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RESUMO
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Em ambientes aquaticos, metais pesados sao produzidos a partir de fontes naturais
e antropogénicas e o grau de contaminagao nos tecidos dos peixes depende do tipo
de poluente, da espécie de peixe, do local da amostragem, do nivel tréfico e seu
modo de alimentacdo. A concentracdo de metais pesados (Al, Cd, Co, Cr, Cu, Fe,
Mn, Ni, Zn e Pb) na agua, sedimento e figado de duas espécies de peixes
(Oligosarcus spp - carnivoro e Chyphocarax voga - detritivoro) foram analisados em
dois pontos do Rio do Sinos, Brasil, durante as quatro estagdes do ano. O objetivo
foi testar as hipoteses que o nivel tréfico e a proximidade com areas impactadas
influenciam o nivel de contaminagcdo por metais. As maiores concentragdes de
metais pesados foram observadas no sedimento, seguidas pela agua e menores nos
peixes. Como o sedimento foi o maior dreno para poluicdo por metais neste rio,
provavelmente desempenhou um importante papel na captacdo destes metais pela
espécie detritivora, a qual acumulou mais metais no figado que a espécie carnivora.
Além disso, o potencial risco ambiental foi baixo para os dois pontos amostrados,

demonstrando a baixa contaminag¢ao por metais na area.

Palavras-chave: Rio dos Sinos. Peixes. Detritivoro. Carnivoro. Metais. Poluentes.

Sedimento. Nivel tréfico.
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FROM DIFFERENT TROPHIC LEVELS IN A SUBTROPICAL
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ADVISOR: BERNARDO BALDISSEROTTO

In aquatic environments, heavy metals are produced from natural and anthropogenic
sources and the degree of contamination in fish tissues depend on pollutant type, fish
species, sampling site, trophic level and their mode of feeding. The heavy metal
concentration (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Zn and Pb) in water, sediment and liver
of two fish species (Oligosarcus spp - carnivore and Chyphocarax voga - detritovore)
was analyzed at two sampling sites in Sinos River, Brazil, during the four seasons.
The highest heavy metals concentration was observed in the sediment, followed by
water and lowest in fish. As the sediment was the major sink for pollution by metals in
this river, it probably played an important role in the uptake of these metals by the
detritivore species, which accumulated more metals in the liver than the carnivore
species. Furthermore, potential ecological risk was low for both sampling sites,

showing the low metal contamination in this area.

Keywords: Sinos River. Fish. Detritivore. Carnivore. Metals. Pollutants. Sediment.

Trophic level.
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INTRODUCAO

Poluicdo por metais pesados em rios tem se tornado um assunto de grande
interesse nas ultimas décadas, nado somente pela ameacga ao abastecimento publico
de agua, mas também devido aos riscos pelo consumo humano dos recursos
pesqueiros. Metais pesados sao produzidos a partir de varias fontes naturais ou
antropogénicas como deposicdo atmosférica, desgaste geoldgico, atividades
agricolas e residuos residenciais e industriais (JABEEN & CHAUDHRY, 2010). Por
serem continuamente liberados nos rios sdao ameacgas sérias, devido a sua
toxicidade, longa persisténcia, bioacumulagdo e biomagnificagdo na cadeia tréfica
aquatica (TERRA et al., 2008).

A bacia hidrografica do Rio dos Sinos esta situada a nordeste do Estado do Rio
Grande do Sul, com uma area de 3.820 km?, correspondendo a 4,5% da bacia
hidrografica do Guaiba e 1,5% da area total do Estado, com uma populagao
aproximada de 975.000 habitantes, sendo que 90,6 % ocupam areas urbanas e 9,4
% areas rurais. Suas nascentes estdo localizadas na Serra Geral, no municipio de
Caraa, a cerca de 600 metros de altitude, correndo no sentido leste-oeste até a
cidade de Sao Leopoldo onde muda para a direcido norte-sul, desembocando no
delta do Rio Jacui, a uma altitude de 12 metros. Seus principais formadores séo o
Rio Rolante e Paranhana, além de diversos arroios. A cobertura vegetal da bacia
esta muito reduzida e os remanescentes localizam-se, predominantemente, nas
nascentes do Rio dos Sinos e seus formadores.

A porcao superior do Rio dos Sinos (de Caraa até Rolante) apresenta
vegetacao ciliar e pequenos banhados. Sdo areas de baixa densidade populacional,
com pequenas propriedades rurais cuja agricultura é diversificada (culturas de arroz,
cana de agucar e hortalicas, etc). A pecuaria também é pouco desenvolvida, mas
existem pequenas criagbes. Na por¢cdo média do Rio dos Sinos (entre Taquara e
Sapiranga) a densidade populacional aumenta, mas as duas grandes cidades
(Sapiranga e Taquara) ndo estdo localizadas proximas as margens. Esta porgao do
rio ndo apresenta uma caracteristica tdo rural como a porcédo superior. O trecho
inferior, de Campo Bom até a foz no delta do Jacui é de grande concentragao

populacional e industrial, onde os principais arroios formadores drenam grandes
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centros urbanos, como Campo Bom (Arroio Schmidt), Novo Hamburgo (Arroio
Pampa e Arroio Luiz Rau), Sdo Leopoldo (Arroio Pedo), Estancia Velha e Portao
(Arroio Portao/Estancia Velha), Sapucaia do Sul (Arroio José Joaquim) e Esteio e
zona norte de Canoas (Arroio Sapucaia) (FEPAM, 2010) (Figura 1).
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Figura 1 — Mapa do Rio dos Sinos sinalizando os dois pontos de coleta

O programa de identificacdo de fontes emissoras da Fundacado Estadual de
Protecdo Ambiental (FEPAM) estimava que, aproximadamente, 35 toneladas de
metais pesados (Cu, Zn, Cr, Cd e Pb) sao liberadas no Rio dos Sinos por atividades
humanas. Além disso, as rochas basalticas, o tipo de rocha predominante na bacia
hidrografica do Sinos, e os solos originados delas liberam quantidades significativas
de metais pesados no Rio. As concentragdes naturais de metais no fundo do Rio dos
Sinos sao varias vezes superiores aos fundos naturais dos rios ao redor do globo
(HATJE et al.,1998).

O monitoramento da contaminagao por metais pesados em sistemas fluviais
usando tecidos de peixes contribui para avaliar a qualidade dos ecossistemas
aquaticos, sendo seu grau de contaminagao dependente do tipo de poluente, da

espécie de peixe, da localizagdo da amostragem, do nivel trofico e seu modo de

29°45'0"8
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alimentagdo. Nesse sentido, amostras de peixes sdo consideradas como um dos
fatores mais indicativos para a estimativa de vestigios de poluicdo por metais em
sistemas de agua doce (TERRA et al., 2008).

