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COPPER AND CADMIUM ACCUMULATION IN GILLS AND 
MUSCULAR TISSUE OF TILAPIA (Oreochromis niloticus) UNDER 

EXPERIMENTAL CONDITIONS*

ABSTRACT
The world wide use of tilapia for different approaches in fish bioassay was exploited to assess the 
accumulation of copper and cadmium, in isolated forms and in combination in gills and muscular 
tissue in the specie Oreochromis niloticus, which is of economical relevance in fish consumption in 
the Sao Paulo State, Brazil. To reach for these goals, semi-static chronic toxicity tests were carried 
out during 21 days by using two dissolved concentrations of each trace element as follow: LC50/10 
and the average of LC50/10 and LC50/100. Fish samplings to assess for the kinetic trace element 
absorptions with time were performed at 24, 96 hours, 7, 14 and 21 days. After 14 days of exposure 
gills had higher concentrations for both elements (5.20 mg Kg-1 Cu and 4.89 mg kg-1 Cd), than the 
muscular tissue (0.79 mg Kg-1 Cu e 0.32 mg Kg-1 Cd). A competition for absorption was established 
when both elements were in combination, being the maximum absorbed concentrations, 
1.81 mg Kg-1 Cu and 1.54 mg Kg-1 Cd for the gills and 0.63 mg Kg-1 Cu and 0.12 mg Kg-1 Cd for the 
muscular tissue. The Tukey test used for the statistical evaluation of the exposure period times 
dissolved metal concentration interactions revealed the interference of the basal Cd and Cu contents 
of the fish on the results. Despite the verified bioaccumulation, in which BCF for Cd were lower than 
the BCF for Cu, the fractions of the LCs50 were not lethal to the fish. Tilapia did not concentrate 
Cu and Cd in the edible tissue at concentrations to bring restrictions for human consumption.
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ACUMULAÇÃO DE COBRE E CÁDMIO EM BRÂNQUIAS E TECIDO MUSCULAR 
DE TILÁPIA (Oreochromis niloticus) SOB CONDIÇÕES EXPERIMENTAIS

RESUMO
O largo uso mundial da tilápia para diferentes finalidades em bioensaios foi explorado para se 
verificar a acumulação de cobre e cádmium, nas formas isoladas e em combinação, em brânquias 
e tecido muscular da espécie Oreochromis niloticus, cujo consumo é de relevância econômica 
no Estado de São Paulo, Brasil. Para tanto, ensaios semi-estáticos de toxicidade crônica foram 
conduzidos por 21 dias em duas concentrações para cada elemento traço, baseadas nos valores 
CL50/10 e nas médias dos logaritmos das CL50/10 e CL50/100. Amostragens para avaliar as 
cinéticas das absorções dos elementos traços com o tempo foram realizadas após 24, 96 horas, 
7, 14 e 21 dias do início do experimento. Decorridos 14 dias, as brânquias apresentaram maiores 
concentrações que o tecido muscular para ambos os metais, sendo os respectivos valores máximos 
iguais a 5,20 mg Kg-1 Cu e 4,89 mg kg-1 Cd, e 0,79 mg Kg-1 Cu e 0,32 mg Kg-1 Cd. Uma competição 
foi estabelecida quando os elementos traços estavam em combinação, sendo os valores máximos 
encontrados para as brânquias de 1,81 mg Kg-1 Cu e 1,54 mg Kg-1 Cd e 0,63 mg Kg-1 Cu e 
0,12 mg Kg-1 Cd para o tecido muscular. O teste de Tukey utilizado para a avaliação estatística das 
interações período de exposição e concentração dos metais dissolvidos, revelou a interferência do 
conteúdo basal de Cd e Cu dos peixes quando da análise dos resultados. Apesar da bioacumulação 
verificada, onde o BCF do Cd foi inferior ao BCF do Cu, as frações das LCs50 não foram letais 
aos organismos. A tilápia não concentrou suficientemente Cu e Cd no tecido comestível para 
representar restrições ao consumo humano.

Palavras-chave: bioacumulação; cobre; cádmio; toxicidade crônica; Oreochromis niloticus.
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INTRODUCTION

Population growth, intensification of agricultural activities 
and indiscriminate use of natural resources, coupled with 
fast industrialization, has led to increased contamination of 
the environment, being the aquatic systems an important end 
member in this process (ÇOĞUN and KARGIN, 2004; ATLI and 
CANLI, 2008). In these ecosystems, the ichthyofauna occupies 
an important role as bioindicator of the occurrence of organic and 
inorganic chemical species dissolved in the abiotic environment, 
since they occur in higher concentrations in their tissues due to 
bioconcentration and biomagnification as well, depending on its 
position level in the web food chain (SARAVI and SHOKRZADEH, 
2013; BARBIERI et al., 2017).

Another alternative to assess for the interactions of a xenobiotic 
with the ichthyofauna can be through the use of bioassays under 
controlled laboratory conditions, which allow to estimate the 
lethal and chronic concentrations of chemicals on the studied 
species (EPA, 2002; ABNT, 2011, 2016). The great advantage 
of the study in laboratory is to enable the most varied conditions 
of the abiotic environment, to provide stress to the organisms, 
allowing extrapolation of biota responses to the actual environment 
(MAGALHÃES and FILHO, 2008). Therefore, the fish bioassay 
is a powerful tool to predict the anthropic impacts to which the 
environment is exposed (MAGALHÃES and FILHO, 2008; 
DAMATO and BARBIERI, 2012).

The major difference in the observation of chemicals in fish 
in nature and in the experimental conditions is the absence of a 
food chain in this latter, thus not occurring in this situation the 
process of biomagnification. Food webs occur in nature at different 
levels of complexity, and may, for example, result in different 
bioconcentration factors of a chemical species, and these should 
be some orders of magnitude smaller for experimental laboratory 
conditions. Another important difference to point out when 
considering the exposure of a fish in the nature and in a bioassay 
is related to the fate of chemicals due to the composition of the 
abiotic medium, bring as result different degrees of chemicals 
bioavailability (BUFFLE and DE VITRE, 1994). Many factors, 
which control the fate of chemicals in the environment, need 
to be considered when studying the bioaccumulation in aquatic 
organisms. Some of them are solubility, stability and molecule 
stoichiometry. Abiotic medium parameters such as dissolved 
organic carbon, total hardness (FERREIRA et al., 1997) and 
salinity (SANTOS et al., 2014) should also be considered.

Usually the dissolved analyte concentration is much lower in 
the nature than in the bioassays, which employes the LC50 or 
fractions of it in chronic dosage. However, the two studies have 
their specific characteristics, being both of them useful in their 
respective purposes.

Through the web food chain some organic and inorganic chemical 
species accumulate in organisms, inducing chronic or acute toxicity 
effects which can affect human health (TUNDISI and TUNDISI, 
2008). The knowledge of xenobiotic concentrations in tissues and 
organs can be used to aware for the excessive human consumption 
of aquatic organisms, contributing not only to reduce the impact 
of these pollutants on the aquatic systems, but also improving 

consequently the human health conditions, as fish is an important 
source of protein in the human diet (SILVA FILHO et al., 2000). 
Due to their differential sensitivity to pollution, fish has been 
increasingly used to detect potential environmental problems 
(BOMBAIL et al., 2001).

The bioaccumulation of metals is a complex process. This is a 
result of metals toxicokinetic, which includes, metals absorption, 
distribution, metabolism and excreption (ERCAL et al., 2001). 
Among metals, there are the essential ones, like Cu, involved in 
the metabolism and growth of plants and animals and non-essential 
ones, such as Cd, without any recognized biological function. 
Thus the Brazilian National Council for the Environment – 
CONAMA establish levels of 1.0 mg L-1 Cu and 0.2 mg L-1 Cd 
for effluents to be discharged in the environment. (AZEVEDO 
and CHASIN, 2003; BRASIL, 2011).

Once chemicals are inside the body, physiological and biochemical 
processes essential to the organism metabolism can suffer 
alterations (ATLI and CANLI, 2008). The degree of organism 
response to them is upon on the chemical toxicity, properties and 
characteristics of the organism itself such as lipid content, diet 
and metabolic rate. The metallothionein formation in the body 
should also be taken into account (AZEVEDO and CHASIN, 
2003; HUANG et al., 2007; VIRGA et al., 2007; AGAH et al., 
2009; NAKAYAMA et al., 2010).

In this situation, tilapia is a fish widespread in Brazil, both 
in commercial crops and in reservoirs and dams. Among their 
several species, the Nile (Oreochromis niloticus), has been the 
most cultivated, thus becoming the most popular species in the 
country. The high quality of its meat makes tilapia a product of 
great interest for industrial processing with good acceptance 
by the consumer market (DIAS et al., 2007). In addition, 
this specie is widely used in fish bioassay (ALMEIDA et al., 
2001; GARCIA-SANTOS et al., 2006; DIAS et al., 2007; 
GARCIA-SANTOS et al., 2007; GIRÓN-PÉREZ et al., 2007; 
ATLI and CANLI, 2008).

