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ABSTRACT

The aim was to compare the trace element concentrations found in samples of water (cadmium, copper,
manganese, lead and zinc) from ten water catchments and muscle tissues (aluminum, iron, manganese,
lead and zinc) from six fish trophic guilds, both samples collected in watercourses of the Upper
Tocantins River, Goias, Central Brazil. Trace element concentrations did not differ among the water
catchments, except for Cu and Mn that exceeded the concentrations allowed by the environmental
Brazilian legislation. The highest concentrations (Al, Fe, Mn, Pb e Zn) were found in fish of the guild
detritivores, omnivores and terrestrial insectivores, while the aquatic invertivores showed the lowest
ones; no correlation was observed between the concentrations of Mn, Pb and Zn of the water samples
and fish muscle tissues. It suggests that the hydrological and chemical characteristics of watercourses
sampled influence on a similar way the availability of trace elements in the water column. The
differences of trace element concentrations observed among the trophic guilds do not display a trend
based on fish feed strategy, but on the availability of the trace element in the environment, finding
reinforced by the absence of relationship between trace elements concentrations of water and fish
muscle tissue.
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ELEMENTOS-TRACO NA AGUA E EM PEIXES DE CURSOS DE AGUA TROPICAIS NO
BRASIL CENTRAL

RESUMO

Objetivou-se comparar as concentragdes dos elementos-trago encontrados em amostras de &gua
(cddmio, cobre, manganés, chumbo e zinco) de dez sub-bacias e tecido muscular (aluminio, ferro,
manganés, chumbo e zinco) de peixes pertencentes a seis guildas tréficas, ambas as amostras coletadas
em cursos de agua do alto rio Tocantins, Goiés, Brasil Central. As concentragdes dos metais tracos da
dgua ndo diferiram entre sub-bacias, exceto para Cu e Mn que ultrapassaram estas indicadas pela
legislacao ambiental brasileira. As maiores concentracoes (Al, Fe, Mn, Pb e Zn) foram encontradas nos
peixes detritivoros, onivoros e insetivoros terrestres, enquanto que os invertivoros aquaticos
apresentaram as menores concentra¢des, ndo se observou correlagdo entre as concentra¢des de Mn, Pb e
Zn na agua e nos peixes. Isto sugere que as caracteristicas hidroldgicas e quimicas dos cursos de dgua
amostrados influenciam de maneira semelhante a disponibilidade de elementos-trago na coluna de
dgua. As diferencas de concentracdes dos elementos-traco observadas entre as guildas tréficas nao
apresentam uma tendéncia com base na estratégia de alimentagdo dos peixes, mas relacionada a
disponibilidade do elemento-trago no ambiente, resultado reforcado pela auséncia de relagdo entre a
concentragdo dos elementos-traco da dgua e do tecido muscular dos peixes.
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INTRODUCTION

The Tocantins River is located within the
Tocantins-Araguaia basin and drains an area of
767,000 km? in northern Goias (COSTA et al., 2003).
It has ancient deep well-drained soils, with acidic
nutrition, poor fertility and considerable iron and
aluminum content (RIBEIRO and WALTER, 1998).
In terms of climate, there is a dry season from April
to September and a rainy season from October to
March (NOVAES et al., 2004). The predominant
vegetation is the natural savanna known as Cerrado
and according to the 2000 census; the basin
encompasses 71 municipalities (TEJERINA-GARRO
et al., 2008) whose predominant anthropogenic
activities are agriculture, livestock rearing and
mining. The natural concentrations of trace elements
in the aquatic environment may increase due to
human activities such as agriculture (LEWIS et al.,
1997; MATOS, 2010), livestock rearing (DORES and
FREIRE, 2001), mining (KLAUBERG-FILHO et al.,
2002; VEADO et al., 2006) and chemical pollution
caused by household and industrial waste
(ALONSO et al., 2002; BARBIERI et al., 2010;
FRERET-MEURER et al., 2010). Given that human
populations depend strongly on river resources
either as source of drinking water or as source of
food, there is an urgent need to study the amount of
trace elements found in this habitat (THORNTON,
1995; BIZERRIL and PRIMO, 2001).