Espécies em niveis tréficos relativamente baixos estdo expostas,
comparativamente, a niveis de contaminagcdo menores, portanto, peixes em posi¢ao
superior na teia alimentar sdo mais propensos a acumular metais (TERRA et al.,
2008). Nesse sentido, escolhemos uma espécie e um género que, segundo Petry &
Schulz (2001) foram amostradas ao longo de todo o curso do rio, Oligosarcus spp,
da familia Characidae de nome popular tambicu ou branca, com distribuigdo no
estado no Sistema da Laguna dos Patos e Sistema Lagunar Costeiro (KOCH et al.,
2000). E um carnivoro, com tendéncia a piscivoria (NUNES & HARTZ, 2006).
Cyphocharax voga da familia Curimatidae, nome popular biru, quando jovem, possui
diminutos dentes cénicos com os quais se alimenta de algas; na fase adulta, perde
esses dentes e passa a nutrir-se do conteudo orgéanico existente no lodo (KOCH et
al., 2000).

O objetivo geral do presente estudo foi determinar a acumulagdo de metais
pesados na agua, sedimento e figado de duas espécies de peixes com diferentes
habitos alimentares em dois locais de amostragem no Rio dos Sinos, pois segundo
Costa & Hartz (2009), estudos realizados com diferentes espécies de peixes tem
demonstrado que os metais se acumulam principalmente em d&rgdos do
metabolismo, como o figado, para desintoxicagdo através da producédo de
metalotioneinas. E, segundo corrobora Shinn et al. (2009), o figado é o principal sitio
de acumulacido, metabolismo e excrecdo de poluentes em peixes. Portanto, foram
amostradas uma espécie e um género de peixes em diferentes niveis troficos, sendo
Oligosarcus spp, carnivoro e Cyphocharax voga, detritivoro, durante as quatro
estacbes do ano em duas areas do rio, uma com baixo e outra com alto impacto
antropico.

Os objetivos especificos foram:

-verificar se peixes em niveis troficos superiores sdo mais propensos a
acumular metais;

- verificar se a proximidade com o ponto poluido (S&o Leopoldo) aumenta a
bioacumulagao de metais no figado de peixes;

- verificar se Oligosarcus spp € Cyphocharax voga podem ser utilizados como

biomonitores na avaliacdo da qualidade de ecossistemas aquaticos.
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A presente Dissertagdo esta estruturada de acordo com as normas da
Universidade Federal de Santa Maria (MDT), sendo composta por dois manuscritos
relacionados com a contaminacao por metais pesados em rios e suas implicacées, a

saber:

- Manuscrito 1: fornece uma revisao da literatura atual sobre metais pesados, suas

fontes e acumulagao em peixes de agua doce.

- Manuscrito 2: descreve um estudo realizado no Rio dos Sinos com o objetivo de
determinar a acumulacado de metais pesados na agua, sedimento e figado de duas
espécies de peixes com diferentes habitos alimentares amostrados em dois locais

com diferente nivel de antropizagao.
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ARTIGO 1 - HEAVY METAL BIOACCUMULATION IN FRESHWATER
FISH: REVIEW

Paula Weber! & Bernardo Baldisserotto®

(UDepartamento de Fisiologia e Farmacologia, Universidade Federal de Santa Maria
— UFSM, Av. Roraima, 1000, Santa Maria, RS, Brazil

Corresponding author: paulaweberbio@gmail.com

RESUMO

Utilizado como meio de transporte, como fonte de agua ou, como um coletor de
residuos, o ambiente aquatico, sem duvida, sofre as consequéncias das atividades
antropicas. Metais provenientes de fontes naturais ou antropogénicas
continuamente entram nos ecossistemas aquaticos representando uma séria
ameaca devido a sua toxicidade, longo tempo de persisténcia, bioacumulagao e
biomagnificacdo na cadeia alimentar. As principais fontes de metais provem de
impurezas em fertilizantes, pesticidas e lodo oriundo do esgoto. Metais em minerais
e rochas s&o, geralmente, inofensivos e s6 se tornam potencialmente téxicos
quando dissolvidos em agua. As concentragdes da maioria dos metais pesados séo
maiores no sedimento em relagcdo a agua. Analises da distribuicdo de metais
pesados em sedimentos adjacentes a areas populosas podem ser utilizados para
investigar impactos antropogénicos em ecossistemas sendo uteis na avaliagdo dos
riscos decorrentes de descargas de residuos humanos. Peixes sdo considerados
como um dos organismos aquaticos mais suscetiveis a substancias tdxicas
presentes no ambiente aquatico, tendo seus tecidos utilizados para avaliacido da
qualidade desses ecossistemas. Diferentes tecidos tém capacidades de acumulagao
de metais variaveis, devido aos diferentes papéis metabdlicos dos metais e as
diferentes fungdes dos 6rgaos, contudo o figado desempenha um papel importante
na acumulagao e desintoxicagao de metais pesados. Peixes que vivem préximos ao
fundo dos rios e se alimentam de invertebrados bentbnicos tem maiores

concentracdes de metais quando comparados com aqueles que vivem na superficie
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ou coluna d’agua. A maioria dos metais pesados € transferida pela cadeia alimentar

através da rota: sedimentos — zoobentos — carnivoros bentdnicos — humanos.

Palavras-chave: Metais; Agua; Sedimento; Peixe; Figado; Cadeia alimentar

ABSTRACT

Used either as a means of transportation, as a source of water, or as a sink for
waste, the aquatic environment no doubt suffers the consequences of anthropic
activities. Metals from natural and anthropogenic sources continuously enter the
aquatic ecosystem and pose a serious threat because of their toxicity, long time
persistence, bioaccumulation, and biomagnification in the food chain. The metal main
sources are impurities in fertilizers, pesticides and sewage sludge. Metals in minerals
and rocks are generally harmless and only become potentially toxic when they
dissolve in water. Most heavy metals concentrations are higher in sediment than in
water. Analysis of the distribution of heavy metals in sediments adjacent to populated
areas could be used to investigate anthropogenic impacts on ecosystems and can
assist in the assessment of risks posed by human waste discharges. Fish are
considered as one of the most susceptible aquatic organisms to toxic substances
present in aquatic environment, having their tissues used for assessing the quality of
these ecosystems. Different tissues vary their accumulation capacities of metals,
which may be due to the different metabolic roles of metals and organs functions but
liver plays an important role in accumulation and detoxification of heavy metals. Fish
that live near the river bed and feeds on benthic invertebrates have higher
concentrations of metals when compared with those who live in the upper or middle
water column. Most heavy metals are transferred through the food chain via the

route: sediment — zoobenthos — benthic carnivores — human.