The aim of the present work was to document the accumulation 
of copper (CuCl2), cadmium (CdCl2) and copper + cadmium 
(CuCl2 + CdCl2) in gills and muscle tissue of tilapia, a fish that 
is not only largely used under experimental conditions, but 
also a fish of commercial importance in the State of São Paulo, 
Brazil, in order to assess for the uptake of an essential element 
in comparison to a non essential one. In both cases to check if 
the observed kinetics can imply in a bioaccumulation which 
represents risk for the human consumption.

METHODS

All research protocols in this work followed the guidelines of 
the United States Environmental Protection Agency (EPA, 2002) 
and the Brazilian Association of Technical Standards (ABNT, 
2011) for fish toxicity tests, manipulating animals gently and 
carefully to minimize stress. All organisms, including those 
of the control treatment, were humanely destroyed and all 
effluents were adequately purified prior to disposal. Following 
the recommendations of the Brazilian National Institute for the 
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Environment – IBAMA, there is no need of a Government special 
license for scientific manipulation of tilapia, an exotic species, 
supplied by a fish farm.

Juvenile specimens of Oreochromis niloticus, male-reverted, with 
an average weight of 10.0±0.8 grams were kept in the laboratory 
under acclimatization conditions for a period of fifteen to twenty 
days. During this time the organisms remained under controlled 
conditions of light and temperature, alternating photoperiod of 
12 hours of light and 12 hours of darkness; the temperature was 
established as 25.0±1.0 °C according to the procedures described 
in ABNT Standard 15088 (ABNT, 2011).

Chronic assays using two concentrations of each trace element in 
isolation and in combination, which were approximately LC50-96h/10 
and the mean logarithms of LC50-96h/10 + LC50-96h/100 were used. 
These concentrations being 0.35 mg L-1 Cu and 0.12 mg L-1 Cu; 
2.0 mg L-1 Cd and 0.65 mg L-1 Cd; and 0.14 mg L-1 (Cu + Cd) 
and 0.05 mg L-1 (Cu + Cd). These concentrations were obtained 
in a previous assay (SILVA et al., 2017).

Organisms were submitted to acclimatization in experimental 
vats for a period of 48 hours prior to the beginning of the assays. 
In this period, they were kept with only the same water used in 
the chronic tests and fed daily during the experimental period 
of 21 days.

The assays were performed semi-statically, in triplicate, containing 
15 organisms in each of the 40.0 L of experimental solution. 
Four units were used as control treatment, and two of these aquaria 
were not altered during the duration of the experiment, in order 
to verify the sanity of the organisms and the validity of the assay.

Exchanges of approximately ¼ of the water volume were performed 
every 96 hours in order to maintain the initial concentrations, with 
a tolerance level of ± 10.0%. Three individuals from each of the 
replicates were collected at 0, 24 and 96 hours and every 7 days 
for the determination of the total Cu and Cd concentrations in 
the gills and muscle.

During the collection, the physico-chemical variables of the test 
solutions, such as pH, temperature, dissolved oxygen (Table 1), 
total hardness, ammonia and metals concentrations (Table 2) 
were determined.

Temperature, pH and dissolved oxygen were measured in the 
vats with the YSI 556 MPS probe (Ohio, USA), while the total 
hardness, determined by using the EDTA titrator method, based 
on ABNT Standard 5761 (ABNT, 1984).

Dissolved trace element concentrations were determined after 
filtration on 0.45 μm cellulose acetate filters by using a Thermo 
Scientific ICP 6000 series (Waltham, USA) spectrometer with 
induced argon plasma (ICP-AES). The standard solutions used 

Table 1. Temperature, pH and Dissolved Oxygen (DO) for the treatments, monitored at 0, 24 and 96 hours, 7, 14 and 21 days of the 
chronic test (n = 3) with solutions of CuCl2, CdCl2.H2O and (CuCl2 + CdCl2.H2O).

Concentrations Temperature (°C) pH DO (mg L-1)
0.0 mg L-1 24.5±0.08-25.7±0.13 7.0±0.01-7.6±0.00 5.9±0.12-8.2±0.30

0.12 mg L-1 Cu 24.8±0.06-25.9±0.12 6.7±0.10-7.7±0.10 5.8±0.04-8.4±0.23
0.35 mg L-1 Cu 25.0±0.05-26.0±0.04 7.2±0.04-7.7±0.05 5.7±0.01-8.1±0.98
0.65 mg L-1 Cd 25.1±0.04-26.1±0.00 6.6±0.06-7.6±0.11 6.2±0.03-7.6±0.12
2.0 mg L-1 Cd 25.0±0.09-26.2±0.07 7.3±0.08-7.6±0.08 6.5±0.03-8.1±0.03

0.05 mg L-1 (Cu+Cd) 25.1±0.01-26.2±0.04 6.4±0.15-7.7±0.03 6.5±0.25-7.9±0.81
0.14 mg L-1 (Cu+Cd) 25.0±0.04-26.1±0.06 6.5±0.02-7.6±0.03 6.4±0.08-7.6±0.12

Table 2. Dissolved trace element concentrations (n=3) of 0.12 and 0.35 mg L-1 Cu; 0.65 and 2.0 mg L-1 Cd; 0.05 and 0.14 mg L-1 (Cu+Cd) 
which were established based on the LC50-96h for the species. Measurements were performed at 0, 24, 96 hours, 7, 14 and 21 days.

Trace elemento Hours/Days
0h 24h 96h 7d 14d 21d

0.12 mg L-1 Cu 0.12±0.00 0.12±0.00 0.09±0.01 0.12±0.00 0.10±0.001 0.11±0.00
0.35 mg L-1 Cu 0.33±0.00 0.41±0.05 0.30±0.01 0.33±0.03 0.28±0.01 0.29±0.02
0.65 mg L-1 Cd 0.58±0.00 0.60±0.01 0.54±0.04 0.67±0.06 0.53±0.02 0.60±0.01
2.0 mg L-1 Cd 1.81±0.03 2.03±0.01 1.92±0.26 2.43±0.23 1.72±0.12 1.91±0.02

0.05 mg L-1 Cu+Cd
Cu 0.06±0.00 0.06±0.00 0.05±0.00 0.05±0.00 0.05±0.00 0.05±0.00
Cd 0.05±0.00 0.06±0.02 0.05±0.01 0.05±0.00 0.04±0.01 0.06±0.01

0.14 mg L-1 Cu+Cd
Cu 0.14±0.01 0.14±0.00 0.12±0.00 0.14±0.00 0.12±0.01 0.13±0.02
Cd 0.13±0.01 0.13±0.00 0.10±0.01 0.12±0.00 0.10±0.00 0.12±0.00
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in these determinations were 0.0 mg L-1, 0.1 mg L-1, 0.5 mg L-1, 
1.0 mg L-1 and 2.0 mg L-1. For Cu, the 324.7 nm line was used 
and for Cd, the 228.8 nm one, being the detection limits (LODs) 
1.51 μg L-1 and 1.02 μg L-1 respectively.

Ammonium ion determinations were performed by flow injection 
(REIS et al., 1997) and the quantification of the non-ionized 
species was calculated as a function of the pH of the medium.

To assess the bioaccumulations, gills and muscular tissue of 
the individuals were removed. Samples were stored frozen until 
analyses. The low mass of liver samples was insufficient for 
chemical analysis of trace elements and therefore not taken into 
account. The other tissues had enough weight to be analysed by 
the analytical method described below.

It is important to note that samples were thoroughly washed 
with deionized water prior to packaging. This protocol proved to 
be essential for the gills due to their high surface area of exposure.

Samples were submitted to an acid digestion in a microwave 
pressurized system, Berghof, Speed Wave model (Eningen, 
Germany). For solubilization, 100.0 to 500.0 mg of samples 
were introduced into digestion flasks, followed by the addition 
of 4.0 mL HNO3 50.0% (v/v) and 1.0 mL H2O2 solutions. 
The programming used for sample solubilization is presented 
in Table 3.

After solubilization, samples were transferred to a 15.0 mL 
Falcon tubes, being the final volume filled up to 10.0 mL. Prior 
the determination, the extracts were kept at 4 °C.

Analytical curves for both elements (Cu, Cd) were built as follows: 
0.0 mg L-1, 0.10 mg L-1, 0.25 mg L-1, 0.5 mg L-1 and 1.0 mg L-1. 
Detection limits were 1.33 µg L-1 Cu and 0.60 µg L-1 Cd.

Results are in μg g-1 of trace element on wet weight basis. 
The analytical accuracy was evaluated with DORM-2 Certified 
Reference Material provided by the National Research Council 
of Canada - NRCC, with recoveries of 82% for Cu and slightly 
higher than 100% for Cd. Results were expressed as mean and 
standard deviation of the mean.

