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Abstract: The River Khrami, flowing through eastern Georgia's Shida Kartli region, is a
vital water resource whose ecological condition has recently deteriorated. Pollution from
industrial, agricultural, and domestic waste, threatens both its ecosystem and its usability. its
tributary, the Mashavera, exacerbates the issue by introducing heavy metals into the Khrami,
primarily due to a large polymetallic ore mining and processing enterprise in the Bolnisi
municipality. Heavy metal pollution of the Khrami threatens aquatic animals and plant diversity
also preventing the sustainable use of water resources.

Heavy metal contamination, especially cadmium (Cd) and mercury (Hg) endangers
aquatic biodiversity and hampers the sustainable use of water resources. Fish, being sensitive
bioindicators, help assess ecological health, as heavy metals accumulate in their bodies due to
their solubility in fat.

In October 2024, we conducted research on local fish, using modern, EU-standard
methods and equipment. The research revealed low concentrations of Cd and Hg in the fish,
indicating that, despite ongoing anthropogenic pressures, the river water is not currently polluted
with these metals and poses no significant threat to aquatic life.

Although the water of the Khrami is not polluted with cadmium and mercury, and therefore
does not threaten fish and other aquatic organisms, continuous eco-chemical monitoring is
necessary to detect potential increases in heavy metal concentration. Such monitoring helps
prevent future contamination that could lead to the poisoning of aquatic organisms, reduced
biodiversity, and degradation of natural landscapes.

Keywords: fish, heavy metals, cadmium, mercury, water pollution.

Introduction: The River Khrami flows in eastern Georgia. It is a right tributary of the
River Mtkvari called Ktsia in the upper reaches. The Khrami River originates on the slopes of the
Trialeti Range and flows into a deep valley. Its length is 201 km, and the basin area is 83402 km.
It is fed mainly by snow, does not freeze in winter, and is used for irrigation in the lower reaches.
The tributaries of the Khrami are: Debeda and Mashavera (right), which significantly influence
its structure.

There are three large hydroelectric power stations in the Khrami River basin: Khram HPP
I, Khram HPP II, and Dmanisi HPP (Mashavera). Several industries are developed in the Khrami
basin: steel production, small wood processing plants, construction materials factories, and
several canning and dairy enterprises. The Khrami River is of vital importance to Kvemo Kartli.
It is used for irrigation. It is joined by the Mashavera River from the right, near the village of
Nakhiduri. Five irrigation systems operate on it, which irrigate thousands of hectares of
agricultural lands in Bolnisi and Marneuli. Therefore, to maintain the desired ecological state of
the river, constant eco-chemical monitoring is necessary. To prevent the deadly threat of
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environmental pollution by heavy metals, it is imperative to control their content not only in
water but also in aquatic organisms (e.g., fish) [Mchedluri. 2016].

Research methods: We researched to determine the content of Cd and Hg in fish from
the Khrami River. The analyses were conducted using modern methods and equipment that meet
and comply with European standards, namely: in the analyzed product, fish, the concentration of
mercury was determined by the colorimetric method (ISO 26927-86), and the concentration of
cadmium - by the atomic absorption method (ISO 30178-96).

Research results: The ecological state of the Khrami River is influenced by its tributary
Mashavera. Mashavera is polluted by its right tributary Kazretula. It flows through the territory of
ore processing enterprises and, loaded with heavy metals, flows into the Khrami River.
According to research, as a result of mining activities in the Bolnisi municipality of Kvemo Kartli
region, the area and scale of pollution have increased to an alarming level. The entire territory of
the Bolnisi municipality and a large part of the Dmanisi municipality are polluted with heavy
metals. Cadmium levels have been increased in several villages, where they exceed the MPC (as
determined by the study) (Mchedluri. 2018). River water contaminated with heavy metals is used
to irrigate local agricultural fields, and the resulting product is consumed by the population of the
entire country. The ore polymetallic plant is expected to become a source of heavy metal
pollution in the region's ecosystems. The priority pollutant is heavy metals. The increase in their
content poses a particular threat to the ecological state of the environment. Due to anthropogenic
pollution of the Khrami River, the content of heavy metals in the water is possible to increase,
which will have a serious negative impact on the ecological state of the river, the diversity of the
aquatic ecosystem, and fish. It is noteworthy that in terms of studying the degree of pollution,
systematic ecological monitoring is not carried out on it. Accordingly, all this makes the
assessment of the modern ecochemical state of this river relevant.

