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Abstract

This study investigates physiological parameters of sabrefish from the Ivankovo and Uglich reservoirs of the Volga-Caspian basin,
chemical composition of its muscle tissues as well as concentrations of major and trace elements in the muscles. We also eval-
uate potential human health risks associated with the consumption of sabrefish meat. According to various assessments, the
Ivankovo and Uglich reservoirs are classified as “polluted” and “very polluted,” though the Uglich Reservoir is characterized by a
lower level of pollution. In sabrefish from the Uglich Reservoir, the values of condition factor and hepatosomatic index are sig-
nificantly higher, and gonadosomatic index is lower. The muscles of sabrefish from the Ivankovo Reservoir have a higher content
of dry matter, protein, lipids, as well as Cd, Pb, Cr, Zn, Mn, Fe, and Mg. The synchronicity of bioaccumulation of Cd, Pb, Al, Cr, Ni,
Cu, Mn, and Fe is shown, depending on the concentration of these elements in the water of both reservoirs. There is no potential
non-carcinogenic risk to human health from heavy metals in the sabrefish samples under investigation. A number of patterns in
the accumulation of metals in the muscles of sabrefish subjected to different levels of anthropogenic pressure indicate that the
dynamics of their concentrations can be used to monitor pollution of the aquatic environment.
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Introduction

Anthropogenic activity, particularly the development of in-
dustrial production, agriculture, and urbanization has lead to
environmental pollution, with water bodies being the ultimate
sink for pollutants. Inland waters used for power generation,
agriculture, drinking water, fisheries and aquaculture accu-

mulate heavy metals that are harmful to living organisms
(Abdel-Kader & Mourad, 2020; Kuton et al., 2021; Subotié et
al,, 2015). It is known that heavy metals, accumulating in the
body of aquatic organisms, cause toxic eftects, lead to metabolic
disorders, a reduction in the rate of growth and development of
individuals, impaired digestibility of food, adverse effects on the
morphological and physiological parameters of fish, and a re-
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duction in the survival rate of juveniles (Huang et al., 2022; Nin
& Rodgher, 2021; Payuta et al., 2019; 2023; Taslima et al., 2022).
Furthermore, since fish are at the top of the food pyramid in an
aquatic environment, they can be one of the sources of heavy
metal transfer to humans (Abdel-Kader & Mourad, 2020; Vu et
al., 2017).

Due to the considerable anthropogenic impact on aquatic
ecosystems, it is essential to investigate and monitor the physio-
logical and biochemical parameters of aquatic organisms. Since
fish are highly susceptible to the effects of pollutants, these in-
dicators can be used for assessing the health of the water bodies
they inhabit (Lloret et al., 2013; Yousafzai & Shakoori, 2009). For
example, the condition factor reflects how much energy a fish
stores, so it is considered an indicator of the health of the popu-
lation as a whole and the health of its habitat (Baghel & Reddy,
2022; Payuta et al., 2019). Indicators that determine the relative
mass of fish organs are considered to be more informative than
the condition factor. The hepatosomatic index (HSI) makes it
possible to estimate not only the energy reserves of fish, but also
assess the quality of their habitat, since a decrease in liver mass
indicates the organ depletion and environmental problems of the
water body (Lloret et al., 2013; Luczynska et al., 2020; Monsefrad
etal, 2012). Because contaminants can adversely affect the repro-
ductive system of fish, the gonadosomatic index (GSI) is a useful
tool for understanding the condition and development of the
gonads (Korkmaz et al., 2020; Lloret et al., 2013).

Quantitative changes in the chemical composition of fish
tissues can be an indicator of the ecological state of individual
fish, fish populations, and their habitat. Under normal condi-
tions, the water content of a fish body is maintained at stable
levels, changes in this parameter may be associated with unfa-
vorable habitat conditions (Payuta & Flerova, 2019). Reserve
lipids and ash can serve as a criterion for assessing the state of
fish under toxic conditions (Huang et al., 2022; Lloret et al.,
2013; Payuta et al., 2019). The accumulation of various elements
in fish tissues can also be used to monitor metal contamination
of the aquatic environment (Authman et al., 2015; Botwe, 2021;
Fuczynska et al., 2020; Payuta et al., 2023).

There is a number of research works on simultaneous de-
termination of proximate composition and metal content in the
body of aquatic organisms. These indicators have been studied
mainly in aquatic animals from African and Asian waters (Ab-
del-Kader & Mourad, 2020; Huang et al., 2022; Kuton et al.,
2021; Payuta et al., 2024). In Europe, similar comprehensive
studies are being carried out by a group of scientists in Poland
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(Luczynska et al., 2020; Nowosad et al., 2019).

This study is a continuation of the series of work on the
chemical composition of muscle tissues of valuable commercial
fish species from the Upper Volga reservoirs, and potential hu-
man health risk assessment associated with the consumption of
these species (Payuta & Flerova, 2019; 2020; 2021; Payuta et al,,
2019; 2023).

The sabrefish Pelecus cultratus is the object of our study.
Since 2008, this fish has been included in the IUCN Red List
of Threatened Species. Status — Least Concern. Therefore, this
pelagic species is commercially fished in many countries due to
the high nutritional value of its meat (Payuta & Flerova, 2019). In
some Baltic States and Poland, the sabrefish is endangered and
has a protected status (Bokor et al., 2024; Nowosad et al., 2019).
In Russia, in the Ivankovo Reservoir, a ban on commercial fishing
was introduced in 2007, which remains in effect until the present
time. For this reason, there are no statistics on commercial catch-
es of sabrefish. Recreational catch records for this fish species is
only 0.1 tons per year, which does not reflect the scale of its actual
catch. In the Uglich Reservoir, commercial fishing is conducted
only in the territory of the Yaroslavl oblast. Recreational fishing
and poaching in the reservoir is estimated at 1% of the commer-
cial stocks (Goryachev et al,, 2021). The Federal Agency for Fish-
ery of the Russian Federation (Rosrybolovstvo) recommendation
for 2021 sabrefish harvest was 2.8 tons per year.

