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Abstract

Sedláčková L., Jarkovský J., Kalina J., Poleszczuk G., Svobodová Z. (2015): A negative correlation between 
mercury content in muscle and body weight in carp from uncontaminated ponds. Czech J. Food Sci., 33: 204–209.

The relationship between body weight and total mercury content in the muscle of common carp (Cyprinus carpio) 
from 13 uncontaminated ponds in South and West Bohemia was investigated. In total, 215 three-years-old marketable 
carps and 26 samples of bottom sediment were analysed. Total mercury contents (THg) in muscle and sediments were 
determined using an single-purpose atomic absorption spectrophotometer. The correlation between body weight and 
mercury content in muscle was found to be negative and statistically significant (Pearson correlation: rp = –0.269, 
P < 0.001). THg content in muscle significantly decreased as the body weight of carp from uncontaminated ponds 
increased. This is likely due to the intensive weight gain of marketable carp. 
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Mercury is a highly dangerous element with an accu-
mulative and persistent character in the environment 
and in biota (Kothny 1973). Fish are known to be a 
suitable bioindicator of the seriousness of mercury 
pollution in freshwater ecosystems (Čelechovská 
et al. 2007; Maršálek et al. 2007; Kružíková et al. 
2008; Kenšová et al. 2012). The mercury content 
increases with age and weight of fish (Cizdziel et al. 
2002; Jewett et al. 2003). The level of accumulated 
mercury is evaluated in fish muscle tissue. Muscle 
is the target tissue for mercury accumulation in fish 
from lightly contaminated localities; on the other 
hand, the target organ is liver, when fish originate 
from heavily contaminated localities (Havelková 
et al. 2008). Muscle tissue is a part of the fish most 
frequently used for human consumption, since mus-
cle tissue is the edible part of the fish (Pirrone & 
Mahaffey 2005). The maximum allowable levels for 

heavy metals in foodstuffs are laid down by Com-
mission Regulation (EC) No. 1881/2006, amended 
by EC 594/2012. Discrete limits for total mercury 
(THg) concentrations are 1 mg/kg for carnivorous 
fish and 0.5 mg/kg for non-carnivorous fish.

According to Celo et al. (2006), inorganic bivalent 
mercury is converted to methylmercury by anaerobic 
sulphate-reducing bacteria in the bottom sediment. 
The methylation of inorganic mercury in sediments 
contributes significantly to the total content of methyl- 
mercury in the aquatic environment (Eisler 2006). 
The accumulation of mercury in fish depends on 
several factors. It depends especially on the amount 
of available inorganic mercury in the sediment/
water column and on trophic interaction. It is also 
important which microorganism is involved in the 
conversion of inorganic mercury into its organic 
form, methylmercury, which is the most toxic form 
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of mercury ( Jackson 1990; WHO 1990). Methyl-
mercury is bioaccumulated and biomagnified in the 
food chain (Celo et al. 2006).

Mercury content in bottom sediments depends on 
the degree of environmental load of the locality and 
on the type of sediment. Sediment samples with a 
predominance of silt and organic components con-
tain higher mercury levels in most cases compared to 
samples of a sandy nature. Other important factors of 
methylation include the existence of anoxic conditions, 
the presence of sulphide and sulphate, the presence of 
nutrients, water pH (Beckvar et al. 1996) and tem-
perature (Ullrich et al. 2001; Huguet et al. 2010). 

Many studies have addressed fish ponds in the Czech 
Republic (Svobodová et al. 1975, 1999; Maršálek et 
al. 2007). Monitoring of the mercury contamination 
of fish in ponds in the Czech Republic is of consider-
able importance, because ponds are the main source 
of Czech freshwater fish production, especially of 
common carp. Carp plays an economically important 
and traditional role in regional food culture. In the 
Czech Republic, it is its massive consumption during 
Christmas. The aim of this study was to evaluate the 
relationship between mercury content in muscle and 
total body weight in carp from 13 uncontaminated 
ponds in South and West Bohemia.

