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AHaarna

Makanajga WHIMKATOPIBIK JKYMBICTApFa apHAIFaH CYy HBICAHIAPBIHBIH JIACTAHY
JOpeKeci, COHan-aK naHus MEH cy OMOTaChIHBIH PEAKIUSICHIH KOPCETETIH KOPCETKIIITED
kentipiiredn. Anram per naduus (Daphnia magna) TecT-oOBEKTINIEPiHIH aybICTIATBI
TUIMIUTITT OolbiHma, TypkicTaH OOJBICBIHBIH SPTYPJi Cy KOWMajapbIHAAFbl CYJIbIH
VBITTBUIBIFBIH OMOTECTIICY/IC MaliJallaHy apKbUTBI TANAAY )KYMBICTAPBI KYPTi3iIi.

3epTTey KYMBICTAPBIHBIH MPAKTUKAIBIK MaHbI3bl 0ap, OMTKEH1 aJIbIHFaH HOTHXKETep
OolipiHIIAa JaHUAHBI TECT-00BEKT PETiIH/E MalAaIany THIMIUIITT KOPCETIIreH.

byn >xymbIcThIH 0acka 3epTTeylepAeH alblpMamnbUibiFel, Daphnia magna TecT-
aF3achlH 3€pTTeyre KOMIUIEKCTI TOCUI apKbUIbl KOJAAHY JKy3ere acelpbuiisl. Daphnia
magna MHAUKAIMSIIBIK KacHeTTEepiHIH KOPIHICTEepiH 3epTTey Cy KOWMAachlHAaH OJIapAblH
KOpILIaFaH OPTaHbl KAIBINITACTHIPY (DYHKIUSACHIH JKY3€Te achlpyFa OOJIaThIH OipKaTap CyIbI
aHbpIKTayFa MYMKiHAIK Oepai. Cyapl OMOMHIMKALMA SMICIMEH 3epTTey HOTHXKeciHae 013
CYIBIH Xaii-kyliHe Oara Oepe ajambl3; 3epAeeHIN OThIPFaH 3KOJOTHUSUIIBIK MPOOJIEMaHBbI
TYKBIPBIMJIA aJaMbl3, OHBIH TYBIHAAy ceOenTepiH YChIHA JKOHE HETI3[el allaMbi3;
SKOJIOTHSUIBIK KaFIaiiibl OHTAMIaHABIPY XKOHIH]IE YChIHBICTAP €HT13¢ anaMbl3. by sxkyMbIc
WHUKATOPABIH OacChIMIBUIBIFBIH KOpPCETeAl — OHOTECTiNeY OMICTEPiH KOJAaHY apKbLIBI
Kyprizinai. buorectiney onmicTepiHiH CTaHIAPTTHI 9MICTEPACH aWbIPMAIIBLUIBIFBl CYABIH
camachblH, YBITTBUIBIK JIOPEXKECIH Oaranay Ke3iHAe MAaQHUSHBIH (QU3NOIOTHSIIBIK
KaFIalbIHBIH YKOHE eMip CYpY JIeHTeiiHIH e3repyiHe HeTi3JereH.

Tyiiin ce3mep: cy KoiiMackl, dadHUS, CyIbIH JacTaHy JIOpekeci, TecT-ar3aiiap,
OMOWHIUKAIUS, TUIPOOHOHT.
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AHHOTANUA

B crarthe npuBeeHBI CTETIEHD 3arPE3HEHHOCTH BOJI0EMOB ISl MHANKATOPHBIX PadoT,
a TakXke TMokKa3aTelied, OTpakarIux peakiuu nadHuil 1 6MOTHI BoJbl. BriepBhie IpoBecH
aHanu3 dS(PQGEeKTUBHOCTH CMEHBI TecT-00hekTOoB — pnadumii (Daphnia magna), ero
WCTIONIb30BaHUsL ISl OMOTECTHPOBAHMS TOKCHYHOCTH BOJBI MPHU PA3NTUUYHBIX BOJOEMAaX
TypkectaHnckoi 06acTH.

HccnenoBanusi WMEIOT MPAKTUYECKYH0 3HAUYMMOCTh, TaK Kak IPUMEHEHHE
MOJTYYCHHBIX PE3yJbTAaTOB M0 3(PGEKTUBHOCTH UCIIOIH30BAHMS B KAYECTBE TECT-00BEKTOB
nadHUi.