The availability of trace elements in the aquatic
environment is influenced by the physicochemical
properties of the water (NUNEZ et al, 1999;
MORAES et al., 2003; BARROS and BARBIERI,
2012), namely ionic strength, redox potential and
pH. The last two exert a considerable influence on
changes in the solubility of trace elements, which
may be hazardous for the aquatic environment
(NUNEZ et al., 1999). Certain hydrological factors,
such as water flow, do not allow trace elements to
concentrate in the water column (SANTOS et al.,
2008) or to be adsorbed into the sediment
(SALVADO et al, 2006). Fish are involved in
numerous trophic (ARNOT and GOBAS, 2004) and
habitat interrelationships, which may lead to an

accumulation of trace elements absorbed from the
ingestion of  water, sediment or food
(BORDAJANDI et al., 2003) in muscle, liver, and
kidney tissues (BARBIERI et al., 2010). This
phenomenon causes a bioconcentration of these
trace elements, which, in turn, may lead to
distribution/transference  through the trophic
network, i. e., bioaccumulation (MACKAY and
FRASER, 2000; MARENGONI et al., 2008). Usually,
bioconcentration of trace elements causes several
reactions in fish, such as stress (VINODHINI and
NARAYANAN, 2008), physiological dysfunction,
structural changes in organs and tissues which
affect their growth, reproduction (WINKALER et al.,
2008) and behavior (CONNELL and MILLER, 1984).

It is difficult to compare the trace elements
concentrations between the same tissues of two
different fish species or considering the trophic
guilds omnivorous and carnivorous because of their
different feeding habits (BARBIERI et al., 2010).
However, the use of trophic guilds, defined as a
group of species that uses similar environmental
resources in the same way (NOBLE et al., 2007),
show more efficiently the characteristics of
ecosystem’s functioning, which are difficult to see in
individual species (VALE et al., 2010). In this way,
the trophic guild of detritivores fish have a greater
tendency to accumulate large amounts of trace
elements in their bodies due to a rich diet of
sediments, which are considered trace element
deposits (WERNECK LIMA et al., 2003; SALVADO
et al., 2006). Aquatic invertivores fish feed on
macroinvertebrates associated with the substrate
(BOLLMANN et al, 2001), whereas terrestrial
insectivores bioaccumulate trace elements when
they swallow terrestrial insects feeding on the aerial
parts of plants containing, for example, considerable
concentrations of lead (Pb) due to the use of
pesticides (CORBI et al., 2006) or manganese (Mn)
which is found in acidified soils (CAMARGO and
FERREIRA, 1992). Piscivores fish are top predators
of the food web, thus they have a tendency towards
an elevated trace element bioaccumulation (TERRA
et al., 2007; TELES et al., 2008).
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The aim of this study was to i) compare the
trace element concentrations found in samples of
water (cadmium, copper, manganese, lead and zinc)
from ten water catchments and muscle tissue
(aluminum, iron, manganese, lead and zinc) from
six fish trophic guilds, and ii) determine the
relationship between trace elements concentrations
(manganese, lead, zinc) of both samples collected in
watercourses of the Upper Tocantins River, Goids,
Central Brazil.

It is expected that the concentrations of trace
elements will differ among the water catchments
due to their hydrological and chemical local
characteristics and among the fish trophic guilds,
because of their different use of the environment
resources. It is also expected a positive relationship
between the trace elements concentrations of water
and fish muscle tissue.

