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Abstract

The aim of the study was to compare different testing methods and apply an integrated approach to diagnostics of the
ecological state of water bodies, including chemical control, water biotesting, biondication of pollution by the characteristics of
aquatic communities and biomarkers on the example of the cut-off Lake Ivanovskoye (Russia, Kirov region), that receives
wastewater from a combined heat and power plant, and simultaneously communicates with the Vyatka River — a source of
drinking water supply. Wastewater and natural water analysews included: pH, hardness, total biological oxygen demand
(BOD), mass concentration of dry residue, content of chloride ions, ammonium ions, sulfate ions, calcium, dissolved oxygen,
aluminum, fluoride ions, and total iron. Concentration of Cu, Ni, Cd, Pb, Zn, Mo, Fe, Cr, Mn were defined in water samples,
silt sediments and organs of indicator plant species. Consideration of indicator species of coastal-aquatic vegetation showed
that Lake Ivanovskoe is a water body, which trophicity changes from otrophic to eutrophic and depends on meteorological
parameters of the vegetation period, primarily on the average monthly temperature and the amount of precipitation, have a
significant impact on the indicators of bioindication, complicates the use of macrophytes in bioindication. Chemical analysis of
wastewater from the CHPP entering the lake defined ammonia nitrogen and organic matter (by total BOD) as priority
pollutants. The results allow to assume further strengthening of pollution and eutrophication of water bodies within
anthropogenic ecosystems.

Keywords: pollution of aquatic environment, biotesting, bioindication, ammonium ions, heavy metals, coastal aquatic
vegetation.
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AHHOTaN M

B pabore npuBe/ieHbI pe3y/ibTaThl KOMIUIEKCHOTO TIO/IX0/Ia K IMarHOCTUKE SKOJIOTHUeCKOTO COCTOSTHUS BOJHBIX 0OBEKTOR,
BKJTIFOUAIOIIEr0 XUMUYECKUH KOHTDO/b, TIPOBE/IEHWe OMOTeCTUPOBAHUS  BOAbI, OMOHJUMKAI[UIO 3arpsi3HEHUs 10
XapaKTepUCTHKAM BOJHBIX COOOIECTB 1 OrOMapKepoB Ha mpuMepe o3epa MBaHoBckoe crapuuHoro tura (Poccusi, KupoBckast
00/1aCTh), TIPUHUMAIOIIIET0 CTOYHBIE BOJBI OT TEIIO3JIEKTPOCTAHI[MA U OJHOBPEMEHHO COOOIAMOIIErocsi C pekod BsrTka —
WCTOYHHUKOM TIUTHEBOTO BOJOCHaO)KeHUs. YCTaHOB/IEHbI TIPUOPUTETHBIE 3arpsi3HSIOLIVME BeleCTBaMM: HOHBI aMMOHUS,
opraHvueckude BeljectBa (1Mo OHoOXUMHUYecKoMy TOTpebsieHHMI0 Kuciopoja 3a 20 CyTOK) W TsDKelble MeTajulbl. YueT
VH/IUKATOPHBIX BUIOB MPUOPEXKHO-BOJHOM PACTUTENBLHOCTH TOKasaa, uTo TPO(MHOCTh 03epa VIBaHOBCKOE W3MEHSIETCS OT
Me30Tpo(HOr0 /10 3BTPOGHOr0 U 3aBUCUT OT MeTeollapaMeTPOB BereTallMOHHOTO Mepro/a, TIpeX/ie BCero, OT CpeJHeMeCSTUHON
TeMITepaTypbl U CyMMbI BBIMABIIMX 0CAZKOB, KOTOPbIe OKA3bIBAalOT 3HAUMTE/LHOE B/IMSHUE HA I0Ka3aTend OMOWMHAWKALIUU U
3aTPY/HSIOT UCIO/b30BaHHE MakpOpUTOB B OUOWMHAWKALMM. Pe3ynbTaThl HCCAEOBAHUSI TIO3BOJISIOT  MPE/NOJIOKUTD
JaNbHeHIIee yCUIeHWe CTeNeHH 3arpsi3HeHUS U 3BTPO(UKAI[UK BOJOEMOB aHTPOIOT€HHBIX SKOCHCTEM.

