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Abstract. The Don River is one of the largest rivers in the East European Plain. The right tributary of the
Don River—the Temernik River—flows through the metropolis of Rostov-on-Don and affects the water
quality of the main watercourse. This study was aimed at the assessment of the organic pollution and
toxicity of water in two horizons (0.3 and 9.0 m) of the Don River downstream from its confluence with
the Temernik River using the saprobic index S and biotesting. Observations were carried out for 7 months
in 2019. The data on the quality of the Don River water have been obtained from the combined results of
two biological methods for the first time. The dynamics of changes in the quality of the river water in the
course of 7 months is presented. The samples for the investigation were collected concurrently. Comparison
of the water quality in two horizons (surface and deep) of the river section based on the data obtained using
two biological methods has been conducted for the first time. The saprobity results for the phytoplankton
indicated the presence of organic water pollution at both levels of the Don River during all 7 months of
the study. The saprobity index values ranged from 2.0 to 3.6. Water quality was characterized as ranging
from moderately polluted to polluted. This corresponds to a-f-mesosaprobic level. The maximum level of
organic pollution according to the saprobity index was recorded in September for both horizons. Saprobity
increases with an increase in the proportion of blue-green algae in the phytocenosis. The relative abundance
of blue-green algae ranged from 45.83 to 77.77 %. The surface horizon had higher organic pollution during
the warm period (May—September), and for the deep horizon it was higher during the cold period (April,
October, and November). The toxic effect of the river water was manifested in the inhibition of the growth of
Chlorella vulgaris. Water toxicity over the investigated period (7 months) was inconsistent. In each season,
it only appeared for one month. Water toxicity at the both horizons was recorded in spring (April), summer
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(August), and autumn (November). High saprobity and toxic effect of the water did not always coincide.
The concurrent presence of these characteristics is typical for the deep horizon. Toxicity fluctuations are
apparently associated with the temporal pattern of the Temernik River pollution by the metropolis waste

waters and with the measures for the Temernik River improvement taken by the municipal authorities.

