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INTEGRATED HYDROCHEMICAL AND
BIOCHEMICAL EVALUATION OF ENVIRONMENTAL
POLLUTION IN LAKE BALKHASH

Lake Balkhash is one of the largest inland water bodies in Central Asia. The regional water supply
plays an important role in fisheries and biodiversity conservation. In recent decades, the lake has been
subjected to intense anthropogenic impact due to industrial activities, agricultural runoff, and hydrologi-
cal changes. This has led to an increase in pollution by pollutants. This study presents a comprehensive
assessment of heavy metal contamination in surface waters, bottom sediments, and commercial fish
species in the northern part of Lake Balkhash (Karaganda region), combining chemical analysis with
biochemical biomarkers of oxidative stress from fish liver. Surface water and sediment samples were col-
lected in the Torangalyk Bay near the Balkhash mining and metallurgical complex and in the Bertys Bay
near the city of Balkhash. The results revealed significant excess of permissible concentrations of Cu, Co,
Pb, Ni, Cr and Zn in surface waters, with the highest levels recorded near the Balkhash mining and met-
allurgical complex and Bertys Bay. At all study sites, the concentration of heavy metals in bottom sedi-
ments exceeded the permissible limits, indicating long-term accumulation. Elevated levels of Cu, Co, Pb
and Ni were found in fish tissue, especially in the gills and liver. Biochemical analysis revealed increased
lipid peroxidation and decreased activity of antioxidant enzymes in fish taken from contaminated areas,
indicating severe oxidative stress. The results of the research confirm that industrial pollution poses a
significant threat to the ecological health of Lake Balkhash and its ichthyofauna.

Keywords: Lake Balkhash, heavy metals, fish, oxidative stress, malondialdehyde, superoxide dis-
mutase, catalase.
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baAkalu KeAiHAeri KopLiaraH OpTaHblH, AACTaHYbIH
KeLUeHA TMAPOXMMMSIABIK, )KoHe OMOXUMMUSIAbIK, OaFaray

baakaw keai — OpTaablk A3usiaarbl €H ipi iWKi Cy alAbIHAAPbIHbIH Oipi. ANMaKTbIK, CyMeH
>kabAbIKTay GaAblK, APYyaLlbIAbIFbIHAA XOHE OMOSPTYPAIAIKTI CakTayAa MaHbI3Abl POA aTKapaAbl.
COHFbl OHXXBIAABIKTApPAQ KOA OHEpPKaCINTIK KbI3METKE, ayblALIAPYALbIAbIK, aFbIHAAPbIHA >K8HEe
ITMAPOAOTMSIABIK,  ©3repicTepre 0OalAaHbICTbl KApPKbIHAbI aHTPOMOrEHAIK ocepre yublpaabl. bya
AaCTayllbl 3aTTapMeH AacCTaHYAbIH apTyblHa oKeAAi. byA 3epTTey baakalll KOAiHIH COATYCTiK
GeniriHaeri (KaparaHAbl OOAbICbI) >Kep YCTi CyAapblHAAFbl, TYOIHAEri LWeriHAiAepAeri >koHe
KOMMEPLIMSABIK, OaAblK, TYPAEPIHAET| ayblp METAaAAAPAbIH AACTaHYbIH KelleHA OaraAayAbl YCbIHAADI,
XMMMSIAbIK, TaAAayAbl GaAblk, GayblpblHaH TOTbIFY CTPECCiHIH OMOXMMUSIAbIK, OGMOMapkepAepiMmeH
GipikTipeai. baAkawl Tay-KeH METaAAYPrUsAbIK KelleHiHiH MaHblHAaFbl TOpPaHFaAbIK, LiblFaHaFbIHAA
>koHe baAkalll KaAacblHbIH, MaHbIHAAFbI BepTbIC LibliFaHAFbIHAQ XKep YCTi CyAapbl MeH LIeriHAIAEpAiH
YATiAepi anbiHABL. HaTuxeaep >xep ycti cyaapbiHaa Cu, Co, Pb, Ni, Cr xaHe Zn pykcaT eTiAreH
KOHLEHTPALIMAAAPbIHbIH, alTapAbIKTalM acbin KETKEHIH KepCeTTi, eH XKoFapbl AeHren baAkall Tay-keH
METaAAYPIUSAbIK, KelleHi MeH bepTbiC WblFaHaFbl MaHbIHAQ TipKeAAI. bapAbiK, 3epTTey opbiHAAPbIHA
TYNTIK WeriHAIAepAEri ayblp METAAAAPAbIH KOHLIEHTPALMSICbI PYK.CAT €TIAreH LIeKTEH acbin KeTTi, OyA
y3aK Mep3iMAI XXMHaKTaAyAbl kepceTeai. baabik TiHiHAE, acipece xeabesekTep MeH 6aybipaa Cu, Co,
Pb >xoHe Ni AeHremiHiH >KoFapblAaFaHbl aHbIKTaAAbl. BUOXMMUMSABIK, TaAAdy AaCTaHFaH XKEpPAEPAEH
aAblHFaH 6aAbIKTapAa AUMUATEPAIH aACKblH TOTbIFYbIHbIH >KOFapbliAdyblH >XOHE aHTMOKCMAAHTTbI
hepMeHTTEPAIH GEACEHAIAITIHIH TOMEHAEYIH aHbIKTaAbl, GYA ayblp TOTbIFY CTPECCIH KepceTeAi.
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KomnaekcHas TMAPOXUMHUYECKas U 6uoxmMmmyeckas OLeHKa
3arpsi3HeHMs1 OKpYy>katoLlLei cpeabl B o3epe baaxawu

