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The transformation of hazardous pollutants in the environment usually results in formation of
hard-to-identify compounds that may have a significant impact on ecosystems. They are difficult
to identify by conventional methods of quantitative chemical analysis, but their detrimental effects
can be detected by biological methods. The goal of this study was to develop novel methodologi-
cal approaches to the express assessment of the state of the environment as well as toxicity of its
components in the process of biological monitoring at hazardous industrial facilities. The article
presents the results of comprehensive toxicity assessment of environmental objects using origi-
nally developed system of express methods. The objects of research were water fleas (Daphnia
magna Straus and Ceriodaphnia affinis Lilljeborg), infusoria (Paramecium caudatum), preparation
of lyophilized fluorescent bacteria based on recombinant Escherichia coli strain M-17 (Ecolum),
algae (Chlorella vulgaris Beijer, Scenedesmus quadricauda (Turp.) Breb.), and mammalian go-
nads. The original methods for determining toxicity by changing the motor activity of water fleas
at elevated temperatures of the studied environment are described. The description of the follow-
ing original utility models is presented: “Method of bioassay for water samples and device for its
implementation”, “Device for express assessment of natural environment quality” and “Device for
comprehensive assessment of natural environment quality”, confirmed by the patents of the Rus-
sian Federation. Their use may significantly reduce the cost of ecotoxicological studies in terms of
time and money expenditures. The effectiveness of the system of express methods was established
during a biological monitoring of a sanitary protection zone of the Balakovo NPP. Toxicity of the
samples of bottom sediments, soil, as well as water samples from the cooler pond and the adjacent
water area of the Saratov reservoir were identified. The bioassay results were matched by both
conventional methods’ results and originally developed system of express methods.
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trial facility.
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DEVELOPMENT AND EFFICIENCY ASSESSMENT

INTRODUCTION

In recent decades, the Russian Federation has established a system of environmental
control and monitoring with a characteristic structure that has never been used before.
Great importance is currently given to biological laboratories conducting direct analysis
of the toxicity of the natural objects using various sensitive plant and animal organisms
without adaptive capabilities as bioassay objects (Ashikhmina, 2002; Ashikhmina et al.,
2008; Melekhova et al., 2010).

Biological monitoring of abiotic and biotic components of the natural environment
is one of the key elements in the system of ensuring environmental safety in the areas
exposed to hazardous industrial facilities. The complex of biological studies of such sys-
tem consists of ecotoxicological monitoring, as well as the monitoring of animal and
plant life.

Ecotoxicological monitoring includes: studies of the toxicity of components of the
natural environment by bioassay methods on bioassay objects belonging to different sys-
tematic groups (cell cultures, microorganisms, lower plants, invertebrates); studies of
genotoxicity and mutagenicity of contaminated components of the natural environment
(genetic monitoring).

Monitoring of flora and fauna includes: studies of the state of plant communities us-
ing bioindication methods; studies of the state of representative species of higher animals
from the changes in their hematological, biochemical and immunological parameters.

In addition to the evaluation of the toxic properties of contaminated environmental
components, biological monitoring data are used to assess an effectiveness of biodiver-
sity conservation and ecosystem characteristics, along with damage assessment at emer-
gency or extraordinary situations, and for decision-making on limiting the impact of
some industrial enterprise on the environment.

The transformation of environmentally hazardous pollutants in the environment
leads to the formation of, as a rule, more stable and difficult to identify compounds.
Small and ultra-low doses of these substances, safe from the point of view of sanitary
and hygienic standards, can have a significant impact on ecosystems. These substances
are extremely difficult to identify by standard methods of quantitative chemical analysis,
but their effects can be detected by biological methods.

Today, hydrobionts are widely used to assess the quality of environmental compo-
nents: protozoa (ciliates), crustaceans (daphnia), fish (roach, ruff and others), algae
(scenesdesmus and chlorella), as well as some groups of higher plants. A special place as
test objects is occupied by warm-blooded animals (mice, rats).