MATERIAL AND METHODS

Study area

From July to August 2008, ten rivers and one
tributary of each of them were sampled in the
Tocantins River basin between the geographic
coordinates 13° 0" 07 S; 46° 0" 00” W and 16° 0" 0” S;
50° 0" 0” W. Each pair (river and tributary) was
named water catchment (Figure 1) and the
tributaries were either a river or a stream. The
Pedras River was an exception as none of its
tributaries was sampled (Table 1). Each watercourse
was georeferenced with a GPS (Garmin) and
stretches of 50 m (for streams) and 1000 m (for
rivers) were demarcated, where the fishes and water
samples were collected. A synthetic characterization
of the rivers and tributaries considering riparian
vegetation,
anthropogenic activities is presented in Table 1.
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Figure 1. Sampling points per water catchment located in the upper Tocantins river basin, Central Brazil. 1 =
Corrente River, 2 = Almas River, 3 = Peixe River, 4 = Bois River, 5 = Patos River, 6 = Maranhdo River, 7 = Sdo
Domingos River, 8 = Uru River, 9 = Pedras River, 10 = Sao Patricinho stream, 11 = Bandido stream, 12 = Prata
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stream, 13 = Sao Pedro stream, 14 = Palmital stream, 15 = Vereda stream, 16 = Pouso Alegre stream, 17 = Bom

Jesus stream, 18 = Ledo stream and 19 = Galheiros stream.

Water sampling and determination of trace
elements

Water samples (1 L) were manually collected at
a depth of 50 cm from the surface, using a plastic

bottle, previously washed with 10% HCI, at both the
beginning and the end of each predefined stretch.
One mL of HCl was added to each sample and
immediately afterwards the bottle was duly labeled
with the place and date of collection and stored in a
Styrofoam box with ice.

Table 1. Rivers and tributaries by water catchments of the Tocantins River sampled in July and August 2008.
The substrate type, predominant vegetation in riparian forest and predominant human activity are indicated.

Water River Tributary Substrate type Predominant Predominant
catchment type vegetation human activity
S3o Patricinho  S&o Patricinho  Bandido Gravel Trees, shrubs Urban area,
agriculture,
livestock rearing
Corrente Corrente Prata - Trees, shrubs Agriculture,
livestock rearing
Almas Almas River Sao Pedro Sand Trees, shrubs Agriculture,
livestock rearing
Pedras Pedras - Sand Trees, shrubs, Agriculture,
pasture livestock rearing
Peixe Peixe Palmital Rock and sand Trees, shrubs, Agriculture,
pasture livestock rearing
Bois Bois Vereda Sand No vegetation ~ Agriculture,
cover livestock rearing
Patos Patos Pouso Alegre Rock Trees, shrubs, Mining,
pasture agriculture,
livestock rearing
Maranhéao Maranhao Bom Jesus Rock and sand Trees, shrubs Agriculture,
livestock rearing
Sao Domingos  Sao Domingos  Galheiros Sand and gravel Shrubs, pasture Urban area,
agriculture,
livestock rearing
Uru Uru Ledo Rock and sand Shrubs, pasture Urban area,

agriculture,
livestock rearing

In the laboratory, the samples were filtered
through a 0.45um Millipore filter, then put into
clean plastic bottles and stored at 4°C until analysis.
Just before the analysis procedures, the samples
were left to stand wuntil they reach room

temperature. The cadmium (Cd), copper (Cu),
manganese (Mn), lead (Pb) and zinc (Zn)
concentrations were determined by inductively
coupled plasma optical emission spectrometry (ICP
- OES) at the Spectroscopy Laboratory of the
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Catholic University of Brasilia, with the following
detection limits: Cd = 0.00948263 pg/L, Cu =
0.019293 nug/L, Mn = 0.004933 ug/L, Pb = 0.0555609

pg/L and Zn = 0.0316477 pg/L.

Fish collection and determination of trace elements in fish
muscle tissues

Twenty-one fish species (Table 2) were collected
using trawls or gillnet and then sorted according to
the size.

