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Abstract
The significant increase in the human population and the associated industrial wastes have a widespread impact on coastal 
areas. It is important to monitor trace elements that affect food safety and pose a potential consumer health threat. All over 
the Black Sea coast, people enjoy consuming whiting as both meat and roe. In February 2021, whitings were caught by 
bottom trawling from four different locations on the coasts of Kastamonu, Sinop (Sarıkum, Adabaşı), and Samsun in the 
southern Black Sea region. The meat and roe extracts obtained from whiting samples were analyzed through an optical 
emission spectrophotometer (ICP-MS). Trace element concentrations of whiting meat and roe in this study were Zn > F
e > Sr > As > Al > Se > B > Mn > Cu > Hg > Li > Ni > Ba > Pb > Cr > Cd and Zn > Fe > Al > As > Cu > Sr > Mn > Se > B > 
Ba > Li > Ni > Hg > Cr > Pb > Cd, respectively. These amounts were lower than the acceptable values accepted by the EU 
Commission. In case of whiting and roe consumption of a maximum of three portions (860.33 g) for Adabaşı, six portions 
for Kastamonu (1432.37 g), three portions for Samsun (828.55 g), and five portions (1253.04 g) for Sarıkum per month do 
not pose a health risk.

Keywords  The Black Sea · Whiting · Trace elements · Assessment of Health Risk · Target hazard quotient · Selenium 
health benefit

Introduction

Trace element concentrations in marine habitats elevate due 
to the growing population, thriving businesses, agriculture, 
expedition, urbanization, and other human-related processes 
(Jerome and Chukwuka 2016; Marengo et al. 2018). Trace 
elements are toxic and nonbiodegradable as environmental 
pollutants can cause serious damage to the circulatory, cen-
tral nervous, excretory, and reproductive systems of organ-
isms when they accumulate in their tissues and reach high 
level (Bayrakli 2021b).

Elements such as zinc (Zn), iron (Fe), manganese (Mn), 
and copper (Cu) are essential for the metabolic processes of 
organisms. Nevertheless, large quantities of such elements 
are likely to have toxic consequences (Mol et al. 2010; 
Makedonski et al. 2017). Metals prove thoroughly toxic, 
which are mercury (Hg), arsenic (As), lead (Pb), and cad-
mium (Cd), all being possible to remain in bodies of aquatic 
organisms (Mol et al. 2019). Now that the rapidly rising 
human population and its associated industrial discharges 
have mainly affected coastal areas, benthic regions of the 
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sea shores have been more affected by mineral contamina-
tion (Hwang et al. 2017). Considering that pollution caused 
by trace elements is of global concern, studies on people’s 
exposure to water-carried contaminants are increasing 
(Zhuang et al. 2013). Recent research on exposure to water-
borne contaminants has become popular today because trace 
and heavy metal contamination is a global concern (Sobha-
nardakani et al. 2018). Some universally valid parameters, 
such as the estimated target hazard quotient (THQ), cancer 
risk (CR), and daily intake (EDI), are used to predict the 
critical level for human health of the elements that accumu-
late along the food chain of organisms living in increasingly 
polluted water resources and thus to determine safe food 
criteria (US-EPA 2000; Yi et al. 2011). Natural geological 
and anthropogenic factors are responsible for the presence of 
heavy metals in the marine environment. (Gedik and Ozturk 
2019). As the Black Sea is constantly exposed to pollutants, 
pollution has gradually increased (Bat et al. 2015).

The Black Sea, which is constantly fed by the fresh-
water of various voluminous rivers in Europe (Danube, 
Dniester and Dnieper) and Anatolia (Sakarya, Kızılırmak 
ve Yeşilırmak), is considered one of the most contaminated 
seas in the world, and elevated concentration of nutritious 
elements over the last few years has accounted for a higher 
amount of eutrophication (Makedonski et al. 2017).

The different heavy metal concentration observed in 
marine biota depends on their geography. Karslı (2021) 
found metal concentrations in fish muscles vary significantly 
based on the location. Hence, the sources of pollution in the 
Black Sea are numerous and large-scale, and their impacts 
on species need to be determined periodically.

Whiting is mostly fished with gillnets in the east and 
throughout the southern Black Sea region and bottom 
trawlers in the west (Satilmis et al. 2014). An average of 

10 197 ± 2 616 tonnes of whiting has been fished annually 
in Turkey since 2000, accounting for 2.24% of total fishing 
(TUIK 2021). Consumers relish not only white meat but 
also the whiting roe (Kaba et al. 2013, 2014). The objec-
tives of this study are three-fold: first, investigating the metal 
content ( Al, As, B, Ba, Cd, Cr, Cu Fe, Hg, Li, Mn, Ni, Pb, 
Se, Sr, and Zn) in the meat and roe tissues of whiting from 
Kastamonu, Sinop (Sarıkum, Adabaşı) ve Samsun coasts of 
the Black Sea; second, comparing these data with national 
and international limit values; and third, assessing the public 
health risk arising from the consumption of whiting meat 
and roe.

Materials and methods

Sampling and study area

Whiting was captured by bottom trawl from 4 different 
locations along the coasts of Kastamonu, Sinop (Sarıkum, 
Adabaşı) and Samsun in the southern Black Sea region 
(Fig. 1). Samples were obtained from commercial fisher-
men in February 2021. Approximately 1000 g of whiting 
samples was taken from each location. After determining the 
total length and weight, the samples were labeled and frozen 
in the bags. The average length and weight of the samples 
were 12.80 ± 0.570 cm and 16.92 ± 1.913 g for Kastamonu 
(n = 59), 12.74 ± 0.727 cm and 16.04 ± 2.378 g for Sarıkum 
(n = 62), 13.25 ± 0.354 cm and 19.65 ± 0.664 g for Adabaşı, 
and 11.90 ± 0.224 cm and 13.648 ± 1.504 g for Samsun 
(n = 74) stations, respectively. Frozen samples were trans-
ferred to Sinop University Scientific Research Laboratory 
within the cold chain. After the samples were washed with 
ultrapure water, the meat and roe parts of the whiting were 

Fig. 1   Sampling regions in the 
southern Black Sea coasts
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separated. Finally, the homogenized samples were analyzed 
to determine the whiting metal content.

Analyses of metal contents

All metal analyses in the present study were performed 
in triplicate groups, following the EPA Method 200.3 
(USEPA 1991). Whiting meat and roe samples (up to 
1.5 g) were digested in Teflon vessels including a mix-
ture of concentrated supra pure grade HNO3 and H2O2 
(7:1) according to (HPR-FO-67) temperature and pressure 
profile using a microwave digestion system (Milestone 
SK10). After adding the acid Teflon bombs closed and 
heated at 200 °C for 15 min and kept at the same tem-
perature for another 15 min, the digested solution was 
transferred into a 50 mL polypropylene falcon tubes and 
filled up to 50 ml with ultra-pure water. Standard Refer-
ence Material (CRM) and blank solutions were prepared 
using the same procedures. The CRM materials UME 
CRM 1201 and SEM 2016 mix were employed to assess 
the precision and accuracy of the analyses. Inductively 
Coupled Plasma Spectrometry (ICP-MS Agilent 7700X) 
was utilized to measure the concentration aluminum 
(Al), arsenic (As), boron (B), barium (Ba), cadmium 
(Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), 
lithium (Li), manganese (Mn), mercury (Hg), nickel (Ni), 
selenium (Se), strontium (Sr), and zinc (Zn) by means of 
multielement techniques, during which all glass materi-
als and teflon tapes were immersed in 10% HNO3 over-
night, rinsed through distilled water twice, and air-dried 
to refrain from any contamination before use. The cer-
tificated reference substance (NRCC-DORM-2 Dogfish 
Muscle) was employed as a standard for calibration veri-
fication (Table S1). 

Estimations of consumer health risks

Health risks for consumers exposed to metals through 
oral intake have been assessed as noncarcinogenic and 
carcinogenic risks in the present study.

