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Abstract From the concentration in water and sediments,
bioconcentration and bioaccumulation of copper (Cu), man-
ganese (Mn), zinc (Zn), iron (Fe), cobalt (Co), cadmium (Cd),
chrome (Cr), silver (Ag), lead (Pb), nickel (Ni), aluminum
(Al), and arsenic (As) were determined in the gills, liver, and
muscles ofGeophagus brasiliensis in the Alagados Reservoir,
Ponta Grossa, Paraná, Brazil. Metals were quantified through
AAS, and a study was carried out on the existing relations
between metal and body weight, size, and genre of this spe-
cies. The level of metal in the water of the reservoir was lower
than the maximum set forth in the legislation, except for that
of Cd and Fe. In sediments, Cu, Cd, Cr, and Ni presented
concentrations above the threshold effect level (TEL). Pb and
Cr were above the limits for the G. brasiliensis. The tendency
of metals present in the muscles of G. brasiliensis was Al>
Cu>Zn>Fe>Co>Mn>Cr>Ag>Ni>Pb>Cd>As. In the

gills, it was Al>Fe>Zn>Mn>Co>Ag>Cr>Ni>Cu>As>
Pb>Cd, and the liver presented Al>Cu>Zn>Co>Fe>Mn>
Pb>Ag>Ni>Cr>As>Cd. The bioconcentration and bioaccu-
mulation of metal in the tissues follow the global tendency
liver>gills>muscle. The statistical analysis did not point to
significant differences in the metal concentration and body
weight, size, and gender of the species in the three tissues
under analysis.
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Introduction

Metal contamination in water reservoirs has become an issue
of concern along the last decades, not only regarding the threat
it poses to the water supply but also for the danger it represents
to the human consumption of fish (Terra et al. 2008). Metals
are continuously released into the water environment through
natural and anthropogenic sources, and they tend to accumu-
late in the sediment and, depending on the environmental
conditions, can also be released into the water column becom-
ing bioavailable. In such conditions, they might affect the
biota, be incorporated throughout the food chain, and conse-
quently harm human health (Shrivastava et al. 2003; Khan
et al. 2005).

Among the known chemical elements, 53 are described as
metals and, from these, only 17 are bioavailable and important
for the ecosystem (Carranza-Álvarez et al. 2008). Attention
has been drawn recently both in developed and underdevel-
oped countries to the anomalous distribution of metals in the
water, sediments, and fish, which are very important to the
comprehension of metal behavior in reservoirs (Singh et al.
2014). In addition to the metal analysis in the water and
sediment, it is also important to identify the extension of metal
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concentration in the biota and consider its potential impact to
the trophic chain and the risk to human health, as it is not
possible to be absolutely sure that metals are not incorporated
to the biota by simply verifying their concentration in the
water and sediments.

Bioconcentration and bioaccumulation of metals are indic-
ative of the water body and sediment contamination, respec-
tively, becoming a useful tool to study the biological role of
metals present in water organisms, especially fishes that tend
to accumulate contaminants in their tissues even when the
water presents lower levels of these compounds than those
tolerated by the law (Shah et al. 2009).

Each fish species has a particular way of accumulating
(and/or eliminating) metals when exposed to such contami-
nants, species with relatively low trophic levels are exposed to
lower contamination, even though they are submitted to the
chemical stress that might provoke changes in target organs
(Peakall and Burger 2003). Metal bioconcentration and bio-
accumulation processes depend on the fish species and their
trophic level, the sampling place, the kind of food, the kind of
absorption carried out by the organism, the particle size, or the
phase in which the metal is (dissolved or particulate) (Asuquo
et al. 2004).

Despite its broad geographical distribution all over Brazil,
there are few studies analyzing metals in G. brasiliensis. The
etymology of the name of the species under study comes from
the Greek (geo=earth and phaigen=eating), referring to the
fact that this fish revolves the sediment with its mouth. This is
a Brazilian omnivorous native species, a natural inhabitant of
lentic environments, such as lakes and reservoirs, which
adapts very well to hot and cold water regions. The male fish
grow faster than the female; they usually build nests and
protect their offspring (the female fish protect the larvae in
their mouth). Their main characteristics are versatility, territo-
r ia l ism, and resistance, and they are subject to
bioconcentration through several kinds of pollutants
(Hidetoshi 1984; Kullander 2003; Abelha and Goulart 2004;
Rocha et al. 2005; Di Giulio and Hinton 2008).

The Alagados Reservoir provides water for three towns in
the state of Paraná, Brazil, and receives pollutants from dif-
ferent sources such as agriculture, cattle breeding, domestic
sewage, and building activity on its margins. The choice for
this species is suitable due to its living habits, easy capture,
and its abundance in the reservoir under study, and it is one of
the most consumed species by fishermen in the region.
Besides that, it is an environmental contamination
bioindicator which presents a varied diet throughout the water
column, including sediments, on which a lot of chemicals are
deposited (Benincá et al. 2012; Osório et al. 2013).