MATERIAL AND METHODS

Common carp. A total of 215 common carps (Cy-
prinus carpio) were caught during August and Sep-
tember each year from 2001 to 2003. The collected 

fish were obtained from a total of 13 fish ponds in 
South and West Bohemia (Figure 1). 

 In all monitored ponds, semi-intensive pond 
farming conditions were applied, i.e. combination 
of natural food and supplemental feeding with ce-
reals (triticale, wheat, barley) (Hůda 2009). Feed-
ing of cereals in ponds is responsible for 25–50% 
of biomass gain, while the remaining production 
arises from the natural food intake (Szumiec 1999; 
Adámek et al. 2008). For carp’s fry, cereals were 
adjusted to coarser pieces by grinding, in two- and 
three-years-old carp the whole grains of cereals were 
used, both unprocessed and mechanically adjusted 
(e.g. by pressing). This technological procedure was 
identical in all monitored ponds. The ponds and their 
sampling locations are shown in Figure 1. The fish 
were caught with a catching net. The fish were then 
weighed, scale samples were taken to determine their 
age, and muscle tissue was collected for analysis. 
The muscle samples were collected from the cranial 
area dorsal to the lateral line. They were placed in 
polyethylene bags, labelled, and stored at –18°C 
until the analyses were carried out. Characteristic 
data from the observed ponds, such as number of 
sampled carps and carp weight are shown in Table 1. 
In this work we considered only three-years-old carp. 
The parameters of weight and age are comparable. 

Sediments. At all the sites, sediment samples (com-
prising a total of 26 samples) were taken and analysed 
for total mercury content both in 2001 and 2003. 
Samples were taken from the surface layer of the 
sediment to a depth of 3 to 10 cm (depending on the 
thickness of the deposited sediment) from at least 

Figure 1. Sampling ponds

1 – Dehtář (246 ha); 2 – 
Bezdrev (450 ha); 3 – Svět 
(201.5  ha); 4  – Spolský 
(137  ha); 5 –  Rožmberk 
(489 ha); 6 – Starý Kanclíř 
(33 ha); 7 – Horusický 
(416  ha); 8. – Dřemliny 
(75 ha); 9 – Čežárka (5.5 ha); 
10 – Tovaryš (15 ha); 11 – 
Buzický (55.8 ha); 12 – Re-
gent (52  ha); 13 – Nejda 
(9.6 ha)
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5 sampling sites within one locality. After sampling 
from several sites, the sediment was mixed, homog-
enised, and stored in plastic, glass or stainless steel 
sample containers. Then, at a temperature of 4°C, the 
sample containers were transported to a workplace, 
where they were immediately frozen. In their frozen 
state, the samples were transferred to laboratories.  

Determination of total mercury (THg). The con-
tents of THg in the muscle of common carp and in 
bottom sediment were determined using an AMA 
254 (Altec Ltd., Prague, Czech Republic) analyser. 
This method does not require any sample prepara-
tion. The limit of THg detection was 1 μg/kg. The 
limit of detection was set as the sum of the triple 
standard deviation of a blank and the  blank mean 
value. The accuracy of THg values was validated us-
ing the BCR-CRM 464 standard reference material 
(Tuna Fish, IRMM, Belgium). 

The wavelength employed was 253.65 nm, and 
reproducibility was below 1.5%. The temperature 
program parameters for sediment were set to the 
values 10/150/45, meaning 10 s for drying, 150 s for 
decomposition, and 45 s waiting time. The temperature 
program parameters for muscle were 60/150/45. For 
each sample, two independent measurements were 
performed. The AMA 254 computed the mean and 
the standard deviation. If the standard deviation was 
higher than 10%, the measurement was repeated. 

