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SEASONAL DYNAMICS OF ENVIRONMENTAL VARIABLES
AND ZOOPLANKTON STRUCTURE IN WASTEWATER RESERVOIRS
OF THE RIGHT-BANK SORBULAK CANAL SYSTEM

The annual increase in wastewater volumes necessitates comprehensive studies of water bodies
subsidized by anthropogenic activities. An example of such reservoirs is Sorbulak and a system of shal-
low ponds into which pre-treated wastewater from Almaty and its environs is discharged. The published
works provide fragmentary data on the hydrochemical and hydrobiological regimes of Sorbulak and
ponds. There is no information on the seasonal dynamics of these variables. Our paper, aimed at studying
the seasonal dynamics of pollutants and the zooplankton structure, partially fills this gap. Environmental
and biological samples were taken in Sorbulak and two ponds by standard methods once a month, from
April to September of 2021. The content of nutrients was high, and the heavy metals concentrations,
except for copper, were low. The seasonal dynamics of pollutants in reservoirs were determined mainly
by their entry from wastewater, with a more negligible contribution of natural factors. Zooplankton was
represented by 80 species with an average abundance of 177.3-834.4 thousand ind./m* and average
biomass of 9.6-10.4 g/m?3. The values of the Shannon index were 1.98-2.12 bit/ind and 0.88-1.76 bit/
mg, the average mass of an individual was 0.0140-0.0853 mg. The seasonal dynamics of zooplankton in
the surveyed water bodies were different. The obtained results and comparison with the data of previous
studies testified to the instability of the species composition of zooplankton communities both during
one year and in individual years. Contradictions between the structure of zooplankton communities and
the chemical variables of the studied reservoirs were identified. The results obtained to make a theoreti-
cal and practical contribution to understanding the formation of water quality in reservoirs with mixed
pollution emphasize the need for further comprehensive studies of reservoirs of this type, and show
specific differences between anthropogenic and natural successions of aquatic ecosystems.

Key words: waste water reservoirs, pollution, seasonal dynamics, zooplankton.
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CapKpbIHABI CY XXMHAKTaYbILL COPOYAAK, KaHAAbI OH, XKaFaAaybl )KeTeKTepiHiH,
TMAPOXMMMSIAbIK, KOPCETKILUTEPiMEH 300NMAQHKTOH KYPbIAbIMbIHbIH,
MayCbIMADBIK, AMHAMMKAChI

CapKbiHAbI  CyAap KOAEMIHiH >KbIA CaiblHFbl YAFalObl AHTPOMOrEHAIK KbI3MeT ecebiHeH
CyOCMAMSIAQHATBIH CYy KOMMAAAPAbl KaH->KaKTbl 3epTTey KaXeTTiAiriH Herizaenai. MyHaain cy
KOMMaAapAbIH 6ipi — AAMaTbl KaAaCbl MEH OHbIH, MaHaMbIHAH aAAbIH aAd Ta3apThIAFAH CapKbIHAbI CyAap
keAin TycetiH CopbyAak, capkbIHAbI CYKOMMaAap >yieci. ByAa cy KonMMaaap yakpIT 6Te KeAe e3repeTiH,
AACTaHYAbIH, apaAac TypiMeH cunaTTaraAbl. OcbiFaH AeRiHri >kapusAaHFaH kymbictapaa Copbyaak,
MeH CapKbIHAbI CYy >KMHAKTAyblll TOFAHAAP >XYMECIHIH TMAPOXUMMSIABIK, >K8HE TMAPOOUOAOTUSIAbIK,
pPEeXUMI TypaAbl Y3iHAI AepekTep KeATipineai, Oipak 6yA KOPCETKILITEPAiH MayCbIMABIK, AMHAMMKACDI
TypaAbl MBAIMETTEp >KOK. AacTayllbl 3aTTapAblH MayCbIMAbIK, AMHAMUKACBIH >K8He 300MAAHKTOHABIK,
KAYbIMAQCTBIKTAPAbIH  KYPbIAbIMbIH  3epTTeyre GarbiTTaAFaH OyA >KYMbIC >KOFapblAa aTaAfaH
OAKbIAbIKTbIH OpPHbIH TOATbIpaabl. COpOYAaK, MeH CapKbiHAbI Cy >KMHAKTAYbIL €Ki TOFAHHbIH, KELIEHA]
3epTTeyAepi 2021 XbIAbl XKYPri3iAAi, OHbIH XMMMSABIK KypPamblH, KOPEKTiK 3aTTap MeH AacTayllbl
3aTTapAblH KypamblH 3epTTey YIUiH Cy YATiAepi, COHAait-ak, 300MAAHKTOH CblHAaMaAapbl CTAaHAAPTTbI
aAicTepMeH aibiHa 6ip peT, coyipAeH KbIPKYMeKKe AeniH ipikTeaai. TaaaayAbiH op6ip TypiHe GapAblFbl
84 cbiHama ipikTeAAi. 2021 XbIAFbI 3epTTeyAep HOTUMXKECI KOPEKTIK >XKoHe OpraHMKaAbIK, 3aTTapAblH
MOALLIEPI XKOFapbl EKEHAIMH, aA MbICTaH 6acka ayblp METAAAAPAbBIH MOALLEPI TOMEH eKEHAIMH KOPCEeTTI.
3epTTeAreH capkblHAbI CyAapAbl >KMHAKTaybIll CYyKOMMaAapAa AacTayllbl 3aTTapAblH MayCbIMABIK,
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AVHAMMKACbI Heri3iHeH oAapAblH Taburn (PakTOpAApAbIH YAECI a3 GOAFaH Ke3AE afblHAbI CyAapMeH
KEAIN TYCYiMeH aHbIKTaAAbl. 300MAQHKTOH 80 TypMeH cunaTTaAAbl, OAAPAbIH opTala caHbl 177,3-
834,4 MbIH 3K3/M? xoHe opTata 6romaccacbl 9,6-10,4 r/m3. LLIEHHOHHbIH aAyaHTYPAIAIK MHAEKCIHIH
MoHi 1,98-2,12 6ut/3k3 >oHe 0,88-1,76 6GUT/Mr, aAapaHbiH opTawa casmarbl 0,0140 — 0,0853 mr
GOAABI. 3€PTTEATEH CY KOMMaAapPAbIH, 9PKaMCbICbIHAA 300MAAHKTOHHbIH CaHABIK, )XOHE KYPbIABIMABIK,
KOPCETKILLTEPIHIH MayCbIMAbBIK, AMHAMMKACbl SPTYPAI OOAAbI. AAbIHFAH HOTUMXKEAEP MEH aAAbIHFbI
3epTTeyAEpAIH AepeKTepiMEH CAAbICTbIPY 300MAAQHKTOH KaybIMAACTbIKTAPbIHbIH TYPAEP KypPaMblHbIH,
6ip KbIA iLIHAE A€, >KEKEAEreH >KbIAAAPbl Ad TYPAKCbI3AbIFbIH KOPCETTI. 300MAAHKTOHAbIK,
KaybIMAACTbIKTAPAbIH KYPbIAbIMbI MEH 3ePTTEAreH Cy OObEKTIAEPIHIH XMMMUSABIK, KepceTKiwTepi
apacblHAAFbl KAMLIbIABIKTAP aHbIKTaAAbI. AAbIHFAH HOTUXKEAEP apaAac AaCTaHybl 6ap Cy KOMMaAapAarbl
Cy canacblHbIH, KQAbINTACYbIH TYCiHYyre TEOPUSIAbIK, XXBHE MPakKTMKAAbIK YAEC KOCaAbl, OCbl TUMTEri Cy
00bEKTIAEPIH 0AAH 9pi KELLEHAT 3epTTey KaXKEeTTIAIrH aTarn KepceTeAi, COHAAM-aK, Cy SKOXKYMEAepiHiH,
AHTPOMOreHAIK XoHe TabuFK CyKLIeCCHsl apacbiHAAFbl OEATIAL Oip arblpMalLIbIAbIKTapAbI KOPCETEA.
Ty#iH ce3aep: CapKbIHAbI CY >KMHAKTAYbILITAP, AACTAHY, MayCbIMAbIK, AMHAaMMKa, 300MAAHKTOH.
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Ce30HHas AUHAMUKA KOAUYECTBEHHbIX
U CTPYKTYPHbIX rnokasareAei 300MAAHKTOHA B CTOYHbIX BOAAX
CUCTEMDI npaBoﬁepe)KHoro C0p6YI\aKCKOr0 KaHaAa