Table 2. Number of samples per fish species and water catchment of the upper Tocantins River, Central Brazil

and trophic guild determined according to literature.

ORDER Trophic Literature Water catchment

Family Guild

Genus and species SsP CO AL PE PI BO PA MA SD UR
CHARACIFORMES

Characidae

Astyanax fasciatus ON I - - 1 3 - - 1 - 1
Astyanax sp. 2 ON I - 1 - - - - - - -
Creagrutus sp. v I - 1 - -1 - - - - -
Hyphessobrycon sp. v I 3 1 - - - - 1 1 1 -
Knodus sp. ON I 1 - - - - - - - - -
Muyleus torquatus HB I - - - - - - 2 - - -
Moenkhausia sp. 2 IN I - - - - - - 1 2 - -
Moenkhausia sp. 3 IN I - - - -1 - 1 - - -
Moenkhausia sp. 4 IN I - - 1 - - - 1 - 1
Triportheus trifurcatus v I - - 1 - - - - - 1 1
Crenuchidae

Characidium zebra v I 1 - - - - - 1 - - -
Hemiodontidae

Hemiodus unimaculatus DT I - - 1 1 - - 1 - - 3
Cynodontidae

Hydrolycus tatauaia PC I - - - - - - - - - 3
Anostomidae

Leporinus friderici ON I IV - 3 1 1 1 2 1 -
Leporinus sp. ON I - 1 1 -1 - - - - 1
Prochilodontidae

Prochilodus nigricans DT I - 1 - - - 1 1 - - -
SILURIFORMES

Auchenipteridae

Auchenipterus nuchalis v I - - - - - - 3 - - -
Loricariidae

Hypostomus plecostomus DT I - - - 2 - 1 - 3 -
Squaliforma emarginata DT I - - 2 1 - - - - - -
Pimelodidae

Pimelodus blochii ON I - - - - - 1 2 - - -
PERCIFORMES

Cichlidae

Satanoperca pappaterra ON 1 - 1 - - - - - - - -

SP=Sio Patricinho; CO=Corrente; AL=Almas; PE=Pedras; PI=Peixe; BO=Bois; PA=Patos; MA=Maranhdo;, SD=Sdo
Domingos; UR=Uru. DT=Detritivore; HB=Herbivore; IN=Terrestrial insectivore; 1V=Aquatic invertivore; ON=Omnivore;
PC=Piscivore. I=De Carvalho and Tejerina-Garro (2015); II=Durdes et al. (2001); III=Froese and Pauly (2015); IV=Hahn et al.

(2004).
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Due to the available muscle tissue sample for
further analysis, fish <10 cm were preserved entire,
while a piece of muscle tissue from above the lateral
line of the back was removed from the larger
specimens (>10 cm). In both cases, samples were
placed in plastic bags, labeled with the date and
place of capture and stored in a box with ice.

In the laboratory, at the Aquatic Biology Centre
of the Pontificia Universidade Catdlica de Goias,
they were taxonomically identified, measured,
weighed and stored in a freezer at a temperature of -
10° C until analysis. Duplicates of each species were
sent to the Ichthyology Laboratory at the Museum
of Science and Technology, Pontificia Universidade
Catolica de Rio Grande do Sul to confirm taxonomic
identification. In this study, the trophic guild
adopted for each species of fish (detritivore;
herbivore; aquatic
invertivore; omnivore; piscivore) was taken from
DE CARVALHO and TEJERINA-GARRO (2015)
who used the same fish samples from which the

terrestrial insectivore;

specimens in this study were selected. DURAES et
al. (2001), HAHN et al. (2004) and FROESE and
PAULY (2015) were also consulted. Thus, seven
species were classified as omnivores, five as aquatic
invertivores, four as detritivores, three as terrestrial
insectivore, one as piscivore and one as herbivore
(Table 2).