Statistical analysis was carried out taking into account the 
subdivided plot design, the splitplot, with primary factor 
being concentration of the dissolved metal and the second one 
period, which is the time of exposure of the fish in each of the 
concentrations used. For Cu, it were established the Control level 
(0.0 mg L-1 Cu), 0.12 mg L-1 Cu and 0.35 mg L -1 Cu and for Cd, 
Control (0.0 mg L-1 Cd), 0.65 mg L-1 Cd and 2.0 mg L-1 Cd in 
isolated situations. When the two trace elements were mixed 
together, Control 0.0 mg L-1 (Cu + Cd), 0.05 mg L-1 (Cu + Cd), 
and 0.14 mg L-1 (Cu + Cd).

There was a need for data transformation, seeking for the 
residues normality and homocedasticity. In order to identify the 
main treatments to explain the response variable, a Tukey test 
was performed at a significance level of P<0.05.

RESULTS

Temperature, pH and dissolved oxygen of experimental solutions 
at 0, 24 and 96 hours, 07, 14 and 21 days are presented in Table 1.

Total hardness average, which was monitored only in the 
control at the beginning and at the end of the experiments, was 
65.2±1.03 mg L-1 CaCO3. The concentrations obtained for ammonia 
during the chronic assays, varied from 0.001 to 0.1 mg L-1 NH3.

The dissolved trace element concentrations (mg L-1) obtained 
for all sampling periods are presented in Table 2, denoting good 
stability for sample solutions concentrations.

Tables 4 and 5 are indicative of copper and cadmium average 
concentrations (mg kg-1) in gills and muscular tissues of the 
organisms. Data were obtained in triplicate for metals in isolated 
and combination mode along 21 days. The selected concentrations 
in water were based on the respective LCs50 for the species.

At the 96-hour period, for most treatments, there were increases 
in metal bioaccumulations, both in isolated and in combination 
mode. Afterwards bioaccumulation follows increasing, while 
dissolved trace element concentrations keep more or less stable. 
It was found that bioaccumulation occurs on a larger scale in 
the gills for both trace elements, being more pronounced as 
the concentrations increase in the water. In muscle tissue this 
differentiation was not significant.

In Table 6 it is present the maximum, minimum and average 
concentrations with standard deviations of Cu and Cd basal 
levels obtained in muscle tissue and gills for the fish population 
utilized in the assays. Along the entire period of the experiment 
they constituted the Control treatment for every single sampling 
time interval.

An overview of metals interactions with fish can be seen 
in Figure 1, which illustrates the kinetic of absorption in gills 
and muscular tissue along the 21 days exposure in a combined 
experimental conditions (Cu+Cd).

For the Tukey calculations, of the eight possible combinations, 
among the experiments conducted individually and with the two 
trace elements together, only 3 of them had their interactions 
calculated directly, the others being obtained through reverse 
transformation. These were, for the exposure of both metals, Cu 
in muscle, and Cd in gills. In the single-assayed trials, only Cd 
in gills was obtained directly.

Table 3. Programming of time, temperature and pressure used in the microwave oven for the acid solubilization of samples.

STEP °C RAMP (min) PRESSURE (bar) TIME (min) % MAGNETRON
STEP 01 170.0 10.0 35.0 10.0 80.0
STEP 02 200.0 1.0 35.0 20.0 80.0
STEP 03 50.0 2.0 35.0 1.0 0.0
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Table 4. Copper, cadmium and copper+cadmium average concentrations (mg kg-1), (n=3), in gill samples of Oreochromis niloticus 
along the chronic toxicity test at 0.12 and 0.35 mg L-1 Cu; 0.65 and 2.0 mg L-1 Cd; 0.05 and 0.14 mg L-1 (Cu+Cd). Measurements 
were performed at 24, 96 hours, 7, 14 and 21 days.

Gill
Trace

element
Concentrations

(mg L-1)
Time

24h 96h 7d 14d 21d

Cu
0.12 1.35±0.30 1.54±0.03 1.50±0.87 2.22±0.61 2.53±0.00
0.35 2.26±1.37 3.78±1.75 2.99±1.76 5.20±0.37 4.50±2.10

Cd
0.65 0.59±0.21 0.96±0.28 0.87±0.49 2.42±1.44 2.20±0.56
2.0 1.64±0.49 2.17±0.63 3.16±0.85 4.89±0.80 4.07±0.55

Cu+Cd
Cu

0.05 0.53±0.10 0.72±0.08 0.60±0.04 0.86±0.03 1.38±0.26
0.14 0.80±0.21 1.29±0.07 1.05±0.12 1.81±0.44 1.85±0.09

Cd
0.05 0.26±0.13 0.89±0.14 1.14±0.60 1.54±0.78 3.43±0.36
0.14 0.32±0.18 0.65±0.04 1.24±0.45 1.13±0.01 2.87±1.49

Table 5. Copper, cadmium and copper+cadmium concentrations (mg kg-1), (n=3), in muscle samples of Oreochromis niloticus along 
the chronic toxicity test at 0.12 and 0.35 mg L-1 Cu; 0.65 and 2.0 mg L-1 Cd; 0.05 and 0.14 mg L-1 Cu+Cd. Measurements were 
performed at 0, 24, 96 hours, 7, 14 and 21 days.

Muscle
Trace

element
Concentrations

(mg L-1)
Time

24 96 7d 14d 21d

Cu
0.12 0.39±0.15 0.45±0.16 0.46±0.08 0.79±0.57 0.49±0.00
0.35 0.39±0.05 0.92±0.01 0.56±0.24 0.67±0.04 0.68±0.15

Cd
0.65 0.16±0.03 0.05±0.02 0.08±0.01 0.32±0.29 0.19±0.07
2.0 0.10±0.07 0.48±0.17 0.14±0.05 0.22±0.01 0.17±0.02

Cu+Cd
Cu

0.05 0.43±0.15 0.38±0.05 0.49±0.12 0.39±0.07 0.44±0.01
0.14 0.58±0.02 0.49±0.11 0.48±0.17 0.63±0.03 0.43±0.12

Cd
0.05 0.03±0.01 0.10±0.09 0.06±0.00 0.09±0.03 0.09±0.03
0.14 0.06±0.01 0.05±0.01 0.05±0.00 0.12±0.02 0.11±0.00

Table 6. Copper, cadmium basal concentrations (mg kg-1), (n=3), in muscle and gills samples of Oreochromis niloticus along the 
chronic toxicity test. Measurements were performed at 0, 24, 96 hours, 7, 14 and 21 days.

Fish tissue Average±rsd mg L-1 % rsd Maximum Minimum
Muscle

Cu 0.537±0.357 66.562 0.909 0.403
Cd 0.029±0.006 19.589 0.047 0.011

Gills
Cu 1.301±1.049 80.677 4.394 0.518
Cd 0.171±0.147 86.552 0.471 0.029
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DISCUSSION

Experimental abiotic medium and dissolved trace 
elements concentrations

During the whole experimental period, temperature, pH and 
dissolved oxygen remained nearly stable for the different treatments, 
thus reducing the possibility of effects on biota due to variations 
in the abiotic conditions (Table 1).

The observed concentration range for ammonia is indicative 
of alterations in the physiology of the specimens present in the 
experimental vats and upon the semi-static system operation, 
with changes of ¼ of the solution volumes every 96 hours of 
experimentation. However, the range obtained in the chronic 
trial, even when considering the highest concentration, was 
still significantly lower than the maximum limits allowed for 
Oreochromis niloticus. According to EVANS et al. (2006), 
the CL50-96h NH3 found for this species was 0.98 mg L-1 NH3 
and for BENLI and KÖKSAL (2005), CL50-48h values for 
Oreochromis niloticus larvae and fry were 1.01±0.02 mg L-1 NH3 
and 7.40±0.01 mg L-1 NH3 respectively.

Although the total hardness was slightly above values recommended 
for bioassays with aquatic organisms (ABNT, 2011), its influence 
over the biota would be minimized by its stability and pH values 
observed in all treatments of this experiment (SILVA et al., 2017). 
The preparation of synthetic water, as indicated in the literature 
(ABNT, 2011), would be difficult from the operational and 
practical point of view, due to the high volumes of water required.

In general, small positive and negative variations were observed 
for Cd and Cu concentrations in the different treatments during the 
entire 21 days experimental period. This can be due to solution 
preparations used to carry out the substitutions of ¼ of the solution 
volumes every 96 hours to restore the nominal concentrations. 

Values below the expected concentrations may have occurred 
by trace element adsorption to the experimental vessel walls and 
also by the bioaccumulation of trace element by the organisms.

