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The article substantiates the feasibility of using bivalve mollusks for bioindication-based
water quality monitoring at the intake facility of the Ingulets Irrigation System under conditions
of anthropogenic pressure and a variable hydrochemical regime of the Ingulets River. It was
established that the deterioration of irrigation water quality, caused by the influence of highly
mineralized mine and industrial waters, seasonal fluctuations in mineralization, and changes
in water management regimes, creates risks for irrigation, soil reclamation status, and the
efficiency of agricultural production, thereby necessitating more timely monitoring of the aquatic
environment.

Current approaches to water quality monitoring were analyzed, and the limitations of
conventional hydrochemical control were identified. Since this control is based mainly on periodic
sampling followed by laboratory analysis, it does not always ensure sufficiently timely detection
of undesirable changes in water quality within the water intake zone. The use of bivalve mollusks
as an additional bioindication component of the monitoring system is substantiated, as they are
capable of reflecting the integrated response of a living organism to changes in physicochemical
water parameters and the presence of toxic impurities.

Based on the analysis, a structural and functional scheme of bioindication-based water
quality monitoring at the intake facility of the Ingulets Irrigation System is proposed. This scheme
involves the placement of a bioindication station within the water intake zone, registration of
the behavioral responses of mollusks, processing of the obtained signal, and transmission of
information to the operator for prompt response. It was established that the use of this approach
makes it possible to improve the timeliness of detecting potentially hazardous changes in the
aquatic environment, provide early warning of irrigation water quality deterioration, and
complement conventional laboratory monitoring.

It was determined that the bioindication system cannot be regarded as a self-sufficient tool for
identifying the causes of deviations and should be applied in combination with physicochemical
and laboratory monitoring methods. The practical significance of the study lies in improving the
efficiency of real-time irrigation water quality monitoring through the use of the bioindication
approach.
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water intake; irrigation water; real-time monitoring; early warning,; hydrochemical monitoring;
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Koeanenxo P. IO. Ilepcnekmugu 6uKopucmanus 060CHYyKOBUX MOJIIOCKIE 0714 0ioiHOuKayii
AKocmi 600u 6 paiioni 60003a6opy InzyneybKkoi 3poutysanbHoi cucmemu
Y emammi o6rpynmosano doyineHicmes UKOPUCMANHSL OB0CIYIKOBUX MOTIOCKIE OJist OIOIH-
OUKAYIHO20 KOHMPONIO AKOCMi 800U HA 80003a00pi In2yneybKoi 3poutyeansHoi cucmemu 8 ymo-
80X MEXHOLEHHO20 HABAHMANCEHHS MA MIHAUBO20 2IOPOXIMIUHO20 pedcumy p. Ineyreys. Bema-
HOBIEHO, WO NO2IpUleHHs AKOCMi NOIUGHOT 800U, 3YMOGIEHe GNIUGOM GUCOKOMIHEPANi308aHUX
WAXMHUX | NPOMUCTIOBUX 800, CE30HHUMU KOIUBAHHAMU MIHEPARi3ayii ma 3mMiHAMU 600020CNO-
0apcvbKo20 pedtcumy, Cmeopro€ pusuKy Oisl 3pOUIeHHs, MeniopamueHo20 CMany IpyHmis i egex-
MUBHOCMI A2POBUPOOHUYMEA, WO NOMpPedye NiOGUWeHHSI ONEPAMUBHOCIT KOHMPONIO 800HO20
ceﬁe@oeuwa.
© Kpnndenkso Bodbho?@acni nioxodu do monimopunzy sxocmi 600u ma eu3HaAYeHO 0BMeNCENs.
mwwﬁﬂaﬁmﬁmcxﬂampm AKUL, TPYHMYIOUUCL NePesa’cHO HA Nepiooud-
[ HBeGsT BRAGHYIOMB AYAQRTIBRHDYY GHANIZI, He 3A6JICOU 3a0e3NeUye HANedHCHY
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ONepamuBHicmy BUABNEHHS HeOANCAHUX 3MIH AKOCMI 600U Y 30HI 80003ab0py. ObOIpyHmMOBaHO
3aCMOCY8aHHs OB0CIYIKOGUX MONIOCKIB AK 000amK06020 DIOTHOUKAYIIHO20 eleMenma cucmemu
cnocmepedcents, 30amHo20 (QIKCyeamu iHMeZpanrbHy peaxyilo HCU8020 Op2aMisMy HA 3MIHY
@DI3UKO-XIMIYHUX XAPAKMEPUCTIUK 800U MA HASIGHICIb MOKCUYHUX OOMIULOK.