The average consumption of fish in the European 
population is about 23 kg per capita annually (Failler 
et al. 2007). Estimated daily intake (EDI, mg kg−1 body 
weight/day) of metals through ingestion of whiting meat 
and roe was tried to be found out by the following formula 
reported earlier by Copat et al. (2013), Yigit et al. (2018), 
and Bayrakli (2021b):

where MC stands for metal concentration (mg kg.−1 ww) 
in whiting meat and roe, MS is the meal size (kg/day), the 

EDI =
MC × MS

BW

average daily intake rate of meat the EU population, and BW 
represents body weight (kg) for adults (70 kg)

Noncarcinogenic risk

Noncarcinogenic risk has been evaluated via comparison 
of the exposure level over a specific time period (lifetime) 
with reference dose suggested for the same exposure dura-
tion. Target hazard quotient (THQ), representing noncar-
cinogenic risk, is the proportion of estimated daily intake 
(EDI) and reference dose (RfD), which is an assumption 
of an exposure level below the fact that it is improbable for 
even sensitive populations to experience health risks. When 
the exposure has been in excess of this threshold, there 
would be a concern for potential noncancer health effects. 
Risk assessment for As was conducted on the assumption 
that the toxic inorganic arsenic was 3% of the total (FSA 
2004). The mathematical explanation of the potential risk 
described as THQ led by a single element within a single 
exposure route over a lifetime duration of 70 years was 
found using the following equation reported by US-EPA 
(1989):

where EDI is estimated daily intake (mg kg−1 body weight/
day) and RfD represents the reference doses (mg kg−1 day.−1) 
for metals according to EFSA (2010) and US-EPA (2013)

The value of acceptable guideline for THQ has been 
found to be “1” (US-EPA 1989). If the calculated THQ 
value is below “1” (< 1), it means that no harmful effect 
might be expected for human beings. On the other hand, 
human exposure to metals more than “one” (> 1) may 
affect people in cumulative reaction (Hallenbeck 1993). 
For this reason, the arithmetic sum of THQ values has 
been considered total target hazard quotients (TTHQ) 
representing the hazard index (HI), which is equivalent 
to the total of the hazard quotients, where EDI and the 
RfD implies the same exposure period. When the hazard 
index is more than unity, a concern for potential health-
related consequences could be in question, while any 
single chemical with an exposure level over the toxic-
ity value will account for the hazard index exceeding 
the unity. In terms of multiple chemical exposures, the 
hazard index can also exceed unity even when no sin-
gle chemical exposure has exceeded its RfD. The math-
ematical equation for noncancer hazard index (HI) as the 
arithmetic total of THQ value was used in the this study 
under US EPA (1989) as earlier described by Li et al. 
(2013), Bonsignore et al. (2018), Yigit et al. (2020), and 
Bayrakli (2021b), concerning the assessment of the risks 
caused by multiple elements(the value n was “15” in the 
present study).

THQ =
EDI

RfD
× 10−3
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where EDIn is the estimated intake level for the nth metal

Carcinogenic risks for toxic metals

The carcinogenic risk implies the incremental possibility for 
any of cancer type in a lifetime of a person related to his/her 
exposure to potential carcinogens. The cancer slope factor 
(CSF) directly turns estimated daily intakes averaged over a 
lifetime of exposure to incremental risk directly to incremental 
risk of a man/ woman who would develop cancer. Of the meas-
ured elements, As, Cd Cr, Ni, and Pb are known to produce 
risk of cancer in individuals (IARC 2012). The cancer risk all 
over life time (CRR) was estimated using the equation by US-
EPA (1989, 2010), as earlier described by Liang et al. (2017):

where EDI is the estimated daily intake (mg kg.−1/day)
CSF stands for the cancer slope factor for As 

(1.5  mg  kg−1/day),  Cd (6.3  mg  kg−1/day),  Ni 
(0.84 mg kg−1/day), Pb (0.0085 mg kg−1/day) (Liang et al. 
2017; US-EPA 1996).

Although methylmercury (MeHg) has been categorized as 
a possible carcinogenicity in humans (IARC 2012), the cancer 
slope factor for Hg has not been issued by the US-EPA. There-
fore, cancer risks for Hg was not estimated in this study. The 
level of cancer risk for carcinogens ranges between 10−4 and 
10−6, which presents risk of developing cancer for the entire 
human lifetime of 1 in 10.000 and 1 in 1.000.000, respectively. 
It means that a risk lower than 10−6 is an acceptable risk and 
can be ignored, but a risk exceeding 10−4 is considered as 
unacceptable. Hence, an average cancer benchmark of 10−5 
was considered the threshold in this study (US-EPA 2010).

Safe consumption limits

The maximum allowable daily consumption rate that is the 
safe daily consumption limit has been defined as ADC and 
calculated using the following formulae (US-EPA 2000):

HI
�

TTHQ
∑

n

�

= (EDI1∕RfD1) + (EDI2∕RfD2)

+(EDI3∕RfD3) +⋯⋯⋯ + (EDIn∕RfDn)

HI =
∑

n
THQm

CRR = EDI × CSF

where RfD is the reference doses (mg kg−1 day−1) for 
metals (EFSA 2010; US-EPA 2013), BW represents body 
weight (kg) for adults (70 kg), and MC represents metal 
concentration (mg kg−1 ww) in whiting meat and roe.

The maximum safe weekly consumption rate, or allow-
able weekly consumption (AWC, meals per week) was 
calculated by converting the allowable daily consumption 
rate (ADC) into the food meal size (MS), that is, 0.227 kg/
day for adults by US-EPA (1989, 2000). The allowable 
weekly consumption (AWC, meals per week) was calcu-
lated by the equation stated in a previous work by Yigit 
et al. (2018):

where ADC is the maximum allowable daily consumption 
rate (US-EPA 2000) and MC is the analyzed metal concen-
tration (mg kg−1 ww) in whiting meat and roe.

Compensation of daily requirements for essential trace 
elements

Percent compensation of minimum daily requirements 
(CDRmin) for essential trace elements in human consuming 
meat was calculated using the following equation according 
to Yigit et al. (2020):

where EDI represents the estimated daily intake (mg kg−1/
day) and EAR stands for the estimated average daily require-
ment for a healthy human (IOM 2001, 2006).

Selenium health benefit value (Se‑HBV)

The molar Se/Hg ratio was obtained by the equation below 
(Ralston et al. 2008; Burger and Gochfeld 2011):

ADC =
RfD x BW

MC

AWC =
ADC × 7

MS

CDRmin =
EDI × 100

EAR

Molar ratio (Se∕Hg) = molar concentration of Se (� mol kg−1)∕molar concentration of Hg (� mol kg−1)

Molar concentration Se = the concentration Se (mg kg−1)∕78.9 g mol−1

Molar concentration Hg = the concentration Hg (mg kg−1)∕200.59 g mol−1
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The Se-HBV exhibits that the Se /Hg equilibrium is 
present in tissues and diets. When the concentration of 
Se is lower than that of Hg in seafood, the health risk is 
high. In addition, higher amounts of Se provide health 
benefits by means of protection against Hg poisoning. 
Therefore, the Se-HBV is calculated to define potential 
risks of Hg exposure or nutritional benefits of Se. In 
view of the prominences of the values, the positive Se-
HBV displays Se-dependent health benefits, but when 
the result is negative, the health risk is inevitable or 
emerges (Kaneko and Ralston 2007). The Se-HBVs were 
calculated using the equation as follows (Ulusoy et al. 
2019):

Statistical analyses

Rv4.0.5 statistical software was utilized in all statistical 
analyses, and the significance level was set at 0.05 level 
for statistical tests. Before performing statistical analy-
ses, the Shapiro–Wilk normality test was performed to 
examine the structure of the data in terms of linearity. 

HBVSe = (Se − Hg)∕Se − Hg )

Due to the presence of nonlinear observations in the 
majority of all elements, linear relationships among all 
investigated elements were evaluated using Spearman’s 
rank correlation test, regardless of region and tissue 
factors. In addition, the relationship between meat and 
roe factors from the point of each element, regardless 
of region factor, was examined using Spearman’s rank 
correlation test. The statistical significance of the linear 
relationships between the elements without considering 
the tissue and region factors and only considering the 
tissue factor was tested using Holm-Bonferroni method, 
also called Holm’s sequential Bonferroni procedure.

To examine the statistical significance of the region 
and tissue factors and their interactions with each other, 
Friedman’s two-way analysis of variance (ANOVA) by 
ranks was conducted for all elements. Pairwise com-
parisons of differences between regions in terms of each 
element were examined using the Tukey’s range test, 
also called Tukey’s honest significant difference (HSD) 
test. All detailed results, graphics, and test outputs for 
statistical analyses were given in the supplementary 
material.

Fig. 2   Correlogram of Spear-
man’s rank correlation results 
between all elements regardless 
of the tissue factor
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Results

Metal levels and statistical evaluation

Fe, Zn, Cu, Se, and Mn are essential elements in the biologi-
cal activities of every organism (Bayrakli 2021a, b). Based on 
these results, Spearman’s rank correlation test results (Fig. S1) 
and the correlogram (Fig. 2) were examined. The correlations 
between all elements were obtained by considering both tissue 
factors (meat and roe) together. Although strong positive sig-
nificant correlations between Fe-Cu, Fe-Zn, Cu–Zn, Fe–Mn, 
Cu-Mn, Zn-Mn, and Cr-Mn were observed, strong negative 
significant correlations were observed between Hg-Fe, Hg-Zn, 
and Hg-Mn. No relationship was observed between Cu-B, 
Zn-B, Fe-B, Fe-Sr, Hg-Ba, and Ni-Sr. Mercury (Hg) is a toxic 
element; thus, it is not considered essential for human metabo-
lism. Mercury can cause genetic deterioration and harm to 
the cardiovascular and neurological systems upon exposure 
(Bjørklund et al. 2020).