B nmannHoOit paboTe, B OTAMYME OT JPYrUX UCCICNOBAHHWM, OCYIIECTBICH
KOMIUIEKCHBIA TOJIXOJ K U3YYEeHHI0 TecT-opranm3dma Daphnia magna. W3yuenwue
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MPOSIBJIICHUIH MHIMKAIMOHHBIX cBOMCTB Daphnia magna, mo3Bosinio onpeneuThb psii BOJbI
W3 BOJOXPaHWIMIIE, TJIe BO3MOXKHO OCYIIECTBICHHE MX cpemooOpasyromel ¢hyHKkuuu. B
pe3yibTaTe MCCIEIOBAaHUS BOJbl METOJAOM OHOMHAMKALMUA MBI CMOXEM JaTh OLEHKY
COCTOSIHHSI BOJIbI; CHOPMYITMPOBATh U3y4aeMYIO SKOJOTHUUYECKYIO MPoOJIeMy, BBIIBUTATh U
00OCHOBBIBaTh NMPUYMHBI €€ BO3HUKHOBECHHS, BHOCUTH MPEAJIOKCHUS MO ONTHMH3AINH
AKOJIOTUYECKON CHUTyaluu. B oTiMuue OT CcTaHJapTHBIX METOAMK, I OIICHKA CTCICHH
TOKCUYHOCTH OCHOBAaHA Ha M3MCHEHHMH TOKa3aTelid BbDKMBAEMOCTh NadHUUH, B JaHHON
paboTe TOKa3aHa NPHOPUTETHOCTH IIOKa3aTelas — W3MEHEHHE (DU3UOIOTHIECKOTO
cocTostHUS TadHUI TTPH OIICHKE Ka4eCTBa BOABI METOJJaMH OMOTECTUPOBAHHUS.

KioueBbie cioBa: BojoeM, nadHHS, CTENCHb 3arpsS3HEHHOCTH BOBI, TECT-
OpraHu3Mbl, OMOMHIUKAIUS, TUIPOOUOHT.
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Annotation

The article shows the degree of contamination of reservoirs for indicator work, as
well as indicators that reflect the reactions of Daphnia and water biota. For the first time,
an analysis of the effectiveness of changing test objects-Daphnia (Daphnia magna), its use
for biotesting water toxicity in various reservoirs of the Turkestan region.

The research is of practical significance, since the application of the results obtained
on the effectiveness of using Daphnia as test objects.

In this work, in contrast to other studies, a comprehensive approach to the study of
the test organism Daphnia magna is carried out. The study of the manifestations of the
indicative properties of Daphnia magna allowed us to determine the number of water from
the reservoir, where it is possible to implement their environmental function. As a result of
water research using the bioindication method, we will be able to assess the state of water;
formulate the environmental problem under study, put forward and justify the reasons for
its occurrence; and make suggestions for optimizing the environmental situation. In
contrast to standard methods, where the assessment of the degree of toxicity is based on
changes in the survival rate of Daphnia, this paper shows the priority of the indicator —
changes in the physiological state of Daphnia when assessing water quality by biotesting
methods.

Key words: reservoir, Daphnia, degree of water pollution, test-organisms,
bioindication, hydrobiont.

Introduction

Water is the only natural resource that has no substitute. As the society develops, the
need for it increases all the time. They will inevitably continue to grow wherever terrestrial
life forms exist. The problem of water pollution is one of the most urgent. Human activity
irrevocably changes the natural regime of water bodies with waste and discharges. Various
pollutants that get into the environment can undergo various changes in it, while increasing
their toxic effect. Water toxicity — the property of water to cause pathological changes or
death of organisms due to the presence of toxic substances in it. Water quality is a
characteristic of the composition and properties of water that determines its suitability for
specific types of water use [1].
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Test organisms are usually selected for those species that, being sensitive to
pollution, play a significant role in the ecosystem, being an important link in the trophic
network and forming the quality of the habitat. Daphnia magna-organisms that are widely
used separately for the following properties: indicator-in biotesting, feed value - in fish
farming, filtration method of nutrition - in water purification processes [2].

Recently, environmental pollution has become a very urgent problem. The study of
Daphnia is extremely important for ecological research, since they are a key species for
many freshwater ecosystems and can serve as a kind of indicator of the state of the
environment [3].

The scale of anthropogenic activity has reached a level where the existing system of
environmental monitoring should be supplemented with research using new indicators of
bioindication and bioassay, which will allow identifying the main factors of ecosystem
stability in critical conditions. Biotesting and bioindication are mandatory elements of a
modern water quality control system [4].

The traditional approach to environmental monitoring of the water environment is to
use chemical analysis methods to assess the quantitative content of toxic substances.
However, chemical analysis does not take into account their integral Toxicological effect
on biological objects [5].

