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IMPACT OF POLLUTANTS ON THE GILL APPARATUS
OF FISH IN THE ILI-BALKHASH BASIN

The article was written as part of the Ministry of Science and Higher Education of the Republic
of Kazakhstan’s project AP 23486220, titled “Study of the important organ systems reactivity in the
main commercial fish species of the lle-Balkhash basin under anthropogenic load.” (2024-2026). The
ecological condition of the Ili-Balkhash Basin raises serious concerns due to increasing anthropogenic
pressure, accompanied by the influx of heavy metals, pesticides, and other organic pollutants into water
bodies. Fish gills, as a highly sensitive organ of external respiration, serve as a reliable bioindicator of
water toxicity. As part of this study, morphological and histological analyses of the gill apparatus were
conducted on three commercially important fish species — Cyprinus carpio, Abramis brama, and Sander
lucioperca — caught in different areas of the lli-Balkhash Basin. In fish inhabiting zones with elevated pol-
lutant concentrations, pronounced pathological changes in gill tissue were observed, including epithelial
hyperplasia, lamellar fusion, destruction of the capillary network, and inflammatory infiltration. The
severity of these alterations correlated with the level of aquatic pollution. Cyprinus carpio demonstrated
the highest sensitivity to pollutants, whereas Sander lucioperca showed relative resistance. The findings
indicate a significant impact of waterborne pollutants on the morphofunctional condition of the gill ap-
paratus, and consequently, on the viability and productivity of fish populations. These results highlight
the urgent need for regular ecological monitoring and the implementation of protective measures to
preserve the aquatic ecosystem of the lli-Balkhash Basin, safeguard biodiversity, and ensure sustainable
fisheries.

Keywords: Ili-Balkhash Basin, aquatic pollutants, gill pathologies, Cyprinus carpio, Abramis brama,
Sander lucioperca, histomorphology.
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Ine-baakaiu 6acceifHiHAEeri 6AAbIKTapAbIH,
»keAabe3ek anmnapaTbiHa AACTaFbilL 3aTTapAbIH, dcepi

Makana Kasakcrtan Pecnybamkacbl FblAbIM >KoHe >KOFapbl OiAIM MUHUCTpPAIriHiH AP23486220
«AHTPOTOTEHAIK XXYKTeMe arFaanbiHAa Iae-baakal 6acceiHiHib, Herisri KacinwiAik 6aAblk, TYpAEpPiHiH
MaHbI3Abl OpraH >XyMeAepiHiH peakTUBTIAIrH 3epTTey» xo6achl (2024-2026 >K.) asiCbiHAA >Ka3bIAFaH.
Ine-baAkaln GaccenHiHiH 3KOAOMMSAABIK, XKaFAalbl aHTPOMOrEHAIK 9CEPAIH KYLLEIIHE, COHbIH, illiHAE
aybIp METaAAAPABIH, MECTULMATEPAIH XaHe 6acka Aa OpPraHMKaAbIK, AACTaFbILLITapAbIH CY alAbIHAAPbIHA
TycyiHe 6aiAaHbICTbl ANTAPABIKTAN aAAHAQYLIbIALIK, TYAbIPAAbl. BaAbIKTbIH eabe3ekTepi, CbipTKbl
TbIHbIC AAYAbIH, ©T€ CEe3iIMTaA MYLUECI PETIHAE, CYAbIH YAbIAbIFbIHbIH CEHIMAI GronHamkaTopbl. Ocbl
3epTTey ascbiHAQ Iae-baakawl 6acceiHiHiH OpTYypAi aiMakTapblHAQ ayAaHFaH yil KaCinTik 6GaAbik,
Typiin—Cyprinuscarpio, AbramisbramaxeHe Sanderluciopercaxeabe3ek anmnapatbiHaMOPOAOTMSAbIK,
JKOHE TMCTOAOTMSAABIK, TaAAQy >KYPFi3iAAi. AacTayllbl 3aTTapAblH  KOHLEHTPALMSChl  >KOFapbl
anMakTapAa MekeHaereH 6GaAblKTapAa 3MUTEAMIA TMMeprnAasuschbl, xeabesek >KarblpakliaAapbiHbiH
Gipiryi, KanUAASIPABIK, XXEAIHIH OY3bIAYbl XoHe KabblHy MH(OUABTPALMSICHI TYPIHAET keAbe3ek TiHiHIH
aKblH MaTOAOTUSIAbIK, e3repictepi TipkeAAi. Bby3bliAyAapablH, alkbIHABIFbI CYy OpPTaCblHbIH, AacTaHy
AeHreiiMeH e3apa 6arAaHbICTbl GOAAbI. AacTaylubl 3aTTapFa €H >KOFapbl ce3iMTanabikTbl C. carpio
Kkepcetce, aAn S. lucioperca caAbICTbIPMAAbl TYPAE TYPaKTbIAbIK, TaHbITTbl. AAbIHFaH AEpPeKTep cy
AQCTaFbILITAPbIHbIH, XeAbe3eKk arnnaparbiHbiH, MOPMOMYHKUMOHAAABIK, XaFAaiblHa, TUICIHLIE, BaAbIK
MOMNYASUMSAAAPbIHBIH, TipLIAIK KaBIAETTIAIN MeH eHIMAIAIriHe aiTapAbIKTail acep eTeTiHiH KOpCeTeA|.
HaTukeAep 61MOBPTYPAIAIKTI cakTay koHe TypakThl GaAbIk, ayAayAbl KaMTamachi3 eTy yiiH lae-baakaiu
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BAMSIHME NMOAAIOTAHTOB Ha XKabepHblit annapar pblo
Man-banxawuckoro 6acceiiHa