Keywords: phytoplankton, saprobity index S, organic pollution, bioassay, toxicity, Don River, Temernik
River, water horizon
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AnHoTanus. Pexa Jlon — onHa u3 kpynHeimux pex BocTtouno-EBponeiickoil paBHuHBL. [IpaBslil npuTok
Jona — peka TemepHUK — npoTekaeT yepe3 Meramnoyuc PoctoB-Ha-J{oHy U OKa3bIBaeT BAUSHUE HA KA4€CTBO
BOJIbI OCHOBHOI'0 BOAOTOKA. [{enbio ncciaeqoBanus Obliia OIlEeHKA OPTAHUYE CKOTO 3arPsA3HEHUS K TOKCUIHOCTH
BoJ nBYX ropu3oHTOB (0,3 1 9,0 M) peku J[oH HUXKE MO TEYCHHUIO OT MECTa BIAJCHUS B Hee peku TeMepHUK
C UCIIONIB30BAaHUEM HMHJEKCa canpoOHocTH S M OmorectupoBaHus. HaOmwoaeHus MpOBOJUIN B TCUCHUE 7
Mecsues 2019 r. BnepBble ojiyueHbl 1aHHBIE O Ka4€CTBE JTOHCKOM BOABI MO0 COBOKYITHOCTH PE3YIbTATOB ABYX
6uonorndeckux mMeronoB. [IpencTaBieHa TUHaAMHKA U3MEHEHHUS KadeCcTBA PEYHOI BOABI 32 CEMHMECSIUYHBINA
nepuon. VccinenoBaHus IpOBOAMWINCH B CHHXPOHHO OTOOpaHHEIX Mpobax. BrepBrie mpoBeaeHo cpaBHEHHE
KadecTBa BOXBl ABYX TOPHU30HTOB (MMOBEPXHOCTHOTO W TIIYOOKOT0) CTBOpa pPEKHM MO MOAaHHBIM IBYX
OMOIOTHIECKUX METONOB. Pe3ynpTaTel campoOHOCTH MO (UTOIMIIAHKTOHY CBHACTEIBCTBYIOT O HAJIWYUH
OpTaHWYECKOT0 3arPs3HEHUS BOJABI Ha 000uX ropu3oHTax p. [loH Bo Bce 7 MecsmeB uccienoBanus. Junanazon
3HAYCHUW WHIEKCca canpoOHocTH cocTaBisan 2,0—3,6. KadecTBO BOABI XapaKTepH30BAIOCHh KaK HAXOASIIEeCs
B Ipenesiax OT YMEPEHHO 3arps3HEHHOTO A0 3arpsA3HCHHOTO. DTO COOTBETCTBYET a-B-Me30campoOHOMY
YpPOBHIO. MakcHUMalbHBI YPOBEHb OPTaHUYECKOTO 3arps3HCHUS 1O WHIEKCY CampoOHOCTH OTMCUYCH s
000UX rOpU30HTOB B ceHTsA0pe. CanpoOHOCTh yBEIIMYNBAIIACH C YBEIMYCHUECM JIOJU CHHE3CICHBIX BOIOPOCIICH
B ¢uronenose. OTHOCUTENbHAS YHCICHHOCTh CHHE3CICHBIX BOJOpOCIeH Konebanack B mpeaenax ot 45,83
no 77,77 %. bonee BBICOKMH ypOBEHb OpPraHMYECKOTO 3arps3HEHHsS B TEIUIbIM nmepuon (Maii—ceHTAO0pH)
OBLI CBOWCTBCHCH MOBEPXHOCTHOMY TOPH30HTY, @ B XOJIOJHBIA mepuoxa (ampenb, OKTIOpPh U HOSIOPH) —
r1ybokoMy TOpH30HTY. TOKCHUECKOE NEeWCTBHE PEYHON BOJIBI MPOSBISIOCH B yrHeTeHUU pocta Chlorella
vulgaris. B TedeHmne 7 MecsIeB UCCIEIOBAaHUI TOKCHYHOCTH BOABI Oblia HepaBHOMepHA. OHa MPOABIAIACH
TOJBKO B OJTHOM MeECSIIE KaXXJ0T0 ce30Ha. B Bome 000MX rOPHU30HTOB TOKCHYHOCTH OBLIa OTMeYeHa BECHOMN
— B ampene, JIeTOM — B aBrycTe, OCCHbIO — B HOs0pe. Hanmune BBICOKO# cammpOOHOCTH W TOKCHYECKOTO
JNEUCTBHUS BOJBI HE BCeraa coBmajanu. bonpliee 4ucio cCOBMageHUN 3TUX MOKa3arelied XapakTepHO s
rmy6okoro ropu3oHTa. KoneOaHUS TOKCHYHOCTH, BEPOSATHO, CBI3aHBI C Pa3HBIM BPEMEHHBIM XapaKTepoOM
3arpsi3HeHUs. peku TeMepHUK CTOYHBIMM BOJAMH METaloJUCa U C MEPONPUITHSIMHU MO 03A0POBICHUIO
p- TeMepHUK, TPOBOAUMBIMU aIMUHUCTpALUEN TOpOA.

KnrwueBble cioBa: QUTONMIAHKTOH, HHACKC CaIpOOHOCTH, OpraHUYECKOe 3arpsA3HeHne, ONOTeCTHPOBaHHUE,
TOKCUYHOCTH, peka [{oH, pexa TeMepHUK, TOPU30HT
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INTRODUCTION

The Temernik River is a plain river and the right
tributary of the Don River, belonging to the category
of small rivers. Along with the Don River, it is one of
the main watercourses of Russia and the second largest
and third longest one in the country. The Temernik
River passes two thirds of its course within the city of
Rostov-on-Don. Domestic and industrial waste waters
received by the Temernik River upon its passing through
the metropolis have an adverse effect on the Don River
water, causing the transformation of phytocenoses,
which leads to intensive blooming of blue-green algae
(cyanobacteria) [1, 2]. Active algal blooms usually
lead to such a serious problem as the eutrophication
of a river. The consequence of eutrophication, in
addition to the increase in the productivity of aquatic
communities, is the lag of decomposition processes.
As a result, organic materials accumulate in the river
water, which in turn leads to a significant increase in
the levels of anthropogenic disturbances of aquatic
ecosystems.