It is the studies on these animals that allow us to obtain results that are most corre-
lated with the reaction of the human body to the effects of environmental pollution, since
many physiological and biochemical processes that occur in humans and these animals
are similar. Methods for assessing environmental genotoxicity are the anaphase-
telophase method of accounting for chromosomal aberrations and the nucleolar test,
which are successfully used for bioindication and biotesting. The objects of research are
plants, of which onions, medicinal dandelion, and seed barley are most convenient. The
apical meristem of the roots of bulbs and seedlings is analyzed.

The study of violations of hereditary material at the anaphase-telophase stage con-
sists in the quantitative registration of structural mutations. These approaches allow us to
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give a reliable assessment of the impact of hazardous industrial facilities on the envi-
ronment, which has undergone a wide range of biological changes. The analysis of se-
lected samples using certified methods at bioobjects makes it possible to assess the qual-
ity of the environment, which is a natural task of integrated environmental monitoring
and the main direction of the transition to environmental regulation.

In the standard formulation of the tasks of control and monitoring the activity of
hazardous industrial facilities, they are limited to carrying out analyzes to detect pollut-
ing chemicals in the territory of the facility and in the area of its location. This ensures
the requirements of environmental quality standards: atmospheric air, soil, natural water,
etc. But there are many factors that are difficult to consider in this way. Knowledge on
the transformation of various chemicals in the natural environment, their degradation
products, accumulation processes, and exposure mechanisms in small doses is limited
and is in the process of development. Of great practical importance is the improvement
of methodological approaches to the use of biotesting in integrated environmental moni-
toring, the need for a quick assessment of the state of the environment and the toxicity of
its components (Ivanov et al., 2009; Lisovitskaya, Terekhova, 2010; Integrated Envi-
ronmental Monitoring..., 2014; Lushai, 2018).

The goal of the work was to develop new methodological approaches to a quick as-
sessment of the state of the environment and the toxicity of its components during the
biomonitoring of hazardous industrial facilities.

MATERIAL AND METHODS

The studies were performed in the period from 2007-2018 based on the laboratory
of biomonitoring and biotesting of the Federal Budget Institution of the State Research
Institute of Industrial Ecology (FBU GosNII ENP, Saratov), scientific and educational
center “Industrial Ecology” of the Saratov State Technical University named after Ga-
garin Yu. A. (SEC IE SSTU), as well as when performing field research on the territory
of the sanitary protection zone (SPZ) of the Balakovo NPP in the Saratov Region.

Biotest objects were used as research objects: daphnia (Daphnia magna Straus),
ceriodaphnia (Ceriodaphnia affinis Lilljeborg), ciliates (Paramecium caudatum), the
preparation of lyophilized luminescent bacteria “Ekolyum” based on the recombinant
strain of Escherichia coli M-17, algae (Chlorella vulgaris Beijer, Scenedesmus quadri-
cauda (Turp.) Breb.), mammalian germ cells; environmental objects: natural water, bot-
tom sediments, soil samples.

The studies were carried out using the following generally accepted methods in
biomonitoring (Zhmur, 2001 a, b; 2007 a, b; Guidelines for Determining..., 2002;
Grigoriev, 2004; Method of Determining..., 2004; Grigor’ev, Shashkova, 2006; Chupis
et al., 2008 a; Eskov et al., 2009; Methodology for Determining..., 2010).

