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Abstract  
 
The present study aimed to evaluate the concentration of heavy metals (aluminium - Al, beryllium - Be, cadmium - Cd, 
arsenic - As, nickel - Ni, chromium - Cr, copper - Cu, lead - Pb, zinc - Zn, and mercury - Hg respectively) in several 
processed fish foods (canned tuna, sardines, herring, salmon, and mackerel respectively) and assess the risks manifested 
on human health due to products consumption in Romania. In this context, the estimated daily intake (EDI) and target 
hazard quotient (THQ) was calculated based on the concentration of elements analysed by using the ICP-MS technique, 
the average fish products consumption in Romania and the average weight of Romanian consumers. The registered values 
for EDI and THQ were below 1, fact that indicates there is no risk on consumer’s health. However, continuous screening 
of heavy metals contamination of food products is needed, due to the on-going risk for elements accumulation. 
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INTRODUCTION  
 
Animal protein is a major component of human 
diets, due to their high content in essential amino 
acids (Langyan et al., 2022). The availability of 
proteins for human consumption is necessary to 
ensure food security (Boyd et al., 2022). Today, 
almost 20% of the global animal-based protein 
destined for human consumption is ensured by 
fish meat and fish products derived from 
aquaculture or fisheries practices (Boyd et al., 
2022).  
Even more, fish meat and fish products are also 
a great source of long chain omega-3 
polyunsaturated fatty acids such as 
eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) (Leroy et al., 
2023). At the same time, given the increased 
anthropogenic pressures exercised on aquatic 
ecosystems, fish meat and fish products have 
been observed to accumulate different 
contaminants which can cause toxicity if 
transferred in humans via consumption. 
Hazardous substances such as heavy metals can 
counteract the health benefits generated by fish 
consumption due to their lack of 
biodegradability and accumulation tendency 
(Djedjibegovic et al., 2020). Exposure and 

accumulation of heavy metals in the human 
body has been linked to a series of brain 
pathologies such as Parkinson’s and 
Alzheimer’s disease, Wilson disease, as well as 
multiple sclerosis (Mitra et al., 2022).  
In this context, to protect the health of citizens, 
the European Union has established maximum 
permitted levels of heavy metals in fish meat and 
fish products through the regulation (EC) No 
1881/2006. The regulation also calls for 
constant and continuous monitoring of heavy 
metals concentration levels in food products in 
order to detect and prevent possible threats 
posed to human health.  
Therefore, the aim of the present study was to 
evaluate the concentration levels of aluminium 
(Al), beryllium (Be), cadmium (Cd), arsenic 
(As), nickel (Ni), chromium (Cr), copper (Cu), 
lead (Pb), zinc (Zn), and mercury (Hg) 
respectively, in several processed fish foods 
(canned tuna, sardines, herring, salmon, and 
mackerel respectively), commercialised in the 
Romanian market. Further on, a risk assessment 
analysis was conducted according to Kin order 
to identify if there are any potential health 
problems generated by the consumption of the 
aforementioned fish products. 
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MATERIALS AND METHODS  
 
Canned fish products were purchased from the 
local stores in Galati city, Romania. Samples of 
processed fish products (n=42) were collected 
as it follows: canned tuna in brine, canned herring 
in vegetable oil, canned sardines in vegetable oil, 
canned tuna pate, canned salmon pate and canned 
mackerel pate (Figures 1 and 2).  
 

 
Figure 1. Sample collection of canned tuna in brine 

 

 
Figure 2. Sample collection of canned tuna pate 

 
The samples were analysed within the Rexdan 
Research Infrastructure. Thus, each sample was 
digested with nitric acid and hydrogen peroxide 
and further analyzed by ICP-MS technique 
(Figure 3). 
The final aqueous solution was analysed by 
inductively coupled plasma with mass 
spectrometry (ICP-MS) with the Perkin Elmer 
NexION 2000 equipment. The following heavy 

metals were quantified in saples: Be, Zn, Cu, Al, 
As, Cr, Hg, Cd, Pb, Ni, respectively.  
 