The fast-paced lifestyle, lack of time, and the decline in
popularity of restaurants and cafes after the pandemic have led
to an increase in demand for homemade meal replacements
(semi-finished products, ready-made meals) (Bumbudsan-
pharoke & Ko, 2022). Due to its high nutritional value and taste,
sabrefish can be used as an ingredient in a modern homemade
food substitute.

The aim of this work was to study the physiological (con-
dition factor, hepatosomatic index, gonadosomatic index) and
biochemical (content of major components and content of mac-
ro- and microelements in muscles) indicators of sabrefish and
assess the risk to human health when consuming its meat.

Materials and Methods

Ethics statement

All procedures with fish were carried out in accordance with
ARRIVE recommendations for the use of animals in research, di-
rective 2010/63/EU and the laws of the Russian Federation on the
protection of animals. The animal study protocol was approved
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by the Ethics Committee of PG. Demidov Yaroslavl State Univer-
sity (protocol number: 4, approved on 06 June 2024).

Research area

This study was conducted on the Upper Volga reservoirs - Ivan-
kovo and Uglich, which are located in the territory of Moscow,
Tver and Yaroslavl oblasts (Fig. 1).

The reservoirs are the first link of the reservoir system of
the Volga-Caspian basin and play a multifaceted role in human
activity. They are used for navigation, power generation, recre-
ation, agriculture and fishery. Moreover, the Ivankovo Reservoir
serves as the primary source of drinking water supply for the
city of Moscow (Grishantseva & Safronova, 2012; Goryachev et
al,, 2021).

The territories adjacent to the reservoirs are densely popu-
lated and actively developing areas. They are home to a diverse
range of industrial activities, including machine-building,
chemical, fuel, and food production. As a result, reservoirs are
subject to a considerable anthropogenic load. Domestic, indus-
trial, agricultural, and stormwater runoft are the primary sourc-
es of reservoir pollution (Grishantseva & Safronova, 2012).
The Ivankovo and Uglich reservoirs are classified as “polluted”
and “very polluted”. The maximum allowable concentrations
(MAC:s) in the water of the Ivankovo Reservoir were found to
be exceeded for Cu, Pb, Fe, Mn, and in the Uglich Reservoir for
Cu, Zn, Mg, Fe, and Mn (Roshydromet, 2024). It is assumed
that the main impact on the hydrochemical regime of the Ug-
lich Reservoir is exerted by the water coming from the Ivan-
kovo Reservoir. In earlier works on determining the elemental
composition of water in reservoirs, researchers noted higher
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Fig. 1. Schematic map of sampling sites in lvankovo (red
dots) and Uglich (yellow dots) reservoirs.
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concentrations of Cd, Pb, Al, Cr, Ni, Cu, Mn, Fe and lower con-
centrations of Co, V, Zn, Mg, K in the Ivankovo Reservoir, com-
pared to the Uglich Reservoir (Grishantseva & Safronova, 2012;
Meysurova & Lopina, 2018; Tomilina et al., 2018).

In the Ivankovo Reservoir, there is a source of thermal pol-
lution — one of the largest power plants in central Russia, near
which water temperature exceeds acceptable norms (Lazareva
etal., 2018).

Sampling
During the feeding period (August), 23 individuals of sabrefish
from the Ivankovo Reservoir and 40 individuals of sabrefish from
the Uglich Reservoir were sampled using a trawl net (Table 1).
After capture, the fish were placed in containers with river
water to allow for acclimatization. The following measurements
were then taken: body length, body weight, and body weight
without entrails.
Afterwards, the skin was separated from the bony muscles
and muscle tissue was excised along the vertebral column. Then
the tissue was weighed and frozen at -18 C until analysis.

Content of major components analysis

The contents of water, dry matter, lipids, protein, ash, and carbo-
hydrates, also called proximate composition, were determined in
sabrefish muscles. A two-step method of water determination was
used to measure the amount of water and dry matter. At first, the
samples were dried in a laboratory drying cabinet SNOL 58/350
(AB Umega Group, Utena, Lithuania) at a temperature of 60 C
to a constant mass. After that, the samples were crushed in a lab-
oratory mill and subjected to further drying at a temperature of
105C until they reach a constant mass. The amount of water and
dry matter was determined by calculation. To measure the amount
of lipids, the method of defatted residue in the fat extractor SER
148/3 (VELP Scientifica, Usmate Velate, Italy) was utilized. Petro-
leum ether was used as a nonpolar solvent. The principle of the
Kjeldahl method was utilized to determine the amount of protein.
Nitrogen content analysis was performed using a semi-automatic
distillation unit UDK 139 (VELP Scientifica). Mineral substanc-
es were obtained using the gravimetric method of burning the

Table 1. Size and weight of sabrefish

Bod i i
Resemvoir N ody length Body weight B?dy weight A
(mm) (9) without entrails (g)
Ivankovo 23 255+26 170 +57 154 +53
Uglich 40 25943 292+176 262 +155
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sample in a muftle furnace SNOL 8.2/1100 LSM 21 (AB Umega
Group) to white ash at 550 C (Cundiff, 1995). The amount of car-
bohydrates was calculated by subtracting the sum of percentages
of water, protein, lipids, and ash from 100%.