In the process, we have developed and approved the following methods: “Express
methodology for assessing the toxicity of water, water extracts from soils, sewage sludge
and waste by changing the spontaneous physical activity of daphnia (Daphnia magna
Straus)”, (Measurement method assesment certificate No. 222.0068/01.00258/2015
(Ural Scientific-Research Institute of Metrology)); “Express methodology for assessing
the toxicity of water, water extracts from soils, sewage sludge, waste by daphnia mortal-
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ity (Daphnia magna Straus) with increasing temperature of the cultivation environment”,
(Measurement method assesment certificate No. 222.0069/01.00258/2015 (Ural Scientific-
Research Institute of Metrology)); “Express methodology for assessing the toxicity of wa-
ter, water extracts from soils, sewage sludge, waste by the mortality of ceriodaphnia affer-
entis (Ceriodaphnia affinis Lilljeborg) with increasing temperature of the cultivation envi-
ronment”, (Measurement method assesment certificate No. 222.0070/01.00258/2015
(Ural Scientific-Research Institute of Metrology)); Methodology for determining the
toxicity of drinking, natural, wastewater, bottom sediments, water extracts from soils,
sewage sludge, waste using a nucleolus test on seedlings and plant bulbs of seeds and
bulbs of plants (Measurement method assesment certificate No. 224.01.17.066/2015
(Ural Scientific-Research Institute of Metrology)); Methodology for determining the
toxicity of drinking, natural, wastewater, bottom sediments, water extracts from soils,
sewage sludge, waste by changing the level of chromosomal aberrations in the apical
meristem of seeds and bulbs of plants (Measurement method assesment certificate
No. 224.01.03.067/2015 (Ural Scientific-Research Institute of Metrology)).

Statistical processing of the experimental results was carried out using the Statisti-
caforWindows 6.0 software package according to well-known methods taking into ac-
count Student's criteria.

RESULTS AND DISCUSSION

At the preliminary stage of work, we analyzed literature data on ecotoxicological moni-
toring and biotesting methods used in practice, used to assess the quality of the environ-
ment. The experience of applying biotesting methods in monitoring hazardous industrial
facilities, their advantages, disadvantages and prospects of application, which made it
possible to justify the need to develop and study a system of express methods for bio-
testing environmental objects, are examined. Common methods in practice are:

— a method for assessing the toxicity of aquatic environments, based on the survival
of Daphnia crustaceans as a result of their exposure in the test solution (Pavlenko,
Denisova, 1986);

— a method for biotesting sewage, surface, groundwater and water extracts from the
death of crustaceans Daphnia magna Straus;

— a method of biotesting water samples and aqueous extracts by assessing the toxic-
ity of the test solution based on the behavioral reaction (phototaxis) of Daphnia magna
Straus.

Of the known methods for assessing the toxicity of aquatic environments based on
survival and studying the behavioral response of crustaceans Daphnia magna Straus
(Larchenko, 2005; Jun et al., 2006; Zhmur, 2007 a, b; Methodology for Determining...,
2010), the disadvantages are low sensitivity and duration of determination.

There is also an element of ambiguity in the results of the determination, caused by
the superposition of two factors at once on the behavior of daphnia: illumination, which,
in general, can affect both positive and negative motor activity of invertebrates and tox-
icity, which, in turn, can both increase, and lower the physical activity of daphnia.

The disadvantages include the features of the used device for recording phototaxis
in Daphnia magna. This is the complexity of manufacturing: the presence of parts that
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require fitting (cover), the ambiguity of the design — the size of the outlet is not strictly
regulated, which requires preliminary measurements of the dimensions of the daphnia
and, as a consequence, the need to make the device directly during the biotesting proc-
ess; the location of the hole on the rigidly fixed side wall of the working chamber, and
not on a removable lid, which makes it necessary to have a large number of chambers
with different hole sizes or each time re-manufacture the chamber to the size of the cur-
rently existing daphnia.

Based on the analysis data, the priorities of our own research and the main meth-
odological approaches to accomplish the tasks were determined. The need to reduce time
costs, the value of the choice of test objects depending on the object of pollution is re-
vealed.

We have developed a “Method for bio-testing water samples and a device for its
implementation” and received a certificate for the invention No. 2409813. The devel-
oped method allows to significantly increase the sensitivity of the method and the reli-
ability of the results while reducing the analysis time.

The essence of the proposed method is that two groups of Daphnia are simultane-
ously kept in the test and control water samples, and then one by one is transferred to a
measuring device, which is a flat glass vessel with a bottom marking, filled with a neu-
tral aqueous medium. In the process of observation, the number of intersections of the
marking lines by daphnia that have passed exposure in the tested water sample is com-
pared with the same number of intersections of daphnia that have passed exposure in the
settled tap water. The method and device allows you to quickly and with high sensitivity
to conduct biotesting of water samples in laboratory and field conditions.