The objective of this study was to investigate the
bioconcentration and bioaccumulation of metals in different
tissues of theG. brasiliensis (the liver, muscle, and gills) in the
Alagados Reservoir, from the concentration of metals in the

water and in the sediments, as well as to verify the existing
relations between the metals and body weight, size (length),
and genre of this species.

Materials and methods

Area of study

The Alagados water basin is located in the region of Campos
Gerais, in the southeast of Paraná, almost entirely in the first
plateau, limited by the geographical coordinates 24° 52′ to 25°
05′ latitude S and 49° 46′ to 50° 06′ longitude W of the
Greenwich (UTM 592.000 to 624.000 and 7.226.300 to
7.249.800), and it is the water source of the three towns in
the region of Campos Gerais in the south of Brazil: Ponta
Grossa, Castro, and Carambeí (Clemente et al. 2010) (Fig. 1).
The Alagados Reservoir is an artificial dam built on the
Pitangui River, between the Jutuva River mouth and the São
Jorge River mouth. It was built in 1929 aiming to generate
electrical power. However, the reservoir has also gradually
become a source of leisure, irrigation, animal water supply,
and also, water supply to the population of these towns.
Nowadays, its water is collected and treated by the Paraná
Sanitation Company (Sanepar). The agriculture and cattle
breeding activities, together with unregulated occupation of
the reservoir margins, are the main sources of pollution, and
along the years, the lake formed became eutrophic (Clemente
et al. 2010).

Sampling

Samples were collected in the Summer 2013 according to the
technical manual EPA 823-B-01-002 (2001). Water and sed-
iments were collected from four distinct points in the
Alagados Reservoir (see Fig. 1), with a total of four water
samples and four sediment samples, with one sample from
each collection point. These points were selected by seeking a
variety of impaction levels that included the point where the
reservoir begins (P1=latitude 24° 59′ 40″ S and longitude 49°
59′ 36″W), margins in agriculture (P2=latitude 25° 00′ 23″ S
and longitude 50° 00′ 46″W), margins where some houses are
built (P3=latitude 25° 01′ 03″ S and longitude 50° 02′ 08″W),
and the area closer to the dam, at the point where there are no
more houses (P4=latitude 25° 01′ 08″ S and longitude 50° 03′
39″ W). An Eckman-Birge collector was used for the sedi-
ments, superficial water was collected in sampling bags, and
the fish were collected with cast nets mesh 5.

Fifty-five G. brasiliensis were collected from the different
points of the reservoir, the fish were weighed and measured
before their liver, gills, andmuscle were separated, lyophilized
(Terroni®), and stored in a desiccator until the analyses were
carried out.
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In order to compare the metal concentration in
G. brasiliensis with the maximum concentration acceptable
for human consumption by the regulations considered in this
study (FAO/WHO, Agência Nacional de Vigilância Sanitária
(ANVISA)), the concentrations were recalculated in micro-
grams per gram wet weight (w.w.).

Metal analyses

The water samples were submitted to digestion using the
Method US EPA 3005A (1992), while the sediment and
G. brasiliensis samples were submitted using the Method
US EPA 3050B (1996). Digestions were carried out in tripli-
cate with reagent blank, and the precision of the methods was
verified from the reference material analysis-certified ERM-
CE278 (mussel tissue; European Reference Materials) from
the Institute for Reference Materials and Measurements
(IRMM) in Europe and MESS-2 (marine sediment) from the
National Research Council Canada (NRCC), the
Environmental Chemistry Institute in Canada, obtaining re-
covery percentages over 90 % for the metals under analysis.

Arsenic determinations were carried out using an atomic
absorption spectrometer (Varian®, AA 240Z) with electrother-
mal atomization in a graphite oven (model GTA 120),
equipped with a transverse Zeeman corrector for background
correction, automatic sampling (model PSD 120). A hollow
cathode lamp was used with argon as carrying inert gas with a

flow rate of 0.3 L min−1. The pyrolitically covered graphite
tubes were used in all determinations.

Determination of the remaining metals was carried out
using a flame atomic absorption spectrometer (Varian®, AA
240FS), employing the automatic dilutor system as an acces-
sory, equipped with a deuterium lamp as a background cor-
rector and multielement hollow cathode lamps. A nitrous
oxide acetylene flame with flow rates of 10.24 and
6.95 L min−1 was used for the aluminum, and an air oxidant
acetylene flame with flow rates of 13.50 and 2.00 Lmin−1 was
used for the remaining metals. Standard solutions were pre-
pared with ultrapure water (reverse osmosis and water filter
Gehaka®), and the stock solutions of 1000 mg L−1 Qhemis
High Purity® were used for the following metals: copper (Cu),
manganese (Mn), zinc (Zn), iron (Fe), cobalt (Co), cadmium
(Cd), chrome (Cr), silver (Ag), lead (Pb), nickel (Ni), alumi-
num (Al), and arsenic (As). The analytical curve was derived
from these standards. The limits of detection and quantifica-
tion of metals are shown in Table 1.

