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ABSTRACT. It is important to study the level of anthropogenic pollution of rivers in order to maintain
the health of ecosystems and provide the sustainable development of society. Surface water pollution
is mainly caused by urbanisation, agriculture and industrial discharges. Here, we present the results of
a three-year study of the chemical composition and bacterial diversity of samples collected from three
rivers of the Kuibyshev Reservoir. Statistically significant differences between chemical parameters and
alpha diversity indices were found. In addition, a negative correlation was between the Shannon index
and manganese content, and the Chaol index with nitrite ions.
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1. Introduction

Various anthropogenic factors, including agricul-
tural and industrial activities, lead to the worsening of
water quality in rivers. Not only aquatic species are at
risk, but also human health (Breton-Deval et al., 2019,
Akhtar et al., 2021). Anthropogenic activities affect the
composition of water, increasing the content of various
chemical elements in natural sources (Matveeva et al.,
2022). For example, nitrates, phosphates and organic
compounds are released into the water from agricul-
tural activities (Yuce et al., 2006), while nitrogen and
manganese pollution are mainly associated with indus-
try (Li et al., 2014). As a result, the composition and
diversity of the aquatic microbial community changes,
so the microbiome can be used as an indicator of water
quality (Yuce et al., 2006). Next-generation sequenc-
ing techniques are being developed and their costs
are decreasing, making this approach available for a
deeper understanding of the relationship between the
microbial community and physicochemical parameters
of water, as well as for water quality monitoring.

2. Materials and methods

Samples were taken from the surface of the
water at the mouths of the Kama, Volga and Kazanka

*Corresponding author.
E-mail address: Anastasiahm@list.ru (A.M. Senina)

Received: June 01, 2024; Accepted: June 14, 2024;
Avadilable online: August 30, 2024

1091

Rivers in the area of the Kuibyshev Reservoir for three
years. Water samples were centrifuged for 15 minutes
at 8000 rpm in 50 ml bottles to obtain a cell pellet.
DNA was then isolated from the obtained sediment
using the DNA-Express kit (Lytech, Russia) according
to the manufacturer’s recommendations. Amplification
of the V3-V4 region of the 16S rRNA gene and sub-
sequent library preparation was carried out according
to the protocol ‘Preparing 16S Ribosomal RNA Gene
Amplicons for the Illumina MiSeq System’ (Illumina,
USA). Sequencing of the 16S rRNA amplicons was car-
ried out on the MiSeq platform (Illumina, USA) accord-
ing to the manufacturer’s protocol. The resulting reads
were processed using QIIME 1.9. All statistical calcula-
tions were performed using the R v.4.2.2 programming
language in the RStudio v.2023.12.1 +402 program.
Statistically significant differences in the parameters
studied between samples from different rivers were cal-
culated using the non-parametric Kruskal-Wallis test.
Correlations between alpha diversity and hydrochemi-
cal parameters were calculated using Spearman’s rank
correlation test.

3. Results and discussion

The study revealed significant differences
between rivers in terms of indicators and levels of
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substances associated with anthropogenic water pol-
lution such as ammonium ions, manganese, nitrate
ions, nitrite ions, phosphate ions, total phosphorus and
chemical oxygen demand. Samples from the Kazanka
River contained significantly more ammonium ions
(1.24+0.7 mg/1 to 0.43 0.2 mg/1 in the Volga River
and 0.44 +0.1 mg/1 in the Kama River) and less nitrate
ions (0.7 =0.4 mg/1 to 1.4+ 0.5 mg/1 in the Volga River
and 1.15%=0.2 mg/] in the Kama River) than the other
rivers studied. Samples from the Volga River contained
more manganese (0.02+0.02 mg/1) compared to the
Kama River (0.01+0.003 mg/I), and phosphate ions
(0.2+0.1 mg/1 to 0.10=0.03 mg/l in the Kama River
and 0.1+0.1 mg/] in the Kazanka River) and total
phosphorus (0.06+0.03 mg/l to 0.03+0.01 mg/] in
the Kama River and 0.04 =0.03 mg/1 in the Kazanka
River) were higher in this river compared to the other
analyzed rivers. We also found significant differences
in alpha diversity indicators. Samples from the Kama
River had the highest values of all alpha diversity indi-
ces analyzed compared to the Kazanka River, and the
highest values of Shannon (7.3+0.5 to 6.95+0.4 in
the Volga River and 6.46+0.7 in the Kazanka River)
and Simpson (0.98 +0.01 to 0.96+0.02 in the Volga
River and 0.93+0.05 in the Kazanka River) indices
were for the Kama River compared to the other rivers.
Correlation analysis of seven chemical indicators stud-
ied with the biodiversity indices was also performed.
We found a negative correlation of the Shannon index
with the amount of manganese (R= -0.5; p<0.1) and a
negative correlation of the Chaol index with nitrite ions
(R= -0.4; p<0.1). The results obtained indicate a pos-
sible negative impact of these anthropogenic chemical
factors on the biodiversity of the microbial community.
It is known that excess manganese is toxic to plants and
animals and can cause central nervous system disor-
ders in humans (Matveeva et al., 2022). Nitrite ions are
mutagens and can cause various human diseases such
as cancer, methaemoglobinaemia, thyroid enlargement
and diabetes mellitus (Parvizishad et al., 2017).