Keywords: Metals; Water; Sediment; Fish; Liver; Food chain.
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1. INTRODUCTION

1.1 Heavy metal sources

Used either as a means of transportation, as a source or water, or as a sink for
waste, the aquatic environment no doubt suffers the consequences of anthropic
activities. A river system naturally drains all areas surrounding it, washing into the
aquatic environment many harmful substances (SHINN et al.,, 2009). The ever
growing list of chemical contaminants released into the environment on a large scale
includes numerous aliphatic and aromatic compounds, heavy metals and
radionucleotides (KAMALA- KANNAN et al., 2008).

Environmental contamination of natural waters by heavy metal residues is of
great concern. Metals from natural and anthropogenic sources continuously enter the
aquatic ecosystem and pose a serious threat because of their toxicity, long time
persistence, bioaccumulation, and biomagnification in the food chain (PAPAGIANNIS
et al., 2004). Metal toxicity can be influenced by various abiotic environmental factors
such as oxygen, hardness, pH, alkalinity and temperature (MALIK, 2010).

Increased industrialization and agricultural activities contribute to their
elevated levels in natural waters (WAHLBERG et al., 2001). The most frequently
found heavy metal contaminants include Pb, Cr, Cd, Fe and Cu. Trace
concentrations of metals like Cd, Cr, Cu, Ni, Pb, Fe and Zn are commonly found in
many organic wastes, particularly from industrial and municipal sources (MALHAT,
2011).

Heavy metals are originated from aerosols in the atmosphere and direct
effluent discharges into waters. Agriculture constitutes one of the very important non-
point sources of metals pollutants from impurities in fertilizers, pesticides and sewage
sludge (MALHAT, 2011). Metals in minerals and rocks are generally harmless and
only become potentially toxic when they dissolve in water. They enter the
environment naturally by weathering of rocks, leaching of soils, vegetation, and
volcanic activity (AL-SAAD et al., 1997). Human activities also introduce metals to the
environment by mining, smelting, combustion of fossil fuel, and industrial wastes
disposal. Most of metal loads are transported by water in a dissolved or particulate

phase and most of it reaches water via land runoff. In addition, rainwater carries
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significant Cd, Cu, Zn and especially Pb from the atmosphere to the water (MALHAT,

2011).

Most heavy metals concentrations are higher in sediment than in water

(Tables 1,2,3).

Table 1 - Metal concentration in water (ug L™') from rivers/lakes throughout the world

Locality Al As cd Cu Cr Fe Mn  Ni Pb Zn Reference

. Karadede &
Bozyazi (Turkey) N.D. N.D. N.D. 25 N.D. 62 4.1 154 N.D. 64 Onld, 2000
Akpinar (Turkey) N.D. N.D. N.D. 220 N.D. N.D. 39 11 N.D. 197
Lake Manzala N.D. N.D. 20 55 N.D. N.D. N.D. N.D. 22 311 Bahnasawy et
(Egypt) al., 2008
Upper lake of .

N.D. N.D. 9.7 12 50 N.D. N.D. 170 319 290 Malik et al.,

Bophal 2008
(India)
Yan.gtze River N.D. 0.9 <1 2.8 1.2 N.D. N.D. N.D. 2 3 Yl et al.,, 2008
(China)
Epe Lagoon N.D. N.D. N.D. N.D. N.D. 7300 N.D. 600 N.D. 420 Olowu et al.,
(Nigeria) 2009
Badagry Lagoon N.D. N.D. N.D. N.D. N.D. 650 N.D. 100 N.D. 540
(Nigeria)
River Lot N.D. N.D. 0.5 3.22 N.D. N.D. N.D. N.D. 4.33 19.38 Shinnetal,
(France) 2009
Buriganga River ~ N.D. N.D. 9.34 163.09 587.20 N.D. N.D. 8.80 65.45 N.D. Ahmadetal,
(Bangladesh) 2010
Yellow River N.D. N.D. 045 29 N.D. N.D. N.D. N.D. 8.1 8.3 Wang et al.,
(China) 2010
Delice River 158.63 9.25 0.36 N.D. N.D. 303.33 42 7.47 N.D. N.D. Akbulut&

(Turkey)

Tuncer, 2011



Table 2 - Metal concentration in water (ug L™) from rivers/lakes from Brazil
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Locality Al As Cd Co Cu Cr Fe Mn Ni Pb Zn Reference
CONAMA

Class I, Il River 100 10 1 50 9 50 300 100 25 10 180 Resolution N°
357/2005

Class Ill, IV River 200 33 10 200 13 50 5000 500 25 33 5000

Butui River 590 N.D. N.D. N.D. 3283 95 N.D. 1150 N.D. N.D. 10 Porto &
Ethur, 2009

Icamaqua River 64 N.D. N.D. N.D. 2783 68.3 N.D. 850 N.D. N.D. 0

Uruguai 50 N.D. N.D. N.D. 170.0 108.3 N.D. 816.7 N.D. N.D. 0

River

Das Velhas River 207 0.3 N.D. 0.10 1.4 2.1 640 620 N.D. N.D. N.D. Veadoetal,

(Unpolluted) 2006

DasvelhasRiver 1,150 23 ND. 63 37 15 5900 860 ND. ND. N.D.

(Mining Region)

Das velhas River 10200 1.4 N.D. 52 26 10 4300 6400 N.D. N.D. N.D.

(Farming
Region)



Table 3 - Metal concentration in sediment (ug g™') from rivers/lakes throughout the world
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Locality Al As Cd Co Cu Cr Fe Mn Pb Ni Zn Reference
Bozyazi (Turkey) N.D. N.D. N.D. N.D. 14570 N.D. 12587000 73600 N.D. 43690 60790 Karadede &
Unli, 2000
Akpinar N.D. N.D. N.D. N.D. 22700 N.D. 19265000 514070 N.D. 139690 59140
(Turkey)
Das Velhas Schulz &
River — 52000 56 N.D. 23 47 63 55000 960 N.D. N.D. N.D. Martins-
Unpollgted Junior, 2000
(Brazil)
Das Velhas
River - Mining 70000 560 N.D. 28 58 330 160000 1460 N.D. N.D. N.D.
Region
Das velhas River
X 4000 650 N.D. 15 60 260 115000 1030 N.D. N.D. N.D.
- Farming
Region
Nasser Lake N.D. N.D. N.D. 89.5 109 79 51500 1000 N.D. 122 143 Rashed, 2001
(Egypt)
Yangtze River N.D. N.D. 0.205 N.D. 41.4 64.2 N.D. N.D. 38.2 N.D. 108.1 Yi et al., 2008
(China)

River Lot N.D. N.D. 14.75 N.D. 24.35 N.D. N.D. N.D. 57.5 N.D. 692 Shinn etal,,
(France) 2009
Yellow River N.D. N.D. 0.586 N.D. 18.485 N.D. N.D. N.D. 16.125 N.D. 78.531 Wang et al.,
(China) 2010
Delice River 4450.7 40.98 0.598 N.D. N.D. N.D. 718 681.9 N.D. 110.38 N.D. Akbulut &

(Turkey) Tuncer 2011
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The Brazilian National Environmental Council (CONAMA) is responsible for
the classification for rivers water quality in Brazil and the Resolution No. 357/2005
presents four freshwater classes: class | river with the best parameters, such as
dissolved oxygen (DO) not less than 6 mg L™ O, and low metal levels and the worst
parameters such as DO not higher than 4 mg L™ O and the highest metal levels for
class IV river (Table 2).