O3epo baaxalll — 0AMH M3 KPYTHERLIMX BHYTPEHHMX BOAOEMOB LleHTpaAbHOM A3un. PerrioHaabHoe
BOAOCHabKeHMe UrpaeT BaxkHYI0 POAb B PbIGOAOBCTBE M COXpaHeHMn GropasHoobpasus. B nocaeaHme
AECATUAETHS 03EPO MOABEPraeTCs MHTEHCMBHOMY aHTPOMOrEHHOMY BO3AEMCTBMIO M3-3a MPOMBbILLAEH-
HOM AESTEAbHOCTU, CEAbCKOXO3SMCTBEHHbBIX CTOKOB M TMAPOAOTMYECKMX M3MEHEHMI. DTO MPUBEAO K
YBEAMUEHMIO 3arpsisHeHUs. B  AQHHOM MCCAEAOBaHMM MPEACTaBAEHA KOMMAEKCHAs OLeHKa 3arpsi3He-
HUS TSKEAbIMM METAAAAMM MOBEPXHOCTHBIX BOA, AOHHbBIX OTAOXEHMI1 M MPOMbICAOBbLIX BUAOB pbib B
ceBepHon yacTn o3epa baaxaw (KaparaHamHckas o6AacTb), coyeTaroas XMMUYECKMI aHaAn3 ¢ 61o-
XUMUYECKMMM B1OMapKepamn OKMCAUTEAbHOTO CTpecca B neveHu pbi6. Mpo6bl MOBEPXHOCTHBIX BOA U
OTAOXEHWI BblAM OTOOPaHbl B 3aAMBeE TopaHraablik BOAM3M BaAxallckoro ropHO-MeTaAAypPruyueckoro
KOMMAeKca 1 B 3aamBe bepTbic BOAM3M ropoaa baaxaul. Pe3yAbTaTbl MokasaAmn 3HaUMTEABHOE MPEBbI-
weHne Aonyctumblx KoHueHTpaumin Cu, Co, Pb, Ni, Cr 1t Zn B NOBEPXHOCTHBIX BOAAX, MPW 3TOM Camble
BbICOKME YPOBHM BbiAM 3achmKcpoBaHbl BOAM3M BaAxalickoro ropHO-MeTaAAypruueckoro KOMMAekca
1 3aAmBa bepTbic. Ha Bcex yuacTkax MCCAEAOBAHUSI KOHLEHTPALUMS TIKEAbIX METAAAOB B AOHHbIX OT-
AOXKEHUSIX MPEBbILLIAAA AOMYCTUMBIE TIPEAEAbI, UTO YKa3blBaeT Ha AOATOBPEMEHHOE HakomnAeHue. [o-
BbileHHble ypoBHM Cu, Co, Pb 1 Ni 6biAn 06Hapy>keHbl B TKaHSIX pbl6, 0COBEHHO B >Kabpax 1 neveHu.
BUOXMMMYECKMIT aHAAM3 BbISIBUA MOBbILLIEHHOE MEPEKUCHOE OKUCAEHWE AMMMAOB M CHUXKEHWME aKTUB-
HOCTM aHTMOKCUAAHTHBIX (DEPMEHTOB y PbIG, B3STbIX M3 3arpsi3HEHHbIX PAMOHOB, YTO yKasblBaeT Ha
CUABHDBI OKMCAUTEABHbIN CTPECC. Pe3yAbTaTbl MCCAEAOBAHUS MOATBEPKAAIOT, UTO MPOMbILIAEHHOE 3a-
rpsi3HEHME MPEeACTaBASIET COGOM 3HAUUTEAbHYIO YIPO3Y AASl SKOAOTMUYECKOrO 3A0POBbs 03epa baaxat

U ero nxtuodpayHnl.

KAroueBble caoBa: 03epo BanaLLI, TAXXKEAble METAAAbI, pb|6a, OKMCAUTEAbHbIN CcTpecc, MaAOHOBbIM

ANAAbAETNA, CYNEPOKCUAANCMYTA3a, KaTaAa3a.

Introduction

Currently, hydrogeological and environmen-
tal problems are very pressing for one of the larg-
est reservoirs of Kazakhstan — Lake Balkhash. As
is known, these problems are associated with a de-
crease in the water level in the lake as a result of
irrational use of the waters of the transboundary Ile
River, which is the main source of hydroresources,
as well as with significant pollution by wastewater
from industrial enterprises and farms (Burlybaev et
al., 2009; Smolyar et al., 2007). Until recently, Lake
Balkhash (413 thousand sq. km.) was the main res-
ervoir for drinking and domestic water supply, the
basis for the development of the fisheries industry
of Kazakhstan (Aleynik et al., 2011). However,
due to accumulated problems: the discharge of in-
dustrial and agricultural wastewater into the lake,
significant shallowing as a result of uncontrolled
water intake both in China and Kazakhstan, the eco-
logical state of the reservoir leaves much to be de-
sired (Sultanova et al., 2012). The waters of Lake