KiiioueBble C/IOBa: 3arpsi3HeHWe BOJHOM cpefbl, OMOTeCTUPOBaHUe, OWUOWH/UKAL[MS, XUMUUYECKUH aHa/Iu3, WOHbI
aMMOHUSI, TSDKEJTble MeTaJUIbl, MPUOPE’KHO-BOIHAST PACTUTENTBHOCTD.

Introduction

State environmental monitoring of water bodies in Russia is carried out by Roshydromet under the programs including
hydrochemical, hydrological and hydrobiological indicators, which differ in the coverage of work at observation points of
different categories [9], [16], [18]. In the European Union, there is also an important legislative opportunity to promote and
implement an integrated approach to the conditions diagnostics and further protection of water bodies [17]. Thus, simultaneous
use of methods of chemical analysis, bioindication and biotesting in order to objectively describe the ecological state of water
bodies is universally recognized, declared by the scientific community and supported by legislation [16], [17], [18].

The results of integrated screening of water bodies state the importance and informative value of bioindication and
biotesting methods, but raise questions concerning bioavailability of pollutants [4], [11].

Works assessing the informative value of biotests [13], as well as proposing biological early-warning systems [14], are
aimed at obtaining objective results of biodiagnostics.
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Thus, the issue of interpreting the results of comprehensive studies of water quality of surface water bodies remains
relevant.

The aim of this work is to compare the results of chemical analysis, biotesting and bioindication on the example of a
floodplain cut-off lake, which receives wastewater from one of the most common enterprises of urban systems - combined heat
and power plant (CHPP) [3].

Research methods and principles
The object of the study was the cut-off lake — Ivanovskoye, located in the floodplain of the Vyatka River. The main
characteristics of the water body are presented in Table 1.

Table 1 - Morphometric and hydrological characteristics of Lake Ivanovskoye
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Indicators Value
Lake volume 21.8 thousand m3
Water table area 5.74 ha
Lake length 3.8 km
Average depth 4m
Water level fluctuations less than 1 m
Water exchange intensity coefficient m?;fetnh;?,eso

Wastewater from Kirovo-Chepetsk CHPP-3 is discharged into Lake Ivanovskoye through two outlets. Outlet No. 1
discharges untreated wastewater after cooling of units, industrial storm water from the territory of CHPP-3, chemical water
treatment of make-up water. Outlet No. 2 is organized for blow-off water of the hydraulic ash removal system, which is
discharged without clarification. Water from the lake flows into the Vyatka River through an artificially created Ivanovskaya
duct. During spring flooding, the lake can connect with the river.

In accordance with the purpose of the study, we set several objectives, which included: chemical analyses of wastewater
and natural water; analyses of HMs content in water and sediments; peculiarities of HM accumulation by indicator species;
biotesting of water toxicityl; and comparison of the results of implemented study methods.

Quantitative chemical analysis of wastewater entering Lake Ivanovskoye and water in the channel connecting the lake with
the Vyatka River (Ivanovskaya duct) is performed monthly by the accredited laboratory of CHPP-3. Water samples for HMs
were taken annually, in the first decade of August, and analyzed in the Institute's laboratory. The data from 2007-2017 were
analyzed. Wastewater and natural water were analyzed for the following indicators: pH, hardness, total biological oxygen
demand (BOD), mass concentration of dry residue, content of chloride ions, ammonium ions, sulfate ions, calcium, dissolved
oxygen, aluminum, fluoride ions, and total iron. Additionally, in the last decade of July 2007, 2010, 2017, 2022 samples were
taken from the middle part of the lake to determine the concentration of Cu, Ni, Cd, Pb, Zn, Mo, Fe, Cr, Mn. Concentrations of
these HMs were also measured in silt sediments and organs of indicator plant species.

In 2017, water samples were subjected to biotesting. We used certified methods for recording the mortality of daphnia
Daphnia magna Straus (1820) [6], the biomass growth of Scenedesmus quadricauda (Turp.) Breb. by direct counting method
in Goryaev chamber [7], by change of chemotaxis of Paramecium caudatum Ehrenberg (1838) [5] and by bioluminescence of
bacterial preparation "Ecolum" based on conditionally non-pathogenic strain of Escherichia coli Migula (1895) [15].