To determine trace elements concentrations, the
whole fish or pieces of muscle tissues were thawed
and allowed to stand to reach room temperature.
They were then lyophilized (Labconco Freeze Dryer
Freezone) after which 1.0 g of the material was
digested in triplicate with nitric acid and hydrogen
peroxide following the wet oxidation process
(JAFFAR et al.,, 1988). The digested material was
stored in a polyethylene bottle and sent to the
Environmental  and
Laboratory at the University of Parana, where the
concentrations of aluminum (Al), iron (Fe),
manganese (Mn), lead (Pb) and zinc (Zn) were
determined by  flame atomic  absorption
spectrometry (flame - AAS), considering the
detection limits: Al = 0.8 ug/g, Fe =1.2 ng/g, Mn =
0.004 ug/g, Pb=0.01pg/g and Zn = 0.001 pg/g.

Instrumental Chemical

Data analysis

To compare the trace element concentrations in
the water samples among water catchments and in
fish muscle tissues among trophic guilds, the non-
parametric Kruskal-Wallis statistical analysis test
was used, since the assumptions of normality and
homogeneity were not reached (SOKAL and
ROHLF, 1995). This test allows for comparisons
among various independent groups (KATZ and
McSWEENEY, 1980) and is usually followed by a
multiple comparison post hoc analysis.

Additionally, data recommended by the
CONAMA Resolution No. 357 for Class 3 waters
(CONAMA, 2005) were used as a reference for the
maximum permissible values of trace element for
water.

To determine the relationship among the trace
element concentrations of Mn, Pb and Zn found in
the water samples and in the fish muscle tissues a
Spearman rank correlation analysis was conducted.
All statistical analyzes were performed using the
Statistica© 8 software.

RESULTS

There were no significant differences among
concentrations of trace elements analyzed in the
water among water catchments (Table 3).
Comparing the median values found with the
maximum values allowed by CONAMA (2005), it
was observed that the concentrations of Cd in the
water catchment of Pedras, Patos and Sao
Domingos were equal to those allowed, while the
levels of Cu at Sao Patricinho, Corrente, Peixe, Bois,
and Sdo Domingos were above the permitted levels,
as well as Pb levels at Sdo Patricinho, Almas, Peixe,
Bois, Maranhdo and Sao Domingos. It is detected a
low oscillation of pH values (6.1 to 6.4) in all the
water catchments sampled (Table 3).

Significant differences were observed among
the trophic guilds for Al (p=0.01), Fe (p=0.00), Mn
(p=0.00), Pb (p=0.01) and Zn (p=0.01; Figure la-e)
trace element. The detritivore guild stands out for
presenting higher concentration of: Al, Fe, Mn, Pb
and Zn than the aquatic invertivores (p=0.00;
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p=0.00; p=0.00; p=0.00; p=0.00, respectively; Figure
la-e), Fe and Mn than piscivores (p=0.02 in both
cases; 1b-c), and Pb than
insectivores (p=0.04; Figure 1d).

Figure terrestrial

A second prominent guild is omnivorous that
displays more elevated concentration values of Mn,
Pb and Zn than aquatic invertivores fish (p=0.00;

p=0.03; p=0.00, respectively; Figure 1c-e). Finally,
terrestrial insectivores show higher concentrations
of Mn in relation to aquatic invertivores (p=0.04;
Figure 1c). The analysis of correlation showed no
relationship among the concentrations of the three
common base trace elements (Mn, Pb, Zn) in the
water samples versus fish muscle tissues (Table 4).

Table 3. Median (Md), minimum (Min.) and maximum (Max.) concentration levels of trace elements (ng/L)
and median pH in the water samples per water catchment of the Upper Tocantins River basin, Central Brazil.
The statistics of the Kruskal-Wallis test (p<0.05) and the maximum levels (ug/L) allowed by CONAMA (2005),

for water class 3 are indicated.