Balkhash are polluted by various pollutants: heavy
metals, pesticides, radionuclides, oil products (Min-
istry of Ecology, Geology and Natural Resources of
Kazakhstan, 2019; Nurtazin et al., 2016). From the
water, they settle to the bottom and, accumulating
in sediments, enter the bodies of the reservoir’s in-
habitants through the food chain (Amirgaliev et al.,
2012; Lopareva et al., 2016). The lake, once unique
in its ichthyological composition, is currently ir-
revocably losing its biodiversity. Previously, Lake
Balkhash was home to more than twenty species of
fish, six of which were native: the Ili and Balkhash
marinka, Balkhash perch, spotted and one-colored
sloth, and Balkhash minnow, which are now very
rare to catch. Of the introduced species, carp, bar-
bel, eastern bream, Aral barbel, Siberian dace, carp,
tench, pike-perch, catfish, osman, and crucian carp
have disappeared. Catches of commercial fish, such
as carp, pike-perch, asp, and bream, are becoming
increasingly rare. Due to their diet and life in the
aquatic environment, fish are particularly vulnerable
and susceptible to severe pollution, as they cannot
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escape the harmful effects of pollutants (Canli et
al., 2018; Mansour et al., 2023). Fish, compared to
invertebrates, are more sensitive to many toxicants
and are a convenient object for assessing the state
of the ecosystem. Many researchers have noted a
decline in the number of native and valuable fish
species, as well as other aquatic organisms in Lake
Balkhash (Canli et al., 2018; Kumar et al., 2023).
Due to pollution of the aquatic environment, fish
are constantly exposed to toxic substances, which
leads to metabolic disorders that can manifest them-
selves in changes in various biochemical parameters
of organs. Heavy metals are also known to cause
oxidative stress by mediating free reactive oxygen
species (Balali-Mood et al., 2021). Fish accumulate
pollutants primarily in their fatty tissues, such as the
liver, and the effect becomes apparent when the con-
centration in such tissues reaches a threshold level
(Wang et al., 2011). However, this accumulation
depends on their intake, storage, and excretion from
the body (Aralova et al., 2016; Moldakhanova et al.,
2023). Thus, the state of fish biodiversity reflects the
ecological state of the reservoir.

Materials and methods

Study area and objects of study

The samples were collected along the route from
Almaty to the northern shore of Lake Balkhash:

1. Torangalyk Bay near the village of the same
name near the city of Balkhash (620 km from Al-
maty, coordinates: 46°76'35"” N 74°83'72" E) (Fig-
ures 1-2). There are no industrial enterprises in the

Figure 1
Map of material collection in the Torangalyk Bay near the city of Balkhash (620 km from Almaty,
coordinates: 46°76'35" N 74°83'72" E)

village of Torangalyk, so the coastline in this area is
popular with Kazakhstan and is home to recreation
centers and tourist attractions. Vacationers swim
and fish in the lake.

2. Lake Balkhash near the Balkhash Mining and
Metallurgical Plant (BMMK) of Kazakhmys Corpo-
ration (630 km from Almaty, coordinates: 46°82'54"
N 74°95'43" E) (Figures 3-4). The Balkhash site
of Kazakhmys Corporation has six main industrial
facilities and auxiliary workshops, including three
mines, one processing plant, one copper smelter,
and one thermal power plant.

3. Bertys Bay, the city of Balkhash (635 km
from Almaty, coordinates: 46°80'06” N 75°03'46"
E) (Figures 5-6). The city of Balkhash is a ma-
jor industrial region in Central Kazakhstan with a
population of over 87,662. The city is located on
the southern, flat outskirts of the Kazakh Uplands,
with a gentle slope toward the lake. Over 400 en-
terprises are located within the city, including the
Balkhashtsvetmet metallurgical plant and mining
organizations.

During the field trips, juveniles of common spe-
cies were collected: asp (Aspius aspius), roach (Ru-
tilus rutilus), and carp (Cyprinus carpio). A total of
60 adult specimens were collected. For bioassays of
water and sediment collected during expeditions to
the northern part of Lake Balkhash (Aktogay Dis-
trict, Karaganda Region), water and sediment sam-
ples from sampling sites: Torangalyk Bay, the bay
near the Balkhash Mining and Metallurgical Plant,
Bertys Bay, and the city of Balkhash served as in-
cubation media.
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Figure 2
Torangalyk Bay, altitude = 335 mBS, water temperature = 24.5°C; pH = 8.65-8.68;
mineralization 1015-1016 mg/l. The soil is sandy and rocky-sandy

Figure 3
Map of material collection in the Bertys Bay near the Balkhash copper smelter of the Kazakhmys
Corporation (630 km from Almaty, coordinates: 46°82'54" N 74°95'43" E)

3 cemperoem <7
c-sce °a 16192106 smines A @ no e =

Figure 4
Bertys Bay near the Balkhash copper smelter of Kazakhmys Corporation: water temperature =
24.40 C; pH = 8.67-8.72; mineralization 1062-1065 mg/Il. The soil is sandy
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Figure 5

Map of material collection in Bertys Bay, the city of Balkhash (635 km from Almaty, coordinates:

46°80'06" N 75°03'46" E).
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Figure 6

Bertys Bay, Balkhash city: water t=24.4 oC; pH= 8.67-8.72; mineralization 1062-1065 mg/I.