Ha ocnosi nposedenozo ananizy 3anponoHo8aHo cmpyKmypHO-@yHKYIOHANbHY cxemy OioiH-
OQUKAYIIHO20 KOHMPOIO AKOCMI 600U HA 60003a60pi [HeyneybKol 3pouty8anvHol cucmemu, saKa
nepeobauac poamiujents OI0IHOUKAYIIHO20 NOCMa 8 30HI 3a00py 800U, PeECmMpayio NOBeJiHKo-
601 peaxyii MOTIOCKI8, 0OPOOKY OMPUMAHO20 CUSHATY Ma nepedawy iHgopmayii onepamopy 0is
onepamugnoz2o peazyanis. Bemanosneno, wo euxopucmanus makoz2o nioxooy 0ae 3moay niogu-
WUmu ONepamueHicme BUAGIEHHS NOMEHYIUHO HeOe3NeUHUX 3MIH CIMAHY B00HO20 cepeoosuwyd,
3a0e3nequmu pannio CUSHANI3aYilo NPo NO2IPUIEHHS SKOCHT NOTUGHOI 600U MAa OONOGHUMU MPA-
Ouyitinuil 1aOOPAMOPHULL KOHMPOJTb.

Busnaueno, wo 6OioinOukayiiina cucmema He Modce pOo32NA0aAMUCH K CAMOOOCMAMHIL
iHCmMpyMeHnm 6CMAaH08IeHHs NPUYUH GIOXUTEHb, A MAE 3ACMOCO8Y8AMUCA Yy NOCOHAHMT 3 Qi3u-
KO-XIMIYHUMU ma 1aOOpamopHumu memooamu moHimopuney. llpakmuune 3nauenusi pobomu
noJA2ae y nio8UUeHHI e(heKMUBHOCMI ONepamueHO20 KOHMpOIIO AKOCMI NOTUGHOL 600U 3d PAXY-
HOK 8UKOpUCMAanHs 6i0IHOUKAYILIHO20 NIOX00).

Knrwuosi cnosa: osocmynkogi monocku, OioinOukayis, axicme 600u, IHeyreyvbka 3pouty-
8AbHA cucmeMa, 80003A0ip, NOAUBHA 800d, ONEPAMUBHULL MOHIIMOPUHZ, PAHHE NONEPEOICEHHS,
2IOPOXIMINHULL KOHMPOTb, 3POULEHHS.

Introduction. Irrigation water quality significantly affects soil conditions, the devel-
opment of agricultural crops, and the efficiency of irrigation systems [1]. In the southern
regions of Ukraine, where irrigation plays an important role, timely monitoring of irri-
gation water quality is of particular relevance.

The Ingulets River is an important source of irrigation water; however, its water
quality is formed under complex hydrochemical conditions influenced by highly miner-
alized mine waters, industrial discharges, and changes in water management regimes [2,
3]. Therefore, the water supplied to the Ingulets Irrigation System requires continuous
monitoring [2].

Traditional monitoring methods do not always ensure the timely detection of undesira-
ble changes in water quality [4]. For this reason, increasing attention is being paid to bioin-
dication methods, particularly the use of bivalve mollusks, which are capable of respond-
ing to changes in physicochemical water parameters and the presence of pollutants [5, 6].
This determines the relevance of substantiating their use for bioindication-based water
quality monitoring at the intake facility of the Ingulets Irrigation System.

Analysis of Recent Research and Publications. For the Ingulets Irrigation System,
the issue of water quality is particularly relevant due to the prolonged impact of mine
and industrial discharges [2, 3]. Scientific studies have emphasized the need for con-
tinuous monitoring of this water source, as well as the influence of highly mineralized
waters from the Kryvbas region, the operating regime of pumping stations, and water
management regulation on the formation of its quality [2—4].

Alongside conventional laboratory monitoring, which does not always provide suf-
ficient timeliness of observation [4], biological early warning systems for aquatic pollu-
tion are being actively developed [5]. It has been shown that the use of living organisms
makes it possible to continuously detect changes in water conditions and to identify
pollutants in a timely manner [5, 7].

Of particular interest in this context are bivalve mollusks as promising bioindicators
of aquatic environmental conditions [6, 8]. Their responses can be used for continuous
water quality monitoring, timely detection of toxic effects, and monitoring of multipur-
pose water sources [7, 9-11].

Thus, the issues of Ingulets River water quality have been sufficiently covered in
the scientific literature [2—4]. However, the adaptation of bioindication using bivalve
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mollusks to the conditions of the Ingulets Irrigation System water intake remains insuf-
ficiently explored.

The aim of this study is to substantiate and develop an approach to bioindica-
tion-based water quality monitoring at the intake facility of the Ingulets Irrigation Sys-
tem using bivalve mollusks as an element of real-time monitoring.

Materials and Methods. The study materials included scientific publications
devoted to the bioindication of water quality and the use of bivalve mollusks in biologi-
cal early warning systems for aquatic pollution [5-12], as well as studies addressing the
hydrochemical regime of the Ingulets River and the formation of water quality supplied
to the Ingulets Irrigation System [2—4]. In addition, regulatory, methodological, and
water management documents were used [1, 4, 13, 14].

