@ Oceanological and Hydrobiological Studies

Health risk assessment of the heavy metal levels in marketed Liza aurata
(Risso, 1810) from the Urla Coast (Eastern Aegean Sea, Turkiye)

by
Elif Cagri Tag*?

DOI: https://doi.org/10.26881/0ahs-2026.1.04
Category: Original research paper

Received: November 24, 2025
Accepted: January 19, 2026

Faculty of Fisheries, Department of Marine-Inland Waters Sciences and
Technology, Ege University, izmir 35100, Tiirkiye

4 (https://orcid.org/0000-0001-6478-9205)

* Corresponding author: e.cagri.tas@ege.edu.tr




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 55, NO. 1 | MARCH 2026

1. Introduction

Heavy metals are constantly being introduced
into marine environments through natural inputs and
anthropogenic inputs and can cause global concern
owing to their toxicological nature, chronic build-up
in the environment, and ecological hazards (Shah,
2021). They are perceived as being an integral part of
the environmental pollution issues because of their
toxicity, bioaccumulating, and biomagnifying potential
throughout the food chain (Edo et al., 2024). Heavy
metals can be classified into two groups: potentially
toxic metals (Cd, Pb, and Ni) and physiologically
essential metals (Cu, Zn, and Fe).

Long-term exposure to toxic metals, even at low
concentrations, and excessive intake of essential
metals can lead to severe toxic effects on human
health Jomova et al.,, 2025). Such prolonged heavy
metal exposure can cause various health problems
such as organ dysfunction, skeletal deformities,
cardiovascular diseases, and neurological disorders.
Since fish are at the top of the aquatic food chain,
they can accumulate heavy metals through water,
nutrition, sediment, and suspended particulate matter
(Kamidis et al., 2024). For this reason, fish are frequently
used bioindicators to both biologically monitor the
pollution level of aquatic environments and to assess
risks in the food chain (lyiola et al., 2024; Kadim &
Risjani, 2022).

Metal absorption in fish occurs via two main
pathways: the digestive system and the gill surface
(Kwong, 2024). The normal cellular metabolism of fish
requires the uptake of essential metals (e.g., Cu and
Zn), which can be taken up into the tissues by these
pathways, while non-essential metals (e.g., Cd and
Hg) can also be absorbed and accumulated in the
tissues by similar pathways (Chandrapalan & Kwong,
2021; Lall & Kaushik, 2021). Thus, measuring metal
accumulation in various tissues such as the gills, liver,
and muscle in fish provides more realistic information
about the pollutant burden in aquatic ecosystems
(Sharma et al.,, 2024). The liver is the principal site of
accumulation, biotransformation, and excretion of
pollutants, which also include metals (Shahjahan et
al., 2022). As they are involved in gas exchange, acid-
base balance, and ion movement, the gills are directly
exposed to water, and the metal levels accumulated
in the gills can reflect to the metal levels in the
surrounding water (Kwong, 2024). The control and
follow-up of metal levels in fish muscle tissue are very
important, from the viewpoint of fish health and also
in terms of public health risks due to fish consumption
(Ustaoglu & Yiksel, 2024; Varol et al, 2022). Toxic
metals accumulate in the fish body and their gills are

the primary route of uptake of these metals, which
can be passed into the human body when consumed
through the food chain. Many of these toxic metals are
dangerous to human health (Sigamani et al., 2024).

The release of heavy metals into the aquatic system
from industrial and agricultural activities, mostly
found in the near-shore marine waters, have the
potential risk of affecting the health of populations
that consume locally caught seafood (Nyarko et al.,
2023; Saleem et al., 2022). Hence, numerous studies
have been previously carried out to explore the metal
contamination in various edible fish species (Naeem
et al., 2021). Various studies have been conducted over
the years on metal accumulation in fish species from
the Aegean Sea by researchers such as Tas et al. (2011,
2024), Kontas et al. (2022), Bilgin et al. (2023), Artar et al.
(2024), and Yuvka et al. (2025).

Liza aurata, which is the species in focus in this
study, is a globally distributed fish species extensively
found at different coastal localities worldwide from
the Aegean Sea, Mediterranean Sea, and Black Sea
to the Eastern Atlantic Ocean. L. aurata, also known
as the Golden head mullet or Yellow eared mullet,
is one of the target commercial fishing species in the
Aegean coast, which mainly lives in the coastlines and
lagoons, and rarely migrates to freshwater (ilkyaz et al.,
2006). Adult fish can grow to a length of 60 cm, and
their meat and caviar have a high commercial value
(Kaya, 2017). L. aurata acts as a good bioindicator of
heavy metals pollution and affects human health as
it is consumed by the local inhabitants (Aydin-Onen &
Oztiirk, 2017). Urla-izmir Bay is a commercially and
ecologically important fishing area where coastal
pollution may pose a potential risk. The aim of this
study is to determine the levels of Cd, Pb, Cu, and Zn
in the gill, liver, and muscle of marketed L. aurata from
the Eastern Aegean Sea. These metals are commonly
studied because they can accumulate in fish tissues
and pose risks to human health. The study also aims
to evaluate the possible health risks for consumers by
using the estimated weekly intake (EWI), estimated
daily intake (EDI), target hazard quotient (THQ), and CR
indicators.

2. Materials and methods

2.1. Study area

Located on the Aegean coast of western Turkey
and of strategic importance in terms of maritime
transportation and trade, the Gulf of Izmir is also an
important production area where intensive fishing
activities continue. The gulf, which has a surface




Oceanological and Hydrobiological Studies, VOL. 55, NO. 1 | MARCH 2026

area of approximately 410.3 km? is located between
38°20'-38°40" north latitude and 26°30-27°10’
east longitude. Due to the large number of fishing
ports and harbors, a large portion of commercial
fishing in the province of Izmir is concentrated in
this region. While the gulf offers breeding, feeding,
and growth areas for many aquatic species, it also
attracts attention with its coastal fishing activities
that continue throughout the year. In this area, where
coastal fishing methods are prevalent, the fish caught
are usually offered for consumption in local markets,
with auctions held in the morning hours (Tokag,
2017). This situation ensures that the aquatic products
obtained from the region reach consumers directly
and necessitates the evaluation of the effects of
possible pollutants on human health.

2.2. Sample collection, preparation, and digestion
procedure

Samples were obtained seasonally between
2017 and 2018 from individuals of L. aurata caught
within the scope of commercial fishing activities
carried out on the Urla coast of Izmir Bay and offered
for sale at the Urla auction (Fig. 1). The fish samples
used in this study were selected to reflect the actual
consumption chain in the region. Fish were taken on
the first day of fishing. In each sampling period, dead
fish were collected from fishermen and immediately
brought to the laboratory in polyethylene containers
filled with ice. In this study, a total of 80 L. aurata,
10 for each season, were used to determine metal
concentrations. The average total length of the fish
samples was 24.49 + 1.03 cm, and the average total
weight was 25049 + 15.73 g. Approximately 5 g
pieces were separated from the dorsal surface muscle,
liver, and two gills of each fish sample using clean
stainless steel instruments. Each tissue sample was
measured as wet weight (0.0001 g) using the XB 220A,
Precisa (Zurich, Switzerland) instrument and stored
in a freezer at —20°C until analysis. The samples were
dissolved in concentrated HNO_:HCIO, (5:1) (extra pure
Merck) according to the method of Bernhard (1976)
and filtered. Heavy metal concentrations (Cd, Cu,
Pb, Zn) were analyzed using an Inductively Coupled
Plasma-Optical Emission Spectrometer (ICP-OES)
(Perkin Elmer 2000 DV, Waltham, MA, USA). All samples
were analyzed in triplicate to measure precision.
Blank samples were always analyzed under the same
conditions as the samples. The results are expressed as
mg kg™ wet weight. Standard solutions were prepared
using Merck multi-element standard solutions

(Darmstadt, Germany). DORM-2 shark muscle certified
reference material was analyzed as a calibration

verification standard, and recovery rates for each of
the four elements in fish ranged from 96% to 106%,
demonstrating good accuracy of the method.

2.3. Data analysis

The normal distribution of the data was tested
using the one-sample Kolmogorov-Smirnov test. The
homogeneity of variances was tested using Levene's
test. Tukey HSD (Honestly Significant Difference)
and Tamhane Tests were applied to determine the
differences between tissue samples and sampling
periods. Statistically significant differences were
expressed as p < 0.05. All analyses were performed
using SPSS 25.0 (IBM Corp., Armonk, NY, USA).