In addition, strong positive and significant correlations 
were observed between Cu_meat-Cu_roe, Fe_meat-Fe_roe, 
and Zn_meat-Zn_roe with values of 0.76, 0.76, and 0.87, 
respectively (Table S4).

Friedman’s two-way ANOVA test results of the region 
and tissue factors for each element show that the region, tis-
sue, and region tissue factors were statistically significant for 
Al, As, B, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Ni and Sr elements (p 
value < 0.05) (Table S5-S36) that the findings revealed that 
there was a statistically significant difference between the 
regions in terms of the mean concentrations of the elements. 
There was no statistically significant difference between the 
mean concentrations of Li, Pb, and Se elements in tissue 
factor levels (Tables S23, S29, and S31). The region and 
tissue factor interaction effect for only the Zn element was 
not statistically significant (Table S35).

The regions that make up the difference were determined 
by performing multiple pairwise comparisons between 
group mean concentrations based on Tukey's HSD test for 
region factor (see Supplementary material pages 6–13). It 
was observed that there was a statistically significant differ-
ence between all regions in terms of the mean concentra-
tions of As, Ba, Zn, Hg, and Mn elements. It was found to 
be a statistically significant difference in terms of the mean 
concentrations of Al, As, B, Ba, Cu, Fe, Hg, Mn, Se, Sr 
and Zn elements between ‘Kastamonu-Adabaşı’, ‘Samsun-
Kastamonu’ and ‘Sarıkum-Kastamonu’ regions. This differ-
ence between the mean concentrations of these elements in 
the Kastamonu region may depend on the geological origin 
(p-adj. < 0.05, Table S5-S36). The difference between the 
mean concentrations of Al, As, Ba, Fe, Hg, Mn, Zn and 
Ni elements was statistically significant between ‘Sarıkum-
Samsun’, ‘Adabaşı-Samsun’ and ‘Kastamonu-Samsun’ 

regions (p-adj. < 0.05, Table S5-S36). The results showed 
that there was a statistically significant difference between 
‘Sarikum-Samsun’, ‘Adabaşı-Sarıkum’ and ‘Kastamonu-
Sarıkum’ regions from the point of the mean concentrations 
of As, B, Ba, Cd, Hg, Mn and Zn elements. The difference 
between the mean concentrations of As, Ba, Cu, Hg, Mn, Ni, 
Se, Sr and Zn elements was statistically significant between 
‘Adabaşı-Samsun’, ‘Adabaşı-Sarıkum’ and ‘Kastamonu- 
Adabaşı’ regions (p-adj. < 0.05, Table S5-S36).

Discussion

In this study, the concentration of elements in whiting meat 
was determined as Zn > Fe > Sr > As > Al > Se > B > Mn 
> Cu > Hg > Li > Ni > Ba > Pb > Cr > Cd. Whiting roe was 
found as Zn > Fe > Al > As > Cu > Sr > Mn > Se > B > Ba > 
Li > Ni > Hg > Cr > Pb > Cd (Table 1). Turan et al. (2019) 
reported that As, Pb, Hg, Al and Mn elements were high in 
whiting meat, and Se, Fe, and Zn elements were high in the 
roe, while other elements were approximately similar. Baki 
(2021) reported higher levels of Cd, Cr, Ni and Pb elements 
in whiting meat rather than whiting roe. Cu, Fe, Mn and Zn 
elements, which have important roles in the body functions 
and can be observed in this study, were found relatively high 
in the roes in all regions Table 2.

It would be safe to say that these elements are essential 
for the development of the gonad during the reproductive 
period. The Hg element in the meat was higher in all regions 
as reported by Turan et al. (2019). Meat values of other ele-
ments were higher in some regions while gonad values were 
higher and similar in some regions. Sönmez et al. (2012) 
reported that the differences between the metal amounts of 
the fish according to the regions might be due to the effects of 
the city and industrial settlements on the feeding areas, fish-
ing areas, and the geological structure of the region. Accord-
ing to studies examining whiting meat in the Black Sea 
region, Al, Cu, Fe, Mn, Zn, Se, Cr, As, Cd, Hg, Pb, and Li 
levels were reported to be between 0.27–25.88, 0,26–11.83, 
2.36–27.29, 0.033–8.7, 3.47–152, 0.29–2.51, 0.01–1.48, 
0.03–9.67, < 0.01–1.62, 0.02–2.51, < 0.001–14.11, 0.01- 
3.06, and < 0.01–2.87 mg kg −1, respectively. The study find-
ings are in line with those of previous studies. All the metals 
except for As levels found in this study were all below the 
maximum acceptable values reported by the Turkish Food 
Codex (TFC 2011), the EU Commission (1881/2006) and 
Food and Agriculture Organization of the United Nations/
World Health Organization (FAO/WHO) (2007). Arsenic is a 
metalloid form commonly found in the marine environment, 
so it can often be encountered in seafood (Moreda–Piñeiro 
et al. 2012). This heavy metal exists in nature in organic or 
inorganic forms (Raknuzzaman et al. 2016).
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Although the inorganic form of arsenic has very harm-
ful toxicity, the organic form has relatively low toxicity 
(Sarkar and Paul 2016). International organizations such 
as the Environmental Protection Agency (EPA), the Inter-
national Agency for Research on Cancer (IARC) and the 
Department of Health and Human Services (DHHS) have 
reported that inorganic arsenic is carcinogenic for human 
health (Chou et al. 2007). Kalantzi et al. (2016) reported that 
the amount of inorganic arsenic in seafood is between 1 and 
10% of the total arsenic content. Food Standards Australia 
and New Zealand (FSANZ 2013) reported the permissible 
value for inorganic arsenic to be 2 mg-kg−1 ww and the Chi-
nese Health Ministry (MHPRC 2013) a value of 0.1 mg kg−1 

ww. This study calculated 3% of the total arsenic amount 
for whiting to be inorganic As (0.02–0.10 mg kg−1 ww), 
which is lower than the value reported by FSANZ (2013) 
and MHPRC (2013).

Potential health risk assessment of metals 
via the consumption of whiting meat and roe

Fish are an essential food source in terms of rich polyunsatu-
rated fatty acids, nutritious amino acid structure, and mineral 
and vitamin content (Oztekin et al. 2018; Bayraklı and Duyar 
2019; Bayrakli 2021a). However, increased domestic and 
industrial waste pollution affects coastal areas. Monitoring 

Table 1   Mean element 
concentrations (mean ± SD) in 
muscle and roe tissue of whiting 
according to the regions (mg 
kg−1 wet weight)

Kastamonu Sarıkum Adabaşı Samsun

Al Meat 2.467  ±  0.082 0.355 ± 0.060 0.795  ±  0.019 0.825 ± 0.086
Roe 8.917 ±  0.099 5.141  ±  0.270 1.433  ±  0.064 0.674  ±  0.102

As Meat 2.913 ±  0.010 1.359  ±  0.025 0.778  ±  0.002 0.824  ±  0.009
Roe 3.541 ±  0.042 1.234  ±  0.008 1.577  ±  0.021 0.988  ±  0.016

B Meat 0.583  ±  0.004 0.586  ±  0.024 0.431  ±  0.008 0.539  ±  0.005
Roe 0.701  ±  0.027 0.354  ±  0.009 0.490  ±  0.007 0.285  ±  0.002

Ba Meat 0.102  ±  0.001 0.055  ±  0.003 0.027  ±  0.001 0.038  ±  0.001
Roe 0.428  ±  0.010 0.016  ±  0.001 0.094  ±  0.002 0.041  ±  0.003

Cd Meat 0.001  ±  0.000 0.000  ±  0.000 0.002  ±  0.000 0.003  ± 0.000
Roe 0.014  ±  0.001 0.000  ±  0.000 0.006 ±  0.000 0.001 ±  0.000

Cr Meat 0.002  ±  0.001 0.004  ±  0.000 0.000 ±  0.000 0.002  ±  0.000
Roe 0.101  ±  0.000 0.008  ±  0.000 0.016  ±  0.004 0.005  ±  0.002

Cu Meat 0.546  ±  0.006 0.303  ±  0.006 0.421  ±  0.002 0.318  ±  0.002
Roe 3.432  ±  0.035 0.998  ±  0.019 1.552  ±  0.008 0.912 ±  0.013

Fe Meat 4.541  ±  0.036 2.893  ±  .037  3.154 ±  0.013 2.375  ±  0.013
Roe 26.980  ±  0.293 12.659  ± 0.101 11.592 ±  0.082 9.320  ±  0.059

Hg Meat 0.147  ±  0.007 0.167  ±  0.002 0.244  ±  0.003 0.254  ±  0.003
Roe 0.052  ±  0.001 0.020  ±  0.001 0.063  ±  0.001 0.032  ±  0.001