Trace element Water catchment P CONAMA
SP CcO AL PE PI BO PA MA SD UR

Cd Md 9.1 7.5 9.1 10.2 9.0 7.8 10.2 8.9 10.6 9.3 0.86 10
Min. 8.6 4.6 8.6 6.6 6.3 6.6 7.1 5.6 7.6 47
Max. 16.9 10.6 115 13.8 12.2 12.3 13.3 11.0 13.6 105

Cu Md 15.0 31.1 11.0 6.9 19.3 19.3 24 129 19.3 101 0.23 13
Min. 6.2 2.8 0.1 5.0 2.8 6.3 2.2 1.1 19.3 0.9
Max. 19.3 94.8 19.3 8.7 51.2  153.0 2.6 193 1516 751

Mn Md 53.4 21.1 47.2 43 28.3 485 13.3 14.3 21.1 242  0.19 500
Min. 12.3 11.0 309 4.2 11.7 8.6 7.9 12.3 8.6 134
Max. 72.2 27.4 53.0 44 1685 105.6 187 324 1166 4042

Pb Md 321 28.7 37.7 54 37.7 535 15.8 36.7  39.0 250 0.74 33
Min. 0.7 25.8 1.0 45 15.3 3.2 9.0 15.1 20.4 0.7
Max. 55.6 55.6 55.6 6.3 55.6 824 22.6 55.6 55.6 55.6

Zn Md 4181 4623 431.8 4929 4481 4347 3083 4805 3460 5290 0.54 5000
Min. 1439 379.7 316 453.6 2820 3344 210.8 3435 190.0 2944
Max. 4494 6908 4755 5322 6203 537.0 4057 4926 5249 6481

pH 6.2 6.3 6.2 6.1 6.2 6.2 6.3 6.4 6.2 6.3

SP=Sio Patricinho; CO=Corrente; AL=Almas; PE=Pedras; PI=Peixe; BO=Bois; PA=Patos; MA=Maranhdo;, SD=Sdo
Domingos; UR=Urus.

Comparing the median values found with the
maximum values allowed by CONAMA (2005), it
was observed that the concentrations of Cd in the
water of Pedras,
Domingos were equal to those allowed, while the
levels of Cu at Sao Patricinho, Corrente, Peixe, Bois,
and Sdo Domingos were above the permitted levels,
as well as Pb levels at Sdo Patricinho, Almas, Peixe,
Bois, Maranhao and Sao Domingos. It is detected a

catchment Patos and Sao
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low oscillation of pH values (6.1 to 6.4) in all the
water catchments sampled (Table 3).

Significant differences were observed among
the trophic guilds for Al (p=0.01), Fe (p=0.00), Mn
(p=0.00), Pb (p=0.01) and Zn (p=0.01; Figure la-e)
trace element. The detritivore guild stands out for
presenting higher concentration of: Al, Fe, Mn, Pb
and Zn than the aquatic invertivores (p=0.00;
p=0.00; p=0.00; p=0.00; p=0.00, respectively; Figure
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la-e), Fe and Mn than piscivores (p=0.02 in both
cases; Figure 1b-c), and Pb than terrestrial
insectivores (p=0.04; Figure 1d).

A second prominent guild is omnivorous that
displays more elevated concentration values of Mn,
Pb and Zn than aquatic invertivores fish (p=0.00;
p=0.03; p=0.00, respectively; Figure 1c-e). Finally,
terrestrial insectivores show higher concentrations
of Mn in relation to aquatic invertivores (p=0.04;
Figure 1c).

The analysis of correlation showed no
relationship among the concentrations of the three
common base trace elements (Mn, Pb, Zn) in the
water samples versus fish muscle tissues (Table 4).

