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1. Introduction

Fish is a very important food in the human diet 
because it is rich in essential nutrients, primarily 
omega-3 fatty acids, vitamins and minerals, which 
have a beneficial effect on the cardiovascular sys-
tem, brain, vision and immune system. Howev-
er, considering the pollution of aquatic ecosystems, 
fish also contain toxic substances, such as persis-
tent organohalogen compounds and heavy metals. 

Among the heavy metals, the presence of mercury 
(Hg) is mainly associated with fish.

Mercury is found in nature as elemental, and 
in inorganic and organic compounds. Mercury and 
mercury compounds were used in the production of 
plastic materials and caustic soda, in thermometers 
and electrical switches, and as fungicides, and today, 
Hg is still used in dental amalgam. Of the organ-
ic compounds in the environment, methylmercury 
(MeHg) is the most common and most toxic (ATSDR, 
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1999). The International Organization for Research 
on Cancer (IARC) classifies MeHg in group 2B, i.e., 
as a possible human carcinogen, while elemental Hg 
and inorganic Hg compounds are not classified as 
carcinogens (IARC, 1993). Methylation of Hg is the 
result of microbial activity and is of primary impor-
tance for the circulation of Hg in the environment 
and for Hg toxicity, because methylation results in 
a stable liposoluble compound with good resorp-
tive properties that passes through the blood-brain 
and placental barriers (Ersoy and Çelik, 2010; Mer-
ritt and Amirbahman, 2009; Saei-Dehkordi et al., 
2010). Thanks to accumulation in aquatic organisms 
and their predators, MeHg levels in these animals 
reach several times higher than those in water. 

The dominant intake of Hg in humans is 
through food, and over 90% of ingested Hg comes 
from fish and fish products. Methylmercury is very 
well resorbed from the digestive tract (90%), while 
the resorption of inorganic Hg compounds is very 
low, only about 8%. The half-life of Hg in humans 
is 70 days, and it is excreted in saliva, urine, faeces 
and milk. The toxic effect of Hg is caused by it bind-
ing to sulfhydryl and other groups of proteins and 
by changing their structure and function (ATSDR, 
1999). Much information about the toxicity of MeHg 
was obtained after the accidents in Iraq (Bakir et al., 
1973) and the Japanese cities of Minamata and Nii-
gata (Irukayama et al., 1977). Inorganic compounds 
of Hg and elemental Hg have low toxicity due to 
poor resorption. The exceptions are HgCl2 and Hg 
vapor, which can be absorbed through the lungs and 
enter the bloodstream directly. Unlike Hg2+, which is 
predominantly nephrotoxic and accumulates in the 
kidneys, organic Hg is neurotoxic. Methylmercury 
damages neurons and leads to diffuse encephalopa-
thy causing sensory, motor and cognitive disorders. 
Given that Hg passes through the placenta, a tera-
togenic effect can occur. Genotoxicity in the form 
of chromosomal aberrations caused by the binding 
of Hg to sulfhydryl groups on RNA and DNA has 
also been proven (ATSDR, 1999; WHO, 1990). It 
is important to note that MeHg can cause harmful 
effects on the nervous system, primarily in children, 
even at relatively low levels of exposure (Davidson 
et al., 1995; Grandjean et al., 1997). 

According to the available data, the intake of 
fish in Serbia is relatively small. Carp, trout, hake, 
mackerel, sardine, sprat and tuna are the most com-
monly consumed fish species. The aim of this work 
was to evaluate the intake of Hg through consumed 
fish in different population groups of Serbia (tod-

dlers, adults, pregnant women), based on the exam-
ination of the content of Hg in fish and the estimat-
ed intake of fish.

2. Materials and methods

A total of 723 samples of fish and fish prod-
ucts from the Serbian market were tested in the peri-
od 2023-2024 for Hg concentration. The following 
types of fish were tested: hake (n= 253), mackerel 
(n= 88), sprat (n= 28), tuna (n= 34), salmon (n= 72), 
sea bass (n= 30), sea bream (n= 33), carp (n= 26), 
trout (n= 48), as well as canned sardine (n= 19) and 
canned tuna (n= 92).