Metals bioaccumulation an overview
It can be seen that for gills the bioconcentration increases for 

both elements with metal dissolved concentration, either in isolated 
or in combination mode (Table 4). For the muscular tissue this 
is not so clear (Table 5). Different kinetic absorptions for the 
dissolved trace elements in their isolated forms were achieved 
by the organisms. In combination these dynamics were modified. 
It was found that the trace element concentrations rise in the gills 
for both trace element with time, being more pronounced as the 
metal concentration in the medium is higher (Tables 4 and 5). 
In muscle tissue, this differentiation was not well noticeable and 
it was not possible to evaluate the variation of the concentrations 
of both trace elements with time, either in their isolated forms 
or in combination. This can be explained by the fact that gills 
present high capacity to absorb and store dissolved trace element, 
due to their surface of exposure for the gas exchanges, being 
able in this way, to reduce the amount of trace element to be 
transferred to the blood and subsequently distributed to other 
organs (MCGEER et al., 2000a, 2000b).

Tables 4 and 5 show also that the mechanism of absorption for 
the dissolved chemical species seems to differ in the situation in 
combination, possibly by trace element competition for the active 
sites of the complexing proteins (KALAY and ERDEM, 2003).

It were observed a correspondence of results of the present study 
with works done by ÇOĞUN et al. (2003) and NOGAMI et al. 
(2000). The first study verified a bioaccumulation of copper 
(CuSO4.5H2O) and cadmium (CdSO4.8H2O) in Oreochromis niloticus, 
higher in the gills (16.1-30.9 mg Kg-1 Cu; 22.3-31.4 mg Kg-1 Cd) 
than in muscle tissue (4.2-6.0 mg Kg-1 Cu; 3.6-4.2 mg Kg-1 Cd). 
The second found a greater accumulation of Cd in the viscera 
(1.8-40.0 mg Kg-1) when compared to muscle tissue (0.6 – 1.8 mg Kg-1) 
for the same species.

In their study VISNJIC-JEFTIC et al. (2010) observed an 
accumulation of trace element in Alosa immaculata muscle, liver 
and gills; Al, Sr, Ba, Mg and Li presented high concentration in 
gills, while Cd, Cu, Zn, Fe and B showed a higher concentration in 
the liver. Authors verified, as in the present study, that the muscle 
tissue had the lowest concentrations of the elements analyzed.

The role of Metallothioneins (Mts) should also be taken into 
account in the bioaccumulation process. A study related to the 
bioaccumulation of Cd (CdCl2.2.5H2O) in the kidneys, liver and 
muscle in Cyprinus carpio, revealed that the concentration of the 
trace element in the kidneys and liver increases up to saturation 
levels, with a positive correlation between the presence of Mts 
and increased fish tolerance to the trace element. The authors also 
concluded that after three months of exposure of the organisms to 
Cd, trace element concentration increased in the muscle, indicating 
that after reaching a saturation limit in the liver and kidneys, trace 
element accumulation in muscle tissue was increased (CONTO 
CINIER et al., 1997).

Figure 1. Copper and cadmium concentrations (mg kg-1) in muscle tissue 
and gill samples (n=3) of Oreochromis niloticus for the chronic cadmium 
plus copper chloride test at 0.05 mg L-1 (Cu+Cd) and 0.14 mg L-1 (Cu+Cd) 
and sampling periods of 24, 96 hours, 7, 14 and 21 days.
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One aspect to be emphasized in this work is the biological essentiality 
of Cu and the non-identified function for Cd, which distinguish 
biologically these two trace elements. The chemical analyses of 
organisms in the control treatments showed concentrations for Cu in 
the muscle tissue between 0.403 mg kg-1 Cu and 0.909 mg kg-1 Cu, 
with a mean concentration of 0.537 mg kg-1 Cu. Cd occurred at 
concentration range between 0.011 and 0.047 mg kg-1 Cd, with 
a mean concentration of 0.029 mg kg-1 Cd. So, on average, the 
Cu concentration was 18.5 times higher than Cd, in the muscle 
tissue of tilapia. With rare exceptions, this would lead to obtain 
negative values in the determination of copper in the muscular 
tissue if they were subtracted by the average content found in 
the organs belonging to the control treatments. For Cd this was 
not verified. The low Cd concentrations present in the muscle 
tissue of the control treatments resulted in a percentual standard 
deviation around 19.59% for the individuals analyzed.

This should be taken into account in the analysis of metals 
in gills, where the population used in the control treatments 
had a maximum value of 4.394 mg kg-1 Cu and a minimum of 
0.518 mg kg-1 Cu, with an average value of 1.301 mg kg-1 Cu, 
which leads to a percentual standard deviation of 80.68%.

In the case of Cd, maximum values of 0.471 mg kg-1 Cd and a minimum 
of 0.029 mg kg-1 Cd, with an average value of 0.171 mg kg-1 Cd, 
can lead to variations in concentrations of 86.55%.

The above statments denote that organism absorbs Cu preferably 
to Cd. Quantifying these differences for the highest concentrations 
adopted in the chronic toxicity tests for Cu and Cd alone, it was 
found that Cd was used in a concentration 5.71 times higher than 
that of Cu. This difference between the concentrations of dissolved 
chemical species is coherent and may explain the higher toxicity 
of Cu, an essential element to organisms.

It can also be verified that the log-base concentrations of LCs50 
(SILVA et al., 2017) were established in a safe manner and no 
deaths were recorded during the entire period of experiment, even 
at the respective highest concentrations for each trace element, 
either in isolation or in combination.

It is the presence of trace element in fish muscular tissues 
that is of greatest interest, yet it is there that concentrations are 
lowest - this both from the feed point of view (RASHED, 2001; 
TAO et al., 2012) and environmental aspects (REPULA et al., 2012). 
For feed, reasons are self-explanatory. Regarding the environment, 
fish are organisms known as bioindicators because usually they 
have higher analyte concentrations than are in the abiotic medium 
(LINS et al., 2010; ABDEL-BAKI et al., 2011). This is verified 
by their ability to concentrate the dissolved species.

Concentrations resulting from trace element in muscle tissue, 
both in isolation and in combination, indicate that there is no 
compromise regarding the consumption of Nile Tilapia, since 
Brazilian legislation has limits of 30.0 mg kg-1 Cu (BRASIL, 1998) 
and 1.0 mg kg-1 Cd (BRASIL, 1965 - Decree No. 55871/65) for 
food. This information is of utmost importance from the point 
of view of human health, contributing to the incentive to trade 
in tilapia, fish of economic expression in the inland fisheries of 
the State of São Paulo.

Metals bioaccumulation, a statistical approach
From the statistical point of view, the general tendency of Cu 

and Cd bioaccumulation in muscle tissue and gills observed to 
tilapia for the period and concentrations of dissolved metals 
considered indicates situations of high significance and others 
with absence of these proximities when are confronted period 
of exposure times dissolved concentration. Thus, due to the 
wide variability of results obtained, each interaction should be 
considered separately.

Starting by analyzing the bioaccumulation of Cu in the 
muscular tissue, which was significant for the interactions, 
focusing on concentrations for the same period of exposure, 
the highest average concentration at 24h was obtained for the 
Control (b) > 0.35 mg L-1 Cu (a) > 0.12 mg L-1 Cu (a). For the 
96 h period this trend was modified, obtaining higher averages 
for 0.35 mg L-1 Cu (b) > 0.12 mg L-1 Cu (a) > Control (a). For the 
sequential times of 7, 14 and 21 d, the Tukey’s test at p<0.05, 
indicated that there were no significant differences for Cu 
accumulation in muscle tissue with time. When considering the 
period within the concentration, the following decreasing sequence 
were obtained, for 0.12 mg L-1 Cu, 14 d (b) > 21 d (ab) > 7 d (ab) 
> 96 h (ab) > 24 h (a). The lower average concentration for the 21 
d period in comparison to the 14 d one is linked to a defense of 
the organism by the Mt formation (CONTO CINIER et al., 1997).

For 0.35 mg L-1 Cu, with the exception of the 96 h period of 
exposure, an expected decreasing sequence with time was obtained, 
96 h (c) > 21 d (bc) > 14 d (bc) > 7 d (ab) and 24 h (a). This can 
be either by a basal Cu concentration in the analysed organisms 
or by 96 h be the selected time for most of the establishment of 
the acute toxicity in fish bioassay (BRASIL, 2011). No statistical 
differences were observed for the Control with time, being all 
average Cu concentrations considered similar.