2.4. Estimation of potential public health risks

Evaluation of the possible risk of pollutants to
human health is mainly based on prediction or
identification of the adverse effects of toxicants
on human health (Babuji et al., 2023). The EDI, EWI,
target hazard quotient (THQ), hazard index (HI), and
carcinogenic risk (CR) are parameters normally used
for evaluation of the possible impact of heavy metals
on human health by the United States Environmental
Protection Agency (US EPA) (2007). These evaluation
parameters can vary depending on factors such as
the amount of metal intake, duration of exposure, the
average body weight (BW), and the reference dose
from mouth (RfD), US EPA (2007). Two integrated
indices were estimated based on the non-carcinogenic
and carcinogenic effects of heavy metal accumulation.
While the non-carcinogenic index is used to evaluate
the adverse effects of heavy metals on health, the
carcinogenic index is used to evaluate the potential of
certain metals to increase the risk of cancer.

The EWI and EDI heavy metal exposure due to
fish consumption were determined for human health
risk assessment and were also compared with the
provisional tolerable weekly intake (PTWI). The weekly
metal consumption that is acceptable as PTWI is
established by the Food and Agriculture Organization/
World Health Organization (FAO/WHO) and the Joint
Expert Committee on Food Additives (JECFA) (FAO/
WHO, 2010, 2011). The PTWI is the estimate, from
all sources, of the amount of a substance in food
or drinking water, expressed as an amount per BW
that can be ingested weekly over a lifetime without
appreciable health risks (mg - kg™ or pg - kg™ BW). EWI
for the intake of fish muscle (g) was estimated using
the following formula, and then EDI was obtained by
dividing the EWI value by 7. In Tirkiye, the average per
capita consumption of aquatic products was 5.5 kg
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Figure 1

Sampling location.

in 2017, 6.3 kg in 2019, and 6.7 kg in 2021, while the
annual per capita consumption of aquatic products
was revealed as 7.3 kg in 2022, which increased by 12%
in comparison to the previous year according to the
data from TUIK (2023). The annual average per capita
consumption of aquatic products in Tirkiye is 7.3 kg or
20 g person~ - day.

WFCxMC
BW

EWI=

MC: Concentration (average amount of metal in fish
muscle tissue, mg - kg™) WFC: Consumption rate (g)
BW: Indicates BW (kg).

Non-carcinogenic  health  risks  posed by
mullet consumption for Turkish consumers were
evaluated according to the THQ. THQ expresses the
non-carcinogenic risk of metal levels taken into the
body. The formula used in the THQ calculation is given
below (Abdel-Kader & Mourad, 2022; Korkmaz et al.,
2019; Mol et al., 2017; Tas et al., 2024):

_ EFxEDx IRxMC

THQ= %107
RfDxBW x AT

where EF is Exposure frequency (365 days - year™),
ED is Exposure duration (year) (in case of a 70-kg
adult exposed to metals through consumption for
30 years), IR is the Daily fish consumption rate, MC is
the Determined metal concentration (mg - kg™), AT is
the Average exposure duration (365 days x 30 years—
non-carcinogenic), BW is body weight, RfD is the Oral
reference dose (mg - kg™, day), and 107 is the unit
conversion factor US EPA (2024). Oral reference dose
(RfD) values of metals are given as 0.001; 0.04; 0.004; 0.3
(mg - kg™, day) for Cd, Cu, Pb, Zn, respectively, as per US
EPA (2009). The value expressed as the total THQ value of
all metals investigated is calculated as ¥ THQ. A ¥ THQ >1
indicates that there are non-carcinogenic health risks for
consumers (US EPA, 1989):

2THQ =(THQCd + THQCu + THQPb + THQZN)

In addition, the carcinogenic health risks associated
with consuming grey mullet by Turkish consumers
were evaluated according to the carcinogenic risks
(CR) framework. CR refers to the increase in the risk
of an individual developing cancer throughout their
life as a result of exposure to a potential carcinogen.
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This risk is calculated using the cancer slope factor
(CSF), which determines the level of environmental
exposure and the carcinogenic potential of the
relevant chemical (Abbas, 2023). According to the US
EPA (1989), acceptable lifetime carcinogenic risk levels
for human health generally range between 10-* and
10°°. Carcinogenic risk is interpreted as CR < 1 x 10°¢
insignificant risk; 1 x 10°® < CR < 1 x 10™* lower
acceptable risk range, and 1 X 103 < CR < 1 x 107" high
carcinogenic risk levels (Le et al.,, 2023). The specific
CR value of a metal is calculated based on the CSF
and the amount of exposure of the individual. Such
risk assessments are critical for understanding the
potential effects of heavy metal pollution on public
health and for developing preventive policies. The
lifetime carcinogenic risk was calculated using the
formula given below (US EPA (2024); Ahmed et al., 2015).
In this calculation, CSF values defined for toxic metals
such as Pb and Cd were used. However, since there are
no reliable CSFs defined for essential elements such as
Zn and Cu and since these metals are physiologically
required at certain levels in the body, CR calculations
for Zn and Cu were not performed in this study. In
this formula, for Cd and Pb, 0.380; 0.0085; the relevant
slope factors of mg - kg™ - day™' were used (Azadeh et
al., 2022; Mohammadi et al., 2024; Pan et al., 2019):

_ EFXEDxMCxIRx CSF o
BW x AT

CR 1073

where CR is carcinogenic risk, EF is exposure
frequency (365 days - year™), ED is exposure duration
(years), MC is concentration of heavy metals in mg -
kg™ in fish muscle, IR is daily fish consumption rate,
BW is body weight, AT is average exposure duration
(365 days x number of exposure years, assuming
70 years for carcinogenic), 107 is the unit conversion
factor, and CSF is the oral cancer slope factor provided
by US EPA (1989).
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3. Results and discussion

3.1. Metal concentrations of samples

In this study, heavy metal accumulation in L. aurata
was investigated, and it was determined that the
metal concentrations varied in different tissues. The
average heavy metal accumulation of Cd, Cu, Pb, and
Zn in the muscle, qgill, and liver tissues of L. aurata is
presented in Table 1, and their distribution according
to seasons is presented in Figs. 2-5. According to the
findings, metal concentrations followed the order of
Zn > Cu > Pb > Cd in all tissues. In other words, Zn was
detected at the highest concentration in all sampling
periods and all tissue types, followed by other metals,
respectively. Although positive and statistically
significant relationships have been reported between
the total length, BW, and metallothionein level in the
liver cytosol of fish and metal accumulation in general
(Oliveira et al., 2010; Wosnick et al., 2021), no significant
relationship was found between the length and weight
of L. aurata individuals and heavy metal accumulation
in this study (p > 0.05).

3.1.1. Zinc

Zn is an essential trace element required for
human and animal health and plays a role in the
regulation of cellular functions by participating
in the structure of many metalloenzymes. Its
deficiency can affect the carcinogenesis process
through weakening of the immune system and
cellular damage (ATSDR, 2005). In this study, the
average Zn concentrations varied depending on
the tissue type (Table 1). Zn accumulation followed
the order: liver > gills > muscle. Zn concentrations
varied depending on the year and season. However,
according to the results of statistical analyses, the

Table 1

Average concentrations of heavy metals in muscle, gill, and liver of L. aurata (mg - kg™ ww).

Muscle 2017 0.324 +0.019*
2018 0.452 +0.013°
Gill 2017 0.591 + 0.035*
2018 0.631 +0.023*
Liver 2017 0.862 + 0.029*
2018 0.930 +0.027*

0.584 +0.041°
1.053 +£0.057*
1.047 £ 0.056°
1.650 £ 0.061*
1.792 £ 0.044*

IR " R " S
(mean * SE) (mean £ SE) (mean % SE) (mean * SE)

0.548 +0.032°

0.648 + 0.019* 4.709 +0.166"

0.638 £ 0.027° 4.795 +0.185°
0.844 +0.030° 15.795 + 0.673?
0.912 +0.022* 14.658 + 0.493°
1.871+0.111* 23.133 £ 0.268°

1.913 £ 0.083° 23.400 + 0.364°

abDifferent letters shown for each metal in the columns indicate statistically significant difference (p < 0.05).

SE, standard error.