After homogenization, the samples were pre-
pared by microwave digestion using nitric acid 
(67% Trace Metal Grade, Fisher Scientific, Bish-
op, UK). The determination of the 202Hg isotope was 
performed using inductively coupled plasma mass 
spectrometry (ICP-MS) on an iCap Qc instrument 
(Thermo Scientific, Bremen, Germany), in the kinet-
ic energy discrimination (KED) mode. Basic oper-
ating conditions of the instrument were: RF power 
(1550 W); cooling gas flow (14 L/min); nebuliz-
er flow (1 L/min); collision gas flow (1 mL/min); 
dwell time (10 ms). Standard stock solution contain-
ing 1000 mg/L of Hg was purchased from CPAchem 
(Bogomilovo, Bulgaria). This solution was used to 
prepare standards for five-point calibration curves 
(including zero). A multi-element internal stand-
ard (6Li, 45Sc, 71Ga, 89Y and 209B) was used to 
correct the results due to fluctuations in the system 
itself. A reference material (NIST 1577c - beef liver, 
Gaithersburg, Maryland, USA) was used for quality 
control of the assay. 

Descriptive statistics data analysis was per-
formed using Microsoft Office® Excel.

3. Results and discussion

Levels of Hg in different fish and fish prod-
ucts from the Serbian market are shown in Table 1. 
Results are presented as mean ± standard deviation 
(sdev).

The Hg content was not exceeded the maxi-
mum permitted amounts prescribed by the current 
Rulebook of the Republic of Serbia (Serbia, 2025) 
in the analysed samples. As expected, considering 
the fish size, age and diet, the highest concentration 
of Hg was found in tuna – a maximum of 0.969 µg 
g-1, mean of 0.274 µg g-1. The fish with the lowest 
Hg content was trout, with a mean of 0.009 µg g-1.  
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The obtained data are comparable to the results 
available in the professional literature. Some devia-
tions can be explained by variations in the examined 
fish (species and subspecies), and the different ori-
gins and ages of the fish (Brodziak-Dopierała and 
Fischer, 2023; U.S. Food and Drug Administration, 
2012; Nina Bilandžić et al., 2017, FRIDA, 2025.) 

Table 2 shows the estimated weekly intake of 
Hg in three population groups in Serbia based on 
the obtained concentrations of Hg in fish and fish 
products and the estimated intake of individual fish 
(EFSA Database, 2024). As Hg in fish is mainly 
found in the form of MeHg, i.e.,  up to 100% is in 
this form (Norwegian Scientific Committee for Food 
and Environment, 2019), we corrected the values 
obtained for Hg intake by a factor of 1.075 (atom-
ic mass of Hg – 200.56 g mol-1, molecular mass of 
MeHg – 215.63 g mol-1) and obtained the weekly 
intake of MeHg. The EFSA Scientific Panel on Con-
taminants in the Food Chain (CONTAM) has estab-
lished a tolerable weekly intake (TWI) of 1.3 µg kg-1 
body weight (bw) for MeHg and 4 µg kg-1 bw for 
inorganic Hg (EFSA, 2012).

Based on the results, it can be concluded that 
the intake of MeHg in the adult population and in 
pregnant women is almost the same, while it is twice 
as high in children. Nevertheless, the calculated haz-
ard index (HI = weekly intake of MeHg/TWI) for 
the population of children is low, just 0.10, which 
leads us to the conclusion that there is no unaccep-
table risk of consuming fish from the aspect of toxic 
effects of ingested Hg, i.e., the risk is acceptable. The 
HIs obtained in studies around the world also show a 
low risk, and its value is primarily determined by the 
food consumed, i.e., the prevalence of fish in the die-
tary habits of certain countries. As Serbia belongs to 
the countries with a low proportion of fish in the diet, 
it is understandable that the intake of Hg is low, but 
on the other hand, the benefit from the positive nutri-
tional characteristics of fish as a food is also low.

From the available literature data, it can be con-
cluded that Hg intake is correlated with the share of 
fish in the diet. Significantly higher amounts of Hg 
intake were obtained in countries where the diet 
mostly is based on fish or in locations with a high-
ly polluted environment. Thus, the population of the 

Table 1. Concentration of Hg in fish and fish products on the market in Serbia

Fish/
fish products

Number of 
samples

min Hg, 
µg g-1

max Hg, 
µg g-1

mean Hg ± sdev, 
µg g-1

Hake 253 0.002 0.222 0.032 ± 0.027
Mackerel 88 0.009 0.128 0.031 ± 0.020
Sprat 28 0.008 0.049 0.019 ± 0.014
Tuna 34 0.017 0.969 0.274 ± 0.240
Salmon 72 0.001 0.043 0.017 ± 0.009
Sea bass 30 0.001 0.077 0.038 ± 0.015
Sea bream 33 0.014 0.089 0.036 ± 0.020
Carp 26 0.003 0.042 0.011 ± 0.010
Trout 48 0.002 0.023 0.009 ± 0.005
Caned sardines 19 0.005 0.105 0.034 ± 0.028
Canned tuna 92 0.008 0.804 0.077 ± 0.108