Bioindication of anthropogenic impact on the water body by indicator species of coastal-aquatic vegetation was carried out
in 2007, 2010, 2017 and 2022.

Main results

3.1. Chemical analysis

The results of chemical analysis of wastewater and natural waters for the ten-year period showed that of the list of
analyzed components, the main pollutant, which annually exceeds the maximum permissible concentrations (MPC), is
ammonium ion. The range of its concentrations in the Ivanovskaya duct varied from 0.79 to 3.17 mg/dm3, which is 1.6-6.3
times higher than the norm.

Insignificant exceedances of total biological oxygen demand, up to 1.4 MPC, were regularly observed. A single case of
exceeding the content of oil and petroleum products in outlet No. 2 by 1.24 times was detected. Thus, based on the detected
high levels of ammonium nitrogen and elevated BOD, Lake Ivanovskoye is characterized by pollution with rapidly and slowly
mineralizing organic substances, which brings it closer to a water body of eutrophic type.

The concentration of Fe and Mn in all years of the study also exceeded MPC (Table 2). A significant increase in the
concentration of all types of pollutants was noted in 2010, characterized by an increased average monthly temperature
(deviation from the monthly average + 4.8°C) and low precipitation (9% of the monthly average) in July.

Table 2 - Concentration of HMs in water samples from the middle part of Lake Ivanovskoe
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Object Cu,mg/l | Ni,mg/l | Cd, mg/l | Pb,mg/l | Zn, mg/l | Fe,mg/l | Cr, mg/l Mn,
2
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mg/1
2007 0.062 0.047 0.005 0.056 0.057 0.156 0.038 0.120
2010 0.093 0.066 0.011 0.082 0.067 0.123 0.042 0.241
2017 0.056 0.044 0.006 0.053 0.051 0.118 0.030 0.098
2020 0.051 0.038 0.008 0.051 0.051 0.148 0.037 0.102
MPC for
drinking 1.0 0.1 0 - - 0.3 - 0,1
water*
MPC for
fish 0 0 0.01 0.1 0 0.1 - -
farms**

Note: *MPC for drinking water and domestic water use (GN 2.1.5.689-98; GN 2.1.5.690-98) [10]; **List of MPC for fishery
basins [8].

3.2. Biotesting

When conducting biotesting, the principle of "battery of biotests" was realized, i.e. we did not limit ourselves to the
minimum of two necessary methods, but applied 4 different ways of defining toxicity of samples. The results are presented in
Table 3.

Table 3 - Biotesting of CHPP-3 wastewater and natural waters of Lake Ivanovskoe
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Biotesting result by the reaction of different test organisms
Water sampling Bi 0
location Mortality of D. 1omass grow Toxicity index by | “Ecolum” toxicity
magna, % of S. quadricauda, P. caudatum, c.u index, c.u
’ % to the control ’ S T
Wastewater,
Outlet Nel 0 7+0.7 0.15+0.08 12.5£1.6
Wastewater,
Outlet Ne2 0 8+1.1 0.36+0.06 26.615.1
Natural surface
water, 500 m from 0 21+1.9 -0.18+0.06 -40.5+£11.6
outlet
Natural surface
water, 3000 m 0 15+0.9 -0.22+0.9 -36.7+9.5
from outlet
Ivanovskaya duct 0 14+0.9 -0.25+0.07 -15.4+5.4

The results of biotesting are consistent with the chemical analysis and show that the maximum toxicity levels were found
in the samples from outlet 2. According to the test system "Ecolum" toxicity index corresponds with the 2nd toxicity group out
of three possible (average toxicity), the toxicity index in the biotest for P. caudatum is also close to the 2nd group. At the same
time, S. quadridaudida and D. magna showed no reaction to the pollution.

The rest of the samples should be considered safe according to the used biotesting methods. Low informative value of
biotests based on mortality of organisms is quite explainable and understandable from the toxicological point of view. We can
agree with the methodological approach proposed in a research paper [8], where daphnia tests are not criticized, but a list of
test functions is proposed, thanks to which it is possible to detect low doses of contaminants.

