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Abstract
Fish are a powerful model for risk–benefit analyses to explore the impact of elements on human health among all accessible 
species. The sea bream (Sparus aurata), sea bass (Dicentrarchus labrax), turbot (Scophthalmus maximus), and weights 
of > 1 kg large rainbow trout registered as “Turkish Salmon,” (Oncorhynchus mykiss) are four economically important cul-
tured species in the Black Sea In this research, it is aimed (1) to determine the value of the elements, (2) to determine total 
Hg and Se concentrations, Se/Hg molar ratios, and the HBVSe index, and (3) to calculate the consumer’s possible health 
risk in the edible tissues of cultivated four economically important Black Sea fish species. Fish and diet samples from all 
species were obtained in 2020 from aquaculture locations in the Black Sea (Sinop, Samsun, and Trabzon cites of Turkey). At 
the end of the study, the elements in all edible tissues and all the parameters analyzed [Se/Hg, estimated daily intake (EDI), 
target hazard quotient (THQ), maximum allowable consumption rate (CRlim and CRmm)] in cultured fish tissues were below 
permissible values. Additionally, when compared with the data of the World Health Organization and The National Academy 
of Sciences, it determined that consuming cultured fish in the Black Sea adequately meets the daily elemental requirement.
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Introductıon

Turkish farmed fish represented approximately 44.6% of 
total production for sea bass, sea bream, rainbow trout, and 
other species in 2020 (Anonymous 2021a). Despite the fact 
that aquaculture production is so high, the prejudice of con-
sumers towards these products is still a matter of debate. 
In fact, many studies have been conducted comparing the 
meat yield of cultured fish and natural fish to overturn this 
prejudice (Erdem et al. 2009; Baki et al. 2015; Kaya Öztürk 
et al. 2019a, 2020). However, there are few publications on 
the potential risk to human health of cultured fish (Anony-
mous 2021b). According to recent research on contamina-
tion levels in farmed fish populations, they have a higher risk 
of cancer than wild fish stocks when consumed often (Hites 

et al. 2004). Fish farms have been criticized for their envi-
ronmental impacts, but the possible human health conse-
quences of eating farmed fish have not been well investigated 
(Connor 2000). In fact, because fish meat is high in fatty 
and amino acids, as well as minerals and vitamins, eating 
enough fish on a weekly basis has been linked to a lower risk 
of cardiovascular disease, some cancers, and various inflam-
matory responses and conditions (Sidhu 2003; Mozaffarian 
and Rimm 2006; Lall and Milley 2008).

The 29 of the 90 naturally occurring inorganic elements 
are regarded as necessary for all farmed fish species (Lall 
and Milley 2008). Micro elements such as calcium, potas-
sium, magnesium, sodium, and phosphorus, as well as 
copper, iron, manganese, selenium, and zinc, are essential 
components for fish and must be included in diets for cul-
tivated species (National Research Council (NRC) (2011)). 
An adequate amount of elements in feed ensures the healthy 
growth of cultured fish and it is presented to the consumer as 
a better quality and balanced product. Some elements, on the 
other hand, are poisonous and biodegradable environmental 
pollutants that can cause significant harm to the many sys-
tems in the human body when they accumulate in tissues 
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and reach high levels (Stankovic et al. 2014; Bayrakli 2021). 
Although some elements such as copper, iron, and zinc are 
required for metabolic activities, high amounts of these ele-
ments may have toxic effects (Mol et al. 2010). Therefore, 
metals such as lead, cadmium and mercury, which can be 
found in aquatic organisms, can cause completely toxic 
effects (Mol et al. 2010; Bat et al. 2021). Increasing popu-
lation and industrial pollutants have been found to have a 
negative impact on aquatic species with restricted mobility 
(Hwang et al. 2017). Although they move as they wish in the 
water column, it is not possible for the cultured fish to escape 
from their environment when exposed to possible pollu-
tion, since aquaculture is done in fixed places. Therefore, in 
order to estimate the critical level of the elements in the risk 
group in terms of human health and to establish safe food 
standards, some internationally valid coefficients should be 
calculated especially for cultured fish (Anonymous 2021b).