Currently, it has been shown that Daphnia magna individuals can be cultivated more
successfully than others on purely bacterial food and use dissolved organic substances as
food. Filtration method of feeding Daphnia allows to reduce the degree of trophic
reservoirs and increase the transparency of water. The research uses the filtration capacity
of Daphnia to lighten water in ponds with livestock runoff flowing into reservoirs on the
earth's surface [6].

Water quality assessment of reservoirs can be carried out using biological methods
that characterize the state of the aquatic ecosystem by the plant and animal population of
the reservoir. Bioassay methods are usually carried out in special laboratories and require
special conditions. However, their advantage is that they allow you to determine
specifically the quality of the pollutant, as well as its quantity and degree of toxicity to
living organisms. Bioassay methods can determine the toxicity of water. The criterion of
acute toxicity is the death of 50% or more organisms in the analyzed water compared to the
control within 24, 48 or 96 hours [7].

Bioindication is a method for determining the quality of the habitat of organisms
based on the species composition and indicators of quantitative development of
bioindicator species and the structure of their communities.

Bioindicators are organisms whose number or development features serve as
indicators of natural processes or anthropogenic changes in their habitat. Their indicator
significance is determined by the ecological tolerance of the biological system. Within the
zone, a tolerant organism is able to maintain its homeostasis. Any factor that goes beyond
the" comfort zone " for a given organism is stressful. In this case, the body reacts with a
response of varying intensity and activity, the manifestation of which depends on the type
of test object. It is the response that determines the methods of bioindication. We choose
Daphnia as the most sensitive organisms to pollutants. Crustaceans are in constant motion.
Toxic substances can react with a sharp increase in motor response, chaotic movement in
space, rapid rotation in one place, slowing down rowing movements, and immobilization

[8].

Daphnia belong to the Cladocera crustaceans. They can be found in a wide variety of
reservoirs: puddles, ponds, ditches, lakes. Daphnia feed on the smallest organisms that live
in fresh water: algae, infusoria, etc. Daphnia allows you to determine the toxicity of both
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wastewater and natural water. Because of its anatomical features, Daphnia constantly
hovers in the water column and only dead individuals gradually sink to the bottom. The
crustacean moves in the water with the help of thick bristles, which they wave like a fan.
Vertical movements are usually caused by the search for food, changes in temperature and
light. Daphnia are endowed with a fairly strong chitinous shell, which is periodically
replaced with a new one. Due to the metamorphosis of the chitinous cover, Daphnia
change their weight. The crustacean has an elongated head with a thin nose and one faceted
eye. The organ of vision allows you to detect accumulations of algae or bacteria. Once in
the area where food objects are found, Daphnia uses its abdominal legs to draw water and
bacteria into a kind of filter made of furry legs. And finally, after passing the abdominal
formations, food enters the mouth. By passing large volumes of water through their bodies,
they are able to accumulate significant amounts of toxic substances, thereby contributing to
the natural self-purification of water. The rate of accumulation of pollutants in this group
of organisms is very high. Daphnia are sensitive even to small concentrations of some
salts, for example, adding copper salts at a concentration of 0.01 mg / | causes a slowdown
in the movements of crustaceans, they either sink to the bottom or freeze at the surface film
of water [9].

Given that Daphnia live and actively reproduce in clean reservoirs, their absence in
the water is quite significant. These small crustaceans are very sensitive to chemical and
radioactive contamination and can therefore serve as indicator organisms for water purity.
Even urban wastewater diluted by 10 times is toxic to Daphnia in the place of wastewater
discharge, the mortality rate of these crustaceans reaches 94-100%. Small Daphnia species
(Daphnia pulex, D. longispina) are less sensitive to contamination than large Daphnia
magna, but they also do not occur in wastewater, where the degree of purification is close
to the minimum [10].

Advantages of Daphnia as an object of biological research:

1. Transparency of the body of Daphnia allows you to observe changes in the
physiological parameters of the object during the experiment, such as growth,
reproduction, heart rate, etc.

2. the Short life cycle makes it possible to use Daphnia in fertility tests, as well as
rapid growth and reproduction make it possible to conduct experiments quickly.

3. Daphnia are very sensitive to changes in the environment, so they are often used as
indicators of pollutants in the aquatic environment. Also, in response to various
environmental factors, they change shape and color, grow mustaches, spikes, and so on.

4. Under good conditions, Daphnia reproduce by parthenogenesis. In this type of
reproduction, the offspring is a clone of the parent, which is a necessary condition for
conducting experiments based on comparing the reaction of genetically identical animals
to various factors. Under unfavorable conditions, only males are born, usually this
indicator is used to find out the survival and well-being of the species in these conditions.

