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A B S T R A C T  

This study was intended to determine the lead accumulation levels in liver, gill, kidney, 
brain, and muscle tissues of Clarias gariepinus (African sharp tooth catfish) under the sole effect 
of lead (1.0 and 2.0 ppm) and combined with EDTA (Ethylene diamine tetraacetic acid) (2.0 
and 4.0 ppm) for 7, 15, and 30 days. Inductively coupled plasma mass spectrometry (ICP-MS) 
was used to determine tissue lead levels, and the SPSS package program was used for statistical 
evaluation of the experimental data. No mortality was observed in fish over the time periods of 
the experiments, and concentrations were determined with lead only and with lead together 
with EDTA. At the end of the experimental periods, the presence of lead increased the metal 
accumulation in the tissues and organs examined when compared to the control, and, in terms 
of accumulation, a relationship was determined between the tissues in the order of gill > kidney 
> liver > brain > muscle. The effect of lead together with EDTA was reduced lead accumulation
in tissues and organs when compared to the effect of lead only.
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Introduction 

The disposal and poor management of toxic chemicals such 
as heavy metals negatively affect ecosystem integrity, 
environmental quality, and human health (Banaee et al., 2013). 
Heavy metals such as lead, cadmium, and mercury do not have 
any biological functions in animal organisms, while other heavy 
metals, such as copper, zinc, iron, and chromium, at low 
concentrations, are essential for metabolic processes. However, 
they are also toxic above a certain concentration range and can 
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negatively affect all trophic levels throughout the food chain 
(Shukla et al., 2007). 

Lead is a heavy metal widely used in various industrial 
applications, such as paint, storage batteries, and the 
automotive industry, as well as being naturally found in soil, 
water, and rocks (Khidr et al., 2012). Lead at high 
concentrations leads to accumulation in tissues and organs 
(Cicik et al., 2004), behavioral changes (Çiftçi et al., 2008), 
lordoscolosis and anomalies in pigmentation (Martinez et al., 
2004), collapse of the immune system in fish (Vosylienė, 1999) 
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and mutagenic, teratogenic, and carcinogenic effects and 
infertility in humans (Eisler, 2000). 

Organic and inorganic complexes, such as EDTA, NTA 
(Nitrilotriacetic acid), DTPA (Diethylenetriamine pentaacetic 
acid), DFO (Deferoxamine), DFP (Deferiprone), zeolite, 
clinoptilolite, and chitosan, are widely used in aquatic systems 
to remove pollutants from the environment. A high capacity to 
form complexes with heavy metals and low biological 
degradability in aquatic systems are the main properties of 
chemicals used as chelators (Kedziorek and Bourg, 2000). 

In fish, the liver accumulates metals at high concentrations 
regardless of the intake path, and, because the metal load in the 
liver is close to the concentration of the metal in the 
environment, it is very important in monitoring metal 
pollution in aquatic ecosystems (Jezierska and Witeska, 2006). 
Gills, which have vital functions such as respiration and 
osmoregulation, are the main target organs for toxic chemicals 
because they interact directly with the environment (Poleksic 
and Mitrovic-Tutundzic, 1994). In fish, kidneys function in 
maintaining homeostasis, as well as in removing nitrogen-
containing metabolic waste materials and toxic substances from 
the body (Cengiz, 2006). The brain is a metabolically active 
organ that is highly sensitive to changes in energy metabolism 
(Soengas and Aldegunde, 2002). Although the muscle tissue in 
fish is not active in terms of metal accumulation, it constitutes 
the main consumable part of the fish, and it functions in the 
transmission of metal to humans through the food chain, so it 
is very important in terms of environment and human health 
(Jezierska and Witeska, 2006). 

Although there are many studies on the accumulation and 
toxic effects of heavy metals in aquatic organisms, the studies 
on the effects of complexing agents on heavy metal toxicity are 
limited. Therefore, this study aimed to determine the levels of 
lead accumulation solely and of lead accumulation together 
with EDTA in the liver, gill, kidney, brain, and muscle tissues 
of C. gariepinus for periods of seven, fifteen, and thirty days. 

Material and Methods 

The research was carried out in the basic sciences research 
laboratory of the Mersin University Faculty of Fisheries 
Application Unit under controlled ambient conditions (24±1 
ºC fixed temperature, 12-hour dark/12-hour daylight 
photoperiod, central ventilation system). 