For many years, it has been known that selenium (Se) 
provides protection against the fatal consequences of 
excessive mercury exposures and those high mercury 
(Hg) exposures significantly reduced Se levels (Pařízek 
and Oštádalová 1967). In numerous studies was reported 
that when Se and Hg are coadministered, insoluble, and 
biologically unavailable HgSe complexes formed in body 
(Naganuma and Imura 1980), and then that Hg sequesters 
Se and thereby inhibits the activities of enzymes (Chen 
and Berry 2003; Schweizer et al. 2004; Ralston and Ray-
mond 2010). The Se health benefit value, or Se-HBV, 
is a newly established risk assessment criteria that was 
created to allow for the simultaneous evaluation of Hg 
exposures and dietary Se intakes, particularly in relation 
to maternal consumption during pregnancy (Kaneko and 
Ralston 2007). Dietary Se and Hg have opposing effects 
on Se status and brain enzyme activities. For this reason, 
this equation is utilized to generate an index (Se-HBV) 
that may be used to forecast the consequences of mater-
nal Hg exposure from seafood intake (Ralston 2008). Hg/
Se molar ratios must be evaluated in order to understand 
the consequences of Hg exposure in terms of food safety 
and risk assessment of fish consumption, according to the 
International Bioindicators Roundtable (Ralston 2008). 
The Se/Hg molar ratios above 1 provide protection against 
Hg toxicity and reduce adverse effects of Hg, and the 

molar ratio must the critical value for risk assessment 
rather than the level of Hg in fish (Ulusoy et al. 2019). 
The US Environmental Protection Agency created the Se-
HBV, another indication of fish dietary safety. For risk 
assessment related to Methyl Hg exposure, this indication 
was shown to be more trustworthy (Ralston 2008; Ulusoy 
et al. 2019).

The purpose of this study were (1) to determine the 
value of the elements, (2) to determine total Hg and Se 
concentrations, Se/Hg molar ratios, and the HBVSe index, 
and (3) to calculate the consumer’s possible health risk in 
the edible tissues of cultivated four economically impor-
tant Black Sea fish species

Materıals and methods

Fish samples

All fish species were collected from aquaculture sites in 
the Black Sea (Sinop, Samsun, and Trabzon), in 2020. 
In the study, sea bass (Dicentrarchus labrax), sea bream 
(Sparus aurata), turbot (Scophthalmus maximus), and 
weight of > 1 kg registered as “Turkish Salmon,” (Onco-
rhynchus mykiss) large rainbow trout were used. All col-
lection sites are located in the Black Sea and species 
information, fish number, and site location are shown in 
Table 1. It was preferred that the cultured fish used in the 
study should be at least in portion weight in order to give 
clear results to the consumers. Turkish salmon, sea bream, 
and sea bass were produced in cage systems, and while the 
turbot was produced in a recirculating aquaculture sys-
tem. The fish were sampled by the operating personnel 
while they were harvested, therefore this manuscript does 
not need an ethical approval. Fish and diet samples were 
transported to the laboratory of the Faculty of Fisheries 
and Aquaculture, Scientific and Technological Research 
Center (University of Sinop) by cold chain conditions and 
stored in a deep freezer (WiseCryo/WUF-D500-80°C) 
until analysis. After biometric measurements were made 
in the laboratory, skinless and boneless fillets of fish were 
analyzed.

Table 1   The lenght-weights, 
numbers, and locations of the 
sampled fish

Fish species Weight 
(g)

Lenght 
(cm)

Number of 
samples

Location Diet types

Sea bream 759.36 ± 32.40 36.25 ± 1.67 10 41º40ʹ53.12ʺN 35º28ʹ22.48ʺE D3
Sea bass 533.18 ± 56.76 36.50 ± 1.35 10 41º40ʹ53.12ʺN 35º28ʹ22.48ʺE D3
Turkish salmon 1556.36 ± 140.81 46.43 ± 1.87 10 41°54′44,15″N 35°10′55,92″E D1
Turbot 761.30 ± 42.56 35.27 ± 0.94 3 40°58′17″N 39°50′30″E D2
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Element analysis

Element analysis was determined in the laboratories of 
Sinop University Scientific and Technological Researches 
Center (SUBITAM). Fish fillet samples digested using a 
microwave digestion system (Milestone Systems, Start 
D 260) with Suprapur® HNO3 (nitric acid) according 
to meat, texture, fish, and similar samples HPR-FO-67 
method (Milestone). Element analysis of fish fillet samples 
were performed using Inductively Coupled Plasma-Mass 
Spectrometer (ICP-MS) (Agilent Technologies, 7700X) 
method by accredited SEM laboratory. Data quality was 
checked by the analysis of standard reference materials 
(UME CRM 1201-UME CRM 1204).