Li Meat 0.162  ±  0.001 0.163  ±  0.002 0.157  ±  0.022 0.158  ± 0.006
Roe 0.255  ±  0.011 0.070  ±  0.001 0.168  ±  0.016 0.020  ±  0.009

Mn Meat 0.743  ±  0.032 0.497  ±  0.028 0.154  ±  0.006 0.209 ±  0.006
Roe 3.297  ±  0.027 1.286  ±  0.038 1.369 ± 0.014 0.812 ±  0.036

Ni Meat 0.056  ±  0.002 0.147  ±  0.001 0.012  ±  0.001 0.023  ±  0.000
Roe 0.236  ±  0.004 0.065  ±  0.000 0.041  ±  0.002 0.069 ±  0.001

Pb Meat 0.019  ±  0.002 0.020  ±  0.001 0.018 ±  0.004 0.021  ± 0.001
Roe 0.063  ± 0.002 0.021  ±  0.000 0.020 ±  0.003 0.008  ±  0.002

Se Meat 1.274  ±  0.022 0.888  ±  0.028 0.872  ±  0.048 0.780  ±  0.022
Roe 2.431  ±  0.068 0.715  ±  0.013 1.486  ±  0.043 0.777  ±  0.027

Sr Meat 3.771  ±  0.023 2.146  ±  0.009 1.367  ±  0.020 1.635  ±  0.013
Roe 2.473  ±  0.059 0.660  ±  0.021 2.985  ±  0.061 0.675 ±  0.005

Zn Meat 7.701  ±  0.118 7.006  ± 0.033 7.144 ±  0.029 6.985  ±  0.036
Roe 58.930  ±  0.433 34.577  ±  0.216 44.680 ±  0.545 29.402 ±  0.189

Se/Hg Meat 12.23 22.14 9.25 13.49
Roe 60.20 119.09 60.93 89.41

HBVse Meat 12.38 16.12 7.10 11.20
Roe 18.83 30.80 9.84 9.06
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and estimating metal concentrations of live organisms, such 
as whiting (Merlangius merlangus euxinus) distributed in 
these dangerous areas, is important for assessing risks in 
terms of human health.

Table 3 provides the arithmetic sum of each THQ value 
for the studied metals in adults upon consuming whiting 
collected from the Black Sea cost stations.

Table 4 Per cent compensation of minimum daily require-
ments (CDRmin) for essential trace elements in adult men 
(AM) via consuming whiting, based on estimated daily aver-
age requirement levels according to IOM (2001, 2006).

Table 3 shows EDI, ADC, AWC, AMC, THQ, HI, and 
CRR for the studied metals in an adult human upon con-
suming whiting, as well as reference dose and cancer slope 
factor. Therefore, tolerable reference doses (RfD) of trace 
metals in food ingested through daily nutrition were deter-
mined by international health institutions (EFSA 2010; US-
EPA 2013). In addition, an estimated daily intake (EDI) has 
been formulated to determine the elemental level of foods 
consumed at one meal (Copat et al. 2013). Cancer risk levels 
(ADC) were calculated to find the meal level without cancer 
risk via food intake (US-EPA 2000).

The EDImeat values showed that all elements except for 
Hg in whiting meat were below the RfD level in all sta-
tions in this study. The amount of Rfd for EDIHg is recom-
mended by the US-EPA (2013) as 1 × 10–4 4 mg kg−1 day−1. 
At the stations, including Adabaşı, Kastamonu, Samsun 
and Sarıkum, EDIHg was determined in whiting meat as 
2 × 10−4, 1 × 10−4, 2 × 10−4, and 2 × 10−4, respectively. In 
whiting roe, the estimated daily intake per meal size was 
found to be below the RfD level at all stations.

The THQ is one of the acceptable parameters for risk 
assessment of metals in contaminated seafood consumption 
(Bogdanović et al. 2014). A THQ value below 1 implies 
that the exposed population would not experience obvious 
adverse effects. If the THQ value is above 1, there is a poten-
tial for carcinogenic effects (Yigit et al. 2018). According to 
the results in this study, THQHg in whiting meat was above 1 
at Adabaşı, Kastamonu, Samsun, and Sarıkum stations with 
the values of 2.196, 1.319, 2.283, and 1.507, respectively. 
Also, THQ values for all elements in the whiting roe were 
found to be below 1 at all stations. It was found that the HI 
index was above 1 in whiting at all stations and above 1 at 
Adabaşı and Kastamonu stations in whiting roe. The THQHg 
amounts in whiting meat and roe were relatively high in 
the HI index. It constitutes 86.28%, 67.54%, 87.12%, and 
78.45% of whiting meat at all stations; however, it consti-
tutes 44.43%, 26.75%, 43.73%, and 29.24% of the whiting 
roe, respectively.

Cancer risk (CRR) is the maximum limit of the prob-
ability of individuals being at cancer risk after exposure to 
a toxic substance (Ahmed et al. 2015). When the value of 
CRR is less than 10−6, it can be said that there is no cancer 

risk. When the value is higher than 10−4, cancer risk is unac-
ceptable. However, if it ranges between 10−4 and 10−6, the 
cancer risk is at an acceptable (US EPA 2010). The study 
results showed that CRR values for As, Cr, Cd, and Pb were 
within an acceptable range (< 10−4).The ADC specifies the 
amount of fish meat eaten daily to prevent cancer. According 
to ADC results, the lowest daily whiting consumption rate 
at the stations was determined as ADCHg, and it was found 
as 0.03, 0.05, 0.03, and 0.04 kg/meal, respectively. Monthly 
consumption amounts were determined according to ADCHg, 
which has the lowest daily consumption value.

According to AMCmeat values, the Adabaşı station has the 
lowest value (four portions) while the Sarıkum Station had 
highest value (10 portions). In addition, it was observed that 
there was no health risk in consuming at most four portions 
at Kastamonu station and six portions at Samsun station. As 
whiting roe contains lower Hg than meat, AMCroe values 
at all stations do not pose a health risk when 14, 18, 28, 
or 45 portions are consumed, respectively. If children and 
adults are exposed to the same chemical exposure, children 
are more affected than adults (Rauh and Margolis 2016).
Although exposure from other food sources is not included 
in the measurement data, Hg, in particular, poses a great 
threat to human health regarding the data estimation in this 
study. Hg is mainly in the form of MeHg, which is a very 
toxic composition. However, exposure to trace metals varies 
depending on the bioavailability of heavy metals, nutritional 
status, and differences in diet and metabolism of individuals.

Moreover consumed product is raw or cooked can sig-
nificantly affect the risk level (Bradley et al. 2017). Fish 
cooking methods were observed to shorten the lifespan of 
methylmercury bioavailability. Similarly, MeHg bioavail-
ability in boiled and fried fish was found to be 40% and 60% 
lower, respectively, than in the raw samples (Ouédraogo and 
Amyot 2011). Selenoprotein, an essential compound of Se, 
is responsible for reducing the toxic effect of Hg (Osman 
et al. 1998).

The International Roundtable on Bioindicators reported 
that food safety Se/Hg molar ratios should be evaluated 
to examine the effects of Hg toxicity on organisms in risk 
assessment of fish consumption (Ralston 2008). To avoid Hg 
toxicity and reduce the adverse effects of Hg, the molar ratio 
of Se/Hg should be greater than 1 (Ralston 2009).

The US Environmental Protection Agency has developed 
the Se-HBV formula, which is considered more reliable for 
fish consumption safety in MeHg exposure risk assessment 
(Ralston 2009). Using these formulas developed for the 
health risk posed by Hg exposure, research results have been 
published stating that the presence of Se in the diets reduces 
or neutralizes Hg toxicity in fish consumers (Bjerregaard 
et al. 2011; Gochfeld et al. 2012).

As the amount of Se in this study was higher than the 
amount of Hg, Se-HBVs were positive, and the Se/Hg ratios 
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were above 1 (Table 1). Therefore, it can be said that the 
Se detected in haddock and roe does not pose a health risk 
for the consumers, as it has a protective effect on Hg toxic-
ity. The daily requirement amounts of elements such as Cu, 
Cr, Fe, Se, Zn, and Mn were determined by IOM (2006) to 
contribute to a healthy life. According to IOM, the high-
est CDRmin values (0.259, 0.441, 0.405, 0.129, 4.862 and 
0.564) for Cu, Cr, Fe, Se, Mn and Zn were detected in whit-
ing roe caught in Kastamonu (Table 4). Similar to this study 
results, Yigit et al. (2018) reported that an individual could 
only compensate 0.013% to 0.94% of the minimum daily 
requirement level for Cu, Zn, Fe, or Mn when consuming 
Mediterranean mussels (M. galloprovincialis) exposed to a 
cage farm with copper alloy mesh pens.