ExxeroaHoe yBeAnyeHue 06beMOoB CTOUHbIX BOA 06YCAOBAMBAET HEOOXOAMMOCTb BCECTOPOHHMX
MUCCAEAOBaHMII BOAOEMOB, CYOCMAMPYEMbBIX 3a CYET aHTPOMOreHHOM AesTeAbHOCTM. [lprumepom
Takmx BopoemoB siBasioTcs CopbyAak M cMCTeMa MEAKOBOAHBIX MPYAOB, B KOTOpble cHpachiBaloTCs
npeABapUTEAbHO OUMLLLEHHBIE CTOUYHbIE BOAbLIT. AAMaTbl M ero okpecTHocTel. BoaooeMbl xapakTepu3yloTcs
CMELIaHHbIM XapaKTepoM 3arpsi3HeHus, KOTOpOe WM3MEHSeTCS BO BpemeHu. B onyOGAMKOBaHHbIX
paboTax MPUBOASTCS OTPbIBOYHbIE AAHHbIE O FMAPOXMMMYECKOM M TMAPOOMOAOIMUYECKOM pexkume
CopbyAaka 1 NpyAOB, HO CBEAEHMS O CE30HHOM AMHAMMKE 3TMX MoKasaTeAein OTCYTCTBYIOT. AaHHas
paboTa, HarnpaBAEHHas Ha MCCAEAOBAHUE CE30HHOM AMHAMMKM 3arpSa3HSIOLLMX BELLECTB U CTPYKTYpbI
300MA@HKTOHHbIX COOOLECTB, YaCTMYHO BOCMOAHSIET 3TOT npobeA. KOMMAEKCHble MCCAeAOBaHMS
Copbyaakau AByXnpyA0B Gbian npoBeaeHbi B 2021 . O6pasLibl BOAbI AASI MCCAEAOBAHMS €€ XUMMYECKOTO
COCTaBa, COAEP>KaHUSI MUTATEeAbHbIX M 3arpsA3HSIOUMX BELWECTB, a TakXKe MpoObl 300MAAHKTOHA
oTOMpaAn CTaHAAPTHBIMM METOAAMU OAMH Pa3 B MECsILL, C arnpeAs Mo CeHTS6pb. Bcero Ha KaxkAbl BUA,
aHaAm3a 6bIA0 0TOOpaHo Mo 84 npobbl. bbiro nMokasaHo, uto B 2021 . coaepskaHMe MUTaTeAbHbIX U
OPraHNYEeCKUX BELLLECTB BbIAO BbICOKMM, a COAEPXKAHME TSIKEAbIX METAAAOB, 3a MCKAIOUEHMEM MEAM,
HaXOAMAOCb Ha HU3KOM ypoBHe. Ce30HHast AlHaMMKa 3arpsa3HSIOLLIMX BELLECTB B BOAOEMAX CTOYHbIX BOA,
OonpeAeAdAaCb B OCHOBHOM MX MOCTYMAEHMEM CO CTOYHbIMM BOAAMM MPW MEHBLLIEM BKAAAE NMPUPOAHbBIX
hakTopoB. 300MAAHKTOH ObIA MpeacTaBAeH 80 BUAAMM CO CPEAHE YMCAEHHOCTbIO 177,3-834,4 ThbiC.
3K3./M® 1 cpeaHeir Guomaccon 9,6-10,4 /M. 3HaveHust MHAeKca pasHoobpasus LllenHoHa 6biAn
paBHbl 1,98-2,12 6ut/MHA 1 0,88-1,76 GUT/Mr, cpeaHss macca ocobu — 0,0140-0,0853 mr. Ce3oHHas
AVHaMMKa KOAMYECTBEHHbIX M CTPYKTYPHbIX NMOKa3aTeAer 300MAQHKTOHA B K&KAOM M3 00CAEAOBAHHbIX
BOAOEMOB OblAa pasAMYHON. [oAyueHHble pe3yAbTaTbl M CPaBHEHUME C AAHHbIMM TMPEABIAYLLMX
MCCAEAOBaHMI CBUAETEABCTBOBAAM O HECTAabMAbBHOCTM BMAOBOIO COCTaBa COOOWIECTB 300MAAHKTOHA
KaK B TEYEHME OAHOIO roaa, Tak U B OTAEAbHbIE TOAbI. BbISBAEHbI NMPOTMBOPEUNS MEXAY CTPYKTYpPOM
300MAQHKTOHHbIX COOBLIECTB Y XMMUYECKMMM NMOKa3aTEASIMU MCCAEAOBAHHbBIX BOAOEMOB. [MOAyYeHHble
pe3yAbTaTbl BHOCIT TEOPETUYECKMIA M NMPaKTUUECKUIA BKAQA B MOHWMaHWe (DOPMMPOBAHMS KavecTBa
BOAbl B BOAOEMax CO CMELLAHHbIM 3arpsi3HEHMEM, MOAYEPKMBAIOT HEOOXOAUMOCTb AAAbHEMLLIMX
KOMIMAEKCHbIX MCCAEAOBAHUIT BOAOEMOB TAKOro TUMA, a TAKXKe MOoKa3blBalOT ONPeAEAEHHbIE pa3AMyMs
MEXAY aHTPOMOreHHbIMU 1 eCTECTBEHHBIMU CYKLLECCUSAMU BOAHBIX 3KOCUCTEM.