DISCUSSION

In terms of trace element concentrations in the water
samples, the results were contrary to expected,
showing that there were not significant differences
among the water catchments considered in this
study. This result seems related to the influence of
the water flow on trace elements concentration.
Water flow does not allow trace elements to
concentrate in water column (SANTOS et al., 2008).
Additionally, the adsorption of trace elements by
sediments also reduces the concentration of these
chemicals in water column. This can be favored by
the high water pH values observed in all water
catchments sampled, that is, a reduction of
dissolved forms of trace elements in the water
column and an increasing of precipitated and
adsorbed ones (GUILHERME et al., 2005). However,
the absence of significant differences among the
trace element concentrations in the water samples of
the water catchments analyzed in this study does
not mean that the environments are not polluted,
because some concentrations were similar (Cd) to or
higher (Cu and Pb) than those allowed by
CONAMA (2005). In contrast to previous studies
examining the positive relationship among trace
element  concentration of water and aquatic
organism (BORDAJANDI et al., 2003; TELES et al.,

2008; BARBIERI et al., 2010), the current study
indicated that there was no correlation between the
Mn, Pb and Zn trace element concentrations found
in the water and muscle tissues of the fish analyzed.
Relationships results from the fact that watercourses
are responsible for the dissolution and transport of
trace elements in the aquatic environment. This
increases their concentration in the water leaving
fish further exposed and, consequently, absorbing
trace elements through the gills (BORDAJANDI et
al., 2003), because of the chemical changes that these
trace elements undergo in the aquatic environment
(ESTEVES, 1998). However, in this study this was
not the case even with Mn, which showed levels
higher than those allowed by law in water column.
This suggests that the Mn available in the water did
not lead to the contamination of the fish via
absorption of this trace element through gill, but
rather through contaminated organic food
(BORDAJANDI et al., 2003; TELES et al., 2008) since
other investigations also found this trace element in
other vertebrates (LOUREIRO et al, 2007) and
sediments (CUNHA and CALIJURL,  2008).
Accordingly to expected, there were significant
differences in the trace element concentrations
among fish samples from different trophic guilds
for Al, Fe, Mn, Pb and Zn. Variety in the diet and
different feeding habitat of the fish species influence
on trace element concentration levels in their bodies
(BARBIERI et al., 2010; MAZZONI et al., 2010), this
is especially true for Cu and Zn (BORDAJANDI et
al., 2003). In this study, the detritivores (muscle
tissue concentrations of Al, Fe, Mn, PB, Zn),
omnivores (Mn, Pb, Zn) and terrestrial insectivores
(Mn) display higher concentrations mainly in
relation to aquatic invertivores. This result suggests
that trace element concentration level by trophic
guild considered not display a trend based on fish
feed strategy, that is carnivorous species displays
higher  trace
herbivorous, omnivorous or planktivorous species
(BARBOSA et al., 2003; TERRA et al., 2007), but on
the availability of the trace element in the
environment.

element concentrations than
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Figure 1. Boxplot of the concentrations of Al (a), Fe (b), Mn (c), Pb (d) and Zn (e) per trophic guild. Statistics of
the Kruskal-Wallis test (H) and the p values (p<0.05) are indicated. DT=Detritivore; HB=Herbivore;
IN=Terrestrial insectivore; IV=Aquatic invertivore; OM=Omnivore; PC=Piscivore.

Bol. Inst. Pesca, Sao Paulo, 42(3): 499-513, 2016



509 SOUZA et al.

Table 4. Matrix of correlation (Spearman) among trace elements (Mn, Pb and Zn) in water (ug/L) and in fish
muscle tissue (ng/g) in the Upper Tocantins River basin, Central Brazil.