CraTbs HarMcaHa B pamkax npoekta MmMH1cTepcTBa Hayku U BbicLero obpasoBaHmns PK AP23486220
«M3yueHne peakTMBHOCTUN BaXKHEMLLIMX CUCTEM OPraHOB OCHOBHBbIX MPOMbICAOBbBIX BUAOB pblb Mae-ban-
XaLcKoro 6accerHa B yCAOBUSIX @aHTPOMNOTreHHOM Harpysku» (2024—2026 roAbl). IKOAOTMUYECKOE COCTO-
sHne Man-baaxaluckoro 6acceiiHa Bbi3blBaeT CEpPbE3HYI0 00ECMOKOEHHOCTb B CBS3M C HapacTaloWwmm
AHTPOMOreHHbIM BO3AENCTBUEM, COMPOBOXKAQIOLLMMCS MOCTYMAEHNEM B BOAOEMBI TSXKEABIX METAAAOB,
NecTULMAOB M APYTMX OpraHMyeckmx 3arpsasHuntenent. XXabpbl pbib, Kak BbICOKOUYYBCTBUTEAbHBI OpraH
BHELLHErO AbIXaHMSI, SBASIOTCS HaAEXHbIM GUOMHAMKATOPOM BOAHOM TOKCMYHOCTM. B pamkax AaH-
HOI0 MCCAEAOBaHMS NMPOBEAEH MOPMOAOTMYECKMIA U TMCTOAOTMYECKMI aHaAM3 >kabepHoro anmnapata
Y TPEX MPOMbICAOBbIX BUAOB pbl6 — Cyprinus carpio, Abramis brama v Sander lucioperca, BbIAOBA€H-
HbIX B pa3AMUHbIX ydacTkax Man-baaxaluckoro 6acceriHa. Y pbl6, 06MTaBLIMX B 30HaX C MOBbILLIEHHOWM
KOHLEHTPALMEN NMOAAIOTAHTOB, 3a(PMKCMPOBaHbI BbIPa>KEHHbIE MATOAOrMYECKME U3MEHEHMS >KabepHOit
TKQHM B BUAE FMMEPNAA3ZUN IMUTEANS, CAUSIHWE AENEeCTKOB, AECTPYKLMM KAMUAASIPHOM CEeTU M BOCMa-
AUTEABHOM MH(PUABTPALMM. BbipaKeHHOCTb HapyLUEeHMIT KOPPEAMPOBAAA C YPOBHEM 3arpsi3HEHUs BO-
AHOW cpeAbl. HanboAbLLYIO YyBCTBUTEABHOCTb K MOAAIOTaHTaM NpoaemoHcTpupoBaa C. carpio, Toraa
Kak S. lucioperca NposiBUA OTHOCUTEABHYIO YCTOMUMBOCTb. [TOAyUYEHHbIE AQHHbIE CBUAETEALCTBYIOT O
3HAUMTEABHOM BAMSIHMK BOAHbBIX 3arpsi3HUTEAer Ha MOP(OQYHKLMOHAABHOE COCTOSIHME >KabepHOro
anrnapara u, COOTBETCTBEHHO, Ha >KM3HECMOCOBHOCTb U MPOAYKTUBHOCTb PbIGHbBIX MOMYASILMA. Pe3yAb-
TaTbl NOAYEPKMBAIOT HEOOXOAMMOCTb PEryASPHOrO 3KOAOTMYECKOrO MOHUTOPMHIA U MPUHSATUS Mep Mo
oxpaHe BoAHOM akocucTeMbl Man-baaxatuckoro 6acceiiHa aas coxpaHeHus 61uopasHoobpasms u obe-

crnevyeHns YCTOVILII/IBOFO pr6OAOBCTBa.

KatoueBble caoBa: Man-baaxalickuii 6acceiit, BOAHbIE MOAAIOTAHTbI, MaToAorus xabp, Cyprinus
carpio, Abramis brama, Sander lucioperca, ructomMopcoAorusi.

Introduction

The Ili-Balkhash Basin represents one of the
largest aquatic ecosystems in Kazakhstan, serv-
ing as a critical determinant in sustaining regional
biodiversity, securing freshwater supply for human
populations, and underpinning the development of
commercial fisheries [1-3]. In recent decades, the
aquatic ecosystems of the basin have been subject-
ed to a steadily increasing anthropogenic pressure,
driven by intensive industrial, agricultural, and mu-
nicipal activities. This has resulted in the influx of
a wide spectrum of pollutants into the aquatic en-
vironment, including heavy metals, petroleum hy-
drocarbons, pesticides, and other xenobiotics, which
are capable of inducing severe morphofunctional
impairments in aquatic organisms [4]. The results of
studies on the content and distribution of heavy met-
als in the tissues and organs of fish inhabiting Lake
Balkhash indicate that zinc is among the primary
bioaccumulators in fish organisms, with a tendency

for preferential accumulation in the liver and gills.
These organs are particularly vulnerable to toxicant
exposure due to their physiological activity. The
extent of accumulation is determined by the degree
of environmental contamination, the trophic type of
fish, the chemical properties of the metals, and their
migratory potential. Variations in accumulation pat-
terns reflect adaptive mechanisms and the relative
resistance of different species to pollutant exposure,
which is of particular importance for assessing the
status of fish resources and for developing conserva-
tion strategies for the aquatic ecosystem of the Ili-
Balkhash region [5, 6]. According to the chemical
analysis of surface waters, several sites demonstrat-
ed concentrations of heavy metals exceeding the
maximum permissible limits established for fish-
eries water bodies [7]. Histological investigations
conducted by the authors revealed pronounced de-
structive alterations in the organs of fish inhabiting
the most contaminated locations. These alterations
included degenerative and dystrophic processes in
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the gills, liver, and kidneys, indicating a high toxic
burden on aquatic organisms [8]. Of particular con-
cern is the impact of pollution on key commercial
fish species of the Ili-Balkhash Basin, such as Cypri-
nus carpio, Abramis brama, and Sander lucioperca,
which play a crucial role in the fisheries sector and
regional food security [9]. The gill apparatus, being
in direct contact with the aquatic environment, not
only performs gas exchange but also participates in
ion regulation, osmoregulation, and excretion, mak-
ing it one of the most sensitive indicators of xenobi-
otic exposure in aquatic ecosystems [10].