C. gariepinus specimens of 68.17 ±4.36 g weight and 21.24
±2.08 cm total length were used as the material in the 
experiments. The fish were fed once daily at the same hour with 
commercial fish feed (Pellet No. 2, Pınar, İzmir, Turkey) at 2% 
of their total biomass during the study. The water-soluble salt 
of lead, Pb(NO3)2, was used in the study, while EDTA 

(C10H16N2O8) was used as the complexing agent. As a result of 
the literature reviews (Alkahemal-Balawi et al., 2011; Bawa-
Allah and Saliu, 2015) and preliminary studies, non-lethal 
concentrations of both lead and EDTA (1.0 and 2.0 ppm Pb; 2.0 
and 4.0 ppm EDTA) within the specified time periods were 
determined and utilized.  

Five glass aquariums were used in the study to contain 120 
L each of the experimental solutions. Solutions at the 
concentrations of 1.0 and 2.0 ppm lead were added to the first 
two aquariums, respectively. To the third and fourth 
aquariums, solutions of 1.0 ppm lead with 2.0 ppm EDTA and 
2.0 ppm lead with 4.0 ppm EDTA were added, respectively. The 
fifth aquarium contained 120 L of lead-free tap water and 
constituted the control. Experiments were carried out in three 
replicates, and two fish were used in each replicate. Six fish were 
removed from each aquarium at the ends of the seven-, fifteen-
, and thirty-day periods and anesthetized with phenoxy-ethanol 
(1 ml/L) (Morgan et al., 1997), and the liver, gill, kidney, brain, 
and muscle tissues of the fish were dissected separately. In total, 
90 fish were used in the experiments. All applicable 
international, national, and/or institutional guidelines for the 
care and use of animals were followed. Local ethics committee 
approval was received. 

Table 1. Some physical and chemical properties of the water in 
the experimental aquariums 

Parameter Value 
Temperature 23 ±1 oC 
Dissolved Oxygen 6.47 ±0.43 ppm O2 
pH 8.07 ±0.04 
Total Hardness 259.3 ±5.82 ppm CaCO3 
Total Alkalinity 350.41 ±1.56 ppm CaCO3 

Because the test solutions in the aquariums were subject to 
time-dependent changes in their concentrations due to 
evaporation, precipitation, and adhesion to surfaces, a semi-
static test was applied, and the test solutions were renewed 
every two days by appropriate dilutions of the stock solution. 

The liver, gill, kidney, brain, and muscle tissue samples that 
were dissected and used in the metal analysis. Samples were 
placed in an oven set to 105 ºC for 72 hours, until a fixed weight 
was attained. Then, a mixture of 2 ml nitric acid (HNO3, 65%, 
specific gravity 1.40, Merck) and 1 ml perchloric acid (HClO4, 
60%, specific gravity 1.53, Merck) (Muramoto, 1983) was added 
on a hot plate set at 120 ºC for eight hours. After the burning 
process, tissue samples were transferred to polyethylene tubes, 
their total volumes were adjusted to 10 ml with deionized water, 
and they were made ready for analysis. The lead content of the 
tissue samples was determined by ICP-MS. Analysis was carried 
out in triplicate. Control samples were prepared from IAEA ˗ 
407 (International Atomic Energy Agency) fish tissue 
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homogenate. Detailed results on the amount of lead element 
obtained from the reference material and LOD-LOQ values 
given in Table 2. Variance analysis and the Student Newman 
Keul’s (SNK) test were performed by using the SPSS package 
program for the statistical analysis of data. 

Table 2. Validation parameters of the analytical method 

Parameter Value 
Trace elements Lead 
LOD (ng g-1) 0.39 
LOQ (ng g-1) 1.21 
R2 0.9999 
Certificated Values Concentration (mg kg−1) 0.12 
Certificated Values 
95% Confidence Interval (mg kg-1) 0.10-014 

Note: IAEA-407 was used as reference material. LOD= Limit of 
Detection, LOQ= Limit of Quantification 

In the present study on C. gariepinus, no mortality was 
observed in the fish due to the effects of the determined times 
and concentrations. At the beginning of the experiments, 
various behavioral and morphological changes were observed 

in fish, including lack of nutrients, immobility at the bottom of 
the aquarium, orientation toward the aquarium surface, and 
darkening of skin color. 