3 www.oandhs.ug.edu.pl

Journal owner: Faculty of Oceanography and Geography, University of Gdarnsk, Poland



OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 55, NO. 1 | MARCH 2026

Zn - Liver Cu - Liver
o Mean [] MeanxSE T _ Meanx1,96*SE = Mean [] Mean+SE Meanx1,96*SE
26,0 2,1
25,5 2,0
24,5 18
Tousito "o 1.8} . T s
X X I
o 23,5 o 1,7 [ : £
E 23,0 £ 16} o =
§ 225 31l |-
22,0
21,5 L I
21,0 1,3 e S it 2
20,5 1.2
Zn - Gill Cu - Gill
21 1,5
20 1,4
B = T e I 13 —]-—
.18 b
? 17} 912
g) e 1oy e I 1 D | e (R I, pon SO T, ey TS g’ 1,1
IS [ 73] SR—— —— e T D T T D Y LT B ey ERS— 6 1,0
14 0.9
13|
12 0.8
11 9.
Cu - Muscle
Zn - Muscle 0,9
6,0
5,8
> 0'8 —
5,6
5,4 -
- : T 0.7 : B
‘D 5,2 ES .
g 5,0 g’ 0,6} WO IRee— — " s
4,8
ﬁ 4.6 6 OF 5 et | = || ° |.= L
4,4
a2 (o]071] Cemm—
4,0
3.8 Win 2017 Sum 2017  Win 2018 Sum 2018 053 Win 2017 Sum 2017 Win 2018 Sum 2018
Spr2017 Aut 2017 Spr 2018 Aut2018 Spr 2017 Aut 2017 Spr 2018 Aut2018
Figure 2 Figure 3

Seasonal distribution of Zn concentrations (mg - kg™
ww) in liver, gill, and muscle tissues of L. aurata.

differences in Zn accumulation levels among all
tissue types (muscle, gill, liver) were not found
to be statistically significant (p > 0.05) (Fig. 2). In
this study, Zn concentrations in the liver, gill, and
muscle tissues were substantially lower than those
reported in the Caspian Sea of Iran (Jelodar et al.,
2011), the Payas coast of Turkey (Turan et al., 2022),
the Sfax coast of Tunisia (Salem & Ayadi, 2016), and
the Bizerte Lagoon (Telahigue et al., 2024) (Table 2).
In contrast, the Zn levels in muscle tissue were found
to be higher than those reported in the Gulf of Cadiz
(Usero et al., 2003), Sinop (Bat et al., 2015), and the
Aegean Sea (Aydin-Onen & Oztiirk, 2017) (Table 2).

3.1.2. Copper

Cu is an essential trace element for human health,
but excessive intake can lead to toxic effects. High
copper exposure can cause health problems such
as liver damage and gastrointestinal symptoms
(US EPA, 2023; ATSDR, 2023). The average Cu
concentrations were lowest in muscle tissue in 2017

Seasonal distribution of Cu concentrations (mg - kg™

ww) in liver, gill, and muscle tissues of L. aurata.

(0.548 £ 0.032 mg - kg™ ww) and highest in liver tissue
in 2018 (1.792 + 0.044 mgq - kg™ ww) (Table 1). The liver
plays an important role in copper accumulation and
detoxification (Zaghloul et al., 2024), and the obtained
data are consistent with this physiological function.
According to the results of statistical analyses, the
differences in Cu accumulation levels among all
tissue types (muscle, gill, liver) were not found to be
statistically significant (p > 0.05) (Fig. 3).

The Cu concentrations obtained in this study
were considerably lower compared with those
reported in other studies conducted on L. aurata
worldwide (Table 2). For example, in liver tissue,
significantly high concentrations have been
reported from the Caspian Sea (160.39 + 40.01 mg -
kg™ ww; Jelodar et al., 2011) and the Bizerte Lagoon
(47.88 + 4.66 mg - kg ww; Telahigue et al., 2024).
Similarly, studies conducted in Turkey have also
reported higher Cu levels. In the Akyatan Lagoon
and along the Payas coast, liver Cu concentrations
were reported as 19.0 + 3.12 mg - kg™ ww (Tiirkmen
et al., 2012) and 21.11 £ 12.20 mg - kg~' ww (Turan et
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Seasonal distribution of Pb concentrations (mg - kg™
ww) in liver, gill, and muscle tissues of L. aurata.

al., 2022), respectively, both substantially exceeding
the levels measured in the present study. The Cu
concentration of gill tissue also reported for the
Akyatan Lagoon (2.27 + 0.43 mg - kg~' ww, Tiirkmen
et al., 2012) is higher than in the present study.
Similarly, the Cu concentration of muscle tissue
found in the present study (0.566 + 0.026 mg - kg™
ww) was lower than that reported in the Akyatan
Lagoon (Tirkmen et al., 2012) and the Payas coast
(Turan et al., 2022).

3.1.3.Lead
Pb is a

nontarget, nonessential, toxic, and

carcinogenic heavy metal lacking any essential roles for
the human body. Although it occurs naturally at low
levels, it is released in the environment primarily through
anthropogenic uses like mining, industrial activities, and
leaded gasoline, paint, and solder. Such heavy metal
released into the aquatic environment can contaminate
aquatic organisms through ingestion and enter into

Cd - Liver
e Mean [] MeanxSE Mean+1,96*SE
13

A2
A

-1

Cd mg kg

1,0

) 0 oes

0,7

0.6

Cd - Gill
2,0

1'8 -
1.6 @

1,2
1,0
0,8

0,2

Cd mg kg

Cd - Muscle
0,65

0,80 |
0,55 |-
o 0.50

mm    §é@§ 
S oahll

Cd mg kg

Win 2017 Sum 2017 Win 2018 Sum 2018
Spr 2017 Aut 2017 Spr 2018 Aut 2018

Figure 5

Seasonal distribution of Cd concentrations (mg - kg™
ww) in liver, gill, and muscle tissues of L. aurata.

the food chain, and in the long run can be potentially
dangerous to human health. Prolonged exposure may
cause serious health effects like neurological disorders,
hematological effects, cardiovascular diseases, renal
failure, hypertension, and fertility problems in adult
people (Telahigue et al, 2024) and retarded cognitive
development and poor mental performance in children
(Ramirez Ortega et al., 2021).

The mean Pb concentrations were lowest in muscle
tissue in 2018 (0.638 + 0.027 mg - kg™ ww) and highest
in liver tissue in the same year (1.913 + 0.083 mg - kg~
ww) (Table 1). Pb accumulation levels followed the order:
liver > gill > muscle. According to the results of statistical
analyses, the differences in Pb accumulation levels
among all tissue types (muscle, gill, liver) were not found
to be statistically significant (p > 0.05) (Fig. 4).

In the present study, the mean Pb concentration
determined in muscle tissue (0.643 + 0.016 mg - kg™
ww) was found to be lower than the Pb levels reported
in four separate studies on L. aurata from the Caspian
Sea, Iran (Hosseini et al.,, 2022; Jelodar et al., 2011),
Bizerte Lagoon, Tunisia (Telahigue et al., 2024), and




(panuguod)