5. Daphnia Fecundity is a sensitive criterion for radiation studies.

6. Daphnia is an accessible test object, which is important for many tests [11].

Daphnia is a standard test object that is used mainly in determining toxic substances
in water. Methods of bioassay using Daphnia are mainly based on recording their mortality
from the action of certain toxic substances on them (Fig. 1).
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Figure 1 — Appearance of the Daphnia magna test organism

At an early stage of water bioassay, changes in the behavioral activity of Daphnia
(heart rate, motor activity, reproduction intensity) are also an indicator of the presence of
toxicants in the studied environment. Daphnia are sensitive to even small concentrations of
toxic substances that cause their movements to slow down [12].

The purpose of this work is to assess the quality of reservoirs in Turkestan by the
survival and fertility of Daphnia, which can be defined as water quality.

Objects and methods of research

Materials and methods of research the necessary information is provided on the
research work that was carried out at the laboratory of the research Institute of Ecology.

For biotesting of water taken from reservoirs the following locations: Orangay,
Kentau, Karnak, Zhuynek.

Determination of mortality and fecundity of Daphnia, according to the "Guidelines
for determining the toxicity of water, sediments, pollutants and drilling fluids by bioassay"
(2002) [13], "Methods for determining the toxicity of water and water extracts from soils,
sewage sludge, waste by mortality and changes in fecundity of Daphnia™ (2007) [14].

The bioassay was performed at a temperature of 20+2°C. For the analysis, one-day
specimens of Daphnia magna culture were used, which were planted in the test water, and
the control was the cultivation water. Accounting for mortality and changes in their fertility
was determined for a period of up to 96 hours.

For cultivation of Daphnia, glass vessels with a capacity of 250 ml are used. The
initial density of Daphnia is from 10 individuals per 100 ml. In the room where the
Daphnia culture is located, there should be no harmful gases and vapors. Experiments are
performed in three repetitions.

This study was conducted in the fall of 2020. samples were taken from reservoirs in
Turkestan. Biotests were performed by the aquatic invertebrate branchial crustaceans
Daphnia Magna, which can determine both water quality and toxicity.

Daphnia is not fed during the experiment. In short-term experiments, the main
indicator of environmental toxicity is the survival rate of crustaceans.

The time of death of crustaceans is marked by the onset of immobility
(immobilization): Daphnia lie at the bottom of the glass, swimming movements are absent
and do not resume with a light touch of a jet of water or swaying the vessels. After the end
of the experiment, the survival rate of Daphnia was calculated. The account of the
surviving Daphnia were repeated at 1, 6, 24, 48, 72 and 96 hours (Fig. 2).
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Figure 2-the course of the experiment, the degree of toxicity of wastewater using the
Daphnia Magna test object

Equipment-aquarium, magnifying glass, funnels, thermometer, pipettes, glass tubes,
Petri dish, microscope, glass containers for water sampling, glass tubes with a diameter of
5-7 mm for Daphnia sampling.

The results of the study and their discussion

After the end of the experiment, Daphnia is counted. Calculate the percentage of
surviving individuals. A water sample is assessed as toxic if more than 50% of Daphnia die
in it during the 24-hour experiment compared to the control. When determining the water
pollution zone, the behavior of Daphnia was taken into account (table 1).

Table 1-Bioindication using Daphnia

Pollution zone Indicative changes in Daphnia

1st — heavy Partial destruction of specimens specimens are kept in natural coat, the
pollution (close to | part loses its activity, there are cases of "whirligig". There is
the source of precipitation on the antennas, clogged filtration devices. Dying

pollution) individuals have a pink diffuse color.
2nd —average | Increased activity is replaced by depression, Daphnia periodically lie
pollution on the bottom, individuals have an empty intestine, a cloudy yellow
color, heartbeats are weakened, there are no fat drops.
3rd — low The presence of increased activity in some individuals, in others-

pollution (remote | periods of activity are replaced by a normal state; the intestines are
from the source) | poorly filled.

The results of monitoring the behavior of individuals and counting dead Daphnia in
experimental and control samples are shown in table 2.