Table 2. The estimated weekly intake of Hg/MeHg for three population groups in Serbia

Population group Mean fish intake, 
g kg-1 bw per day

Hg intake,
µg kg-1 bw per week

MeHg intake,
µg kg-1 bw per week

Toddlers 0.564 0.115 0.124
Adults 0.226 0.062 0.067
Pregnant women 0.233 0.061 0.065

bw - body weight
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Faroe Islands consumes an average 3.6 µg kg-1 bw of 
Me per week (Weihe et al., 1996), while the estimat-
ed intake of Hg in Greenland is as much as 846 μg Hg 
per week, which for a person weighing 70 kg would 
represent an intake of 12.1 µg kg-1 bw per week or 9.3 
times the tolerable intake (Johansen et al., 2000).

A study of Hg intake in Portugal showed that 
the population aged 17 to 74 years averaged 1.25 µg 
kg-1 bw/week, while the intake of women aged 18 to 
45 years was slightly lower – 1.13 µg kg-1 bw/week 
(Vasco et al., 2025). Lee et al. (2006) estimated that 
the weekly intake for a South Korean adult with an 
average bw of 55 kg is 0.21 µg kg-1 bw. The average 
Hg daily intake of children in the Jinhu area of China 
was 0.14 µg kg-1 bw, which in relation to TWI rep-
resents 74% of the recommended safe intake level 
(Sun et al., 2011). In the adult population of France, 
the estimated intake of 0.895 µg kg-1 bw was lower 
than the tolerable value (Leblanc et al., 2005), but 
at the same time, higher than the estimated intake 
in Serbia in our study. Low values of Hg intake 
were obtained by Puklova et al. (2010) in the Czech 
Republic. They estimated that the Hg weekly food 

intake averages only 0.08 µg/kg bw. The authors 
explain such a low value by the small proportion of 
fish in the diet of the Czech population. Also, higher 
values of the estimated intake of Hg in Serbia were 
obtained in a study in which 20 European countries 
participated in the period 2004-2011, when levels 
were, for the adult population 0.24 µg kg-1 bw, and 
for children 0.32 µg kg-1 bw (EFSA, 2012). 

4. Conclusion

This study aimed to evaluate the intake of Hg/
MeHg through the consumption of fish and fish 
products among different population groups in Ser-
bia. Compared to tolerable values, there is no unac-
ceptable risk of harmful effects of Hg ingested 
through fish. The HI for all three population groups 
is far below 1, with a maximum of 0.10 for children. 
There is, therefore, an opportunity to increase the 
share of fish in the diet in order to achieve positive 
effects, both nutritional and health, without signifi-
cantly increasing the risk of the toxic effect of Hg as 
an undesirable component of fish flesh.

Disclosure Statement: No potential conflict of interest was reported by the authors.

Funding: This study was supported by the Ministry of Science, Technological Development and Innovation, 
Republic of Serbia, Grant No. 451-03-136/2025-03/200050 from 04.02.2025.

References

ATSDR, (1999). Toxicological profile for mercury, U.S. De-
partment of health and human services, Public Health Ser-
vice, Agency for Toxic Substances and Disease Registry. 

Bakir, F., Damliji, S. F., Amin-Zaki, L., Murtadha, M., Kha-
lidi, A., Al-Rawi, N. Y., Tikriti, S., Dhahir, H. I., Clark-
son, T. W., Smith, J. C., & Doherty, T.W. (1973). MeHg 
poisoning in Iraq. Science, 181, 230–241. https://doi: 
10.1126/science.181.4096.230.

Bilandžić, N., Sedak, M., Čalopek, B., Đokić, M., Solomun 
Kolanović, B., Varenina, I., Božić, Đ., & Ines Varga. 
(2017). Koncentracije žive u različitim vrstama riba. Vet-
erinarska stanica, 48(4).

Brodziak-Dopierała, B., & Fischer, A. (2023). Analysis of the 
Mercury Content in Fish for Human Consumption in Po-
land. Toxics,11(8),717. https://doi: 10.3390/toxics11080717.