T
ol = (z102)
m m H4n3zQ pue usuQ-uipAy GGS'0-8ET'0 6€0'0—pu 850'0—pu ¥00°0-T00°0 (2Anyin1) eas ueasday, 03pIND ]
S = (9107) IpeAY pue wajes 120 F90T SO'0FLT0 pu S0'0¥0T'0 (e1siuny) 150D Xejs, 030IND *]
2l S (sT07) "2 39309 6'C S0'0> s0> 200> (eAnjany) douis 030IND ]
m W (STOT) "B 32 yneAjney 61-9T 0€'0-TT°0 P> 20'0-10°0 (1e8n3iod) Asenis3 sndep 00IND ]
m, an; (€T0T) "2 32 9pEMED LTST 8T = L0 (e1puy) Alemis3 ueyiseo, 030IND *]
m g (¢T02) "Ie 18 UBUBLINL 86°0 ¥ 9T°L SO0 FTt'0 €T°0¥08°0 000 ¥90°0 (Appin1) uooge ueleAyy 0104n0
m m (TTOT) "I 33 Jepojar €TLF69ET €S0F0ST LOTF VSV €T0FSED (uedy) eas ueidsed, 03DIND ]
m m (€007) ‘|2 32 0435 T¥'8-0T°€ S0'0-€0°0 09°0-02°0 0€0°0-€T0°0 (ureds) Aeg zip,ed 0104ND 7 3PSNIAI
m m Apnis siyL Tv'0 ¥ 92T'ST 6T0°0 ¥ 8/8°0 ¥0°0 ¥ 0S0°T €EV0'0FTVLO (2Anpany) swz) ‘en 0304ND 7
m m (¥207) '|e 10 1qesey 905°C €6T0°0 TTL0°0 #900°0 (0220.0|A) Atenis3 jeqey 1[NNI
m W (#202) |8 32 an3iyejaL 66T T LIT TE0FV6'T 9/,0726'8 L0'0F88°0 (ei1siuny) uooge apazig pIDIND ]
m m (9702) IpeAY pue wajes 200F CTLT SE0FL6'T 000 F %00 €0°0 ¥ 0€°0 (ersiuny) 3se0) xeys, 0304ND 7
m (€TOT) "|E 30 9pemeD LTST 8T = L0 (e1puj) Azenis3 lueyisen, DILIND ]
8 (zT07) "2 32 UBWINL SYTF YT 90°0 ¥ 070 V0T LTT 00'0¥80°0 (@Ain1) uoose ueredyy 030IND 7
(TTOT) "I 33 Jepojar 099 T F ¥1°09 0L0FT9°€ TOTFES'S 65°0% 060 (ueur) eas ueidse), 01DIND ]
Apnis siyL TTO0F99TET 9000 F 68T 8€00FTTLT 200 ¥ 968°0 (eAppnL) Jwz| ‘eln 03pIND ]
(v2oz) ‘|e1e 1qesey 985°€ 2,200 908T°0 6€70°0 (022010|A1) Arenis3 1eqey BN
(¥207) "8 38 |nojysez ISSTLT6 LEOTFEYO LT FY9°6T EV0F 870 (1dA33) axeq imepJeg 03DIND ]
(¥20?) |2 12 andiye|aL 8'ET ¥6CLTT LTOF¥0C 99y ¥ 88'LY LTOF VYT (e1siuny) uoogeT aniazig 03pIND ]
(€207) "2 32 Ja1UON 95T F 2’1 STOFIET 80°0F06'T ST0F80°T (1dA33) 10 epaiweq, snjpydas 16N
(zzog) "|e1d ueuny 69°ST ¥ 60°9% 0STFPLT 0TTTFIT'TC ¥T'0¥99°0 (9Apany) 1seo) seheq 0304ND 7
(9102) 1pEAY pUE WBlES 90'0FS'LTT ¥T'0FLS0 TTF8TL 100 ¥ S50 (e1siuny) 3se0D xeys, 030IND 7
(zT07) "2 32 UBWINL 88T F6'€EC 90'0 ¥ €5°0 TTET 06T 100 £0°0 (@Ain1) uoose ueredyy 030IND 7
(TTOZ) "|e 33 Jepojar €6'6C F L6'8L 9/'0F09°C 100t ¥ 6£°09T 89°0F LO'T (ued)) eas uerdse), p30IND ]
(€007) "8 38 0435 8'18-9'0€ 8°0-ST°0 0'v9-L'€T 15010 (ureds) Aeg zip,ed 0104ND 7 J3n1

Journal owner: Faculty of Oceanography and Geography, University of Gdarnsk, Poland

‘(MM B3| - Bw IS F ueSW) PIIOM DY} JO SUOIDDI JUIIYPIP WO} S3129dS 39[|NW UJ S|e3dw AAeaY JO S|9AT]

zalqel



Oceanological and Hydrobiological Studies, VOL. 55, NO. 1 | MARCH 2026

Elif Cagr Tag

(o]
o g
2 = = = o
© N = o ¢ g
[ —|d @l el =] =
N o 94 8 ° ¥ =
N 8 @ — a8 8§ @
§ S % g9 =
N = T s = 2 9
— © = o ] K >
- = © @ 2 T <
(1] © Q = o () © >
o P ) - ¥ < ©
c @ £ +« 2 3 9 wm S
7] =l ol &2 & =] ol =
= c g =|ZE| = o w G
Sl C 2 § & » & 5 o2
Q S o [} © ©c Qo c
o F I 2 F N < < F
m
~ = O o ~
o O ® M o -
o I Y RO ) co 1
6 g & N < 3 [=}
HOT H H A 5 A
0 N 0 0 oS o
F! S o o n
(=] O O un ~
N - N <
©
wn ()] m o~ wn -l
N B I < Q<
S 4 © 68 © ®» o o
159}
H N o+ H o+ B4
D D N © S N~ oM
N o § < o 5 o
) - 4 o c ©
[=} (=}
©
~ T, B ~
! S ® o =
SO ~ ©O © © o (=}
3 Gl Mol Il I IS = I
m = 0 s a 2 ©
n N S n © ()
n - o o D)
— [}
%)
n o a N o
= © © 9 ]
slele|lale|E]le]e
o +H Q2 4 H H O H H
o S =)
4 5 ¥ 9 0 2 o «
Q L 1 m o <
o o o o el | <2
[} [}
= |
—_ =il RN . —
[ o v £ o
= > c 2 = a 5
¥ — & 35 » O > $
Coc W N s W Z
S5 @ - = M= w ox o
ElElZ 2] = 2| = 5
- = = o > ¢ D o
s o o X I N =
4 © a [e] © © e (7}
© |2} w 4 5 8 =
Q S © © 2 = = -
= o £ 2 = v o© £ =
< (&) g 0 o = W o ¥ ©
> v = = e © = N T -g
< m a E § ©- 8 c g
S o 5 8 € o § &
=] T © A N © © = 7
il - O 2 ©@ o x = O .
w
(%]
=
o
=t
|8}
]
g
[
[ [ °
S S s
T T o IS}
gl 8 E) 8] & < 8 2
S T 9§ S © + 9 © -
55/ 5 52&vs5 ¢
S 8 . &8 & 5 _. © <
S [ =) G RECY ) RS 2
3 x
S o
> o E
=N o » g
=) = X o
= a AR
i ap ©
o = 2
) S~ T
3 www.oandhs.ug.edu.pl

Gasthani Estuary, India (Gawade et al., 2013), as well as
in two studies on Mugil cephalus from Damietta Port
(Monier et al., 2023) and Manzala Lake (Abd-Elghany
et al, 2024), Egypt (Table 2). These variations in Pb
levels are attributed to factors such as the age, size,
and feeding habits of the fish, habitat characteristics,
regional pollution levels, and interspecies differences
in the bioaccumulation capacity of heavy metals (Wei
et al., 2014).

3.1.4. Cadmium

Cd is a hazardous heavy metal that has no
biological function and can have toxic effects even at
low concentrations. By accumulating in the body, it can
cause health problems such as kidney damage, skeletal
system deformations, reproductive and digestive
system disorders, and pulmonary emphysema. It
can also trigger the development of various types of
cancer by disrupting the epigenetic mechanisms in
cells (Farhat et al., 2025; Telahigue et al., 2024).

The average Cd concentrations were lowest in
muscle tissue in 2017 (0.324 + 0.019 mg - kg*1 ww) and
highest in liver tissue in 2018 (0.930 * 0.027 mg - kg™
ww) (Table 1). The tissue distribution of Cd followed
the order: liver > gills > muscle. This distribution
is related to the organism’s regulatory capacity,
behavioral characteristics, and feeding habits (Jelodar
et al,, 2011), and it results from the higher tendency
of cadmium to accumulate in organs such as the liver
and kidneys compared with muscle tissue (Barone
et al,, 2015). The gills function as the primary organ
responsible for the excretion of cadmium from the
body (Zaghloul et al., 2024). Evaluation of seasonal
data showed that Cd levels in all tissue types varied
seasonally, and these differences were statistically
significant (p < 0.05) (Fig. 5).

In this study, the Cd levels detected in tissues
were compared with those reported in other studies
on mullet fish. The Cd concentration determined in
the liver tissue (0.896 mg - kg™ ww) was higher than
those reported for regions such as Cadiz Bay, Spain
(0.51 mg - kg*1 ww; Usero et al., 2003), Akyatan Lagoon
(0.07 mg - kg*1 ww; Tirkmen et al., 2012), Payas Coast
(0.66 +0.14 mg - kg*1 ww; Turan et al., 2022), and Rabat
Estuary (0.043 mg - kg™' ww; Aarabi et al., 2024), but
lower than the levels reported in highly polluted areas
such as the Caspian Sea (1.07 mg - kg*1 dw; Jelodar et
al.,, 2011), Damietta Port (1.08 mg - kg*1 dw; Monier
et al., 2023), and Bizerte Lagoon (1.44 mg - ng wWw;
Telahigue et al., 2024) (Table 2). Similarly, Cd levels in
muscle tissue were found to be lower compared with
studies conducted on L. aurata and M. cephalus in
regions such as the Caspian Sea (Hosseini et al., 2022;
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Jelodar et al., 2011), Bizerte Lagoon (Telahigue et al.,
2024), Damietta Port, and Lake Manzala (Abd-Elghany
et al., 2024; Monier et al., 2023) (Table 2).