 
Figure 3. Digested samples 

 
Risk assessment analysis 
The estimated daily intake (EDI) and the target 
hazard quotient (THQ) were calculated to 
highlight potential risks posed on human health 
by the consumption of processed fish products. 
EDI and THQ were computed according to 
Kowalska et al. (2020) as it follows: 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) =  
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥𝑥𝑥 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥𝑥𝑥 𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼 𝑥𝑥𝑥𝑥 𝐶𝐶𝐶𝐶
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑥𝑥𝑥𝑥 𝑊𝑊𝑊𝑊𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 
 
where: 
- EF = Exposure frequency (365 days/year); 
- ED = Exposure duration – average lifetime in 
Romania (74.2 years); 
- IR = Fish and seafood ingestion rate (kg 
person/day) - 17.26 g per person/day; 
- C = metal concentration in fish muscle 
(mg/kg); 
- WAB = average body weight (kg) - 78.65 kg 
for adults (85.1 kg for males and 72.2 kg for 
females; 
- ATn = Average exposure time for non-
carcinogen (365 days/year x ED). 
 

𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =  
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥𝑥𝑥 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥𝑥𝑥 𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼 𝑥𝑥𝑥𝑥 𝐶𝐶𝐶𝐶
𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸 𝑥𝑥𝑥𝑥 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑥𝑥𝑥𝑥 𝑊𝑊𝑊𝑊𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 𝑥𝑥𝑥𝑥 10−3 

 
where: 
- EF = Exposure frequency (365 days/year); 
- ED = Exposure duration - average lifetime 
(74.2 years); 
- IR = fish and seafood ingestion rate (g/day); 
- C = metal concentration in edible tissue muscle 
(mg/kg); 
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- RfD = oral reference dose for each metal 
(mg/kg/day); 
- WAB = average body weight (kg); 
- ATn = average exposure time for non-
carcinogen (365 days/year x ED).  
 
RESULTS AND DISCUSSIONS  
 
The analysis revealed that Be was below the 
detection limit in all analysed samples. 
Further on, the following heavy metals 
accumulation trend in the canned tuna in brine 
was identified: 
Zn>Cu>Al>As>Cr>Hg>Cd>Pb>Ni (Figure 4). 
Zn had the highest concentration (2.798± 0.543 
µg/g), while the lowest concentration was 
observed in case of Ni (0.018±0.002 µg/g 
 

 
Figure. 4. Concentration of heavy metals in canned tuna 

in brine 
 

 
Figure. 5. Concentration of heavy metals in canned 

herring in vegetable oil 
 
In case of heavy metals accumulation in canned 
herring in vegetable oil, the following trend was 
identified: Zn>Cu>As>Cr>Al>Ni>Hg>Pb>Cd 
(Figure 5). As previously observed the highest 
concentration level is in case of Zn (4.621±0.145 
µg/g), while the lowest is observed in case of Cd 
concentration (0.002±0.001 µg/g).  

 
Figure. 6. Concentration of heavy metals in canned 

sardines in vegetable oil 
 
In case of heavy metals accumulation in canned 
sardines in vegetable oil, the following 
accumulation trend was registered: 
Zn>As>Cu>Al>Cr>Ni>Cd>Pb>Hg. Zn had the 
highest concentration level (5.191±0.027 µg/g), 
while Hg registered the lowest concentration 
level (0.011±0.001 µg/g).  
 

 
Figure. 7. Concentration of heavy metals in canned tuna 

pate  
 
The accumulation trend of heavy metals in 
canned tuna pate is as it follows: 
Al>Zn>Cu>Cr>As>Hg>Ni>Pb>Cd (Figure 7). 
It can be observed that the highest concentration 
level was obtained in case of Al (3.275±0.205 
µg/g). This can be due to poor quality of can 
material and transfer of Al from the packaging 
to the food inside. The lowest concentration 
level was registered in case of Cd 
(0.0042±0.0001 µg/g), as previously observed 
in canned herring.  
Further on, in case of heavy metals 
accumulation in canned salmon pate, the 
following trend was identified: 
Al>Zn>Cu>Cr>As>Ni>Pb>Hg>Cd (Figure 8). 
As previously observed, the highest 
concentration level was in case of Al 
(3.803±0.159 µg/g), while the lowest 
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concentration level was registered in case of Cd 
(0.0030±0.000 µg/g).  
 

 
Figure. 8. Concentration of heavy metals in canned 

salmon pate 
 

 
Figure. 9. Concentration of heavy metals in canned 

mackerel pate 
 
The accumulation trend of heavy metals in 
canned mackerel pate was as it follows: 
Al>Zn>Cu>Cr>As>Ni>Pb>Cd>Hg (Figure 9). 
The highest value was registered in case of Al 
concentration (3.533±0.177 µg/g), while the 
lowest value was registered in case of Hg 
concentration (0.011±0.000 µg/g).  
The results highlight that Zn had the tendency to 
accumulate in canned fish products conserved in 
vegetable oil or in brine. These results are in 
accordance with the study conducted by Islam et 
al., in which canned tuna, sardines and mackerel 
had the highest concentration levels in case of 
Zn, after magnesium (Islam & Mustafa, 2023). 
In all studied canned fish pates, the highest 
tendency of heavy metals accumulation was 
observed in case of Al.  
Heavy metals with the lowest accumulation 
tendency were Cd, Hg and Ni. 