Davidson, P., Myers, G., Cox, C., Shamlaye, C., Clarkson, 
T., Marsh, D., Tanner, M., Berlin, M., Sloane-Reves, J., 
Cernichiari, E., Choisy, O., &, Chor A. (1995). Longi-
tudinal neurodevelopmental study of Seychellois children 
following in utero exposure to MeHg from maternal fish 
ingestion: Outcomes at 19 and 29 months. Neurotoxicolo-
gy, 16, 677–688. PMID: 8714872.

EFSA, (2012). Scientific Opinion on the risk for public health re-
lated to the presence of mercury and methylmercury in food. 

EFSA Journal, 10(12), 2985. https://doi.org/10.2903/j.
efsa.2012.2985.

EFSA Comprehensive European Food Consumption Data-
base, (2024). Retrieved from: https://www.efsa.europa.
eu/en/microstrategy/foodex2-level-7.

Ersoy B, & Çelik M. (2010). The essential and toxic elements 
in tissues of six commercial demersal fish from east-
ern mediterranean sea. Food and Chemical Toxicology, 
48(5),1377‒1382. https://doi: 10.1016/j.fct.2010.03.004.

FRIDA, (2025). The National Food Institute, Technical Uni-
versity of Denmark, The Danish Food Composition Data-
base Version 5.4 - May 2025. Retrieved from: https://fri-
da.fooddata.dk/

Grandjean, P., Weihe, P., White, R., Debes, F., Araki, S., 
Yokoyama, K., Murata, K., Sorensen, N., Dahl, R., 
& Jorgensen, P. (1997). Cognitive deficit in 7-year-old 
children with prenatal exposure to methylmercury. Neu-
rotoxicology and Teratology, 19, 417–28. https://doi.
org/10.1016/S0892-0362(97)00097-4

IARC, (1993). International Agency on Research of Cancer. 
Mercury and Mercury compounds. ARC Summaries 
and Evaluations (Internet). 1993. Retrieved from: http://
inchem.org/documents/iarc/vol58/mono58-3.html

559

https://doi.org/10.2903/j.efsa.2012.2985
https://doi.org/10.2903/j.efsa.2012.2985
https://frida.fooddata.dk/
https://frida.fooddata.dk/
https://doi.org/10.1016/S0892-0362(97)00097-4
https://doi.org/10.1016/S0892-0362(97)00097-4
http://inchem.org/documents/iarc/vol58/mono58-3.html
http://inchem.org/documents/iarc/vol58/mono58-3.html


Saša Janković et al.� Assessment of Mercury intake through fish consumption among different population groups in Serbia

Irukayama, K., Tsubaki, T., Shirakawa. K., Hirota, K., Kon-
do, K., Sato, T., & Kanbayashi, K. (1977). History and 
background, In Tsubaki T & Irukayama K (Eds.), Mi-
namata Disease, 1–102.

Johansen, P., Pars, T., & Bjerregaard, P. (2000). Lead, cadmi-
um, mercury and selenium intake by Greenlanders from lo-
cal marine food. The Science of the Total Environment, 245, 
187‒94. https://doi.org/10.1016/S0048-9697(99)00443-X. 

Leblanc, J. C., Guérin, T., Noël, L., Calamassi-Tran, G., Vol-
atier, J. L., & Verger, P. (2005). Dietary exposure esti-
mates of 18 elements from the 1st French Total Diet Study. 
Food Additives & Contaminants, 22(7), 624–641. https://
doi.org/10.1080/02652030500135367.

Lee, H., Cho, Y., Park, S., Kye, S., Kim, B., Hahm, T., Kim, 
M., Lee, J. O., & Kim, C. (2006). Dietary exposure of 
the Korean population to arsenic, cadmium, lead and mer-
cury. Journal of Food Composition and Analysis, 19, S31-
S7149. https://doi.org/10.1016/j.jfca.2005.10.006

Merritt, K. A., & Amirbahman, A. (2009). Mercury methyl-
ation dynamics in estuarine and coastal marine environ-
ments-A critical review. Earth-Science Reviews, 96(1‒2), 
54‒66. https://doi.org/10.1016/j.earscirev.2009.06.002.

Norwegian Scientific Committee for Food and Environment, 
(2019). Scenario calculations of mercury exposure from 
fish and overview of species with high mercury concen-
trations, Opinion of the Panel on Contaminants of the 
Norwegian Scientific Committee for Food and Environ-
ment 05.04.2019 ISBN: 978-82-8259-319-9 ISSN: 2535-
4019 (VKM) Po 4404 Nydalen N – 0403 Oslo Norway. 