Bioconcentration and bioaccumulation factors

The factors evaluated in this study constitute the terms used to
quantify the tendency of a compound/element to concentrate
in aquatic organisms. The bioconcentration factor (BCF) is the
result of absorption, distribution, and elimination of a sub-
stance all over the organism after it has been exposed to the

Fig. 1 Map of the Alagados
Reservoir in Ponta Grossa,
Paraná, Brazil. Featured
collection points are as follows:
P1 where reservoir begins, P2
margins in agriculture, P3
margins where some houses are
built, and P4 near the dam at the
end of the housing (adapted from
Google Maps)
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water (Subotić et al. 2013). The calculation was carried out
using the ratio of the metal found in the fish tissue (Mtissue),
expressed in micrograms per gram dry weight, and the metal
found in the water (Mwater), expressed in micrograms per
milliliter

BCF ¼ M tissue=Mwater ð1Þ

The bioaccumulation factor (BAF) is used to determine the
tendency of a given compound/element to accumulate from
the food or sediment, and it was calculated using the ratio of
the concentration of the metal found in the fish tissue (Mtissue)
and the concentration of the metal found in the sediment
(Msediment), expressed in micrograms per gram (Lau et al.
1998)

BAF ¼ M tissue=M sediment ð2Þ

Statistical analyses

All the statistical analyses were carried out using the software
Assistat 7.7 and R Project for Statistical Computing.

The Shapiro-Wilk test was employed to analyze the nor-
mality of data distribution. The variance analysis (ANOVA)
with completely randomized design (CRD) through
Tukey’s test was used to test the significant differences
between the average concentrations of metal in the
muscles, gills, and liver; body weight; size; and genre
of G. brasiliensis. For the data sets that did not follow
the normal distribution, the Mann-Whitney nonparamet-
ric test was used in order to identify all the possible
differences between samples (Giannakopoulou and
Neofitou 2014).

Values below 0.05 (5 %) were considered statistically
significant (P<0.05).

Results and discussions

Concentration of metals in water and superficial sediment

In reservoirs, the metal comes from natural sources such as the
geological washing of soils and rocks, directly exposed to the
water, and through anthropic sources such as domestic and
industrial effluents, mining processes, application of fertilizers
in crops, and through the rain in areas with polluted air
(Pereira et al. 2006; Ebrahimpour and Mushrifah 2008), and
over 90 % of the metal load is associated to the particulate
material in suspension and the sediment (Zheng et al. 2008).
In general, when released in the water body, metals are firstly
absorbed by organic or inorganic particles and then incorpo-
rated to the sediment through the sedimentation process,
resulting in higher levels of metals in this compartment
(Botté et al. 2007). Metals are dangerous as once they enter
the aquatic environment, they cannot be destroyed (WHO
2011).

The results of metal analyses in superficial water are
presented in Fig. 2, and Fig. 3 shows the results of

Table 1 Limit of detection
(LOD) and limit of quantification
(LOQ) of metals analyzed

Metals Correlation coefficient (r) LOD (μg g−1 w.w.) LOQ (μg g−1 w.w.)

Cu 0.9998 0.2691 0.8969

Mn 0.9999 0.1613 0.5376

Zn 0.9997 0.2163 0.7209

Fe 0.9994 0.9164 3.0548

Co 0.9997 0.1171 0.3902

Cd 0.9994 0.0018 0.0059

Cr 0.9989 0.1034 0.3448

Ag 0.9987 0.1094 0.3647

Pb 0.9986 0.1637 0.5455

Ni 0.9996 0.0612 0.2041

Al 0.9995 2.1429 7.1429

As 0.9998 0.0533 0.1776
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Fig. 2 Average concentration of metals in the surface water of the
Alagados Reservoir
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metal analyses in the superficial sediment in the
Alagados Reservoir.

By evaluating the general average of metal, regarding the
four points sampled, it was seen that only Fe (1.99±0.40) and
Cd (0.0026±0.0002) concentrations were above the maxi-
mum limit set forth for water class II in the resolution
CONAMA 357/2011, with 0.3 and 0.001 mg L−1 of Fe and
Cd, respectively. Fe is an essential metal to the organism;
however, when it is found in high concentrations such as those
in the Alagados Reservoir, it can be harmful to health. No
biological function is ascribed to cadmium, but it can present
chronic or acute toxic effects (Buratini and Brendelli 2006).
The metals Cu, Mn, Zn, Co, Cr, Ag, and Ni presented
concentrations below the limits set forth by CONAMA
(2011) and US EPA (2014a, b). Metals Pb, Al, and As were
not detected with the techniques employed. Therefore, the
metal global general tendency in the water was Fe>Mn>
Cr>Co>Ag>Cu>Ni>Zn>Cd.