Molar ratio (Se/Hg) and selenium health benefit 
value

The molar ratio (Se/Hg) (µmol g−1) was calculated individu-
ally for each fish species dividing Se and Hg concentrations 
by their respective molecular weights (Hg: 200.59; Se: 78.96). 
The selenium health benefit value (Se-HBV) was calculated 
using the molar concentrations of two elements according to 
the following equation (Ralston et al. 2016). A positive value 
of Se-HBV is considered healthy, whereas a negative value 
indicates health risks associated with Hg exposure.

Potential risk to human health

The estimated daily intake, target hazard quotient, and 
highest daily intake values were calculated for potential 
risk to human health. The potential risk to human health 
was determined using the fish consumption amount 
(6.3 kg/year) from the Turkish Statistical Institution for 
2019 (Anonymous 2021c) and Reference doses (RfD) of 
elements [Al (1 mg/kg day−1), Cu (0.04 mg/kg day−1), Fe 
(0.7 mg/kg day−1), Mn (0.14 mg/kg day−1) Zn (0.3 mg/kg 
day−1) Hg (0.0003 mg/kg day−1), Cd (0.001 mg/kg day−1), 
and Pb (0.004 mg/kg day−1) Se (0.005 mg/kg day−1)] from 
the EFSA (2010), Official Gazette (2011), US EPA (2013), 
and Anonymous (2021d).

Estimated daily intake

The estimated daily intake (EDI, mg kg−1 bw/day) was cal-
culated with the following equation (Bat et al. 2022):
 EDI = [C × AvC]∕bw

Se HBV = [(Se − Hg)∕Se] × (Se + Hg).

where C (mg kg−1 ww of fish) is the mean metal concen-
tration in muscle tissue, AvC is the average consumption 
of fish per day, and bw is the average body weight for adult 
(70 kg) and child (16 kg).

Target hazard quotient

Target hazard quotient (THQ) was estimated for each length 
class of the five selected species by dividing the EDI by 
the RfD (Onsanit et al. 2010). In the end, values below 1 
indicate that even for more sensitive groups (such as preg-
nant women and children) consumption of these species/size 
classes represents no danger in terms of health effects. In 
contrast, values above 1 indicate a high probability for long 
term health effects (Copat et al. 2012).

Maximum allowable consumption rate

The maximum amount of edible tissue that can be consumed 
by one person without representing a health risk (CRlim) was 
calculated according to the method of the US EPA (2000) 
and was evaluated to consider an additive interaction among 
the contaminants (Yu et al. 2012). The CRlim was arrived 
at according to the equation given below (US EPA 2000):

The maximum allowable daily consumption limits calcu-
lated in this study were converted to the number of allowable 
meals per month (US EPA 2000).

It was calculated as: CRmm = (CRlim × Tap)∕MS (Yu et al. 
2014)

where CRmm is the maximum allowable fish consumption 
rate (meals/month), Tap is time averaging period (365.25 da
ys/12 months = 30.44 days per month), and MS is meal size 
(0.227 kg for adults and 0.114 kg for children).

Biomagnification factor

The biomagnification factor (BMF) is the ratio between the 
concentration of an element in a fish fillet and the concentra-
tion of this element in its diet. The BMF was calculated by 
the following equation (Kelly et al. 2008):

THQ = EDI∕RfD

TotalTHQ(
∑

THQ) = THQ
1
+ THQ

2
+ THQ

3
+ THQ

4

CRlim = RfD x BW∕C (kg person−1day−1)

BMF = Cfish∕Cdiet
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where Cfish is a heavy metal concentration in fish edible tis-
sues and Cdiet is a metal concentration in used in fish feding.