The effect of lead-only concentrations after seven days was 
increased metal accumulation in the tissues and organs 
examined when compared to the control (p<0.05, Table 3). At 
the end of the 7th day, the highest accumulation was in the gill 
tissue, while the lowest accumulation was in the muscle tissue. 
The effect of high concentrations of lead combined with EDTA 
was reduced accumulation of lead in the tissues and organs 
examined, as compared to the effect of lead only (p<0.05).  

The effect of lead-only concentrations of 1.0 and 2.0 ppm 
for fifteen days increased the metal accumulation in all tissues 
when compared to the control (Table 4). This increase was 
significantly higher in liver and gill tissues when compared to 
that on day 7 (p<0.05). The effect of a mixture of lead and high 
concentrations of EDTA for fifteen days resulted in an 
approximately 60% reduction in lead accumulation in liver, 
kidney, and gill tissues when compared to the effect of high 
concentrations of lead only. 

Table 3. Lead accumulation in C. gariepinus under the sole effect of lead and together with EDTA for 7 days (µgPb/g d.w.) 

Tissue 

Concentration 

Liver Kidney Gill Brain Muscle 

𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 

Control BSL BSL BSL BSL BSL 

1 ppm Pb 2.29 ±0.09 as 14.23 ±0.46 bs 19.54 ±0.38 cs 3.39 ±0.30 ds 0.87 ±0.04 es 

2 ppm Pb 4.62 ±0.28 at 14.60 ±1.15 bs 25.23 ±1.67 ct 3.65 ±0.33 as 0.84 ±0.04 ds 

1 ppm Pb + 2 ppm EDTA 2.15 ±0.35 as 13.26 ±0.93 bs 16.10 ±0.81 cx 3.26 ±0.24 ds 1.37 ±0.17 at 

2 ppm Pb + 4 ppm EDTA 1.40 ±0.18 ax 9.72 ±0.57 bt 6.43 ±0.86 cy 2.56 ±0.16 dt 0.21 ±0.01 ax 

Note: 𝑋𝑋� ± 𝑆𝑆�̅�𝑥  = Arithmetic mean ± Standard error; BSL = Below Sensitivity Level 
* = SNK; a, b, c, d, e were used to determine the differences between tissues while s, t, x, and y were used to determine the differences
between concentrations. Different letters indicate statistical differences at P<0.05.

Table 4. Accumulation of only lead and lead together with EDTA in C. gariepinus tissues for 15 days (µgPb/g d.w.) 

Tissue 

Concentration 

Liver Kidney Gill Brain Muscle 

𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 

Control BSL as BSL as BSL as BSL as BSL as 

1 ppm Pb 6.38 ±0.67 at 11.84 ±0.75 bt 22.40 ±0.48 ct 3.34 ±0.23 dt 1.38 ±0.3 et 

2 ppm Pb 8.29 ±0.39 ax 11.80 ±1.11 bt 57.29 ±1.73 cx 2.77 ±0.18 dt 1.58 ±0.2 dtx 

1 ppm Pb + 2 ppm EDTA 4.27 ±0.55 ay 6.04 ±0.36 bx 13.51 ±0.52 cy 2.59 ±0.22 dt 2.11 ±0.2 dx 

2 ppm Pb + 4 ppm EDTA 2.74 ±0.09 az 4.51 ±0.16 bx 11.71 ±0.77 cy 2.62 ±0.36 at 0.98 ±0.01 dt 

Note: 𝑋𝑋� ± 𝑆𝑆�̅�𝑥  = Arithmetic mean ± Standard error; BSL = Below Sensitivity Level 
* = SNK; a, b, c, d, e were used to determine the differences between tissues while s, t, x, and y were used to determine the differences
between concentrations. Different letters indicate statistical differences at P<0.05.
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Table 5. Lead accumulation in C. gariepinus under the sole effect of lead and under lead together with EDTA for 30 days (µgPb/g d.w.) 