The soil is sandy

Water and sediment collection methods

Surface water samples were collected, pre-
served, and stored at 30 control points in the north-
ern part of Lake Balkhash in accordance with in-
ternational standards and approved GOSTs (GOST
31861-2012, 2012; International Organization for
Standardization, 1982). Water samples were col-
lected at a depth of 0.5-1.0 m. Chemically resis-
tant, clean 1-5 liter plastic containers were used
as samplers. Water samples were stored and trans-
ported to the laboratory at a low temperature of
0°C in cooler bags. Before storage and preserva-
tion, algae were removed from the water through
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a fine-pored sieve. Before collecting water and
sediment samples, a number of water parameters
were determined using the following instruments:
temperature, total mineralization (salts dissolved
in water), and electrical conductivity were mea-
sured using a portable TDS&EC meter (Barry
Century, China); pH was measured using a PH-
009(I) portable pH meter (Barry Century, China);
oxidation-reduction potential was measured using
an ORP169E portable ORP meter (Barry Century,
China); and dissolved oxygen content was mea-
sured using a DO-pen type portable DO meter
(Alvin Instrument, China).
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Figure 7

Collection of material at control points (northern part of Lake Balkhash) by project participants

At the same 30 survey points, also in accordance
with international standards and approved GOSTs
(Alam et al., 2001; De Smet et al., 2001), bottom
sediments were sampled at a depth of 1 to 2 meters
using grabs, grapnels, and stratimeters (tubes of var-
ious diameters). Depending on the pollutants ana-
lyzed and the properties of the bottom sediments,
various preservatives (acids) were added to the sam-
ples before storage. The bottom sediment samples
were stored refrigerated (from 0 to -3°C).

Methods for chemical analysis of water, sedi-
ments, and fish organs for heavy metal content

The most important indicator of the quality of
the habitat of aquatic organisms is the purity of sur-
face waters and bottom sediments for heavy metal
content (Luczynska et al., 2018). Therefore, all col-
lected water and sediment samples were analyzed
for heavy metals in accordance with practical guide-
lines and GOST standards. Heavy metal content was
determined after appropriate sample preparation

using an MGA-915 MD atomic absorption spec-
trophotometer (St. Petersburg) (Bao et al., 2020;
Chatta et al., 2016; Nishita et al., 2023).

In addition to chemical analysis of water and
sediment samples, physicochemical analysis was
performed on samples of various fish and amphib-
ian tissues and organs (gills, lungs, muscles, and
liver) brought back from the expedition. The col-
lected fish and amphibian tissue and organ samples
were stored in a freezer according to GOST 7631-
85 after delivery from the expedition. Heavy metal
content was determined in biological samples us-
ing atomic absorption spectrophotometry, using the
above-mentioned instrument. To determine heavy
metal concentrations, organ and tissue pieces were
weighed and dried at room temperature. The organ
pieces were placed in a fluoroplastic beaker contain-
ing a mixture of 2 ml of concentrated HNO3 and 1.5
ml of concentrated HC1O4. The fluoroplastic beaker
was then placed in a hermetically sealed steel bea-
ker, which was then placed in a drying oven for 3
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hours at 105°C. After cooling, the resulting solution
was poured into a test tube, bringing the volume to
10 ml with distilled water (Chopra et al., 2020; Ku-
mar et al., 2020).

High metal concentrations were measured using
an MGA-915 MD atomic absorption spectropho-
tometer (St. Petersburg) in atomic absorption mode
at wavelengths corresponding to each metal being
studied.

The metal content was expressed as pg/g wet tis-
sue using formula (1):

C = yVk/P (1)

where C is the metal content; vy is the concentration;
V is the solution volume, ml; k is the dilution factor,
a multiple of 10; P is the tissue weight, g.

Method for determining malondialdehyde con-
tent

The thiobarbituric acid method (Abuid et al.,
2021) was used to determine malondialdehyde con-
tent in the supernatant of animal liver homogenate.
Tissue pieces were thawed for 5 minutes at room
temperature, then placed in a cold 0.05 M Tris-HCl
buffer (pH 7) supplemented with 0.1 M KCl and 0.9
mM EDTA. A 10% homogenate was then prepared
using a Potter homogenizer. 0.5 ml of 0.1 M potas-
sium phosphate buffer pH 7.4 was added to 2 ml of
supernatant, and 1 ml of 30% trichloroacetic acid
solution was added to the mixture, followed by thor-
ough mixing. The samples were then centrifuged for
12 minutes at 4000 rpm.

To 2.0 ml of supernatant, 1.0 ml of 0.8% thio-
barbituric acid solution was added, and the tubes
were placed in a boiling water bath for 10 minutes.
The samples were then cooled to room temperature,
and their optical density was measured at 535 nm
against a control sample (negative control) using an
Apel PD-303UV digital spectrophotometer (Apel,
Japan). The control sample was prepared similarly
to the test samples, but with an equal volume of 0.1
M potassium phosphate buffer, pH 7.4, added in-
stead of the biological material.

The malondialdehyde content was calculated
using formula (2) and expressed as nmol per milli-
gram of protein in the liver homogenate supernatant:

A/Cx16,83 (2)
where A is the optical density of the test sample; C

is the protein concentration of the liver homogenate
supernatant (mg/ml).
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Superoxide dismutase activity determination
method

The method is based on the quantitative mea-
surement of red formazan. It is formed by the reduc-
tion of nitroblue tetrazolium and superoxide radicals
generated by xanthine oxidase. A 50% inhibition of
this system corresponds to 1 arbitrary unit of en-
zyme activity (Coimbra et al., 2024).