Determination of organic matter in sediment. In 
a dried and weighed Petri dish, about 5 g of sediment 
was weighed to the nearest 10 mg. The open Petri 

dish containing the sediment sample was placed 
into an oven at 105°C and dried, alongside the lid, 
to a uniform weight (heating time, about 3 h). After 
drying, the closed Petri dishes were placed in a des-
iccator. After cooling (for 45 min at least), the Petri 
dishes were weighed to the nearest 10 mg. This was 
followed by the combustion of organic matter in the 
dry matter. Dry matter in Petri dish was combusted 
in a furnace where the temperature was gradually 
growing up to 550°C. At this temperature, the Petri 
dish was kept for 2 hours. This temperature causes 
the combustion of organic substances. The differ-
ence between dry matter weights before and after 
combustion expresses an amount of organic matter.

Statistical analysis. Standard parametric descrip-
tive statistics were applied in the analysis – the dis-
tribution of the data allowed the provision of a mean 
supplemented by a 95% confidence interval. Analysis 
of variance (ANOVA) was followed by Tukey’s HSD 
test for the identification of homogeneous groups 
of ponds and was used for analysis of the statistical 
significance of differences in weight and Hg content 
between the ponds. The expected relationship between 
the total weight of each individual fish and the con-
tent of Hg in its muscle was tested using the Pearson 
and Spearman correlation coefficients both for the 
entirety of the data and individually for each site, 
yielding very close results that excluded a statistically 
significant dependence between body weight and the 
Hg content in muscles. P < 0.05 was used as the level 
of statistical significance in all analyses. The analysis 

Table 1. Main characteristics of carp and total mercury contents in the muscle tissue of common carp from 13 ponds 
(overall significance of ANOVA for both variables P < 0.001)

Ponds n Mean weight (95% CI) (g) Mean Hg content (95% CI) (mg/kg)
Dehtář 15  1387 (1184–1591)abd 0.104 (0.077–0.132)e

Bezdrev 20  1858 (1392–2324)a 0.030 (0.023–0.037)b

Svět 15  1046  (693–1398)bcd 0.037 (0.031–0.042)bdf

Spolský 16 1377 (1170–1583)abd 0.039 (0.031–0.047)bdf

Rožmberk 18 1383 (1180–1586)ab 0.032 (0.025–0.040)b

Starý Kanclíř 15 1435 (1256–1615)ab 0.032 (0.027–0.038)bd

Horusický 15 1744 (1328–2161)ac 0.020 (0.017–0.023)b

Dřemliny 19 1295 (1079–1511)abd 0.022 (0.019–0.025)b

Čežárka 13    665  (496–833)de 0.060 (0.053–0.066)cd

Tovaryš 20 1209 (1025–1394)bcd 0.026 (0.021–0.031)b

Buzický 20  1208  (836–1579)bcd 0.026 (0.022–0.030)b

Regent 15    983  (705–1262)bdf 0.071 (0.055–0.087)c

Nejda 14    940  (850–1030)be 0.061 (0.048–0.074)cf

Homogeneous groups of samples are defined on the basis of Tukey’s HSD post hoc test and denoted by letters a–f; n – number 
of sampled fish; CI – confidence interval
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was conducted in R studio version 0.96.331 of the R 
statistical programming language version 2.15.1.

RESULTS 

In 2001 and 2003, sediment samples were obtained 
from 13 fish ponds in South and West Bohemia. The 
mercury content of the sediment ranged from 0.5 to 
2 mg/kg of organic matter. The highest total mercury 
contents were measured in sediments from the Čežárka 
pond in 2001 and the Tovaryš pond in 2003 (Figure 2).

Fish age and fish weight was comparable. Carp 
from the Bezdrev pond (1858 g) had the highest mean 
weight. The lowest mean weight was measured in 
the Čežárka pond (665 g).

