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Abstract: The aims of this study were to measure the concentrations of selected toxic and essential
elements in the muscle tissue of five common freshwater fish species (roach (Rutilus rutilus), fresh-
water bream (Abramis brama), prussian carp (Carassius gibelio), crucian carp (Carassius carassius)
and common carp (Cyprinus carpio)) from Lake Burgas and Lake Mandra (Bulgaria). In all samples
the levels of Cd, Cr, Cu, Mn, Ni, Pb, Fe and Zn were under the maximum allowed concentrations for
safe human consumption in Bulgaria and ranged as follows: Cd 0.02–0.05; Cr 0.03–0.06; Cu 0.11–0.20;
Mn 0.05–0.71; Ni 0.06–0.11; Pb 0.15–0.27, Fe 1.68–5.86 and Zn 1.94–9.06 mg/kg wet weight. The
concentration of As was under detection limit. An assessment of the human risk by calculation
of the target hazard quotients (THQ), hazard index (HI) and target risk (TR) was performed. The
target hazard quotient (THQ) for individual elements and HI for combined metals were lower than 1,
indicating no health risk for consumers due to the intake of either individual or combined metals.
The target risk for iAs, Pb and Ni was below 10−6, indicating no carcinogenic risk. According to these
results, the consumption of these freshwater fish species is safe for human health.

Keywords: heavy metals; freshwater fish; target hazard quotient; hazard index; target risk

1. Introduction

A matter of concern over the past few decades is the contamination of freshwaters
with a wide range of pollutants such as heavy metals [1–8]. Heavy metal contaminants
are of particular concern due to their high toxicity, persistence, and ability to accumulate
into the food chain, reaching human beings [9–18]. Metals such as iron, copper, zinc and
manganese are essential since they play an important role in biological systems, whereas
nickel, lead and cadmium are considered non-essential metals, as they are toxic, even in
trace amounts [19,20]. Toxic effects can also be observed if the essential element’s level is
excessively elevated [4,20]. It is of great importance to determine the element composition
of fish organisms inhabiting the water bodies, regarding the content of heavy metal in order
to evaluate the possible risks associated with their human health consumption [21].

Fish is widely consumed worldwide as it provides high-quality proteins, polyunsat-
urated fatty acids, vitamins and other essential nutrients [22]. For local inland residents,
freshwater fish is a valuable source of protein [16]. On the contrary, fish species are
constantly exposed to various contaminants via the surrounding aquatic medium. Accumu-
lation of toxic compounds in different aquatic species and their tissue depends on several
factors such as physiological condition, their habitat, fat content, capacity to adapt and
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biometric characteristics [1]. This is one of the reasons why fishes have been commonly
used as good bioindicators of heavy metal pollution as they may accumulate metals by
direct absorption from aquatic systems [23,24].

Lake Burgas (Vaya Lake) and Lake Mandra are located in the immediate proximity of
the Black Sea, Bulgaria. Lake Burgas is the largest natural lake in Bulgaria. It is connected to
the Black Sea via narrow channels, and due to the inflow of three rivers its brackish waters
are characterized by low salinity with significant annual fluctuations. Lake Mandra was a
brackish natural lake until 1963, when it was turned into a reservoir with the construction
of a dam to secure fresh water for a large oil refinery. They are economically important
for the southeastern region of the country since they are used for recreational, irrigating
and fish producing purposes. The waters from the two lakes flow into the Black Sea basin.
Rapid industrial and economic development has occurred around the lakes over the past
few decades, leading to anthropogenic contamination of the aquatic environment. Several
studies have confirmed the water quality of the lakes and some pollutants, [25–27] but to
our knowledge studies on the bioaccumulation of metals in fishes from Lake Burgas and
Mandra lake are scarce.

The specific objectives of this study were: (1) to determine the levels of some toxic
(As, Cd, Ni and Pb) and essential (Cr, Cu, Fe, Mn and Zn) elements in muscle tissues of
five freshwater fish species (roach (R. rutilus), freshwater bream (A. brama), prussian carp
(C. gibelio), crucian carp (C. carassius) and common carp (C. carpio)) collected from Lake
Bourgas and Lake Mandra (Bulgaria) and (2) to assess the potential human health risk
associated from freshwater fish consumption in two target groups (males and females) by
calculating the target hazard quotients (THQ), hazard index (HI) and target risk (TR).

2. Materials and Methods
2.1. Sampling and Sample Treatment

Samples of freshwater fishes were randomly acquired by local fishermen by nets from
Lake Mandra and Lake Bourgas across the coastal waters of Bulgarian Black Sea. All the
fish species were randomly sampled from February to November 2021. These sampling
sites are 42◦ 25′ 14.39′′ N (Station 1) and 42◦ 29′ 59.99′′ N (Station 2).

Samples were immediately transferred to the laboratory in foam boxes filled with ice.
The five species (19 samples) included in this study are shown in Table 1. Total length
and weight of the samples were measured to the nearest millimeter and gram before
dissection. For sample preparation, only filets of the edible part of each individual were
used. Approximately, 1.0 g samples of muscle from each fish were dissected, washed with
distilled water, weighted, packed in polyethylene bags and stored at least –18 ◦C until
chemical analysis.