Relationship Correlation

Water vs. Fish Mn Pb Zn
Mn -0.04 -0.11 0.11
Pb 0.26 -0.04 0.08
Zn 0.13 0.01 -0.01

An example of the absence of the trend based
on feed strategy is the case of the piscivorous guild,
represented in this study by the dogtooth characin
Hydrolycus tatauaia, which the concentration levels
of Fe and Mn in the muscle tissue were lower than
in the detritivores. This trophic guild has a tendency
to accumulate trace elements both in freshwater
(TERRA et al., 2007; TELES et al., 2008) and marine
environments (KEHRIG et al., 2007) as they are
considered top-of-the-chain. Certain trace element
not found in piscivores of this study, have been
reported in fish from other environments. This was
the case of Al, which showed negligible levels in
this study, but has been found in high concentration
in the muscle of the Serrasalmus spp. species
(piranha) in the Gelado River in Pard State
(BARROS et al., 2010). Like Al, Zn did not stand out
as a contaminant of the piscivorous species in this
study, but it was assessed and found in the viscera
of a piscivore, the traira Hoplias malabaricus in the
Billings reservoir, Sdo Paulo (ROCHA et al., 1985).

On the other hand, it is supposed the existence
of a high concentration of these chemical elements
in the sediments of the watercourses sampled due to
the natural presence of them in the Cerrado soil
such as the case for Pb or Zn (FAGERIA, 2000).
However, in the terrestrial environment, soils have
a striking capacity to retain trace elements due to
atmospheric  deposition or industrial and
agricultural sources (PIERANGELI et al., 2001),

which can be transported to the aquatic
environment by severe wet weather conditions. In
this circumstance, the fact that detritivores
presented a higher trace element concentration than
most other trophic groups considered can be related
to the certainty that detritivores feed on sediments
(BORDAJANDI et al., 2003) and to
morphophysiological characteristics that facilitate
the ingestion and absorption of nutrients present in
these foods (DE MORAES et al, 1997;
BORDAJANDI et al., 2003).

The fact that aquatic invertivores displayed low
muscle tissues element trace concentration reinforce
the role of the sediments in this study at the
expenses of other components of the aquatic
systems sampled such as the organic one
represented by the macroinvertebrates. Aquatic
invertivores, represented in this study by the catfish
Auchenipterus nuchalis and the characins Characidium
zebra, Creagrutus sp., Hyphessobrycon sp. and
Triportheus trifurcatus are the most dominant trophic
guild in many rivers (OLIVEIRA and FERREIRA,
2002) and feed on macroinvertebrates associated
with the substrate (BOLLMANN et al., 2001).

There was a higher concentration of Mn in the
terrestrial insectivores characins Moenkhausia sp. 2;
Moenkhausia sp. 3 and Moenkhausia sp. 4 than in the
aquatic invertivores. This result seem related to the
fact that the species representing this trophic guild
feed mainly on terrestrial insects, which could be
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contaminated by ingesting the aerial parts of plants
in acidic soils with high concentration levels of Mn
(FOY, 1984; VELOSO et al., 1995; SALVADOR et al.,
2003; TELES et al., 2008). The combination of
contaminated terrestrial insects and plants could
explain partially the case of omnivorous species that
is, the fact that omnivorous feed on vegetal and
animal matter potentially the bioaccumulation.

CONCLUSION

Contrary to expected, concentrations of the
trace elements investigated in this study did not
differ in the waters among the ten water catchments
analyzed, but significant differences were observed
among the six trophic guilds of fish analyzed. No
relationship was found among trace elements
concentrations of water and fish muscle tissue.
These results suggest that the hydrological and
chemical characteristics of watercourses sampled
influence on a similar way the availability of trace
elements in the water column. The differences of
trace element concentrations observed among the
trophic guilds considered do not display a trend
based on fish feed strategy, but on the availability of
the trace element in the environment, finding
reinforced by the absence of relationship between
the trace elements concentration of water and fish
muscle tissue.

These results add further evidence that the
examination of two compartments (water and fish,
in this case) is not enough for the assessment of
trace element pollution in the ecosystem, requiring
the incorporation of the sediment compartment.
Additionally, the determination of Cd and Cu in
fish, not measured in this study, must be considered
in future studies once both trace elements displayed
elevated values in the water when compared to
those allowed by CONAMA (2005).
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