Elemental composition determination

The samples were analyzed for zinc (Zn), copper (Cu), man-
ganese (Mn), iron (Fe), magnesium (Mg) using a atomic ab-
sorption spectrophotometer with flame atomization KVANT
2-AT (Kortec, Moscow, Russia) and for cadmium (Cd), lead
(Pb), aluminum (Al), chromium (Cr), cobalt (Co), nickel (Ni),
vanadium (V) using an optical emission spectrometer with
inductively coupled plasma Optima 2000DV (Perkin-Elmer,
Waltham, MA, USA). The ashes were dissolved in 5 mL of 20%
hydrogen HCI and filtered through filter paper. The potassium
(K) concentration was measured using flame emission spec-
trometry (Cundift, 1995). To control the quality of element
determination, standard state samples were used: for aquatic
organisms — a standard sample of Baikal perchmuscles Perca
fluviatilis (L.) (SRM, Baikal perch tissue, BOk-2, registration
number COOMET CRM 0068-2009-Ru). The results were ex-
pressed in mg/kg wet weight.

Health risk assessment

In our study, the oral route of heavy metal intake was considered
to assess the risk to human health. The target hazard quotients
(THQ), hazard index (HI), margin of exposure (MOE), chronic
daily intake (CDI), target cancer risk (TR), and total target can-
cer risk (TTR) were calculated using Equations (1)-(6), respec-
tively, to assess the potential risks associated with the consump-
tion of fish as food (Masoud et al., 2007; Pokorska-Niewiada et
al., 2022; Vu et al., 2017).

THO = EFxEDxIrxC
RfDx BW xTA (1)
HI =THQ.,+THQ,, +...+THQ, )
MOE = CX I
BW x RfD 3)
CxlIr
CDI =
(4)
EFxEDx IrxCxCSF
TR =
BW xTA (5)
TTR=TR.,+1TR,, +...+TR, (6)
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where EF - exposure frequency (365 days/year), ED - exposure
duration (70 years), Ir - daily fish consumption (according to
FAO data for 2020 in Russian Federation 0.015kg/day for pelag-
ic fish), C - metal concentration in fish, mg/kg, RfD - reference
preoral dose, mg/kg/day, BW - average human weight (70 kg
in Russian Federation), TA - average exposure time (365 days/
year x ED), CSF - cancer slope factor for carcinogenic metals
(mg/kg/day).

The RfD values for Cd, Pb, Al, Cr, Cu, Mn, Fe, Co, Zn and
Ni are 0.001, 0.0035, 1.0, 0.003, 0.04, 0.14, 0.7, 0.0004, 0.3 and
0.02 mg/kg/day, respectively. The CSF for Cd is 15, 0.0085 for
Pb, 0.021 for Al, and 0.5 mg/kg/day for Cr (Barone et al., 2022;
Botwe, 2021; Pokorska-Niewiada et al., 2022; Vu et al., 2017).

Fish quality indicators

The Fulton and Clark fatness coefficient, values of HSI and GSI
indices was calculated as previously described (Korkmaz et al.,
2020; Payuta & Flerova, 2020).

Data analysis

The Shapiro-Wilk test was used to check the data for normality
of distribution. If normality was observed, then the significance
of differences between the mean values was assessed using the
Students test; if the data were not normally distributed, the
nonparametric Mann-Whitney U test was used to assess the
significance of the differences between the mean values. The re-
sults are presented as mean values and their standard deviations
(x = SD). Differences between the compared parameters were
considered statistically significant at p < 0.05.

Results

Fish quality indicators

The study showed that the Fulton and Clark condition factor
was reliably higher in sabrefish individuals from the Uglich Res-
ervoir than those from the Ivankovo Reservoir (Table 2).

The condition factor differed by more than 1.5 times. The
HSI indicator in sabrefish from the Ivankovo Reservoir turned
out to be statistically significantly lower, while the GSI was
higher compared to sabrefish from the Uglich Reservoir.

Content of major components

The muscle tissue of sabrefish individuals from the Ivankovo
Reservoir contained significantly more dry matter, including
protein, lipids and minerals (Table 3).
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Table 2. Physiological indicators of sabrefish

Chemical composition muscles of Pelecus cultratus

Reservoir Fulton condition factor Clark condition factor Hepatosomatic index (%) Gonadosomatic index (%)
Ivankovo 1.00+0.07 0.90+0.06 0.583+0.213 2,544 +£1.571
Uglich 1.58+0.60° 142+0.54 1.282 +0.398" 1.465 + 1.343%

" Differences from the Ivankovo Reservoir are reliable.

Sabrefish from the Uglich Reservoir was characterized by
increased amounts of water and carbohydrates in the muscles.

Concentration of micro- and macroelements

The muscles of sabrefish from the Ivankovo Reservoir contained
significantly more Cd and Pb compared to this fish species from
the Uglich Reservoir (Table 4). The concentration of Pb was 113
times higher and that of Cd was 7.8 times higher.

No statistically significant differences were found between
Al concentrations in the tissues of the studied individuals of sa-
brefish.

The muscle tissue of sabrefish from the Uglich Reservoir
contained lower concentrations of Cr, Zn, Mn, Fe, and Mg in
comparison to the muscle tissue of this species from the Ivan-
kovo Reservoir (Table 5).

The V concentration in the muscles of sabrefish from both
reservoirs was below the limit of detection.

Comparison of the data obtained from the two reservoirs
revealed notable differences between the rates of metal accu-
mulation in sabrefish muscles. The bioaccumulation of metals
in the muscle tissue of sabrefish from the Ivankovo Reservoir

Table 3. Content of major components of sabrefish muscles

increased in the series: V = Co < Ni < Cd < Cr < Pb < Mg < Cu
< Mn < Zn < Fe < Al < K, while the following pattern was ob-
served in individuals from the Uglich Reservoir: V < Co < Pb <
Cd<Ni<Cr<Mg<Mn<Cu<Fe<Zn<Al<K.

