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Abstract: The aim of the experiment was to determine the distribution of mercury in six selected tissues 
(skin, fish scales, kidneys, muscle, liver and gills) of common carp (Cyprinus carpio L.) and its 
relationship to humic acid and sodium chloride when they are added. Carp fingerlings weighing 47.67 
± 4.61 g were exposed to a water solution containing a defined concentration of Hg2+ (1.5 μg/l) and 
increasing concentration of humic acid (0 mg/l, 1 mg/l, 5 mg/l) and sodium chloride (29 mg/l, 300 mg/l, 
1 000 mg/l) in fish tanks for 72 hours. The concentrations of mercury in fish tanks were continuously 
monitored and adjusted to the required value during the whole experiment. The fish were not fed during 
the experiment and mercury accumulated in the carp tissues from the fish tank water only. The total 
mercury content in the water and in selected tissues was determined by the atomic absorption 
spectrometer AMA 254. The increased concentration of both humic acid and sodium chloride caused a 
reduction (humic acid: -65% to -96% (exception for muscle 2%); sodium chloride: -8% to 21%) of 
mercury accumulated in carp tissues. 
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INTRODUCTION 
Fish is generally recommended for high protein content, low saturated fat and omega fatty acids, 

but water pollution leads to fish contaminated with organic and inorganic contaminants. The high 
attention is turned to toxic metals originated from many sources, which are accumulated in fish tissues. 
The most dangerous metal observed in fish tissues is mercury. 

Mercury and its compounds are highly toxic substances (Syversen and Kaur, 2012, Zhou et al. 
2008).  The potential toxicity of mercury for humans and other organisms varies widely depending on 
the chemical form, the pathway of exposure, the amount, and the vulnerability of the person exposed 
(Robson 2003, Syversen and Kaur, 2012). An important factor about mercury is its ability to accumulate 
in organisms and move up in the food chain. Very low levels of mercury in surface waters can 
bioaccumulate to dangerous levels in the aquatic organisms (concentration increase by a factor of 107). 
Contaminated fish can pose a serious hazard to fish eating populations (Zhou et al. 2008, Amundsen et 
al. 1997, Watanabe et al. 2012). 

An important constituent of the human diet in the Czech Republic is common carp (Cyprinus 
carpio L.). There are many studies in last years, which pay attention to mercury concentration in tissues 
of common carp fished in Czech ponds and reservoirs.  (Kruzikova et al. 2013, Cerveny et al. 2014). 

It is generally known that mercury can be found in the aquatic environment in various chemical 
forms that include elemental, inorganic and organic mercury (Zhou et al. 2008). Mercury species build 
in aquatic environs strong complexes with some natural ligands. The formation of these complexes 
reduces content of the Hg free-ion form, which has greater chemical reactivity and has been shown to 
be more bioavailable (Roditi et al. 2000, Guo et al. 2001). In our work we choose humic acid and 
chloride ions as studied ligands.  
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The goal of this study was to determine the distribution of mercury in the selected tissues (skin, 
fish scales, kidneys, muscle, liver and gills) of common carp (Cyprinus carpio L.) in the presence of 
various concentration of humic acid (0 mg/l, 1 mg/l, 5 mg/l) and in the presence of various concentration 
of sodium chloride (29 mg/l, 300 mg/l, 1 000 mg/l). 

MATERIAL AND METHODS 
Common carp (carp fingerlings weighting 47.67 ± 4.61 g, 5 fish in each glass fish tanks) were fed 

by granules Screeting F1 PB 40 (2.5 mm) containing 0.018 ± 0.001 mg/kg  total mercury 5 days before 
the start of the experiment. The glass fish tanks (Figure 1A, 1B), were filled with 85 l of tap water spiked 
with 1.5 μg/l mercury enriched in one series of experiment with tree various concentrations of  humic 
acid (0 mg/l, 1 mg/l, 5 mg/l) and in the second series with  sodium chloride (29 mg/l, 300 mg/l, 1 000 
mg/l). During the whole experiment, the concentration of mercury, in the fish tank, were monitored by 
atomic absorption spectrometer AMA 254 (Altec, Czech Republic) (Figure 1C) and were adjusted in 
case of change to the required values. Ten carp fingerlings were deployed in every tank. Carps were not 
fed during experiment. Mercury was accumulated to the fish tissues only from water in glass fish tanks. 
After 72 hours carps were removed from tanks, killed (bleeding by syringe) and individual selected carp 
tissues (skin, fish scales, kidneys, muscle, liver and gills) were analysed.  

Sodium chloride was chosen, because NaCl is in a long-term occurrence of chilodoneosis 
(Chilodonella cyprini) in fish kept in fish tanks or little handling ponds during autumn or spring. In such 
cases NaCl is used in the concentration of 1–2 g/l for 1–2 days. (Svobodova et al. 2007) Humic acid 
were chosen, because HA are presented in natural water and in sediment. Concentration 0 mg/l, 
1 mg/l and 5 mg/l of humic acid was chosen, because this concentration was normally occurs in the 
natural water. (Zhang et al. 2012) 

Figure 1 The glass fish tanks with sodium chloride (A), the glass fish tanks with humic acid (B), atomic 
absorption spectrometer AMA 254 (C) 

 
Determination of total mercury content in the tissues of common carp 

Atomic absorption spectrometer AMA 254 (Altec, Czech Republic) was used for the 
determination of total mercury content in the tissues of common carp and water in glass fish tanks. 
Homogenized solid samples of each fish tissues were directly weighted (10 ± 0.1 mg) into pre-cleaned 
combustion boat, and inserted into the AMA 254 analyser. Water in glass fish tanks was directly dosed 
(100 μl) into pre-cleaned combustion boat, and inserted into the AMA 254 analyser. Samples were dried 
at 120 °C for 60 s and thermally decomposed at 550 °C for 150 s under oxygen flow. Wavelength was 
253.5 nm for analysis of total mercury. The limit of detection for the determination of mercury was 0.11 
μg/kg for carp tissues and 0.11 μg/l for water in glass tank. 