The task of increasing the sensitivity of
the method and the reliability of the results
obtained is achieved through a comparative
assessment of the approximate research activ-
ity and the dynamics of the decrease in the
activity of daphnia, previously aged in the test
and control solutions, respectively. To reduce
the time of biotesting and increase the sensitiv-
ity of the method, before assessing the activity
of daphnia, they are kept in the test and control
solutions for 1 hour, plus or minus 5 minutes
in a thermostat with a temperature of 35°C
plus or minus 0.5°C. As a control solution can
be used neutral aqueous medium (cultivation
1 or standing tap water). To fully realize the
capabilities of the proposed biotesting method,
in laboratory and field conditions: a photo- 2 device was deYeloped that is descriqu in the
detector 7, a working vessel 2 with a marking Same patent, which includes a vessel with a lid
of the bottom of the working vessel 3, a filled with a neutral aqueous medium, which is
transparent cover 4, a light source 5, connec- a lightproof cubic chamber with an outlet

ting wires 6, a power and control unit 7 (Fig. 1).

Fig. 1. A device for biotesting water samples
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The objective of the invention is to reduce the preparation time and analysis time,
simplifying the design of the device and test procedures. The problem is solved thanks to
the device, which is a flat vessel (working vessel) with a transparent base (bottom) and
with a transparent lid (a glass Petri dish is possible), on the lower surface of which a
marking is applied in the form of a grid with a square mesh.

In an embodiment of the device, the marking is applied to the transparent cover of
the working vessel. The linear dimensions of the grid grid cells are set to exceed two
lengths of a typical Daphnia, but not more than four lengths (from 2 mm to 2.5 mm), i.e.
from 5 mm to 10 mm and a line thickness exceeding one quarter, but not more than one
second, of the length of a typical daphnia, i.e. from 0.5 mm to 1.2 mm.

Cell sizes depend on the chosen test option. In the automated (main) version, in the
diagram under number 3, the cell size is preferably selected as the minimum of the speci-
fied, and the thickness of the lines is maximum. The given dimensions are determined by
the features of the behavior of daphnia and are optimal (preferred). With significant size
deviations from the above, the test results become irreproducible and unreliable. The
working vessel is placed between the light source and the photodetector connected to the
pulse recorder. The pulse recorder is combined with an electrical power and control unit.
Each intersection of the daphnia of the marking line forms a light pulse captured by the
photodetector and detected by the pulse recorder. The time interval between pulses cor-
responds to the unit distance traveled by daphnia (the distance between the marking
lines). The number of recorded pulses per unit time corresponds to the speed of move-
ment of daphnia. The proposed method also allows
simple visual registration of the movement of
Daphnia. In this case, for the convenience of work
and the elimination of errors, the side of the square
is taken maximum (from 8 mm to 10 mm), and the
thickness of the lines is minimal (from 0.5 to
0.7 mm). The toxic substances of the tested water
sample affect the physical activity of daphnia,
which leads to its significant change (decrease or
increase). The degree of change is estimated by the
difference in the number of line intersections
(square borders) per unit time for the test and con-
trol samples. At the same time, the rate of change in
the speed of movement of daphnia in time is as-
sessed (dynamics of a decrease in activity).

We have also developed devices that facilitate
the conduct of rapid biotesting methods. The first
is the “Device for the rapid assessment of the qual-
ity of natural environments”, which provides the
possibility of analyzing microscopic video images
of localized changes in shoe ciliates concentration Fig. 2. Diagram of a device for rapid
and changes in the motility of mammalian germ assessment of the quality of natural
cells in the range from 2 pm to 400 um (Fig. 2). environments
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The device is interconnected to form an optoelectronic path, a light source, filters, a
carriage with a drive having at least three slots for accommodating working vessels with
control and test solutions in them and made in the form of an optical-mechanical unit,
combined with a sample preparation unit, which is a dry thermostat with the ability to
maintain a temperature in the range of 30 + 50° C, a photodetector with a lens, a portable
personal computer having a monitor and input devices for text and coordinate informa-
tion, and a drive and temperature control unit for the carriage.

