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Abstract: The purpose of the present study was to investigate the levels of toxic (Pb, Hg, Cd) and essential
(Cu, Zn) heavy metals in the edible tissues of Chelon auratus (Risso, 1810) purchased from fish markets in
Sinop in October, November, and December 2023. In the muscle tissue of the fish, essential metals were
found at much higher concentrations than toxic ones. Among the three toxic metals, Pb had the highest
concentration, while Cd had the lowest. The concentrations of toxic metals in C. auratus tissues were below
the maximum acceptable limits; the target hazard quotient values for Hg, Cd, Cu, and Zn were below 1, and
the risk index for Pb was 0.21. In conclusion, the golden grey mullet is considered safe for human
consumption.
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Saghg Uzerindeki Etkileri

Oz: Bu calismanin amaci, 2023 yili Ekim, Kasim ve Aralik aylarinda Sinop’taki balik pazarlarindan temin
edilen Chelon auratus (Risso, 1810) tiiriiniin yenilebilir dokularindaki toksik (Pb, Hg, Cd) ve esansiyel (Cu,
Zn) agir metal diizeylerini arastirmaktir. Balik kas dokusunda, esansiyel metallerin derisimleri toksik
metallere kiyasla ¢ok daha yiiksek bulunmustur. Ug toksik metal arasinda Pb en yiiksek, Cd ise en diisiik
derigime sahip olmustur. C. auratus dokularindaki toksik metal derisimleri, kabul edilebilir maksimum
siirlarin altinda kalmig; Hg, Cd, Cu ve Zn i¢in hedef tehlike katsayisi degerleri 1’in altinda, Pb i¢in ise risk
indeksi 0,21 olarak belirlenmistir. Sonug olarak, altin kefal tiiri insan tiiketimi i¢in giivenli kabul
edilmektedir.

Anahtar Kelimeler: Altin kefal, karadeniz, saglik risk indeksi, sinop balik pazari.

INTRODUCTION

The existence of environmental contaminants,

tissues and may be passed on to humans through
consumption. This process, known as biomagnification,
occurs when smaller aquatic organisms consume algae or

particularly heavy metals, in marine ecosystems is one of the
major issues today. Aquatic organisms, including fish, can
accumulate metals from water, sediments, and especially
through the food chain (Bat & Arici, 2018; Pashtiri et al.
2025). Metals such as copper and zinc are essential
components of living organisms and play important roles in
various biochemical processes. However, when their
concentrations are elevated, these metals can become toxic.
The feeding habits of fish species have a significant impact
on the accumulation of heavy metals. Toxic heavy metals,
such as mercury, lead, and cadmium, can accumulate in fish

I This studv was produced from the master thesis.

other plants that have absorbed heavy metals from the water;
these metals are then passed on to larger predatory species
as the smaller organisms are eaten.

Human exposure to heavy metals through the
consumption of contaminated fish and other seafood can
lead to a range of health effects, depending on the specific
metal and the level of exposure. For example, mercury and
lead can affect the nervous system, causing behavioural and
cognitive changes. Cadmium can impair reproduction and
development in humans, and it is also a known carcinogen
that may increase the risk of cancer. Lead has been linked to
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adverse effects on the cardiovascular system (FAO/WHO,
2011).

Risk analysis is a tool used to assess the potential
risks of human exposure to heavy metals through seafood
consumption. This process involves evaluating the
concentrations of heavy metals in seafood, estimating
consumption rates, and assessing the potential health effects
associated with exposure. Risk analysis can help identify
populations at higher risk of heavy metal exposure and
inform the development of risk management strategies, such
as setting guidelines for safe levels of heavy metal intake.

Many health organizations, such as the U.S.
Environmental Protection Agency (EPA) and the Risk
Assessment Information System (RAIS), have developed
fish consumption guidelines that recommend safe species
and quantities for consumption. These guidelines consider
the levels of toxic metals in different fish species and the
potential health effects associated with exposure to these
substances (RAIS, 2024; USEPA, 2024).