Interstitial water (sediment water) can present high concen-
trations of metal and be able to influence the metal concentra-
tion in superficial water through processes like diffusion,
consolidation, and bioturbation (Salomons and Förstner
1984). Thus, the metal concentrations in the sediment are
higher than those in the water column. Therefore, the sediment
analysis is a fundamental source of data about the pollution in
the aquatic environment (Brekhovskikh et al. 2002), and high
levels of metal concentration in the sediment might indicate
pollution due to anthropogenic influence. Thus, this analysis
becomes important because it allows the detection of metals
that might be absent or in low concentrations in the water
column, and their distribution in the sediments permits a
register of the pollution spatial and temporal background in
a particular ecosystem (Davies et al. 2006).

According to internationally proposed guidance values for
sediments by the Environment Canada (1999), metal concen-
trations in the Alagados Reservoir samples are below the

limits set forth for the metals Zn (65.93±12.82), Pb (27.65±
2.72), and As (5.12±2.74). These presented average concen-
trations below the threshold of adverse effects to the biological
community (threshold effect level (TEL)), which are 123, 35,
and 5.9 μg g−1 for Zn, Pb, and As, respectively. The metals Cu
(40.32±7.44), Cd (2.74±0.89), Cr (40.18±5.02), and Ni
(31.97±3.20) presented concentrations above the TEL, these
being 35.7, 0.6, 37.3, and 18.0 μg g−1 for Cu, Cd, Cr, and Ni,
respectively, suggesting that they might be associated to pos-
sible adverse biological effects; however, they are below the
level of probable adverse effects to the biological community
(probable effect level (PEL)), which are 197, 3.5, 90, and
35.9 μg g−1 for Cu, Cd, Cr, and Ni, respectively.

Cu is commonly added to pig food and eliminated in great
amounts by these animals, which might lead to the concentra-
tion of this metal in the agriculture soil when these areas are
altered by pig manure for several years as in the Alagados
Reservoir, which is surrounded by properties where pig, cattle,
and poultry are bred (Abel 2002; Davies et al. 2006; Carvalho
et al. 2008; IPARDES 2010; Fowler et al. 2011). Similar to a
study carried out in Croatia, the increase in Cd concentrations
in sediments is correlated to the increase in its concentrations
in water, which might have a natural origin. Taking into
consideration that the removal of metal traces from the water
occurs through the carbonate coprecipitation, only Cd and,
partly, Zn contents in sediments can be explained (Vukosav
et al. 2014).

The metals Mn, Fe, Co, Ag, and Al do not have reference
values for sediments. The general global tendency of metals in
the sediment in the Alagados Reservoir was Al>Fe>Mn>
Zn>Cu>Cr>Ni>Co>Pb>As>Ag>Cd.

Despite the fact that Al was not found in the water through
the techniques employed, in the sediment, this metal reached
high concentration. Regarding the metals detected, a tendency
to high concentrations of Fe and Mn and low concentrations
of Cd in the water and sediment of the Alagados Reservoir
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Fig. 3 Average metal
concentrations in the surface
sediments of the Alagados
Reservoir
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could be noticed. Iron and manganese are considered impor-
tant constituent elements in soil and rocks and might influence
the high concentration found in the Alagados Reservoir.

Lately, due to the population growth and the intensification
of human activities involving the elements under analysis, the
concentration of metals, in general, has increased in water
bodies at levels that threaten the aquatic biota as well as the
terrestrial organisms, including human beings, who survive on
it. Studies have shown that metals such as Zn, Mn, Co, and Pb
are present in sediments and originate from the impurities of
fertilizers and pesticides applied to the agricultural soils
(Ramalho et al. 2000). The Alagados Reservoir has a large
agricultural area which constitutes one of the most important
sources of contamination through metal (Alloway and Ayres
1997).

The quantification of metals in the Alagados Reservoir is
important to understand the levels of metal concentration
found in the G. brasiliensis tissue, since the accumulation of
metal in fishes is usually associated to water and sediment
contamination by these elements, and depending on the ani-
mal’s eating habit, it might occur through the trophic chain
and finally result in damage to the human health (Förstner and
Wittmann 1983).

Metal concentration in the G. brasiliensis tissues

The metal concentration in G. brasiliensis is presented in
Table 2. Only the metals Cd, Pb, and As, among those ana-
lyzed, have limits for food set forth by FAO/WHO (2014), and
regarding these, Cd and As are below the proposed limit of
1.0 μg g−1 and are not detected respectively in relation to the
muscle which is the part consumed by humans. Pb presents a

concentration above the limit 2 μg g−1, regarding the fe-
male animals, and below the limit, considering the
G. brasiliensis male samples. Lead is related to neurode-
generative damage and is potentially genotoxic in fish
(Martinez et al. 2004; Monteiro et al. 2011). The Decree
no. 55.871 dated 26 March 1965 and the Ordinance no. 685
by ANVISA (2014) establish the maximum levels of con-
taminants in food, and according to those levels, the sam-
ples analyzed present Cu, Ni, and Zn concentrations below
these levels, which are 30, 5, and 50 μg g−1, respectively.
The metal Cr has a maximum level of 0.1 μg g−1 according
to ANVISA, and the G. brasiliensis samples presented
concentrations above the limit for both male and female
animals. Therefore, the fish under analysis were Pb and Cr
contaminated.