Tissue 

Concentration 

Liver Kidney Gill Brain Muscle 

𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 

Control BSL as BSL as BSL as BSL as BSL as 

1 ppm Pb 10.46 ±0.61 at 13.67 ±0.43 at 47.99 ±2.53 bt 7.91 ±0.83 ct 0.96 ±0.09 dt 

2 ppm Pb 14.97 ±1.24 ax 16.68 ±0.80 ax 74.02 ±4.97 bx 5.49 ±0.59 cx 1.08 ±0.08 dt 

1 ppm Pb + 2 ppm EDTA 5.11 ±0.27 ay 5.92 ±0.12 ay 20.85 ±2.07 by 5.61 ±0.52 ax 0.96 ±0.09 ct 

2 ppm Pb + 4 ppm EDTA 3.73 ±0.41 ay 6.51 ±0.33 by 20.69 ±2.54 cy 3.65 ±0.35 ay 0.91 ±0.02 dt 

Note: 𝑋𝑋� ± 𝑆𝑆�̅�𝑥  = Arithmetic mean ± Standard error; BSL = Below Sensitivity Level 
* = SNK; a, b, c, d, e were used to determine the differences between tissues while s, t, x, and y were used to determine the differences
between concentrations. Different letters indicate statistical differences at P<0.05.

The effect of lead at higher concentrations together with 
EDTA for 30 days significantly increased the accumulation of 
lead in the tissues and organs examined in comparison to the 
control and to days 7 and 15 (p<0.05) (Table 5). While this 
increase was parallel to the increase in the lead concentration, 
the effect of lead together with EDTA reduced the metal 
accumulation in the examined tissues when compared to the 
effect of lead only. This decrease was in parallel with the 
increase in concentration. 

Discussion 

The effects of toxic substances, particularly heavy metals, on 
mortality rate and mortality period in aquatic vertebrates vary 
depending on the species, the metal, the environmental 
concentration of the metal, and the duration of exposure. In 
studies conducted on various fish species, it has been 
determined that the mortality rate increases in parallel with the 
increase in the toxin concentration in the environment and the 
duration of exposure (Abdullah et al., 2007; Gül et al., 2009; 
Alkahemal-Balawi et al., 2011). In the present study conducted 
on C. gariepinus, no mortality was observed in the fish under 
the conditions of time and concentration imposed. That can be 
explained by the fact that the lead concentrations found in the 
tissues are not lethal for the subject species in the specified 
periods.  

Fish react by changing their behavior against changing 
environmental conditions such as pollution or changes in the 
physical or chemical properties of the water. Those changes 
include behaviors such as feeding, reproduction, growth, 
respiration, and movement (Alves and Wood, 2006). In this 
study conducted with C. gariepinus, behavioral changes such as 
indifference to food, immobility at the bottom of the aquarium, 
coordination disorders in swimming movements, and 
respiration difficulties were observed at the beginning of the 
lead effect, and the changes disappeared with the prolongation 

of the effect time. The changes observed in fish behavior at the 
beginning of the metal effect may result from a reaction to 
changing environmental conditions, while prolongation of the 
effect time and return to normal behaviors may be related to 
adaptation. 

In studies conducted with various fish species under both 
natural and laboratory conditions, it has been found that metal 
accumulation varied with the tissue and organ (Alves and 
Wood, 2006; Shukla et al., 2007; Banaee et al., 2013; Ogbuagu et 
al., 2015). The liver is an important organ that functions in 
detoxification and biotransformation of xenobiotics, as well as 
in metabolic events (Van Dyk et al., 2007). It was determined 
that cadmium in Oreochromis aureus (Gül et al., 2009), lead in 
Oncorhynchus mykiss (Alves and Wood, 2006), and zinc, 
cadmium, and copper in Channa punctatus (Shukla et al., 2007) 
accumulate more in the liver than in other tissues and organs. 
In the present study conducted with C. gariepinus, the highest 
accumulation occurred in gill and kidney tissues, followed by 
liver tissue, under the sole effect of lead. That may be due to the 
liver being responsible for the detoxification process and the 
lead concentration failing to exceed its uptake and carrying 
capacity (Figueiredo-Fernandes et al., 2006; Van Dyk et al., 
2007). 

In fish, gills take part in respiratory, osmoregulation, and 
excretion functions. It was determined that lead accumulated 
most in gill tissue in Carassius auratus (Banaee et al., 2013), C. 
gariepinus (Kusemiju et al., 2012), and C. catla (Mohanambal 
and Puvaneswari, 2013), while zinc, copper, and cadmium 
accumulated most in gill tissue in C. punctatus (Shukla et al., 
2007) under the effect of sublethal concentrations. In this study 
carried out with C. gariepinus, it was found that lead 
accumulated more in gill tissues than in the kidney, liver, brain, 
and muscle tissues under the effect of lead only or lead together 
with EDTA in the determined time periods and concentrations. 
This high accumulation in the gill tissue may be related to the 
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gills interacting directly with the environment. The gills 
function in excretion, as well as in respiration and 
osmoregulation (Poleksic and Mitrovic-Tutundzic, 1994; 
Mazon et al., 2002), and the retention of lead ions by binding 
them to the mucous membrane covering the gill surface is a 
defense mechanism (Tao et al., 2000). 

