bonariensis). Con notas
limnolégicas sobre la laguna Chascomiis. Re-
vista del Museo de La Plata. Seccidn Zoologia,
2: 427-461.

Ringuelet, R. 1968. Tipologia de las lagunas de la Pro-
vincia de Buenos Aires. La Limnologia regional
¥ los tipos lagunares. Physis 28(76): 65-76.

Ringuelet, R. 1972. Ecologia y biocenologia del habitat
lagunar o lago de tercer orden de la region
neotrdpica templada (pampasia sudoriental de
la Argentina). Physis 31(82): 55-76.

Ringuelet, R. 1975. Zoogeografia y Ecologia de los
peces de aguas continentales de la Argentina y
consideraciones sobre las dreas ictiolégicas de
América del Sur. Ecosur 2(3): 1-122.

Ringuelet, R., R. Arimburu, y A. de Arimburu. 1967.
Los peces argentinos de agua dulce. Comision
de Investigaciones Cientificas de la Provincia de
Buenos Aires. 602 p.

Ringuelet, R., N. R. Iriart y A. Escalante, 1980. Ali-
mentacién del pejerrey (Basilichthys bonariensis
bonariensis Atherinidae) en la laguna
Chascomiis (Buenos Aires, Argentina). Relacio-
nes ecoldgicas de complementacién y eficiencia
tréfica del plancton. Limnobios 1(10); 447-460.

Rodrigues Capitulo, A. y L. Freyre. 1979, Metabolis-
mo energético del camardn de agua dulce
Palaemonetes argentinus Nobili (Decapoda,
Natantia, Caridea, Palaemonidae) de la laguna
Chascomus. Limnobios 1(9): 337-345.

75



BRarla, M. J., er.al. l

Romano, L. A. y F Cueva, 1988, Lesiones histoldgicas
branquiales atribuibles a toxicos en Odonthestes
bonariensis (Cuv.and Val., 1835) (Pisces,
Atherinidae), Rev. Asoc. Cienc. Nat. Litoral 19(2):
135-142.

Sendra, E.D. y L. Freyre. 1978. Dindmica poblacional
de Bryconamericus iheringi (Pisces,
Tetregonopteridae) de la laguna de Chascomis.
Limnobios 1(8): 299-321.

Tiller Miller, G., Jr. 1989. Resourse Conservation and

Management. Wadsworth Publishing Company,
California, 546 pp.

Waite, T.D. 1984. Principles of Water Quality. Toxic
Metals and Water Quality. In: Water Resources
and Water Quality Management, /.2 Shuval and
Academic Press Inc.,(Eds.) 486 pp.

Webb, PW. 1984. Forma y funcién en la locomocién de
los peces. Ed. Labor. /nvest. Cienc. (96): 46-57.

Wood, ].M. 1974. Biological cycles for toxic elements
in the environment. Science {5: 1049-1052.

Recibido / Received: 28 diciembre 1998
Aceptado / Accepted: 30 octubre 1999

- Norberto Milani

76 Narura Neotropicalis 30 (T y 2): 67-76 (1999)



	NN_30_1999_pag_67_1000x1500
	NN_30_1999_pag_68_1000x1500
	NN_30_1999_pag_69_1000x1500
	NN_30_1999_pag_70_1000x1500
	NN_30_1999_pag_71_1000x1500
	NN_30_1999_pag_72_1000x1500
	NN_30_1999_pag_73_1000x1500
	NN_30_1999_pag_74_1000x1500
	NN_30_1999_pag_75_1000x1500
	NN_30_1999_pag_76_1000x1500