SOD activity was determined by treating liver
pieces with a 2:1 mixture of ethanol and chloroform
cooled to 4°C. They were then triturated with a glass
rod containing 600 mg of KH2PO4 for 15 minutes.
The resulting homogenate was centrifuged at 12,000
g. Enzyme activity was determined in the superna-
tant. To do this, 10 pl of the supernatant was added
to a 200 pl substrate solution containing xanthine
and tetrazolium salt, and the reaction was initiated
by adding 20 pl of xanthine oxidase. The reaction
was incubated for 20 minutes in the dark at room
temperature. The optical density of the samples was
then measured using a Stat fax-2100 plate spectro-
photometer at a wavelength of 450 nm.

SOD activity was calculated by determining the
percentage inhibition (T%) of the nitroblue tetrazo-
lium reduction reaction in the test sample. 50% inhi-
bition of this system corresponds to 1 arbitrary unit
of enzyme activity.

Catalase activity determination method

H. Luck’s method (Cobanoglu, 2022) was used
to determine catalase activity. The maximum ab-
sorption value of hydrogen peroxide solution is in
the ultraviolet region of the spectrum at a wave-
length of 230-240 nm. Under the influence of
catalase, H202 decomposes, causing the optical
density of the solution to decrease over time. This
process occurs proportionally to the decrease in
hydrogen peroxide concentration. Accounting for
the time and difference in extinction changes al-
lows one to calculate the catalase activity in the
sample. For this purpose, 3 ml ofa 1.25 x 10-2 M
hydrogen peroxide solution in 1/15 M phosphate
buffer was placed in a cuvette, and the reaction was
initiated by adding 0.02 ml of previously centri-
fuged liver hemolysate to the solution. The time (t)
required for the optical density of the test solution
to decrease from 0.45 to 0.4 at a wavelength of 240
nm was then calculated. The amount of catalase
enzyme that destroys half of the hydrogen perox-
ide in 100 seconds was taken as a conventional unit
for calculations. The number of conventional units
was recalculated taking into account the dilution
per 1 g of liver.
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Statistical analysis

Statistical analysis was performed using IBM
SPSS 25 statistics (IBM Inc., Chicago, USA). The
means and standard deviations of means of the data
were calculated. Homogeneity of variance was test-
ed using Levene’s test, one-way analysis of variance
and Tukey’s HSD test were used to evaluate the sig-
nificance of differences in multiple comparisons.
The significance level was set at p < 0.05.

Results and their discussion

Hydrochemical analysis of water from the
northern part of Lake Balkhash

The results of the chemical analysis of surface
water collected during field trips to the northern
part of Lake Balkhash in the Aktogay district of the
Karaganda region are presented in Table 1. The fol-
lowing heavy metals were detected in the surface
water samples: lead (Pb), chromium (Cr), cobalt
(Co), manganese (Mn), nickel (Ni), cadmium (Cd),
copper (Cu), zinc (Zn), and iron (Fe) in varying
concentrations. The concentrations of heavy metals
such as Mn, Cd, and Fe did not exceed the maximum
permissible concentrations for fishery waters, but all
other metals (Cu, Pb, Zn, Co, Ni, and Cr) exceeded
sanitary standards by several times. Especially the
excess of the content of these HM was observed in
the waters of Lake Balkhash near the BKMK and
the bay near the city of Balkhash, which is appar-
ently associated with the influence of industrial and
other enterprises. If, for example, the content of Zn,
Cr, Ni, Pb, Cu and Co in the surface waters of the
Torangalyk Bay, where there are no large industrial
enterprises nearby, exceeded the MAC by, respec-
tively: 1.1; 1.7; 1.9; 2.8; 3.7 and 7.9 times. In the
surface waters of Lake Balkhash near the BMMC,
the MAC for Zn, Cr, Ni, Pb, Cu and Co exceeded
the sanitary level by, respectively: 3.6; 3.5; 3.2; 6.2;
13.6 and 8.2 times. From this numerical series it is
evident that in the surface waters of Lake Balkhash
near the BMMC the content of Cu is also significant
and exceeds the MAC by 13.6 times. In the surface
waters of Bertys Bay near the town of Balkhash, ex-
cess MACs for the above-mentioned heavy metals
were also detected. Concentrations of Zn, Ni, Pb,
Cu, and Co in Bertys Bay near the town of Balkhash
exceeded sanitary standards for fishery waters by
2.9;3.9;4.4;5.9; 10.5, and 6.9 times, respectively.

These results show that the MACs for heavy
metals are exceeded in the following order: Cu> Co
> Pb > Ni > Cr > Zn. A similar trend was observed
in the bays and estuaries of Lake Balkhash (Zham-

byl Region) in 2019. Apparently, the production
activities of the Balkhash Mining and Metallurgical
Plant have a negative impact on ecosystems in both
the northern and western parts of Lake Balkhash. As
is well known, emissions from the Balkhash Mining
and Metallurgical Plant are a significant factor af-
fecting the overall ecology of the Ili-Balkhash Basin.
It has been established that since the early 1990s, the
volume of emissions from Balkhash Non-Ferrous
Metals Plant has amounted to 280,000-320,000
tons per year, while 76 tons of copper, 68 tons of
zinc, and 66 tons of lead have settled on the bottom
of Lake Balkhash (Ge et al., 2024). The volume of
emitted pollutants nearly doubles each year. Harm-
ful substances also enter the lake through ground-
water, leaks in the tailings pond, and during dust
storms, which are frequent in this region.