Results and dıscussıon

The mean ± SE contents of elements concentration (mg 
kg−1) of edible tissues of cultured fish in the Black Sea 
(Turkish salmon, turbot, sea bass, and sea bream) and 
these fish diets (DI: Turkish salmon diet, D2: turbot diet, 
and D3: Sea bass and bream diet) are presented in Table 2. 
According to the research, the most abundant essential 
elements in all three diets were P, Ca, K, Na, and Mg, 
respectively. The value of Ni, a non-essential element, was 
in the D1 diet at most. Heavy metal Pb and Hg concentra-
tions in diets were D3 > D2 > D1 and D3 = D2 > D1 corre-
spondingly. The presence of Ni, Hg, and Pb concentrations 

determined in diets is thought to be caused by the ingre-
dients (fish meal and oil, soybean meal etc.) used in feed 
production. Adeniji and Okedeyi (2017) reported that 
the elemental concentrations of diet components directly 
affect the fish diets and indirectly the fish element concen-
trations. For this reason, it is important that the ingredients 
used by fish feed manufacturers are regularly monitored 
and evaluated by local, national, or international authori-
ties in terms of element concentrations, especially for 
heavy metal contents.

Fish have the ability to absorb some ions from the water 
they are in, not from the feed as terrestial animals. Therefore, 
ion exchange through the gill and skin makes it extremely 
difficult to determine the mineral needs of fish. Common 
dietary element requirements are Ca, Na, Cl, K, S, P, Fe, 
Cu, Cr, I, Mn, Mg, Zn, and Se for fish species (NRC 2011). 
These elements regulate osmotic balance and aid in bone 

Table 2   Elemental values of diets and cultured fish of the Black Sea

BDL below detection limit, D1 large rainbow trout diets, D2 turbot diets, D3 sea bass and sea bream diets

Elements Turkish 
salmon

D1 Turbot D2 Sea bream Sea bass D3

Essential (mg/kg)
  Sodium 

(Na)
452.45 ± 2.9 3594.82 ± 20.8 1268.09 ± 8.3 3644.32 ± 28.5 420.92 ± 4.1 645.01 ± 6.71 6420.30 ± 51.6

  Magnesium 
(Mg)

321.11 ± 2.0 2763.77 ± 18.9 217.67 ± 1.1 2548.13 ± 24.0 344.98 ± 2.4 392.84 ± 6.2 2497.94 ± 17.1

  Phosphorus 
(P)

2695.98 ± 19.1 13,866.31 ± 101.61 1830.78 ± 8.4 12,149.77 ± 93.5 3017.31 ± 20.9 3056.50 ± 36.7 19,999.67 ± 142.3

  Potassium 
(K)

5654.37 ± 23.2 9971.97 ± 54.0 4263.56 ± 18.6 14,930.61 ± 101.2 6520.64 ± 49.7 7184.52 ± 65.8 13,761.59 ± 80.3

  Calcium 
(Ca)

93.02 ± 0.6 14,467.12 ± 66.8 81.80 ± 1.2 13,600.31 ± 84.9 137.98 ± 0.7 106.15 ± 1.3 28,059.70 ± 165.0

  Manganese 
(Mn)

0.16 ± 0.01 50.21 ± 0.50 0.39 ± 0.01 100.45 ± 0.38 0.13 ± 0.01 0.18 ± 0.01 70.93 ± 0.23

  Iron (Fe) 6.25 ± 0.02 575.51 ± 1.94 5.27 ± 0.02 423.12 ± 1.69 6.80 ± 0.03 6.43 ± 0.06 693.15 ± 1.35
  Zinc (Zn) 5.80 ± 0.02 171.16 ± 0.61 11.78 ± 0.02 368.18 ± 0.40 6.49 ± 0.06 6.06 ± 0.03 215.62 ± 0.55
  Copper 

(Cu)
0.74 ± 0.01 15.41 ± 0.04 0.32 ± 0.01 27.73 ± 0.12 0.74 ± 0.01 0.68 ± 0.01 9.77 ± 0.02

Non-essential (mg/kg)
  As BDL BDL BDL BDL BDL BDL BDL
  Cadmium 

(Cd)
BDL 0.26 ± 0.01 BDL 0.01 ± 0.01 BDL BDL 0.26 ± 0.01

  Nickel (Ni) 0.02 ± 0.01 3.79 ± 0.01 0.24 ± 0.01 2.04 ± 0.02 0.23 ± 0.01 0.22 ± 0.01 2.29 ± 0.01
Other (mg/kg)