Puklova, V., Krskova, A., Cerna, M., Cejchanova, M., Re-
hurkova, I., Ruprich, J., Kratzer, K., Kubinova, R., & 
Zimova, M. (2010). The mercury burden of the Czech 
population: An integrated approach. International Journal 

of Hygiene and Environmental Health, 213, 243–251.  
https://doi.org/10.1016/j.ijheh.2010.02.002.

Saei-Dehkordi, S. S., Fallah, A. A., & Nematollahi, A. (2010). 
Arsenic and mercury in commercially valuable fish spe-
cies from the Persian gulf: Influence of season and hab-
itat. Food and Chemical Toxicology, 48(10), 2945‒2950. 
https://doi.org/10.1016/j.fct.2010.07.031.

Serbia, (2025). Pravilnik o maksimalnim koncentracijama 
određenih kontaminenata u hrani. Službeni glasnik RS, 
73/24, 90/24, 47/25 i 61/25. 

Sun, J., Wang, C., Song, X., Wu, Y., Yuan, B., & Liu, P. 
(2011). Dietary intake of mercury by children and adults 
in Jinhu area of China. International Journal of Hygiene 
and Environmental Health, 214, 246–50. https://doi.
org/10.1016/j.ijheh.2011.03.002.

U.S. Food and Drug Administration, (1990-2012). Mercu-
ry Levels in Commercial Fish and Shellfish. Retrieved 
from: https://www.fda.gov/food/environmental-contam-
inants-food/mercury-levels-commercial-fish-and-shell-
fish-1990-2012. 

Vasco, E., Dias, M.G. & Oliveira, L. (2025). Mercury Expo-
sure Assessment from the First Harmonised Total Diet 
Study in Portugal. Expo Health, 17, 119–152. https://doi.
org/10.1007/s12403-024-00649-1 

Weihe, P., Grandjean, P., Debes, F., & White, R. (1996). 
Health implications for Faroe Islanders of heavy met-
als and NDL-PCBs from pilot whales. The Science 
of the Total Environment, 186,141‒148. https://doi.
org/10.1016/0048-9697(96)05094-2.

WHO, (1990). International program on chemical safety, Envi-
ronmental Health Criteria, 101: Methylmercury, Geneva, 
Switzerland, 1990.

Authors info 
Saša Janković, https://orcid.org/0000-0002-5223-6993
Nikola Borjan, https://orcid.org/0000-0003-4067-3755
Milenko Babić, https://orcid.org/0009-0006-6467-6757
Ognjen Krnjaja, https://orcid.org/0009-0005-2242-0457
Damjan Gavrilović, https://orcid.org/0009-0000-3786-496X
Jasna Đinović‑Stojanović, https://orcid.org/0000-0003-4602-0835
Ivana Branković Lazić, https://orcid.org/0009-0005-5844-9278

560

https://doi.org/10.1016/S0048-9697(99)00443-X
https://doi.org/10.1080/02652030500135367
https://doi.org/10.1080/02652030500135367
https://doi.org/10.1016/j.jfca.2005.10.006
https://doi.org/10.1016/j.earscirev.2009.06.002
https://doi.org/10.1016/j.ijheh.2010.02.002
https://doi.org/10.1016/j.fct.2010.07.031
https://doi.org/10.1016/j.ijheh.2011.03.002
https://doi.org/10.1016/j.ijheh.2011.03.002
https://www.fda.gov/food/environmental-contaminants-food/mercury-levels-commercial-fish-and-shellfish-1990-2012
https://www.fda.gov/food/environmental-contaminants-food/mercury-levels-commercial-fish-and-shellfish-1990-2012
https://www.fda.gov/food/environmental-contaminants-food/mercury-levels-commercial-fish-and-shellfish-1990-2012
https://doi.org/10.1007/s12403-024-00649-1
https://doi.org/10.1007/s12403-024-00649-1
https://doi.org/10.1016/0048-9697(96)05094-2
https://doi.org/10.1016/0048-9697(96)05094-2
https://orcid.org/0000-0002-5223-6993
https://orcid.org/0000-0003-4067-3755
https://orcid.org/0009-0006-6467-6757
https://orcid.org/0009-0005-2242-0457
https://orcid.org/0009-0000-3786-496X
https://orcid.org/0000-0003-4602-0835
https://orcid.org/0009-0005-5844-9278