The interaction for Cd with muscular tissue indicated that always 
the Control organisms had the lowest trace metal accumulation, with 
alternating rankings for 2.0 mg L-1 Cd and 0.65 mg L-1 Cd. It should 
be pointed out that the observed alternances were not statistically 
significative, unless for the 96 h period were the accumulation sequence 
was 2.0 mg L-1 Cd (c) > 0.65 mg L-1 Cd (b) > Control. Thus, the 
Cd accumulation in the muscular tissue was proportional to the 
dissolved concentration of the element. When comparing the periods 
for the same concentration, three different responses were obtained. 
For 0.65 mg L-1 Cd, 14 d (b) > 21 d (b) > 24 h (bc) > 7 d (ab) > 96 h (a) 
was obtained. For 2.0 mg L-1 Cd the concentration sequence versus 
time observed was 96 h (c) > 14 d (bc) > 21 d (ab) > 7 d (ab) > 24h (a), 
constituting in both situations unpredictable sequences, not 
demonstrating a tendency to be higher in tissue concentrations, 
the longer the exposure time of organisms. Observing the 
results obtained for the Control, a statistical significance over 
time was verified, which can only be explained by the basal 
concentrations of Cd present in the tissues of the analyzed 
organisms, 14 d (b) > 21 d (b) > 24 h (ab) > 96 h (a) > 7 d (a). 
This finding explains the statistical analyzes obtained in relation 
to the Cd in the muscle for the studied concentrations.

Related to the experiment of bioaccumulation of Cu in the 
gills, similar to what was verified for muscle tissue, a significant 
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interaction was found. In the unfolding of the combinations, 
for the different periods greater bioaccumulations, the higher 
the concentration of the dissolved metal. However, different 
meanings were obtained as a function of the exposure time 
considered. A single exception of the increasing sequence of 
concentrations occurring at the 14 day exposure time, where the 
following sequence was obtained, 0.35 mg L-1 Cu (b) > Control 
(ab) > 0.12 mg L-1 Cu (a).

When it were considered the variation of the dissolved 
concentration with the exposure time, an expected but 
not significant sequence was obtained for 0.12 mg L-1 Cu, 
21 d (a) > 14 d (a) > 7 d (a) > 96 h (a) 24 h (a), with a no logical sequence 
for 0.35 mg Cu L-1, 14 d (b) > 21 d (ab) > 96 h (ab) > 7 d (ab) > 24 h (a), 
and significant variation being verified in Control with time, which 
should not happen, 14 d (d) > 21 d (cd) > 24 h (bc) > 96 h (ab) > 7 d (a).

The behavior of Cd bioaccumulation in the gills, which was 
analyzed directly, did not present a significant interaction as 
occurred for Cu. It was verified that the highest concentration 
of this chemical species in the gills occurred at the concentration 
2.0 mg L-1 Cd (a), followed by 0.65 mg L-1 Cd and Control Treatment 
(c). As a function of the exposure time, the following significance 
was obtained: 14d (a) > 21d (a) > 7 d (b) > 96 h (b) > 24 h (b), 
indicating what would normally be expected for the interaction, 
where the longer the exposure time, the greater the accumulation 
of metal in the tissues, followed by the tendency of organisms to 
excrete the metal after 14 days.

The bioaccumulation responses for the mixture of both metals 
indicated for Cu in the muscle non-significant interaction in the 
presence of Cd and that the treatments differed from each other, 
with the sequence 0.14 mg L-1 Cu and Control (a) and 0.05 mg 
L -1 Cu (b). For the different periods, the following significance 
was obtained 24 h (a) > 14 d (ab) > 7 d (ab) > 21d (ab) > 96h 
(b), an unexpected sequence, indicating similarities between the 
longer exposure (7, 14, and 21 d) times used . This arrangement is 
probably also due to the baseline values of the organisms analyzed. 
When the interaction of Cu with the gills was considered, a highly 
significant result was verified, the combination of which showed 
the same sequence of significance for all periods, 0.14 mg L -1 Cu 
(b) > 0.05 mg L -1 Cu (b) > Control (a). The treatment schedule 
with the period indicated no differences for the averages obtained 
for 0.14 and 0.05 mg L-1 Cu. However, where one might least 
expect, statistical significance was found for the means of the 
Control, namely: 21 d (c) > 14 d (c) > 96 h (b) > 7 d (ab) > 24 h (a). 
It should be noted that the temporal sequence observed showed 
no trends for the period-to-concentration interactions for the 
three concentrations of the dissolved species, corroborating with 
the strong influence of the basal Cu concentration in this tissue.

Concluding by the assays observed for Cd in the muscle and the gill 
in the presence of Cu, a significant interaction was obtained with the 
sequence 0.14 mg L-1 Cd (c) > 0.05 mg L -1 Cd (b) > Control (a) for the 
24-hour period. For 96 h and 7 d the following sequence was observed, 
0.05 mg L -1 Cd (b) > 0.14 mg L -1 (b) > Control (a). With a different 
sequence of this, for the longer periods of exposure, 14 and 21 days, it 
were observed 0.14 mg L-1 Cd (b) > 0.05 mg L-1 Cd (b) > Control (a). 
That is, it is significant evidence that the higher the concentrations 
of dissolved Cd, the greater bioaccumulation is verified for the 

muscle, even in the presence of Cu. In other words, Cd behaves 
in a situation similar to its condition of isolated presence.

In the case of gills, the concentration versus time interactions 
for Cd, analyzed directly by the Tukey’s test, were not 
significant, although the concentration and period factors were 
highly significant when considered in isolation. The simple 
concentration effect grouped the treatments in the sequence 
0.14 mg L-1 Cd (a) > 0.05 mg L-1 Cd (b) > Control (c), in a 
theoretically expected sequence, with the highest concentrations 
being found in the environments with higher concentrations of 
dissolved metal. As a function of the period, two groups were 
statistically formed, 14 d (a) > 21 d (a) > 7 d (b) > 96 h (b) 
and 24 h (b), as also expected, with the highest concentrations 
being obtained according to the highest time of exposure of the 
organism. It is also evidenced the tendency of the organism to 
initiate a process of excreting the metal after 14 days, as a defense 
mechanism, probably triggered by the formation of Mts (CONTO 
CINIER et al., 1997).

The discussion of this item was initiated referring to the wide 
variability of the obtained results, indicating a randomness of the 
interactions observed, depending to a greater or lesser degree of 
the considered element and the bioaccumulated tissue. Within this 
reality there is no way to establish conclusive results from the 
statistical point of view of the analyzed data.

The qualitative evaluation of the data, as presented in detail in 
the previous item, can establish a tendency of the kinetic aspects of 
absorption of the metals by the biota, which presented increasing 
concentrations as a function of time and higher bioaccumulation the 
higher the concentration of the dissolved chemical species. As an 
example, in the case of the presence of metals in combination, 
where a competition was verified, the approach is presented on 
Figure 1.

Basal concentrations for both Cu and Cd are uncontrolled 
variables in the chronic toxicity tests with tilapia, leading to 
significant interferences in the interactions of these dissolved 
species with organisms, making it difficult to obtain expected 
results. This influence is likely to be lessened in acute toxicity 
trials, where high concentrations of dissolved chemical species are 
employed, inducing a significantly higher bioaccumulation, close 
to lethality, rendering more despicable those that the organism 
presents naturally in its tissues.

Bioconcentration factors (bcfs) for copper and 
cadmium

At the 14 day experiment, different bio-concentration factors 
(BCFs) of the trace elements isolated and in combination were 
found. Organisms present in Cu treatments at concentrations of 
0.12 and 0.35 mg L-1 Cu presented BCFs for muscular tissue 
equal to 6.58 and 1.91 L Kg-1 respectively. For the same tissue, 
treatments with Cd at concentrations of 0.65 and 2.0 mg L-1 Cd, 
BCFs smaller than the unit were found, being 0.49 and 0.11 L Kg -1, 
respectively (Table 4 and 5). The same phenomenon was observed 
for both trace elements in the gills, where BCFs of 18.54 and 
3.71 L Kg-1 were found respectively for Cu in the concentration 
0.12 mg L-1 Cu and Cd in the concentration 0.65 mg L-1 Cd. 
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Increasing concentrations at 0.35 mgL-1 Cu and 2.0 mg L-1 Cd, 
BCFs of 14.86 L Kg-1 and 2.45 L Kg-1 were obtained for the 
same elements.

Experimental conditions show in both situations that BCFs 
varies with trace element water concentration, increasing when 
it decreases.

Changes were observed for the treatments in combination where, 
for the concentrations of 0.05 and 0.14 mg L-1 (Cu + Cd), BCFs 
for muscle of 7.8 and 4.46 L Kg-1and 1.76 and 0.87 L Kg-1 for Cu 
and Cd were respectively obtained (Table 4 and 5). However, if we 
observe the BCFs obtained for Cu in the muscular tissue in isolated 
mode at the concentration 0.12 mg L-1 Cu (BCF = 6.58 L Kg-1) 
and Cu in combination at concentration 0.14 mg L-1 (Cu + Cd) 
(BCF = 4.46 L Kg-1), which are close to each other, we found 
that the BCF in combination was lower, due to the presence of 
the Cd, as discussed above.