Conclusions

In this study, there were strong positive correlations between 
Cu_meat-Cu_roe, Fe_meat-Fe_roe and Zn_meat-Zn_roe It 
was seen that there was a statistically significant difference 
between the regions in terms of the mean concentrations 
of each element. Cu, Fe, Mn and Zn elements, which have 
important roles in the body functions and can be seen in 
this study, were found to be quite high in the roes in all 
regions. It can be said that these elements are essential 
for the development of the gonad during the reproductive 
period. It was determined that whiting muscle and roe tis-
sues contain more Se than Hg, Se/Hg ratios were over 1 with 
positive Se-HBVs. Thus, it may be concluded that, thanks 
to the protective effect of Se's on mercury's toxicity, they 
do not pose any health threat to people who ingest them. 

Considering the risk/benefit assessment, it has been found 
that the whiting is healthy and beneficial for human con-
sumption. However, a low health risk appeared in the daily 
ingestion of whiting in the health risk analyses of EDI, THQ, 
CRR and ADC calculations, especially for the Hg elements. 
Even though there were differences in metal amounts among 
regions, there was a low health risk for daily consumption 
at all stations due to the high Hg concentration in particular. 
Therefore, it revealed that AMC meat does not pose a health 
risk as long as a maximum of three portions for Adabaşı, six 
portions for Kastamonu, three portions for Samsun, and five 
portions for Sarıkum is consumed per month.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11356-​023-​26511-6.

Author contribution  Harun Yildiz: conceptualization, methodology, 
formal analysis and investigation, writing the original draft, resources, 
and finalizing the manuscript; Baris Bayrakli: conceptualization, meth-
odology, preparation, writing the original draft, resources, writing, 
review and editing, and finalizing the manuscript; Mutlu Altuntaş: sta-
tistical analysis, writing, review and editing, and finalizing the manu-
script; İhsan Çelik: conceptualization, methodology, formal analysis 
and investigation, writing the original draft, resources, and finalizing 
the manuscript.

Data availability  The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations 

Ethics approval  Not applicable for this study.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study.

Table 4   Percent compensation 
of minimum daily requirements 
(CDRmin) for essential trace 
elements in adult men (AM), 
via consuming whiting, based 
on estimated daily average 
requirement levels according to 
IOM (2001, 2006)

EAR estimated average daily requirement (mg/day) for a healthy human, ww (wet weight) basis; EDI (mg 
kg−1 day−1) estimated daily intake per meal size, ww basis; CDRmin (%) compensation of minimum daily 
requirement calculated according to Yigit et al. (2020)

EAR (mg/day, 
person ww)

* CDRmin (%)

Kastamonu Sinop Samsun

Sarıkum Adabaşı

Cr 0.035 Meat 0.004 0.011 0.001 0.006
Roe 0.259 0.022 0.040 0.012

Cu 0.700 Meat 0.070 0.039 0.054 0.041
Roe 0.441 0.128 0.200 0.117

Fe 6.000 Meat 0.068 0.043 0.047 0.036
Roe 0.405 0.190 0.174 0.140

Mn 2.300 Meat 0.029 0.019 0.006 0.008
Roe 0.129 0.050 0.054 0.032

Se 0.045 Meat 2.549 1.777 1.745 1.559
Roe 4.862 1.429 2.973 1.553

Zn 9.400 Meat 0.074 0.067 0.068 0.067
Roe 0.564 0.331 0.428 0.282

https://doi.org/10.1007/s11356-023-26511-6


65071Environmental Science and Pollution Research (2023) 30:65059–65073	

1 3

Consent for publication  Not applicable.

Competing interests  The authors declare no competing interests.

References

Ahmed MK, Baki MA, Islam MS et al (2015) Human health risk 
assessment of heavy metals in tropical fish and shellfish collected 
from the river Buriganga, Bangladesh. Environ Sci Pollut Res 
22:15880–15890. https://​doi.​org/​10.​1007/​s11356-​015-​4813-z

Alkan A, Alkan N, Akbaş U (2016) The factors affecting heavy metal 
levels in the muscle tissues of whiting merlangius merlangus and 
red mullet mullus barbatus. J Agric Sci 22(3):349–359. https://​
doi.​org/​10.​1501/​Tarim​bil_​00000​01393

Aydın D, Tokalıoğlu Ş (2015) Trace metals in tissues of the six most 
common fish species in the Black Sea, Turkey. Food Addit Con-
tam Part B 8(1):25–31. https://​doi.​org/​10.​1080/​19393​210.​2014.​
949873

Aygun SF, Abanoz F (2011) Determination of heavy metal in anchovy 
(Engraulis encrasicolus L 1758) and whiting (Merlangius merlan-
gus euxinus Nordman, 1840) fish in the middle Black Sea. Kafkas 
Üniversitesi Veteriner Fakültesi Dergisi 17(1). https://​doi.​org/​10.​
9775/​kvfd.​2011.​4058

Baki OG (2021) The evaluation of heavy metal accumulation in whit-
ing fish (Merlanguis merlangus euxinus Nordmann, 1840), a 
local and economic species of the central Black Sea Region. 
Turk J Agric-Food Sci Technol 9:683–688. https://​doi.​org/​10.​
24925/​turjaf.​v9i4.​683-​688.​3932

Bat L, Oztekin HC, Ustun F (2015) Heavy metal levels in four com-
mercial fishes caught in sinop coasts of the Black Sea, Turkey. 
Turk J Fish Aquat Sci 15:393–399. https://​doi.​org/​10.​4194/​
1303-​2712-​v15_2_​25

Bat L, Sezgin M, Baki OG, Ustun F, Sahin F (2013) Determination 
of heavy metals in some commercial fish from the Black Sea 
coast of Turkey. Walailak Journal of Science and Technology 
(WJST) 10(6):581–589

Bayrakli B (2021) Monthly variations in proximate composition, 
fatty acid quality and amino acid score of warty crab, Eriphia 
verrucosa (Forsskal, 1775) from the southern coast of Black 
Sea, Turkey. Pak J Zool 53:1729–1741. https://​doi.​org/​10.​
17582/​journ​al.​pjz/​20210​31809​0304

Bayrakli B (2021b) Concentration and potential health risks 
of trace metals in warty crab (Eriphia verrucosa Forskal, 
1775) from southern coasts of the Black Sea, Turkey. Envi-
ron Sci Pollut Res 28:14739–14749. https://​doi.​org/​10.​1007/​
s11356-​020-​11563-9

Bayraklı B, Duyar HA (2019) The effect of raw material freshness 
on fish oil quality produced in fish meal and oil plant. J Anatol 
Environ Anim Sci 4:473–479. https://​doi.​org/​10.​35229/​jaes.​
636002

Bjerregaard P, Fjordside S, Hansen MG, Petrova MB (2011) Dietary 
selenium reduces retention of methyl mercury in freshwater fish. 
Environ Sci Technol 45:9793–9798. https://​doi.​org/​10.​1021/​es202​
565g

Bjørklund G, Pivina L, Dadar M et al (2020) Mercury exposure, epige-
netic alterations and brain tumorigenesis: a possible relationship? 
Curr Med Chem 27:6596–6610. https://​doi.​org/​10.​2174/​09298​
67326​66619​09301​50159

Bogdanović T, Ujević I, Sedak M et al (2014) As, Cd, Hg and Pb in 
four edible shellfish species from breeding and harvesting areas 
along the eastern Adriatic Coast, Croatia. Food Chem 146:197–
203. https://​doi.​org/​10.​1016/j.​foodc​hem.​2013.​09.​045

Bonsignore M, Salvagio Manta D, Mirto S et al (2018) Bioaccumula-
tion of heavy metals in fish, crustaceans, molluscs and echino-
derms from the Tuscany coast. Ecotoxicol Environ Saf 162:554–
562. https://​doi.​org/​10.​1016/j.​ecoenv.​2018.​07.​044

Bradley M, Barst B, Basu N (2017) A review of mercury bioavailabil-
ity in humans and fish. Int J Environ Res Public Health 14:169. 
https://​doi.​org/​10.​3390/​ijerp​h1402​0169

Burger J, Gochfeld M (2011) Mercury and selenium levels in 19 spe-
cies of saltwater fish from New Jersey as a function of species, 
size, and season. Sci Total Environ 409:1418–1429. https://​doi.​
org/​10.​1016/j.​scito​tenv.​2010.​12.​034

Chou S, Harper C, Ingerman L, Llados F, Colman J, Chappell L, Osier 
M, Odin M, Sage G (2007) Toxicological profile for arsenic. US 
Department of Health and Human Service, Agency for Toxic Sub-
stances and Disease Registry

Copat C, Arena G, Fiore M et al (2013) Heavy metals concentrations 
in fish and shellfish from eastern Mediterranean Sea: consump-
tion advisories. Food Chem Toxicol 53:33–37. https://​doi.​org/​10.​
1016/j.​fct.​2012.​11.​038