As well, the concentrations of heavy metals in 
the canned fish samples registered values below 
the maximum permitted level set by the 
European Union in the (EC) No 1881/2006, 
which are 0.3 mg/kg in case of Pb, 0.05 mg/kg 
in case of Cd and 0.5 mg/kg in case of Hg.  
In the study conducted by Miedico et al., the 
authors highlighted that 11% of the canned tuna 
samples exceeded the maximum permitted level 
in terms of Hg content and one tuna can exceed 
the maximum permitted levels in case of Cd 
content (0.22 mg/kg) (Miedico et al., 2020). 
As well, El-Dahman et al. (2019) showed that 
canned tuna had higher Hg concentrations 
compared to other type of preserved fish (salted 
or frozen fish) (El-Dahman et al., 2019).  
In Table 1, the values of the computed estimated 
daily intake (EDI) are represented. As it can be 
observed, the estimated intake of Al from 
consuming canned fish pates is above the 
tolerable limits specified by World Health 
Organization, which can lead to chronic toxicity 
in the human body.  
The same phenomenon was observed in case of 
Cd, which registered values of EDI above the 
tolerable limit, except for herring in vegetable 
oil and salmon pate. The intake of Ni was also 
above the tolerable limit in herring and sardines 
conserved in vegetable oil, and in tuna and 
salmon pates respectively. The intake of Hg is 
above the tolerable limit in all studied canned 
fish products. The most concerning heavy metal 
intake is registered in case of Pb, because the 
EDI values in all canned fish products were 
above the 0.0006 mg/kg/day, which is the intake 
that generated the loss in IQ by 1 point in 
children (Joint FAO/WHO, 2011).  
The registered values for EDI are in accordance 
to the ones registered by (Djedjibegovic et al., 
2020).  
In Table 2 are represented the values of the 
computed target hazard quotient (THQ), which 
are significantly lower than 1. Scores of THQ 
lower than 1 indicate that there are no risks on 
the exposed population via the consumption of 
canned fish products. This is due to the low fish 
products consumption in Romania.  
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Table 1. Estimated daily intake (EDI) of heavy metals (mg/kg/day) 

 Tuna in 
brine 

Herring in 
oil 

Sardines in 
oil 

Tuna pate Salmon 
pate 

Mackerel pate Tolerable 
limits 

Al 0.0835 0.0624 0.1571 0.7189 0.8347 0.7754 0.28 
As 0.0833 0.0782 0.2564 0.0302 0.0251 0.0548 - 
Cd 0.0026 0.0005 0.0060 0.0009 0.0007 0.0035 0.00089 
Cr 0.0241 0.0685 0.0886 0.0827 0.0706 0.0592 - 
Cu 0.1128 0.1628 0.1695 0.1662 0.1935 0.1523 0.5 
Ni 0.0040 0.0216 0.0496 0.0162 0.0163 0.0121 0.013 
Pb 0.0040 0.0044 0.0056 0.0047 0.0049 0.0051 0.0006 
Zn 0.6141 1.0140 1.1392 0.3655 0.3475 0.4738 1 
Hg 0.0129 0.0046 0.0024 0.0224 0.0007 0.0024 0.00057 

 
Table 2. Target hazard quotient (THQ) 

 Tuna in 
brine 

Herring in oil Sardines in oil Tuna pate Salmon pate Mackerel pate 

Al 8E-08 6E-08 2E-07 7E-07 8E-07 8E-07 
As 3E-04 3E-04 8E-04 1E-04 8E-05 2E-04 
Cd 3E-06 5E-07 6E-06 9E-07 7E-07 3E-06 
Cr 8E-06 2E-05 3E-05 3E-05 2E-05 2E-05 
Cu 3E-06 4E-06 4E-06 4E-06 5E-06 4E-06 
Ni 4E-07 2E-06 4E-06 1E-06 1E-06 1E-06 
Pb 1E-06 1E-06 2E-06 1E-06 1E-06 1E-06 
Zn 2E-06 3E-06 4E-06 1E-06 1E-06 2E-06 
Hg 1E-04 5E-05 2E-05 2E-04 7E-06 2E-05 