The second “Device for a comprehensive assessment of the quality of natural envi-

ronments” was proposed to register the concentration of ciliates, measure the intensity of
the bioluminescence of bacteria, and record the time dependence of the mobility of a
suspension of mammalian germ cells. The device contains a sample preparation unit,
measuring cuvettes, optical-mechanical and electronic units that record the time depend-
ence of the mobility of a suspension of mammalian sex cells, characterized in that a
pulse photometer unit is used to record the concentration of ciliates, and a lumen meter
unit that measures the intensity of bioluminescence bacteria, and all three work units are
connected to one electronic unit (Fig. 3).
2 IE] The presented developments were
carried out on the basis of the biomonitor-
ing and biotesting laboratory of the Federal
IZ] 3 IZ] 1 State Institution GosNIIENP and were
confirmed by patents of the Russian Fed-
eration (Ivanov et al., 2009; 2012 a, b).
4 During biological monitoring of the region
where the Balakovo NPP is located, bio-
testing methods evaluated the toxicity of
water samples, water extraction of bottom
sediments from a cooling pond and reser-
voir water area, water extraction of soil samples from a zone of possible influence of a
nuclear power plant (Chupis et al., 2008 b). Ecotoxicological analysis of the samples was
carried out on several test objects belonging to different systematic groups of living or-
ganisms (bacteria, ciliates, algae, lower crustaceans) using the methods certified and
developed by us.

The acute toxic effect of the samples was determined by assessing the mortality of
daphnia and ceriodaphnia, by recording differences in the optical density of the chlorella
algae and by changing the fluorescence of algae, by determining the chemotactic reaction
of the ciliates, and by changing the intensity of bacterial bioluminescence. In total, since
2007, about 576 samples were analyzed (of which 360 soil samples, 108 water samples
and 108 samples of bottom sediments), about 2880 analyzes were carried out using certi-
fied biotesting methods (Lushai et al., 2011). 1256 samples were analyzed according to
generally accepted methods and using the bioassay method developed by us. In 98.1% of
cases, the results coincided, indicating the effectiveness of the proposed method.

Ecotoxicological studies in general have shown that the state of aquatic and terres-
trial ecosystems is normal. The Balakovo NPP does not have a significant negative im-
pact on the water and land ecosystems of the area of its location.

Fig. 3. Device for a comprehensive assessment
of the quality of natural environments
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CONCLUSION

Thus, the emphasis in our own experimental studies was on improving methodo-
logical approaches to the ecotoxicological part of biomonitoring. We have developed
methods for rapid assessment of the quality of natural environments and the negative
impact of industrial facilities on the environment by changing the level of chromosomal
aberrations in the apical meristem of seeds and bulbs of the nucleolus test on seedlings
and bulbs of plants of seeds and bulbs of plants, as well as a method for determining
toxicity by changing motor activity of daphnia and ceriodaphnia at elevated temperature
of the investigated environment.

A “Method for biotesting water samples and a device for its implementation”, “A
device for rapid assessment of the quality of natural environments” and “A device for a
comprehensive assessment of the quality of natural environments” have been developed,
confirmed by patents for utility models and the invention. The developed and proposed
methodological approaches for biomonitoring and biotesting methods (certified in
Rosstandart) can significantly reduce the economic and time costs of ecotoxicological
studies.