  Aluminium 
(Al)

1.07 ± 0.02 105.14 ± 0.14 1.76 ± 0.03 478.86 ± 0.71 1.38 ± 0.04 5.83 ± 0.05 414.44 ± 2.23

  Chrome 
(Cr)

0.07 ± 0.01 3.10 ± 0.01 0.42 ± 0.01 0.87 ± 0.01 0.09 ± 0.01 0.11 ± 0.01 2.56 ± 0.02

  Selenium 
(Se)

0.21 ± 0.01 1.13 ± 0.05 0.25 ± 0.01 2.16 ± 0.01 0.26 ± 0.02 0.22 ± 0.01 1.63 ± 0.06

  Mercury 
(Hg)

0.06 ± 0.01 0.07 ± 0.01 0.11 ± 0.01 0.09 ± 0.01 0.12 ± 0.01 0.19 ± 0.01 0.09 ± 0.01

  Lead (Pb) BDL 0.10 ± 0.10 0.01 ± 0.01 0.19 ± 0.01 BDL 0.02 ± 0.01 0.23 ± 0.01
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formation, integrity and are required in small amounts as 
components in enzyme and hormone systems. Antony Jesu 
Prabhu et al. (2016) reported that the factors that may affect 
the minimal dietary levels of mineral and trace elements to 
fish can be one or a combination as biological factors (spe-
cies, life stage, sex, trophic level, feeding habits, and the 
nutritional status of the fish), dietary factors (diet compo-
sition, availability, and nutrient interactions), and environ-
mental factors (water mineral concentration, salinity, and 
temperature of the rearing system). The element values of 
diets determined in the study were similar to the literature 
and were at a level to meet the needs of the fish (Maage and 
Julshamn 1993; Watanabe et al. 1997; Liang et al. 2012; 
Chanda et al. 2015; Antony Jesu Prabhu et al. 2016; Amin 
2018).

Although they were fed with the same feed, Mg, P, and 
K elements were determined at high values in sea bass, Ca, 
Fe and Cu elements in sea bream. In the study, Na, Mn, 
and Zn values of turbot were found to be higher than other 
species. Ni values of Turkish salmon was less than other 
species and As and Cd elements in all fish fillets were found 
below the detection limit. While the Pb value was below 
the detection limit in Turkish salmon and sea bream, it was 
0.01 ± 0.01 and 0.02 ± 0.01 mg kg−1 in turbot and sea bass, 
respectively. The Hg values of turbot, sea bream and bass 
were higher than the diets (D2 and D3) used. In the study, 
Na, Mn, and Zn values of turbot were found to be higher 
than other species.

The Ni values of Turkish salmon were less than other 
species and As and Cd elements in all fish fillets were found 
below the detection limit. Current European Commission 
Regulation (2006) and Turkish Food Codex (2008) allowed 
the maximum Hg, Cd, and Pb limits in the edible tissues of 
fish as 0.5, 0.05,and 0.3 mg kg−1, respectively. European 
Commission Regulation (2006) has no legislation for essen-
tial metals, but Turkish Food Codex (2008) states the maxi-
mum permitted limits of Cu and Zn as 20 and 50 mg kg−1, 
respectively. In the present study, none of the metals in all 
edible tissues of cultured fish were above the permissible 
values.

The evaluations regarding selenium and mer-
cury are shown in Table  3. The mean Hg and Se 

concentrations of the all samples species ranged from 
0.06 ± 0.01 to 0.19 ± 0.01 μg g−1 and from 0.21 ± 0.01 to 
0.26 ± 0.01 μg g−1, respectively. The Se contents of cultured 
fish included in this study were in molar excess of the Hg 
that was also present.