KAtoueBble cAOBa: HAaKOMUTEAM CTOUHbIX BOA, 3arpsa3HeHne, CE30HHas AMHaMMKA, 300MAQHKTOH.

Introduction

The growth of the earth’s population causes
an annual increase in the volume of wastewater
containing a complex set of organic and toxic
compounds [1-4]. A significant part of wastewater

160

is discharged into natural water bodies [5-
6], causing considerable damage to biological
resources and human health [7-8]. The growing
practice of reusing wastewater in agriculture and
drinking water [9-10] increases environmental and
human health risks.
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Pollutants entering aquatic ecosystems with
wastewater undergo transformation. These processes
are determined by a complex of natural and climatic
factors [11], chemical and physical interactions [13-
15], morphometric characteristics of water bodies
[16], as well as accumulation in living organisms
[17-20]. The impact of wastewater on aquatic
ecosystems depends both on its origin [industrial,
agricultural, livestock, domestic wastewater] and
on the composition of biological communities [21-
25]. Depending on the concentration, pollutants can
stimulate or inhibit living organisms [26-28].

Anthropogenic  activities almost entirely
subsidize artificial reservoirs created to store
wastewater (wastewater reservoirs). The continuous
influx of organic and toxic compounds with
wastewater causes differences between wastewater
reservoirs and natural water bodies, characterized
by a seasonal supply of nutrients and pollutants
[29-30]. In emergency discharges, the content of
contaminants in wastewater can increase many
times over a short period, which is also not typical
for natural water bodies.

The natural processes of eutrophication of
water bodies associated with the accumulation of
organic matter are distorted by toxic compounds
in wastewater. By suppressing the reproduction
of primary producers [31], toxicants disrupt the
transformation of nutrients and directly or indirectly
affect the entire trophic pyramid. As a result,
traditional bioindication methods based on the
relationship of species to organic pollution [32-
33] become ineffective under conditions of toxic
or mixed pollution of water bodies. It should also
be taken into account that the diverse nature of
chemical interactions between pollutants [34] does
not allow one to assess water quality based on
chemical methods alone.

Hydrobiological studies of wastewater reservoirs
expand our knowledge about the formation
features of biological communities’ structures
under conditions of organics together with toxic
pollution. According to the feedback principle, the
results obtained can be used to assess the ecological
state of artificial and natural water bodies with
mixed pollution. Considering the annual growth of
wastewater volumes [1,4], there are more and more
such water bodies [5-6].

Sorbulak is one of the largest wastewater
reservoirs in Kazakhstan and the world [35].
Sorbulak and ponds store pre-treated wastewater
from the city of Almaty and its environs, with a

total population of about 2 million people. Even
after preliminary treatment, wastewater contains
organic, biogenic, suspended solids, surfactants,
metals, phenols, fats, dyes, oil products, cyanides,
formaldehyde, and heavy metals [35-38].

Zooplankton studies in the Sorbulak reservoir
were carried out in 1998, 2000, 2001, and 2017
[36, 39-41]. The cited papers provide information
on the species composition, quantitative and
structural variables of zooplankton communities in
the Sorbulak reservoir and ponds. The interannual
dynamics of zooplankton in ponds are analyzed
in connection with external factors [37]. Still,
there is no information on the seasonal dynamics
of pollutants and the structure of zooplankton
communities. This work partially fills this gap. Its
purpose is to analyze the seasonal variability of
environmental and biological variables in conditions
of mixed pollution of wastewater reservoirs of the
Right-Bank Sorbulak Canal system.