The effectiveness of their use is confirmed by a set of studies conducted on the ter-
ritory of the Balakovo NPP in determining the toxicity of water samples from the cooler
pond and the adjacent water area of the Saratov reservoir, samples of bottom sediments
and soils within the sanitary protection zone. It should be noted 100% coincidence of the
results of biotesting according to generally accepted methods and using the system of
express methods developed by us, including the author's method and devices for bio-
testing.
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Tpanchopmanusi 3KOJTOTUYECKH OMACHBIX 3arpsA3HUTENICH B OKpy’Kalomeil cperne
MPUBOJNUT, KaK MPABWIO, K 00Pa30BaHUIO TPYIHO HACHTH(QHIUPYEMBIX COEANHEHHH,
KOTOpPBIE MOTYT OKa3bIBaTh CYIECTBEHHOE BIMSHNE HA SKOCHCTEMBI. WX CI0XXHO HIeH-
TUQUIMPOBATh CTAHAAPTHBIMH METOAAMH KOJIMYECTBEHHOTO XHMHUYECKOTO aHalH3a,
onHaKo 3 deKTs MOKHO OOHAPYKHUTH OMOIOTHYECKUMH MeTonamH. Llenb paboTsl 3a-
KJTI0Ya1ach B pa3paboTKe HOBBIX METOJUYECKHX MOAXOJOB K OBICTPOI OIIEHKE COCTOs-
HHS OKpYJKalolleil cpensl U TOKCHYHOCTH €€ KOMIIOHEHTOB B Ipolecce OMOMOHHTO-
pUHTa OMAaCHBIX MPOMBIINIIIEHHBIX O6’beKTOB. npe}lCTaBHeHbl PE3yNIbTaThl OLICHKHU KOM-
IUIEKCHOH TOKCHYHOCTH OOBEKTOB OKPYXKAlOLIEH cpeibl ¢ MCIOJIb30BaHUEM pa3pado-
TaHHOM CHCTEMBI 3Kcmpecc-MeTooB. OOBEKTaMH HCCIENOBaHUS ObUIH  AadHUH
(Daphnia magna Straus), uepuonaduuu (Ceriodaphnia affinis Lilljeborg), nady3opun
(Paramecium caudatum), npenapaTt JTHO(QWIN3HPOBAHHBIX JIIOMUHECICHTHBIX OakTe-
puii «OKOIIOM» Ha OCHOBE peKOMOHMHAHTHOTO mrtamma Escherichia coli M-17, Bomo-
pocmu (Chlorella vulgaris Beijer, Scenedesmus quadricauda (Turp.) Breb.), momoBeie
KJIeTKH MileKonuTaromux. Onucansl pa3paboTaHHbIE METOANKH ONPEASICHNs] TOKCHY-
HOCTH T10 U3MEHEHHUIO JIBUraTeJIbHON aKTHBHOCTH JadHUH M nepuopadHuii Ipyu MOBbI-
LIEHHOH TemmepaType uccienyemoit cpeasl. Ilpeactasneno onucanue pa3paboTaHHBIX
noje3Hblx mMozenei: «Crocod OMOTeCTUPOBaHUS MPOO BOABI U YCTPOWCTBO AJISL €r0
OCYIIECTBIIEHHS», «Y CTPOHCTBO AT IKCIIPECC-OIEHKH KadecTBa MPHPOIHBIX CPel» H
«YCTpOHCTBO JUIsi KOMIUIEKCHOHM OIEHKH KadecTBa IPHPOIHBIX CPe», MOATBEPKICH-
Hble narteHTamMu P®. VX ucnonb3oBaHKMe MO3BOJISET CYIIECTBEHHO COKPAaTHUTHh SKOHO-
MHUYECKHE ¥ BPEMEHHBIC 3aTPaThl Ha SKOTOKCHKOJIOTHYECKHE HCCIeNoBaHUA. Dpdek-
THUBHOCTb CHCTEMBI 3KCIPECC-METO0B MOATBEP)KAEHA NIPH OMOMOHUTOPHHTE CaHUTap-
HO-3amUTHOU 30HBI banakoBckoit ADC. Omnpeznensiim TOKCHYHOCTh MPOO JTOHHBIX OT-
JIO)KEHUH, TTOYBBI, a TaKKe MPOO BOIBI U3 MPYJa-OXJIaUTeNsl U MPUIIeraroniell akBaTo-
pun CaparoBckoro BopoxpaHminia. [TokasaHo coBIasieHHe pe3ynbTaToB OHOTECTHPO-
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DEVELOPMENT AND EFFICIENCY ASSESSMENT

BAaHUs MO OOLICHPHHATHIM METOANKAM U C HCIOJIb30BaHHEM pa3paboTaHHOI CHCTEMBI

9KCIPECC-METOJIOB.
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