Table 1. Biometrics data (mean ± SD) of freshwater fishes from the Black Sea lakes.

Sample Location N Weight (kg) ± SD Length (cm) ± SD

Crucian carp (Carassius carassius) S1 6 0.253 ± 0.112 15 ± 2
Common Carp (Cyprinus carpio) S1 3 2.189 ± 0.859 46 ± 9

Roach (Rutilus rutilus) S2 3 0.963 ±0.026 25 ± 9
Freshwater Bream (Abramis brama) S2 4 2.562 ± 1.002 50 ± 5

Prussian Carp (Carassius gibelio) S2 3 1.106 ± 0.089 38 ± 3

S1 (Lake Burgas), S2 (Lake Mandra).

2.2. Reagents and Standard Solutions

All solutions were prepared with analytical reagent grade chemicals and ultra-pure
water (18 MΩ cm) generated by purified distilled water with a Millipore Milli-Q Gradient
A-10 water purification system (Bedford, MA, USA). All the plastic and glassware were
cleaned by soaking in 2 M HNO3 for 48 h, and rinsed five times with distilled water, and
then five times with deionized water prior to use. The calibration standard solutions
were freshly prepared by dilution of Optima Family Multi-Element Standard, Matrix per
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Volume: 2% HNO3 and Multi-Element Calibration Standard 3, Matrix per Volume: 5%
HNO3 stock solution (PerkinElmer®, Waltham, MA, USA). A DORM-2 (NRCC, Ottawa,
ON, Canada) certified dogfish tissue was used as the calibration verification standard.
Recoveries between 90.5 and 108% were accepted to validate the calibration.

2.3. Sample Digestion and Instrumental Parameters

Fish samples were thoroughly washed with Milli-Q water. The fish specimens were
dissected using a Teflon knife and samples of fish filets quickly removed and washed again
with Milli-Q water. Wet digestions were performed in triplicate by weighing approximately
1.0 g of the fish tissues with a mixture of 10 mL HNO3 (65% Merck, Suprapur, Darmstadt,
Germany) in a microwave digestion system MARS 6 (CEM Corporation, Matthews, NC,
USA) (Table 2). The digested samples were diluted to 25 mL with Milli-Q water and stored
in polyethylene bottles. A blank digest was performed in the same way. The concentrations
of As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn in the samples were determined using ICP-OES
Spectrometer (Optima 8000, Perkin Elmer, Waltham, MA, USA) (Table 3).

Table 2. Microwave digestion system general and operational parameter.

Microwave Digestion System
“MARS 6”, Acid Mixture Step Initial Power (W) Time (min) Final Power (W) Fan

T ◦C (max) 200 ◦C 1 100 5 600 1
Pressure (max) 75 bar 2 600 5 600 1
Quartz vessels EasyPrepTMPlus 3 600 5 800 1

Sample amount 1 g 4 800 15 800 1

Table 3. Instrumental parameters for ICP-OES.

Plasma gas flow 8 L/min
Auxiliary gas flow 0.4 L/min
Nebulizer gas flow 0.6 L/min

RF Power 1500 watts
Viewing height 15 mm

Purge flow High
Plasma view Axial
Read delay 90 s

Read parameters Auto (1 to 5 (Min-Max))
Peristaltic pump flow rate 1.5 mL/min

Processing peak Area/High
Calibration Linear Calculated Intercept

Spray chamber Cyclonic Glass
Nebulizer Concentric Glass, MEINHARD® Type C

İnjector Alumina 2.0 mm i.d
Quartz torch 1-slot

Auto integration(min-max) 0.1–0.5 s
Replicates 3

Background correction 1 or 2 points, manually

2.4. The Public Health Risk Evaluation Associated with Freshwater Fish Consumption
2.4.1. Target Hazard Quotient (THQ)

The THQ is used to determine the non-carcinogenic risk level due to pollutant exposure.
To assess the health risk from metal contaminated fishes, the THQ was calculated as per
USEPA Region III Risk Based Concentration Table [28] by using the following equation:

THQ =

(
MC × IR × 10−3 × EF× ED

)
R f D× BWa × ATn

(1)
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where MC is toxic or essential element concentration in muscle tissue of fish species (mg/kg
ww), IR is the fish ingestion rate (13.7 g/kg dw) [29], EF is the exposure frequency or
number of exposure events per year of exposure (365 days/year), ED is the exposure
duration (30 years or 10 950 days) for non-cancer risk as used by USEPA [28], RfD is the
reference dose of individual metal (0.3 µg/kg bw/day for As, 1 µg/kg bw/day for Cd,
40 µg/kg bw/day for Cu, 3 µg/g day for Cr, 9 µg/g day for Fe, 20 µg/kg bw/day for Ni,
3.5 µg/kg bw/day for Pb, 140 µg/kg bw/day for Mn and 300 µg/kg bw/day Zn), BWa is
an average adult body weight (two target groups: 65 kg for females and 79 kg for males)
and ATn is the average exposure time for non-carcinogens (10,950 days) [28].

THQ is an integrated risk index that compares the ingested amount of a contaminant
with a standard reference dose [30]. The assessment of health risk is carried out based on
assumptions. The acceptable value for THQ equals or is less than 1 according to USEPA [28].