The biomass growth of protococcal algae is slightly higher in natural waters compared to the values obtained for
wastewater. We attribute this fact to the presence of a spectrum of biogenic elements necessary for autotrophs for their growth
and reproduction in natural waters. Probably, the same reason led to negative toxicity indices (stimulation) in experiments with
P. caudatum and bacterial preparation based on E. coli. It is known that the phenomenon of hormesis, stimulation of vital
functions, can also be considered a toxic effect. In our case, the stimulation of test-organisms is probably related to the intake
of organic substances into the lake, as evidenced by the regular approach of the BOD indicator to the established standard
according to the data of the CCHP-3 laboratory and the defined 3-fold exceeding of the MPC for this indicator (see above).

Thus, when comparing the results of chemical analysis and biotesting, no strict correlation was established, but a number
of logical regularities were traced: the pollution level does not reach lethal, but stimulation effects are observed as the first
manifestations of toxic stress.

3.3. Bioindication
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The results of determining the trophicity of the reservoir by indicator species of coastal aquatic vegetation allowed to
attribute the reservoir to the mesotrophic type; in the warmer but damp year of 2007, the trophicity of the reservoir was slightly
higher. In dry and hot 2010, when the July temperature exceeded the mean annual norm by 4.8°C and the sum of precipitation
reached only 9% of the mean annual values, there was a sharp increase in the frequency of occurrence of dominant indicator
species of macrophytes (Comarum palustre, Carex vesicaria, Alisma plantago-aquatica, Nuphar lutea).

Assessment of Lake Ivanovskoe pollution level by frequency of occurrence of indicator species of floating and submerged-
water macrophytes, such as Potamogeton perfoliatus, Ceratophyllum demersum, conducted in 2007, 2010, 2017 and 2022 in
accordance with the methodology showed that the level of pollution in different parts of the reservoir in all years of the study
(except 2022) ranged from weak to borderline between strong and moderate. In the dry and hot year of 2010, the pollution
level of the whole water body was strong.

Thus, eutrophication of the water body could be predicted based on the main chemical impact on the water body. The
results of bioindication confirmed the hypothesis. Moderate pollution of the lake was detected; the ecological type of the water
body was mesotrophic in cool and wet years. In hot and dry year 2010, severe pollution of the lake was documented. Its
ecological type changed to eutrophic. In the same year, a significant increase in the concentration of some pollutants such as
Cu, Ni, Cd, Cd, Pb, Zn, Mo, Fe, Cr, Mn was observed. There is evidence in the literature that the characteristics of coastal plant
communities are highly informative as aquatic environmental indicators of dissolved oxygen, water temperature, turbidity, total
suspended sediment, nitrate and orthophosphate [1], [2]. However, as shown in the study, the meteorological characteristics of
the vegetation period, primarily average monthly temperature and precipitation, have a significant impact on bioindication
indicators, which makes it difficult to use macrophytes in bioindication [3].

Conclusion

The results of chemical analysis of wastewater from the CHPP entering the lake defined ammonia nitrogen and organic
matter (by total BOD) as priority pollutants. This type of pollution usually leads to eutrophication processes to a varying
extent. This was confirmed by assessing indicator macrophytes, some of which showed a moderate to strong change in the
level of pollution of the water body depending on the meteorological parameters of the year. The selected "battery of biotests"
confirmed the increased hazard of wastewaters compared to surface waters of Lake Ivanovskoye. However, the moderate level
of pollution of the lake, revealed by bioindication, was not established. Consequently, bioindicator organisms, being a part of
the ecosystem and continuously experiencing pollution, turned out to be more sensitive than test organisms used in biotesting.
Dependence of the results of biotesting and concentration of some pollutants on meteorological parameters of the summer
period suggests further strengthening of pollution degree and eutrophication of water bodies of anthropogenic ecosystems
under climate change conditions.