The Black Sea is a large, semi-enclosed marine
ecosystem that has been affected by wvarious human
activities, including pollution. Due to its semi-enclosed
nature, limited water exchange with the Mediterranean, and
the inflow of pollutant-loaded rivers such as the Danube,
Dniester, and Sakarya, the Black Sea is particularly
vulnerable to the accumulation of contaminants, including
heavy metals. Such pollution can negatively impact aquatic
organisms in the Black Sea, including fish (Bat et al., 2018).

The golden grey mullet (Chelon auratus) is a
commercially important species in the Black Sea, where it is
widely consumed in coastal regions. It is recognized as one
of the major resources for Turkish fisheries (Kesiktas et al.,
2020). However, official catch statistics for C. auratus in
Tiirkiye are not available; the species is often grouped under
“grey mullet” in national statistics. The catches of grey
mullets (including C. auratus) were estimated to have
decreased from approximately 1 721 tons in 2014 to 1 445
tons in 2024 in Tiirkiye (Kartal et al., 2025, TUIK 2025).
The species contributes to both artisanal and commercial
fisheries, particularly along the Turkish Black Sea coast,
which accounts for approximately 70-80% of Turkey’s total
marine capture production. The present study aims to
determine the levels of essential and toxic heavy metals in
the muscle tissue of golden grey mullet caught in the Black
Sea and sold in Sinop markets, compare them with the values
permitted by national and international organizations, and
assess whether they pose a risk to human health.

MATERIAL AND METHOD

In October, November, and December 2023, a total
of fifteen golden grey mullets were purchased from the
Sinop fish market. The mean length and weight of C. auratus
were 31 £3 cm and 290 £ 14 g, respectively (Figure 1).

Spawning period of Chelon sp. generally extends
from July to November. Therefore, the October—December
sampling period overlaps with the late spawning and early
post-spawning phase, when metabolic activity, feeding
intensity, and lipid content in fish tissues may vary. These
biological factors can influence the bioaccumulation
dynamics of metals in muscle tissue.

The samples were dissected to obtain dorsal
muscle, which was then homogenized, immediately frozen,
and stored at —21 °C until metal analysis.

Figure 1. Photograph of Chelon auratus (golden grey mullet).

All reagents used in the analysis were of reagent
grade. Double-deionized water obtained using a Milli-Q
system was used for all dilutions. Chemicals for microwave
digestion (Milestone SK10), nitric acid (HNOs, 65%), and
hydrogen peroxide (H202, 30%) in a 7:1 ratio were of high-
purity grade (Merck). Element standard solutions (Merck)
used for calibrations were prepared by diluting stock
solutions of 1000 mg L™'. Metals were measured using an
inductively coupled plasma mass spectrometer (ICP-MS,
Agilent 7700X). Multi-element standard solutions provided
by Agilent (27-element mixture: 8500-6940 2A and 8500-
6940 Hg) were used to generate calibration curves. A 1 ppm
internal standard (Agilent 5188-6525) was continuously
analysed with the samples. All digested samples were
analysed in triplicate for each metal. Results are expressed
as mg kg? wet weight, calculated as the mean of these
measurements. The limits of detection (LOD) were 0.001 pg
L for Cd and Pb, 0.01 pg L* for Hg and Zn, and 0.0001 pg
L for Cu. The limit of quantification (LOQ) was defined as
three times the LOD (Figure 2).

Sampling Dissection & microwave

Figure 2. Schematic representation of the analytical procedure for heavy
metal determination in C. auratus muscle by ICP-MS.

ICP-MS Data analysis

Health risk assessment

Estimated daily intake (EDI): The Estimated Daily
Intake (EDI) was calculated using the formula:

C X FIR
BW

where C is the concentration of heavy metal in
golden grey mullets” samples (mg kg™!, wet weight), FIR is
the daily fish ingestion rate (g day?). In this study, the

EDI =
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average fish consumption rate (FIR) was assumed to be
19.72 g day (0.01972 kg day!) for adults, based on national
dietary data for Tirkiye (Coteli 2024), while the average
body weight (BW) was considered to be 70 kg.