Sediments represent an important sink for metals in aquatic systems, and their
concentrations in sediment can be several orders of magnitude greater than in the
water (MENDIL et al., 2010). Heavy metals are inert in the sediment, although they
may be released into the water column in response to certain disturbances causing
potential threat to ecosystems because provide habitats and a food source for
benthic fauna (Yl et al., 2011) and may also represent a long-term sources of
contamination to higher tropic levels (MENDIL et al., 2010).

Consequently, analysis of the distribution of heavy metals in sediments
adjacent to populated areas could be used to investigate anthropogenic impacts on
ecosystems and would assist in the assessment of risks posed by human waste
discharges (Yl et al., 2011).

1.2 Fish as biomonitor of environmental quality

Biomonitors are defined as organisms which accumulate trace metals in its
tissues, the accumulated metal concentration of which may be analyzed to provide a
relative measure of the total amount metal taken up by all routes by that organism,
integrated over a preceding time period (RAINBOW, 2006). Organisms that inhabit
an aquatic environment are useful indicators of the impact of the presence toxic
heavy metals (SHINN et al., 2009).

Fish are at the top of the aquatic food chain and may accumulate large
amounts of certain metals from water, food or sediment (YILMAZ et al., 2010). Fish
are also considered as one of the most susceptible aquatic organisms to toxic
substances present in water (JARIC et al., 2011).

Species in relatively low trophic levels are exposed to comparatively lower
contamination. On the other hand, fish in the upper food web position are prone to
accumulate metals (TERRA et al., 2008).
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Table 4 Heavy metal concentration (ug g™') in different fish liver with different feeding
habits

Feeding
Specie habit cd Cu Cr Ni Pb Zn Reference
Prochilodus Villar et al.,
lineatus Detritivore 18.3 81 <0.5 N.D. 5.0 175 2001
Pterodoras Omnivore

<0.03 253 <0.5 N.D. <0.5 110

granulosus
Labeo Omnivore 72.3 1644.0 643.7 111.7 377.0 1175.7 Yousafzaiet
dyocheilus al., 2010

Wallago attu  Carnivore 64.3 136.0 513.0 108.0 623.3 509.7

The hypothesis of higher metal concentration in the highest trophic levels was
met for the examined species in Paraiba do Sul River since the carnivore showed the
highest Cr, Pb and Zn concentration than the omnivore and detritivore specie
(TERRA et al., 2008). However, species in the lower trophic levels in very impacted
sites can present higher metal accumulation, with the local playing a more important
role than the trophic web fish position, like the omnivorous Labeo dyocheilus that
accumulated a considerably high amount of heavy metals when compared with the
carnivorous Wallago attu (YOUSAFZAI et al., 2010). Fish that live near the river bed
and feeds on benthic invertebrates had higher concentrations of metals when
compared with those who live in the upper or middle water column. Most heavy
metals are transferred through the food chain via the route: sediment — zoobenthos —

benthic carnivores — human (Yl et al., 2011).

1.3 Heavy metal bioaccumulation

Heavy metals like Cu, Zn and Fe are essential for fish metabolism while some
others such as Hg, Cd and Pb have no known role in biological systems (CANLI &
ATLI, 2003). For normal metabolism the essential metals must be taken up from
water, food or sediment but excessive intake of the essential metals can produce
toxic effects (YOUSAFZAI et al., 2010). However, similar to the route of essential
metals, non-essential ones are also taken up by fish and accumulate in their tissues
(CANLI & ATLI, 2003).
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Cu and Zn are essential elements for growth and development and their
uptake from the environment is regulated according to nutritional demand through
homeostatic control. However, Cu and Zn become toxic at concentrations above the
limits of homeostatic control (SHINN et al. 2009). Cu accumulates by several means,
depending on environmental conditions and species habits, most in phytoplankton
due to Cu great capacity for precipitation. This metal is essential for animals and
plants, as it takes part in enzyme formation and participates in respiratory processes
(DE SOUZA LIMA JUNIOR et al., 2002).

Cd and Pb are non-essential heavy metals that do not have dedicated
regulatory mechanisms and are therefore more toxic to organisms (SHINN et al.,
2009). Generally Pb occurs in very low concentrations in the biota, even when there
are high concentrations in the abiotic environment (DE SOUZA LIMA JUNIOR et al.,
2002).

Pollutants enter aquatic organisms through five main routes (food or non-food
particles, gills, water and skin), absorbed into blood and then carried to either a
storage point or to the liver for its transformation or storage. Metals that are
transformed and not stored in the liver are excreted in bile or transported to other
excretory organs such as gills or kidneys for elimination or stored in fat or, when
metals cannot be regulated by fish, bioaccumulation can occur (JABEEN &
CHAUDLHRY, 2010).

In general, significant positive correlations could be observed between the
level of heavy metal accumulated in the organs of fish and the pollutant load of the
water (FARKAS et al., 2002; FARKAS et al., 2003).

Studies showed that accumulation of heavy metals in a tissue is mainly
dependent upon water concentrations of metals and exposure period, although some
other environmental factors such as salinity, pH, hardness and temperature play
significant roles in metal accumulation (CANLI & ATLI, 2003). In most studies liver is
the organ having higher metal accumulation. Different tissues have varied
accumulating capacities of metals, which may be due to the different metabolic roles
of metals and organs functions (WANG et al., 2010). The liver plays an important role
in accumulation and detoxification of heavy metals (YOUSAFZAI, 2004), probably by
this reason has been recommended by many authors as the best environmental
indicator of both water pollution and chronic exposure to heavy metals (JARIC et al.,
2011).
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Exposure of fish to elevated levels of heavy metals induces the synthesis of
metallothioneine proteins, which are metal binding proteins that regulate and
concentrate these metals in the liver (CARPENE & VASAK, 1989). The high
accumulation in liver may alter the levels of various biochemical parameters in this
organ which may also cause severe liver damage (NAYARANAN & VINODHINI,
2008). The presence of heavy metals at high concentrations does not necessarily
present a threat to the exposed organisms as they may not be uptaken by the
organism at all or, if uptaken, its metabolism can deal with the load (FERNANDES et
al., 2008).