Materials and Methods

Description of Study area. Sorbulak is located
50 km northwest of Almaty. It was formed in 1973
by filling the natural lowering of the relief with un-
treated sewage. Sorbulak has the shape of an irregu-
lar triangle. The island (former peninsula) divides
the reservoir into two parts (Figure 1). The water
area is about 58 km?. Depths range from 19.0-25.0
m in the northern part to 1.5-5.0 m in the southern
and southeastern parts. The wastewater canal flows
into the southeast of the reservoir. From the western
bay of Sorbulak, water is periodically taken through
the canal for irrigation of industrial crops.

By the end of the 80s of the last century, the
filling of Sorbulak reached a critical level, and
there was a threat of the dam breaking. In 1995, the
emergency Right-Bank Sorbulak Canal (RSC) was
built. Through this canal, part of the wastewater,
bypassing Sorbulak, can be discharged into a sys-
tem of 8 shallow ponds (RSC ponds). Ponds have
an indented coastline (Figure 1). The largest of
them is the penultimate one (No. 7) and the last one
(No. 8), with an area of 3.5 and 0.4 km?, respec-
tively. The maximum depths do not exceed 7-8 m,
with average depths of 2.7-6.0 m. Water transpar-
ency is often low. The water level in wastewater
reservoirs mainly depends on the volume of incom-
ing wastewater. During the observation period of
2021, the water level in all wastewater reservoirs
has dropped significantly.

161



Seasonal dynamics of environmental variables and zooplankton structure in wastewater reservoirs ...

Figure 1 — The layout of sampling stations in wastewater reservoirs of the Right-Bank Sorbulak Canal system, 2021

Field studies. Hydrochemical and biological
sampling was carried out once a month from April to
September 2021 using a grid of 15 stations (Figure 1).
The coordinates, depth, temperature, pH value, and
water transparency at each station were determined.
The pH value and water temperature were measured
using a portable waterproof instrument AMTAST.
Water transparency was determined using a Secchi
disk. Water samples were taken to assess total
dissolved solids (TDS), the content of nitrites,
nitrates, phosphates, ammonium, total iron, silicon,
manganese, phosphorus, oxygen, easily oxidized
organic substances (PI), heavy metals (Cd, Pb, Zn,
Cu, Cr, Co). At depths less than 3 m, hydrochemical
samples were taken from the surface and at greater
depths, layer by layer, using a bathometer. Samples
for determination of TDS were taken in plastic
containers with a volume of 1 1, heavy metals — 0.5
1, nutrients — in glass containers with a volume of
0.5 I, permanganate index (PI) — 0.25 I, oxygen — in
oxygen bottles with a ground stopper with a volume
of 0.25 1. Zooplankton samples were taken using a
Judy net by pulling it from the bottom to the surface
[42]. All zooplankton samples were fixed with 4%
formaldehyde solution. A total of 84 samples were
taken for each type of analysis.

Laboratory analysis. Chemical analysis of
water was carried out according to guidelines
[43,44]. Nitrogen compounds, phosphates,
silicon, manganese, and iron were determined
photometrically using Griess, Nessler, metallic
cadmium, ammonium molybdate in combination
with ascorbic and sulfosalicylic acids. The content
of easily oxidizable organic substances was
determined under acidic conditions by the Kubel
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method. The total hardness of water was determined
by the volumetric complexometric method with the
black eriochrome indicator. The determination of
heavy metals in water was carried out by inductively
coupled plasma mass spectrometry on an ELAN-
9000 quadrupole mass spectrometer USA (ST
RK ISO 17294-1-2011) in the low-background
measurement laboratory of the Institute of Nuclear
Physics (Almaty).

Identification of planktonic invertebrates
species was carried out according to keys [45-48].
According to [49], the abundance of organisms was
calculated. The sample was concentrated to a certain
volume, depending on the abundance of organisms.
After thorough mixing, three subsamples were
taken from the sample using a 1 ml pipette. In this
subsample, all encountered individuals and age
stages of individual species (the most numerous)
were counted. Next, the sample was concentrated to
a smaller volume of 125-150 ml. Three subsamples
were again taken from it; less abundant age stages
or species were counted. In the end, the sample,
with its volume of 20-25 ml, was examined to count
large and rare species of planktonic invertebrates.
The results obtained were recalculated per 1 m’.
We used an individual mass of individuals/species
determined by the formulas to calculate the biomass
[50]. The average number of species per sample, the
Shannon index (Shannon Ab, bit/ind and Shannon
Bi, bit/mg), and the average mass of an individual
(mg) were determined to characterize the structure
of zooplankton. The Shannon index was calculated
in the Primer Software based on a logarithm with
base two. Graphs of the seasonal dynamics of
variables were plotted in the R program [51-52].
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Statistical analysis. The calculation of the
similarity of the species composition of plankton
communities was performed as a network analysis in
JASP 0.9.0.0 (Jeffrey’s Amazing Statistics Program,
University of Amsterdam, Amsterdam, The
Netherlands) in the botnet package in R-Statistica
(R Core Team, Vienna, Austria) at a similarity level
of 50% at p<0.05 [53]. Blue lines mean positive
correlation, red lines mean negative correlation. The
thicker the line, the stronger the connection strength.
Descriptive statistics were performed in Excel. The
frequency of species occurrence was found by
dividing the number of samples in which the species
was encountered by the total number of samples.

Results and Discussion

Hydrophysical and hydrochemical
characteristics. All wastewater reservoirs are
thermal. The ponds, as a rule, warmed up more
strongly compared to Sorbulak. The water is alkaline,
with maximum pH values in ponds. The water in the
ponds is slightly mineralized (Table 1). In Sorbulak,
the value of the variable is more than twice as high.
According to its chemical composition, the water
belonged to the chloride class, the sodium group of
the second type. Only in April, sulfates prevailed in
Sorbulak. The oxygen content in the surface was at
a high level.