Total mercury content was measured in the muscle 
of common carp. Carp is an omnivorous fish that pre-
fers benthic foods. The contents of THg in the muscle 
of marketable common carp from 13 fish ponds are 
shown in Table 1. Total mercury values ranged from 
0.017 mg/kg to 0.137 mg/kg. The highest content 
of total mercury was determined in carp from the 
Dehtář pond (mean 0.104 mg/kg). The lowest was in 
carp from the Horusický pond (mean 0.020 mg/kg).  
Fish from the Horusický pond had the greatest weight 
and the lowest content of total mercury. Fish from 
the Čažárka, Regent, and Nejda ponds had the lowest 
weight and the highest total mercury content. All 
measured values of total mercury in the muscles of 
carp were below the hygienic limit.

The correlations between total fish weight and 
total muscle mercury content from 13 fish ponds 

are shown in Table 2. In all ponds the correlations 
were negative, with the correlations statistically 
significant in the Dehtář (rp=–0.603, P = 0.017), 
Tovaryš (rp = –0.557, P = 0.011) and Regent ponds 
(rp = –0.523, P = 0.045).

THg content in muscle significantly decreased as the 
body weight of carp increased (Figure 3). The Pearson 
and Spearman correlation coefficients were computed. 
The total Pearson correlation was rp = –0.269, P < 0.001; 
the total Spearman correlation was rs = –0.382, P < 
0.001. A negative correlation was confirmed. 

DISCUSSION

In 2001, the lowest concentration of total mercury 
was found in sediment recovered from the Horusický 

Table 2. Correlations between the total fish weight of each pond group and the content of total mercury in muscle

Ponds Pearson correlation rp P Spearman correlation rs P

Dehtář –0.603 0.017 –0.660 0.007
Bezdrev –0.357 0.122 –0.574 0.008
Svět 0.240 0.390 0.099 0.727
Spolský –0.247 0.357 –0.237 0.378
Rožmberk –0.161 0.522 –0.347 0.159
Starý Kanclíř –0.142 0.614 –0.256 0.357
Horusický –0.449 0.094 –0.523 0.045
Dřemliny –0.007 0.978 –0.110 0.654
Čežárka –0.316 0.292 –0.330 0.271
Tovaryš –0.557 0.011 –0.588 0.006
Buzický –0.386 0.092 –0.492 0.028
Regent –0.523 0.045 –0.509 0.052
Nejda –0.400 0.157 –0.446 0.112

Figure 2. Total mercury contents (mg/kg of organic matter) 
in sediments from 13 fish ponds

 

2001
2003

T
H

g 
(m

g/
kg

)

3.0

2.5

2.0

1.5

1.0

0.5

0

D
eh

tá
ř

Be
zd

re
v

Sv
ět

Sp
ol

sk
ý

Ro
žm

be
rk

St
ar

ý 
K

an
cl

íř

H
or

us
ic

ký

D
ře

m
lin

y

Č
ež

ár
ka

To
va

ry
š

Bu
zi

ck
ý

Re
ge

nt

N
ej

da



208

Food Chemistry and Safety Czech J. Food Sci., 33, 2015 (3): 204–209

doi: 10.17221/165/2014-CJFS

pond, and later from the Starý Kanclíř and Horusický 
ponds in 2003. All the analysed sediment samples were 
classified as uncontaminated by mercury. Rozanski 
(2009) stated that it is an uncontaminated pond if 
the total mercury content does not exceed 2 mg/kg. 

Maršálek et al. (2007) reported results of mercury 
content monitoring in the carp (Common carp) muscle 
from four ponds of the Czech Republic (Rožmberk, 
Spolský, Nezmar, and Velký Bědný). The mercury 
content in muscle was very low (0.019–0.063 mg/kg).  
These ponds are uncontaminated by mercury, as 
well as those in our work. 