Several countries have legislation concerning heavy metals for human
consumption of fish. The Brazilian legislation determined as maximum allowed levels
0.1 ug g~ for Cr, 30 ug g~ for Cu, 100 pg g~ for Zn, 2 ug g~" for Pb (ANVISA 2003).
According to European Commission Regulation (1881/2006/EC), the maximum
acceptable concentrations for Cd and Pb in fish meat are 0.05 ug g~ and 0.3 ug g’
wet weight, respectively. National regulation of Republic Serbia prescribed 1.0, 0.1
and 2 ug g~' wet weight for Pb, Cd and As in fresh fish meat, respectively (VISNJIC-
JEFTIC, 2010). Limits recommended by Food and Agriculture Organization for both
Cuand Zn are 30 ug g~ and 0.5 ug g~ wet weight for both Pb and Cd (FAO, 1983).

2. CONCLUSION

Coupling the concentration of pollutants in tissues of exposed organisms to
the concentrations found in the environment, while taking into consideration relevant
abiotic factors as well as the tolerance capacity of the organisms, are key processes

in environmental risk assessment.
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RESUMO

Em ambientes aquaticos, metais pesados sao produzidos a partir de fontes naturais
e antropogénicas e o grau de contaminagdo depende do tipo de poluente, da
espécie de peixe, do local da amostragem, do nivel trofico e seu modo de
alimentagado. A concentragdo de metais pesados (Al, Cd, Co, Cr, Cu, Fe, Mn, Zn e
Pb) na agua, sedimento e figado de duas espécies de peixes (Oligosarcus spp.-
carnivoro e Chyphocarax voga — detritivoro) com niveis tréficos diferentes foram
analisados em dois pontos do Rio do Sinos, Brasil, durante as quatro estacdes do
ano. O objetivo foi testar as hipoteses de que o nivel tréfico e a proximidade com
areas impactadas influenciam o nivel de contaminagdo por metais. As maiores
concentracdes de metais pesados foram observadas no sedimento, seguido pelos
peixes e menores na agua. Como o sedimento foi o maior dreno para polui¢do por
metais neste rio, provavelmente desempenhou um importante papel na captacao
destes metais pela espécie detritivora, a qual acumulou mais metais no figado que a

espécie carnivora. Além disso, o potencial risco ambiental foi baixo para os dois
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pontos amostrados, demonstrando a baixa contaminagcdo por metais na area e o

seguro consumo dos peixes do Rio dos Sinos pela populagdo humana.

Palavras- chave: Rio dos Sinos. Metais. Peixes de agua doce. Figado. Sedimento.

Detritivoro. Carnivoro. Risco ecologico.

ABSTRACT

In aquatic environments, heavy metals are produced from natural and anthropogenic
sources and the degree of contamination depend on pollutant type, fish species,
sampling site, trophic level and their mode of feeding. The heavy metal concentration
(Al, Cd, Co, Cr, Cu, Fe, Mn, Zn and Pb) in water, sediment and liver of two fish
species (Oligosarcus spp- carnivore and Chyphocarax voga — detritivore) with
different trophic levels was analyzed at two sampling sites in the Sinos River, Brazil,
during the four seasons. The highest heavy metals concentration was observed in
the sediment, followed by fish and lowest in water. As the sediment was the major
sink for pollution by metals in this river, it probably played an important role in the
uptake of these metals by the detritivore species, which accumulated more metals in
the liver than the carnivore species. Furthermore, potential ecological risk was low for
both sampling sites, showing the low contamination in the area and safe

consumption of fish from Sinos River for human population.

Keywords: Sinos River. Liver. Sediment. Detritivore. Carnivore. Ecological risk.

1. INTRODUCTION

In the fluvial environments, heavy metals are originated from various natural
and anthropogenic sources, such as atmospheric deposition, geologic weathering,
agricultural activities and residential and industrial products [1,2]. Albeit efforts — to a
greater or lesser extent — to contain waste and reduce environmental impacts, a river
system will naturally drain all areas surrounding it, washing into the aquatic

environment many harmful substances [3].
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In Rio Grande do Sul State, Southern Brazil, the Sinos River is an example of
a heavily impacted, multiple use watercourse, which provides drinking water for 1.6
million inhabitants [4]. Severe environmental modifications exist in the medium and
lower parts of the basin. In these regions, the streams that compose the hydrological
network of the basin pass through urban centers with high populations and industrial
density [5]. The main disturbances that degrade the Sinos River tributaries are
pollution originating from domestic and industrial sewage in urban areas,
eutrophication, erosion and elimination of the riparian buffer strips in agricultural
areas. The Source Emission Identification Program of the State Foundation for
Environment Protection (FEPAM) estimates that-35 ton yr ' of heavy metals (Cu, Zn,
Cr, Cd and Pb) are released by human activities into the Sinos river. Furthermore the
basalt rocks, the predominant rock type in the Sinos drainage basin, and the soils
originated from them, released significant amounts of heavy metals into the river [6].
Discharges of toxic industrial sewage occur sporadically, causing fish kills in the river
main stem. During the most severe registered fish kill, more than 100 t died in
October 2006 [5].

Heavy metals, including both essential and non-essential elements, have a
particular significance in ecotoxicology [7] because of their toxicity, long persistence,
bioaccumulation and bio-magnification in the food chain [8]. The degree of
contamination depend on pollutant type, fish species, sampling location, trophic level
and their mode of feeding [9].

Monitoring heavy metal contamination in river systems by using fish tissues
helps to assess the quality of aquatic ecosystems [10]. Heavy metals enter fish
through five main routes (food or non-food particles, gills, water and skin), follow into
blood and are carried to either a storage point or to the liver for its transformation or
storage [2]. The liver is the main site of accumulation, biotransformation and
excretion of pollutants in fish [3].

Species in relatively low trophic levels are exposed to comparatively lower
contamination. On the other hand, fish in the upper food web position are prone to
accumulate metals [11]. In this sense, we selected Oligosarcus spp, a carnivorous
gender of Characidae which use the water column [12], and Cyphocharax voga, a
detritivore Curimatidae closely related to sediment and benthopelagic in natural
habitat [13].
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The aim of this study is to determine the heavy metal accumulation in water,
sediment and in the liver of two freshwater fish species occupying different feeding
habits in two sampling sites along the Sinos River and therefore to test the
hypothesis that fish in upper web food position are prone to accumulate more metals
and that the proximity of polluted site is more likely to have contaminated fish.
Furthermore, it was also verified if these species could be used as environmental

indicators of large-scale aquatic ecosystems quality.
2. MATERIAL AND METHODS
2.1.Study area

The hydrographic basin of Sinos River is located in the northeastern region of
Rio Grande do Sul state, Brazil. The river main stem is 190 km long and drains an
area of approximately 3.820 km?, relative to 1.5% of the total area of the state [5].
The Sinos basin belongs to the phytogeographic region classified as Semidecidual
Seasonal Forest, which today only exists on the slopes of the Serra Geral. The
climate is subtropical with four well-defined seasons [14].