Fish mainly assimilate metals through the ingestion of
particulate material in suspension in the water; food ingestion;
ionic exchange of metal dissolved through lipophilic mem-
branes, for example the gills; and the adsorption on the surface
of tissues and membrane. The metal distribution among the
different tissues depends on the kind of exposure, that is, the
diet and/or water exposure, and might be an indicator of
pollution (Shah et al. 2009).

The general global tendency of metals in theG. brasiliensis
muscle was Al>Cu>Zn>Fe>Co>Mn>Cr>Ag>Ni>Pb>
Cd>As. In the gills, it was Al>Fe>Zn>Mn>Co>Ag>Cr>
Ni>Cu>As>Pb>Cd, and the liver presented Al>Cu>Zn>
Co>Fe>Mn>Pb>Ag>Ni>Cr>As>Cd. A tendency to high
concentrations of Al, Zn, Fe, andMnwas noticed in all tissues
under analyses as well as in the Alagados Reservoir sediment,
suggesting that the G. brasiliensis contamination might occur
due to their interaction with the sediment.

Table 2 Metal concentrations in the muscle, gills, and liver of male and female Geophagus brasiliensis

Muscle Gills Liver

Male Female Male Female Male Female

Cu 27.55±8.65 24.29±10.47 4.07±2.51 3.83±1.97 57.06±5.72 56.79±19.37

Mn 6.75±1.60 6.71±1.92 39.63±11.11 38.05±10.89 20.96±4.27 22.04±2.64

Zn 23.18±4.48 23.04±6.60 81.44±11.75 79.05±15.74 49.06±8.93 46.25±14.33

Fe 20.37±19.47 18.41±14.64 575.30±276.56 401.17±139.59 30.51±5.11 36.74±7.48

Co 7.87±0.88 7.55±1.18 10.31±5.00 8.94±3.33 40.54±8.42 42.51±12.02

Cd 0.002±0.001 0.002±0.001 0.05±0.02 0.04±0.01 0.13±0.03 0.20±0.05

Cr 4.02±1.68 4.41±1.79 8.12±2.73 6.86±2.37 8.15±3.13 6.94±2.08

Ag 3.81±1.05 3.72±1.16 9.34±3.74 9.02±3.35 14.62±8.77 14.52±6.42

Pb 1.91±1.31 2.43±1.54 2.84±1.37 2.44±1.37 20.53±7.51 17.52±5.59

Ni 3.70±1.35 3.27±1.39 5.96±1.51 5.19±1.84 11.84±1.58 11.83±2.62

Al 766.42±247.65 839.87±238.83 2822.26±663.98 2231.44±729.25 2110.32±547.31 2197.41±596.91

As ND ND 3.38±1.62 2.76±1.91 4.15±2.21 4.47±2.58

Results are expressed in micrograms per gram w.w., mean±SD, n=3

ND not detected
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For the muscle and gills, the same tendency was related to
the metals Co and Cr; regarding the gills and liver, the metal
Cd showed the same tendency, and for the muscle and liver,
the metals Cu, Mn, and Ni revealed the same relation regard-
ing tendencies.

Fe presented high concentration in the gills when compared
to the other tissues of the G. brasiliensis. Due to the Fe
essentiality and requirement in the function of transporting
oxygen in the blood, this element is found in high concentra-
tions. Therefore, high bioconcentrations are expected in envi-
ronmental contaminations, and it is one of the means used to
inform the water quality criteria (Wood et al. 2011).

The Shapiro-Wilk test indicated the abnormality of data
distribution. Thus, the Mann-Whitney U test was applied due
to the unmatching data among the levels observed. The com-
parison between the level pairs (liver×muscle, muscle×gills,
and liver×gills) presented P<0.05, indicating that the metal
average results are different in the three tissues of
G. brasiliensis, except for Co and Pb that presented P>0.05
for the muscle and gills, indicating that there was no statistical
difference between the concentrations of these metals in such
tissues. Similarly, Cr and Al presented P>0.05 without any
statistical difference in these metal concentrations in the liver
and gills.

Therefore, the metals Pb and Co statistically presented the
same average concentrations in the muscle and gills, being
only different from the liver that presented higher average
concentrations. The metals Cr and Al statistically presented
concentrations similar to those in the liver and gills, only
differing from the muscle which presented lower average
concentrations. The metals Cu, Pb, Ag, As, Cd, Co, and Ni
presented higher average concentrations in the liver, while the
metals Fe, Mn, and Zn had higher average concentrations in
the G. brasiliensis gills.