2.4.2. Hazard Index (HI)

The hazard index from THQs is expressed as the total of the hazard quotients [28]:

HI = THQAs + THQCd + THQCu + THQCr + THQFe + THQNi + THQPb + THQMn + THQZn (2)

2.4.3. Target Risk (TR)

Target cancer risk (TR) indicates carcinogenic risks. The model for estimating TR was
shown as follows:

TR =
Mc × IR × 10−3 × CPSo × EF× ED

BWa × ATc
(3)

where MC is the toxic or essential element concentration in muscle tissue of fish species
(mg/kg ww), IR is the fish ingestion rate (13.7 g/kg dw) [29]; CPSo is the carcinogenic
potency slope, oral (As = 1.5 mg/kg bw-day, Ni = 1.7 mg/kg bw-day, Pb = 0.0085 mg/kg
bw-day); EF is the exposure frequency (365 days/year), ED is the exposure duration
(30 years or 10,950 days), BWa is an average adult body weight (two target groups: 65 kg for
females and 79 kg for males), ATc is the averaging time, carcinogens (day/years) (25,550)
and was calculated by multiplying exposure frequency in exposure duration over lifetime.

TR value for intake of As, Ni and Pb was calculated to indicate the carcinogenic risk
since Cd, Cr, Cu, Fe, Mn and Zn do not cause any carcinogenic effects. TR value is a term
used to assess cancer risk and define the probability of an individual developing any type
of cancer from lifetime exposure to carcinogenic hazards. According to the US EPA risk
management guidelines, the value of acceptable risk is between 1 × 10−6 and 1 × 10−4 [31].

2.5. Statistical Analysis

All analyses were performed in triplicate and the results were expressed as mean± stan-
dard deviation (SD). The results for toxic and essential elements were stated as mg/kg w.w.
t test was used to compare the results for heavy metals composition. Differences at p ≤ 0.05
were considered significant (Graph Pad Prism 6).

3. Results and Discussion
3.1. Heavy Metals Concentration in Freshwater Fish Muscle Tissues

Mean concentrations and standard deviations of the analyzed heavy metals of the
five fish species from the south-eastern region of Bulgaria are shown in Table 4. The
summarized results of this study are expressed as means (mg/kg) wet weight (ww). The
concentration of As in all samples was under limit of detection.
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Table 4. Concentration of heavy metals (mean ± standard deviation in mg/kg ww) in freshwater
fish species from Lake Mandra and Lake Bourgas (Black Sea, Bulgaria).

Toxic and
Essential Elements

S1 S2 National and International
Standard Limits *

C. carassius C. carpio R. rutilus C. gibelio A. brama

As nd nd nd nd nd 2.0 [32]
Cd 0.04 ± 0.01 0.03 ± 0.001 0.05 ± 0.01 0.04 ± 0.01 0.02 ± 0.01 0.05 [33]
Cr 0.06 ± 0.01 0.03 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 0.03 ± 0.01 -
Cu 0.20 ± 0.02 0.16 ± 0.02 0.11 ± 0.03 0.17 ± 0.11 0.12 ± 0.11 1.0 [34]
Fe 1.85 ± 0.71 1.92 ± 0.15 1.68 ± 0.96 2.23 ± 1.63 5.86 ± 1.97 100 [35]
Mn 0.71 ± 0.02 0.05 ± 0.01 0.19 ± 0.16 0.20 ± 0.10 0.32 ± 0.03 -
Ni 0.08 ± 0.01 0.08 ± 0.01 0.11 ± 0.03 0.09 ± 0.05 0.06 ± 0.01 0.5 [36]
Pb 0.21 ± 0.01 0.20 ± 0.02 0.25 ± 0.06 0.27 ± 0.07 0.15 ± 0.02 0.3 [33]
Zn 9.06 ± 0.44 3.27 ± 0.06 4.99 ± 4.12 6.98 ± 0.66 1.94 ± 0.16 100 [34]

Results represent mean values ± standard deviation (n = 3); nd—not detected; values in a row not sharing a
common superscript are significantly different (p < 0.05); S1 (Lake Burgas), S2 (Lake Mandra). * The standard
limits are for marine fish.

The primary source of cadmium exposure is from the food supply, especially con-
taminated fish and fish products. A higher amount of Cd in the body can lead to kidney
failure and lung cancer [37]. The concentration of Cd in the analyzed fish species ranged
from 0.02 mg/kg ww for A. brama up to 0.05 mg/kg ww for R. rutilus. Cd is an element
capable of producing chronic toxicity present at minimal concentration of 1 mg/kg [38].
The maximum Cd level permitted for muscle meat of fish, excluding some marine species,
is 0.05 mg/ kg ww, according to the European Community and Bulgarian Food Regu-
lation [39]. Cadmium concentration concerning the freshwater fish species in literature
has been reported from 0.002 µg/g in farmed Cyprinus carpio up to 0.011 µg/g in wild
Rutilus frisii kutum from Iran [40], from 0.025 mg/g dw in muscle tissues of Oncorhynchus
mykiss up to 0.056 mg/g dw in muscle of Salmo coruhensis from Firtina and Güneysu Rivers,
Turkey [41], and between 0.18 mg/kg ww in chub (Leuciscus cephalus) and 0.36 mg/kg ww
in roach (Rutilus rutilus) from the Nitra River, Slovakia [42]. Cadmium levels in the present
study were in good agreement with reported literature data and with the data from the
international organizations.