Health risk assessment
The THQ and HI values for muscle tissues of sabrefish caught
in the reservoirs are presented in Table 6.

The results of the study showed that THQ and HI indices,
which characterize non-carcinogenic risks associated with pro-
longed exposure to heavy metals, did not exceed the acceptable
threshold (< 1) for all metals. The HI index for the muscles of sa-
brefish from the Ivankovo Reservoir was 4 times higher than that
for the muscles of this fish species from the Uglich Reservoir.

MOE for assessing the annual, specific for sabrefish,
non-carcinogenic risk from consumption of its meat is present-
edin Table 7.

The highest CDI value was determined for K when con-
suming sabrefish from the Ivankovskoye Reservoir, the lowest
CDI value was determined for Co when consuming sabrefish
from the Uglich Reservoir (Table 8).

Percentage (%)

Reservoir
water dry matter protein lipids ash carbohydrates
Ivankovo 75.72+0.93 2428 +0.93 18.84£0.51 333+1.03 1.19£0.18 0914053
Uglich 77.82+291 22.18+291 17.53£1.27° 2134204 1.14£0.16 138+0.77
" Differences from the Ivankovo Reservoir are reliable.
Table 4. Non-essential elements in the muscle of sabrefish (mg/kg)
Reservoir cd Pb Al
Ivankovo 0.062 +0.039 0.565 +0.259 76.83 +84.80
Uglich 0.008 +0.004" 0.005+0.016 15.99+7.49
" Differences from the Ivankovo Reservoir are reliable.
Table 5. Essential elements in the muscle of sabrefish (mg/kg)
Reservoir  Cr Co Ni Y Zn Cu Mn Fe Mg K
Ivankovo 0.268+0.150  0.002+0003  0059+0.118 BDL 20.82+1038 1.16+0.83  238+299 60.83+99.68 096+0.51 54752091
Uglich  0.126+0.032° 00004400014 0018+0052 BDL 6.76+3.07 068+067 056+024 640+493 049+007  4074+943

BDL, below detection limit.
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Table 6. Target hazard quotient (THQ) and hazard index (HI) for sabrefish

THQ
Reservoir

cd Pb Al Cr Cu Mn Fe Co Zn Ni HI
Ivankovo 0.013 0.035 0.016 0.019 0.006 0.004 0.019 0.001 0.015 0.001 0.128
Uglich 0.002 0.000 0.003 0.009 0.004 0.001 0.002 0.0002 0.005 0.000 0.027

Table 7. Margin of exposure (MOE) for sabrefish

MOE
Reservoir

cd Pb Al Cr Cu Mn Fe Co Zn Ni
Ivankovo 0.0132 0.0346 0.0165 0.0192 0.0062 0.0036 0.0186 0.0009 0.0149 0.0006
Uglich 0.0017 0.0003 0.0034 0.0090 0.0036 0.0009 0.0020 0.0002 0.0048 0.0002

In general, the CDI values for sabrefish follow the same
trend of accumulation of the studied metals in the muscles of
individuals.

The lowest value of the TR index was found for Pb and the
highest for Al (Table 9).

However, the risk of cancer from other metals associated
with the consumption of sabrefish meat from the Ivankovo and
Uglich reservoirs exceeds 1 per 100,000. In addition, the TTR
value exceeds the generally accepted norms (> 1 x 10™*). Car-
cinogenic risks turn out to be higher for the muscles of sabrefish
from the Ivankovo Reservoir than from the Uglich Reservoir.

Discussion

It is recognized that the high variability of the studied physio-
logical and biochemical parameters in a given species, subjected
to different environmental conditions, could be a response of
hydrobionts to water pollution and serve as specific indicators
of anthropogenic pollution (Baghel & Reddy, 2022).
Physiological indices such as Fulton condition factor, Clark
condition factor, GSI in individuals of sabrefish inhabiting riv-

Table 8. Chronic daily intake (CDI) for sabrefish, mg/kg-day

ers of the temperate geographic belt can vary over a wide range.
Fulton condition factor of sabrefish ranges from 0.49 to 1.01,
Clark condition factor - from 0.53 to 0.90, and GSI - from 0.92
to 1.50 (Bokor et al., 2024; Nowosad et al., 2019; Payuta & Flero-
va, 2019). Differences in the tissue content of fat, protein and
mineral substances in skeletal muscles of sabrefish from water
bodies of the Volga-Caspian basin varying in the degree of an-
thropogenic load are shown (Payuta & Flerova, 2019; Tsibizova,
2012). Studies on the accumulation of metals in the muscles of
sabrefish both from inland and Caspian Sea waters convinc-
ingly demonstrate the dependence of metal content in the fish
tissues on the level of anthropogenic load (Payuta et al., 2023;
Suboti¢ et al., 2015; Zarei et al., 2011). Therefore, the considered
set of indicators provides a more precise characterization of the
quality of sabrefish meat as a food product.

A higher value of condition factor in sabrefish from the
Uglich Reservoir indicates a better condition of the fish popula-
tion in this body of water compared to the Ivankovo Reservoir
(Pokorska-Niewiada et al., 2022). However, the content of major
components of the fish muscle tissues we studied indicates the
opposite. The muscles of sabrefish from the Ivankovo Reservoir

CDI
Reservoir
Cd Pb Al Cr Cu Mn Fe Co Zn Ni Mg K
Ivankovo  132x10° 121x10* 1.65x10° 575x10° 249x10* 509x10* 130x10° 353x107 446x10° 126x10° 206x10* 0.12x10"
Uglich 167x10° 1.14x10° 343x10° 269x10° 145x10* 120x10* 137x10° 837x10° 145x10° 3.88x10° 1.05x10* 873x10’
Table 9. Target (TR) and total target (TTR) cancer risk for sabrefish
Target cancer risk index (TR)
Reservoir
cd Pb Al Cr TTR
Ivankovo 1.99x10* 1.03x10° 346x 10" 2.87%10° 574% 10"
Uglich 250%10° 9.70x 10° 7.19x10° 135%x10° 1.10x10*
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contained more dry matter, including protein and lipids, than
the muscles of this fish species from the Uglich Reservoir. Pre-
viously, it has been shown in the case of bream Abramis brama
and Nile tilapia Oreochromis niloticus that the condition factor
of fish can increase due to elevated tissue water content and
lipid replacement by water, since it has a higher specific gravity
(Payuta & Flerova, 2020; 2021; Payuta et al., 2024). Apparently,
a similar pattern can be observed in the body of sabrefish.