Non-carcinogenic health risk: The
noncarcinogenic risk related to the consumption of golden
grey mullets and its associated metals was evaluated using
the target hazard quotient (THQ). The THQ formulation was
given below:

EF XED XFIR XC
RfD x BW x AT

where FIR is the food ingestion rate (g day™?), ED is
the exposure duration (70 years), C is the concentration of
heavy metal in the golden grey mullets’ samples (mg kg™,
wet weight), EF is the exposure frequency (350 days per
year), AT is the average exposure duration for non-
carcinogens days for an adult, BW is the average body
weight (kg) and RfD is the oral reference dose (mg kg™
day ) for the metal, which was calculated in this study using
the most recent data from the United States Environmental
Protection Agency and the Risk Assessment Information
System, respectively (USEPA, 2024; RAIS, 2024).

The Hazard Index (HI) is the sum of the THQs. If
the Hl is less than 1.0, there are no health concerns; however,
an HI greater than 1.0 indicates the possibility of adverse
effects.

The risk index (RI) is calculated using the following
formula:

Rl =EDI x SF

RI <108 is considered insignificant, 10°<RI<10* is
considered acceptable, and RI > 10* is considered
significant.

Statistical analysis: All fish samples were analysed
in triplicate, and the results are expressed as the mean +
standard deviation. Statistical analyses were performed
using Student’s t-test for significance and analysis of
variance (ANOVA) followed by Tukey’s multiple
comparison test to determine significant differences between
means. A significance level of 0.05 was used for all tests.

THQ = x 1073

RESULTS AND DISCUSSION

Chelon auratus is an important fish species in the
Black Sea and is mostly caught from September to April,
which is the commercial fishing season in Tiirkiye (Kartal et
al. 2025). The species usually spawns between August and
November (Kesiktas et al. 2020). Therefore, the October—
December sampling period overlaps with the end of the
spawning season and the beginning of the post-spawning
period. During this time, changes in feeding activity, energy
use, and fat content in the fish may occur, and these factors
can influence how heavy metals accumulate in their muscles.

Table 1 displays the accumulation of heavy metals
in the edible tissues of golden grey mullet. The increasing
order of heavy metals in C. auratus was: Cd < Pb <Hg < Cu
< Zn. The concentration of Zn was significantly the highest
(p < 0.05), followed by Cu. The current metal accumulation
is thought to originate from the diet of the fish. C. auratus
feed on small benthic organisms, detritus, and occasionally
on insects and plankton (Froese & Pauly, 2025). Malvandi
(2024) reported a correlation between  mercury
concentrations in the muscle and morphological parameters
in Chelon saliens, but this relationship was not observed in
C. auratus. In southern Caspian Sea, the average Hg
concentration in the muscle was 39.51 ug g dw, which is
higher than the levels observed in the present study.

Cd is known to disrupt reproductive and
developmental processes in humans and has been classified
as a carcinogenic element associated with increased cancer
risk. Pb, on the other hand, has been linked to various
cardiovascular disorders (FAO/WHO, 2011). Similar
observations were reported in the lagoons of Bizerte and
Ghar El Melh in Tunisia, where C. auratus specimens
exhibited elevated Cd accumulation (Ameur et al. 2025).
Such contamination not only poses potential risks to human
health through biomagnification but also indicates persistent
environmental pollution that may adversely affect the
ecological balance of the aquatic ecosystem.

Table 1. Concentrations of toxic and essential heavy metals in C. auratus muscle (wet weight basis).

Heavy metal concentrations

Months Pb (mg kg™) Hg (mg kg™)
October 0.04+0.01 0.03+0.01
November 0.04+0.01 0.03+0.01
December 0.03+0.01 0.04+0.02

Cd (mg kg™) Cu (mg kg™) Zn (mg kg™)
0.01+0.0 0.34+0.05 8.51+1.3
0.01+£0.0 0.29+0.04 7.15+£1.2
0.01+0.0 0.31+0.05 6.38+1.1

The latest regulations do not specify maximum
acceptable values for essential metals. According to the
Turkish Food Codex, the permitted limits for Cu and Zn
are 30 and 50 mg kg™' wet weight, respectively (Official
Gazette of the Republic of Tiirkiye, 2002) and the
concentrations measured in this study were well below
these values. In the Caspian Sea, C. auratus samples
collected from Guilan province had average concentrations
of Cd (0.127 pg g'!) and Pb (0.182 pg g?) in their muscle

tissues. These values are similar to those found in the Black
Sea samples. These results agree with this study, where
essential metals like Cu and Zn were also found at higher
levels than toxic ones (Pashtiri et al. 2025).