Chromium is an essential element. But in its hexavalent form it is toxic when ingested.
The International Agency for Research on Cancer (IARC) has determined that chromium
(VI) compounds are carcinogenic to humans [37]. The minimum level of Cr measured in
this study was 0.03 mg/kg ww for the samples of C. carpio (Lake Burgas) and A.brama (Lake
Mandra), whereas the maximum value of 0.06 mg/kg ww was for C.carassius (Lake Burgas).
In the current study, Cr levels in all samples were lower than the permissible limits set by
Bulgarian legislation office (0.3 mg/kg ww) [36]. Cr content in the literature vary between
0.17 mg/kg ww in chub muscle samples and 0.29 mg/kg ww in muscle samples of barbel
from Nitra River, Slovakia [42]; between 0.156 mg/g dw and 0.224 mg/g dw in tissues of
two trout species from Firtina and Güneysu Rivers, Turkey [43].

Copper is essential for good health, but an excess intake can cause adverse health
problems such as liver and kidney damage [44,45]. The copper concentration found in this
study was in the range of 0.11 mg/kg ww for R. rutilus up to 0.2 mg/kg ww for muscle
tissues of C. carassius. Relatively low copper concentrations ranging from 0.25 mg/kg ww
(perch) to 0.78 mg/kg ww (barbel) were found in samples from Nitra River, Slovakia [42]
with significant differences in copper accumulation among the four species (p < 0.001).
Higher copper concentrations were reported in fish from the Atatürk Dam Lake [46,47] and
in fish samples Prochilodus lineatus, Cyprinus carpio, and Mugil cephalus from the Rio de la
Plata River, Argentina (0.44–0.47 µg/g ww) [48]. In this study, the copper content in fish
muscle did not exceed the upper limit allowed by Codex Alimentarius and Bulgarin Food
Codex (10.0 mg/kg ww) [38].

The mean Fe levels in muscle ranged from 1.68 mg/kg ww for R. rutilus to 5.86 mg/kg
ww for A.brama. Iron is essential for the proper human blood system function since it is
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found as hemoglobin or myoglobin and as ferritin and hemosiderin in fish. The maximum
permitted iron level established by FAO/WHO is 100 mg/g [35]. There is no maximum
permitted level for Fe in fish samples according to European legislation, [33] but in the
literature the data related with iron concentration are within or higher than the values from
the current study [43,49–51].

The average Mn levels in the samples were between 0.05 mg/kg ww for C. carpio
and 0.71 mg/kg ww for C. carassius, and both samples were collected from Bourgas Lake.
Manganese concentrations muscle tissue of freshwater fishes in the literature has been
reported in the range of 9.6–64.3 µg/g for five fish species including C. carpio and C. gibelio
collected from six lakes in Tokat, Turkey [51], 1.450–2.690 for farmed and wild C. carpio and
R. frisii kutum from south-western Caspian Sea areas of Iran [49] and below the detection
limit in carp from Beyşehir Lake in Turkey [52]. There are no data about the maximum Mn
level permitted according to Bulgarian Food Codex [36]. The data from current study are
within those found in the literature.

Ni is a serious pollutant in aquatic environments. Its toxicity leads to cancerous
respiratory effects, and affects the immune and reproductive system [37]. The minimum
concentration was found in A. brama (0.06 mg/kg ww), whereas the maximum was found
in R. rutilus (0.11 mg/kg ww). Nickel concentrations fluctuated between 0.07 mg/kg ww
(chub) and 0.25 mg/kg ww (barbel) for the sample from Nitra River, Slovakia [42], around
0.2 µg/g for C. carpio in the Zabol Chahnimeh Reservoirs, Iran [53]. The maximum Ni
level permitted for muscle meat of some marine fish is 0.5 mg/ kg ww according to the
Bulgarian Food Regulation [36] and 0.4 mg/ kg dw according to European legislation [33].
The concentrations of Ni in our study were below that reported in the literature and various
health organizations.

The maximum and minimum level of Pb was 0.27 mg/kg ww for C. gibelio and
0.20 mg/kg ww for C. carpio, respectively. According to European Commission Regulation
(1881/2006/EC) [35], the maximum acceptable concentration (MAC) for Pb in fish meat is
0.3 mg/kg ww. National regulation of the Republic of Bulgaria also prescribed a value of
0.3 mg/kg ww in fresh fish meat [36]. In the literature, the mean concentration of Pb ranged
from 1.37 mg/kg up to 12.87 mg/kg in six fish species (B. grypus, B. luteus, B. sharpeyi,
C. carpio, L. abu and S. trisostegus) in the most important and largest wetland in south-
western Iran [40]; 0.31–1.8 mg/kg ww for L. cephalus, B. barbus, R. rutilus and P. fluviatilis
from the Slovak Nitra River [42]. Lead concentration was below detection thresholds
in samples of pontic shad (A. immaculata) caught from the Danube River waters [39], in
samples of two trout species from the Firtina and Güneysu Rivers in Turkey [43] and in
Acanthobrama marmid, Chalcalburnus mossulensis, Chondrostoma regium, Carasobarbus luteus,
Capoetta trutta and Cyprinus carpio from the Atatürk Dam Lake, Turkey [46]. The results
from the current study are within the MAC and the data in the literature.