The calculated mean Hg/Se and Se/Hg molar ratios were 
ranked from low to high Turkish salmon, turbot, sea bream, 
and sea bass. The calculated Se-HBV values were positive in 
fish culture in the Black Sea, the highest value was in Turk-
ish salmon, and the lowest value was in sea bass. While the 
tolerable daily intake level for Selenium has been reported 
between 0.40 and 0.80 mg day−1 in different sources (Yang 
and Zhou 1994; Johnson et al. 2003), the maximum individ-
ual safe Se intake level has been reported as 0.60 mg day−1. 
The amount of Se in cultured fish in the current study is in 
accordance with previous literature. These results corrobo-
rate that cultured fish such as wild species tend to be rich 
dietary sources of Se.

The molar ratios of Se to Hg were favorable, indicating sub-
stantial Se was available to counter the Hg that was also present 
in almost culture fish. Se: Hg molar ratio and Se-HBV findings 
were taken into account in this study to highlight the dangers of 
Hg exposure in terms of consumer health. If the Se/Hg molar 
ratio is > 1 and the Se-HBV result is positive, is reported that 
Se and Hg in the studied fish have a protective effect on human 
health (Squadrone et al. 2015; Ralston et al. 2019).

The Se/Hg ratio determined in the edible tissues of the 
studied fish was higher than 1 and the calculated Se-HBV 
values were positive in the current study. As a result of this 
study it was concluded that the cultured fish of the Black 
Sea, especially Se, have a protective effect against the effects 
of Hg on human health.

The estimated daily intake (EDI), target hazard quotient 
(THQ) and maximum allowable consumption rate CRlim and 
CRmm values of selected element in culture fish of Black Sea 
are given Table 4. Cultured fish species, as wild fish species, 
are excellent food sources for human health in terms of rich 
fatty acids, amino acids, minerals, and vitamin contents (Baki 
et al. 2015, 2017; Kaya Öztürk et al. 2019b, 2020). Aquatic 
species with limited mobility have been shown to be nega-
tively affected by increasing population and industrial pollu-
tion (Hwang et al. 2017).

Table 3   Mass and molar concentrations and molar ratios of mercury and selenium of cultured fish in the Black Sea

Fish species Hg content Se content Molar ratios Free Se 
(Se–Hg)
μmol/kg

Se-HBV (calculated)

μg/g μmol /kg μg/g μmol /kg Se/Hg Hg/Se

Sea bream 0.12 ± 0.01 0.60 ± 0.01 0.26 ± 0.02 3.27 ± 0.24 5.44 0.11 2.67 1.37 ± 0.21
Sea bass 0.19 ± 0.01 0.93 ± 0.01 0.22 ± 0.01 2.73 ± 0.15 2.92 0.32 1.80 0.47 ± 0.06
Turkish salmon 0.06 ± 0.01 0.30 ± 0.01 0.21 ± 0.01 2.62 ± 0.07 8.65 0.04 2.32 1.77 ± 0.07
Turbot 0.11 ± 0.01 0.56 ± 0.01 0.25 ± 0.01 3.16 ± 0.07 5.64 0.10 2.60 1.36 ± 0.06
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Aquaculture is done in fixed locations, so farmed fish 
cannot flee their habitat when exposed to possible contami-
nation. As a result, certain globally valid coefficients should 
be established, especially for farmed fish, in order to deter-
mine the critical level of the components in the risk group 
in terms of human health and to create safe food standards 
(Anonymous 2021b). Reference doses (RfD) of foods used 
daily have been determined by some international health 
organizations (EFSA 2010; US EPA 2013).

When the EDI values were evaluated, the levels of Al, 
Cu, Fe, Hg, and Mn in both adult and child groups were 
below the RfD standard. THQ is recognized as one of the 
appropriate metrics for assessing the danger of compo-
nents in contaminated seafood intake (Bogdanović et al. 
2014; Bayraklı 2021) Copat et al. (2012) reported that 

THQ values below 1 indicate that even for more sensitive 
groups consumption of these species/size classes repre-
sents no danger in terms of health effects but in contrast, 
values above 1 indicate a high probability of long term 
health effects. In the study, THQ values of all fish groups 
were determined below 1 for both children and adults. 
Total ∑THQ values of Turkish salmon, turbot, sea bass, 
and bream were between 0.32–0.07, 0.52–0.12, 0.54–0.12, 
and 0.80–0.18 for children and adults, respectively. In the 
current study, these indices (EDI, THQ) values were thor-
oughly found less than 1 for cultured fish in the Black 
Sea, which confirmed that these fish are safe to consume 
and show no potential risk for human. In different studies 
with cultured fish, THQ and ∑THQ values were less than 
1 (Marengo et al. 2018; Varol et al. 2018; Renieri et al. 