Similar to this study, four species of eatable fishes (Tor
putitora, Cirrhinus mrigala, Labeo calbasu, and Channa
punctatus) from a reservoir in Pakistan presented relatively
high metal concentrations in the liver and gills, in comparison
with the muscle (Malik et al. 2014). Similarly, the liver tissue
of four species of fish from the Titicaca Lake (Odontesthes
bonariensis, Orestias luteus, Orestias agassii, and
Trichomycterus rivulatus) was identified as the main storage
site of all metals analyzed (Cu, Zn, Cd, Pb, Co, Fe) (Monroy
et al. 2014).

The liver and gills, as metabolic active organs, are the target
organs for the accumulation of metals, while the accumulation
in the muscular tissue is lower, this is due to the liver’s higher
metabolic activity, once it is involved in storage and excretion
activities, acting as a final metal repository. The metals are
then transported to the liver from the other tissues for subse-
quent elimination, hepatocyte kidnapping, transport, and/or
excretion of toxic metals (Yilmaz et al. 2007; Poleksić et al.
2010; Višnjić-Jeftić et al. 2010; Jarić et al. 2011).

The tissues under analysis were selected according to their
functions. The gills are a multifunctional organ, which takes
part in the ion transport, gaseous exchange, acid-base regula-
tion, and excretion. They are also considered as relevant target
organs for metal acute intoxication in fishes, since they are
important organs in the metal elimination. Both the metal
dissolved in water and those originated from the fish diet enter
the gills through the blood vessels and are expelled by the gill
epithelial cells (Alvorado et al. 2006). The liver, as well as the
gills, accumulates pollutants of several kinds in much higher
doses than those found in the environment. The literature
shows that also, in many cases, the liver has an important role
in the storage of contaminants, detoxification, redistribution,
and transformation of these elements in the organism (Licata
et al. 2005).

Fishes are considered as a very important source of protein
for human health, and evaluation of theG. brasiliensismuscle
is necessary to know the metal concentration that might be
consumed by the population that has access to the Alagados
Reservoir fishes. In spite of the G. brasiliensis muscle pre-
senting the lowest metal concentrations when compared to the
liver and gills which are not consumed, people who consume
this fish are accumulating metal in their organisms, which
might result in higher concentrations of these elements in the
human organism.

Concentration of metals in relation to body weight, size,
and gender

Table 3 presents the intervals of body weight and size (length)
of the G. brasiliensis samples as well as the number of male
and female animals analyzed.

The statistical analysis indicated an abnormality in the data
distribution, with P>0.05; therefore, no substantial differ-
ences were found in the level of metal concentration regarding
the gender of G. brasiliensis and the three tissues under
analysis. Unlike the results found for the sea species
Lethrinus lentjan, average concentrations of metal in the liver
and muscle of the female animal were found to be higher
when compared to male samples (Al-Yousuf et al. 2000).

The lack of a relation between the genre and metals in the
G. brasiliensis tissues observed might be due to the same
environmental conditions to which these animals are exposed,
and there was only a slight variation in the diet. A study on
G. brasiliensis revealed that there are significant differences in

Table 3 Body weight and size (length) range of the G. brasiliensis
specimens in the Alagados Reservoir

Gender Specimens Body weight (g) Size (mm)

Male 38 59.5–278.0 145–250

Female 17 64.6–145.4 150–190
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diet between genres (male/female) and sexual maturity (im-
mature/mature individuals). Male G. brasiliensis spend more
energy to grow, resulting in higher body growth rate and larger
sizes than the female ones (Bastos et al. 2011). Therefore, the
male should not necessarily present higher concentrations of
metal than the female.

Similar to the genre, the relations between the metal con-
centration in the muscle, gills, and liver and the size (length) of
G. brasiliensis did not present significant statistical differ-
ences (P>0.05). A study carried out on sea benthic fish
(Mullus barbatus) and on benthic pelagic ones (Pagellus
erythrinus) showed that the size of organisms does not have
an important role in the metal concentration and that the
gender is not statistically significant for any of the species
(Giannakopoulou and Neofitou 2014).

Body weight did not show significant statistical difference
(P>0.05) in relation to the concentration of metals under
analysis in the G. brasiliensis tissues. In the study carried
out on six fish species (Sparus auratus, Atherina hepsetus,
Mugil cephalus, Trigla cuculus, Sardina pilchardus, and
Scomberesox saurus ) f rom the northeast of the
Mediterranean Sea, there was no significant statistical differ-
ence in relation to the muscle, liver, and gills and the fish size
(length and weight) (Canli and Atli 2003).

Bioconcentration and bioaccumulation of metals
in G. brasiliensis

Metal results in the water and sediment samples were used to
evaluate the bioconcentration and bioaccumulation of metals,
respectively, in G. brasiliensis. Table 4 shows the metal bio-
accumulation and bioconcentration factors in the muscle, gills,
and liver of G. brasiliensis in the Alagados Reservoir.