Values obtained for BCFs in the experimental conditions 
differ from those found in natural ones for the studied metals, 
where metals are found in the abiotic medium in significantly 
lower concentrations (ZAGATTO and BERTOLETTI, 2008; 
CHOWDHURY et al., 2016; NOLI and TSAMOS, 2016; 
BARBIERI et al., 2016). In the laboratory, the mechanism 
of metal absorption is directly verified by the respiration of 
the organisms through the gills. In nature, metal absorption is 
dependent on the food chain, trophic level of the organism, and on 
biomagnification of the chemical specie (KEHRIG et al., 2011). 
In addition, it was evidenced that the available metal to the biota 
is lower than the dissolved nominal concentrations presented 
(SILVA et al., 2017). Therefore, the BCFs for both Cu and Cd 
in the nature should be higher than the calculated values above. 
In addition, it should be emphasized that although BCFs were low 
in this assay, probably by the low residence time of fish exposure 
and physiology, fish use to have elevated BCFs according to the 
abiotic medium conditions surrounding (SARI et al., 2016), being 
used as bioindicators. The BCF for O.niloticus in the nature must 
be low due its omnivorous feed bahaviour and certainly much 
lower to not reach concentrations of Cu and Cd above to those 
limits established by ANVISA for food.

As observed in this paper, Cu and Cd varies in a wide range 
of concentrations in tilapias’ muscle. For this reason, the BCFs 
for both elements were determined without subtracting the 
average metals concentrations of the controls, just considering 
the concentrations of metals quantified in the biological material 
for each treatment. Thus, the error in considering the wide variety 
of concentrations in which these metals may be present in a fish 
population is minimized.

CONCLUSIONS

Physico-chemical data and ammonia concentration along the 
whole experiment indicates the good operational conditions at the 
laboratory. Moreover, no deaths were observed during the entire 
period of the experiment. These aspects denote the importance of 
the previous assays to establish the metals LC50, in isolate and in 
combination forms. Small positive and negative variations in the 

dissolved metal concentrations were observed during the entire 
21 days experimental period. Metal bio-concentrations were 
higher in the gills than in the muscle tissue, with a maximum 
value achieved after 14 days of the beginning of the experiments. 
Then there is a decrease in concentration towards the 21 days, 
probably by metals excretion and metalothioneins formation. 
The kinetic of absorptions are modified when both metals are 
in combination due to the competition established for available 
sites of the proteins. Although the metals absorption by fish are 
higher for higher metals dissolved concentration, the BCFs in the 
experimental conditions for both metals were much lower than 
those observed in nature. Beside the occurrence of metals in a 
natural environment being much lower than in the experimental 
conditions, there are interactions with the colloids of the medium, 
and competition among dissolved chemical species, which diminish 
availability. In addition, the biomagnification process, which does 
not occur in the experimental conditions, increases significantly 
the metal concentrations in the whole fish. In all situations, it 
was observed that BCFs of Cu, an essential element, were higher 
than those observed for Cd. For both elements a reduction of the 
BCFs are observed in the presence of Cu + Cd in the medium. 
The evaluation of the different interactions of Cu and Cd with 
the species Oreochromis niloticus, in isolated situations and in 
combination presented wide variability measured on the response 
variable for all the treatments (combination of the levels of the 
period and levels of the concentration), being a function of the 
chemical element and the analyzed tissue. The wide variations in 
the Cu and Cd concentrations presented by the organisms used 
in the tests represented a great interference in the application of 
the statistical analyzes of the obtained results, leading to that in 
many situations, random and unexpected results were obtained. 
These effects should be reduced in the case of acute toxicity 
tests where organisms bioaccumulate higher amounts of metals, 
which minimize their background content influence in the results. 
The low BCFs obtained for Cu and Cd in the experimental chronic 
conditions can predicted that tilapia should be considered, from 
Cu and Cd point of view, a safe source of protein, moreover 
considering its omnivorous trophic level in the web food chain.

ACKNOWLEDGEMENTS

The authors express their gratitude to Fundação de Amparo à 
Pesquisa do Estado de São Paulo (FAPESP), SP, Brazil, for providing 
financial support to this research (Process n°. 2010/19588-0 
and Process nº. 2010/14021-1) and Mr. Guy Fenech for English 
language review.

REFERENCES

ABDEL-BAKI, A.S.; DKHIL, M.A.; AL-QURAISHY, S. 2011 Bioaccumulation 
of some heavy metals in tilapia fish relevant to their concentration in 
water and sediment of Wadi Hanifah, Saudi Arabia. African Journal 
of Biotechnology, 10(13): 2541-2547.



COPPER AND CADMIUM ACCUMULATION IN GILLS…

SANTAROSSA et al. Bol. Inst. Pesca 2018, 44(3): e332. DOI: 10.20950/1678-2305.2018.332 10/11

AGAH, H.; LEERMAKERS, M.; ELSKENS, M.; FATEMI, M.R.; BAEYENS, 
W. 2009 Accumulation of trace metals in the muscle and liver tissues 
of five fish species from the Persian Gulf. Environmental Monitoring 
and Assessment, 157(1-4): 499-514. http://dx.doi.org/10.1007/
s10661-008-0551-8. PMid:18850288.

ALMEIDA, J.A.; NOVELLI, E.L.B.; DAL PAI SILVA, M.; ALVES JÚNIOR, 
R. 2001 Environmental cádmium exposure and metabolic responses 
of the Nile tilapia, Oreochromis niloticus. Environmental Pollution, 
114(2): 169-175. http://dx.doi.org/10.1016/S0269-7491(00)00221-9. 
PMid:11504339.

ASSOCIAÇÃO BRASILIERA DE NORMAS TÉCNICAS – ABNT. 1984 
NBR 5761: determinação da dureza em água: método complexométrico. 
Rio de Janeiro: ABNT.

ASSOCIAÇÃO BRASILIERA DE NORMAS TÉCNICAS – ABNT. 2011 
NBR 15088: ecotoxicologia aquática: toxicidade aguda: método de 
ensaio em peixes. Rio de Janeiro: ABNT.

ASSOCIAÇÃO BRASILIERA DE NORMAS TÉCNICAS – ABNT. 2016 
NBR 15499: ecotoxicologia aquática: toxicidade crônica de curta 
duração: método de ensaio com peixes. Rio de Janeiro: ABNT.

ATLI, G.; CANLI, M. 2008 Responses of metallothionein and reduced 
glutathione in a freshwater fish Oreochromis niloticus following 
metal exposures. Environmental Toxicology and Pharmacology, 25(1): 
33-38. http://dx.doi.org/10.1016/j.etap.2007.08.007. PMid:21783833.

AZEVEDO, F.A.; CHASIN, A.A.M. 2003 As bases toxicológicas da 
ecotoxicologia. São Carlos: RiMa. 340p.

BARBIERI, E.; CAMPOS-GARCIA, J.; MARTINEZ, D.S.T.; SILVA, 
J.R.M.C.; ALVES, O.L.; REZENDE, K.F.O. 2016 Histopathological 
Effects on Gills of Nile Tilapia (Oreochromis niloticus, Linnaeus, 1758) 
Exposed to Pb and Carbon Nanotubes. Microscopy and Microanalysis, 
22(6): 1162-1169. http://dx.doi.org/10.1017/S1431927616012009. 
PMid:27998365.

BARBIERI, E.; RUÍZ-HIDALGO, K.; REZENDE, K.F.O.; LEONARDO, 
A.F.G.; SABINO, F.P. 2017 Efectos del carbofuran en juveniles de 
Oreochromis niloticus en la toxicidad, metabólica de rutina y los 
parámetros hematológicos. Boletim do Instituto de Pesca, 43(4): 
513-526. http://dx.doi.org/10.20950/1678-2305.2017v43n4p513.

BENLI, C.K.; KÖKSAL, G. 2005 The acute toxicity of ammonia on tilapia 
(Oreochromis niloticus L.) larvae and fingerlings. Turkish Journal of 
Veterinary and Animal Sciences, 29(2): 339-344.

BOMBAIL, V.; AW, D.; GORDON, E.; BATTY, J. 2001 Application of 
the comet and micronucleus assays to butterfish (Pholis gunnellus) 
erythrocytes from the Firth of Forth, Scotland. Chemosphere, 44(3): 
383-392. http://dx.doi.org/10.1016/S0045-6535(00)00300-3. 
PMid:11459143.

BRASIL. 1965 Decreto nº 55.871, de 26 de março de 1965. Dispõe sobre as 
normas reguladoras do emprego de aditivos para alimentos. Diário 
Oficial da União, Brasília, 9 de abril de 1965, Seção 1, p. 3610.

BRASIL, ANVISA – AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA. 
1998 Portaria nº 685 de 27 de agosto de 1998. Dispõe sobre os princípios 
gerais para o estabelecimento de níveis máximos de contaminantes 
químicos em alimentos. Diário Oficial da União, Brasília, 24 de 
setembro de 1998, nº. 183. Seção 1, p. 3.