Previously, using the example of bream and largemouth bass
Micropterus salmoides, it was shown that individuals exposed to
prolonged exposure to elevated temperatures had higher lipid
content in their bodies, which may be related to a decrease in
the rate of lipid metabolism during heat acclimation (Payuta
& Flerova, 2021; Tidwell et al., 2007). In summer, in the area
of warm water discharge from the power plant at the Ivankovo
Reservoir, above-norm water temperatures are recorded, the
plume of which can be traced through the entire water column
for 5 km downstream (Lazareva et al., 2018). Exposure to elevat-
ed water temperatures, for the reason described earlier, can lead
to the accumulation of lipids in the muscles of the sabrefish.

Several studies have reported an increase in lipid content
and a decrease in carbohydrates in fish living in polluted con-
ditions (Javed & Usmani, 2019; Payuta & Flerova, 2021). The
results of the current study are consistent with the literature.
Nevertheless, numerous studies have demonstrated that ele-
vated lipid levels in the bodies of hydrobionts are indicative of
favorable habitat conditions for aquatic animals and their de-
crease is caused by the negative impact of pollutants (Authman
etal, 2015; Lloret et al., 2013; Payuta et al,, 2019).

The protein content is considered to be the most constant
in the fish body compared to other components (Lloret et al.,
2013). The depletion of protein reserves occurs in the absence
of food and other negative factors, including exposure to heavy
metals. This can lead to intensive consumption of proteins from
the body itself in order to maintain the functions of tissues and
organs (Payuta & Flerova, 2020; Yousafzai & Shakoori, 2009).
However, there is both a lack of quantitative changes in this bio-
chemical component under exposure to heavy metals, and an
increase in protein content in fish in response to stress and for
binding metals (Payuta et al., 2024; Yousafzai & Shakoori, 2009).

The elevated hepatosomatic index of sabrefish individuals
from the Uglich Reservoir indicates more favorable habitat con-
ditions for this fish species in the water body compared to the
Ivankovo Reservoir (Lloret et al., 2013; Luczynska et al., 2020).
The results of our study do not contradict other works on the
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effect of heavy metals on the HSI index in carp (Korkmaz et al.,
2020). Loss of nutrients (carbohydrates and lipids) and, con-
sequently, a decrease in liver mass due to toxic effects of heavy
metals, is considered a normal morphological response of the
organ to unfavorable conditions (Javed & Usmani, 2019; Lloret
et al., 2013; Monsefrad et al.,, 2012).

In our work, the GSI value in the Ivankovo Reservoir turned
out to be significantly higher than in the Uglich Reservoir. In
most studies, this indicator decreases in case of heavy metal
pollution (Korkmaz et al., 2020; Taslima et al., 2022). A study on
the chub Squalius cephalus showed an increase in the GSI at low
oxygen concentrations in the water. The authors explain this phe-
nomenon by the fact that hypoxia can disrupt the functioning of
sex hormones, delay gonad development, and lead to asynchrony
of breeding seasons in populations exposed to different oxygen
concentrations in the water (Wang et al,, 2023). In summer, ex-
tremely low oxygen levels are recorded in the water column of
the Ivankovo and Uglich reservoirs due to elevated temperatures.
However, in the Uglich Reservoir, the occurrence of oxygen defi-
ciency in the water is lower than in the Ivankovo Reservoir (Laz-
areva et al,, 2018). Probably, for this reason the GSI in Ivankovo
Reservoir was higher than in the Uglich Reservoir.

In comparison to the physiological and biochemical indi-
ces described above, the heavy metal content in the muscle of
sabrefish can be used as an indicator for assessing the ecological
condition of water bodies. Research on water and bottom sedi-
ment pollution in the Upper Volga reservoirs show higher con-
centrations of a number of metals in the Ivankovo Reservoir,
compared to the Uglich Reservoir (Roshydromet, 2024; Grish-
antseva & Safronova, 2012; Meysurova & Lopina, 2018; Tomi-
lina et al., 2018). In our study, the muscles of Sabrefish from the
Ivankovo Reservoir contained significantly more heavy metals,
including those toxic to living organisms (Cd, Pb, Cr, Cr, Zn,
Mn, Fe). Moreover, comparison of our data with the data on
metal accumulation in the water of Ivankovo and Uglich reser-
voirs indicates synchronous bioaccumulation of Cd, Pb, Al Cr,
Ni, Cu, Mn, Fe depending on their amount in the water mass.

The almost tenfold higher Fe concentrations in the muscle
tissues of sabrefish from the Ivankovo Reservoir compared to
the Uglich Reservoir may be attributed to the elevated water
temperature. In a study on the spotted sea bass Lateolabrax
maculatus, it was shown that with an increase in water tempera-
ture from 27 C to 33 C, the species had an increased demand
for this element, since more Fe depositions were required in
erythrocytes and tissues (Wang et al., 2023). Metals such as Cd,
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Al, Ni, Zn and Mn show similar trends of greater accumulation
in fish with increasing water temperature, which is consistent
with the results of our study. Thus, under conditions of water
pollution, the effect of elevated temperatures, which causes ad-
ditional stress, makes fish more susceptible to intoxication and
can lead to more adverse consequences for the organism due to
increased toxicity of heavy metals (Nin & Rodgher, 2021; Pin-
heiro et al., 2019; Tidwell et al., 2007).