Kondukr naTepecoB Conflict of Interest
He yka3aH. None declared.
Pernjensus Review
Coobi111ecTBO perieH3eHTOB MeXXyHapoAHOr0 HayuHO- International Research Journal Reviewers Community
HCCIIeloBaTe/IbCKOr0 JKypHaa DOTI: https://doi.org/10.23670/IRJ.2023.138.152.4

DOI: https://doi.org/10.23670/IRJ.2023.138.152.4

Cnucok yiareparypsl / References

1. Aguiar F.C. Structural and Functional Responses of Riparian Vegetation to Human Disturbance: Performance and
Spatial Scale-dependence / F.C. Aguiar, M.T. Ferreira, D. Albuquerque // Fundamental and Applied Limnology. — 2009. —
175(3). — p. 249-267.

2. Alemu T. Development of a Plant Based Riparian Index of Biotic Integrity (RIBI) for Assessing the Ecological
Condition of Highland Streams in East Africa / T. Alemu, S. Bahrndorff, C. Pertoldi // Ecological Indicators. — 2018. — 87.
— p. 77-85. DOI: 10.1016/j.ecolind.2017.12.032.

3. Eroumna T.J1. HakorisieHue TshKesbIX MeTa/lJIOB B 5KOCHCTeMax pas3Hoii cremnenu 3arpsisHeHHocTH / T.JI. EromvHa, JI.H.
[uxoea, E.M. JTucutpie // [Ipo6ieMbl perrnoHanbHOHN 3Komorun. — 2007. — 2. — c. 17-32.

4. EroumHa T.JI.. Oco6eHHOCTH 3/1eMEHTHOTO COCTaBa MakpO(UTOB TeXHOreHHbIX Mectoobutanuii / T.JI. EromuHa, E.A.
JlyrunuHa, I1.I1. Opnoe // TuapoboTanrika; — Bopok: UBBB PAH, 2000. — c. 137-138.

5. ®P 1.39.2015.19242. TIH/], ® T 16.2:2.2-98 MeToauKa onpe/e/ieHns] TOKCUYHOCTH MPO0 TMPUPOJHBIX, THUTHEBBIX,
XO35ICTBEHHO-TIUTHEBBIX, X035 CTBEHHO-OBITOBBIX CTOUHBIX, OUMIL|EHHBIX CTOUHBIX, CTOYHBIX, Ta/lbIX, TEXHOJIOTUUYECKUX BOJ
9KCIIPeCC-MEeTO/[0M C NPUMeHeHreM nprbopa cepun «buortectep». — CI16.: CIIEKTP-M, 2015. — 21 c.

6. ®P 1.39.2007.03222. MeToauka onpefiesieHUs1 TOKCMYHOCTU BOZBI U BOAHBIX BBITSDKEK M3 I10UB, 0CaJKOB CTOUHBIX BOZ,
OTXOJIOB TI0 CMEPTHOCTH Y U3MeHEeHUI0 1100BUTOCTH Aaduuit — Been. 2007-10-17. — Mocksa: AkBapoc, 2007.— 51 c.

7. ®P. 1.39.2007.03223. MeToguKa oripefie/ieHUsi TOKCUUHOCTU BOJI, BOAHBIX BBITSDKEK M3 MOUB, 0CAIKOB CTOUHBIX BOJ, U
OTXO/I0B TI0 M3MeHEeHUI0 YPOBHs (yopecrieHI MK X/10podHiuIa ¥ YMCIeHHOCTH K/IeTOK Bogopocsieid — Beea. 2007-10-17. —
Mocksa: AkBapoc, 2007.— 50 c.

8. [epeueHsb TMpefie/IbHO [ONMyCTHMBIX KoHueHTpauuit ([IJK) u opueHTHpoBouHO 6e3omacHbix ypoBHed (OY)
BO3/eMCTBYSI BPEIHBIX BEILEeCTB /IS BOJbI PhI00X03sIICTBEHHBIX BO0eMOB. — M., 1995.

9. Mahanova E. The Use of the Triad Approach to Ecological Assessment of the State of a Reservoir Receiving
Wastewater From a Thermal Power Plant / E. Mahanova // Journal of Ecological Engineering. — 2021. — 22(2). — p. 155-
160. — DOI: 10.12911/22998993/130890.