EC (European Commission) (2006) Setting maximum levels for cer-
tain contaminants in food stuffs. Commission Regulation (EC) 
No 1881/ 2006. https://​eurlex.​europa.​eu/​eli/​reg/​2006/​1881/​oj. 
Accessed 19 June 2022

EFSA (European Food safety Authority) (2010) Scientific opinion on 
lead in food. EFSA Journal 8(4). https://​doi.​org/​10.​2903/j.​efsa.​
2010.​1570 

Ergönül MB, Altindağ A (2014) Heavy metal concentrations in the 
muscle tissues of seven commercial fish species from Sinop coasts 
of the Black Sea. Rocznik Ochrona Środowiska 16:34–51

Ergül HA, Aksan S (2013) Evaluation of non-essential element and 
micronutrient concentrations in seafood from the Marmara and 
Black Seas. Journal of Black Sea / Mediterranean Environment 
19(3):312–331

Failler P, Walle G Van de, Lecrivain N, et al (2007) Future pros-
pects for fish and fishery products. 4. Fish consumption in the 
European Union in 2015 and 2030. Part 1. European overview.
FAO Fisheries Circular. No. 972/4. Roma, Italy. https://​www.​
fao.​org/3/​i0298e/​i0298​e00.​htm

Fındık Ö, Çiçek E (2011) Metal concentrations in two bioindica-
tor fish species, Merlangius merlangus, Mullus barbatus, cap-
tured from the West Black Sea coasts (Bartin) of Turkey. Bull 
Environ Contam Toxicol 87:399–403. https://​doi.​org/​10.​1007/​
s00128-​011-​0373-1

FSA (2004) 1999 total diet study: total and inorganic arsenic in food.
In: Agency, F.s. (Ed.), Food Surveillanca Informat

FSANZ (Food Standards Australia and New Zealand) (2013) Aus-
tralia New Zealand Food Standards Code. Standard 141, Con-
taminants and Natural Toxicants. http://​www.​legis​latio​ngovau/​
Detai​ls/​F2013​C00140/. Accessed 19 June 2022

Gedik K, Ozturk RC (2019) Health risk perspectives of metal(loid) 
exposure via consumption of striped venus clam (Chamelea gal-
lina Linnaeus, 1758). Hum Ecol Risk Assess 25:1176–1188. 
https://​doi.​org/​10.​1080/​10807​039.​2018.​14608​02

Gochfeld M, Burger J, Jeitner C et al (2012) Seasonal, locational and 
size variations in mercury and selenium levels in striped bass 
(Morone saxatilis) from New Jersey. Environ Res 112:8–19. 
https://​doi.​org/​10.​1016/j.​envres.​2011.​12.​007

Hallenbeck HW (1993) Risk assessment occupational health. Risk 
Assess Occup Health 4:254

Hwang D-W, Choi M, Lee I-S et al (2017) Concentrations of trace 
metals in tissues of Chionoecetes crabs (Chionoecetes japoni-
cus and Chionoecetes opilio) caught from the East/Japan Sea 
waters and potential risk assessment. Environ Sci Pollut Res 
24:11309–11318. https://​doi.​org/​10.​1007/​s11356-​017-​8769-z

IARC (International Agency for Research on Cancer) (2012) Mono-
graph on cadmium, chromium, copper, iron, plumbum and zinc. 

https://doi.org/10.1007/s11356-015-4813-z
https://doi.org/10.1501/Tarimbil_0000001393
https://doi.org/10.1501/Tarimbil_0000001393
https://doi.org/10.1080/19393210.2014.949873
https://doi.org/10.1080/19393210.2014.949873
https://doi.org/10.9775/kvfd.2011.4058
https://doi.org/10.9775/kvfd.2011.4058
https://doi.org/10.24925/turjaf.v9i4.683-688.3932
https://doi.org/10.24925/turjaf.v9i4.683-688.3932
https://doi.org/10.4194/1303-2712-v15_2_25
https://doi.org/10.4194/1303-2712-v15_2_25
https://doi.org/10.17582/journal.pjz/20210318090304
https://doi.org/10.17582/journal.pjz/20210318090304
https://doi.org/10.1007/s11356-020-11563-9
https://doi.org/10.1007/s11356-020-11563-9
https://doi.org/10.35229/jaes.636002
https://doi.org/10.35229/jaes.636002
https://doi.org/10.1021/es202565g
https://doi.org/10.1021/es202565g
https://doi.org/10.2174/0929867326666190930150159
https://doi.org/10.2174/0929867326666190930150159
https://doi.org/10.1016/j.foodchem.2013.09.045
https://doi.org/10.1016/j.ecoenv.2018.07.044
https://doi.org/10.3390/ijerph14020169
https://doi.org/10.1016/j.scitotenv.2010.12.034
https://doi.org/10.1016/j.scitotenv.2010.12.034
https://doi.org/10.1016/j.fct.2012.11.038
https://doi.org/10.1016/j.fct.2012.11.038
https://eurlex.europa.eu/eli/reg/2006/1881/oj
https://doi.org/10.2903/j.efsa.2010.1570
https://doi.org/10.2903/j.efsa.2010.1570
https://www.fao.org/3/i0298e/i0298e00.htm
https://www.fao.org/3/i0298e/i0298e00.htm
https://doi.org/10.1007/s00128-011-0373-1
https://doi.org/10.1007/s00128-011-0373-1
http://www.legislationgovau/Details/F2013C00140/
http://www.legislationgovau/Details/F2013C00140/
https://doi.org/10.1080/10807039.2018.1460802
https://doi.org/10.1016/j.envres.2011.12.007
https://doi.org/10.1007/s11356-017-8769-z


65072	 Environmental Science and Pollution Research (2023) 30:65059–65073

1 3

International Agency for Research on Cancer. Lyon. https://​
www.​iarc.​who.​int/

IOM (Institute of Medicine) (2001) Dietary reference intakes for 
vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, 
iron, manganese, molybdenum, nickel, silicon, vanadium, and 
zinc. National Academies Press, Washington, D.C.

IOM (Institute of Medicine) (2006) Dietary reference intakes. 
National Academies Press, Washington, D.C.

Jamila N, Khan N, Hwang IM et al (2022) Elemental analysis of 
crustaceans by inductively coupled plasma–mass spectrometry 
(ICP-MS) and direct mercury analysis. Anal Lett 55:159–173. 
https://​doi.​org/​10.​1080/​00032​719.​2021.​18951​88

Jerome FC, Chukwuka AV (2016) Metal residues in flesh of edible 
blue crab, Callinectes amnicola, from a tropical coastal lagoon: 
Health implications. Hum Ecol Risk Assess 22:1708–1725. 
https://​doi.​org/​10.​1080/​10807​039.​2016.​12192​20

Kaba N, Corapci B, Eryasar K, Karabek HN (2013) Sensory, chemi-
cal and microbiological characteristics of canned smoked whit-
ing roe pate. GIDA J Food 38(5):259–266. https://​doi.​org/​10.​
5505/​gida.​2013.​35229

Kaba N, Corapci B, Eryasar K (2014) Investigation of biochemical 
composition of whiting (Merlangius merlangus euxinus Nord-
mann, 1840) meat and roe. Int J Agric Sci Vet Med 2(2):33–39

Kalantzi I, Pergantis S, Black K et al (2016) Metals in tissues of sea-
bass and seabream reared in sites with oxic and anoxic substrata 
and risk assessment for consumers. Food Chem 194:659–670. 
https://​doi.​org/​10.​1016/​jfood​chem2​01508​072

Kaneko JJ, Ralston NVC (2007) Selenium and mercury in pelagic 
fish in the central North Pacific near Hawaii. Biol Trace Elem 
Res 119:242–254. https://​doi.​org/​10.​1007/​s12011-​007-​8004-8

Karsli B (2021) Determination of metal content in anchovy (Engrau-
lis encrasicolus) from Turkey, Georgia and Abkhazia coasts of 
the Black Sea: Evaluation of potential risks associated with 
human consumption. Marine Pollution Bulletin 165:112108. 
https://​doi.​org/​10.​1016/j.​marpo​lbul.​2021.​112108

Kontas A, Alyuruk H, Bilgin M et al (2022) Metal bioaccumulation 
and potential health risk assessment in different tissues of three 
commercial fish species (Merluccius merluccius, Mullus barbatus, 
and Pagellus erythrinus) from Edremit Bay (Aegean Sea), Tur-
key. Biol Trace Elem Res 200:868–880. https://​doi.​org/​10.​1007/​
s12011-​021-​02683-5

Korkmaz GF, Keser R, Akçay N, Dizman S (2012) Radioactivity 
and heavy metal concentrations of some commercial fish spe-
cies consumed in the Black Sea region of Turkey. Chemosphere 
87(4):356–361. https://​doi.​org/​10.​1016/j.​chemo​sphere.​2011.​12.​
022