3.2. Potential health risk assessment

For a long time, the examinations have been used
to estimate the health risk to humans from heavy
metal content in numerous fish species. Although
toxicological limits may not have been surpassed
for the average consumer, the health risk of heavy
metal exposure may appear for heavy consumers
of a particular fish species (Leblanc et al., 2005).
Consequently, the weekly (EWI) and daily (EDI) dietary
exposures were calculated for L. aurata and compared
with the PTWI. Moreover, non-carcinogenic health
risks (THQ and X THQ) and carcinogenic health risks
(CR) were estimated for consumers, and the results are
listed in Table 3.

In this study, fish samples were assessed for
potential impact of the heavy metals on human health;
the EWI for heavy metals was compared with the PTWI
of individuals with a BW of 70 kg (adult). The EWI of Cd

Health risk assessment of heavy metal levels in Liza aurata

was above the 70 kg adult PTWI. The EWI for 2017 was
0.648 mg - week™, whereas the PTWI limit is 0.49 mg -
week™. This difference became even larger in 2018: the
EWI value was calculated to be 0.904 mg - week™. This
indicates that exposure to Cd in both years was higher
than the permissible levels in the short term. The rise
in Cd accumulation with time also suggests that Cd
requires careful surveillance on health perspectives.
The estimated EWI values of Pb in 2017 and 2018 were
1.296 mg - week™ and 1.276 mg - week™, respectively,
which were also lower than the PTWI (1.75 mg - week™).
These findings indicate that exposure to Pb was not
excessive during the time frame studied. Although the
determined ones are below the admissible ones for
public health, the values obtained, which are relatively
closer to the limit values, do not exclude carrying
them out carefully for the purpose of monitoring Pb
contamination. The EWI of Cu in 2017 and 2018 was
computed as 1.096 mg - week™ and 1.168 mg - week™,
respectively. These levels are substantially lower than
the PTWI of 245 mg - week™. The values obtained
indicate that the ingestion of L. aurata is safe in relation
to Cu, and the levels of exposure do not pose any

Table 3

Guideline-based estimated exposures and human health risks of heavy metals in muscle tissue of L. aurata.

I I R S R
SIS 7

PTWI 0.007 0.025
PTWIb 0.49 245 1.75 490
PTDIc 0.07 35 0.25 70
Mean. Cons. 2017 0.324 0.548 0.648 4.709
(me - ke™) 2018 0.452 0.584 0.638 4.795
EWI 2017 0.648 1.096 1.296 9.418
2018 0.904 1.168 1.276 9.590
EDI¢ 2017 0.092 0.156 0.185 1.345
2018 0.129 0.166 0.182 1.370
CRf 2017 3.52x 10 = 1.58 x 107 =
2018 4.91x10° - 1.55x 107 -
THQE 2017 0.092 0.004 0.044 0.004 0.144
2018 0.129 0.004 0.045 0.004 0.182

2PTWI (tolerable weekly intakes) mg - week™ - kg™ BW FAO/WHO (2004).

°PTWI for an adult individual weighing 70 kg (mg - week™ - kg™ BW).

°PTDI, mg - day™ - 70 kg™ BW.

JEWI, mg - week™ - kg™ BW.

°EDI, mg - day™ - kg™ BW.

fCR, USEPA, 1995.

ETHQ.

"STHQ.

YTHQ, total target hazard quotient; BW, body weight; CR, carcinogenic risk; EDI, estimated daily intake; EWI, estimated weekly intake; PTDI,
provisional tolerable daily intake; PTWI, provisional tolerable weekly intake; THQ, target hazard quotient.
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health risk. The estimated EWI values for Zn in both
years were well below the PTWI limit (490 mg - week™)
Cd, in particular, was found to exceed the permissible
limits more frequently than other metals. In this regard,
strategies for environmental monitoring and source
control of Cd are crucial.

When non-carcinogenic health risks (THQ and X
THQ) for consumers were examined, the THQ values
for 2017 were calculated as Cd: 0.092, Cu: 0.004, Pb:
0.044, and Zn: 0.004, respectively. In 2018, these values
were Cd: 0.129, Cu: 0.004, Pb: 0.045, and Zn: 0.004. The
THQ value of no metal exceeded 1 in both years. These
results reveal that consumption of the examined fish is
within acceptable limits in terms of non-carcinogenic
health risks. Total Target Hazard Quotient (XTHQ) was
found to be 0.144 for 2017 and 0.182 for 2018. The
fact that XTHQ values are below 1 indicates that the
combined toxic effects resulting from the combined
effect of metal accumulation do not pose a significant
risk to public health. However, Cd is seen to have
the highest THQ contribution in both years; this is
an indicator that will require regular monitoring of
cadmium in fish in this region.

In this study, carcinogenic risk (CR) was assessed
for Cd and Pb, representing the potential long-term
carcinogenic effects of these metals. CR reflects the
probability of developing cancer from lifetime exposure.
The values were Cd: 3.52 x 10~ and Pb: 1.58 x 10°® in
2017, and Cd: 491 x 10~ and Pb: 1.55 x 10° in 2018.
Although the CR values calculated for Pb slightly
exceeded the threshold of 1 x 10-® in both years and
technically fall into the “low acceptable risk” category,
they remain very close to the ‘negligible risk’ level. This
indicates that under current conditions, Pb does not
pose a significant public health risk, although long-term
exposure should be monitored. The CR values calculated
for Cd fall within the range of 1 x 10° <CR< 1 x 107,
which is interpreted as a “low acceptable risk”. Overall,
since the CR values for both metals remain below the
maximum lifetime risk threshold of 1 x 10~* accepted by
the US EPA, they do not indicate a significant carcinogenic
risk to public health. However, Cd is identified as a
critical metal that should be carefully monitored under
long-term exposure scenarios.

4, Conclusion

This study examined the levels of heavy metal
accumulation in different tissues of L. aurata caught
from the Urla coast, Eastern Aegean Sea, and evaluated
the possible health risks for human consumption.
The study showed that essential metals (Zn, Cu)
accumulated at higher levels than toxic metals (Cd,

Pb) in all tissues, which reflects the biological needs of
the fish. Regarding human health, the calculated risk
indices (THQ and CR) indicate that consuming L. aurata
from the Urla coast does not pose a significant health
risk to the public. The results show that consuming
this fish species does not cause a major health risk,
but the cadmium levels should be checked regularly.
Finally, the clear differences observed between seasons
and tissues support the use of L. aurata as a useful
biological indicator for monitoring pollution in the
Eastern Aegean Sea. The outcomes of this study can
contribute to future risk assessments and monitoring
plans for different coastal ecosystems.