Table 4   The estimated daily intake (EDI), target hazard quotient (THQ), and maximum allowable consumption rate CRlim and CRmm values of 
selected element in culture fish of Black Sea

Fish Species EDI THQ CRlim
(kg person−1 day−1)

CRmm
(meals /month)

Elements Children Adults Children Adults Children Adults Children Adults

Turkish salmon Zn 0.0063 0.0014 0.0209 0.0048 0.8276 3.6207 524.83 485.52
Cu 0.0008 0.0002 0.0200 0.0046 0.8649 3.7838 548.47 507.39
Hg 0.0001  < 0.0001 0.2158 0.0493 0.0800 0.3500 50.73 46.93
Al 0.0012 0.0003 0.0012 0.0003 14.9533 65.4206 9482.87 8772.70
Fe 0.0067 0.0015 0.0096 0.0022 1.7920 7.8400 1136.43 1051.32
Mn 0.0006 0.0001 0.0046 0.0011 3.7333 16.3333 2367.56 2190.25
Se 0.0002 0.0001 0.0453 0.0104 0.3810 1.6667 241.59 223.49

Turbot Zn 0.0127 0.0029 0.0424 0.0097 0.4075 1.7827 258.40 239.05
Cu 0.0003 0.0001 0.0086 0.0020 2.0000 8.7500 1268.33 1173.35
Pb  < 0.0001  < 0.0001 0.0031 0.0007 5.6000 24.5000 3551.33 3285.37
Hg 0.0001  < 0.0001 0.3955 0.0904 0.0436 0.1909 27.67 25.60
Al 0.0019 0.0004 0.0019 0.0004 9.0909 39.7727 5765.15 5333.40
Fe 0.0057 0.0013 0.0081 0.0019 2.1252 9.2979 1347.75 1246.82
Mn 0.0004 0.0001 0.0030 0.0007 5.7436 25.1282 3642.39 3369.61
Se 0.0003 0.0001 0.0539 0.0123 0.3200 1.4000 202.93 187.74

Sea bream Zn 0.0070 0.0016 0.0233 0.0053 0.7396 3.2357 469.03 433.90
Cu 0.0008 0.0002 0.020 0.0046 0.8649 3.7838 548.47 507.39
Hg 0.0001  < 0.0001 0.4315 0.098 0.0400 0.1750 25.37 23.47
Al 0.0015 0.0003 0.0015 0.0003 11.5942 50.7246 7352.66 6802.02
Fe 0.0073 0.0017 0.0105 0.0024 1.6471 7.2059 1044.51 966.29
Mn 0.0001  < 0.0001 0.0010 0.0002 17.2308 75.3846 10,927.18 10,108.84
Se 0.0003 0.0001 0.0561 0.0128 0.3077 1.3462 195.13 180.52

Sea bass Zn 0.0065 0.0015 0.0218 0.0050 0.7921 3.4653 502.31 464.69
Cu 0.0007 0.0002 0.018 0.0042 0.9412 4.1176 596.86 552.16
Pb  < 0.0001  < 0.0001 0.0062 0.0014 2.8000 12.2500 1775.67 1642.69
Hg 0.0002  < 0.0001 0.6832 0.1562 0.0253 0.1105 16.02 14.82
Al 0.0063 0.0014 0.0063 0.0014 2.7444 12.0069 1740.42 1610.08
Fe 0.0069 0.0016 0.0099 0.0023 1.7418 7.6205 1104.61 1021.89
Mn 0.0002  < 0.0001 0.0014 0.0003 12.4444 54.4444 7891.85 7300.83
Se 0.0002 0.0001 0.0475 0.0108 0.3636 1.5909 230.61 213.34
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2019; Alkan et al. 2021; Bat et al. 2021) and the current 
study was similar to the literature.

The maximum allowable consumption rate (CRlim) rate 
by the person, to estimate the human health risk, was calcu-
lated on basis of an average 0.227 kg for adults and 0.114 kg 
for children of edible tissue consumption per day (US EPA 
2008).