In the muscle tissue of sabrefish from both the reservoirs,
elements such as K, Al, Zn, Fe, Cu, and Mn exceeded the other
substances studied. These metals, with the exception of Al, are
essential for the functioning of body systems and must be accu-
mulated in large amounts (Authman et al., 2015; Suboti¢ et al,,
2015; Taslima et al., 2022).

Al is a geno- and cytotoxic metal with no biological func-
tions. Its toxicity to fish may result in impaired metabolism and
osmoregulation, reduced brain neuroplasticity and reproduc-
tive function and histological damage (Authman et al., 2015;
Pinheiro et al., 2019). The bioaccumulation of Al in fish can
occur at elevated levels of its suspended forms in the water. This
toxic metal was detected in the water of the Ivankovo Reservoir
within the Tver oblast where Al concentrations in a local area
exceeded national standards by a factor of almost eight, which
may be attributed to emissions from specific metallurgical in-
dustries (Meysurova & Lopina, 2018).

In examining the content of heavy metal in edible parts
of fish, it is essential to consider the risks associated with the
duration of human health exposure to toxicants from fish
consumption over a lifetime, which are assessed using THQ
and HI. In our study these indices were less than one and did
not exceed permissible levels, which indicates that there is no
potential non-carcinogenic risk associated with the consump-
tion of sabrefish meat from the Ivankovo and Uglich reservoirs
(Pokorska-Niewiada et al., 2022).

In this study, the MOE value for the studied elements in
the muscles of sabrefish from the Ivankovskoye and Uglich
reservoirs did not exceed 1, which also indicates the absence of
non-carcinogenic risk when consuming sabrefish meat (Masoud
etal, 2007).

The CDI values for each micro- and macronutrient were
much lower than the reference values of tolerable daily intake
(TDI) and recommended dietary allowances (RDA) for the
adult population. Therefore, based on the FAO/WHO JECFA
guidelines, consumption of sabrefish meat cannot be considered
as having an adverse effect on consumers, but sabrefish meat is
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also not able to cover the needs for macronutrient intake (Mg, K).

Heavy metals such as Cd, Pb and Al are not built into the
cascade of biochemical reactions of the body that occur during
its normal functioning. Their toxicity increases with increasing
concentrations, and insufficient excretion of these metals has
a carcinogenic effect on humans (Barone et al., 2022; Vu et al,,
2017). Cd can cause chronic toxicity at low concentrations, af-
fecting kidneys, lungs, liver, reproductive and nervous systems,
and blood. Pb causes hearing impairment, leads to anemia,
kidney failure and weakened immunity. Al can deposit in bone,
brain, heart, spleen, and muscles, resulting in cumulative ad-
verse effects on these systems with increasing exposure time.
Potential carcinogenic effects are also reported for Cr, which
affects lipid and sugar metabolism and can cause liver, kidney
and lung damage (Masoud et al., 2007; Pinheiro et al., 2019; Vu
etal,, 2017; Zarei et al., 2011).

The results of our study indicate that there is a carcinogen-
ic risk from Cd and Al in Ivankovo Reservoir associated with
the consumption of sabrefish meat, as the target cancer risk for
these metals exceeds the permissible norms (Barone et al., 2022;
Vuetal, 2017).

Since fish consumption is associated with exposure to a mix-
ture of the metals studied, cumulative cancer risks (TTRs) need
to be assessed. This indicator is a cause for concern as it exceeds
the upper limit set by regulations (> 1 x 10) for both reservoirs
(Vuetal., 2017). The main contributor to its increase is Al.

In general, the values of the studied risk indicators for sa-
brefish consumption turned out to be higher in the Ivankovo
Reservoir, compared to the Uglich Reservoir. These results are
consistent with the patterns of heavy metal accumulation in
sabrefish muscles and are in agreement with numerous data on
the higher level of pollution in the Ivankovo Reservoir (Grish-
antseva & Safronova, 2012; Meysurova & Lopina, 2018; Roshy-
dromet, 2024; Tomilina et al., 2018).

Conclusion

This comprehensive study investigated physiological (condition
factor, hepatosomatic index, gonadosomatic index) and bio-
chemical (content of major components and content of macro-
and microelements in muscles) parameters of sabrefish from two
reservoirs of the Upper Volga — Ivankovo and Uglich. The con-
dition factor and hepatosomatic index values were higher, while
the gonadosomatic index was lower, in sabrefish from the Uglich
Reservoir, which is characterized by a lower level of pollution.
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The muscle tissues of sabrefish from the Ivankovo Reservoir
accumulated significantly more dry matter, including protein
and lipids, as well as toxic and essential metals (Cd, Pb, Cr, Cr,
Zn, Mn, Fe, Mg). The study revealed a synchronous bioaccumu-
lation of Cd, Pb, Al, Cr, Ni, Cu, Mn, and Fe, depending on the
concentration of these elements in the water mass of the reser-
voirs. Under pollution conditions, the effect of elevated tempera-
ture increases the accumulation of Cd, Al, Zn, Mn, Fe, Ni. There
is no potential non-carcinogenic risk to human health from
heavy metals in sabrefish, but there is a carcinogenic risk from
Cd and Al in the Ivankovo Reservoir and a risk from cumulative
exposure to carcinogenic metals in both reservoirs (TTR > 1 x
107™). The results showed that CDI values were lower than the
reference values of TDI and RDA. Parameters such as condition
factor and proximate composition are rougher indicators of
sabrefish health and cannot be fully used for the comprehensive
assessment of aquatic systems. The micro- and macronutrients
considered in this study showed a number of patterns of ac-
cumulation in the muscle tissue of sabrefish, inhabiting waters
subjected to different anthropogenic loads, and, therefore, their
concentrations can be used as a bioindicator of water pollution.