Table 1 — Physical-chemical variables of wastewater reservoirs of the Right-Bank Sorbulak Canal system, 2021 (average values with

standard error)

Variable Sorbulak RSC7 RSC 8
temperature, ° 21.7+0.6 25.7+£0.01 22.7+0.7
pH 9.41£0.03 9.51+0.05 10.00+0.07
oxygen, mg/dm® 11.95+0.70 11.50+1.61 12.20+1.00
TDS, mg/dm? 1340.0+£20.3 546.2+26.9 464.5+16.0
hardness, mg-eq/dm? 6.20+0.03 3.70+0.12 2.64+0.09
PI, mgO/dm? 19.07+0.54 17.36+1.04 16.22+1.03
N-NO,, mg/dm’ 0.05+0.01 0.13+0.05 0.03£0.01
N-NO,, mg/dm’ 0.68+0.07 3.00+1.31 1.28+0.57
N-NH,, mg/dm? 0.30+0.04 0.37+0.12 0.53£0.13
PO,, mg/dm’ 0.26+0.01 0.39+0.05 0.14+0.02
Si, mg/dm? 3.69+0.15 8.26+0.57 7.03+0.38
Mn, mg/dm? 0.03£0.003 0.05+0.01 0.07+0.01
Fe, mg/dm? 0.34+0.02 0.37+0.03 0.38+0.03
Cd, mg/dm® 0.0001+0.000002 0.0001+0.000002 0.0001+0.000002
Co, mg/dm? 0.0002+0.00001 0.0003+0.00004 0.0002+0.00001
Cr, mg/dm® 0.0070+0.0003 0.0060+0.0009 0.0050+0.0005
Cu, mg/dm? 0.0115+0.0011 0.0255+0.0090 0.0359+0.0041
Pb, mg/dm? 0.0010+0.0032 0.0008+0.0003 0.0007+0.0002
Zn, mg/dm? 0.0053+0.0004 0.0110+0.0027 0.0085+0.0014

The average content of nitrates, ammonium,
phosphates, silicon, and manganese in the ponds
was higher, and easily oxidized organic substances
were lower than in Sorbulak. The contents of Cd,

Co, Cr, and Pb were low or very low. A somewhat
increased amount of Zn was recorded in RSC 7. The
Cu content was universally high, with maximum
values in RSC 8.
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The following features characterized the sea-
sonal dynamics of hydrochemical variables. The
surface water temperature gradually increased from
April to August and decreased in September (Fig-
ure 2). In Sorbulak, water transparency increased

from 0.4-0.5 m in spring to 1.9 m in autumn. In
RSC 8, the average value of the variable fluctuated
within 0.1-0.4 m. In RSC 7, the maximum water
transparency was noted in April, the minimum — in
July.
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Figure 2 — Seasonal dynamics of hydrophysical variables in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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Figure 3 — Seasonal dynamics of hydrochemical variables in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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The minimum oxygen content in the surface in
Sorbulak and RSC 7 was recorded in July and RSC
8 in August. The maximum TDS water in all waste-
water reservoirs was recorded in September against
a decrease in water level (Figure 3).
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The most considerable amount of easily oxi-
dized organic substances (21.07-25.00 mg/dm?)
entered the wastewater reservoirs in May, with a
minimum in April and September (11.67-15.00
mg/dm?).
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Figure 4 — Seasonal dynamics of nutrients in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021

The seasonal dynamics of nitrogen and phos-
phorus compounds in Sorbulak did not follow clear
patterns, with a weakly expressed trend of decreas-
ing their concentrations from April to September. In
RSC 7, this trend was more pronounced: the content
of nitrogen compounds and phosphates decreased
from spring to autumn (Figure 4). In RSC 8, the
maximum concentrations of nutrients were recorded
in June, and ammonium nitrogen — in July.

During the study period, the content of zinc,
copper, and lead changed to a certain extent
synchronously (Figure 5). The Pearson correlation
coefficient values were statistically significant
between Zn and Cu (r=0.657), Zn and Pb (r=0.682),
Cu and Pb (r=0.432, p<0.05). In Sorbulak, the
highest amount of copper was recorded in June,
in ponds — in August. In August, a relatively high
amount of chromium was detected in Sorbulak.

Zooplankton

Aspartofzooplankton, 80 species were recorded,
including 53 rotifers, 16 cladocerans, 9 copepods,
and 2 others (Table 2). The most significant number

of species was found in RSC 8, and the minimum in
RSC 7.

During the entire observation period, the
zooplankton species composition was characterized
by a relatively high similarity between Sorbulak
and ponds (Figure 6). The allocation of RSC 8 to
a separate cluster indicated an almost complete
change in the species composition of planktonic
invertebrates in August and September relative to
other periods of research.

According to the average values, the
quantitative variables of zooplankton communities
were at a high level, with a maximum in RSC 8
and Sorbulak (Table 3). Copepods dominated.
Rotifers and cladocerans subdominated. In
RSC 7, the distribution of taxonomic groups by
abundance was relatively uniform. The average
zooplankton biomass did not differ in water
bodies. Cladocerans dominated in Sorbulak and
RSC 7, while copepods subdominated. In RSC
8, the ratio of groups in the total zooplankton
biomass was reversed.
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Figure 5 — Seasonal dynamics of heavy metals and silicon in wastewater reservoirs
of the system of the Right-Bank Sorbulak Canal, 2021

Table 2 — Species composition and frequency of occurrence (%) of planktonic invertebrates in wastewater reservoirs of the Right-
Bank Sorbulak Canal system, 2021

Species name Sorbulak RSC7 RSC 8

Rotifera

Anuraeopsis fissa (Gosse) 17
Asplanchna brightwelli (Gosse) 33
Asplanchna girodi (Guerne) 41 33
*4splanchna herricki (Guerne) 2