The study employed bibliographic, analytical, comparative, and generalization
methods. Their application made it possible to identify the main directions of using
bivalve mollusks in aquatic bioindication [5—12], to compare conventional hydrochem-
ical monitoring with the bioindication approach according to the criteria of timeliness,
sensitivity, and applicability under water intake conditions [1, 5, 6, 10, 11], and to sub-
stantiate the feasibility of adapting this approach to the conditions of the Ingulets Irri-
gation System, taking into account the anthropogenic formation of water quality and
fluctuations in mineralization [2—4].

The obtained results were processed through content generalization, logical analysis,
and scientific interpretation based on the analyzed sources.

Results. The analysis of the reviewed sources made it possible to establish that
bivalve mollusks can be used as a sensitive bioindication component of real-time moni-
toring systems for the aquatic environment [6—8]. Their practical value lies in their abil-
ity to respond in an integrated manner to changes in the hydrochemical characteristics
of water and the presence of toxic impurities, thereby ensuring continuous detection of
changes in the state of the aquatic environment [5, 6, 9]. Such an integrated response
makes it possible to assess not only individual water quality parameters but also the
cumulative influence of a set of factors, which is particularly important under conditions
of a variable hydrochemical regime.

Under the conditions of the Ingulets Irrigation System water intake, where water
quality is shaped by anthropogenic factors and is characterized by considerable vari-
ability [2—4], the application of this approach makes it possible to improve the timeli-
ness of detecting undesirable changes in irrigation water quality, which is important for
ensuring irrigation efficiency [1]. Under these conditions, conventional hydrochemical
monitoring does not always allow short-term or abrupt changes in water composition to
be detected in a timely manner, which further supports the use of bioindication methods
as an element of real-time monitoring.

The obtained results provide grounds for considering bivalve mollusks as a func-
tional component of a combined water quality monitoring system that complements
conventional hydrochemical monitoring and ensures early indication of undesirable
changes in the aquatic environment. Within this approach, the bioindication compo-
nent performs the function of a primary signaling tool, making it possible to respond
promptly to deviations in water quality parameters and to initiate detailed laboratory
analysis in a timely manner. Comparative analysis indicates that the proposed approach
can reduce the response time to changes in water quality compared to conventional
hydrochemical monitoring methods.

Taking into account the specific features of the study object, a structural and func-
tional scheme for the use of bivalve mollusks in bioindication-based water quality
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monitoring at the Ingulets Irrigation System water intake is proposed. The scheme
includes a bioindication station, an observation chamber, a signal registration and pro-
cessing unit, and a channel for transmitting information to the operator. The structural
and functional scheme of the system is presented in Figure 1. The proposed scheme
provides for continuous monitoring of the behavioral activity of mollusks and auto-
mated transmission of signals indicating changes in that activity, thereby creating the
preconditions for integrating the bioindication station into existing monitoring systems.
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Fig. 1. Structural and functional scheme for the use of bivalve mollusks
in bioindication-based water quality monitoring at the Ingulets Irrigation System water intake

As shown in Figure 1, changes in the behavioral activity of the mollusks generate a
signal indicating possible deterioration in water quality. This scheme does not replace
laboratory confirmation of the causes of deviations; however, it ensures timely warning
[7, 10]. The implementation of such an approach makes it possible to reduce the time
interval between the occurrence of pollution and its detection, which is important for
managerial decision-making in water use systems.

The main advantages of this approach include continuity of observation, the rel-
ative simplicity of organizing a bioindication station, and the possibility of promptly
detecting adverse changes in the aquatic environment [6, 9]. At the same time, mollusk
responses may depend on a combination of parameters; therefore, the bioindication
system should be regarded as a tool for the early detection of potentially hazardous
changes that requires subsequent instrumental and laboratory verification [6, 8]. In
addition, the effectiveness of this approach depends on the correct selection of the
mollusk species, the conditions of their maintenance, and the stable functioning of the
signal registration system.

For the conditions of the Ingulets Irrigation System, the most promising option is
a combined approach in which bioindication-based observation operates together with
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conventional hydrochemical monitoring [4, 12, 13]. This confirms the feasibility of
using bivalve mollusks to improve real-time irrigation water monitoring and to enhance
the efficiency of water resources management.

Conclusions. The study substantiates the feasibility of using bivalve mollusks as an
element of real-time bioindication-based water quality monitoring at the intake facility
of the Ingulets Irrigation System.

A structural and functional scheme of bioindication-based monitoring is proposed,
providing continuous observation of the aquatic environment and early warning of its
deterioration.

It was established that the most effective option is a combined approach in which
bioindication-based observation operates together with conventional hydrochemical
and laboratory monitoring methods.

Further research should focus on refining the criteria for mollusk responses and
developing practical solutions for the implementation of a bioindication station.
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