For non-carcinogen effects, the maximum allowable daily 
consumption limits (CRlim) of cultured fish in the Black Sea 
for selected elements were calculated and found to be quite 
high enough to ensure human health (Table 5).

For children and adults, the highest CRlim values were 
in Al element for turbot and Turkish salmon, and Mn ele-
ment for sea bream and sea bass. In addition, monthly con-
sumption limits (CRmm) were calculated to determine how 
many meals of cultured fish in the Black Sea can safely be 
eaten per month with no adverse non-carcinogenic health 
effects. CRmm values of Turkish salmon, turbot, sea bass, and 
bream were 50.73, 27.67, 25.37, and 16.02 meals/month, 
respectively, for children, 46.93, 25.60, 23.47, and 14.82 
meals/month respectively for adults. According to US EPA 
(2000), this is categorized as safe fish consumption (rep-
resented by > 16 meals/month). When evaluated according 
to the US EPA, the CRmm value of the cultured fish in the 
Black Sea was only in sea bass for adults and at the limit for 
Hg element.

The element concentrations in commercial diet samples 
were typically greater than those in farmed fish suggests 
that biomagnification potential is low (Table 2 and Table 5).

Except for Hg, all elements had BMFs of less than 
one. The BMF of Hg was found to be less than one for 

Table 5   Biomagnification factor (BMF) of selected elements in edi-
ble tissues of cultured fish in the Black Sea

Elements Biomagnification factor (BMF)

Turkish salmon Turbot Sea bream Sea bass

Na 0.13 0.35 0.07 0.10
Mg 0.01 0.09 0.14 0.16
P 0.19 0.15 0.15 0.15
K 0.57 0.29 0.47 0.52
Ca 0.01 0.01 0.01 0.01
Mn 0.01 0.01 0.01 0.01
Fe 0.01 0.01 0.01 0.01
Zn 0.03 0.03 0.03 0.03
Cu 0.05 0.01 0.08 0.07
Al 0.01 0.01 0.01 0.01
Cr 0.02 0.48 0.04 0.27
Se 0.19 0.12 0.16 0.13
Hg 0.86 1.22 1.33 2.11
Pb – 0.05 – 0.09
Ni 0.01 0.12 0.10 0.10
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Turkish salmon, between 1 and 1.33 for turbot and sea 
bream, and above 2 for sea bass. Kelly et al. (2008) deter-
mined the BMF value of cultured Atlantic (Salmo salar), 
coho (Oncorhynchus kisutch), and chinook (Oncorhynchus 
tshawytscha) salmon to be higher than 1 in Hg only. In 
terms of essential elements, BMF values of all cultured 
fish of the Black Sea were to be less than one. Except for 
Hg, none of the elements were biomagnified by cultivated 
fish in the Black Sea, according to BMF values.

The World Health Organization’s daily nutritional 
requirements for adults are compared to the values found 
in this study in Table 6. While according to RDA/EU 
(2006), consuming 100 g of the Black Sea cultured fish, 
regardless of species, meets a minimum daily require-
ment of 40% Se, 21% K, and 26% P; according to RDA/
TR (2006), it was calculated that consuming 100 g of cul-
tured fish of the Black Sea meets the daily requirement of a 
minimum of 52.50% Se, 26.15% P, 9% Mg, 5.27% Fe, and 
4.57% Cu. The levels of Zn, Se, K, and Na determined in 
this study are equal to the amounts that individuals should 
consume on a daily basis, according to The National Insti-
tutes of Health (2021). Larsen et al. (2011) found that fatty 
fish had greater Se, Zn, Mg, and Ca levels than terrestrial 
animals.

Conclusıon

At the end of the study, the health risk assessment using 
EDI and THQ showed no health concern associated with 
the intake of the studied elements via the consumption of 
cultured fish in the Black Sea. As this result is compatible 
with the literature, it was concluded that the cultured fish 
of the Black Sea, especially Se, have a protective effect 
against the effects of Hg on human health. When compared 
with the data of the World Health Organization (2005) and 
The National Institutes of Health (2021), it determined 
that consuming 100 g of cultured fish in the Black Sea 
adequately meets the daily elemental requirement.
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