The results of numerous studies indicate that
exposure to toxic substances in fish may lead to
morphofunctional alterations of the gill epithelium,
including hyperplasia, lamellar fusion, disruption of
the capillary network, and inflammatory responses
[11-13]. Nevertheless, data regarding the extent and
specificity of such alterations in commercially im-
portant fish species of the Ili-Balkhash Basin remain
limited, fragmented, and insufficient to provide a
comprehensive understanding of pollutant impacts
at the ecosystem level.

Given the current level of anthropogenic pres-
sure on the Ili River and Lake Balkhash, there is an
urgent need for integrated morphofunctional and
histopathological investigations of the gill apparatus
in the most ecologically and economically signifi-
cant fish species. Such studies not only provide an
objective assessment of the toxic effects of aquatic
pollutants but also form the basis for developing
bioindicator criteria within ecological monitoring
frameworks. The findings may be applied to the for-
mulation of conservation strategies, the restoration
of commercially valuable fish populations, and the
sustainable management of fisheries resources in the
region.

The aim of the present study was to perform a
comparative analysis of morphological and histo-
pathological alterations in the gill apparatus of the
major commercial fish species Cyprinus carpio,
Abramis brama, and Sander lucioperca under the
influence of aquatic pollutants in the Ili-Balkhash
Basin. The study further sought to assess the spe-
cies-specific sensitivity of these fish to water con-
tamination, with the ultimate goal of applying the
obtained data in bioindication systems for evaluat-
ing the ecological status of aquatic ecosystems in
the region.
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Materials and methods

Field and laboratory studies were conducted
in 2024 in various parts of the Ili-Balkhash ba-
sin, which are characterized by different levels of
anthropogenic impact. The research objects were
three commercial fish species: Cyprinus carpio,
Abramis brama, and Sander lucioperca. The fish
were caught using nets according to standard meth-
ods and then underwent biometric processing. For
histological analysis, gill arches were removed,
fixed in 10% neutral formalin, and embedded in
paraffin. Serial sections were stained with hema-
toxylin and eosin for subsequent microscopic ex-
amination.

Concurrently with the collection of biological
material, surface water samples were taken to assess
the level of pollution. The water samples were ana-
lyzed for heavy metal content using atomic absorp-
tion spectrometry. All obtained data were statistical-
ly processed, including the use of the Student’s t-test
to evaluate the significance of differences between
groups. The results are presented as the mean value
with the standard deviation.

Results and discussion

Morphological and histological analysis of the
gill apparatus of Cyprinus carpio collected from
different sites of the Ili-Balkhash Basin revealed
significant differences between specimens from
polluted and conditionally clean (control) areas.
Fish inhabiting water bodies with elevated con-
centrations of contaminants exhibited pronounced
pathological alterations in gill structure, whereas
individuals from control sites showed either no
abnormalities or only minor deviations. At the
histological level, specimens from polluted areas
demonstrated hyperplasia of the primary gill epi-
thelium in the region of the gill lamellae, accom-
panied by destruction of the secondary epithelium,
indicative of a compensatory tissue response to
chronic toxicant exposure (Fig. 1). Additionally,
edematous changes were observed in both pri-
mary and secondary epithelial layers, pointing to
disrupted osmotic balance and increased vascular
wall permeability.



A. Zhanbyrbayeva et al.

Figure 1 — Gills of Cyprinus carpio. Gill filament with arising
lamellae. Edema of the primary and secondary epithelium,
deformation of lamellae. Staining: hematoxylin and eosin, X200.

In several cases, pronounced destructive altera-
tions of the gill lamellaec were observed, including
necrosis of the respiratory cells of the secondary
epithelium, their subsequent desquamation, disinte-
gration of the vascular layer with the formation of
hemorrhages, as well as deformation of individual
lamellae (Fig. 2).

Figure 2 — Gills of Cyprinus carpio. Edema of the secondary
epithelium, presence of mucous and rod-shaped cells in the
lamellae. Staining: hematoxylin and eosin, %200.

The most severe lesions comprised hyperplasia of
the secondary gill lamellar epithelium, fusion of gill
filaments, subepithelial edema, and partial destruction

of the capillary network (Fig. 3). In some specimens,
signs of necrosis and inflammatory infiltration were
detected, indicating chronic inflammation and an im-
mune response to the presence of toxic substances.
Concentrations of heavy metals (Zn, Cu, Pb) in the
studied water bodies exceeded the maximum permis-
sible levels by 2-3 times, which is likely the main
factor underlying the observed alterations.

Figure 3 — Gills of Cyprinus carpio. Necrosis of respiratory
cells of the secondary epithelium, hyperplasia of the primary
epithelium. Staining: hematoxylin and eosin, x400.

Thus, the results of the study demonstrate the
high sensitivity of the gill apparatus of Cyprinus
carpio to anthropogenic pollution of the aquatic en-
vironment, particularly to the action of heavy met-
als. Morphological and histological changes in the
gills impair their respiratory and osmoregulatory
functions, thereby reducing the overall resistance
of the organism to external stressors. The findings
confirm that gills, as organs directly interacting with
the environment, can be considered reliable bioin-
dicators of the ecological status of aquatic habitats.
These data highlight the need for regular environ-
mental monitoring and the implementation of mea-
sures aimed at reducing pollution levels in freshwa-
ter ecosystems.