Cadmium and mercury are dangerous toxic pollutants of water bodies from heavy metals.
Even their low concentrations can be fatal to fish and other inhabitants of the aquatic ecosystem.
Due to their bioaccumulation, biomagnification ability, and acute toxicity, they have a
detrimental effect on fish and other aquatic organisms. Due to their easy solubility in fat, Hg and
Cd penetrate the body of fish and accumulate. An increase in their concentration in water can
poison aquatic organisms and/or reduce their number, pollute natural landscapes, and destroy the
biodiversity of aquatic ecosystems.

Considering the above-mentioned problem, we considered it relevant to determine the
content of mercury and cadmium in the fish of the Khrami River. The Khrami River basin is rich
in fish species. 23 species are widespread. Among them are the Caucasian spined loach and trout,
which are included in the Red List. Also widespread are the amur bitterling (Rhodeus sericeus),
Kura barbel, carp, barbel(Luciobarbus mursa), varicorhinus, varicorhinus capoeta sevangi, Kura
gudgeon, eastern bream, Transcaucasian bleak, black brow bleak, Caspian shemaya, red-lipped
asp, Kura nase, common herring, Kura Rutilus, etc (Mchedluri, T. 2012)

We conducted research on fish from the Khrami River in October 2024. We determined
the Hg and Cd contents in the fish organism. The results are presented in Table 1.2.

Table Ne.1
Hg content in the analytical samples of fish from the Khrami River
Place of Time of Heav Result MPC
. . Note
sampling sampling | ymetal | mg/kg | mg/kg
River 24.10 H 0 AnalytlFaI weight 350 gr.
. 0.0080 .5 (Material removed from
Khrami .2024 g .
5 pcs. fish)

98



Table Ne.2

Cd content in the analytical samples of fish from the Khrami River

. H R M
Samplz:]e of ;‘::e“c: eavy esult PC. Note
pling piing metal mg/kg | mg/kg
. Analytical weight 350 gr.
Rlv.er 24.10 ¢ 0. i (Material removed from
Khrami .2024 d 038 05 5 pcs. fish)
River Khrami
"VALUE]
0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015 [VALUE]
0.0
0.005
0
He Rivar lorl WPC
River Khrami
0.05
0.04
0.03
0.02

Cd River lori MPC

To determine the Cd and Hg contents in the fish body, we used material extracted from 5
pieces of fish, the analytical weight was 350 g. The results of the study show that the content of
Cd (0.038 mg/kg) and Hg (0.0080 mg/kg) in the fish body is below the MPC.

Conclusion: Thus, the ecological state of the Khrami River is influenced by its tributary
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Mashavera, which has been under serious anthropogenic load for years due to mining processing
facilities and the Sakdrisi gold mining enterprise, from which wastewater contaminated with
heavy metals is discharged. Nevertheless, the content of Cd and Hg in fish of the Khrami River
was recorded in small concentrations, which are much lower than the MPC. From the results of
our study, we can conclude that despite the pressure of anthropogenic factors acting on the
Khrami River, pollution of river ecosystems and fish with cadmium and mercury has not yet been
observed.
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Onpenenenue cogep:xxanusi Hg u Cd B npo6ax poi0Obl U3 peku Xpamu
Muenaypu Tea
TenaBckuii rocyapcTBeHHbIN yHuBepcuTeT uMeHnSAko6a ["orebamsunn, Tenasu
Xoxo0amBuiau Tunatun
3apnanze Hana
Bbarymckuit rocynapctBeHHbli yHuBepcuteT nMenu llora Pycrasenu, batymn