*Asplanchna intermedia (Hudson) 7 6
Bdelloida gen.sp. 4 22
Brachionus angularis (Gosse) 50
Brachionus angularis bidens (Plate) 33
*Brachionus calyciflorus (Pallas) 2 17
Brachionus calyciflorus amphiceros (Ehrenberg) 44
Brachionus forficula (Wierzejski) 20 67
*Brachionus plicatilis (Muller) 6 6
*Brachionus quadridentatus ancylognathus (Schmarda) 4 33
Brachionus quadridentatus hyphalmyros (Tschugunoff) 17
*Brachionus urceus (Linnaeus) 2 22
Brachionus variabilis (Hempel) 11
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Table continuation

Species name Sorbulak RSC7 RSC 8
Colurella colurus (Ehrenberg) 22
*Euchlanis deflexa (Gosse) 2
Euchlanis dilatata (Ehrenberg) 2 6
Euchlanis lyra (Hudson) 6
*Euchlanis phryne (Myers) 4 10
Euchlanis pyriformis (Gosse) 6
Filinia longiseta (Ehrenberg) 2 50
*Filinia major (Colditz) 37 10 50
*Filinia terminalis (Plate) 35 83
Hexarthra mira (Hudson) 19 40
*Hexarthra intermedia (Wiszniewski) 63 20 17
Keratella cochlearis (Gosse) 22
*Keratella quadrata (Muller) 96 60 83
Keratella tropica (Apstein) 11
Keratella tropica reducta (Fadeew) 6
Lecane (Monostyla) bulla (Gosse) 22
Lecane (Monostyla) closterocerca (Schmarda) 17
Lecane (s.str.) luna (Muller) 13 44
Lepadella (s.str,) triptera (Ehrenberg) 11
Leydigia leydigii (Schoedler) 2
*Lophocharis oxysternon (Gosse) 2
*Mpytilina ventralis (Ehrenberg) 6 22
*Notommata collaris (Ehrenberg) 2
Notommatidae gen.sp. 2 20 28
*Polyarthra dolichoptera (Idelson) 22 17
Polyarthra major (Burchhardt) 13
Pompholyx sulcata (Hudson) 17 50
Synchaeta kitina (Roussel.) 37
Synchaeta stylata (Wierzejski) 19
*Trichocerca (s.str.) caspica (Tschugunoff) 11 33
Trichocerca rattus (Muller) 17
Trichocerca similis (Wierzejski) 28
*Trichocerca stylata (Gosse) 2
Trichotria similis (Stenroos) 2
Trichotria truncata (Whitel.) 6
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Table continuation

Species name Sorbulak RSC7 RSC 8
Tripleuchlanis plicata (Rodew.) 6
Cladocera
*4lona rectangula (Sars) 11 30 17
*Bosmina (Bosmina) longirostris (O.F. Muller) 98 10 94
*Ceriodaphnia dubia (Richard) 2
Ceriodaphnia pulchella (Sars) 2
*Ceriodaphnia reticulata (Jurine) 17
Chydorus sphaericus (O.F. Muller) 31 100 22
Daphnia (Daphnia) galeata (G.O. Sars) 96 39
*Daphnia (Daphnia) longispina (O.F. Muller) 20
Daphnia (Ctenodaphnia) magna (Straus) 78 80 17
Daphnia (Daphnia) pulex (De Geer) 74 100 44
Diaphanosoma cf. dubium (Manuilova) 72
*Diaphanosoma mongolianum (Veno) 63 10 6
Macrothrix hirsuticornis (Norman et Brady) 10
Moina brachiata (Jurine) 2
Moina sp. 6
Pleuroxus aduncus (Jurine) 4 20
Copepoda
Acanthocyclops robustus (Mirabdullayev et Defaye ) 100 80 67
Cyclops scutifer (Sars)
*Cyclops strenuus (Fischer) 31 22
*Cyclops vicinus (Uljanin) 98 50 89
*FEucyclops serrulatus (Lilljeborg) 2 40
*Mesocyclops leuckarti (Claus) 10
*Thermocyclops vermifer (Lindberg) 61
Sinodiaptomus sarsi (Rylov) 20 67
Diaptomidae gen.sp. 10 28
Ergasilidae gen.sp. 7
Others
Oligochaeta gen.sp. 2 10
Ostracoda gen.sp. 2 90 17
Nematoda gen.sp. 2 6
Total: 52 23 57

Note. *Species not previously recorded in Sorbulak and ponds.
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Abbreviation. Sorb — Sorbulak, RSC 7 and 8 — pond 7 and 8. Roman numbers (IV-IX)
denote the months of April-September, respectively.

Figure 6 — The similarity of the species composition of planktonic invertebrates
in wastewater reservoirs of the Right-Bank Sorbulak Canal system, 2021

Table 3 — Quantitative variables of zooplankton communities in wastewater reservoirs of the Right-Bank Sorbulak Canal system,

2021
Variable Water body Variable Water body
Sorbulak | RSC7 | RSCS8 Sorbulak | RSC7 | RSCS8
Rotifera Abundance 152.1 51.9 334.6 Copepoda Biomass 2.89 0.47 6.55
Cladocera Abundance 140.7 69.3 83.2 Total Biomass 9.62 10.37 9.72
Copepoda Abundance 405.0 56.6 416.5 Average Species Number 12.0 8.5 17.4
Total Abundance 697.8 177.3 834.4 Shannon Ab 2.01 1.98 2.12
Rotifera Biomass 0.12 0.05 0.74 Shannon Bi 1.76 0.88 1.31
Cladocera Biomass 6.61 9.83 2.44 | Average mass of an individual 0.0175 0.0853 | 0.0142

The seasonal dynamics of the quantitative indica-
tors of zooplankton had their characteristics in each
water body (Figures 7, 8). In Sorbulak, after the maxi-
mum in April, an abundance of planktonic inverte-
brates decreased in May and June, followed by a rise
in July and a further decline by September. In RSC
7, the quantitative indicators of zooplankton gradu-
ally increased from May to September. In RSC 8, two
zooplankton abundance peaks (May and September)
and one biomass peak (June) were recorded.