Since sediments have great capacity to accumulate metals,
even if the amount of these elements in the water is low,
animals associated to the bottom, or those that eat waste and
benthic organisms, such as the G. brasiliensis, are more sus-
ceptible to accumulating them in their tissue, so by knowing
the metal concentration in the water and sediment, it is possi-
ble to infer the G. brasiliensis contamination in the Alagados
Reservoir. The biotic interaction is more intense in closed
systems, such as reservoirs, with the occurrence of adverse
conditions associated to the environment variables. These
factors might contribute to the increase in fish stress, also
increasing the occurrence of serious abnormalities as the ones
seen in the G. brasiliensis gills in the Lajes Reservoir (Gomes
et al. 2012). Thus, the results regardingmetal bioaccumulation
and bioconcentration in the G. brasiliensis tissue are very
important to understand the action of these metals in the water
environment and their accumulation in the food chain.

Based on the results obtained fromBCF, it is possible to see
that the liver has more affinity for metal bioconcentration than
the muscle as well as for the bioconcentration of Cu, Co, Cd,
Cr, Ag, and Ni than the G. brasiliensis gills. Zn had the
highest BCF in the three tissues, being highly superior to the
factors found for the remaining metals. In the gills and muscle,
the Zn BCFwas higher than the other metals analyzed in these
two tissues, and in the liver, this value was very close to that
found for Cu that reached the highest value in this tissue.
Similar to the G. brasiliensis, a study carried out with
Sander lucioperca, Silurus glanis, Lota lota, and Cyprinus
carpio in the Danube River (Serbia) revealed that Zn present-
ed the highest BCF in the same three tissues of four different
species (Subotić et al. 2013).

Despite the Zn concentration being below the limits
established for water, sediments, and the Alagados Reservoir
G. brasiliensis, as seen in sections “Concentration of metals in
water and superficial sediment” and “Metal concentration in
theG. brasiliensis tissues”, the Zn bioconcentration in the fish
tissue was high, showing that Zn has a higher tendency to
concentrate in animal tissues, and its presence in the environ-
ment occurs due to possible impurities in fertilizers and waste
generated from the intensive breeding of pig and poultry,
which are common in the Alagados Reservoir.

The kind of chemical substance, the tissue metabolic prop-
erties, and the environmental pollution degree can affect the
BCF levels (Uysal et al. 2009). Therefore, the gills had the
highest affinity for bioconcentration of Mn, Zn, and Fe, being
in accordance with the results obtained in the reservoir water
where Fe presented a concentration above the legal limits and
Mn was determined with a tendency to high concentrations.
The liver had the highest affinity with the metals Cu, Co, Cd,
Cr, Ag, and Ni in G. brasiliensis, even if the concentration of
these metals was below the limits established for the reservoir
water, except for Cd, showing that the bioconcentration in
these tissues is more intense even if it presents low levels in

Table 4 Bioconcentration (BCF) and bioaccumulation factors (BAF)
in the tissues of Geophagus brasiliensis

BCF BAF

Muscle Gills Liver Muscle Gills Liver

Cu 2956.9 457.3 6367.5 3.6 0.6 8.0

Mn 98.4 563.7 300.8 0.0 0.2 0.1

Zn 3040.1 10,506.7 6070.1 2.9 9.9 5.9

Fe 9.5 227.9 17.8 0.0 0.1 0.0

Co 303.9 372.3 1556.2 5.7 7.0 31.2

Cd 1.0 19.0 64.4 0.1 1.7 6.4

Cr 121.2 204.5 205.4 1.7 2.8 2.8

Ag 383.7 932.4 1397.3 5.9 14.3 22.9

Pb – – – 1.0 1.2 8.5

Ni 425.8 678.6 1394.6 4.1 6.5 14.1

Al – – – 1.1 3.2 2.9

As – – – 0.0 17.4 25.8
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the environment. The Cr BCF was studied in carps which, like
in G. brasi l iensis , presented higher affini ty for
bioconcentration of this metal in the liver (Palaniappan and
Karthikeyan 2009).

The G. brasiliensis muscle has the lowest affinity
among all the metals under analysis in relation to the
reservoir water, except for Cu that presented the lowest
BCF in gills. Pb, Al, and As were not found in the
superficial water through the techniques employed; thus,
it was not possible to calculate the bioconcentration of
these metals in the G. brasiliensis tissues.

The general global tendency of BCF in the metal in the
G. brasiliensis muscle was Zn>Cu>Ni>Ag>Co>Cr>Mn>
Fe>Cd. It was Zn>Ag>Ni>Mn>Cu>Co>Fe>Cr>Cd in the
gills and Cu>Zn>Co>Ag>Ni>Mn>Cr>Cd>Fe in the liver.
Regarding muscle and gills of G. brasiliensis, the same ten-
dency was found in BCF of the metals Zn and Ni in the muscle
and liver and the Ag BCF revealed the same tendency. Thus,
the muscle, the part of the fish which is eaten, is shown to
bioconcentrate lower amounts of metal, however, revealing
similar tendency as those for the gills and liver, which are
target organs for Zn, Ni, and Ag contamination, even if their
concentration is low in the reservoir, which constitutes rele-
vant information regarding human consumption, since among
these metals, only Zn is essential to the organism, while Ni
and Ag are toxic. The gills and liver did not present any
tendency in relation to the BCF of all metals.