Competing interests
No potential conflict of interest relevant to this article was re-
ported.

Funding sources
The study was performed with the support of the Russian Minis-
try of Science and Higher Education, Project Ne FENZ-2023-0004.

Acknowledgements
Not applicable.

Availability of data and materials
Upon reasonable request, the datasets of this study can be avail-
able from the corresponding author.

Ethics approval and consent to participate

The animal study protocol was approved by the Ethics Commit-
tee of PG. Demidov Yaroslavl State University (protocol num-
ber: 4, approved on 06 June 2024).

ORCID
Aleksandra Payuta https://orcid.org/0000-0002-0478-4709

Ekaterina Flerova https://orcid.org/0000-0002-9745-6746

770 | https://www.e-fas.org

Chemical composition muscles of Pelecus cultratus

Yuliya Zaitseva https://orcid.org/0000-0001-9522-010X

References

Abdel-Kader HH, Mourad MH. Trace elements exposure in-
fluences proximate body composition and antioxidant en-
zyme activities of the species tilapia and catfish in Burullus
Lake—Egypt: human risk assessment for the consumers.
Environ Sci Pollut Res. 2020;27:43670-81.

Authman MMM, Zaki MS, Khallaf EA, Abbas HH. Use of fish
as bio-indicator of the effects of heavy metals pollution. |
Aquac Res Dev. 2015;6:1000328.

Baghel M, Reddy PB. Alterations in hepatosomatic index (HSI)
and condition factor (CF) in Labeo rohita from anthropo-
genically polluted river. Life Sci Int Res J. 2022;8:86-92.

Barone G, Storelli A, Garofalo R, Mallamaci R, Storelli MM.
Residual levels of mercury, cadmium, lead and arsenic in
some commercially key species from Italian Coasts (Adri-
atic Sea): focus on human health. Toxics. 2022;10:223.

Bokor Z, Fodor E, Varkonyi L, Nagy B, Lang ZL, Ferincz A, et
al. Biological parameters and spermatogenesis in razorfish
(Pelecus cultratus) population inhabiting the largest shallow
Lake of Central Europe (Lake Balaton): studies for in vitro
conservation purposes. Aquacult Res. 2024;2024:6695280.

Botwe BO. Heavy metal concentrations in five fish species from
the Gulf of Guinea and their human health implications.
Reg Stud Mar Sci. 2021;44:101763.

Bumbudsanpharoke N, Ko S. Packaging technology for home
meal replacement: innovations and future prospective.
Food Control. 2022;132:108470.

Cundiff P. Official methods of analysis. 16th ed. Arlington, VA:
Association of Official Analytical Chemists (AOAC); 1995.

Federal Service for Hydrometeorology and Environmental
Monitoring (Roshydromet). The Yearbook 2023: the qual-
ity of surface waters of the Russian Federation. Rostov-on-
Don: The State Hydrochemical Institute of Roshydromet;
2024.

Goryachev DV, Nikitenko A, Klets NN, Gvozdarev DA, Kudi-
nov MI, Solomatin II, et al. State of water biological stock
resources in the Ivankovskoe and Uglichchskoe reservoirs.
Probl Fish. 2021;22:25-37.

Grishantseva ES, Safronova NS. Ecological-geochemical as-
sessment of the state of the Volga source of water supply to
Moscow. Water Resour. 2012;39:305-21.

Huang H, Li Y, Zheng X, Wang Z, Wang Z, Cheng X. Nutri-

https://doi.org/10.47853/FAS.2025.e65



Aleksandra Payuta, et al.

tional value and bioaccumulation of heavy metals in nine
commercial fish species from Dachen Fishing Ground, East
China Sea. Sci Rep. 2022;12:6927.

Javed M, Usmani N. An overview of the adverse effects of heavy
metal contamination on fish health. Proc Natl Acad Sci In-
dia Sect B Biol Sci. 2019;89:389-403.

Korkmaz C, Ay O, Dénmez AE, Demirbag B, Erdem C. In-
fluence of lead on reproductive physiology and gonad
and liver histology of female Cyprinus carpio. Thalassas.
2020;36:597-606.

Kuton MP, Ayanda IO, Uzoalu IA, Akhiromen DI, George A,
Akinsanya B. Studies on heavy metals and fish health indi-
cators in Malapterurus electricus from Lekki Lagoon, Lagos,
Nigeria. Vet Anim Sci. 2021;12:100169.

Lazareva VI, Stepanova IE, Tsvetkov Al, Pryanichnikova EG,
Perova SN. The oxygen regime in the Volga and Kama res-
ervoirs during the period of climate warming: impact on
zooplankton and zoobenthos. Trans Inst Biol Vnutr Vod
Ross Akad Nauk. 2018;81:47.

Lloret J, Shulman G, Love RM. Condition and health indica-
tors of exploited marine fishes. Oxford, MA: John Wiley &
Sons; 2013.

Fuczynska J, Paszczyk B, Luczynski MJ, Kowalska-Goralska M,
Nowosad J, Kucharczyk D. Using Rutilus rutilus (L.) and
Perca fluviatilis (L.) as bioindicators of the environmental
condition and human health: lake Lanskie, Poland. Int J
Environ Res Public Health. 2020;17:7595.

Masoud MS, El-Samra MI, El-Sadawy MM. Heavy-metal dis-
tribution and risk assessment of sediment and fish from El-
Mex Bay, Alexandria, Egypt. Chem Ecol. 2007;23:201-16.