The composition of the dominant species in the
zooplankton of the surveyed reservoirs included
the cyclopoid copepods A. robustus everywhere,

in Sorbulak together with C. vicinus (Table 4).
As the water temperature rose seasonally, the role
of heat-loving species of cladocerans increased in
the zooplankton community, while the importance
of rotifers S. kitina decreased. The composition of
the dominant species in the zooplankton of RSC 8§
was the most peculiar and variable. In addition to
the cyclops A. robustus, the rotifers F. major, F.
terminalis, K. quadrata, and the cyclops C. vicinus
played a significant role in the zooplankton of this
reservoir in spring, and the predatory rotifer A.
brightwelli, crustaceans B. longirostris, D. dubium,
and S. sarsi.
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Figure 7 — Seasonal dynamics of zooplankton abundance in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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Figure 8 — Seasonal dynamics of zooplankton biomass in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021
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Table 4 — The composition of the dominant species in the zooplankton of wastewater reservoirs of the Right-Bank Sorbulak Canal
system, 2021

Water body Month Species name Abundance, % Biomass, %
Synchaeta kitina 12.5 1.1
April Daphnia (Daphnia) galeata 1.5 13.8
Cyclops vicinus 17.5 76.4
Acanthocyclops robustus 58.9 5.1
Filinia major 17.1 0.5
Keratella quadrata 41.5 1.9
May Daphnia (D.) galeata 7.7 57.3
Acanthocyclops robustus 11.6 0.9
Cyclops vicinus 16.5 335
Daphnia (C.) magna 3.6 64.4
Sorbulak June Acanthocyclops robustus 53.1 9.9
Cyclops vicinus 22.5 11.7
Bosmina (B.) longirostris 24.8 13.5
Diaphanosoma mongolianum 19.4 453
Tuly Daphnia (D.) pulex 1.0 13.3
Acanthocyclops robustus 33.7 12.1
D. mongolianum 12.9 43.7
August Daphnia (Daphnia) pulex 3.7 313
A. robustus 55.5 7.3
Acanthocyclops robustus 26.4 7.8
September Daphnia (Daphnia) pulex 15.9 50.7
D. mongolianum 2.5 26.2
Daphnia (C.) magna 17.5 61.2
May Daphnia (D.) pulex 30.1 38.2
Cyclops vicinus 32.1 0.17
Acanthocyclops robustus 70.2 24.1
June Daphnia (C.) magna 2.9 347
Daphnia (D.) pulex 15.1 39.3
Chydorus sphaericus 29.6 8.6
RSC 7 July Daphnia (D.) pulex 21.7 84.6
Acanthocyclops robustus 36.4 3.5
Hexarthra mira 31.4 1.1
August Daphnia (Daphnia) pulex 29.1 93.3
A. robustus 22.0 3.1
Keratella quadrata 36.1 0.9
September Chydorus sphaericus 19.6 10.5
Daphnia (Daphnia) pulex 15.9 87.5
Acanthocyclops robustus 18.0 0.6
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Table continuation

Water body Month Species name Abundance, % Biomass, %

Filinia major 16.2 0.3

April Filinia terminalis 11.0 0.1
Cyclops vicinus 62.4 96.7

Keratella quadrata 42.5 4.5

May Acanthocyclops robustus 17.6 43
Cyclops vicinus 22.2 77.9

Bosmina (Bosmina) longirostris 16.0 5.7

Tune Diaphanosoma cf- dubium 19.3 58.5
Acanthocyclops robustus 324 10.7

RSC 8 Sinodiaptomus sarsi 7.6 10.3
Asplanchna brightwelli 5.8 25.7
July Diaphanosoma dubium 46.9 57.4
Acanthocyclops robustus 13.9 2.7
Sinodiaptomus sarsi 7.8 12.4

Brachionus forficula 35.0 0.7
September Thermocyclops vermifer 46.3 30.2
Sinodiaptomus sarsi 3.8 59.7

Brachionus forficula 36.2 23
September Asplanchna girodi 1.9 19.3
Thermocyclops vermifer 49.1 69.9

Figure 9 shows the seasonal dynamics of the

of zooplankton communities

in the surveyed

structural variables of zooplankton communities.
The highest values of the Shannon index and the av-
erage mass of an individual in all reservoirs were re-
corded in the summer months. In Sorbulak, the spe-
cies richness of zooplankton communities increased
from April to September, and it was at its maximum
in the summer months in the ponds.

The seasonal dynamics of nitrogen and
phosphorus compounds in the surveyed wastewater
reservoirs did not follow clear patterns, which is
associated with the predominant supply of biogenic
elements to the reservoirs with wastewater. A
weakly pronounced downward trend in nitrogen and
phosphorus concentrations from April to September
indicates a specific contribution of surface runoff,
the volume of which is associated with seasonal
variability in precipitation [54]. In the absence of
seasonal patterns, the synchronous change in the
concentrations of heavy metals is also associated
with their joint inflow with wastewater.