Beside eutrophication, there is another risk, which
is toxicity. Toxicity is a biological characteristic. It is
associated with the presence of pollutants of various
chemical types in water, which have a negative impact
on the hydrobiota [3].

One of the main components of aquatic ecosystems
is the first trophic link, namely phytoplankton. The
study of such a sensitive component (phytoplankton) is
crucial for the assessment of the aquatic environment,
particularly its pollution and toxicity.

Several studies of the phytoplankton of the Don
River at the confluence with the Temernik River have
been carried out. In the case of wastewater presence
in addition to the eutrophication process, all these
studies showed that the impact number of saprobiotic
populations increased, the biomass of phytoplankton,
especially green algae, decreased, and species from
the Chrysophyta group disappeared [2]. In this
study, saprobiotic species coexisted, indicating
a-B-mesosaprobic conditions [4].

The data on the state of the Don River in the city
of Rostov-on-Don, as well as the data obtained using
biological methods (investigation of the planktonic
cenoses of the Don River and the results of toxicity
analysis obtained with the bioassay method), indicated
an improvement in the ecological and toxicological
situation since the 90s [4]. On the other hand, the data
related to the content of certain chemicals in the water
showed that their maximum allowable concentrations

were exceeded, often by 6—7 times. However, in gene-
ral, the water quality, according to the classifications
provided by analytical methods, also had a positive
trend in recent years as it went from “very polluted”
(3B) in 1988 to “moderately polluted” (3) in 2006 [4].

Bioassay, in addition to its wide applications in the
conventional studies of various physical and chemical
properties of water, is used for water quality control
in the USA, Canada, and the European Union [5].
Bioassay usually uses indicator organisms that respond
specifically to water pollution. The bioanalysis cannot
specify which pollutant is responsible for the change in
the biological activity of the selected bioindicator [6].

Interactions between substances present in water
also affect the biological activity of bioindicators.
As a consequence, the toxic effect on the body of a
bioindicator is used as a measure of water pollution.
Therefore, it can be said that it is impossible to assess
the toxic effects in the environment using standard
physicochemical methods only [1, 6].

Evaluation of endpoints was conducted using
microalgae; acute and chronic tests involved
identification of esterase inhibition, ATP energy loss,
and growth inhibition. Many bioassays of algae are
used to assess the toxicity of organic pollutants,
herbicides, oil dispersants, wastewater, leachate
from solid waste, groundwater, and organic extracts
[6]. Phytoplankton organisms belonging to various
species were used as test subjects. The most accurate
results were obtained by a set of test indicators: the
concentration of chlorophyll ¢ and the growth rate of
microalgae, presented in R 52.24.808-2014 [7].

The water at the mouth of the Temernik River and
the Don River, downstream from the confluence with
the Temernik River, was characterized by the highest
degree of toxicity [8—10]. The results based on a set
of bioassays have been confirmed by the analytical
data of water pollution. High degree of toxicity and
low quality of the Tememik River water in 2019
were consistent with hydrochemical data. According
to the values of the Relative Combinatorial Water
Pollution Index, the river water was rated as belonging
to 4 “c” class, namely “very pollued” [10].

The main objectives of this study are to evaluate two
biological methods using phytoplankton—bioassay
and saprobity index—and identify the dynamics of
water quality in two horizons of the Don River at
the sampling station located downstream from the
confluence with the Temernik River.
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MATERIALS AND METHODS

Investigated area

The Don River is a basic source of drinking water
and fish, as well as a recreational area for the population
of Rostov-on-Don and downstream settlements.
The river water is used for different purposes; the
investigated area is also characterized by active
navigation. The Temernik River basin is located
within the city of Rostov-on-Don. This river receives
heterogeneous waste waters from 155 facilities and
transfers them to the Don River.