BRASIL, CONAMA – CONSELHO NACIONAL DO MEIO AMBIENTE. 
2011 Resolução nº 430, de 13 de Maio de 2011. Dispõe sobre condições 
e padrões de lançamento de efluentes. Diário Oficial da União, Brasília, 
16 de maio de 2011, nº. 92, p. 89.

BUFFLE, J.; DE VITRE, R.R. 1994 Chemical and biological regulation of 
aquatic systems. Boca Raton: CRC Press. 312p.

CHOWDHURY, S.; MAZUMDER, M.A.; AL-ATTAS, O.; HUSAIN, T. 2016 
Heavy metals in drinking water: occurrences, implications, and future 
needs in developing countries. The Science of the Total Environment, 
569-570: 476-488. http://dx.doi.org/10.1016/j.scitotenv.2016.06.166. 
PMid:27355520.

ÇOĞUN, H.Y.; KARGIN, F. 2004 Effects of pH on the mortality and accumulation 
of copper in tissues of Oreochromis niloticus. Chemosphere, 55(2): 
277-282. http://dx.doi.org/10.1016/j.chemosphere.2003.10.007. 
PMid:14761698.

ÇOĞUN, H.Y.; YÜZEREROĞLU, T.A.; KARGIN, F. 2003 Accumulation 
of copper and cadmium in small and large Nile Tilapia Oreochromis 
niloticus. Bulletin of Environmental Contamination and Toxicology, 
71(6): 1265-1271. http://dx.doi.org/10.1007/s00128-003-8523-8. 
PMid:14756298.

CONTO CINIER, C.; PETIT-RAMEL, M.; FAURE, R.; GARIN, D. 1997 
Cadmium bioaccumulation in Carp (Cyprinus carpio) tissues during 
long-term high exposure: analysis by inductively coupled plasma-
mass spectrometry. Ecotoxicology and Environmental Safety, 38(2): 
137-143. http://dx.doi.org/10.1006/eesa.1997.1569. PMid:9417855.

DAMATO, M.; BARBIERI, E. 2012 Estudo da Toxicidade aguda e 
alterações metabólicas provocadas pela exposição do Cádmio sobre 
o peixe Hyphessobrycon callistus utilizado como indicador de 
saúde ambiental. O Mundo da Saúde, 36(4): 574-581. http://dx.doi.
org/10.15343/0104-7809.2012364574580.

DIAS, D.C.; MAIORINO, F.C.; RANZANI-PAIVA, M.J.T.; ISHIKAWA, 
N.M.; LOMBARDI, J.V.; FERREIRA, J.R.; FRANÇCA, F.M.; 
FERREIRA, C.M. 2007 Avaliação histopatológica do baço, coração 
e encéfalo de tilápia Oreochromis niloticus (Linnaeus, 1758) exposta 
ao cloreto de mercúrio. Boletim do Instituto de Pesca, 33(2): 213-220.

EPA – ENVIRONMENTAL PROTECTION AGENCY. 2002 Methods for 
measuring the acute toxicity of effluents and receiving waters to 
freshwater and marine organisms. 5th ed. Washington: EPA.

ERCAL, N.; GURER-ORHAN, H.; AYKIN-BURNS, N. 2001 Toxic metals 
and oxidative stress. Part I: mechanisms involved in metal-induced 
oxidative damage. Current Topics in Medicinal Chemistry, 1(6): 529-
539. http://dx.doi.org/10.2174/1568026013394831. PMid:11895129.

EVANS, J.J.; PASNIK, D.J.; BRILL, G.C.; KLESIUS, P.H. 2006 Un-ionized 
ammonia exposure in Nile tilapia: toxicity, stress response, and 
susceptibility to Streptococcus agalactiae. North American Journal 
of Aquaculture, 68(1): 23-33. http://dx.doi.org/10.1577/A05-032.1.

FERREIRA, J.R.; LAWLOR, A.J.; BATES, J.M.; CLARKE, K.J.; TIPPING, 
E. 1997 Chemistry of riverine and estuarine suspended particles from 
the Ouse-Trent system. Aquatic Colloid and Surface Chemistry, 120(1-
3): 183-198. http://dx.doi.org/10.1016/S0927-7757(96)03721-1.

GARCIA-SANTOS, S.; FONTAINHAS-FERNANDES, A.; WILSON, J.M. 
2006 Cadmium tolerance in the nile tilapia (Oreochromis niloticus) 
following acute exposure: assessment of some ionoregulatory parameters. 
Environmental Toxicology, 21(1): 33-46. http://dx.doi.org/10.1002/
tox.20152. PMid:16463259.

GARCIA-SANTOS, S.; MONTEIRO, S.M.; CARROLA, J.; 
FONTAINHASFERNANDES, A. 2007 Alterações histológicas em 
brânquias de tilápia nilotica Oreochromis niloticus causadas pelo 
cádmio. Arquivo Brasileiro de Medicina Veterinária e Zootecnia, 59(2): 
376-381. http://dx.doi.org/10.1590/S0102-09352007000200017.

https://doi.org/10.1007/s10661-008-0551-8
https://doi.org/10.1007/s10661-008-0551-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18850288&dopt=Abstract
https://doi.org/10.1016/S0269-7491(00)00221-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11504339&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11504339&dopt=Abstract
https://doi.org/10.1016/j.etap.2007.08.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21783833&dopt=Abstract
https://doi.org/10.1017/S1431927616012009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998365&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998365&dopt=Abstract
https://doi.org/10.20950/1678-2305.2017v43n4p513
https://doi.org/10.1016/S0045-6535(00)00300-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11459143&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11459143&dopt=Abstract
https://doi.org/10.1016/j.scitotenv.2016.06.166
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27355520&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27355520&dopt=Abstract
https://doi.org/10.1016/j.chemosphere.2003.10.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14761698&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14761698&dopt=Abstract
https://doi.org/10.1007/s00128-003-8523-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14756298&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14756298&dopt=Abstract
https://doi.org/10.1006/eesa.1997.1569
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9417855&dopt=Abstract
https://doi.org/10.15343/0104-7809.2012364574580
https://doi.org/10.15343/0104-7809.2012364574580
https://doi.org/10.2174/1568026013394831
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11895129&dopt=Abstract
https://doi.org/10.1577/A05-032.1
https://doi.org/10.1016/S0927-7757(96)03721-1
https://doi.org/10.1002/tox.20152
https://doi.org/10.1002/tox.20152
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16463259&dopt=Abstract
https://doi.org/10.1590/S0102-09352007000200017


COPPER AND CADMIUM ACCUMULATION IN GILLS…

SANTAROSSA et al. Bol. Inst. Pesca 2018, 44(3): e332. DOI: 10.20950/1678-2305.2018.332 11/11

GIRÓN-PÉREZ, M.I.; SANTERRE, A.; GONZALEZJAIME, F.; CASAS-SOLIS, 
J.; HERNANDÉZCORONADO, M.; PEREGRINA-SANDOVAL, J.; 
TAKEMURA, A.; ZAITSEVA, G. 2007 Immunotoxicity and hepatic 
function evaluation in Nile tilapia (Oreochromis niloticus) exposed 
to diazinon. Fish & Shellfish Immunology, 23(4): 760-769. http://
dx.doi.org/10.1016/j.fsi.2007.02.004. PMid:17478099.

HUANG, Z.Y.; ZHANG, Q.; CHEN, J.; ZHUANG, Z.X.; WANG, X.R. 
2007 Bioaccumulation of metals and induction of metallothioneins 
in selected tissues of common carp (Cyprinus carpio L.) co-exposed 
to cadmium, mercury and lead. Applied Organometallic Chemistry, 
21(2): 101-107. http://dx.doi.org/10.1002/aoc.1167.

KALAY, M.; ERDEM, C. 2003 Effect of cadmium accumulation on total 
protein levels in Tilapia nilotica. Turkish Journal of Veterinary and 
Animal Sciences, 27: 1367-1374.

KEHRIG, H.A.; MALM, O.; PALERMO, E.F.A.; SEIXAS, T.G.; BAÊTA, 
A.P.; MOREIRA, I. 2011 Bioconcentração e biomagnificação de 
metilmercúrio na Baía de Guanabara, Rio de Janeiro. Química Nova, 
34(3): 377-384. http://dx.doi.org/10.1590/S0100-40422011000300003.

LINS, J.A.P.N.; KIRSCHNIK, P.G.; QUEIROZ, V.S.; CIRIO, S.M. 2010 Uso 
de peixes como biomarcadores para monitoramento ambiental aquático. 
Revista Acadêmica Ciências Agrárias e Ambientais, 8(4): 469-484.

MAGALHÃES, D.P.; FILHO, A.S.F. 2008 A ecotoxicologia como ferramenta 
no biomonitoramento de ecossistema aquáticos. Oecologia Brasiliensis, 
12(3): 355-381.