4. Conclusions

In this study, samples from three different rivers
in the same geographical area were analyzed. We found
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that water pollution with manganese and nitrite ions
affect the diversity of the aquatic microbial community.
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AHHOTALIUA. VccienoBaHue YpPOBHS aHTPOIIOI€HHOI'O 3arpsA3HEHUs peK ABJIAeTCs BaXHOU 3afavent
JJIA IOAAepKaHuA 3J0POBbA 9KOCUCTEM U 0OecliedeHNs yCTONYNBOr0 pa3BUTHA O0IeCTBa. 3arps3HeHue
IIOBEPXHOCTHHIX BOJ B OCHOBHOM IIDOMCXOAUT N3-3a ypOaHM3aluy, CeJIbCKOr0 XO3AHCTBA U IPOMBIII-
JIEHHBIX COpOCOB. B maHHOM mcciiefoBaHUM NPEACTABJIEHBI Pe3yJIbTaThl UCCIENOBAHNS XUMHYECKOrO
cocTaBa U 0aKTeprabHOr0 pasHooOpa3usA o0pa3loB, MOJIyYeHHBIX U3 TpeX pek KyiiOmieBckoro BOAo-
XpaHWINIA B TeueHHe Tpex JieT. Havu ObIM HalileHbl CTaTHUCTUYECKH 3HAYKMMBble OTJINYNA XUMUYe-
CKMX IIOKasaTeJylell U MHIEKCOB ajibda-pasHooOpasusa. Kpome Toro, Oblia BhIABJIEHA OTpUIlaTesbHAA
KoppeJssAnuA nHaekca IlleHHOHA ¢ coAepXXaHreM Maprasia u ngaexkca 4Yaol ¢ HUTpUT-MOHAMU.
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1. Beeapenue

PaznuuHble aHTpoONOreHHble (PAaKTOpHI, BKJIIOYA-
Iolye JeATeJbHOCTh CeJIbCKOXO3ANCTBEHHBIX U IpO-
MBIIIJIEHHBIX IPeAIPUATUHN, BelyT K yXyAIIeHUI0 Kaye-
CTBa BOABL B peKaxX. DTO He TOJIbKO yrpokaeT BHJaM,
obWTaIM B BOAOEMax, HO U CO3[aeT yrposy AJjd
300poBbs Jnofel (Breton-Deval et al., 2019, Akhtar et
al., 2021). AHTpomoreHHas OEATEJBHOCTh OKA3bIBAET
BJIMsAHME Ha COCTaB BOJBI, MOBHIIIAsA COAepKaHue pas-
JIMYHBIX XUMUYECKHUX 3JIeMEHTOB B IIPMPOJHBIX UCTOY-
Hukax (Matveeva et al.,, 2022). Hanpumep, HUTpaTHI,
docdatel 1 opraHnyeckue COeAWHEHUs IOCTYMaKT B
BOJIOEMBI B pe3yJIbTaTe CeJIbCKOXO3SICTBEHHOMN [es-
tespHOCTH (Yuce et al., 2006), a 3arpsA3HEHUs a30TOM
Y MaprasiieM, B OCHOBHOM, CBA3aHO C IIPOMBIIILJIEHHO-
cteio (Li et al., 2014). B pe3ybTare, IpOUCXOIUT U3Me-
HEHUE COCTaBa M pa3HooOpa3us MUKPOOHOTo coobiie-
CTBa BOJOEMOB, IM0O3BOJIAA MCIOJIb30BaTb MUKPOOHOM
Kak WHAWKATOp KadectBa BoAwl (Yuce et al.,, 2006).
PasBuTue u ypeleBjieHHe MeTOHNOB CeKBEHHPOBAHUA
HOBOT'O IIOKOJIEHHU JieJiaeT AOCTYIIHBIM HCIIOJIb30BaHue
JaHHOU TeXHOJIOTUU JJis 60Jiee riiyboKOro MoHUMaHUsA
B3aMMOCBA3U MUKPOOHOTOo coobijecTBa ¢ (PU3UKO-XU-
MHYeCcKVMM II0Ka3aTesAMU BOABL, a TakxXe AJiA MOHHU-
TOPHHIa KayecTBa BOJIOEMOB.
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2. MaTtepuanbl U MEeTOADI