International Research Journal = Ne 12 (138) = December

10. TlpepensHo pomyctrMble KoHLeHTpauuu (II1IK) u opueHTMPOBOYHO AomycTuMble ypoBHU (OY) XumMuecKux
BEILIeCTB B BO/IE BOAHBIX OOBEKTOB X03sHCTBEHHO-ITUTLEBOTO U KYJILTYPHO-ObITOBOrO Bogomno/nb3oBanus (I'H 2.1.5.689-98; I'H
2.1.5.690-98). — M., 1998.

11. HuxkanopoB A.M. BUOMOHUTOPUHI MeTa/JIOB B MPeCHOBOAHbIX 3KocucTteMax / A.M. Hukanopos, A.B. KymznoB —
Jlenunrpaa: I'mppomereonsgar, 1991. — 312 c.

12. OmekoBa A.C. BuorectupoBaHue cC wucronb3oBaHdeM Daphniamagna: 0co6eHHOCTH KyJIBTUBHUDOBAaHUS U
MHOroo6pasue otBeTHbIX peakuuii / A.C. OnbkoBa // Boga u skonorusi: mpobriemsr U pemtenust. — 2017. — 1. — c. 64-82. —
DOI: 10.23968/2305-3488.2017.22.4.111-115.

13. OnekoBa A.C. BeiGop 6UOTECTOB /151 SKOJIOTHUECKUX MCC/IeZIOBaHHUH BOJI, 3arpsi3HEHHBIX MUHEPabHBIMU (hopMaMu
asora / A.C. OsnbkoBa, E.B. MaxaHoBa // Bozja u 3konorusi: ripobnemsl u pernenus. — 2018. — 4. — c. 70-88. — DOI:
10.23968/2305-3488.2018.23.4.70-81.

14. Ostfeld A. Optimal Layout of Early Warning Detection Stations for Water Distribution Systems Security / A. Ostfeld,
E. Salomons // Journal of Water Resources Planning and Management. — 2004. — 130(5). — p. 377-385.

15. TIHA & T 14.1:2:3:4.11-04. T.16.1:2:3:3.8-04. MeToauKa orpe/je/ieHUs] UHTerpaabHOM TOKCUYHOCTH ITOBEPXHOCTHBIX,
B TOM YMCJIe MOPCKHUX, TPYHTOBBIX, ITUTBEBBIX, CTOYHBIX BOJ, BOJAHBIX 9KCTPAKTOB I10YB, OTXOZI0B, OCAJKOB CTOUHBIX BOJ, IO
M3MeHeHHI0 DaKTepuaabHON OHOTIOMUHECLIEHIIUH TeCT-CUCTeMOM «Jkomom». — M.: Hepa-C, 2010. — 30 c.

16. P 52.24.309-2016 Opranusaiuss ¥ MpOBeJeHHe PEeXUMHBIX HAOMIOJEHUH 3a COCTOSIHMEM U 3arpsi3HEHHeM
MOBEPXHOCTHBIX BoZ cylu — Beeg. 2017-04-03. — Mocksa: Pocrugpomert, 2016.— 20 c.

17. Solimini A.G. Towards Holistic Assessment of the Functioning of Ecosystems under the Water Framework Directive /
A.G. Solimini, R. Ptacnik, A.C. Cardoso // Trends in Analytical Chemistry. — 2009. — 28(2). — p. 143-149. — DOI:
10.1016/j.trac.2008.10.015.

18. Poccutickas Penepanysi. 3akonbl. Bogubiit kogeke Poccuiickoit @epeparuu (C u3MeHeHusiMU Ha 27 nekabpsi 2018
roga): dezep. 3akoH : [or 03.06.2006 N 74-®3]. — URL: http://docs.cntd.ru/document/901982862 (zara obpaijeHust
13.08.2023)

CHucoK JiaTepaTrypbl Ha aHIVINHACKOM si3bike / References in English

1. Aguiar F.C. Structural and Functional Responses of Riparian Vegetation to Human Disturbance: Performance and
Spatial Scale-dependence / F.C. Aguiar, M.T. Ferreira, D. Albuquerque // Fundamental and Applied Limnology. — 2009. —
175(3). — p. 249-267.