Meysurova AF, Lopina AV. ICP-AES analysis of element content
in the waters of the Upper Volga basin within three con-
stituent entities of the Russian Federation (Tver, Moscow
and Yaroslavl regions). Bull Tver State Univ Ser Biol Ecol.
2018:226-41.

Monsefrad E, Imanpour NJ, Heidary S. Concentration of heavy
and toxic metals Cu, Zn, Cd, Pb and Hg in liver and muscles
of Rutilus frisii kutum during spawning season with respect
to growth parameters. Iran J Fish Sci. 2012;11:825-39.

Nin CJ, Rodgher S. Effect of a temperature rise on metal toxicity
for the aquatic biota: a systematic review. Rev Bras Ciénc
Ambient. 2021;56:710-20.

Nowosad J, Sieszputowska J, Kucharczyk D, Luczynska J, Sikora
M, Kujawa R. Dynamics of mercury content in adult sichel
(Pelecus cultratus L.) tissues from the Baltic Sea before and

https://doi.org/10.47853/FAS.2025.e65

Fisheries and Aquatic Sciences FA S

during spawning. Mar Environ Res. 2019;148:75-80.

Payuta AA, Flerova EA. Some indicators of metabolism in the
muscles, liver, and gonads of pike-perch Sander lucioperca
and sichel Pelecus cultratus from the Gorky Reservoir. ] Ich-
thyol. 2019;59:255-62.

Payuta AA, Flerova EA. Dynamics of indices of metabolism in
muscle tissue, liver and gonads of Abramis brama in different
periods of the annual cycle. Biosyst Divers. 2020;28:146-53.

Payuta AA, Flerova EA. Impact of habitation conditions on me-
tabolism in the muscles, liver, and gonads of different sex and
age groups of bream. Regul Mech Biosyst. 2021;12:240-50.

Payuta AA, Flerova EA, Guldina DA, Kliuchnikov AS, Komov
VT, Lobus NV. Relationship of size and mass characteris-
tics, indicators of metabolism, and mercury concentration
in the muscle tissue of freshwater fish from tropical Viet-
nam. Inland Water Biol. 2024;17:296-306.

Payuta AA, Flerova EA, Zaitseva YV. Distribution of essential
and toxic elements in Pelecus cultratus tissues and risk as-
sessment for consumer health. Toxics. 2023;11:715.

Payuta AA, Pryanichnikova EG, Shcherbina GK, Perova SN,
Flerova EA. Physiological parameters of bream (Abramis
brama L.) in parts of the Rybinsk Reservoir of different
types. Inland Water Biol. 2019;12:217-24.

Pinheiro JPS, de Assis CB, Mufioz-Pefiuela M, Janior FB, Cor-
reia TG, Moreira RG. Water temperature and acid pH
influence the cytotoxic and genotoxic effects of aluminum
in the freshwater teleost Astyanax altiparanae (Teleostei:
Characidae). Chemosphere. 2019;220:266-74.

Pokorska-Niewiada K, Witczak A, Protasowicki M, Cybulski J.
Estimation of target hazard quotients and potential health
risks for toxic metals and other trace elements by consump-
tion of female fish gonads and testicles. Int ] Environ Res
Public Health. 2022;19:2762.

Suboti¢ S, Vignji¢-Jefti¢ Z, Spasi¢ S, Hegedis A, Krpo-Cetkovi¢
], Lenhardt M. Concentrations of 18 elements in muscle,
liver, gills, and gonads of sichel (Pelecus cultratus), rufte
(Gymnocephalus cernua), and European perch (Perca flu-
viatilis) in the Danube River near Belgrade (Serbia). Water
Air Soil Pollut. 2015;226:287.

Taslima K, Al-Emran M, Rahman MS, Hasan ], Ferdous Z,
Rohani ME, et al. Impacts of heavy metals on early devel-
opment, growth and reproduction of fish: a review. Toxicol
Rep. 2022;9:858-68.

Tidwell JH, Coyle SD, Bright LA, Van Arnum A, Yasharian
D. Effect of water temperature on growth, survival, and

https://www.e-fas.org | 771



FA S Fisheries and Aquatic Sciences

biochemical composition of largemouth bass Micropterus
salmoides. ] World Aquacult Soc. 2007;34:175-83.

Tomilina II, Gapeeva MV, Lozhkina RA. Assessment of water qual-
ity and bottom sediments of the Volga River reservoirs based
on toxicity and chemical composition. Trans Inst Biol Vnutr
Vod im ID Papanina Ross Akad Nauk. 2018;82:107-131.

Tsibizova ME. Technological properties and biological value of
the small-sized fish raw materials of the Volgo-Caspian ba-
sin. Vestnik ASTU Ser Fish Ind. 2012;2:182-8.

Vu CT, Lin C, Yeh G, Villanueva MC. Bioaccumulation and po-
tential sources of heavy metal contamination in fish species
in Taiwan: assessment and possible human health implica-
tions. Environ Sci Pollut Res. 2017;24:19422-34.

Wang Z, Li X, Lu K, Wang L, Ma X, Song K, et al. Effects of dietary
iron levels on growth performance, iron metabolism and
antioxidant status in spotted seabass (Lateolabrax maculatus)
reared at two temperatures. Aquaculture. 2023;562:738717.

Yousafzai AM, Shakoori AR. Fish white muscle as biomarker
for riverine pollution. Pak ] Zool. 2009;41:179-88.

Zarei M, Asadi A, Zarei SM. Levels of some heavy metal con-
centration in fishes tissue of southern Caspian Sea. Int |
Phys Sci. 2011;6:6220-5.

772 | https://www.e-fas.org

Chemical composition muscles of Pelecus cultratus

https://doi.org/10.47853/FAS.2025.e65