OT6op mpo6 TMpPOU3BOAUIICA C IIOBEPXHOCTU
BoABl B ycThAX pek Kawmrbl, Boaru n Kasanku Ha Tep-
putopuu Kyii0OblleBCKOro BOAOXpPaHWJIMILA B Teye-
Hue Tpex JieT. O6pa3upl BOABI LeHTPpUQPYTrUpoBaIu B
danpkoHax obvemom 50 mu1 15 munyT npu 8000 06/
MHH [Jif [OJIyuYeHUs KJIETOYHOIO Ocajka. 3aTeM U3
MOJIyYeHHOro ocafka nposoauu BeigesieHue JHK
¢ wucnosb3oBaHuem Habopa «J/[HK-Dkcmpecc» (HIID
«JIutex», Poccusa), corjacHO pekoMeHAalWuAM [IpOu3-
BoautesiA. Ammudukanuo pernoHa V3-V4 rena 16S
pPHK u mocrneayomniyo moAroToBky 6ubIMOTeK Mpo-
BOJIUJIA B COOTBETCTBUM C NMPOTOKOJIOM «Preparing 16S
Ribosomal RNA Gene Amplicons for the Illumina MiSeq
System» (Illumina, CIIIA), cekBeHUpPOBaHUE HYKJIEO-
TUAHON MOCJIeN0OBATEJIbHOCTH aMILUTMKOHOB 16S pPHK
ocymiecTBIsUM Ha mwiatdopme MiSeq (Illumina, CIIIA)
COTJIaCHO IPOTOKOJIy IIpousBojuTesA. IlojiyueHHBIE
npouteHus obpadatsiBasiu ¢ nomoisio QIIME 1.9. Bee
CTaTUCTUYeCcKHe pacyeThl IIPOU3BOAUIIU B cpefie A3bIKa
nporpaMmupoBanusa R v.4.2.2 B mporpamme RStudio
v.2023.12.1 +402.  CTaTUCTUYECKU  OOCTOBEPHHIE
pasnnuus KccjeflyeMbIX IapaMeTpoB MexAy oOpas-
I[aMH pa3HbIX peK pacCYMTHIBAJIMCh C HCIIOJIb30Ba-
HHeM HellapameTpuueckoro tecta Kpackesa-Yosiuca.

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
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Koppemanua mexnay anbda-pasHooOpasueM U TUApPO-
XMMHUYECKUMMHU IoKasaTesJiAMU Oblla paccuuTaH IpHU
IIOMOIIIM TecTa paHroBoi KoppesAuuy CnupMmeHa.