Chemical analysis of sediments from the north-
ern part of Lake Balkhash

The results of the chemical analysis of bottom
sediments collected during field trips to the northern
part of Lake Balkhash (Aktogay district, Karaganda
region) are presented in Table 2. It is evident that,
compared to surface waters (Table 2), the content of
all the studied heavy metals in the bottom sediments
exceeds the maximum permissible concentrations.
For example, in the bottom sediments of Torangalyk
Bay, the heavy metal content increases in the order
Cu > Zn > Co > Pb > Fe > Ni > Cr > Mn > Cd,
which corresponds to exceeding the maximum per-
missible concentrations for soils by: 9.5; 6.3; 5.8;
5.5; 4.6; 4.0; 3.5; 1.2, and 1.1 times. In the bottom
sediments of Lake Balkhash near the Bashkir Min-
ing and Metallurgical Plant, the concentration of
heavy metals significantly exceeded the MAC and
pollution levels in the sediments of the Torangalyk
Bay. Moreover, the excess of the MAC for heavy
metals at the studied control points in the bay near
the Bashkir Mining and Metallurgical Plant was as
follows: Cu by 20.8 times, Zn by 18.6 times, Co by
15.7 times, Pb by 12.9 times, Fe by 11.9 times, Ni
by 10.7 times, Cr by 8.5 times, Mn by 6.8 times, and
Cd by 1.2 times. It is alarming that in the bottom
sediments of Bertys Bay near the town of Balkhash,
practically next to the town beach, the concentra-
tions of the studied heavy metals also significantly
exceeded the maximum permissible concentrations
(MPCs): Cu by 14.6, Zn by 10.2, Co by 9.9, Pb by
8.9, Fe by 7.8, Ni by 5.9, Cr by 4.5, Mn by 3.8, and
Cd by 1.1 times.

Thus, at all the points studied, the concentra-
tions of heavy metals in the bottom sediments ex-
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ceeded the maximum permissible concentrations for
soils. Particularly significant excesses were noted in
the bay of Lake Balkhash near the Bashkir Mining
and Metallurgical Plant (BMMC) facilities. Appar-
ently, the observed excess of the MPCs for the stud-
ied metals in surface waters may be related not only
to dust storms and smoke pollution from industrial
enterprises, but also to the release of accumulated
heavy metals from the bottom sediments via cur-
rents. The accumulation of heavy metals in water
and sediments is known to pose a great danger to
aquatic organisms and humans.

Heavy metal content in fish organs and tissues
from bays and a cove in the northern part of lake
Balkhash

As established before, the concentrations of a
number of heavy metals exceeded the MAC in sur-
face waters and bottom sediments in the northern
part of Lake Balkhash (Aktogay District, Karaganda
Region). Therefore, these metals were specifically
determined in the organs and tissues of aquatic or-
ganisms (fish). The average content of the above-
mentioned heavy metals was determined in gills,
muscles, and liver—organs that accumulate trace
elements and pollutants to a greater extent. Since we
were unable to catch bitterlings in the northern part
of Lake Balkhash, heavy metal determinations were
performed in the organs of commercial fish such as
carp, asp, and roach. The results of determining the
average HM content in fish tissues and organs are
presented in Table 3. The table shows that the aver-
age Cu content in the organs of asp, roach, and carp
exceeded the MAC standards by 3.2 to 6.9 times, es-
pecially in the bay of Lake Balkhash near the Bash-
kir Hydrometallurgical Plant and Bertys Bay near
the city of Balkhash. In asp and carp, Cu accumu-
lated most in the gills and liver and to a lesser extent
in the muscles. In asp, roach, and carp, Cu accumu-
lated most in the gills and liver and to a lesser extent
in the muscles. In the studied organs of asp, roach,
and carp, the excess of Co content ranged from 2.3
to 13.8 MAC. Moreover, like Cu, this HM accumu-
lated most in the gills and liver, especially in fish
from Lake Balkhash near the Bashkir Hydrometal-
lurgical Plant and Bertys Bay (Balkhash). The aver-
age Co content in the organs of asp and roach from
Lake Balkhash near the Bashkir Mining and Metal-
lurgical Plant exceeded the permissible limits by 4.7
to 12.7 times, and in Bertys Bay (Balkhash City) by
4.0 to 9.2 times. Pb content in the gills and muscles
of asp and roach from biotopes in the northern part
of Lake Balkhash exceeded the MAC by 2.2 to 6.9

times, and in carp by 2.0 to 5.8 times. In the studied
organs of asp, roach, and carp, Ni exceeded sanitary
standards by 1.6 to 6.7 times, with the metal content
being lowest in the muscles. The average Ni content
in the gills and liver of asp, roach, and carp exceed-
ed the MAC by 2.5 to 8.24 times. Thus, the highest
accumulation of the studied HMs: Cu, Co, Pb, and
Ni, was observed in the gills and liver of asp and
carp from Torangalyk Bay, Bertys Bay (Balkhash
Mountains), and Lake Balkhash (near the Bashkir
Mineral Resources Complex). Roach had lower lev-
els of these HMs in their gills and liver, but they still
exceeded the maximum concentrations accepted by
GOST (Table 3).