In the gills of the examined Cyprinus carpio
specimens, pathomorphological changes reflecting
both compensatory-adaptive and destructive pro-
cesses were identified. The compensatory-adaptive
responses were manifested by a marked increase in
the number of mucous and rod-shaped cells within
the primary gill epithelium, as well as their occur-
rence in the lamellar epithelium.
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The results of the analysis of heavy metal con-
centrations in water samples from different sites
of the Ili-Balkhash Basin (mg/dm?) are presented
in Table 1, which shows the mean concentrations
of Zn, Cu, Pb, and Cd determined in samples col-
lected from three sites characterized by varying
levels of anthropogenic pressure: Site 1 — condi-
tionally clean zone (low pollution), Site 2 — mod-
erately polluted zone, and Site 3 — highly polluted
zone.

The analysis indicates that at Site 1, the concen-
trations of all studied metals were within the permis-
sible limits. At Site 2, exceedances of MPC were re-
corded for cadmium (0.0015 mg/dm? at MPC 0.001),
suggesting moderate pollution. The concentration
of copper (0.04 mg/dm?) was within the permissible
limits, but close to the MPC (0.05 mg/dm?). At Site

3, the concentrations of all metals, except copper,
exceeded the regulatory limits: zinc (0.35 mg/dm?)
exceeded MPC by 3.5 times, lead (0.015 mg/dm?)
by 1.5 times, and cadmium (0.003 mg/dm?®) by 3
times.

The data confirm a high level of heavy metal
contamination in the aquatic environment at Site 3.
The obtained results demonstrate considerable vari-
ability in the chemical composition of water across
the basin, which was taken into account when as-
sessing the ecological status of water bodies and the
histopathological alterations in aquatic organisms.
Exceedances of MPC values for zinc, cadmium, and
lead in the most polluted zone were associated with
pronounced histological impairments of the gill ap-
paratus in the studied fish species, particularly in
Cyprinus carpio.

Table 1 — Concentrations of heavy metals in water samples from various sites of the Ili-Balkhash Basin, mg/dm?

Metal Site 1 (low pollution) Sitepi ﬁfjlf)mt" Site 3 (high pollution) MPC (mg/dm?’)
Zn 0.05 0.15 0.35 0.10
Cu 0.01 0.04 0.12 0.05
Pb 0.002 0.006 0.015 0.01
cd 0.0005 0.0015 0.003 0.001

Morphological changes in the gills of Abramis
brama inhabiting the zone of intense anthropogenic
pollution were characterized by severe pathological
alterations of gill structure (Fig. 4A, B). These in-
cluded epithelial hyperplasia, fusion of gill lamel-

lae, intercellular edema, destruction of the epithelial
layer, and the presence of inflammatory infiltrates.
In certain areas, tissue necrosis and vascular chang-
es were observed, indicating both destructive and
adaptive responses.
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Figure 4 — Histopathological changes in the gills of Abramis brama

from a highly polluted area. Staining: hematoxylin and eosin, Ax100, Bx200
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The histological alterations observed in the gill
apparatus of the studied fish species represent char-
acteristic morphological manifestations of chronic
exposure to toxicants and aquatic pollutants. These
changes included hyperplasia, thickening of the
epithelial layer, edema, vascular impairments, and
inflammatory infiltration—typical indicators of dis-
rupted tissue homeostasis under the influence of con-
taminants, particularly heavy metals. Pronounced
histopathological changes in the gills were recorded,
such as epithelial thickening, detachment, and local-
ized necrotic foci. The damage was found to be less
severe than in Cyprinus carpio, although still indic-
ative of significant physiological stress. Such altera-
tions may substantially reduce the efficiency of gas
exchange, compromise the immune defense system,
and diminish the adaptive potential of the species
under deteriorating environmental conditions. This
suggests a limited, yet present, resilience of Abra-
mis brama to long-term pollutant exposure, which is
important to consider in bioecological assessments
of population status.

In contrast to the other species, Sander lucioper-
ca demonstrated a higher resistance to pollutants.
While its gill apparatus largely retained a well-or-
ganized structure, certain deviations from the norm
were detected even at high levels of environmental
contamination. These changes, indicating chronic
toxic stress, included thickening of the secondary
epithelium due to cell hyperplasia and hypertrophy,
lamellar fusion, and epithelial lifting, as well as the
formation of subepithelial edema and telangiecta-
sia (vascular dilation). Signs of venous congestion
and inflammatory infiltration were also observed,

and in severe cases, epithelial necrotic foci were
recorded, indicative of irreversible tissue damage.
These morphofunctional disorders show that even
relatively tolerant species such as Sander lucioper-
ca exhibit pathological responses under conditions
of critical contamination. However, the severity of
these changes was substantially lower compared
to common carp and bream, confirming its relative
resistance to pollutants and potential suitability for
fisheries use under moderate ecological stress. The
histopathology of the gill apparatus in pikeperch can
thus serve as a reliable tool for biomonitoring aquat-
ic ecosystem health and assessing water quality.

Overall, the degree of histopathological alter-
ations in the gill apparatus of fish from different
areas of the Ili-Balkhash Basin correlated directly
with the level of heavy metal contamination in the
aquatic environment. Cyprinus carpio proved to
be the most sensitive species, exhibiting extensive
and severe gill lesions, whereas Abramis brama
displayed moderate resilience. Sander lucioperca
showed the least pronounced pathological chang-
es, indicating high ecological plasticity. These
findings confirm that gills represent a reliable bio-
marker of aquatic ecosystem status and can be ef-
fectively employed in water quality biomonitoring.
A comprehensive assessment of the morphofunc-
tional state of gill epithelium not only enables the
detection of contamination but also allows evalu-
ation of its potential impact on the health and vi-
ability of aquatic organisms, while species-specific
differences in sensitivity can be applied in aqua-
culture management and ecological assessment of
aquatic habitats.