Therefore, it was possible to verify that the metal
bioconcentration in the G. brasiliensis tissues follows the
tendency liver>gills>muscle. In fact, it is known that metals
present different affinities for specific tissues and the liver is
the most appropriate tissue for the evaluation of contamination
with metal traces in the whole organism, due to its more
efficient capability to accumulate (Papagiannis et al. 2004).
The muscles, despite having the lowest bioconcentration of
metals than gills and liver, are suitable for assessing contam-
ination and have an important role in human nutrition; there-
by, bioconcentration factor as well as their exposure to metals
can ensure that the level of metals in tissues is not transferred
to the trophic chain (Singh et al. 2012).

BAF results revealed that the liver has higher affinity for
the bioaccumulation of metals than the muscle and the higher
affinity for the bioaccumulation of Cu, Co, Cd, Cr, Ag, Pb, Ni,
and As than the gills in G. brasiliensis. Thus, the liver accu-
mulates a higher amount of metals when compared to the
other tissues under analysis, even if the concentration of some
metals such as Zn, Pb, and As are below the legal concentra-
tions for sediment in the Alagados Reservoir, similar to Co,
which presented low concentration in the reservoir water and
had higher BAF in the liver, and this value was above the
factors found for the remaining metals in the three tissues
under analysis, showing that there is a high tendency of
accumulation in this tissue.

Therefore, theG. brasiliensis gills presented higher affinity
for the bioaccumulation of Zn and Al, in relation to bioaccu-
mulation in the muscle and liver. As presented before, Al had
higher concentration in sediments following the global ten-
dency. The muscle presented the lowest affinity with all the
metals under analysis in relation to the reservoir sediment,
except for the Cu that presented the lowest BAF in the gills. Cr
had the same affinity for the bioaccumulation in the
G. brasiliensis gills and liver.

The BAF general global tendency of metals in the
G. brasiliensis muscle was Ag>Co>Ni>Cu>Zn>Cr>Al>
Pb>Cd>Mn>Fe>As; in the gills, it was As>Ag>Zn>Co>
Ni>Al>Cr>Cd>Pb>Cu>Mn>Fe, and the liver presented
Co>As>Ag>Ni>Pb>Cu>Cd>Zn>Al>Cr>Mn>Fe. The
muscle and gills of the G. brasiliensis did not present any
tendency in relation to the BAF of any metals. The gills and
liver presented the same BAF tendency of metals Mn and Fe,
confirming the results verified for sediments in the reservoir
water. Thus, it was possible to verify that the bioaccumulation
of metals in the G. brasiliensis tissues follows the global
tendency liver>gills>muscle. The muscles are the important
part of fish due to its consumption by human beings and to its
lipophilic nature. If the metal concentration increases in the
muscle according to threshold level, then it can cause serious
health effects (Malik et al. 2014).

Taking into consideration the bioconcentration and bioac-
cumulation factors evaluated in theG. brasiliensis, it was seen
that the tissue exposure tometals influences these factors. This
data has been investigated and illustrate the importance of
absorption routes which might be different among species
and for different metals (Marsden et al. 2014). Some param-
eters influence the accumulation and concentration of pollut-
ant metals in the organism tissues, and the most important to
be considered is the concentration of metal to which the
organisms are exposed through the water and sediment.
However, other factors also influenced the accumulation of
metals; the mobility, activity, and bioavailability degrees;
seasonal variations such as temperature, pH, and water hard-
ness; competition with other metals; anions bonds; and biotic
parameters such as the size and age of individuals (Kehrig
et al. 2007; Ebrahimi and Taherianfard 2010).

Conclusions

The level of metal in water of the reservoir was lower than the
maximum set forth in the legislation, except for that of Cd and
Fe. In sediments, Cu, Cd, Cr, and Ni presented concentrations
above the TEL. The Pb and Cr concentrations were above the
limits set forth in the law for fish consumption by human
beings. Al and Zn presented high concentrations in all tissues
and on the superficial sediment. In the gills, the Fe presented a
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high concentration in relation to the other tissues. The liver
presented higher affinity for bioconcentration of metals than
the muscle and higher affinity for the bioconcentration of Cu,
Co, Cd, Cr, Ag, and Ni than the G. brasiliensis gills.
Regarding bioaccumulation, the liver has higher affinity than
the muscle and also higher affinity for the bioaccumulation of
Cu, Co, Cd, Cr, Ag, Pb, Ni, and As than the gills. Therefore,
the liver is the tissue with the highest tendency to
bioconcentrate and bioaccumulate metals in G. brasiliensis.
The statistical analysis did not identify substantial differences
in the levels of metal concentration between the body weight,
size (length), and genre of the species and the three tissues
under analysis.
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