The water temperature in the river varied
considerably. In April, it ranged from 10.6 to 11.2 °C,
from May to September it was in the range of 18.1-
249 °C , and in October-November it was in the
range of 9.9-16 °C.

Sampling

The investigation of water quality was carried out in
two horizons of the Don River at the sampling station,
located 0.5 km downstream from the confluence with
the Temernik River (Fig. 1). Assessment of the state
of the Don River at the confluence with the Temernik
River was carried out based on the saprobity (S) as an
indicator of organic pollution and the bioassay data
used to evaluate toxicity. Water and phytoplankton

sampling was conducted concurrently at the
Horizon 1 (depth 0.3 m) and the Horizon 2 (depth
9.0 m). Samples were taken during seven months
of 2019: in April, May, July, August, September,
October, and November.

Water and phytoplankton samples from the both
horizons (0.3 and 9.0 m) were taken using Rutner’s
bathometer according to [11]. This method of
phytoplankton sampling is the most reliable both for
the quantitative account of phytoplankton and for
obtaining a qualitative characterization of the sample.
Phytoplankton samples were preserved with 40 %
formalin and had the end concentration of 2 %. Water
samples for bioassay were not fixed in any way.

Several slides of phytoplankton from each sample
were prepared in order to identify and determine the
species composition of phytoplankton community and
the relative proportions of each taxonomic group in
the sample. Identification of species was performed
using an optical microscope, according to the [12—17].

The total abundance of microalgae was calculated
from the sum of the monthly densities of each species.
Then the relative abundance (percentage of the total
abundance) of blue-green algae species was calculated
for each month.

Rostov-on-Don city

Temernik River ===

Azov City

- |

i

1.2 Don River

M-4

Fig. 1. Location of the sampling station in the Don River within Rostov-on-Don borders, Russia

Puc. 1. Pacnionoxxenue crBopa uccienoBanuii Ha p. Jlon B npenenax . Pocros-na-Jlony, Poccust
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Definition and calculations:

1. The number and frequency of occurrence of
phytoplankton species were analyzed to identify
any link between the composition of phytoplankton
communities and organic pollution at the sampling
station. The saprobity index (S) was estimated based
on the formula proposed by Pantle and Buck [11], as
shown below:

X(s+h)
ST

where s is the significance indicator of each species
(according to the lists of saprobiotic species) given
in appendix 1 of the work, and % is a value that is
found from a six-step scale of frequency values and
determines the relative number of species [18].

2. Evaluation of water toxicity by bioassay.

The studies carried out using the bioassay methods
were stipulated by the documents within the framework
of the Federal Service of Russia for Hydrometeorology
and Environmental Monitoring, which also includes
the recommendations for the assessment of the
toxicological state of water bodies [7, 19]. Water
toxicity was assessed using Chlorella vulgaris Beijer,
a representative of green microalgae, as a test subject.

The increase in the number of algal cells—a growth
coefficient—served as the indicator of the toxicity of
the sample. The degree of toxicity was assessed by the
presence of a subacute toxic effect (SACT) in the test
subjects affected by the water.

Experimental studies were carried out in the
laboratory environment in the Hydrochemical Institute.
The studies involved a test with 72 hours of exposure.
The increase in the number of microalgaec was used
as a test value. A series of dechlorinated tap water
samples was used as a control. All experiments were
performed in triplicate. The criterion for the toxicity
of the sample was the difference in toxicity values by
25 % or more, estimated as an increment in comparison
with the water from the control sample.

RESULTS AND DISCUSSION

An analysis of the qualitative characteristics of
phytocenoses at the investigated section of the Don
River over the course of 7-month study showed that
many phytoplankton species are indicators of organic
water pollution.

Change in saprobity index. In spring, the saprobity
index had the highest value of 2.71 (polluted) at the
Horizon 2 in April. In summer, the highest value

was recorded in August—2.97 (polluted) and 2.93
(polluted) at the Horizons 2 and 1, respectively.
The highest value throughout the entire course of
investigation was recorded in the autumn season. In
September of 2019, the same maximum value of 3.61
(polluted) was recorded for the both horizons. In the
warm period from May to September, an increase in
the saprobity index was recorded at the both horizons.
During these warm months, the surface Horizon 1 was
more polluted.