References

Aarabi, S., Kettani, K., Chauiyakh, O., Bouganssa, T., El Fahime,
E., & Et-tahir, A. (2024). Bioaccumulation of heavy metals
in five species of fish obtained from the estuary of Rabat,
Morocco. Tropical Journal of Natural Product Research, 8(4),
6765-6770. https://doi.org/10.26538/tjnpr/v8i4

Abbas, M. M. M. (2023). Heavy metal levels and cancer risk
assessments of the commercial Denis (Sparus aurata)
collected from Bardawil Lake and private fish farm waters
as a cultured source, Egypt. Biological Trace Element
Research, 202, 2864-2877. https://doi.org/10.1007/
$12011-023-03880-0

Abd-Elghany, S. M., Sayed-Ahmed, M. Z., Rahmo, H. M., Zakaria,
A. 1, Ahmad, S., Alam, N., Ali, M. S., & Sallam, K. I. (2024).
Carcinogenicand non-carcinogenic health risks associated
with the consumption of fishes contaminated with
heavy metals from Manzala Lake, Egypt. Marine Pollution
Bulletin, 202, Article 116391. https://doi.org/10.1016/j.
marpolbul.2024.116391

Abdel-Kader, H. H., & Mourad, M. H. (2022). Investigation of a
balanced healthy diet for human consumption of Clarias
gariepinus and Oreochromis niloticus species from Lake
Manzalah (Egypt), and target cancer/ hazard quotient
(non-cancer) risk metrics. Egyptian Journal of Aquatic
Biology and Fisheries, 26(4), 1151-1170. https://doi.
0rg/10.21608/ejabf.2022.256392

Ahmed, M. K., Shaheen, N., Islam, M. S., Habibullah-al-Mamun,
M., Islam, S., Mohiduzzaman, M., & Bhattacharjee, L. (2015).
Dietary intake of trace elements from highly consumed
cultured fish (Labeo rohita, Pangasius pangasius, and
Oreochromis mossambicus) and human health risk
implications in Bangladesh. Chemosphere, 128, 284-292.
https://doi.org/10.1016/j.chemosphere.2015.01.035

Artar, E., Olgunoglu, M. P, & Olgunoglu, I. A. (2024).
Evaluation of heavy metal accumulation and associated
human health risks in three commercial marine fish
species from the Aegean Sea, Tirkiye. Italian Journal of
Food Science, 36(2), 136-149. https://doi.org/10.15586/
ijfs.v36i2.2474




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 55, NO. 1 | MARCH 2026

ATSDR. (2005). Agency for toxic substances and disease registry,
toxicological profile for Zinc. U.S. Department of Health and
Human Services, Public Health Service, Atlanta. https://
www.atsdr.cdc.gov/toxprofiles/tp60-p.pdf

ATSDR. (2023). Agency for toxic substances and disease
registry, toxicological profile for Copper. https://www.
atsdr.cdc.gov/toxprofiles/tp132-c1.pdf

Aydin-Onen, S., & Oztiirk, M. (2017). Investigation of heavy
metal pollution in eastern Aegean Sea coastal waters by
using Cystoseira barbata, Patella caerulea, and Liza aurata as
biological indicators. Environmental Science and Pollution
Research, 24(8), 7310-7334. https://doi.org/10.1007/
s11356-016-8226-4

Azadeh, A, Takdastan, A., & Alivand, S. (2022). Determination
of heavy metals including Hg, Pb, Cd, and Cr in edible
fishes Liza abu, Brachirus orientalis and attributed cancer
and non-cancer risk assessment. Environmental Health
Engineering and Management Journal, 9(2), 157-164.
https://doi.org/10.15171/ehem.2022.26

Babuji, P, Thirumalaisamy, S., Duraisamy, K., & Periyasamy, G.
(2023). Human health risks due to exposure to water
pollution: A review. Water, 15(14), 2532. https://doi.
org/10.3390/w15142532

Barone, G., Storelli, A,, Garofalo, R, Busco, V. P, Quaglia, N. C,,
Centrone, G., & Storelli, M. M. (2015). Assessment of mercury
and cadmium via seafood consumption in Italy: Estimated
dietary intake (EWI) and target hazard quotient (THQ). Food
Additives & Contaminants: Part A, 32(8), 1277-1286. https://
doi.org/10.1080/19440049.2015.1055594

Bat, L., Oztekin, H. C., & Ustiin, F. (2015). Heavy metal levels
in four commercial fishes caught in Sinop coasts of the
Black Sea, Turkey. Turkish Journal of Fisheries and Aquatic
Sciences, 15(2), 393-399. https://doi.org/10.4194/1303-
2712-v15_2_25

Bernhard, M. (1976). Manual of methods in aquatic
environment research (Technical Paper No. 158 FIRI/T
158). Rome: FAO Fisheries. https://www.vliz.be/imisdocs/
publications/381361.pdf

Bilgin, M., Uluturhan, E., Darilmaz, E., & Katalay, S. (2023).
Combined evaluation of multi-biomarkers and metal
bioaccumulations in two different fish species (Sparus
aurata and Chelon labrosus) from izmir Bay, Tirkiye
(Aegean Sea): Spatial, temporal and tissue-specific
approaches. Marine Pollution Bulletin, 197, Article 115709.
https://doi.org/10.1016/j.marpolbul.2023.115709

Chandrapalan, T, & Kwong, R. W. M. (2021). Functional
significance and physiological regulation of essential trace
metals in fish. The Journal of Experimental Biolgy, 224(24),
jeb238790. https://doi.org/10.1242/jeb.238790

Edo, G.I., Samuel, P.O,, Oloni, G. O., Ezekiel, G. O., Ikpekoro, V. O.,
Obasohan, P, Ongulu, J., Otunuya, C. F, Opiti, A.R., Ajakaye,
R.S. Essagha, A. E. A,, & Agbo, J. J. (2024). Environmental
persistence, bioaccumulation, and ecotoxicology of heavy
metals. Chemistry and Ecology, 40(3), 322-349. https://doi.
org/10.1080/02757540.2024.2306839

FAO/WHO. (2004). Summary and conclusions of the sixty-first
meeting of the Joint FAO/WHO expert committee on food
additives (JECFA). Retrived from ftp://ftp.faoc.org/es/esn/
jecfa/jecfa61sc.pdf

FAO/WHO. (2010). Summary report of the seventy-third
meeting of JECFA, Joint FAO/WHO expert committee on
food additives (JECFA). Geneva. https://openknowledge.
fao.org/server/api/core/bitstreams/a3da64ef-146b-4818-
9cdb-2a37e1fe59d9/content

FAO/WHO. (2011). Food Standards programme codex
committee on contaminants in foods Food (Report
No. CF/5 INF/1) (pp. 1-89). Geneva, Switzerland: WHO.
https://www.fao.org/input/download/report/758/
REP11_CFe.pdf

Farhat, N., Hidri, R., Ghnaya, T., Abdelly, C., & Zorrig, W. (2025).
The risk of cadmium accumulation in lettuce (Lactuca
sativa): How can zinc help? Euro-Mediterranean Journal for
Environmental Integration, 10(5), 4145-4159. https://doi.
org/10.1007/s41207-025-00845-8

Gawade, L., Chari, N. V. H,, Sarma, V. V., & Ingole, B. S. (2013).
Variation in heavy metals concentration in the edible
oyster Crassostrea madrasensis, clam Polymesoda erosa
and grey mullet Liza aurata from coastline of India. Indian
Journal of Science, 2(4), 59-63. http://www.discovery.org.
in/ijs.htm

Hosseini, S. M., Vajdi, R., Monsef Rad, S. F., Dahmardeh Behrooz,
R., Chamanara, V., & Hosseini, S. V. (2022). Risk assessment
of trace elements bioaccumulated in golden gray mullet
(Liza aurata) harvested from the southern Caspian Sea.
Journal of Great Lakes Research, 48(4), 1079-1086. https://
doi.org/10.1016/j.jg1r.2022.04.010

ilkyaz, A., Firat, K., Saka, S, & Kinacigil, H. T. (2006). Age, growth,
and sex ratio of golden grey mullet, Liza aurata (Risso,
1810) in Homa Lagoon (izmir Bay, Aegean Sea). Turkish
Journal of Zoology, 30(3), 279-284.

lyiola, A. O., Kolawole, A. S., Setufe, S. B., Bilikoni, J., Ofori, E.,
& Ogwu, M. C. (2024). Fish as a sustainable biomonitoring
tool in aquatic environments. In S. C. 1zah, M. C. Ogwu, & H.
Hamidifar (Eds.), Biomonitoring of pollutants in the Global
South.  Springer.  https://doi.org/10.1007/978-981-97-
1658-6_12

Jelodar, H. T,, Sharifzadeh Baei, M., Najafpour, S. H., & Fazli, H.
(2011). The comparison of heavy metals concentrations in
different organs of Liza aurata inhabiting in southern part
of Caspian Sea. World Applied Sciences Journal 14 (Special
Issue of Food and Environment), 96—100.