Zn concentration in the current analysis ranged between 1.94 mg/kg ww for A. brama
and 9.06 mg/kg ww for C. carassius. Papagiannis et al. [40] found higher mean zinc
concentrations in R. ylikiensis than in C. carpio and C. gibelio and the lowest concentration
detected in S. aristotelis from Lake Pamvotis (Greece), between 23.37 and 45.51 mg/kg in
six freshwater fish species from Iran [38] and between 18.07–21.94 mg/g dw in tissues
of two trout species from Firtina and Güneysu Rivers in Turkey [43]. According to the
European Commission Regulation (1881/2006/EC) [33], there is no value set for MAC for
Zn in fish meat, but Bulgarian Food Codex [36] prescribed a value of 50 mg/kg ww. Limits
recommended by the Food and Agriculture Organization for Zn is 30 mg/kg ww [41].
These results are in good agreement with the data within literature and those set by various
health organizations.

3.2. Potential Health Risk Assessment

The target hazard quotients for As, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn, hazard
index and target risk for As, Pb and Ni, separately for both target groups (females and
males), estimated through the consumption of the five freshwater fish species are shown
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in Table 5. In this study the THQ and HI for both males and females were less than 1 for
all elements. Therefore, there is no non-carcinogenic health risk from ingestion of these
metals individually and collectively through the consumption of those five freshwater
fish species. Males exhibit a significantly higher HI value than females. Since the arsenic
concentration is under the limit of detection for this element, the THQ and TR calculations
were not performed. The highest THQ was in C. gibelio (0.052 for females and 0.043 for
males for Fe which is lower than the acceptable limits). Barone et al. [30] found in their
study that the THQHg and THQCd were lower than 1 for all marine species tested (fish:
0.04–0.80; cephalopods: 0.03–0.09; crustaceans: 0.02–0.05). THQCd varies between 0.14–0.16,
THQCu = 0.01, THQPb = 0.001, THQcr between 0.23–0.34, THQAs between 0.07–0.18, THQNi
between 0.001–0.002 and THQZn between 0.010–0.011 for Nile tilapia (Oreochromis niloticus),
African sharp tooth catfish (Clarias gariepinus), and African big barb (Barbus intermedius)
caught from Lake Hawassa, Ethiopia [54].

Table 5. Risk values (THQ, HI and TR) of each metal contaminant in muscle of five freshwater fish
species from lakes near the Black Sea (Bulgaria).

Fish
Sample

Target Hazard Quotient (THQ) Hazard
Index (HI)

Target Risk (TR)

As Cd Cr Cu Fe Mn Ni Pb Zn As Pb Ni

FEMALES

C. carassius — 0.008 0.004 0.0011 0.043 0.0010 0.0008 0.011 0.006 0.075 — 1.84 × 10−5 3.13 × 10−5

C. carpio — 0.006 0.002 0.0008 0.044 0.0001 0.0008 0.010 0.002 0.067 — 1.91 × 10−5 3.25 × 10−5

R. rutilus — 0.010 0.003 0.0006 0.039 0.0003 0.0011 0.013 0.004 0.071 — 6.00 × 10-5 4.35 × 10−5

C. gibelio — 0.009 0.003 0.0009 0.052 0.0003 0.0010 0.014 0.005 0.085 — 6.51 × 10−5 3.82 × 10−5

A. brama — 0.004 0.002 0.0006 0.137 0.0005 0.0006 0.008 0.001 0.155 — 3.55 × 10−5 2.25 × 10−5

MALES
C. carassius — 0.006 0.003 0.0009 0.035 0.0009 0.0007 0.0093 0.0052 0.078 — 1.59 × 10−5 2.51 × 10−5

C. carpio — 0.005 0.002 0.0007 0.036 0.0001 0.0007 0.0086 0.0019 0.099 — 1.76 × 10−5 2.61 × 10−5

R. rutilus — 0.008 0.003 0.0005 0.032 0.0002 0.0009 0.0109 0.0029 0.148 — 4.81 × 10−5 3.49 × 10−5

C. gibelio — 0.007 0.003 0.0007 0.043 0.0002 0.0008 0.0118 0.0040 0.096 — 5.22 × 10−5 3.06 × 10−5

A. brama — 0.003 0.002 0.0005 0.113 0.0004 0.0005 0.0065 0.0011 0.082 — 2.85 × 10−5 1.80 × 10−5

TR was performed for As, Ni and Pb since only those elements are classified as
cancerogenic. The values of TR must be equal or lower than 10−6 for carcinogens and may
be up to 10−4. The calculated values in this study are within this range, suggesting that the
intake of As, Ni and Pb by consumption of these freshwater fish species would not result
in appreciable hazard risk on the human body.

4. Conclusions

Some toxic and essential element concentrations were determined in five freshwater
fish species collected from Lake Mandra and Lake Bourgas (Bulgaria). The data pre-
sented show that these levels are within the maximum acceptable limits set by various
health organizations.