It is obvious from the results that total mercury con-
tent in the body of carp depends on its weight. Carp 
with a high weight have low total mercury contents. 
Hejtmánek and Svobodová (1978) provided similar 
results. They carried out an experiment in which fish 
were fed mercury-contaminated feed for a certain time. 
They observed a gradual relative decrease in total 
mercury content in the organs, but did not detect a 
decrease in the absolute amount of total mercury in 
the hepatopancreas or in the kidneys. The decrease 
in the relative quantity of total mercury was likely 
due to an increase in the weight of these organs in 
the period of feeding with feed uncontaminated by 
mercury. It follows that the fixed levels of mercury in 
the hepatopancreas and in kidneys were not excreted 
under the given experimental conditions. The negative 
correlation between total mercury content and fish 
weight found in our work is not consistent with the 
work of various authors who have shown a positive 
correlation between the concentration of total mercury 

and age (Cizdziel et al. 2002; Jewett et al. 2003) 
and between the concentration of total mercury and 
body weight (Farkas et al. 2003; Kenšová et al. 2012) 
in fish. Mercury bioaccumulation in predators is the 
highest one due to their position in the food chain 
(Yingcharoen & Bodaly 1993). Kružíková et al. 
(2011) also reported in their work that high values of 
Hg in older fish of higher weight, especially predatory 
species, are not surprising. 

CONCLUSIONS

It follows from the results that total mercury content 
in the muscle of marketable carp from uncontami-
nated ponds decreases with increasing body weight. 
This is likely due to the intensive weight gain. 

Acknowledgements. The authors would like to thank 
Matthew Nicholls for English corrections.

R e f e r e n c e s

Adámek Z., Berka R., Hůda J. (2008): Carp as a traditional 
food fish from pond aquaculture of the Czech Republic. 
World Aquaculture, 33: 415–423.

Beckvar N., Field J., Salazar S., Hoff R. (1996): Contami-
nants in aquatic habitants at hazardous waste sites: 
mercury. NOAA, Technical Memorandum, NOS ORCA 
100. Seattle, National Oceanic and Atmospheric Ad-
ministration, Hazardous Materials Response and As-
sessment Division.

0	 1000	 2000	 3000	 4000

Body weight (g)

H
g 

(m
g/

kg
)

0.20

0.15

0.10

0.05

0

Figure 3. Correlation plot of body weight 
(m) and THg content in muscle

Pearson correlation: rp = –0.269, P < 0.001
Spearman correlation: rs = –0.382, P < 0.001



209

Czech J. Food Sci., 33, 2015 (3): 204–209 Food Chemistry and Safety

doi: 10.17221/165/2014-CJFS

Celo V., Lean D.R.S., Scott S.L. (2006): Abiotic methylation of 
mercury in the aquatic environment. Science of the Total 
Environment, 368: 126–137.

Cizdziel J.V., Hinners T.A., Pollard J.E., Heithmar E.M., Cross 
C.L. (2002): Mercury concentrations in fish from Lake 
Mead, USA, related to fish size, condition, trophic level, 
location, and consumption risk. Archived of Environmental 
Contamination and Toxicology, 43: 309–317.

Čelechovská O., Svobodová Z., Žlábek V., Macharačková B. 
(2007): Distribution of metals in tissues of the common carp 
(Cyprinus carpio L.). Acta Veterinaria Brno, 76: S93–S100.

Eisler R. (2006): Mercury Hazards to Living Organisms. New 
York, CRC Press.

Farkas A., Salanki J., Specziar A. (2003): Age- and size-spe-
cific patterns of heavy metals in organs of freshwater fish 
Abramis brama L. populating a low contaminated site. 
Water Resources, 37: 959–964.

Havelková M., Dušek L., Némethová D., Poleszczuk G., Svo-
bodová Z. (2008): Comparison of mercury distribution be-
tween liver and muscle – a biomonitoring of fish from lightly 
and heavily contaminated localities. Sensors, 8: 4095–4109.

Hejtmánek M., Svobodová Z. (1978): Total mercury content 
in the tissues and organs of the carp (Cyprinus carpio L.) 
after ingestion of feed contaminated with mercury. Bulletin 
VÚRH Vodňany, 1: 18–23.

Hůda J. (2009): Cereals efficiency in market carp farming. 
[Ph.D. Thesis.] České Budějovice, University of South Bo-
hemia.