2. Alemu T. Development of a Plant Based Riparian Index of Biotic Integrity (RIBI) for Assessing the Ecological
Condition of Highland Streams in East Africa / T. Alemu, S. Bahrndorff, C. Pertoldi // Ecological Indicators. — 2018. — 87.
— p. 77-85. DOI: 10.1016/j.ecolind.2017.12.032.

3. Egoshina T.L. Nakoplenie tjazhelyh metallov v ekosistemah raznoj stepeni zagrjaznennosti [Accumulation of Heavy
Metals in Ecosystems of Different Levels of Contamination] / T.L. Egoshina, L.N. Shihova, E.M. Lisitsyn // Problems of Local
Ecology. — 2007. — 2. — p. 17-32. [in Russian]

4. Egoshina T.L.. Osobennosti elementnogo sostava makrofitov tehnogennyh mestoobitanij [Peculiarities of Element
Composition of Macrophytes in Disturbed Habitats] / T.L. Egoshina, E.A. Luginina, P.P. Orlov // Hydrobotany; — Borok:
IBVV RAN, 2000. — p. 137-138. [in Russian]

5. FR 1.39.2015.19242. PND F T 16.2:2.2-98 Metodika opredeleniya toksichnosti prob prirodnyh, pit'evyh,
hozyajstvenno-pit'evyh, hozyajstvenno-bytovyh stochnyh, ochishchennyh stochnyh, stochnyh, talyh, tekhnologicheskih vod
ekspress-metodom s primeneniem pribora serii «Biotester» [Federal Register FR 1.39.2015.19242. Environmental Regulatory
Document PND F T 16.2:2.2-98. Methodology for Determining the Toxicity of Samples of Natural, Drinking, Domestic and
Drinking, Household Waste, Treated Sewage, Waste, Thawed, Technological Water by the Express Method Using the Biotest
Device]. — St. Petersburg: SPEKTR-M, 2015. — 21 p. [in Russian]

6. FR 1.39.2007.03222. Metodika opredelenija toksichnosti vody i vodnyh vytjazhek iz pochv, osadkov stochnyh vod,
othodov po smertnosti i izmeneniju plodovitosti dafnij [Federal Register FR 1.39.2007.03222. Methodology for Determining
the Toxicity of Water and Water Extracts from Soils, Sewage Sludge, and Waste by Mortality and Changes in Fertility of
Daphnias] — Introduced 2007-10-17. — Moskva: Akvaros, 2007.— 51 p. [in Russian]

7. FR. 1.39.2007.03223. Metodika opredelenija toksichnosti vod, vodnyh vytjazhek iz pochv, osadkov stochnyh vod i
othodov po izmeneniju urovnja fluorestsentsii hlorofilla i chislennosti kletok vodoroslej [Federal Register FR 1.39.2007.03223.
Methodology for Determining the Toxicity of Water, Water Extracts from the Soil, Sewage Sludge and Waste by Changing the
Level of Chlorophyll Fluorescence and the Number of Algae Cells] — Introduced 2007-10-17. — Moskva: Akvaros, 2007.—
50 p. [in Russian]

8. Perechen' predel'no dopustimyh koncentracij (PDK) i orientirovochno bezopasnyh urovnej (ODU) vozdejstviya
vrednyh veshchestv dlya vody rybohozyajstvennyh vodoemov [List of Maximum Permitted Concentrations and Approxible
Safe Levels of Effect of Harmful Substances in Fishery Basins]. — Moscow, 1995. [in Russian]

9. Mahanova E. The Use of the Triad Approach to Ecological Assessment of the State of a Reservoir Receiving
Wastewater From a Thermal Power Plant / E. Mahanova // Journal of Ecological Engineering. — 2021. — 22(2). — p. 155-
160. — DOI: 10.12911/22998993/130890.