Jomova, K., Alomar, S. Y., Nepovimova, E., Kuca, K., & Valko,
M. (2025). Heavy metals: Toxicity and human health
effects. Archives of Toxicology, 99(1), 153-209. https://doi.
0rg/10.1007/5s00204-024-03903-2

Kadim, M. K., & Risjani, Y. (2022). Biomarker for monitoring
heavy metal pollution in aquatic environment: An
overview toward molecular perspectives. Emerging
Contaminants, 8, 195-205. https://doi.org/10.1016/j.
emcon.2022.02.003



https://doi.org/10.1080/02757540.2024.2306839
https://doi.org/10.1080/02757540.2024.2306839

Oceanological and Hydrobiological Studies, VOL. 55, NO. 1 | MARCH 2026

Kamidis, N., Sapounidis, A., Spanos, T., Chatzichristou, C., Topi,
V., Triantafillidis, S., Karampetsis, D., Papadopoulou, P,
Mitkidou, S., Kokkinos, N., Ene, A., & Stamatis, N. (2024).
Trace elements in two endemic fish species (Barbus
strumicae, Karaman 1955 and Squalius orpheus, Kottelat &
Economidis, 2006) of Nestos River (NE Greece): Levels,
organ bioaccumulation and potential health risk.
Marine Pollution Bulletin, 208, Article 116967. https://
doi.org/10.1016/j.marpolbul.2024.116967

Kaya, M. (2017). Commercial marine fish of Izmir (pp. 33-42).
Izmir Fisheries. Izmir Metropolitan Municipality.

Kontas, A., Alyuruk, H., Bilgin, M., Uluturhan, E., Unltioglu, A.,
Darilmaz, E., & Altay, O. (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), Turkey. Biological Trace Element Research,
200(2), 868-880. https://doi.org/10.1007/s12011-021-
02683-5

Korkmaz, C., Ay, O, Ersoysal, Y, Kéroglu, M. A, & Erdem, C.
(2019). Heavy metal levels in muscle tissues of some
fish species caught from north-east Mediterranean:
Evaluation of their effects on human health. Journal of
Food Composition and Analysis, 81(1), 1-9. https://doi.
org/10.1016/j.jfca.2019.04.005

Kwong, R. W. (2024). Trace metals in the teleost fish gill:
Biological roles, uptake regulation, and detoxification
mechanisms. Journal of Comparative Physiology B, 194(5),
749-763. https://doi.org/10.1007/s00360-024-01565-1

Lall, S. P, & Kaushik, S. J. (2021). Nutrition and metabolism
of minerals in Fish. Animals, 11(9), 2711. https://doi.
0rg/10.3390/ani11092711

Leblang, J. C,, Guérin, T., Noél, L., Calamassi-Tran, G., Volatier,
J. L, & Verger, P. (2005). Dietary exposure estimates of
18 elements from the 1st French total diet study. Food
Additives & Contaminants, 22(7), 624-641. https://doi.
0rg/10.1080/02652030500135367

Le, T. T., Kim, K. W., Nguyen, D. Q., & Ngo, H. T. T. (2023). Trace
element contamination in rice and its potential health risks
to consumers in north-central Vietham. Environmental
Geochemistry and Health, 45(10), 3361-3375. https://doi.
org/10.1007/510653-022-01415-5

Maulvault, A. L., Anacleto, P, Barbosa, V. Sloth, J. J,
Rasmussen, R. R., Tediosi, A., Fernandez-Tejedor, M., van
den Heuvel, F. H. M., Kotterman, M., & Marques, A. (2015).
Toxic elements and speciation in seafood samples from
different contaminated sites in Europe. Environmental
Research, 143(Pt B), 72-81. https://doi.org/10.1016/j.
envres.2015.09.016

Mohammadi, M. J., Kiani, F,, Farhadi, M., Ghanbari, S., Jalili, D., &
Mirzaei, L. (2024). Evaluation of carcinogenic risk of heavy
metals due to consumption of rice in Southwestern Iran.
Toxicology Reports, 12, 578-583. https://doi.org/10.1016/j.
toxrep.2024.01.045

Mol, S., Karakulak, F. S., & Ulusoy, S. (2017). Assessment of
potential health risks of heavy metals to the general
public in Turkey via consumption of red mullet, whiting,
turbot from the southwest Black Sea. Turkish Journal of
Fisheries and Aquatic Sciences, 17(6), 1135-1143. https://
doi.org/10.4194/1303-2712-v17_6_07

Monier, M. N.,, Soliman, A. M., & Al-Halani, A. A. (2023). The
seasonal assessment of heavy metals pollution in water,
sediments, and fish of grey mullet, red seabream, and
sardine from the Mediterranean coast, Damietta, North
Egypt. Regional Studies in Marine Science, 57(347), 102744.
https://doi.org/10.1016/j.rsma.2022.102744

Naeem, S., Ashraf, M., Babar, M. E., Zahoor, S., & Ali, S. (2021).
The effects of some heavy metals on some fish species.
Environmental Science and Pollution, 28(20), 25566-25578.
https://doi.org/10.1007/s11356-021-12385-z

Nyarko, E., Boateng, C. M., Asamoah, O., Edusei, M. O., & Mahu,
E. (2023). Potential human health risks associated with
ingestion of heavy metals through fish consumption in
the Gulf of Guinea. Toxicology Reports, 10, 117-123. https://
doi.org/10.1016/j.toxrep.2023.01.005

Oliveira, M., Ahmad, I, Maria, V. L., Serafim, A., Bebianno,
M. J, Pacheco, M. & Santos, M. A. (2010). Hepatic
metallothionein concentrations in the golden grey mullet
(Liza aurata): Relationship with environmental metal
concentrations in a metal-contaminated coastal system in
Portugal. Marine Environmental Research, 69(4), 227-233.
https://doi.org/10.1016/j.marenvres.2009.10.012

Pan, Y., Peng, H., Xie, S., Zeng, M., & Huang, C. (2019). Eight
elements in soils from a typical light industrial city, China:
Spatial distribution, ecological assessment, and the source
apportionment. International Journal of Environmental
Research and Public Health, 16(14), 2591. https://doi.
org/10.3390/ijerph16142591

Ramirez Ortega, D., Gonzalez Esquivel, D. F,, Blanco Ayala, T.,
Pineda, B., Gbmez Manzo, S., Marcial Quino, J., Carrillo
Mora, P, & Pérez de la Cruz, V. (2021). Cognitive impairment
induced by lead exposure during lifespan: Mechanisms of
lead neurotoxicity. Toxics, 9(2), 23. https://doi.org/10.3390/
toxics9020023

Saleem, M., Igbal, J., Shi, Z,, Garrett, S. H., & Shah, M. H. (2022).
Distribution and bioaccumulation of essential and toxic
metals in tissues of Thaila (Catla catla) from a natural lake,
Pakistan, and its possible health impact on consumers.
Journal of Marine Science and Engineering, 10(7), 933.
https://doi.org/10.3390/jmse 10070933

Salem, Z. B, & Ayadi, H. (2016). Heavy metal accumulation in
Diplodus annularis, Liza aurata, and Solea vulgaris relevant
to their concentration in water and sediment from the
southwestern Mediterranean (coast of Sfax). Environmental
Science and Pollution Research, 23(13), 13895-13906. https://
doi.org/10.1007/511356-016-6531-6

Shah, S. B. (2021). Heavy metals in the marine environment—
an overview. In Heavy metals in scleractinian corals (pp.




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 55, NO. 1 | MARCH 2026

1-98). Springer Briefs in Earth Sciences. Springer, Cham.
https://doi.org/10.1007/978-3-030-73613-2_1

Shahjahan, M., Taslima, K., Rahman, M. S., Al-Emran, M., Alam,
S. I, & Faggio, C. (2022). Effects of heavy metals on fish
physiology - A review. Chemosphere, 300, 134519. https://
doi.org/10.1016/j.chemosphere.2022.134519

Sharma, A. K., Sharma, M., Sharma, S., Malik, D. S., Sharma, M.,
Sharma, M., & Sharma, A. K. (2024). A systematic review
on assessment of heavy metals toxicity in freshwater
fish species: Current scenario and remedial approaches.
Journal of Geochemical Exploration, 262, Article 107472.
https://doi.org/10.1016/j.gexplo.2024.107472

Sigamani, S., Jebasingh, A. D, Dhas, Y. T, Sundaram, S.,
Babu, U. Kolandhasamy, P, Syed, A., & Elgorban, A.
M. (2024). Bioaccumulation and health risk of metal
contamination from different tiers of food chain in
Ennore estuary, Southeast coast of India. Marine Pollution
Bulletin, 200, Article 116154. https://doi.org/10.1016/j.
marpolbul.2024.116154

Tas, E. G, Basaran, A., Sunlu, U, &Salman, A. (2024). Heavy metal
concentration and potential health risk assessment for
the European eel (Anguilla anguilla, Linnaeus 1758) from
the Gediz Delta (Eastern Aegean, Tiirkiye). Oceanological
and Hydrobiological Studies, 53(2), 144-152. https://doi.
0rg/10.26881/0ahs-2024.2.05

Tas, E. C, Filipugi, 1., Turker Cakir, D., Beyaztas, S., Sunlu, U.,
Togulga, M., Ozaydin, O, & Arslan, O. (2011). Heavy metal
concentrations in tissues of edible fish (Mullus barbatus L.,
1758) from Candarli Bay (Turkey). Fresenius Environmental
Bulletin, 20(11), 2834-28309.