MDA Content, SOD Activity, and Catalase Ac-
tivity in the Liver of Juvenile Asp (Aspius aspius),
Roach (Rutilus rutilus), and Carp (Cyprinus car-
pio) from Biotopes in the Northern Part of Lake
Balkhash

The results of a study of the liver biochemi-
cal parameters of juvenile commercial fish species
from the northern part of Lake Balkhash (Aktogay
District, Karaganda Region) are shown in Figures
8—10. Figure 8 shows that the livers of juvenile asp,
roach, and carp from Torangalyk Bay had the lowest
MDA content. The MDA content in the livers of ju-
venile asp from Bertys Bay (Balkhash City) was 1.5
times higher, while that of juvenile asp from Lake
Balkhash (near the Bashkir Mining and Metallurgi-
cal Complex) was 2 times higher than that in the liv-
ers of juvenile asp from Torangalyk Bay. A similar
increase in liver MDA levels was found in juvenile
roach from the Bertys Bay (Balkhash Mountains)
and Lake Balkhash (near the Bashkir Hydrometal-
lurgical Complex), where this indicator was also 1.4
and 1.9 times higher, respectively. Liver MDA lev-
els in juvenile carp from Torangalyk Bay were also
the lowest, while those from Bertys Bay (Balkhash
Mountains) and Lake Balkhash (near the Bashkir
Hydrometallurgical Complex) were 1.4 and 2.1
times higher, respectively.

Biochemical analysis of liver samples also re-
vealed decreased activity of antioxidant enzymes in
juveniles of background fish species caught in Lake
Balkhash (Karaganda Region). As Figure 9 shows,
relatively high SOD activity was observed in the
livers of juvenile asp, roach, and carp caught from
Torangalyk Bay. In juvenile asp from Bertys Bay
(Balkhash Mountains), SOD activity in the liver was
reduced by 1.6 times compared to that in juveniles
from Torangalyk Bay. SOD activity in juvenile asp
from Lake Balkhash (near the Bashkir Hydrometal-
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lurgical Complex) was the most reduced — by 1.9
times. Among roach, the highest level of SOD activ-
ity was also recorded in juveniles from Torangalyk
Bay. Compared to this biotope, SOD activity in ju-
venile roach from Bertys Bay (Balkhash Mountains)
and Lake Balkhash (near the Bashkir Hydrometal-
lurgical Complex) was 1.5 and 1.8 times lower,
respectively. The most significant changes were
observed in the liver of juvenile carp. A 1.7- and 2.2-
fold decrease in SOD activity was noted in the liver
of juvenile carp from Bertys Bay (Balkhash Moun-
tains) and Lake Balkhash (near the Bashkir Hydro-
metallurgical Complex), respectively. A similar pat-
tern was observed when studying catalase activity
in the liver of the studied fish species. Figure 10
shows that juvenile fish from Torangalyk Bay dem-
onstrated higher activity of this enzyme compared
to the other two sites in Lake Balkhash (Karaganda
Region). A 1.5-fold decrease in catalase activity was
observed in juvenile asp from Bertys Bay (Balkhash
City) compared to the enzyme activity in juveniles
from Torangalyk Bay. Compared to the same site,
the decrease in catalase activity in juvenile asp from
Lake Balkhash (near the Bashkir Hydrometallurgi-
cal Complex) was 1.7 times. Catalase activity in the

Figure 8

liver of juvenile roach from Bertys Bay (Balkhash
City) and Lake Balkhash (near the Bashkir Hy-
drometallurgical Complex) was 1.4 and 1.5 times
lower compared to the enzyme activity in juveniles
from Torangalyk Bay, respectively. In juvenile carp
from Bertys Bay (Balkhash Mountains) and Lake
Balkhash (near the Bashkir Mining and Metallurgi-
cal Complex), suppressed catalase activity was also
observed, 1.6- and 1.8-fold, respectively, compared
to this value in the liver of juvenile carp from Toran-
galyk Bay.

Thus, biochemical analyses revealed that the
livers of juvenile asp, roach, and carp caught in var-
ious biotopes in the northern part of Lake Balkhash
(Karaganda Region), as well as juvenile commer-
cial fish caught in the southwestern Balkhash re-
gion (Almaty and Zhambyl Regions), exhibited
activation of lipid peroxidation processes, as evi-
denced by the accumulation of malondialdehyde,
as well as suppression of antioxidant enzymes.
This may indicate increased oxidative stress in the
studied fish species under conditions of water and
sediment pollution with heavy metals. Moreover,
the most pronounced changes were observed in the
liver of juvenile carp.