Figure 5 — Histopathological changes in the gills of Sander lucioperca
from a highly polluted area. Staining: hematoxylin and eosin, Ax100, Bx200
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It has been demonstrated that, compared with
normal gill morphology, Sander lucioperca inhab-
iting polluted environments exhibited both com-
pensatory and destructive alterations, indicative of
prolonged toxic exposure and a decline in the over-
all physiological state of the organism. The gills of
pikeperch showed pronounced morphofunctional
disorders, including epithelial hyperplasia, hyper-
trophy, lifting, and necrosis, as well as vascular
and inflammatory changes, reflecting the impact of
aquatic toxicants. Relative to the norm, gill structure
was markedly disrupted, leading to reduced func-
tionality—primarily in respiratory and osmoregula-
tory processes—and increased susceptibility of the
fish to external stressors. The coexistence of com-
pensatory (hyperplasia) and destructive (necrosis,
inflammation) changes points to the chronic nature
of environmental contamination and the exceedance
of the organism’s adaptive thresholds under toxic
pressure.

Gill histopathology can thus be regarded as a re-
liable biomarker of aquatic ecosystem health, while
Sander lucioperca may serve as a sensitive indica-
tor species in ecological monitoring. The findings
highlight the necessity for strengthened environ-
mental control and assessment of pollutant impacts

Table 2 — Comparative analysis of histopathological changes

on aquatic biota in order to prevent degradation of
natural resources and biodiversity.

The histological examination of the gill appa-
ratus in three fish species—Cyprinus carpio (com-
mon carp), Abramis brama (bream), and Sander
lucioperca (pikeperch)-from different sites of the
Ili-Balkhash Basin revealed pronounced interspe-
cific differences in the extent and nature of patho-
logical alterations induced by aquatic pollution. In
Abramis brama, pathological changes were also de-
tected, though their severity was substantially lower
compared to common carp. The principal histologi-
cal features included hyperplasia and partial thick-
ening of the epithelial layer of the gill lamellae, as
well as focal epithelial lifting in certain areas of the
secondary epithelium.

The differences in the nature and severity of
histopathological alterations are determined by
physiological and ecological characteristics, respi-
ratory type, metabolic rate, feeding strategy, and
detoxification capacity. The higher resilience of
Sander lucioperca may be attributed to its preda-
tory lifestyle and reduced duration of contact with
benthic contaminants, in contrast to benthopha-
gous species such as Cyprinus carpio and Abramis
brama.

Fish species Main changes Degree of severity | Resistance to pollutants
Cyprinus carpio Hyperplasia, edema, necrosis, inflammation, hemorrhages High Low
Abramis brama Epithelial thickening, cell detachment, single necrotic foci Moderate Medium
Sander lucioperca | Mild epithelial thickening, capillary constriction Low High

The obtained results are consistent with previ-
ous studies emphasizing that gills represent one of
the most sensitive organs to aquatic pollutants and
can be effectively employed as bioindicators of wa-
ter quality. The most typical signs of lesion include
multilayered epithelial hyperplasia, lymphocyte and
macrophage infiltration, thickening of the lamellar
structure, vascular component degradation, and fo-
cal necrosis. Such alterations reduce the surface area
available for gas exchange and disrupt homeostasis,
which in the long term may decrease population re-
silience.

Thus, a comprehensive histological assessment
of the gills not only revealed the extent of water
pollution but also enabled biomonitoring with con-
sideration of species-specific sensitivity. Sander lu-
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cioperca may be regarded as a promising species for
aquaculture and commercial exploitation in regions
with moderate contamination, whereas Cyprinus
carpio can serve as a sensitive bioindicator signal-
ing excessive ecological pressure.

Conclusion

Gills represent one of the most sensitive target or-
gans to aquatic pollutants, as they perform vital respi-
ratory, osmoregulatory, and barrier functions. Mor-
phological and histopathological alterations occurred
more rapidly in gills than in other organs, serving as
early indicators of environmental degradation. The
presence of both compensatory (e.g., hyperplasia,
epithelial thickening) and destructive (e.g., necrosis,
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inflammation, vascular disturbances) processes al-
lowed assessment not only of the fact of pollution but
also of its nature, duration, and toxicity.

A comparative analysis of three commercial
fish species — Cyprinus carpio, Abramis brama, and
Sander lucioperca—revealed distinct interspecific
differences in the severity of pathological changes.
Common carp exhibited the most pronounced al-
terations, confirming its high sensitivity and value
as a bioindicator of pollution. Bream demonstrated
moderate resilience and partial adaptive capacity,
whereas pikeperch showed the greatest ecological
plasticity, maintaining basic gill structure even un-
der substantial anthropogenic pressure.

Thus, histological examination of the gill ap-
paratus confirmed its reliability as a biomarker of
water quality and highlighted the importance of spe-
cies-specific approaches in biomonitoring and in the
development of conservation strategies for aquatic
ecosystems in the Ili-Balkhash region.

Key Findings

1. Fish gills are highly sensitive indicators of
chronic exposure to aquatic pollutants, particularly
heavy metals (Zn, Cu, Pb, Cd).

2. Pathological changes, including epithelial hy-
perplasia, inflammation, vascular impairments, and
necrosis, can serve as reliable biomarkers of eco-
logical status.

3. Cyprinus carpio proved to be the most sensi-
tive species and can be used as an indicator of high
levels of anthropogenic pollution.

4. Abramis brama demonstrated moderate re-
silience, while Sander lucioperca showed the least
pronounced pathologies, reflecting its ecological
plasticity and suitability for fisheries under moder-
ate contamination.