In the early spring season and the last two autumn
months with lower temperatures, organic pollution was
typical for the deep horizon.

At the investigated horizons, organic pollution,
based on the values of the saprobity index, varied from
2 (moderate) to 3.61 (contaminated). The minimum
value of the saprobity index was recorded at the
Horizon 1 in April and October of 2019 (Fig. 2).

The increase in the pollution according to the
saprobity index was associated with an increase in the
abundance of blue-green algae. The mass development
of a species belonging to this division of algae
indicates the presence of organic pollution in the water.
During summer, blue-green algae prevailed in terms
of their abundance, which ranged from 45.83 to
76.47 % (Fig. 3).

The abundance of blue-green algae drastically
increased during the summer months, with the highest
values in August—by 76.47 % at the Horizon 1. For
the autumn season, the highest values of the relative
abundance of blue-green algae were recorded in
September—up to 77.77 % at the Horizon 2. The
lowest relative abundance of blue-green algae was
recorded in spring, particularly in April (Fig. 3).

Change in water toxicity. Water toxicity varied
throughout the entire study period (7 months). It is
notable that, in each season, the toxicity of the water
manifested only for one month. Thus, the water at the
both horizons had a toxic effect in April, August, and
November (Fig. 4).

Discussion. Our data on the toxicity of the water
at the horizons were compliant with those previously
obtained [8, 10]. The increasing trend for the inhibitory
effect was recorded for the Horizon 2 based on the
saprobity index and bioassay data [8].

Quality of synchronously taken samples of the
river water was investigated using two biological
methods. In the Don River, the mass development
of such o-mesosaprobionts as FEuglena acus and
Stephanodiscus hantzschii was recorded at the both
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Saprobity index
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Fig. 2. Monthly variations of the saprobity index (S) at two horizons of the sampling station in the Don River

Puc. 2. ExemecsuHoe n3MeHEHHE MHJIEKCA CalIpOOHOCTH S Ha ABYX TOPU30HTAX CTBOpA p. oH

Abundance of the blue-green algae
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= Hor. 1 20 43.33 54.76 76.47 57.14 71.42
= Hor. 2 0 44.44 67.34 45.83 77.77 25

Fig. 3. Monthly variation of the relative abundance of the blue-green algae at the two horizons of the sampling
station in the Don River

Puc. 3. ExemecsuHOe M3MEHEHHE OTHOCHTEIBHOTO OOWJIMS CHHE3EJICHBIX BOIOPOCIEH Ha JByX TIOPU3OHTax
ctBopa p. Hon

horizons. The average value of the saprobity index was
2.61 for the both horizons, which defined the water as
polluted.

The relationship between the organic pollution
(phytoplankton saprobity) and the water toxicity at the

deep horizon was revealed (Table). The results of two
biological methods provide more complete information
about water quality.

The presence of high saprobity (pollution) and
toxic effect of the water did not always coincide. A
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Fig. 4. Monthly change in the deviation of Chlorella vulgaris growth coefficient from the control for the two
horizons of the sampling station in the Don River based on the bioassay data

Puc. 4. Exxemecsaynoe u3MeHeHue OTKJIOHeHUs! kKoaduienta npupocta Chlorella vulgaris oT KOHTpOIS 1St ABYX
TOPU30HTOB CTBOPA p. JI0H 10 JaHHBIM OMOTECTHPOBAHUS

Water quality at the horizons of the sampling station in the Don River based on the saprobity index and bioassay data

KauectBo BOJbI TOPU30HTOB CTBOpA P. I[OH 10 JaHHBIM MHJICKCa Cal'[pO6HOCTI/I n 61/IOTCCTI/IpOBaHI/ISI