No toxic and essential elements were found to be considered as potential health
hazards for consumers based on the results from the study. The calculations from THQ
and HI showed that these pollutants pose no potential health risk through the absorbed
pathway, which means that adverse effects will not occur. The target risk value for toxic
inorganic As, Pb and Ni was below 10–6, indicating no carcinogenic risk. According to
these results, the consumption of these five freshwater fish species is safe for human health.



Toxics 2022, 10, 675 8 of 10

Author Contributions: Conceptualization, K.P., V.P. (Veselina Panayotova) and F.F.; Investigation,
K.P., V.P. (Vincenzo Parrino), R.S. and A.M.; Writing—original draft preparation, K.P. and V.P. (Veselina
Panayotova); Methodology, K.P., V.P. (Veselina Panayotova), N.C.; Data curation, K.P., V.P. (Vincenzo
Parrino), R.S., V.N., A.M. and F.F.; Supervision, L.M. and F.F.; Writing—review and editing, A.M.,
L.M. and N.C.; Project administration, N.C., L.M. and A.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fazio, F.; D’Iglio, C.; Capillo, G.; Saoca, C.; Peycheva, K.; Piccione, G.; Makedonski, L. Environmental Investigations and Tissue

Bioaccumulation of Heavy Metals in Grey Mullet from the Black Sea (Bulgaria) and the Ionian Sea (Italy). Animals 2020, 10, 1739.
[CrossRef]

2. Azizi, G.; Layachi, M.; Akodad, M.; Yáñez-Ruiz, D.R.; Martín-García, A.I.; Baghour, M.; Mesfioui, A.; Skalli, A.; Moumen, A.
Seasonal variations of heavy metals content in mussels (Mytilus galloprovincialis) from Cala Iris offshore (Northern Morocco).
Mar. Pollut. Bull. 2018, 137, 688–694. [CrossRef] [PubMed]

3. Gillis, P.L.; Mcinnis, R.; Salerno, J.; de Solla, S.R.; Servos, M.R.; Leonard, E.M. Freshwater mussels in an urban watershed: Impacts
of anthropogenic inputs and habitat alterations on populations. Sci. Total Environ. 2017, 574, 671–679. [CrossRef] [PubMed]

4. Makedonski, L.; Peycheva, K.; Stancheva, M. Determination of heavy metals in selected black sea fish species. Food Control 2017,
72, 313–318. [CrossRef]

5. Naccari, C.; Cicero, N.; Ferrantelli, V.; Giangrosso, G.; Vella, A.; Macaluso, A.; Naccari, F.; Dugo, G. Toxic Metals in Pelagic,
Benthic and Demersal Fish Species from Mediterranean FAO Zone 37. Bull. Environ. Contam. Toxicol. 2015, 95, 567–573. [CrossRef]

6. Peycheva, K.; Panayotova, V.; Stancheva, R.; Makedonski, L.; Merdzhanova, A.; Cammilleri, G.; Ferrantelli, V.; Calabrese, V.;
Cicero, N.; Fazio, F. Effect of steaming on chemical composition of Mediterranean mussel (Mytilus galloprovincialis): Evaluation of
potential risk associated with human consumption. Food Sci. Nutr. 2022, 10, 3052–3061. [CrossRef]

7. Alesci, A.; Cicero, N.; Fumia, A.; Petrarca, C.; Mangifesta, R.; Nava, V.; Lo Cascio, P.; Gangemi, S.; Di Gioacchino, M.; Lauriano, E.R.
Histological and Chemical Analysis of Heavy Metals in Kidney and Gills of Boops boops: Melanomacrophages Centers and Rodlet
Cells as Environmental Biomarkers. Toxics 2022, 10, 218. [CrossRef]

8. Peycheva, K.; Panayotova, V.; Stancheva, R.; Makedonski, L.; Merdzhanova, A.; Cicero, N.; Camilleri, G.; Fazio, F. Trace elements
and omega-3 fatty acids of black sea (Bulgaria) bivalve species Mytilus galloprovincialis, Chamelea gallina and Donax trunculus.
Human health risk. Nat. Prod. Res. 2022, 36, 2735–2742. [CrossRef]

9. Di Bella, G.; Potortì, A.G.; Lo Turco, V.; Bua, D.; Licata, P.; Cicero, N.; Dugo, G. Trace elements in Thunnus thynnus from
Mediterranean Sea and benefit–risk assessment for Consumers. Food Addit. Contam. Part B Surveill. 2022, 8, 175–181. [CrossRef]

10. Lo Turco, V.; Di Bella, G.; Furci, P.; Cicero, N.; Pollicino, G.; Dugo, G. Heavy metals content by ICP-OES in Sarda sarda, Sardinella
aurita and Lepidopus caudatus from the Strait of Messina (Sicily, Italy). Nat. Prod. Res. 2013, 27, 518–523. [CrossRef]

11. Salvo, A.; Cicero, N.; Vadalà, R.; Mottese, A.F.; Bua, D.; Mallamace, D.; Giannetto, C.; Dugo, G. Toxic and essential metals
determination in commercial seafood: Paracentrotus lividus by ICP-MS. Nat. Prod. Res. 2016, 30, 657–664. [CrossRef] [PubMed]