5. Histopathological methods provide an
objective assessment of tissue damage and rep-
resent an important tool for ecological monitor-
ing.

6. Using gills as bioindicators enables early de-
tection of anthropogenic impacts and supports the
development of strategies for biodiversity conserva-
tion and sustainable ecosystem functioning in the
[li-Balkhash region.

Conflict of interest

The authors declare no conflicts of interest.

References

1. Mischke S., Zhang C., Plessen B. Lake Balkhash (Kazakhstan): Recent human impact and natural variability in the last 2900
years // Journal of Great Lakes Research. —2020. — Vol. 46, No2. — P. 267-276. https://doi.org/10.1016/j.jgIr.2020.01.008

2. de Boer T., Paltan H., Sternberg T., Wheeler K. Evaluating Vulnerability of Central Asian Water Resources under Uncer-
tain Climate and Development Conditions: The Case of the Ili-Balkhash Basin // Water. — 2021. — Vol. 13. — P. 615. https://doi.

org/10.3390/w13050615

3. Abilkas A., Vorobjev 1., Barteneva N. Determination of the heavy metals and arsenic in fish and water of Lake Balkhash,
Kazakhstan // Proceedings of 9th Environmental Scientists Meeting, 9-11 March 2020, Waco, Texas, USA. —2020.

4. Nurtazin S., Pueppke S., Ospan T., Mukhitdinov A., Elebessov T. Quality of Drinking Water in the Balkhash District of Ka-
zakhstan’s Almaty Region // Water. —2020. — Vol. 12, Ne2. — P. 392. https://doi.org/10.3390/w12020392

5. Tlenshieva A., Uakhitqanova G., Kozhakhmetova D., Chekimbaeva D., Shalakhmetova T. Gistopatologicheskie i morfomet-

richeskie izmeneniya v organakh belogo tolstolobika (Hypophthalmichthys molitrix) iz reki Ile i Kapshagayskogo vodokhranilish-
cha (Kazakhstan) [Histopathological and morphometric changes in organs of silver carp (Hypophthalmichthys molitrix) from the
Ile River and Kapshagay Reservoir (Kazakhstan)] / Eurasian Journal of Ecology. — 2024. — Vol. 81, No. 4. — P. 4-14. https://doi.
org/10.26577/EJE.2024.v81.i4.al (In Russian)

6. Tastan D.A., Duysen A., Sutueva L.R., Tlenshieva A., Konysbaev T., Shalakhmetova T.M. Gistopatologiya organov belogo
amura (Ctenopharyngodon idella) iz reki Ile i Kapshagayskogo vodokhranilishcha [Histopathology of organs of grass carp (Cteno-
pharyngodon idella) from the Ile River and Kapshagay Reservoir] / Eurasian Journal of Ecology. — 2022. — Vol. 71, No. 2. — P.
57-69. https://doi.org/10.26577/EJE.2022.v71.12.06 (In Russian)

7. Qulymbet Q.Q., Tastan D.A., Shalakhmetova T.M., Nurtazin S.T., Bekmann V. Biotestirovanie poverkhnostnykh vod i
donnykh otlozhenii iz reki Ile i yugo-zapadnoi chasti ozera Balkash [Biotesting of surface waters and bottom sediments from the
Ile River and the southwestern part of Lake Balkhash] // Eurasian Journal of Ecology. — 2019. — Vol. 57, No. 4. — P. 20-30. https://
bulletin-ecology.kaznu.kz/index.php/1-eco/article/view/949 (In Russian)

8. Tlenshieva A. M., Witeska M., Shalakhmetova T. M. Genotoxic and histopathological effects of the Ili River (Kazakhstan)
water pollution on the grass carp Ctenopharyngodon idella // Environmental Pollutants and Bioavailability. — 2022. — Vol. 34,
Nel. —P. 297-307. https://doi.org/10.1080/26395940.2022.2101544

9. Pueppke S. G., Iklasov M. K., Beckmann V., Nurtazin S. T., Thevs N., Sharakhmetov S., Hoshino B. Challenges for Sus-
tainable Use of the Fish Resources from Lake Balkhash, a Fragile Lake in an Arid Ecosystem // Sustainability. — 2018. — Vol. 10,
Ne4. —P. 1234. https://doi.org/10.3390/sul10041234

59



Impact of pollutants on the gill apparatus of fish in the Ili-Balkhash basin

10. Evans D. H., Piermarini P. M., Choe K. P. The multifunctional fish gill: dominant site of gas exchange, osmoregulation,
acid-base regulation, and excretion of nitrogenous waste // Physiological Reviews. — 2005. — Vol. 85, Nel. — P. 97-177. https://doi.
org/10.1152/physrev.00050.2003

11. Santos D. M. S., Melo M. R. S., Mendes D. C. S., Rocha I. K. B. S., Silva J. P. L., Cantanhéde S. M., Meletti P. C. Histologi-
cal changes in gills of two fish species as indicators of water quality in Jansen Lagoon (Sdo Luis, Maranhao State, Brazil) // Inter-
national Journal of Environmental Research and Public Health. — 2014. — Vol. 11, Ne12. — P. 12927-12937. https://doi.org/10.3390/
ijerph111212927

12. Macirella R., Brunelli E. Morphofunctional alterations in zebrafish (Danio rerio) gills after exposure to mercury chloride //
International Journal of Molecular Sciences. —2017. — Vol. 18, Ned. — P. 824. https://doi.org/10.3390/ijms 18040824

13. Sayed A. E.-D. H., Mekkawy 1. A., Mahmoud U. M., Nagiub M. Histopathological and histochemical effects of silver
nanoparticles on the gills and muscles of African catfish (Clarias garepinus) // Scientific African. — 2020. — Vol. 7. — P. ¢00230.
https://doi.org/10.1016/j.sciaf.2019.e00230