 
MENDELNET 2016 
 

360 | P a g e  

Method validation 
The reference material DORM-4 (fish protein Canada) was used for method validation. 

Concentration of total mercury in reference material measured by AMA 254, 0.409 ± 0.007 
mg/kg, was in very good agreement with certified value 0.410 ± 0.055 mg/kg. 
Statistical analyses 

Statistical analyses of metal content in tissues were made using one-way analysis of variance 
(ANOVA) and statistical significance was declared when p value was equal to or less than 0.05. 

RESULTS AND DISCUSSION 

Content of mercury in selected tissues of common carp (Cyprinus carpio L.) 
Mercury was determined in six selected tissues (skin, fish scales, kidneys, spleen, liver 

and gills) of common carp. The obtained results of mercury concentration (mg/kg) in tissues 
have been summarized in Figure 2.  
Figure 2 Concentration of total mercury in carp tissues (n = 30), commonly used for biomonitoring – 
skin, fish scales and gills 

 
Skin, fish scales and gills were in direct contact with contaminated water. For this reason, 

higher concentration of mercury was in these tissues.  
The concentration of mercury (mg/kg) in muscle and detoxification organs have been summarized 

in Figure 3.  
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Figure 3 Concentration of total mercury in muscle and detoxification organs (n = 30) of common carp 
– muscle, liver, kidneys 

 
Higher concentration of mercury was in kidneys and liver, because these organs are detoxification 

organs for fish. (Watanabe et al. 2012) Concentration of mercury was lower in muscle, because 
experiment took only 72 hours and therefore the mercury was not accumulate to the muscle. 

 It is seen that concentration of mercury in all studied tissues was decreased with increased 
concentration of both of studied ligands, humic acid and sodium chloride. Increasing concentrations of 
sodium chloride was not had influence of humic acid on the uptake mercury. Difference between 300 
mg/l NaCl and 1 000 mg/l NaCl are within the statistical error (p <0.05). This observation corresponded 
with formerly published data of Kruzikova et al. (2011) and Marsalek et al. (2005) who reported 
decreased bioavailability of mercury for aqueous organisms in the presence of humic acid or sodium 
chloride. Dutton and Fisher 2012, studied influence of humic acid on the uptake of aqueous metals by 
the killifish (Fundulus heteroclitus) for 72 hours. The concentration of humic acid was range 0–20 mg/l. 
Content of mercury in tissues of studied fish was decreased with increasing concentration of humic acid. 
The same results were observed by Block et al. 1997, who studied influence of chloride on the uptake 
of mercury by the minnow (Phoxinus phoxinus). Content of mercury in tissues was decreased, when 
chloride was present. Decreasing concentration of mercury (%) in selected tissues (muscle, skin, fish 
scales, kidneys, gills and liver) of common carp, in the presence of chloride and humic acid, have been 
summarized in Table 1.  
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Table 1 Decreasing concentration of mercury (%) in selected tissues (muscle, skin, fish scales, kidneys, 
gills and liver) of common carp 
Tissues  

 
Concentration of  

NaCl (mg/l) 
 
 

Reduction of total  
Hg (%) 

 
 

Concentration of  
HA (mg/l) 

Reduction of total 
Hg (%) 

Muscle  300  -35.0  1 -0.50 
 1 000  -22.4  5 -2.10 

        
Skin  300  -45.2  1 -84.9 

 1 000  -36.5  5 -86.4 
Fish scales  300  -29.9  1 -74.4 

 1 000  -42.3  5 -91.3 
Kidneys  300  -34.1  1 -83.9 
  1 000  -28.5  5 -87.1 
Gills  300  -39.3  1 -85.7 

 1 000  -32.4  5 -93.1 
Liver  300  -22.0  1 -65.6 

 1 000  -23.6  5 -80.0 
HA = humic acid, NaCl = sodium chloride 

Humic acid reduced the accumulation of mercury in the studied tissues highly significantly (by 
65–86%) (p < 0.05)even in the case of low concentration of humic acid (1 mg/l). Muscles formed the 
only exception with mercury reduction of 0.5–2%. On the other hand, sodium chloride reduced mercury 
accumulation by a maximum of 45 %, even though the concentration of NaCl was by three orders of 
magnitude higher than that of humic acid. Humic acid are substances, which strongly reacts with 
mercury, thus creating strong and volumetric large complexes. On the other hand, sodium chloride is 
not creating so strong complexes than as humic acid. (Fernandez-Gomez et al. 2015) 

CONCLUSION 
Increased concentration of both humic acid and sodium chloride in fish tank solution caused 

reduction of mercury accumulation in all studied carp tissues. Humic acids form with mercury strong 
and volumetric large complexes, which are absorbed in living organism much more difficultly than 
mercury complexes with chloride ions.  
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