The upper region of the Sinos River basin, near the source of the river and
originally covered by forest, is now characterized by plantations of sugarcane and
rice paddies. In the middle section of the basin, large areas are used for rice
cultivation and cattle ranching. The lower region is densely urbanized with a high
concentration of industries. This area is impacted by water withdrawal for domestic
and industrial use, domestic and industrial sewage as well as huge amounts of

domestic garbage [5].
2.2. Sample collection

The fish were caught in winter and spring 2010 and summer and autumn 2011
at two locations (Figure 1): one polluted site, in the lower section and one supposed
unpolluted by the absence of industrialization, in the upper region. Benthopelagic fish
with detritivorous habit, Cyphocharax voga [13] and pelagic fishes with carnivorous
habit from Oligosarcus gender [12] were collected at each station using multimesh

gill nets for 1-2 days until a sufficient number of individuals, at least 7-9 fish were
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caught. After the capture, fish were immediately frozen individually at — 20°C.

Sediment and water samples were collect with polyethylene bottles from the same

localities.
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Figure 1 — Map of the sampling sites in the Sinos River. S1 = Sampling site one

located in upper Sinos River; S2 = sampling site two located in lower Sinos River.

Some physico-chemical parameters from the two sampling sites are in Table

Table 1 — Water Physico-chemical properties in Sinos River

Physico-chemical parameters Site 1 Site 2
Temperature (°C) 17.3 194

pH 7.5+0.67 6.9 £0.27
Hardness (CaCO3) 18 + 1.01 16+1.2
Dissolved oxygen (mg L) 8.1 £1.07 45+2389

2.3. Sample preparation

29°300°S

30°00°S
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The samples were transported to the laboratory on the next day of sampling
and stored (- 20°C) prior to analysis. The length and weight of fish were recorded.
Oligosarcus spp ranged from 135 to 305 mm and C. voga from 116 to 227 mm. The
whole liver was removed and kept in polyethylene tubes till analysis. Water, liver and
sediment samples were digested by using a heating block equipped with glass tubes.
Amounts of 250 mg of sample were weighed and transferred to the glass tubes. After
that, 5 mL of concentrated high purity nitric acid was added and heated for 3 h at 120
°C. After cooling, solutions were transferred to polypropylene flask and the volume
completed to 30 mL with high purity water. Certified reference materials (CRM - NIST
1640: Trace Elements in Natural Water; HISS-1: Marine Sediments; DOLT-3: Dogfish
liver) were used for accuracy evaluation, and the recovered values (in %) are as
described in Table 2.

Table 2 — Recovered values (in %) for all analyzed metals in water, sediment and

tissue. N.D. — non determined.

Al As Cd Co Cr Cu Fe Mn Pb Zn

water 105 89 105 103 95 102 105 101 104 101
sediment 102 123 204 84 105 117 96 102 92 97
tissue N.D. 110 108 N.D. N.D. 103 99 N.D. 406 102

2.4. Sample analysis

An inductively coupled plasma optical spectrometer (Spectro, Model Ciros
CCD, Kleve, Germany) equipped with a cross flow nebulizer (Spectro), a glass
double pass spray chamber (Spectro) and a quartz torch with a quartz injector tube
(2 mm i.d.) was used. Instrumental performance optimization, including nebulizer gas
flow rate, torch alignment and RF power was carried out following the instructions of

the manufacturer (Table 3).

2.4.1. Reagents
Water was distilled/deionized and further purified using a Milli-Q system (18.2
MQ cm, Millipore, Billerica, USA) and used to prepare all reagents and standard

solutions. Analytical grade nitric acid (Merck, Darmstadt, Germany) was doubly
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distilled in a model duoPUR 2.01E sub-boiling system (Milestone, Bergamo, Italy).
Diluted nitric acid was used for analytical solutions preparation and for sample
dilution. All other reagents used were of analytical grade. A multielement stock
standard solutions containing 10 mg L™ of analytes (SCP33MS, SCP Science,
Quebec, Canada) was used. Analytical standards were prepared by sequential
dilution in 5% (v/v) HNOs in the range of 2.5 to 200 mg L™ for ICP- MS.

Table 3 - Instrumental parameters for elements determination by ICP - OES

Parameter Condition
RF power (W) 1400
Plasma gas flow rate (L min™ 15

Aucxiliary gas flow rate (L min™)  1.00
Nebulizer gas flow rate (L min™") 1.10

Nebulization chamber Doubble pass (type Scott)
Nebulizer Crossflow
Wavelength (nm)

Al l 396.153
As | 189.042
Cdll 226.502
Coll 228.616
Crll 267.716
Cul 324.754
Fe ll 238.204
Mn I 259.373
Pb Il 220.353
Zn | 213.856

2.5. Statistical analysis

Homocedasticity of variances was assessed with Levene’s test. Some data
were log transformed to meet the parametric assumptions prior to statistical analysis.
Two-way analysis of variance and Tukey HSD multiple comparison test were used to
compare river sampling sites, species, sediment or water at each season. Minimum
significance level was p < 0.05 and software Statistica 7.0 was used. The correlation
analysis between metal accumulation in the liver and fish length was performed with

the software Sigma Plot 11.0.

2.6. Potential ecological risk



38

Potential ecological risk was calculated using Hakanson (1980) [15]
methodology in which the sensitivity of the aquatic system depends on its
productivity. The potential ecological risk index (RIl) was introduced to assess the
degree of heavy metal pollution in sediments, according to the toxicity of heavy metal
pollution and the response of the environment:

RI=YE, (1)
E.=T.C: (2
Ct =C\,/C, (3)
where Rl is calculated as the sum of all risk factors for heavy metals in sediment, E',
is the monomial potential ecological risk factor, T’ is the toxic-response factor for a
given substance, which accounts for a given substance, which accounts for the toxic
requirement and the sensitivity requirement. C'tis the contamination factor, C's is the

concentration of metals in sediment, and C', is a reference value for metals (Table 4).

Table 4 — Reference values (C',) and toxicity coefficients (T') of heavy metals in

sediments

Heavy metals As Cu Cd Cr Pb Zn
Chug g 15 30 0.5 60 25 80

T 10 5 30 2 5 1

The risk factor RI proposed by Hakanson (1980) [15] was based on eight
parameters (PCB, Hg, Cd, As, Pb, Cu, Cr and Zn) but in this study we excluded PCB
and Hg. Using equations (1) — (3) and parameters listed in table 5, the potential
ecological risk indices E'.and R for each sampling site were calculated.