AnHotamusi: Pexa Xpamu, nporexkaer B BocTouHOW dactu ['pysum, B peruone llmna
Kaptiu, u sBnseTcs ogHoil U3 BaXKHEHIINX BOJHBIX PECYpCOB. 3a MOcIeIHUE TO/Ibl 3HAUNTETHHO
YXyIUIHIOCh IKOJOTHYECKOe COCTOSHUE PeKU. 3arpsi3HeHHEe BOJbI, B OCHOBHOM 3a cueT cOpoca
MPOMBIIIJICHHBIX, CEIbCKOXO035IICTBEHHBIX M OBITOBBIX OTXOJIOB, MPEJCTABISET YIpo3y Kak UIs
9KOCHCTEMEI, TaK U €€ BOAOMNOJb30BaHus. Ha 3Koornyeckoe cOCTOSHNE PEKH HETaTUBHO BIIUSIET
ee mpuToK MaiaBepa, ¢ IMOMOIIBI0 KOTOPOTO MOCTYMAIOT TSDKENbIe METaJUThl. 3HAYNTEIbHBIM
WNCTOYHUKOM XHMHYECKOTO 3arpsA3HEHHs pEKH sBIsSeTcs AelcTByommii B bomHuccKoM
MYHUIMIATUTETe  KPYNHEHIIMHA  ropHOMOOBIBAIOIIMI W mepepadaThIBAOLIMA  3aBOJ
NOJUMETANIMYECKUX pPyA. 3arps3HeHue peku Xpamu TsKeIbIMH MeTaljlaMM IPeJCTaBisieT
coboif ocoOyro yrposy Julsi BOJHBIX >KMBOTHBIX W PacTUTENILHOIO pa3zHooOpasus. A Taxke
MPENATCTBYET yCTOMYMBOMY HCIOIb30BAaHUIO BOAHBIX PECYPCOB.

T.k. pbIOBI SIBIASIOTCS YYBCTBUTEIBHBIMM OHOWHAMKATOpAaMM W3MEHEHHH B BOIHOM
HKOCHUCTEME, MBI CUMTAeM BaXXHbIM ompenenuTh conepxanne Cd m Hg B opranusme poiO,
oOutaronmx B peke Xpamu, Ha (OHE YCWIMBAIOIIETOCS AHTPOIMOIEHHOTO 3arpsi3HEHMS.
bnarogapss nerkoil pacTBOPUMOCTH B JKMpPE OHU [POHUKAIOT B OpPraHu3M pbld U
AKKyMYJIHPYIOTCSI.

UccnenoBanus Ha peibax Mbl IpoBOAUIN B OKTs0pe 2024 roaa, HCMOb3ysl COBPEMEHHbIE
MeTonbl M 000pyZOBaHUS, COOTBETCTBYIOIIME E€BPONEWCKUM CTaHmapraM. B pesynbrate
MCCIIEIOBAaHHUS MOKHO C/IEJIaTh BBIBOJ, YTO HECMOTpPSI Ha BO3/ICHCTBHE aHTPOIIOTEHHBIX (aKTOPOB
Ha pexy Xpamu, B OpraHu3me pbl0 HaOmojanuch HeOonblre KoHieHTtpamuu kaamus (Cd) u
prytu (Hg),

Hecmotpss Ha TO, 4rO BOja pexu XpamMu He 3arpsA3HeHa KagMHEeM M PTYTblO, M He
NPEJCTaBIseT CYIIECTBEHHOM yrpo3bl s peld M APYruX TUAPOOHMOHTOB, HEOOXOAUM
PEryJaspHBI AKOXMMHMYECKMI MOHHUTOPHHI PEKM ISl BBISBIECHUS 3arps3HEHUS TSDKEIBIMU
MeTaJUlaMU C LENIbI0 HEJOMYIIeHUs MOBBIIICHUS MX KOHLUEHTpAlMd B BOJE, YTO NMPHUBENET K
OTPaBIICHUIO THUAPOOMOHTOB W/WIM CHIDKCHHMIO WX YHCICHHOCTH, 3arpsA3HEHHMIO MPHPOJHBIX
JaHAmAadTOB U Pa3pyLICHUIO OMOPa3HOO0Pa3Usl BOJHBIX SKOCHUCTEM.

Knwouesvie cnosa: pulovl, masicenvle Memanisl, KAOMuil, pmyms, 3azpsa3HeHue
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