194




Manam Ko3si6aeB ateiagarsl Contyctik Kazakcrtan yHUBEpCHTETIHIH Xa0apIIbIChl —

Bectauk CeBepo-Kazaxcranckoro ynuepcurera nMeHu Manaia Ko3psibaesa
No4(49), kazan-Kapawia-scermokcas, okmsaopb-Hosopo-oexkabps, 2020 ISSN 2309-6977  Uunekc 74935

Table 2 - Assessment of water quality in the cities of Turkestan and Kentau

Selection Time from the Number of survivors The mortality rate
point start of the Control Experience of Daphnia in the
bioassay experience, % of
control
Pond village 1 hours 10 10 0%
Zhuynek 6 hours 10 10 0%
24 hours 10 7 30 %
48 hours 10 7 30 %
72 hours 10 7 30 %
96 hours 10 6 40 %
Reservoir 1 hours 10 9 10 %
village of 6 hours 10 7 30 %
Karnak 24 hours 10 4 60 %
48 hours 10 3 70 %
72 hours 10 3 70 %
96 hours 10 3 70 %
Reservoir of 1 hours 10 10 0%
Kentau city 6 hours 10 10 0%
24 hours 10 9 10 %
48 hours 10 9 10 %
72 hours 10 8 20 %
96 hours 10 8 20 %
Orangay 1 hours 10 10 0%
village 6 hours 10 10 0%
reservoir 24 hours 10 9 10 %
48 hours 10 8 20 %
72 hours 10 8 20 %
96 hours 10 8 20 %

We found the arithmetic mean number of Daphnia survivors in the control and
experiment. To calculate the percentage of Daphnia death in the experiment in relation to
the control, the formula was used:

X1-Xo/ X,

where X is the arithmetic mean number of Daphnia survivors in the control; X is the
arithmetic mean number of Daphnia survivors in the experiment.

30% of Daphnia died on the sample taken from the reservoir of the village of
Zhuynek, which indicates that the water in these samples is slightly toxic. Zone of
pollution — 2nd (Increased activity is replaced by depression, Daphnia periodically lie on
the bottom).

As a result, we received the following reaction of the test object to the tested water in
Karnak village: - 1 hour after the start of testing, 1 individual died;- after 6 hours, the
number of dead individuals was-3; after 24 hours, 6 individuals died (total from the
beginning of testing), which was 60 % of the individuals placed in the tested water. In
connection with the death of 50% of individuals a day later, testing was stopped. The death
of individuals in this or more numbers during any testing period indicates an acute toxic
effect of the tested water on the test object. In relation to the control, 70% died during
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testing, i.e. the water sample is assessed as toxic. Contamination zone - 1 (the specimens
are kept in natural coat, the part loses its activity, there are cases of "whirligig beetles™).

In the sample taken from the Kentau reservoir and the orangay village reservoir, 20%
of Daphnia died, which indicates that there is no toxicity in these water samples. Zone of
contamination - 3rd (the Presence of increased activity in some individuals, the rest -
periods of activity are replaced by a normal state).

The results of Daphne mortality in experiments on reservoirs in Turkestan and
Kentau are shown in figure 3.

When biotesting reservoirs using Daphnia magna as test objects, differences were
found in their stress responses to water changes.

When analyzing the mortality of Daphnia, the following trend was found: the
mortality rate in Daphnia magna increases by 24 %.

The results of the research showed that in all 4 sampling points there was a
difference in the state of Daphnia from the control.

TO%a
60%a
50%a
40%a
3020 1
20%a
10246 -

0%
24 hours 48 hours 72 hours 26 hours

m Fhuwvnelk mEKamalk Kentau m Orangaw

Figure 3 — Daphnia Mortality in experiments on reservoirs in the cities of Turkestan and
Kentau

Conclusion

Our work may become part of a larger project on the use of aquatic crustaceans in
research using bioindication. Recently, environmental pollution has become a very urgent
problem. The situation is getting worse and worse every day. But instead of carrying out a
series of chemical reactions at each waste release, it is easier to check the degree of water
contamination on crustaceans found in almost all reservoirs. A change in the behavior of
Daphnia allows you to quickly establish the fact of water contamination.

The bioindication method is based on determining changes in the survival rate of
Daphnia when exposed to toxic substances contained in the tested water compared to the
control.

The bioindication study allows us to take a deeper look at natural processes, provides
a basis for explaining the cycle of substances in water, and only in the aggregate of all
methods of study: organoleptic and chemical studies, bioindication - you can get reliable
information about the ecological state of reservoirs.

As a result of water research using the bioindication method, we will be able to
assess water, formulate the environmental problem under study, and make suggestions for
optimizing the environmental situation.

Each water ecosystem is interesting and unique in its own way. Environmental
assessment of a reservoir involves long-term monitoring, which allows you to get a number
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of observations that are necessary for statistical processing of information. This work
requires considerable time and effort. We have defined our approach to the study of water
bodies in the area. This will allow, without having expensive equipment, to conduct an
Express assessment of the state of the nearest reservoirs, using only your own hands, with
effort and observation.
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