3. Pe3ynabTatbl M 06Ccy)xpeHue

B wuccienoBaHuy ObUTM OOHApyXEHBI JOCTO-
BEpHBIE OTJIMYMA MEXOy peKaMHu B TOKa3aTessiX U
CcoZlepXaHUM BeIeCTB, CBA3AHHBIX C aHTPONOTE€HHBIM
3arpsi3HeHNEeM BOAOEMOB (aMMOHUI-MOHBI, MapraHell,
HUTPaT-UOHBI, HUTPUT-UOHHI, (ocdaT-noHbI, 0OUIMit
dochop m xumMuueckoe motpebiieHUE KHCIOPOa). B
obpa3siax u3 p. KazaHka BbIABJIEHO JOCTOBEPHO (OJIbIIE
amMmMoHui-noHoB (1,2+0,7 mr/am® k 0,4+0,2 mr/om®
B p. Bosra u 0,4+0,1 mr/am® B p. Kama) u MeHbIe
autpat-uoHos (0,7 0,4 mr/mm® ¥ 1,4+0,5 mr/oqm® B
p. Bosra u 1,15+ 0,2 mr/am® B p. Kama), ueMm B Apyrux
pekax, IpeCTaBJIEHHBIX B MCCJIeJOBaHUU. B ob6pasnax
u3 p. Boira comepxasioch 6oiblliee KOJIUYECTBO Map-
ranana (0,02+0,02 mr/i), yem B ob6pasiax u3 p. Kama
(0,01 +0,003 mr/m), dpocdar-uonos (0,2 +0,1 mr/mm®
Kk 0,10+0,03 mr/am® B p. Kama u 0,1 +0,1 mr/ogm° B
p. Kazanka) u obmero docdopa (0,06 +0,03 mr/ame
k 0,03+0,01 mr/am® B p. Kama u 0,04 +0,03 mr/am®
B p. Kazanka), yeM B APYruUX HCCJIEJOBAHHBIX peKax.
Takxke HaMu ObLJTM OOHApYyXEHBI JOCTOBEPHBIE OTJIH-
YA B MoKasaTeJisax ajbda-pasHoobpasus. O6pasisl u3
p. Kama nmesu camsle BRICOKME 3HAUEHUS BCEX MH/IEK-
coB asb(da-pasHoob6pa3usA Mo CpaBHEHHUIO ¢ 06pa3aMu
u3 p. KazaHka u camble BBICOKME 3HAYE€HUSA UHIEKCOB
[llennona (7,3 +0,5 ¥ 6,95+ 0,4 B p. Bosira u 6,46 +0,7
B p. Kazanka) u CummcoHa (0,98+0,01 k 0,96 +0,02
B p. Bosira u 0,93 +0,05 B p. KazaHka) 1o cpaBHeHUIO
CO BCEMU peKaMH, MpeACTaBJIEHHBIMH B HCCJIEIOBA-
HUM. Takxe B HCCIEJOBAaHUM ObLI MPOBEIEH Koppe-
JIAMOHHBIA aHAJIN3 CEMH HUCCIIeyEMBIX XUMHYECKUX
rmokasaTeJiell ¢ mpeACcTaBJIeHHbIMH MHeKcaMu Gropas-
HOooOpa3us. Beuta oOHapyxeHa OTpUIaTeIbHasA Koppe-
asauuA uHAaekca IlleHHOHA ¢ KOJMYECTBOM Maprasia
(R= -0,5; p<0.1) u ortpunaresgbHasg KoppeyAlus
uHpekca Yaol ¢ murpur-uonamu (R = -0,4; p<0.1).
[osryyeHHbIe pe3yJIbTAaThl YKA3bIBAIOT HA BO3MOXHOE
HEraTuBHOE BJIMAHHE JAHHBIX XUMUYECKUX AHTPOIIO-
reHHbIX (HAKTOpPOB Ha GHOpa3HOOOpa3ve MUKPOOGHOTO
coobmectBa. U3 AaHHBIX JIMTEPATyphl U3BECTHO, YTO
Maprasel] B U30bITKe TOKCUYEH JJIA PaCTEHUH U KUBOT-
HBIX, Y YeJIOBEKA MOXET BBI3BIBATH PACCTPOCTBA IIEH-
TpaJIbHOHM HepBHOU cucTteMbl (Matveeva et al., 2022).
HUTpUT-UOHBI ABJIAIOTCA MyTareHaMud U CIIOCOOHBI
BBI3BIBATh Y YeJIOBeKa pa3JinyHbie 3a60JIeBaHUs, TaKHe
KakK pak, MeTreMOrJIOOMHEMUS], yBeJIMYEHUE IIIUTOBU/I-
HOI Xeje3bl M caxapHbiii quaber (Parvizishad et al.,
2017).
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4. BoiBOADI

B pmanHOM mcciemoBaHuM 0OpasloB, MOJIy4YeH-
HBIX U3 TPeX Pa3HbIX peK OJJHOU reorpaduyeckoii 30HbI,
OBLTIO BBHIABJIEHO, YTO 3arpsA3HeHNe BOJbl MapraHiieM u
HUTPUT-UOHAMM BJIUAET Ha pa3HooOpasue MHMKpOO-
HOro coob1iecTBa.
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