Jluteparypa

1. Mischke S., Zhang C., Plessen B. Lake Balkhash (Kazakhstan): Recent human impact and natural variability in the last 2900
years // Journal of Great Lakes Research. — 2020. — Vol. 46, No2. — P. 267-276. https://doi.org/10.1016/j.jglr.2020.01.008

2. de Boer T., Paltan H., Sternberg T., Wheeler K. Evaluating Vulnerability of Central Asian Water Resources under Uncer-
tain Climate and Development Conditions: The Case of the Ili-Balkhash Basin // Water. — 2021. — Vol. 13. — P. 615. https://doi.
org/10.3390/w13050615

3. Abilkas A., Vorobjev 1., Barteneva N. Determination of the heavy metals and arsenic in fish and water of Lake Balkhash,
Kazakhstan // Proceedings of 9th Environmental Scientists Meeting, 9—11 March 2020, Waco, Texas, USA. — 2020.

4. Nurtazin S., Pueppke S., Ospan T., Mukhitdinov A., Elebessov T. Quality of Drinking Water in the Balkhash District of Ka-
zakhstan’s Almaty Region // Water. — 2020. — Vol. 12, Ne2. — P. 392. https://doi.org/10.3390/w12020392

5. TnenmmeBa A., YaxutkanoBa F., Koxkaxmeroa JI., Uexkumbaea JI., IllamaxmeroBa T. ['mcromarosiornyeckue u
MopdomMeTpriecKre U3MeHeHus B opranax 6eioro toncronobuka (Hypophthalmichthys molitrix) n3 pexn Wie n Kammaraiickoro
onoxpanwmmia (Kasaxcran) // Eurasian Journal of Ecology. — 2024. — T. 81, Ne4. — C. 4—14. https://doi.org/10.26577/EJE.2024.
v8l.i4.al

6. Tacran JI. A., Jlyiicen A., Cyryesa JI. P., Tnenumena A., Konbicbaes T., lllanaxmeroBa T. M. ['nucronarosnorus opraHos
6enoro amypa (Ctenopharyngodon idella) u3 pexu e u Kanmraraiickoro Bogoxpanwiuina // Eurasian Journal of Ecology. —2022.—T.
71, No2. — C. 57—69. https://doi.org/10.26577/EJE.2022.v71.i2.06

7. Kymeimoer K. K., Tactan /1. A., Hlanaxmerosa T. M., Hyprazus C. T., bexmann B. buorectupoBanue moBepXHOCTHBIX BOJ
U JIOHHBIX OTJIOJKEHHH U3 peku Mie u roro-3anaanoii yactu ozepa bankanr / Eurasian Journal of Ecology. —2019. —T. 57, Ne4. — C.
20-30. https://bulletin-ecology.kaznu.kz/index.php/1-eco/article/view/949

8. Tlenshieva A. M., Witeska M., Shalakhmetova T. M. Genotoxic and histopathological effects of the Ili River (Kazakhstan)
water pollution on the grass carp Ctenopharyngodon idella / Environmental Pollutants and Bioavailability. — 2022. — Vol. 34,
Nel.—P. 297-307. https://doi.org/10.1080/26395940.2022.2101544

9. Pueppke S. G., Iklasov M. K., Beckmann V., Nurtazin S. T., Thevs N., Sharakhmetov S., Hoshino B. Challenges for Sus-
tainable Use of the Fish Resources from Lake Balkhash, a Fragile Lake in an Arid Ecosystem // Sustainability. — 2018. — Vol. 10,
Ned. — P. 1234, https://doi.org/10.3390/sul0041234

10. Evans D. H., Piermarini P. M., Choe K. P. The multifunctional fish gill: dominant site of gas exchange, osmoregulation,
acid-base regulation, and excretion of nitrogenous waste // Physiological Reviews. — 2005. — Vol. 85, Nel. — P. 97-177. https://doi.
org/10.1152/physrev.00050.2003

11. Santos D. M. S., Melo M. R. S., Mendes D. C. S., Rocha I. K. B. S., Silva J. P. L., Cantanhéde S. M., Meletti P. C. Histologi-
cal changes in gills of two fish species as indicators of water quality in Jansen Lagoon (Sdo Luis, Maranhao State, Brazil) // Inter-
national Journal of Environmental Research and Public Health. — 2014. — Vol. 11, Ne12. — P. 12927-12937. https://doi.org/10.3390/
jjerph111212927

12. Macirella R., Brunelli E. Morphofunctional alterations in zebrafish (Danio rerio) gills after exposure to mercury chloride //
International Journal of Molecular Sciences. —2017. — Vol. 18, Ned. — P. 824. https://doi.org/10.3390/ijms 18040824

13. Sayed A. E.-D. H., Mekkawy 1. A., Mahmoud U. M., Nagiub M. Histopathological and histochemical effects of silver
nanoparticles on the gills and muscles of African catfish (Clarias garepinus) // Scientific African. — 2020. — Vol. 7. — P. ¢00230.
https://doi.org/10.1016/j.sciaf.2019.e00230

Information about authors:

Zhanbyrbayeva Ainur — PhD Doctoral Student, Department of Biodiversity and Bioresources, Al-Farabi Kazakh National Uni-
versity, LLP SPTC «Zhalyny, Chief Researcher (Almaty, Republic of Kazakhstan, e-mail: ainur.kairgalievna@mail.ru).

Yessimsiitova Zura — Candidate of Biological Sciences, Professor, Department of Biodiversity and Bioresources, Al-Farabi
Kazakh National University (Almaty, Republic of Kazakhstan, e-mail: zural 958@bk.ru).