Telahigue, K., Rabeh, I, Mdaini, Z., Ghali, R, Chouba, L., &
Hajji, T. (2024). Human health risk assessment of heavy
metal(oid)s in four fish species harvested from the Bizerte
Lagoon (Tunisia). Bulletin de I'Institut National des Sciences
et Technologies de la Mer, 49, 61-77. https://www.instm-
bulletin.tn/index.php/bulletin/article/view/1709

Tokag, A. (2017). Commercial marine fish of Izmir. Izmir
Fisheries. Izmir Metropolitan Municipality, Konak, 1zmir,
17-25.

TUIK. (2023). Turkish Statistical Institute, Aquaculture Statistics
2022 in Turkiye. Accessed August 4, 2023, from https://
biruni.tuik.gov.tr/medas/?kn=97&locale=tr

Turan, F, Yilmaz, M. B,, Yola, M. L., Ergenler, A, llgaz, N. S., &
Oksuz, H. (2022). Bioaccumulation of trace metals and
genotoxicity responses in Liza aurata as an indicator
of industrial pollution. Ecotoxicology, 31(9), 1390-1402.
https://doi.org/10.1007/s10646-022-02591-x

Turkmen, M., Tepe, Y. Tirkmen, A, & Ates, A. (2012).
Investigation of metals in tissues of fish species from
Akyatan Lagoon. Fresenius Environmental Bulletin, 21(11c),
3562-3567.

US EPA. (1989). Risk assessment guidance for superfund, Vol. I:
Human Health Evaluation Manual (No. EPA/540/1-89/002).

Office of Emergency and Remedial Response, Washington,
DC.

US EPA. (2007). Concepts, methods, and data sources for
cumulative health risk assessment of multiple chemicals,
exposures and effects: A resource document. US
Environmental Protection Agency, Washington, DC.

US EPA. (2009). Risk-based concentration table. Environmental
Protection Agency. Philadelphia PA, Washington DC.

US EPA. (2023). Integrated Risk Information System (IRIS) on
Copper. https://iris.epa.gov/

US EPA. (2024). Regional Screening Level (RSL) - Generic
Tables: November 2024. https://www.epa.gov/risk/
regional-screening-levels-rsls-users-guide#target

Usero, J., Izquierdo, C., Morillo, J., & Gracia, I. (2003). Heavy
metals in fish (Solea vulgaris, Anguilla anguilla and Liza
aurata) from salt marshes on the southern Atlantic coast of
Spain. Environment International, 29(7), 949-956. https://
doi.org/10.1016/S0160-4120(03)00061-8

Ustaoglu, F., & Yiksel, B. (2024). Bioaccumulation of metals
in muscle tissues of economically important fish species
from Black Sea lagoon lakes in Tiirkiye: Consumer health
risk and nutritional value assessment. Microchemical
Journal, 205, 111337.  https://doi.org/10.1016/j.
microc.2024.111337

Varol, M., Kacar, E., Stinbil, M. R, & Islam, A. R. M. T. (2022).
Levels of metals and elements in tissues of fish species
in the Kizilirmak River (Turkey) and assessment of health
risks and nutritional benefits. Environmental Research,
214(Pt 1), Article 113791. https://doi.org/10.1016/j.
envres.2022.113791

Wei, Y., Zhang, J., Zhang, D., Tu, T,, & Luo, L. (2014). Metal
concentrations in various fish organs of different
fish species from Poyang Lake, China. Ecotoxicology
and Environmental Safety, 104, 182-188. https://doi.
org/10.1016/j.ecoenv.2014.03.001

Wosnick, N., Niella, Y., Hammerschlag, N., Chaves, A. P, Hauser-
Davis, R. A, da Rocha, R. C,, Jorge, M. B., de Oliveira, R. W.
S.,&Nunes, J. L. S. (2021). Negative metal bioaccumulation
impacts on systemic shark health and homeostatic
balance. Marine Pollution Bulletin, 168, Article 112398.
https://doi.org/10.1016/j.marpolbul.2021.112398

Yuvka, I, Kosker, A. R, Durmus, M., Ucar, Y., & Ozogul, Y.
(2025). Seasonal changes in the elemental composition
of five valuable fish species (sparidae) from Bozcaada,
North Aegean Sea: A health risk and nutritional benefit
assessment. Foods, 14(2), 324. https://doi.org/10.3390/
foods14020324

Zaghloul, G. Y, Eissa, H. A.,, Zaghloul, A. Y., Kelany, M. S.,
Hamed, M. A, & El Moselhy, K. M. (2024). Impact of
some heavy metal accumulation in different organs on
fish quality from Bardawil Lake and human health risks
assessment. Geochemical Transactions, 25(1), 1. https://doi.
org/10.1186/512932-023-00084-2




	MTBlankEqn
	REF_1
	Ref_Alpha_1
	REF_2
	Ref_Alpha_2
	REF_3
	Ref_Alpha_3
	REF_4
	Ref_Alpha_4
	REF_5
	Ref_Alpha_5
	REF_6
	Ref_Alpha_6
	REF_8
	Ref_Alpha_8
	REF_9
	Ref_Alpha_9
	REF_10
	Ref_Alpha_10
	REF_11
	Ref_Alpha_11
	REF_12
	Ref_Alpha_12
	REF_13
	Ref_Alpha_13
	REF_14
	Ref_Alpha_14
	_Hlk220781419
	REF_16
	Ref_Alpha_16
	REF_17
	Ref_Alpha_17
	REF_18
	Ref_Alpha_18
	_Hlk220866973
	REF_19
	Ref_Alpha_19
	REF_20
	Ref_Alpha_20
	REF_21
	Ref_Alpha_21
	LE_Error_15
	REF_22
	Ref_Alpha_22
	LE_Ignored_15
	REF_23
	Ref_Alpha_23
	LE_Error_16
	REF_24
	Ref_Alpha_24
	LE_Ignored_16
	REF_25
	Ref_Alpha_25
	LE_Error_17
	REF_26
	Ref_Alpha_26
	LE_Ignored_17
	REF_27
	Ref_Alpha_27
	REF_28
	Ref_Alpha_28
	REF_29
	Ref_Alpha_29
	REF_30
	Ref_Alpha_30
	REF_31
	Ref_Alpha_31
	REF_32
	Ref_Alpha_32
	REF_33
	Ref_Alpha_33
	REF_34
	Ref_Alpha_34
	REF_35
	Ref_Alpha_35
	REF_36
	Ref_Alpha_36
	REF_37
	Ref_Alpha_37
	REF_38
	Ref_Alpha_38
	REF_39
	Ref_Alpha_39
	REF_40
	Ref_Alpha_40
	REF_41
	Ref_Alpha_41
	REF_42
	Ref_Alpha_42
	REF_43
	Ref_Alpha_43
	REF_44
	Ref_Alpha_44
	REF_45
	Ref_Alpha_45
	REF_46
	Ref_Alpha_46
	REF_47
	Ref_Alpha_47
	REF_48
	Ref_Alpha_48
	REF_50
	Ref_Alpha_50
	REF_51
	Ref_Alpha_51
	REF_52
	Ref_Alpha_52
	LE_Error_18
	REF_53
	Ref_Alpha_53
	LE_Ignored_18
	REF_55
	Ref_Alpha_55
	REF_56
	Ref_Alpha_56
	REF_57
	Ref_Alpha_57
	LE_Error_20
	REF_58
	Ref_Alpha_58
	LE_Ignored_20
	REF_59
	Ref_Alpha_59
	REF_60
	Ref_Alpha_60
	REF_61
	Ref_Alpha_61
	REF_62
	Ref_Alpha_62
	REF_63
	Ref_Alpha_63
	REF_64
	Ref_Alpha_64
	REF_66
	Ref_Alpha_66
	REF_67
	Ref_Alpha_67
	REF_68
	Ref_Alpha_68
	REF_69
	Ref_Alpha_69
	REF_70
	Ref_Alpha_70