For toxic metals, the permissible limits for Pb, Hg,
and Cd set by both international and national authorities are
0.3, 0.5, and 0.05 mg kg' wet weight, respectively
(Official Journal of the European Union, 2006; Official
Gazette of the Republic of Tiirkiye, 2002). In the present
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study, all measured concentrations of these toxic metals
were substantially lower than the established safety
thresholds, indicating minimal risk to consumers from C.
auratus caught in the study area. In contrast,
Bakhshalizadeh et al. (2022) reported Pb, Hg, and Cd
concentrations in fish that exceeded the maximum levels
permitted by the European Union in the southern Caspian
Sea, suggesting significant regional variability in
contamination.

The results of the studies conducted with mullet
species in Sinop coasts (Bat et al., 2015; 2018b, 2022) are
like the present study. Bat et al. (2015) found Cd, Hg, Pb,
Cu and Zn in muscle tissues of golden grey mullet caught
from Sinop coast at <0.02, <0.05, <0.05, <0.05, <0.05, <0.5
and 2.9 mg kg! wet weight, respectively.

In another study conducted along the coast of
Sinop, the mean Pb, Hg, and Cd concentrations in the
edible tissues of C. auratus were 0.061 + 0.012, 0.034 +
0.009, and 0.015 + 0.008 mg kg wet weight, respectively
(Bat et al., 2018b).

Bat et al (2022) found that the toxic metals (Cd,
Hg and Pb) detected in the muscle tissues of M. cephalus
species in Sinop coasts in 11 years of data were quite low
and did not pose any risk to consumers. Similar results
obtained in the present study support these findings.

The relatively low concentrations of heavy metals
in Sinop may be attributed not only to the absence of major
industrial activities but also to the hydrodynamic and
geographic characteristics of the Sinop coastline. The
effective circulation and limited riverine input may help
dilute trace metals, consistent with findings from other
low-industrialized sectors of the Black Sea (Gurov and
Kotelyanets 2022). The Sinop peninsula, located along the
open waters of the Black Sea, is influenced by cyclonic
circulation and strong vertical stratification, which together
enhance dilution, limit fluvial inputs, and reduce
contaminant accumulation in the coastal zone (Oguz and
Besiktepe 1999). Metal pollution in this region primarily
originates from domestic waste, port activities, and
tourism. In addition, pollutants carried by small streams
into the Sinop coast also contribute to this pollution (Bat et
al. 2018a). Similar observations have been reported in
other semi-enclosed or less industrialized coastal systems,
such as the South Adriatic (Antovi¢ et al., 2019) and the
southern Caspian Sea (Bakhshalizadeh et al., 2022;
Malvandi, 2024), where hydrological and trophic factors
play a key role in modulating metal accumulation in fish.

According to the data given in Table 2, the
estimated daily intake (EDI) values of heavy metals
through the consumption of C. auratus were below the
recommended tolerable daily intake values set by the Joint
FAO/WHO Expert Committee on Food Additives (2011)
and the USEPA (2021). Therefore, consumption of C.

auratus containing these heavy metals is unlikely to pose
any health risk to consumers.

EDI values were calculated based on a fish
consumption rate of 19.72 g day™'. Since fish consumption
rates vary widely among populations, regional dietary
habits can significantly influence risk levels. Therefore, a
higher consumption rate would proportionally increase the
EDI and THQ values.