 
CONCLUSIONS  
 
The main conclusion of the present study is that 
the concentrations of the studied heavy metals 
(Al, As, Cd, Cr, Cu, Ni, Pb, Zn, Hg) in canned 
fish products from Galati, Romania did not 
exceed the maximum permitted levels imposed 
by the European Union legislation.   
Zn had the tendency to accumulate in canned 
fish products conserved in vegetable oil or in 
brine, while all studied canned fish pates, had 
the highest tendency to accumulate Al. 
The estimated daily intake factor revealed that 
the consumption of canned fish products from 
Galati, Romania can contribute to the exposure 
of human population through diet to Al, Hg, Ni 
and Cd.  
The target hazard quotient was significantly 
below 1, which indicates that there are no risks 
posed on the health of human consumers of 
canned fish products.  
Continuous and constant monitoring of heavy 
metals in food products is recommended in 
order to ensure food safety and to protect the 
health of EU citizens. 
 
 
 
 

ACKNOWLEDGEMENTS  
 
The present research was supported by the 
project An Integrated System for the Complex 
Environmental Research and Monitoring in the 
Danube River Area, REXDAN, SMIS code 
127065, co-financed by the European Regional 
Development Fund through the 
Competitiveness Operational Programme 2014–
2020, contract no. 309/10.07.2021. 
This work was supported by the Fondo 
Proserpina S.R.L., grant number 2506/2022, 
"The impact of heavy metals and microplastics 
from aquatic organisms on human health". 
 
REFERENCES  
 
Boyd, C.E., McNevin, A.A., & Davis, R.P. (2022). The 

contribution of fisheries and aquaculture to the global 
protein supply. Food Security, 14(3), 805–827. 
https://doi.org/10.1007/s12571-021-01246-9. 

Djedjibegovic, J., Marjanovic, A., Tahirovic, D., 
Caklovica, K., Turalic, A., Lugusic, A., Omeragic, E., 
Sober, M., & Caklovica, F. (2020). Heavy metals in 
commercial fish and seafood products and risk 
assessment in adult population in Bosnia and 
Herzegovina. Scientific Reports, 10(1), Article 1. 
https://doi.org/10.1038/s41598-020-70205-9. 

 
 



295

Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

 
El-Dahman, D., Hassan, M., & Eleiwa, N. (2019). 

Assessment of heavy metal residues in some fishery 
products. Benha Veterinary Medical Journal, 36(2), 
49–56. https://doi.org/10.21608/bvmj.2019. 
13841.1024. 

Islam, M.S., & Mustafa, R.A. (2023). Assessment of trace 
elements in canned fish and health risk appraisal. 
Foods and Raw Materials, 43–56. 
https://doi.org/10.21603/2308-4057-2023-1-554. 

Joint FAO/WHO. (2011). Safety evaluation of certain 
food additives and contaminants: Prepared by the 
Seventy-third meeting of the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA). 
https://apps.who.int/iris/handle/10665/44521. 

Langyan, S., Yadava, P., Khan, F.N., Dar, Z.A., Singh, R., 
& Kumar, A. (2022). Sustaining Protein Nutrition 
Through Plant-Based Foods. Frontiers in Nutrition, 8. 
https://www.frontiersin.org/articles/10.3389/fnut.202
1.772573. 

Leroy, F., Smith, N.W., Adesogan, A.T., Beal, T., 
Iannotti, L., Moughan, P.J., & Mann, N. (2023). The 

role of meat in the human diet: Evolutionary aspects 
and nutritional value. Animal Frontiers, 13(2), 11–18. 
https://doi.org/10.1093/af/vfac093. 

Miedico, O., Pompa, C., Moscatelli, S., Chiappinelli, A., 
Carosielli, L., & Chiaravalle, A. E. (2020). Lead, 
cadmium and mercury in canned and unprocessed 
tuna: Six-years monitoring survey, comparison with 
previous studies and recommended tolerable limits. 
Journal of Food Composition and Analysis, 94, 
103638. https://doi.org/10.1016/j.jfca.2020.103638. 

Mitra, S., Chakraborty, A.J., Tareq, A.M., Emran, T.B., 
Nainu, F., Khusro, A., Idris, A.M., Khandaker, M.U., 
Osman, H., Alhumaydhi, F.A., & Simal-Gandara, J. 
(2022). Impact of heavy metals on the environment 
and human health: Novel therapeutic insights to 
counter the toxicity. Journal of King Saud University 
- Science, 34(3), 101865. 
https://doi.org/10.1016/j.jksus.2022.101865. 

 

 
 