The potential ecological risk for single regulator (E';) follows a ranking with: low
risk (E' < 40), moderate (40 < E', < 80), considerable (80 < E', < 160), high (160 < E', <
320) and very high (E; = 320). Rl is the total heavy metal potential ecological risk
index and represents the sensitivity of various biological communities to toxic
substances [16] and follows the terminology: low ecological risk for all factors (Rl <
95), moderate (95 < Rl < 190), considerable (190 < RI < 380) and very high (Rl =
380).
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3. RESULTS

No difference between seasons was observed for all analyzed parameters.
The concentrations of heavy metals were highest in the sediment, intermediate in
water and lowest in fish liver, except for Zn and Fe that were higher in fish liver than
in water for both sampling sites (Table 5).

Waterborne and sediment heavy metals levels showed no difference between

sampling sites, except Co (P < 0.05), Fe (P < 0.05) and Mn (P < 0.05) that were
higher in the sediment of sampling site one (Table 5). There was no difference in fish
metal accumulation between sampling sites, except for Mn (P < 0.05) and Co (P <
0.05) that showed higher accumulation in the liver of C. voga at sample site one
(Table 5).
C. voga presented higher values for all metals in the liver than Oligosarcus spp. The
mean concentration of the tested elements for C. voga followed the sequence
Fe>AlI>Mn>Zn>Cu>Pb>Co>Cd>Cr and for Oligosarcus spp
Fe>Zn>AI>Mn>Cu>Pb>Cd>Cr>Co. There was no significant correlation between
heavy metals accumulation in the liver and fish length for C. voga and Oligosarcus
spp (Table 5).
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Table 5 — Waterborne As, Al, Cd, Co, Cr, Cu, Fe, Mn, Zn, and Pb concentration (ug L™ total concentration), sediment (ug g™ dry

weight) and Oligosarcus spp and C. voga liver (ug g~ wet weight) from sampling sites 1 and 2 (mean + SEM). * indicates a
significant difference from site 1.

Al As Cd Co Cr Cu Fe Mn Zn Pb
Site 1
Water 35.7+7.06 13.4+1.2 0.9 2.310.61 1.40 5.5#1.5 36.21+8.65 48.7+22.3 3.311.4 8.5+0.7
Sediment  12878.4+3424.23 2.06%1.9 1.05%0.42 17.6%1.50 23.1+2.02 15.1+1.4 24868.1+3147.1 620.5+91.1 29.1+19.6 13.4%#4.4
Oligosarcus 6.4+0.65 5.17¢2.1  0.3+0.08 0.2+0.05 0.2+0.08 2.1+£0.1 329.9+40.2 2.9+1.2 27.6£1.8 1.510.1
C. voga 65.3+32.6 8.094+0.7 0.71#0.1 1.6x0.2 0.6+£0.1 4.810.6 1593.0+£301.8 65.3+8.2 30.9+£3.7 2.1+0.4
Site 2
Water 107.1454.5 13.8+£1.8 0.9 1.9+04 1.4+0.02 12.1+5.3 120.8457.9 60.7+20.6 10.5+8.4 9.9
Sediment 8528.7+2416.8 2.09+2.3 0.4+0.16 5.2+1.1* 23.5+0.45 8.6%1.8 7182.8+2395.1* 136.9+36.2* 22.5+14.5 7.3%1.01
Oligosarcus 8.1+3.7 1.51+0.04 0.1+0.03 0.1+0.008 0.1+0.01 1.5%0.07 167.1+£25.1 1.060.06 25.3+2.9 1.3£0.008
C. voga 38.8+9.09 1.76x0.5 0.3x0.04 0.8+0.2* 0.3+£0.08 4.51£0.7 1081+156.1 24.2+7.3%* 26.4+2.09 1.410.2
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3.1. Potential ecological risk

All metals have low potential ecological risk at both sampling sites in the Sinos
River, except Cd in site one that had moderate potential ecological risk. The total
heavy metal potential ecological risk index also leads to the conclusion that both

sampling sites are of low ecological risk (Table 6).

Table 6 — Heavy metal potential risk indexes of the Sinos River two sampling sites

E' RI
Sites As Cu Cd Cr Pb Zn
1 1.37 251 63.13 0.77 0.798 0.364 68.94
2 1.39 144 279 0.78 1475 0.282 33.27

4.1. Metals in water samples

Waterborne metal levels in sampling site one were below maximum values
allowed by Resolution No. 357/2005 of the Brazilian National Environment Council
(CONAMA) [17] for class | river intended for human supply after simplified treatment.
However, in sampling site two Al and Cu values were in agreement with class Il river
in a ranking of IV river classes, where class IV is intended only for navigation
and harmony landscape. FEPAM (1999) [5] classified the water quality from the
sampling site one as two (on a scale from one, indicating pristine conditions, to four,
indicating heavily polluted) with minimum DO 6.6 mg L™ and sampling site two as 4

with minimum DO 0.2 mg L™.
4.2. Metals in sediment samples
In the sediment samples, there was no difference between sampling sites for

most analyzed metals, except for Co, Fe and Mn. Fe followed by Al had the highest

accumulation values for both sites which correspond to a classical weathering
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product in tropical areas where the sediments are mainly composed of Al and Fe
[18].

Suspended sediments adsorb pollutants from the water, thus lowering their
concentration in the water column [16]. In this sense, the levels of metal
accumulation in the sediment were high at both sampling sites of the Sinos River.
Sampling site one presents strong agriculture activity whose main metals source are
impurities from fertilizers, pesticides and sewage sludge [19]. Furthermore the soil of
Sinos River is originated from basalt rocks that may release significant amount of
metals in sediment [6]. The highest Mn and Co sediment concentrations in site one is
in agreement with another study in Sinos River that showed that Mn is strongly
adsorbed by clay minerals, being in or out of soil crystalline structure and Co, Ni, Cu
and Zn owe their accumulation to the clayey soil components [20]. Moreover highest
Co level in Sinos River was 17.62 pg g'd.w. which is lower than reported for
unpolluted freshwater sediment, 20 pg g™'d.w. [21].

The sampling site two draws domestic and industrial sewage as well as huge
amounts of domestic garbage due to the dense urbanization with a high
concentration of industries in this area [5] which could accumulate organic matter and
reduce the amount of dissolved oxygen, as demonstrated by the ratings of FEPAM

for this area, but is not interfering in heavy metal accumulation.