Table 2. Estimated daily intake (EDI) values of metals through
consumption of C. auratus (mg kg™' body weight per day)

EDI
Months Pb Hg Cd Cu Zn
October 1.4x10° 8.4x10° 2.8x10° 9.5x10° 2.39x 103
November 85x10° 84x10° 28x10° 8.1x10° 2.01x10%
December 7.04x10° 1.1x10° 2.8 x10° 8.7 x 10° 1.79 x 103

The daily intake was calculated by taking the
weighted average concentrations of Hg, Cd, Cu, and Zn in
C. auratus and multiplying them by the respective
consumption rate. Since the RfD value for Pb is not
provided, this calculation was not performed for Pb. Each
metal’s EDI, showing that Zn and Cu have the highest
intake levels, while Cd remains consistently low across
months. The mean daily intake of Cd for consumers was
estimated at 2.8 x 107 mg, which is well below the RfD
value of 1 x 10* mg kg body weight per day (USEPA,
2024).

The provisional tolerable daily intakes of Hg for
all months were estimated to range between 8.4 x 107 and
1.1 x 10~ mg kg' body weight per day for consumers,
which are well below the RfD value of 3 x 10 mg kg™’
body weight per day established by WHO (2000).

The Cu intake of consumers was estimated to
range between 8.1 x 107 and 9.5 x 107> mg day™, which is
consistent with the recommended dietary allowance of 4 x
1072 mg day ! established by the USEPA (2021).

The daily intake of Zn for consumers during all
months was estimated to range between 1.79 x 107 and
2.39 x 10 mg day!, which is 125-167 times lower than
the RfD value of 0.3 mg day .

Table 3 presents the target hazard quotient (THQ)
values. For all metals, the THQ values in C. auratus were
found to be below 1, indicating no significant non-
carcinogenic health risk from the consumption of this
species. Examination of the hazard index (HI) values for
the five heavy metals measured shows that they did not
exceed 1 in any month. The average HI value for adults
was calculated as 0.21. These results indicate that the
estimated exposure is below the USEPA reference dose for
the relevant metals for October, November and December
in 2023. Comparable results were reported for the South
Adriatic, where the THQ values for Pb and Cd associated
with fish consumption were also low (<0.055), further
supporting the conclusion that consumption of fish from
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relatively less industrialized marine areas poses minimal
health risk (Antovic et al., 2019).

Table 3. Target hazard quotients (THQ) values and hazard index (HI) for
non-carcinogenic risk assessment of heavy metal intake except Pb through
C. auratus consumption.

THQ and HI
Months Hg Cd Cu Zn
October 2.8x107? 2.8x107? 2.4x10° 7.9x10°%
November 2.8x10? 2.8x107? 2.1x10°% 6.7x10°%
December 3.7x10? 2.8x10%? 2.2x10°% 59x10°%
HI=021

Although THQ values were calculated for Hg, Cd,
Cu, and Zn, Pb was excluded because no official oral RfD
is currently defined by the U.S. EPA,; thus, a reliable THQ
could not be derived.

RI values for Pb were calculated monthly and are
presented in Table 4.

Table 4. Risk index (RI) values for potential carcinogenic risk associated
with Pb intake through Chelon auratus consumption

RI
Months Pb
October 1.19 x 107
November 7.18x10°®
December 5.98 x 10°®

Since there is no RfD value for Pb (USEPA,
2021), it was compared using the SF value (0.0085) set by
RAIS (2021). In our study, the RI values for consumers
ranged from 5.98 X 107*to 1.19 x 1077, which are far below
the SF value for all months. The average RI value was
calculated for Pb only, and the results did not indicate
carcinogenicity. Comparing the RI values for Pb with the
guideline values shows that fish from the Sinop coast of the
Black Sea are safe for human consumption. According to
the International Environmental Protection Agency (EPA),
RI values for Pb below 1 x 10° are considered
insignificant.

CONCLUSION

In the present study, C. auratus had heavy metal
levels below the allowable values established by
international guidelines. Estimated daily intake (EDI)
values for all measured metals were substantially lower
than the reference doses established by WHO, FAO/WHO,
and USEPA. The estimation of non-carcinogenic risk
(THQs) in this study indicated that adverse health effects
are unlikely to occur at the observed levels of fish
consumption. However, the target cancer risk (RI)
associated with Pb exposure through C. auratus
consumption suggests no potential carcinogenic risk to
consumers.
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