Zharkova Irina — Candidate of Biological Science, senior lecturer at the Department of Biodiversity and Bioresources of Al-
Farabi Kazakh National University (Almaty, Republic of Kazakhstan, e-mail: irina.zharkova@kaznu.kz).

Aitzhan Mengtay — PhD, Senior Lecturer, Department of Fundamental Medicine, Al-Farabi Kazakh National University (Al-
maty, Republic of Kazakhstan, e-mail: mentay1000@gmail.com).

60



A. Zhanbyrbayeva et al.

Yestemirova Gulfira — PhD, Lecturer, Department of Biodiversity and Bioresources, Al-Farabi Kazakh National University
(Almaty, Republic of Kazakhstan, e-mail: gulfira.yestemirova@mail.ru).

Nurtazin Sabir — Doctor of Biological Sciences, Professor, Department of Biodiversity and Bioresources, Al-Farabi Kazakh
National University (Almaty, Republic of Kazakhstan, e-mail: nurtazin.sabir@gmail.com).

Aemopnap mypanvt monimem:

JKanbwipbaesa Aunyp Katipeanuesna — Ouoanyanmypiinix sicone oOuopecypcmap kageopacvinvly PhD-dokmopanmoi, on-
Dapabu amvinoaevl Kazax ¥Yimmuix ynueepcumemi, (Aamamer k., Kazaxcman Pecnyoauxacul, ainur.kairgalievna@mail.ru).

Ecumcuumosa 3ypa bepxymosna — 6uonocusi 2biiblMOApuiHbly KAHOUOAMbl, OUOATLYAHMYPIINIK JcoHe Ouopecypcmap
Kageopacvinviy npogheccopwl, on-Papabu amvinoaevl Kazax ¥Yammoix ynueepcumemi, (Aamamer k., Kazaxcmarn Pecnybaukacot,
e-mail: zural 958@bk.ru).

JKaprosa Hpuna Mapamosna — 06uono2us 2blibIMOAPLIHbIY KAHOUOAMbL, OUOAIYAHMYPAINIK JicoHe buopecypcmap
Kaghedpacwinwiy aza oxpimywblest, o1-Papabu ameinoaevl Kazax Ynmmoik ynueepcumemi, (Aimamor k., Kazaxcman Pecnybnuxacei,
e-mail: irina.zharkova@kaznu.kz).

Aumoican Meymaii Ynoaxankwizvl — PhD, ipeeni meouyuna xageopaceinviy aza okbimyubicyl, o1-Papabu amuvinoaewvl Kazax
Yammuix ynusepcumemi, (Aaimamer k., Kazaxkcman Pecnybnuxacwl, e-mail: mentay1000@gmail.com).

Ecmemiposa I'ynghupa O60ixativimrbizer — PhD, buoanyanmypainix scone duopecypcmap Kageopacvinbly OKbIMYULbICYL, OJl-
Dapabu ameindazel Kazax ¥ammulx ynueepcumemi, (Aimamul k., Kazaxkcman Pecnybaukacoel, e-mail: gulfira.yestemirova@mail.
ru).

Hypmasun Cabup Temupeanuesuy — 6uonocus 2blibIMOApbIHblY OOKMOPbL, OUOALYAHMYPAINIK JicoHe Ouopecypcmap
Kageopacwinviy npogheccopwi, on-Papadbu amvindazvl Kazax ¥Yammolx ynueepcumemi, (Aamamor ., Kazaxcman, e-mail: nurtazin.
sabir@gmail.com).

Ceedenus 06 asmopax:

JKanbwipbaesa Aiinyp Katipeanuesna (koppecnondenmmuwiii asmop) — PhD-doxmopanm kaghedpvl 6uopasnoobpasus u
buopecypcos, Kazaxckuii Hayuonanvhulil yHusepcumem umenu ano-Dapabu (Anmamol, Kazaxcman, e-mail: ainur.kairgalievna(@
mail.ru).

Ecumcuumosa 3ypa Bepxymoena — kanouoam OUon02UYecKUx HayK, npogeccop Kagheopvl buopazHoobpazus u 6uopecypcos,
Kazaxcxuii nayuonanvuwiti ynugepcumem umenu anb-Dapadu (Arimamol, Kazaxcman, e-mail: zural 958@bk.ru).

JKaprosa Upuna Mapamoena — kxanouoam OUOL02UMECKUX HAYK, CIAPWULl npenoodasamensd Kageopvl buopazHoobpazus u
buopecypcos, Kazaxcrkuil HayuoHaibHolil yHugepcumem umenu anv-@Papabu (Armamol, Kazaxcman, e-mail: irina.zharkova@kaznu.
kz).

Aumoican Meymau Ynoaxauxwizer — PhD, cmapwuti npenodasamens xageopvt ¢yHoamenmanivrot meduyunnvl, Kazaxcruil
HAYUOHATbHYLIL YHUSepcumem umeHu anv-Papabu (Armamol, Kazaxcman, e-mail: mentayl000@gmail.com).

Ecmemiposa ['yngpupa O60ikaiibimkwizvl — PhD, npenodasamens kagheopvl 6uopasnoobpasus u 6uopecypcos, Kazaxckuii
HAYUOHATbHYLIL YHUepcumem umenu anv-Papabu (Aimamol, Kazaxcman, e-mail: gulfira.yestemirova@mail.ru).

Hypmasun Cabvip Temupeanuesuu — 00OKmop OU0I02UHeCKUX HAVK, npogeccop Kagheopvl buopaznoobpasus u 6uopecypcos,
Kazaxcxuil nayuonanvuwiii ynugepcumem umenu anb-Dapadbu (Arimamol, Kazaxcman, e-mail: nurtazin.sabir@gmail.com).

Iocmynuna 23 cenmsbps 2025 200a
Ipunsma 25 dexabps 2025 200a

61