4 .3. Metals concentration in fish liver

When fish are exposed to elevated waterborne metals, they can absorb and
then bioaccumulate these metals through gills and skin or ingesting contaminated
water and food. Consequently metals in fish tissues can be several folds higher than
their corresponding waterborne values [2]. In fish liver there was no difference in
metal accumulation between sampling sites, except for Mn and Co that had higher
accumulation in the liver of C. voga at sampling site one. Mn is an essential element
for both animal and plant [22] and is possibly homeostatically controlled and relatively
nontoxic to aquatic biota and is seldom a problem in freshwaters [23]. Co is also an
essential element, component of B4, vitamin [24] and, as a rule, Zn and Co
accumulate in fish liver, where active metabolic processes take place [26]. Then, the
Co amount found in the liver fish from Sinos River is probably a reflection of the

functions of this tissue in Co metabolism.
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Cu is an essential element because of its important role in biological systems
[24] and the low levels found in the present study (2.12 — 4.8 uyg g™ w.w.) are in
agreement with its homeostatic control below 50 pg g™ d.w. [27].

Highest liver Zn concentrations occurred in fish associated with substrata or
those which feed on it and may characterize recent incorporation through the
digestive tract [28]. Higher Zn accumulation values than in the species collected in
the present study (25.3 — 30.9 ug g™’ w.w.) were found in the liver of the omnivorous
Labeo dyocheilus (1175.7 ug g~ w.w.) [8] and similar values occurred in another
omnivorous fish Leporinus obtusidens collected in the Guaiba Lake, from the same
Sinos River basin and where a lot of organic waste is discharged [29].

Cr is a non essential element used in the leather industry, in inks, and in
processing of steel, among other uses [28]. The levels of this metal in the liver of fish
collected in Sinos River were safe for human consumption. Higher Cr levels occurred
in the fish specie himri (Carasobarbus luteus - 1.22 — 2.57 ug g~ w.w) from Orontes
River, Turkey, where even suffering with domestic sewage, industrial wastes and
agricultural activities, fishes were ascertain to be safe in view of the limits for
consumption by humans [30].

Similar values of Oligosarcus spp (167.1 — 329.9 ug g™’ w.w.) Fe accumulation
were found in Chondrostoma regium (185.36 ug g~ w.w.) collected from the Atatiirk
Dam Lake, a non polluted site [31] and in the liver of Carasobarbus luteus (150.51 —
354.12 ug g~ w.w.) in a polluted site [30]. The high Fe values found in C. voga (1081
—1593.0 ug g w.w.) may result from its feeding habit because this metal accumulate
in the sediment of the Sinos River since the soil of this region contains a significant
amount of this metal [6].

Cd and Pb are toxic metals that can be assimilated, stored and concentrated
by organisms through food chain. Cd is not part of natural biochemical processes
and is an extremely toxic and very hazardous heavy metal [32]. A study realized in
Manchar Lake, Pakistan, a polluted place especially due to waste water of
agricultural land and domestic wastes of urban areas, showed higher Cd (9.3 + 1.44
Mg g’ d.w.) and Pb (8.4 + 0.60 ug g d.w.) values for Oreochromis mossambicus
[33], a ominovorous fish with detritivore tendency, than in C. voga liver (1.44 — 2.19
ug g w.w. Pband 0.3 -0.75 ug g w.w. Cd).

Numerous studies analyzed heavy metal accumulation in the muscle since it is

the main fish part that is consumed by humans [11,34,16]. However, muscle is not
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always a good indicator of the whole body fish contamination like liver is, due to the
fact the liver is an organ of continuous accumulation, biotransformation and
detoxification providing a more immediate assessment of the current environmental
level of pollutants [3,35]. Overall, fishes from the Sinos River are safe to human
consumption considering heavy metal accumulation.

The hypothesis that fish on upper web food position are prone to accumulate
more metals was not observed in the present study because the higher metal
concentration levels were found in the detritivore species. This is in agreement with
the fact that in low contaminated waters the metal uptake in fish takes place mainly
by feeding [36]. Yousafzai et al. (2010) [8] showed that omnivore fishes accumulated
65.2% more metal burden than carnivore fishes. Different concentration of heavy
metals in different fish species might be a result of different ecological needs,
metabolism and feeding patterns [37].

The hypothesis that the sediment is the major sink for metal pollution and
plays an important role in heavy metal uptake by fish [16] was confirmed in the
present study. Therefore controlling the sources of contamination of water and
sediment in the river system is the key for fish protection. The higher metal
accumulation occurred in detritivore species that could be used as a biomonitor for
monitoring metal pollution.

The most severe registered fish kill in Sinos River occurred in October 2006,
with more than 100 t of dead fishes [5]. Our results agree with the study performed
by the State Foundation for Environment Protection (FEPAM) [5] which states that
the event was punctual and the deaths occurred due to a sum of factors such as dry
weather, discharge of organic matter and therefore low levels of dissolved oxygen in
water and not due to the high levels of pollutants such as heavy metals accumulated

in fish tissues.

4.4. Potential ecological risk

A risk index provide a fast and simple quantitative value on the potential
ecological risk of a given contamination situation in a given lake or fresh water
system [15]. Potential ecological risk for single regulator indexes for Sinos River at
both sampling sites showed low potential ecological risk for all analyzed metals,

except for Cd that had moderate potential ecological risk in site one. In other studies
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in lakes and rivers, Cd also presented higher ecological risk than any other metal
which is due to the higher Cd toxicity coefficient despite of its lower concentration
[38,39,40].

Cadmium ecological risk in Sinos River could also be due to the addition of
fertilizers, especially phosphate, because of the natural occurrence of various heavy
metals in phosphate rock which are not eliminated in the manufacturing process [41].
Furthermore, the construction and maintenance crop removes the soil originated
from basalt rocks that may release significant amount of metals in sediment [6]. The
low total heavy metal potential risk in the Sinos River reveals the low danger of

metals to resident aquatic organisms of this river.

5. CONCLUSION

On the basis of investigations at two sites, metal concentration was highest in
sediment, middle in water and lower in the fish liver, with the sediment the major sink
for metal pollution in Sinos River. Site one, that is considered cleaner, showed a
higher metal concentration for all analyzed parameters, then could be considered
most polluted site regarding waterborne metals. The detritivore species, C. voga,
presented the highest concentration for all analyzed metals from the two collect sites

and may therefore be used as biomonitor of the aquatic environment where it lives.
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CONCLUSOES FINAIS

- As concentragdes de metais foram maiores no sedimento, intermediarias na agua e

menores nNos peixes.

- A espécie detritivora apresentou maiores concentracbes para todos os metais
analisados nos dois pontos de coleta e, provavelmente, pode ser utilizada como

biomonitor da qualidade do ambiente aquatico em que vive.

- O sedimento € o maior dreno para poluicao por metais.
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