The kidney is a multi-function organ that includes 
hematopoietic, reticuloendothelial, endocrine, and excretory 
functions in bony fishes (Karaman and Dörücü, 2017). In 
studies conducted with Prochilodus lineatus (Ribeiro et al., 
2014), Tilapia zilli (Karataş and Kalay, 2002) and Cyprinus 
carpio (Luszczek-Trojnar et al., 2016), lead accumulates most in 
kidney tissues. On the other hand, in a study conducted with 
the mentioned species (Al -Balawi et al., 2013) and in the 
present study, lead was found to accumulate most in gill tissue, 
followed by kidney tissue. That may be due to the metal being 
transported to the kidney tissue to be excreted from the body 
(Clearwater et al., 2002) and retained by binding to metal-
binding proteins such as metallothionein in the kidneys (Alves 
and Wood, 2006). 

Unlike other metals, lead has been found to pass through 
the brain-blood barrier and to accumulate at high 
concentrations in brain tissue by inhibiting monoamine 
oxidase and acetylcholine esterase activity (Eisler, 2000). It also 
inhibits neurotransmitter functions by decreasing gamma-
aminobutyric acid, cholesterol, and lipid levels (Katti and 
Sathyanesan, 1986). In a study conducted with Tilapia nilotica 
and C. carpio, it was found that lead accumulates in both types 
of brain tissue in higher concentrations than do cadmium, 
nickel, and chromium (Canlı and Kargın, 1995). As in studies 
on O. mykiss (Alves and Wood, 2006) and C. catla 
(Mohanambal and Puvaneswari, 2013), lead accumulations in 
the present study conducted with C. gariepinus were lower in 
the brain tissue than in the gill, liver, and kidney tissues under 
the effect of sublethal concentrations. Lower accumulation in 
brain tissue may be related to the brain-blood barrier, metal 
metabolism, and the carrying capacity of tissues (Eisler, 2000; 
Alves and Wood, 2006). 

In studies carried out under various fish species and 
laboratory conditions (Canlı and Kargın, 1995; Alves and 
Wood, 2006; Kusemiju et al., 2012; Mohanambal and 
Puvaneswari, 2013), it was determined that the minimum lead 
accumulation in tissue was in the muscle tissue. In this study, 
both under the effect of lead only and lead together with EDTA, 
the lowest accumulations were in muscle tissue in comparison 
to other tissues and organs. Lower levels of accumulation in 
muscle tissue may be closely related to the metabolic function 
of the tissue or to a shorter exposure period for the 
accumulation. 

Chelating agents form complexes with heavy metals in the 
environment by adsorption and ion exchange mechanisms, 
preventing their absorption and accumulation by aquatic 
organisms and reducing their toxic effects. In C. carpio, lead 
accumulations in tissues and organs were examined under the 
sole effect of lead only and of lead together with EDTA, NTA, 
and DTPA; with chelating agents, lead accumulation was 
reduced in tissues as compared to the effect of lead only 
(Muramoto, 1980). It was determined that calcium decreased 
the tissue lead accumulation in O. mykiss (Alves and Wood, 
2006) and the tissue copper accumulation in O. mossambicus 
(James et al., 1998) as compared to the effect of metals only. In 
the present study conducted with C. gariepinus, the effect of 
lead together with EDTA in the experimental times and 
concentrations decreased lead accumulation in the tissues and 
organs examined as compared to the effect of lead only. The 
effect with a chelator may result from decreased accumulation, 
EDTA complexes with lead, increasing molecular size, and 
prevention of uptake (Shalaby, 2007). 

Conclusion 

As a result, both the effect of lead only and that of lead 
together with EDTA in C. gariepinus caused lead accumulation 
in the gill, liver, kidney, brain, and muscle tissues. The highest 
lead accumulation was in the gill tissue, whereas the lowest was 
in the muscle tissue. The effect of lead with EDTA reduced the 
metal accumulation in the tissues examined when compared to 
the effect of lead only. Therefore, it was concluded that, in C. 
gariepinus, gill tissue is an indicator organ in determining lead 
toxicity and that EDTA has a reducing effect on lead toxicity. 
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