Kuplulu O, Iplikcioglu CG, Korkmaz SD, Aykut O, Ozansoy G (2018) 
Determination of metal contamination in seafood from the Black, 
Marmara, Aegean and Mediterranean Sea metal contamination in 
seafood. J Hellenic Vet Med Soc 69(1):749–758. https://​doi.​org/​
10.​12681/​jhvms.​16400

Li J, Huang ZY, Hu Y, Yang H (2013) Potential risk assessment of 
heavy metals by consuming shellfish collected from Xiamen, 
China. Environ Sci Pollut Res 20:2937–2947. https://​doi.​org/​10.​
1007/​s11356-​012-​1207-3

Liang Y, Yi X, Dang Z et al (2017) Heavy metal contamination and 
health risk assessment in the vicinity of a tailing pond in Guang-
dong, China. Int J Environ Res Public Health 14:1557. https://​doi.​
org/​10.​3390/​ijerp​h1412​1557

Makedonski L, Peycheva K, Stancheva M (2017) Determination of 
heavy metals in selected black sea fish species. Food Control 
72:313–318. https://​doi.​org/​10.​1016/j.​foodc​ont.​2015.​08.​024

Marengo M, Durieux EDH, Ternengo S et al (2018) Comparison of 
elemental composition in two wild and cultured marine fish and 
potential risks to human health. Ecotoxicol Environ Saf 158:204–
212. https://​doi.​org/​10.​1016/j.​ecoenv.​2018.​04.​034

Mendil D, Demirci Z, Tuzen M, Soylak M (2010) Seasonal investiga-
tion of trace element contents in commercially valuable fish spe-
cies from the Black Sea, Turkey. Food Chem Toxicol 48(3):865–
870. https://​doi.​org/​10.​1016/j.​fct.​2009.​12.​023

MHPRC (Ministry of Health of the People’s Republic of China) (2013) 
National Food Safety Standard, Maximum Levels of Contami-
nants in Foods (GB2762–2012). http://​www.​seafi​shorg/​media/​
publi​catio​ns/​China_​Max_​levels_​of_​conta​minan​ts_​in_​foodp​df/. 
Accessed 19 June 2020

Mol S, Ozden O, Oymak SA (2010) Trace metal contents in fish species 
from Ataturk Dam Lake (Euphrates, Turkey). Turk J Fish Aquat 
Sci 10:292–296. https://​doi.​org/​10.​4194/​trjfas.​2010.​0208

Mol S, Kahraman AE, Ulusoy S (2019) Potential health risks of heavy 
metals to the Turkish and greek populations via consumption of 
spiny dogfish and thornback ray from the sea of marmara. Turk J 
Fish Aquat Sci 19:109–117. https://​doi.​org/​10.​4194/​1303-​2712-​
v19_2_​03

Moreda-Piñeiro J, Alonso-Rodríguez E, Romarís-Hortas V et al (2012) 
Assessment of the bioavailability of toxic and non-toxic arsenic 
species in seafood samples. Food Chem 130:552–560. https://​doi.​
org/​10.​1016/j.​foodc​hem.​2011.​07.​071

Mutlu T (2021a) Heavy metal concentrations in the edible tissues 
of some commercial fishes caught along the eastern Black Sea 
coast of Turkey and the health risk assessment. Spectrosc Lett 
54(6):437–445. https://​doi.​org/​10.​1080/​00387​010.​2021.​19393​86

Mutlu T (2021b) Seasonal variation of trace elements and stable iso-
tope (δ13C and δ15N) values of commercial marine fish from 
the black sea and human health risk assessment. Spectrosc Lett 
54(9):665–674. https://​doi.​org/​10.​1080/​00387​010.​2021.​19842​54

Nisbet C, Terzi G, Pilgir O, Sarac N (2010) Determination of heavy 
metal levels in fish samples collected from the middle Black Sea. 
Kafkas Univ Vet Fak Derg 16(1):119–125. https://​doi.​org/​10.​
9775/​kvfd.​2009.​982

Osman K, Schütz A, Åkesson B et al (1998) Interactions between 
essential and toxic elements in lead exposed children in Kato-
wice, Poland. Clin Biochem 31:657–665. https://​doi.​org/​10.​1016/​
S0009-​9120(98)​00071-X

Ouédraogo O, Amyot M (2011) Effects of various cooking methods 
and food components on bioaccessibility of mercury from fish. 
Environ Res 111:1064–1069. https://​doi.​org/​10.​1016/j.​envres.​
2011.​09.​018

Oztekin A, Yigit M, Kizilkaya B et al (2018) Fatty acid profiles in 
wild axillary seabream (Pagellus acarne) versus cage-aggregated 
and cage-farmed fish with reference to nutritional contribution 
for human consumers. Aquac Stud 18:103–112. https://​doi.​org/​
10.​4194/​2618-​6381-​v18_2_​04

Raknuzzaman M, Ahmed MK, Islam MS et al (2016) Trace metal 
contamination in commercial fish and crustaceans collected from 
coastal area of Bangladesh and health risk assessment. Envi-
ron Sci Pollut Res 23:17298–17310. https://​doi.​org/​10.​1007/​
s11356-​016-​6918-4

Ralston NVC (2008) Selenium health benefit values as seafood 
safety criteria. EcoHealth 5:442–455. https://​doi.​org/​10.​1007/​
s10393-​008-​0202-0

Ralston NVC (2009) Introduction to 2nd Issue on Special Topic: 
Selenium and mercury as interactive environmental indicators. 
Environ Bioindic 4:286–290. https://​doi.​org/​10.​1080/​15555​27090​
34486​82

Ralston NVC, Ralston CR, Blackwell JL, Raymond LJ (2008) Dietary 
and tissue selenium in relation to methylmercury toxicity. Neu-
rotoxicology 29:802–811. https://​doi.​org/​10.​1016/j.​neuro.​2008.​
07.​007

Rauh VA, Margolis AE (2016) Research Review: Environmental expo-
sures, neurodevelopment, and child mental health – new para-
digms for the study of brain and behavioral effects. J Child Psy-
chol Psychiatry 57:775–793. https://​doi.​org/​10.​1111/​jcpp.​12537

https://www.iarc.who.int/
https://www.iarc.who.int/
https://doi.org/10.1080/00032719.2021.1895188
https://doi.org/10.1080/10807039.2016.1219220
https://doi.org/10.5505/gida.2013.35229
https://doi.org/10.5505/gida.2013.35229
https://doi.org/10.1016/jfoodchem201508072
https://doi.org/10.1007/s12011-007-8004-8
https://doi.org/10.1016/j.marpolbul.2021.112108
https://doi.org/10.1007/s12011-021-02683-5
https://doi.org/10.1007/s12011-021-02683-5
https://doi.org/10.1016/j.chemosphere.2011.12.022
https://doi.org/10.1016/j.chemosphere.2011.12.022
https://doi.org/10.12681/jhvms.16400
https://doi.org/10.12681/jhvms.16400
https://doi.org/10.1007/s11356-012-1207-3
https://doi.org/10.1007/s11356-012-1207-3
https://doi.org/10.3390/ijerph14121557
https://doi.org/10.3390/ijerph14121557
https://doi.org/10.1016/j.foodcont.2015.08.024
https://doi.org/10.1016/j.ecoenv.2018.04.034
https://doi.org/10.1016/j.fct.2009.12.023
http://www.seafishorg/media/publications/China_Max_levels_of_contaminants_in_foodpdf/
http://www.seafishorg/media/publications/China_Max_levels_of_contaminants_in_foodpdf/
https://doi.org/10.4194/trjfas.2010.0208
https://doi.org/10.4194/1303-2712-v19_2_03
https://doi.org/10.4194/1303-2712-v19_2_03
https://doi.org/10.1016/j.foodchem.2011.07.071
https://doi.org/10.1016/j.foodchem.2011.07.071
https://doi.org/10.1080/00387010.2021.1939386
https://doi.org/10.1080/00387010.2021.1984254
https://doi.org/10.9775/kvfd.2009.982
https://doi.org/10.9775/kvfd.2009.982
https://doi.org/10.1016/S0009-9120(98)00071-X
https://doi.org/10.1016/S0009-9120(98)00071-X
https://doi.org/10.1016/j.envres.2011.09.018
https://doi.org/10.1016/j.envres.2011.09.018
https://doi.org/10.4194/2618-6381-v18_2_04
https://doi.org/10.4194/2618-6381-v18_2_04
https://doi.org/10.1007/s11356-016-6918-4
https://doi.org/10.1007/s11356-016-6918-4
https://doi.org/10.1007/s10393-008-0202-0
https://doi.org/10.1007/s10393-008-0202-0
https://doi.org/10.1080/15555270903448682
https://doi.org/10.1080/15555270903448682
https://doi.org/10.1016/j.neuro.2008.07.007
https://doi.org/10.1016/j.neuro.2008.07.007
https://doi.org/10.1111/jcpp.12537