12. Peycheva, K.; Panayotova, V.; Stancheva, R.; Makedonski, L.; Merdzhanova, A.; Cicero, N.; Parrino, V.; Fazio, F. Trace elements
and omega-3 fatty acids of wild and farmed mussels (Mytilus galloprovincialis) consumed in Bulgaria: Human health risks. Int. J.
Environ. Res. Public Health 2021, 18, 10023. [CrossRef] [PubMed]

13. Di Bella, G.; Bua, G.D.; Fede, M.R.; Mottese, A.F.; Potortì, A.G.; Cicero, N.; Benameur, Q.; Dugo, G.; Lo Turco, V. Potentially Toxic
Elements in Xiphias gladius from Mediterranean Sea and risks related to human Consumption. Mar. Pollut. Bull. 2020, 159, 111512.
[CrossRef] [PubMed]

14. La Torre, G.L.; Cicero, N.; Bartolomeo, G.; Rando, R.; Vadalà, R.; Santini, A.; Durazzo, A.; Lucarini, M.; Dugo, G.; Salvo, A.
Assessment and monitoring of fish quality from a coastal ecosystem under high anthropic pressure: A case study in southern
Italy. Int. J. Environ. Res. Public Health 2020, 17, 3285. [CrossRef]

15. Graci, S.; Collura, R.; Cammilleri, G.; Buscemi, M.D.; Giangrosso, G.; Principato, D.; Gervasi, T.; Cicero, N.; Ferrantelli, V. Mercury
accumulation in mediterranean fish and cephalopods species of sicilian coasts: Correlation between pollution and the presence of
anisakis parasites. Nat. Prod. Res. 2017, 31, 1156–1162.

16. Cammilleri, G.; Vazzana, M.; Arizza, V.; Giunta, F.; Vella, A.; Lo Dico, G.; Giaccone, V.; Giofrè, S.V.; Giangrosso, G.; Cicero, N.; et al.
Mercury in fish products: What’s the best for consumers between bluefin tuna and yellowfin tuna? Nat. Prod. Res. 2018, 32,
457–462.

http://doi.org/10.3390/ani10101739
http://doi.org/10.1016/j.marpolbul.2018.06.052
http://www.ncbi.nlm.nih.gov/pubmed/30503484
http://doi.org/10.1016/j.scitotenv.2016.09.110
http://www.ncbi.nlm.nih.gov/pubmed/27662494
http://doi.org/10.1016/j.foodcont.2015.08.024
http://doi.org/10.1007/s00128-015-1585-6
http://doi.org/10.1002/fsn3.2903
http://doi.org/10.3390/toxics10050218
http://doi.org/10.1080/14786419.2021.1921770
http://doi.org/10.1080/19393210.2015.1030347
http://doi.org/10.1080/14786419.2012.673611
http://doi.org/10.1080/14786419.2015.1038261
http://www.ncbi.nlm.nih.gov/pubmed/25919907
http://doi.org/10.3390/ijerph181910023
http://www.ncbi.nlm.nih.gov/pubmed/34639325
http://doi.org/10.1016/j.marpolbul.2020.111512
http://www.ncbi.nlm.nih.gov/pubmed/32777545
http://doi.org/10.3390/ijerph17093285


Toxics 2022, 10, 675 9 of 10

17. Fazio, F.; Piccione, G.; Tribulato, K.; Ferrantelli, V.; Giangrosso, G.; Arfuso, F.; Faggio, C. Bioaccumulation of some heavy metals in
blood and tissue of striped mullet in two italian lakes. J. Aquat. Anim. Health 2014, 26, 278–284. [CrossRef]

18. Saoca, C.; Arfuso, F.; Giannetto, C.; Piccione, G.; Fazio, F. Seasonal biodistribution of some trace elements (CD, PB, CR, HG) and
“Blood biomarkers” Response in mugil cephalus (Linnaeus, 1758). Biol. Trace Elem. Res. 2022. online ahead of print. [CrossRef]

19. Bakhshalizadeh, S.; Liyafoyi, A.R.; Saoca, C.; Piccione, G.; Cecchini, S.; Fazio, F. Nickel and cadmium tissue bioaccumulation and
blood parameters in chelon auratus and mugil cephalus from anzali free zone in the south caspian sea (iran) and faro lake (Italy):
A comparative analysis. J. Trace Elem. Med. Biol. 2022, 72, 126999. [CrossRef]

20. Tüzen, M. Determination of heavy metals in fish samples of the middle Black Sea (Turkey) by graphite furnace atomic absorption
spectrometry. Food Chem. 2003, 80, 119–123. [CrossRef]

21. Cid, B.P.; Boia, C.; Pombo, L.; Rebelo, E. Determination of trace metals in fish species of the Ria de Aveiro (Portugal) by
electrothermal atomic absorption spectrometry. Food Chem. 2001, 75, 93–100.

22. Stancheva, M.; Galunska, B.; Dobreva, A.D.; Merdzhanova, A. Retinol, alpha-tocopherol and fatty acid content in Bulgarian Black
Sea fish species. Grasas Aceites 2012, 63, 152–157.