MCGEER, J.C.; SZEBEDINSZKY, C.; MCDONALD, D.G.; WOOD, C.M. 
2000a Effects of chronic sublethal exposure to waterborne Cu, Cd 
or Zn in rainbow trout 1: iono-regulatory disturbance and metabolic 
costs. Aquatic Toxicology (Amsterdam, Netherlands), 50(3): 231-243. 
http://dx.doi.org/10.1016/S0166-445X(99)00105-8. PMid:10958957.

MCGEER, J.C.; SZEBEDINSZKY, C.; MCDONALD, D.G.; WOOD, C.M. 
2000b Effects of chronic sublethal exposure to waterborne Cu, Cd 
or Zn in rainbow trout 2: tissue specific metal accumulation. Aquatic 
Toxicology (Amsterdam, Netherlands), 50(3): 245-256. http://dx.doi.
org/10.1016/S0166-445X(99)00106-X. PMid:10958958.

NAKAYAMA, S.M.; IKENAKA, Y.; MUZANDU, K.; CHOONGO, K.; 
OROSZLANY, B.; TERAOKA, H.; MIZUNO, N.; ISHIZUKA, M. 
2010 Heavy metal accumulation in lake sediments, fish (Oreochromis 
niloticus and Serranochromis thumbergi), and crayfish (Cherax 
quadricarinatus) in Lake Itezhi-tezhi and Lake Kariba, Zambia. 
Archives of Environmental Contamination and Toxicology, 59(2): 291-
300. http://dx.doi.org/10.1007/s00244-010-9483-8. PMid:20162262.

NOGAMI, E.M.; KIMURA, C.C.; RODRIGUES, C.; MALAGUTTI, A.R.; 
LENZI, E.; NOZAKI, J. 2000 Effects of dietary cadmium and its 
bioconcentration in tilapia Oreochromis niloticus. Ecotoxicology and 
Environmental Safety, 45(3): 291-295. http://dx.doi.org/10.1006/
eesa.1999.1858. PMid:10702349.

NOLI, F.; TSAMOS, P. 2016 Concentration of heavy metals and trace 
elements in soils, waters and vegetables and assessment of health 
risk in the vicinity of a lignite-fired power plant. The Science of the 
Total Environment, 563-564: 377-385. http://dx.doi.org/10.1016/j.
scitotenv.2016.04.098. PMid:27139308.

RASHED, M.N. 2001 Monitoring of environmental heavy metals in fish from 
Nasser Lake. Environment International, 27(1): 27-33. http://dx.doi.
org/10.1016/S0160-4120(01)00050-2. PMid:11488387.

REIS, B.F.; VIEIRA, J.A.; KRUG, F.J.; GINÉ, M.F. 1997 Development 
of a flow injection system with two analytical paths for ammonium 
determination in soil extracts by conductometry. Journal of the 
Brazilian Chemical Society, 8(5): 523-528. http://dx.doi.org/10.1590/
S0103-50531997000500015.

REPULA, C.M.M.; CAMPOS, B.K.; GANZAROLLI, E.M.; LOPES, M.C.; 
QUINÁIA, S.P. 2012 Biomonitoramento de Cr e Pb em peixes de 
água doce. Química Nova, 35(5): 905-909. http://dx.doi.org/10.1590/
S0100-40422012000500008.

SANTOS, D.B.; BARBIERI, E.; BONDIOLI, A.C.V.; MELO, C.B. 2014 
Effects of Lead in white shrimp (Litopenaeus schmitti) metabolism 
regarding salinity. O Mundo da Saúde, 38(1): 16-23. http://dx.doi.
org/10.15343/0104-7809.20143801016023.

SARAVI, S.S.S.; SHOKRZADEH, M. 2013 Heavy metals contamination in 
water and three species of most consumed fish sampled from Caspian 
Sea. Environmental Monitoring and Assessment, 185(12): 10333-10337. 
http://dx.doi.org/10.1007/s10661-013-3335-8. PMid:23842607.

SARI, S.H.J.; IRANAWATI, F.; CHOTIMAH, N.; YUNITA, D.E. 2016 
Bioconcentration of heavy metal Cu in different tissues of milkfish 
[Channos channos (Forsskal, 1775)] in Ujung Pangka Gresik, East Java, 
Indonesia. Aquatic Procedia, 7: 236-241. http://dx.doi.org/10.1016/j.
aqpro.2016.07.033.

SILVA FILHO, M.V.; OLIVEIRA, M.N.; CUNHA BASTOS, V.L.F.; ALVES, 
M.V.; CUNHA BASTOS, J. 2000 Validação de espécies sentinelas 
por biomarcação com 74 colinesterase em peixes. In: ESPINDOLA, 
E.L.G.; PASCHOAL, C.M.B.; ROCHA, O.; BOHRER, M.B.C.; 
OLIVEIRA NETO, A.L. Ecotoxicologia: perspectiva para o século 
XXI. São Carlos: RiMa. p. 147-164.

SILVA, M.A.; MOTTA, T.C.S.; TINTOR, D.B.; DOURADO, T.A.; 
ALCÂNTARA, A.L.; MENEGÁRIO, A.A.; FERREIRA, J.R. 2017 
Tilapia (Oreochromis niloticus) as a biondicator of copper and cadmium 
toxicity: a bioavailability approach. Journal of the Brazilian Chemical 
Society, 28(1): 143-151.

TAO, Y.; YUAN, Z.; XIAONA, H.; WEI, M. 2012 Distribution and 
bioaccumulation of heavy metals in aquatic organisms of different 
trophic levels and potential health risk assessment from Taihu lake, 
China. Ecotoxicology and Environmental Safety, 81: 55-64. http://
dx.doi.org/10.1016/j.ecoenv.2012.04.014. PMid:22633085.

TUNDISI, J.G.; TUNDISI, T.M. 2008 Limnologia. 1ª ed. São Paulo: Oficina 
de Textos. 632p.

VIRGA, R.H.P.; GERALDO, L.P.; SANTOS, F.H. 2007 Assessment of 
heavy metal contamination in blue crab specimens. Revista Ciência e 
Tecnologia de Alimentos, 27(4): 779-785. http://dx.doi.org/10.1590/
S0101-20612007000400017.

VISNJIC-JEFTIC, Z.; JARIC, I.; JOVANOVIC, L.; SKORIC, S.; 
SMEDEREVAC-LALIC, M.; NIKCEVIC, M.; LENHARDT, M. 
2010 Heavy metal and trace element accumulation in muscle, liver 
and gills of the Pontic shad (Alosa immaculate Bennet 1835) from 
the Danube River (Serbia). Microchemical Journal, 95(2): 341-344. 
http://dx.doi.org/10.1016/j.microc.2010.02.004.

ZAGATTO, P.A.; BERTOLETTI, E. 2008 Ecotoxicologia aquática: princípios 
e aplicações. São Carlos: RiMa. 486p.

https://doi.org/10.1016/j.fsi.2007.02.004
https://doi.org/10.1016/j.fsi.2007.02.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478099&dopt=Abstract
https://doi.org/10.1002/aoc.1167
https://doi.org/10.1590/S0100-40422011000300003
https://doi.org/10.1016/S0166-445X(99)00105-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10958957&dopt=Abstract
https://doi.org/10.1016/S0166-445X(99)00106-X
https://doi.org/10.1016/S0166-445X(99)00106-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10958958&dopt=Abstract
https://doi.org/10.1007/s00244-010-9483-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20162262&dopt=Abstract
https://doi.org/10.1006/eesa.1999.1858
https://doi.org/10.1006/eesa.1999.1858
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10702349&dopt=Abstract
https://doi.org/10.1016/j.scitotenv.2016.04.098
https://doi.org/10.1016/j.scitotenv.2016.04.098
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27139308&dopt=Abstract
https://doi.org/10.1016/S0160-4120(01)00050-2
https://doi.org/10.1016/S0160-4120(01)00050-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11488387&dopt=Abstract
https://doi.org/10.1590/S0103-50531997000500015
https://doi.org/10.1590/S0103-50531997000500015
https://doi.org/10.1590/S0100-40422012000500008
https://doi.org/10.1590/S0100-40422012000500008
https://doi.org/10.15343/0104-7809.20143801016023
https://doi.org/10.15343/0104-7809.20143801016023
https://doi.org/10.1007/s10661-013-3335-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23842607&dopt=Abstract
https://doi.org/10.1016/j.aqpro.2016.07.033
https://doi.org/10.1016/j.aqpro.2016.07.033
https://doi.org/10.1016/j.ecoenv.2012.04.014
https://doi.org/10.1016/j.ecoenv.2012.04.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22633085&dopt=Abstract
https://doi.org/10.1590/S0101-20612007000400017
https://doi.org/10.1590/S0101-20612007000400017
https://doi.org/10.1016/j.microc.2010.02.004