MDA content in the liver of juvenile asp (Aspius aspius), roach (Rutilus rutilus) and carp (Cyprinus carpio) from biotopes of the

northern part of Lake Balkhash (Karaganda region)
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Figure 9
SOD activity in the liver of juvenile asp (Aspius aspius), roach (Rutilus rutilus) and carp (Cyprinus carpio) from biotopes of the
northern part of Lake Balkhash (Karaganda region)
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Figure 10
Catalase activity in the liver of juvenile asp (Aspius aspius), roach (Rutilus rutilus) and carp (Cyprinus carpio) from biotopes of the
northern part of Lake Balkhash (Karaganda region)
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The results of the present study demonstrate a
high level of anthropogenic pressure on the north-
ern part of Lake Balkhash, as evidenced by elevated
concentrations of heavy metals in surface waters,
bottom sediments, and fish tissues of vital organs.
The most pronounced contamination was recorded
in areas adjacent to the Balkhash Mining and Met-
allurgical Complex, as well as in Bertys Bay near
the city of Balkhash, confirming the dominant role
of industrial activity as the primary source of metal
inputs into the regional aquatic ecosystem. The ob-
served pattern of heavy metal distribution in surface
waters (Cu > Co > Pb > Ni > Cr > Zn) is consistent
with previous investigations conducted within the
[li-Balkhash basin, which identified copper smelt-
ing and mining enterprises as the main contributors
to environmental contamination (Abd El-Ghany et
al., 2025). Although the concentrations of certain
metals in the water column did not consistently ex-
ceed maximum permissible limits, their substantial
accumulation in bottom sediments indicates chronic
environmental contamination and long-term reten-
tion of pollutants in the aquatic ecosystem and in
aquatic organisms (Zhang et al., 2026). Bottom
sediments act both as sinks and secondary sources
of heavy metals, releasing them back into the wa-
ter column under changing physicochemical condi-
tions and thereby increasing their bioavailability to
aquatic organisms (Singh et al., 2022). Analysis of
fish tissues revealed considerable bioaccumulation
of Cu, Co, Pb, and Ni, with the highest concentra-
tions detected in the gills and liver. This distribu-
tion reflects the physiological roles of these organs:
gills are directly exposed to dissolved contaminants,
whereas the liver serves as the primary organ for
detoxification and metal sequestration (Gashkina,
2024). Lower metal concentrations in muscle tissue
agree with findings from other freshwater ecosys-
tems; however, even these levels exceeded sanitary
and hygienic standards in some cases, posing a po-
tential risk to human health through fish consump-
tion (Abass, 2024). Biochemical responses in fish
liver provided further evidence of toxic stress in-
duced by heavy metal exposure. Elevated malondi-
aldehyde levels indicate enhanced lipid peroxidation
and membrane damage, while reduced activities of
superoxide dismutase and catalase suggest deple-
tion or inhibition of the antioxidant defense system.
Such oxidative imbalance is a well-documented
mechanism of heavy metal toxicity and may disrupt
metabolic processes, growth, and survival of fish
(Petrova et al., 2025). Among the studied species,
the most pronounced biochemical alterations were

observed in common carp, which may be attributed
to species-specific differences in metal uptake, met-
abolic capacity, and habitat preferences (El-Bahy et
al., 2025).

Overall, the combined chemical and biochemi-
cal evidence indicate that heavy metal contami-
nation in the northern part of Lake Balkhash has
reached levels capable of inducing sublethal physi-
ological stress in fish populations. Chronic oxida-
tive and genotoxic stress may lead to deterioration
of fish health, reduced reproductive potential, and
loss of biodiversity, which is consistent with the
long-term decline of native and commercially valu-
able fish species observed in the lake over recent de-
cades. These findings emphasize the urgent need for
enhanced environmental monitoring, stricter regula-
tion of industrial emissions, and the implementation
of remediation measures to preserve the ecological
integrity of Lake Balkhash and ensure the sustain-
able use of its aquatic resources.

Conclusion

As a result of the study, samples of surface wa-
ter and sediments, eggs, juveniles, and adults of
common fish species were collected and analyzed in
Torangalyk, Lake Balkhash near the Bashkir Min-
ing and Metallurgical Combine (BMMC), and Ber-
tys Bay near the city of Balkhash. Bioassay of the
main pollutants (heavy metals) in Lake Balkhash
(Karaganda Region) revealed that surface waters ex-
ceeded the MAC for fishery waters in the following
order: Cu > Co > Pb > Ni > Cr > Zn, and sediments
exceeded the MAC for Cu>Zn > Co > Pb>Fe > Ni
> Cr > Mn > Cd. Moreover, near the BMMC, both
water and sediments showed the highest concentra-
tions. Bioassay of polluted waters and sediments
revealed their embryotoxic effects in the follow-
ing order: Lake Balkhash near the BMMC < Bertys
Bay < Torangalyk Bay. Significant accumulations
and excesses of MAC levels for Cu, Co, Pb, and Ni
were detected in the gills and liver of asp and carp
from Lake Balkhash near the Bashkir Mining and
Metallurgical Plant (BMMC) and Bertys Bay. These
HMs accumulated more in the muscles and liver of
the fish, with a greater concentration in the marsh
frog. These accumulations are due to the activation
of lipid peroxidation processes and a decrease in the
activity of antioxidant enzymes. The decrease and
appearance of reactive radicals may likely be the
cause of their death. Cytogenetic analysis revealed
increased chromosomal instability in fish from im-
pacted sites (Bertys Bay and BMMC) compared to

125



Integrated hydrochemical and biochemical evaluation of enviromental pollution in lake Balkhash

the control site (Torangalyk Bay). The frequency of
aberrant cells and chromatid-type aberrations was
significantly higher in affected populations, and
polyploid cells were occasionally observed. These
findings indicate genotoxic stress associated with
heavy metal contamination, complementing the ob-
served biochemical and toxicological effects.
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