Month

Horizon 1 / TopuzonT 1

Horizon 2 / Topu3ouT 2

Saprobity index

Saprobity index

Toxicit Toxicit
Mecsn Mnpexc Y HNunexc Y
TokcUYHOCTH TokcUYHOCTH
canpoOHOCTH canpoOHOCTH
. moderately polluted
April yPp subacute polluted subacute
YMEPEHHO
Amperb MOJ0CTOpAs 3arpsI3HCHHbBIC OJ0CTOpAs
3arpsA3HEHHBIC
moderately polluted moderately polluted
May yp no subacute yp no subacute
’, YMEPEHHO N YMEPEHHO N
Maii HET MOJ0CTPO HET MOJ0CTPO
3arps3HCHHBIC 3arpsI3HCHHbBIC
moderately polluted
July polluted no subacute e }e,IfHO no subacute
Wrons 3arpsi3HEHHBIE HET MOA0CTPOi yMep HET MOA0CTPOi
3arpsI3HCHHbBIC
August polluted subacute polluted subacute
ABrycT 3arpsi3HCHHBIC MOJ0CTOpas 3arpsI3HCHHbBIC MOJ0CTOpAs
September polluted no subacute polluted subacute
Centsa6pb 3arpsA3HEHHBIC HET MOJ0CTPO 3arps3HEHHBIC MOJI0CTOpAst
moderately polluted moderately polluted
October yPp no subacute yp no subacute
YMEPEHHO N YMEPEHHO N
OxTs16pb HET MOJ0CTPO HET MOJ0CTPO
3arpsi3HCHHBIC 3arpsI3HCHHbBIC
November polluted subacute polluted subacute
Hos6ps 3arpsA3HEHHBIC MOJI0CTOpAst 3arps3HEHHBIC MOJZI0CTOpAst
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closer relationship between these characteristics has
been identified at the Horizon 2 (the deep one). The
surface horizon in a navigable river is, of course, more
variable. Toxicity fluctuations are probably associated
with the temporal pattern of pollution—in particular,
with the irregular inflow of the polluting substances to
the Temernik River from the city of Rostov-on-Don.

The decrease in the toxicity of the Don River
water in the investigated area during some months
can be considered as a positive sign for the aquatic
environment of the Temernik River. The city
administration has developed a multi-year program
aimed at the improvement of the Tememnik River water
properties [2].

The assessment of water quality by a set of
biological methods facilitates the evaluation of the
ecotoxic status of aquatic ecosystems, providing the
additional data.

The obtained results are important for a better
understanding of the mechanisms of maintaining the
stability of a river ecosystem in order to predict the
processes of pollution and purification.

CONCLUSION

Analysis of the results of the water quality
investigation at two horizons of the Don River at the
sampling station, located 0.5 km downstream from the
confluence with the Temernik River, conducted using
two biological methods (phytoplankton saprobity and
bioassay), has led to the following conclusions:

1. The results of saprobity assessment of
phytoplankton indicate the presence of organic water
pollution at the both horizons of the Don River during
all 7 months of the study. The values of saprobity
index ranged between 2.0 and 3.6. Water quality was
characterized as ranging from moderately polluted to
polluted. This corresponds to a--mesosaprobic level.

2. The maximum level of organic pollution based
on the saprobity index was recorded in September for
both horizons. It was confirmed that an increase in the
proportion of blue-green algae in the phytocenosis
indicates an increase in the saprobity of river water.

3. Higher organic pollution during the warm
period (May—September) was typical for the surface
horizon, while in the cold period (April, October, and
November), the deep horizon was characterized by
increased toxicity.

4. The toxic effect of the river water was manifested
in the inhibition of Chlorella vulgaris growth. For each
season, a subacute toxic effect of water at the both

horizons was recorded only during one month: April in
spring, August in summer, and November in autumn.

5. The deep horizon was characterized by a greater
number of the cases when high saprobity and water
toxicity were present simultaneously.

The reason for the slight decrease in the water
toxicity at two horizons in some months can be
explained by the measures taken to stop the discharge
of untreated sewage into the Temernik River.

The results of this investigation showed that the
simultaneous application of two biological methods
provides the possibility to obtain more complete
information about the quality of river waters.
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