With territorial proximity and feeding on
one source, the structure and seasonal dynamics
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wastewater reservoirs had specific features. With
a relatively high commonality of the species
composition of planktonic invertebrates, the
composition of the dominant species was specific
in each of the reservoirs and unstable over time.
Species compounds also changed compared with
previous data [37,41]. By 2021, the species richness
of zooplankton in Sorbulak increased due to 18
species of rotifers, three species of cladocerans, and
one species of copepods that were not previously
recorded (Table 3). All species of rotifers recorded
in 2017, except for Hexarthra mira, fell out of the
composition of the zooplankton of the ponds; and
the composition of rotifers was completely renewed.
Previously unrecorded, three species of cladocerans
and four species of copepods appeared. A possible
reason for a significant increase in the species
richness of zooplankton in reservoirs may be the
excessive supply of biogenic elements that stimulate
the development of phytoplankton. Favorable
trophic conditions allow a more significant
number of planktonic invertebrate species to
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exist simultaneously [55]. This conclusion is also
supported by an increase in zooplankton species
richness due to rotifers from the genera Brachionus,
Keratella, and Filinia, which are characteristic
of water bodies enriched in biogenic elements

Wl

Wmterbody

[37]. Seasonal and interannual variability in the
species composition of planktonic invertebrates is
a reflection of unstable environmental conditions,
which is generally typical for water bodies fed by
wastewater [10].
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Figure 9 — Seasonal dynamics of structural variables of zooplankton in wastewater reservoirs
of the Right-Bank Sorbulak Canal system, 2021

The constant influx of nutrients contributed
to maintaining a high abundance and biomass of
zooplankton in the surveyed wastewater reservoirs,
which is generally typical for water bodies of this
type [56-57]. The decrease in the level of toxic
pollution of reservoirs in recent decades played a
significant role [37,41]. At very low concentrations
of all metals in 2021, the copper content increased
from 0.001 mg/dm?® in 2017 [37] to 0.0117-0.0359
mg/dm?® in 2021. The primary source of heavy
metals in wastewater is an activity of industrial
enterprises [58], including the textile industry. From
2019 to 2021, the production of textiles in Almaty
increased from 5.0 to 23.7% [59]. The use of heavy
metals and, in particular, copper for fabric dyeing
may be one of the reasons for the sharp increase in
the content of this metal in wastewater in the past
few years.

Except RSC 8, the dominant zooplankton
complex did not change in all wastewater reservoirs.
In RSC 8, only the cyclops A. robustus remained
among the dominants of previous years. In contrast,
the previously dominant rotifers Hexarthra mira

and cladocerans D. pulex and D. magna dropped
out of the composition of dominants. The number
of species resistant to organic pollution (Asplanchna
girodi, A.brightwelli, B. forficula, Keratella
quadrata, B. longirostris, D. dubium, C. vicinus, S.
sarsi, T. Vermifer) increased [37, 60-62]. Changes
in the composition of dominant complexes can be
associated with the variability of hydrochemical
conditions [63] and antagonistic relationships
between planktonic invertebrates. For example,
in a mesotrophic lake in Brazil, B. longirostris
cannot coexist with rotifers Hexarthra [64]. Due
to the great competition, rotifers are forced to
look for additional sources of food. Hexarthra
uses the food contained in the filtration apparatus
of B. longirostris, thereby negatively affecting
the population of this crustacean. Perhaps for this
reason, in 2017, B. longirostris was not recorded in
the zooplankton of RSC 7 and 8 during the period
of dominance of the rotifer Hexarthra mira [37,41].
The absence of B. longirostris in Sorbulak [37, 40]
may also be related to its inability to compete for
food with large D. magna [65-66].
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The Shannon diversity index and the average
individual massareintegral variablesthatcharacterize
the structure of biological communities [33]. In 2021,
the average values of the Shannon index (1.98-2.12
bit/ind and 0.88-1.76 bit/mg) indicated a moderate
and low diversity of zooplankton communities in
the wastewater reservoirs. Such index values are
typical for zooplankton in eutrophic lakes [33, 67],
where several small-sized species dominate and for
oligotrophic conditions when several large species
dominate [62]. High values of the average individual
mass (0.0142-0.0853 mg) in the zooplankton of all
wastewater reservoirs corresponded to the values
characteristic of oligotrophic conditions [33].
Taking into account the long-term accumulation of
pollutants [35] and the results of chemical analysis
in 2021, it can be concluded that the values of the
integral variables of zooplankton did not fit into the
existing classifications [33, 62]. Our results once
again confirm that the successions of water bodies
differ significantly under the influence of natural
and anthropogenic factors. The differences are not
only in the multiple accelerations of anthropogenic
eutrophication of water bodies [68], but also in the
stochastic effect of toxic compounds that shift the
aquatic ecosystem to earlier stages of successional
development [69]. Obviously, it is the main reason
for the contradictions described above between
the structure of zooplankton communities and the
chemical parameters of the studied water bodies.
Undoubtedly, our results are preliminary and aimed
at drawing attention to the study of the succession
of wastewater bodies as a particular type of aquatic
ecosystem.

Conclusion

The seasonal dynamics of pollutants in the
wastewater reservoirs of the Right-Bank Sorbulak
Canal system are determined mainly by their inflow
with wastewater, with a smaller contribution of

natural factors. Zooplankton was represented by
80 species, of which the most common rotifers
Keratella  quadrata, cladocerans  Bosmina
longirostris, Daphnia magna, D. pulex, cyclopoid
copepods Acanthocyclops robustus, and Cyclops
vicinus. High quantitative variables of zooplankton
(177.3-834.4 thousand ind./m* and 9.6-10.4 g/m?)
are mainly characteristic of reservoirs enriched
with nutrients. The composition of the dominant
complexes included species that endure an
increased amount of organic matter. Shannon
diversity index values ranged from 1.98 to 2.12
bits/ind and 0.88 to 1.76 bits/mg. The average
individual mass in zooplankton was 0.0142-0.0853
mg. The seasonal zooplankton dynamics had their
characteristics in each surveyed water body. The
obtained results and comparison with the data of
previous studies testified to the instability of the
species composition of zooplankton communities,
which may reflect the variability of environmental
conditions. The identified contradictions between
the structure of zooplankton communities and the
chemical parameters of the examined water bodies
emphasize the need for further comprehensive
studies of water bodies with mixed pollution and
show certain differences between anthropogenic
and natural successions of aquatic ecosystems.
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