23. Burger, J.; Gaines, K.F.; Shane Boring, C.; Stephens, W.L.; Snodgrass, J.; Dixon, C. Metal levels in fish from the Savannah River:
Potential hazards to fish and other receptors. Environ. Res. 2000, 89, 85–97. [CrossRef] [PubMed]

24. Akila, M.; Anbalagan, S.; Lakshmisri, N.M.; Janaki, V.; Ramesh, T.; Jancy Merlin, R.; Kamala-Kannan, S. Heavy metal accumulation
in selected fish species from Pulicat Lake, India, and health risk assessment. Environ. Technol. Innov. 2022, 27, 102744. [CrossRef]

25. Falah, A.; Peeva, G.; Koleva, R.; Yemendzhiev, H.; Nenov, V. Monitoring and Water Quality Assessment of Burgas Lake (Vaya
Lake) in the Black Sea Region of Republic of Bulgaria. Int. J. Life Sci. Res. 2019, 7, 130–140.

26. Georgieva, S.; Stancheva, M.; Makedonski, L. Persistent organochlorine compounds (PCBs, DDTs, HCB & HBDE) in wild fish
from the Lake Burgas and Lake Mandra, Bulgaria. J. Int. Sci. Publ. 2015, 9, 515–523.

27. Peycheva, K.; Makedonski, L.; Georgieva, S.; Stancheva, M. Assessment of mercury content in fish tissues from selected lakes in
Bulgaria and Bulgarian Black Sea. J. Int. Sci. Publ. 2015, 9, 506–514.

28. USEPA (United States Environmental Protection Agency). Risk-Based Concentration Table. 2010. Available online: https:
//archive.epa.gov/region9/superfund/web/html/index-23.html (accessed on 13 June 2022).

29. FAO. Statistical Databases. 2005. Available online: http://faostat.fao.org (accessed on 15 September 2022).
30. Barone, G.; Storelli, A.; Garofalo, R.; Busco, V.P.; Quaglia, N.C.; Centrone, G.; Storelli, M.M. Assessment of mercury and cadmium

via seafood consumption in Italy: Estimated dietary intake (EWI) and target hazard quotient (THQ). Food Addit. Contam. Part A
2015, 32, 1277–1286. [CrossRef]

31. Wang, J.; Pan, Y.; Tian, S.; Chen, X.; Wang, L.; Wang, Y. Size distributions and health risk of particulate trace elements in rural
areas in northeastern China. Atmos. Res. 2016, 168, 191–204. [CrossRef]

32. Australia New Zealand Food Standards Code. 2004. Available online: http://www.foodstandard.govt.nz (accessed on 13 June 2022).
33. EU Commission Regulation, EU Commission Regulation Commission Regulation (EC) no. 1881/2006 of 19 December 2006

Setting Maximum Levels for Certain Contaminants in Foodstuffs. 2006. Available online: https://www.legislation.gov.uk/eur/
2006/1881 (accessed on 15 September 2022).

34. Malaysia Food Regulation. Malaysian Law on Food and Drugs; Malaysian Law Publisher: Kuala Lumpur, Malaysia, 1985; 289p.
35. FAO; WHO. FAO Fisheries and Aquaculture Report No. 978. In Proceedings of the Joint FAO/WHO Expert Consultation on the

Risks and Benefits of Fish Consumption, Rome, Italy, 25–29 January 2010.
36. Anonymous. Regulation of setting maximum levels of certain contaminants in foodstuff number 31. Darjaven Vestn. 2004, 88, 20–22.

Available online: https://www.ciela.net/svobodna-zona-darjaven-vestnik/document/2135493121/issue/1842/naredba-%E2
%84%96-31-ot-29-yuli-2004-g-za-maksimalno-dopustimite-kolichestva-zamarsiteli-v-hranite (accessed on 15 September 2022).
(In Bulgarian)

37. ATSDR. Toxicological Profile for Chromium; U.S. Department of Health and Human Services, Public Health Service: Atlanta, GA,
USA, 2012.

38. Alhashemi, A.H.; Sekhavatjou, M.S.; Kiabi, B.H.; Karbassi, A.R. Bioaccumulation of trace elements in water, sediment, and Proc
Zool Soc 123 six fish species from a freshwater wetland, Iran. Microchem. J. 2012, 104, 1–6.

39. Visnjic-Jeftic, Z.; Jaric, I.; Jovanovic, L.; Skoric, S.; Smederevac-Lalic, M.; Nikcevic, M.; Lenhardt, M. Heavy metal and trace
element accumulation in muscle, liver and gills of the Pontic shad (Alosa immaculata Bennet 1835) from the Danube River (Serbia).
Microchem. J. 2008, 95, 341–344. [CrossRef]

40. Papagiannis, I.; Kagalou, I.; Leonardos, J.; Petridis, D.; Kalfakaou, V. Copper and zinc in four freshwater fish species from Lake
Pamvotis (Greece). Environ. Int. 2004, 30, 357. [CrossRef]

41. FAO/WHO. Compilation of Legal Limits for Hazardous Substances in Fish and Fishery Products. Fisheries Circular. No. 764. 1983.
Available online: http://www.fao.org/inland-fisheries/topic/detail/fr/c/1150083/ (accessed on 13 June 2022).

42. Andreji, J.; Stránai, I.; Massányi, P.; Valent, M. Concentration of selected metals in muscle of various 423 fish species. J. Environ.
Sci. Health 2005, 40, 899–912. [CrossRef]
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