65073Environmental Science and Pollution Research (2023) 30:65059–65073	

1 3

Sarkar A, Paul B (2016) The global menace of arsenic and its con-
ventional remediation-a critical review. Chemosphere 158:37–49. 
https://​doi.​org/​10.​1016/​jchem​osphe​re201​605043

Satilmis HH, Sumer C, Ozdemir S, Bayrakli B (2014) Length-weight 
relationships of the three most abundant pelagic fish species 
caught by mid-water trawls and purse seine in the Black Sea. Cah 
Biol Mar 55:259–265

Sobhanardakani S, Hosseini S, Tayebi L (2018) Heavy metals con-
tamination of canned fish and related health implications in Iran. 
Turk J Fish Aquat Sci 18:951–957. https://​doi.​org/​10.​4194/​1303-​
2712-​v18_8_​03

Sönmez AY, Yağanoğlu AM, Arslan G, Hisar O (2012) Metals in two 
species of fish in Karasu River. Bull Environ Contam Toxicol 
89:1190–1195. https://​doi.​org/​10.​1007/​s00128-​012-​0841-2

TFC (Turkish Food Codex) (2011) Official Gazette of Republic of 
Turkey Notifications about determination of the maximum lev-
els for certain contaminants in foodstuffs of Turkish Food Codex 
Notification No: 28157

TUIK (2021) Fishery Statistics. Turkish Statistical Institute, Ankara
Turan C, Dural M, Oksuz A, Öztürk B (2009) Levels of heavy metals 

in some commercial fish species captured from the Black Sea 
and Mediterranean coast of Turkey. Bull Environ Contam Toxicol 
82:601–604. https://​doi.​org/​10.​1007/​s00128-​008-​9624-1

Turan H, Altan CO, Kocatepe D (2019) Black Sea whiting: assessment 
of potential health benefits/risks and differences based on mineral 
concentrations of meat and roes. Turk J Agric-Food Sci Technol 
7:2075. https://​doi.​org/​10.​24925/​turjaf.​v7i12.​2075-​2082.​2780

Türkmen M, Akaydin A (2017) Metal levels in tissues of commercially 
important fish species from southeastern Black Sea coasts. Indian 
J Geo Mar Sci 46(11):2357–2360

Türkmen M, Öğütçü B (2020) Assessment of heavy metals in selected 
fish species from markets in the Black Sea region of Turkey. J 
Anatol Environ Animal Sci 5(4):636–639. https://​doi.​org/​10.​
35229/​jaes.​811753

Tuzen M (2009) Toxic and essential trace elemental contents in 
fish species from the Black Sea, Turkey. Food Chem Toxicol 
47(8):1785–1790. https://​doi.​org/​10.​1016/j.​fct.​2009.​04.​029

Ulusoy Ş, Mol S, Karakulak FS, Kahraman AE (2019) Selenium-
mercury balance in commercial fish species from the Turkish 
waters. Biol Trace Elem Res 191:207–213. https://​doi.​org/​10.​
1007/​s12011-​018-​1609-2

US-EPA (United States Environmental Protection Agency) (1989) Risk 
assessment guidance for superfund. In: Vol I Human health evalu-
ation manual (Part A), Interim Final EPA 540/1–89/002 United 
States Environmental Protection Agency, Washington. https://​
www.​epa.​gov/​sites/​defau​lt/​files/​2015-​11/​docum​ents/​OSWER​
direc​tive9​285.6-​03.​pdf. Accessed 7 Apr 2023

US-EPA (United States Environmental Protection Agency) (1991) 
Method 200.3: Sample preparation procedure for spectrochemi-
cal determination of total recoverable elements in biological tis-
sues. Revision 1

US-EPA (United States Environmental Protection Agency) (1996) 
United States Environmental Protection Agency, Soil Screening 
Guidance: User’s Guide. Washington, DC. 20460. https://​www.​
rvaap.​org/​docs/​pub/​USEPA_​SSG_​UG_​1996_​30_​00B.​pdf

US-EPA (United States Environmental Protection Agency) (2000) 
Guidance for assessing chemical contaminant data for use in fish 
advisories, volume II Risk assessment and fish consumption lim-
its (EPA 823-B-00–008). United States Environmental Protection 
Agency, Washington, DC. https://​www.​epa.​gov/​sites/​defau​lt/​files/​
2015-​06/​docum​ents/​volum​e2.​pdf. Accessed 7 Apr 2023

US-EPA (United States Environmental Protection Agency) (2010) Risk 
assessment guidance for superfund volume I human health evalu-
ation manual (Part A) I, https://​www.​epa.​gov/​risk/​regio​nal-​scree​
ningl​evels-​rsls. Accessed 24 June 2020

US-EPA (United States Environmental Protection Agency) (2013) 
Regional screening level (RSL) fish ingestion table. Washington, 
DC. https://​www.​epa.​gov/​risk/​regio​nal-​scree​ning-​levels-​rsls. 
Accessed 7 Apr 2023

WHO/FAO (2007) Joint FAO/WHO food standard program codex 
commission. In: 13th session report of the thirty eight session of 
the codex committee on food hygiene United States of America, 
/ 30/13

Yi Y, Yang Z, Zhang S (2011) Ecological risk assessment of heavy 
metals in sediment and human health risk assessment of heavy 
metals in fishes in the middle and lower reaches of the Yangtze 
River basin. Environ Pollut 159:2575–2585. https://​doi.​org/​10.​
1016/j.​envpol.​2011.​06.​011

Yigit M, Celikkol B, Yilmaz S et al (2018) Bioaccumulation of trace 
metals in Mediterranean mussels (Mytilus galloprovincialis) from 
a fish farm with copper-alloy mesh pens and potential risk assess-
ment. Hum Ecol Risk Assess Int J 24:465–481. https://​doi.​org/​10.​
1080/​10807​03920​17138​7476

Yigit M, Dwyer R, Yilmaz S et al (2020) Health risks associated with 
trace metals in gilthead seabream (Sparus aurata) from copper 
alloy and antifouling-coated polymer nets. Thalassas 36:95–101. 
https://​doi.​org/​10.​1007/​s41208-​019-​00186-8

Zhuang P, Li ZA, McBride MB et al (2013) Health risk assessment for 
consumption of fish originating from ponds near Dabaoshan mine, 
South China. Environ Sci Pollut Res 20:5844–5854. https://​doi.​
org/​10.​1007/​s11356-​013-​1606-0

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/jchemosphere201605043
https://doi.org/10.4194/1303-2712-v18_8_03
https://doi.org/10.4194/1303-2712-v18_8_03
https://doi.org/10.1007/s00128-012-0841-2
https://doi.org/10.1007/s00128-008-9624-1
https://doi.org/10.24925/turjaf.v7i12.2075-2082.2780
https://doi.org/10.35229/jaes.811753
https://doi.org/10.35229/jaes.811753
https://doi.org/10.1016/j.fct.2009.04.029
https://doi.org/10.1007/s12011-018-1609-2
https://doi.org/10.1007/s12011-018-1609-2
https://www.epa.gov/sites/default/files/2015-11/documents/OSWERdirective9285.6-03.pdf
https://www.epa.gov/sites/default/files/2015-11/documents/OSWERdirective9285.6-03.pdf
https://www.epa.gov/sites/default/files/2015-11/documents/OSWERdirective9285.6-03.pdf
https://www.rvaap.org/docs/pub/USEPA_SSG_UG_1996_30_00B.pdf
https://www.rvaap.org/docs/pub/USEPA_SSG_UG_1996_30_00B.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/volume2.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/volume2.pdf
https://www.epa.gov/risk/regional-screeninglevels-rsls
https://www.epa.gov/risk/regional-screeninglevels-rsls
https://www.epa.gov/risk/regional-screening-levels-rsls
https://doi.org/10.1016/j.envpol.2011.06.011
https://doi.org/10.1016/j.envpol.2011.06.011
https://doi.org/10.1080/1080703920171387476
https://doi.org/10.1080/1080703920171387476
https://doi.org/10.1007/s41208-019-00186-8
https://doi.org/10.1007/s11356-013-1606-0
https://doi.org/10.1007/s11356-013-1606-0

	Metal concentrations, selenium-mercury balance, and potential health risk assessment for consumer of whiting (Merlangius merlangus euxinus L., 1758) from different regions of the southern Black Sea
	Abstract
	Introduction
	Materials and methods
	Sampling and study area
	Analyses of metal contents
	Estimations of consumer health risks
	Noncarcinogenic risk
	Carcinogenic risks for toxic metals
	Safe consumption limits
	Compensation of daily requirements for essential trace elements
	Selenium health benefit value (Se-HBV)

	Statistical analyses

	Results
	Metal levels and statistical evaluation

	Discussion
	Potential health risk assessment of metals via the consumption of whiting meat and roe

	Conclusions
	Anchor 19
	References