Huguet L., Castelle S., Schäfer J., Blanc G., Maury-Brachet 
R., Reynouard C., Jorand F. (2010): Mercury methylation 
rates of biofilm and plankton microorganisms from a hy-
droelectric reservoir in French Guiana. Science of the Total 
Environment, 408: 1338–1348.

Jackson T.A. (1990): Biological and environmental control 
of mercury accumulation by fish in lakes and reservoirs of 
northern Manitoba, Canada. Canadian Journal of Fisheries 
and Aquatic Sciences, 44: 3–13. 

Jewett S.C., Zhang X., Sathy Naidu A., Kelly J.J., Dasher D., 
Duffy L.K. (2003): Comparison of mercury and methyl-
mercury in northern pike and arctic grayling from western 
Alaska rivers. Chemosphere, 50: 383–392.

Kenšová R., Kružíková K., Svobodová Z. (2012): Mercury spe-
ciation and safety of fish from important fishing locations 
in the Czech Republic. Czech Journal of Food Sciences, 30: 
276–284.

Kothny E.L. (ed.) (1973): Trace Elements in the Environment. 
Washington, American Chemical Society, Advances in 
Chemistry Series 123.

Kružíková K., Randák T., Kenšová R., Kroupová H., Leon-
tovyčová D., Svobodová Z. (2008): Mercury and methyl-
mercury concentration in muscle tissue of fish caught in 
major rivers of the Czech Republic. Acta Veteterinaria 
Brno, 77: 637–643.

Kružíková K., Dušek L., Jarkovský J., Hejtmánek M., Vostra-
dovský J., Poleszczuk G., Svobodová Z. (2011): Long-term 
monitoring of mercury content in fish from the Želivka 
Reservoir-syndrom of newly filled reservoir. International 
Journal of Electrochemical Science, 6: 5956–5967.

Maršálek P., Svobodová Z., Randák T. (2007): The content 
of total mercury and methylmercury in common carp 
from selected Czech ponds. Aquaculture International, 
15: 299–304.

Pirrone N., Mahaffey K.R. (2005): Dynamics of Mercury Pol-
lution on Regional and Global Scales: Atmospheric Pro-
cesses and Humans Exposures around the World. New 
York, Springer.

Rozanski S. (2009): The content of mercury in arable soils con-
sidering pedogenic, lithogenic and anthropogenic factors. 
Fresenius Environmental Bulletin, 18: 1161–1166.

Svobodová Z., Studnická M., Hejtmánek M. (1975): Total 
mercury content in fish muscles in fish muscles and in the 
sediments of ponds fed by the river Blanice in the district 
of Vodňany. Bulletin VÚRH Vodňany, 1: 18–20.

Svobodová Z., Randák T., Vykusová B. (1999): Results of moni-
toring the contents of metals and of selected organic pollut-
ants in muscles of common carp from ponds of South and 
Western Bohemia. Bulletin VÚRH Vodňany, 33: 194–213. 

Szumiec J. (1999): Intenzivní chov kaprav rybnících. Bulletin 
VÚRH Vodňany, 4: 165–167.

Ullrich S.M., Tanton T.W., Abdrashitova S.A. (2001): Mercury 
in the aquatic environment: A review of factors affecting 
methylation. Critical Reviews in Environmental Science 
and Technology, 31: 241–293.

WHO (1990): Environmental Health Criteria 101: Methylmer-
cury. Geneva, World Health Organization.

Yingcharoen D., Bodaly R.A. (1993): Elevated mercury levels 
in fish resulting from reservoir flooding in Thailand. Asian 
Fisheries Science, 6: 73–80.

Received: 2014–03–24
Accepted after corrections: 2014–12–16

Corresponding author:

Mgr. Lenka Sedláčková, Veterinární a farmaceutická univerzita Brno, Fakulta veterinární hygieny a ekologie, Ústav 
veřejného veterinářství, ochrany zvířat a welfare, Palackého tř. 1/3, 612 42 Brno, Česká republicka; E-mail: lensedl@email.cz 