10. Predelno dopustimye koncentracii (PDK) i orientirovochno dopustimye urovni (ODU) himicheskih veshchestv v
vode vodnyh ob"ektov hozyajstvenno-pit'evogo i kul'turno-bytovogo vodopol'zovaniya (GN 2.1.5.689-98; GN 2.1.5.690-98)
[Maximum Permitted Concentrations and Approxible Permitted Concentration of Chemical Substances in the Sources of
Drinking Water and Domestic Water Use (GN 2.1.5.689-98; GN 2.1.5.690-98)]. — Moscow, 1998. [in Russian]

11. Nikanorov A.M. Biomonitoring metallov v presnovodnyh ekosistemah [Metal Biomonitoring in Freshwater
Ecosystems] / A.M. Nikanorov, A.V. Zhulidov — Leningrad: Gidrometeoizdat, 1991. — 312 p. [in Russian]

5



International Research Journal = Ne 12 (138) = December

12. Ol'kova A.S. Biotestirovanie s ispol'zovaniem Daphniamagna: osobennosti kul'tivirovanija i mnogoobrazie otvetnyh
reaktsij [The Conditions of Cultivation and the Variety of Test Functions of Daphnia Magna Straus in Bioassay] / A.S.
Ol'kova // Water and Ecology: Problems and Solutions. — 2017. — 1. — p. 64-82. — DOI: 10.23968/2305-
3488.2017.22.4.111-115. [in Russian]

13. Ol'kova A.S. Vybor biotestov dlja ekologicheskih issledovanij vod, zagrjaznennyh mineral'nymi formami azota
[Selection of Biotests for Environmental Studies of Waters Polluted with Mineral Forms of Nitrogen] / A.S. Ol'kova, E.V.
Mahanova // Water and Ecology: Problems and Solutions. — 2018. — 4. — p. 70-88. — DOI: 10.23968/2305-
3488.2018.23.4.70-81. [in Russian]

14. Ostfeld A. Optimal Layout of Early Warning Detection Stations for Water Distribution Systems Security / A. Ostfeld,
E. Salomons // Journal of Water Resources Planning and Management. — 2004. — 130(5). — p. 377-385.

15. PND F T 14.1:2:3:4.11-04. T.16.1:2:3:3.8-04. Metodika opredeleniya integral'noj toksichnosti poverhnostnyh, v tom
chisle morskih, gruntovyh, pit'evyh, stochnyh vod, vodnyh ekstraktov pochv, othodov, osadkov stochnyh vod po izmeneniyu
bakterial'noj biolyuminescencii test-sistemoj «Ekolyum» [PND F T 14.1:2:3:4.11-04. T.16.1:2:3:3.8-04. Method for
Determining the Integrated Toxicity of Surface Waters, Including Marine, Ground, Drinking, Waste Waters, Water Extracts
from Soils, Waste, Sewage Sludge by Changes in Bacterial Bioluminescence Using the Ecolum Test-system]. — Moscow:
Nera-S, 2010. — 30 p. [in Russian]

16. RD 52.24.309-2016 Organizatsija i provedenie rezhimnyh nabljudenij za sostojaniem i zagrjazneniem poverhnostnyh
vod sushi [Guidance document 52.24.309-2016 Organization and Conduct of Regime Monitoring of the State and Pollution of
Surface Water] — Introduced 2017-04-03. — Moskva: Rosgidromet, 2016.— 20 p. [in Russian]

17. Solimini A.G. Towards Holistic Assessment of the Functioning of Ecosystems under the Water Framework Directive /
A.G. Solimini, R. Ptacnik, A.C. Cardoso // Trends in Analytical Chemistry. — 2009. — 28(2). — p. 143-149. — DOI:
10.1016/j.trac.2008.10.015.

18. Rossijskaja Federacija. Zakony. Vodnyj kodeks Rossijskoj Federacii (s izmenenijami na 27 dekabrja 2018 goda)
[Russian Federation. Laws. Water Code of the Russian Federation (as amended on December 27, 2018)]: Federal Law : [from
03.06.2006 N 74-FZ]. — URL.: http://docs.cntd.ru/document/901982862 (accessed 13.08.2023) [in Russian]



	НАУКИ ОБ АТМОСФЕРЕ И КЛИМАТЕ / ATMOSPHERIC AND CLIMATE SCIENCES
	INTEGRATED ASSESSMENT OF THE ECOLOGICAL STATE OF A WATER BODY UNDER CLIMATE CHANGE CONDITIONS
	Makhanova Y.V.1, Luginina E.A.2, *
	Комплексная Оценка экологического состояния водоема в условиях изменения климата
	Маханова Е.В.1, Лугинина Е.А.2, *

