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Introduction. In accordance with the Water Framework Directive 2000/60/EC of the European Parliament 
and of the Council establishing a framework for Community action in the fi eld of water policy, standards 
for monitoring, surveying, sampling, and laboratory analysis of water bodies have been developed.

Problem Statement. In Ukraine, a signifi cant problem has remained the insuffi  cient development of 
protection technologies and control methods capable of predicting the ecological state of water bodies 
based on toxicological parameters. Conventional approaches have not fully ensured reliable assessment 
of the integrated toxic eff ects of pollutants. Th e application of biotesting has enabled determination of 
wastewater impacts using biological responses, thereby providing conclusions regarding the toxicological 
state of aquatic ecosystems.

Purpose. Th is study has aimed to assess the quality of surface waters using biotesting methods and to 
determine the impact of wastewater on aquatic biocenoses involved in self-purifi cation processes, based 
on toxicological parameters.

Materials and Methods. Th e Bioindication Water Test method has been applied, involving staged 
laboratory tests using a laboratory culture of Daphnia and natural populations of the rotifer Rotaria 
rotatoria as test organisms collected from the studied water bodies. Laboratory, microscopic, biotesting, 
and statistical methods have been employed.

Results. Biotesting on crustaceans has demonstrated that water from the Vorskla River has exerted 
an acute toxic eff ect on Daphnia and Rotaria rotatoria. A 50% decrease in the survival rate has been 
recor ded over 96 hours of exposure, indicating that water quality has not met established standards for 
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toxicological indicators. Toxicological analysis of surface waters has shown that the highest toxicity has been observed 
in samples collected from the sewage discharge zone near the Poltava stormwater collector.

Conclusions. Biotesting as an integral method for assessing aquatic toxicity has been shown to be a necessary 
complement to physicochemical analysis. It has provided direct evidence of organismal responses to pollution and has 
enabled eff ective control of wastewater discharges that contribute to ecosystem degradation. Th e implementation of 
biotesting has supported compliance with the requirements of Water Framework Directive 2000/60/EC aimed at im-
proving the ecological status of water bodies in Ukraine.
Keywords: biotesting, wastewater, Rotaria rotatoria, Daphnia magma, Daphnia moina.

The selection of the research topic has been influen-
ced by a combination of factors affecting water bo-
dies in Ukraine. One of the most significant factors 
is the discharge of large quantities of phosphates in-
to river surface waters with wastewater, which has a 
detrimental effect on the viability of rare aquatic 
biota species [1]. This phenomenon is mainly as-
sociated with industrial development, as many pro-
duction processes involve the use of various syn-
thetic compounds and chemical raw materials. 
Each year, increasing consumer demand for speci-
fic products in urban areas and surrounding re-
gions has led to growth in indust rial output [2—3].

In every region of Ukraine, Rules for Wastewater 
Discharge into municipal sewerage systems of cities 
and settlements are developed and approved by 
Regional Councils or local self-government autho-
rities [4—7]. According to these regulations, en-
terprises are required to comply with established 
standards, including the installation of local was-
tewater treatment facilities. However, as produc-
tion volumes increase, the need for additional fi-
nancial investment in infrastructure reconstruction 
arises. Consequently, some industrial operators 
illegally connect to stormwater drainage systems 
and discharge untreated industrial effluents.

During the second half of the twentieth century, 
anthropogenic pollution processes affected the ma-
jority of lakes in Central and Southern Europe, 
the United States, several lakes in Northern Euro pe 
and neighboring countries of the former USSR, 
Asia — particularly China, India, and Japan — as 
well as lakes in Central and South America, Af-
rica, and Australia. Numerous cases of lake deg-
radation have been documented in reviews add-

ressing the development of eutrophication research. 
With the expansion of eutrophicated water bo-
dies during this period, the number of experimen-
tal studies devoted to these processes increased 
substantially [1, 2, 8—13].

Over the past two decades, water resources 
management has become one of the key environ-
mental challenges facing the countries of Eastern 
Europe, the Caucasus, and Central Asia (EECCA) 
[11—14]. Following the dissolution of the Soviet 
Union, each state was required to establish its own 
water management framework. Water quality in 
EECCA countries has been influenced by fluctu-
ating economic conditions and changing climate 
patterns. The recovery of industry and agriculture 
after the sharp decline of the 1990s has resulted in 
renewed growth of water pollution in the region, 
originating from a different spectrum of sources.

The anticipated — and already evident — effects 
of climate change, including rising water tempera-
tures and increased frequency of floods and dro-
ughts, have intensified contamination of waters 
by substances released from bottom sediments, 
nutrients, dissolved organic carbon, pathogenic 
organisms, pesticides, and salts, thereby contribu-
ting to thermal and chemical pollution. These 
challenges are likely to be further complicated by 
issues related to transboundary waters.

To support structural transformations aimed at 
implementing a “green” economic model and its 
diversification, as well as to facilitate adaptation 
to climate change, it is necessary to establish a fle-
xible system for water quality regulation. In this 
context, the development and application of the 
Bioindication Water Test method in operational 
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assessments of water bodies have been conside-
red appropriate for evaluating the effects of toxic 
water based on toxicological parameters, through 
which the ecological status of aquatic ecosystems 
can be characterized.

Eutrophication of water bodies has been influen-
ced by numerous factors [14], which are conventio-
nally divided into two groups: abiotic and bio tic. 
Abiotic factors include light availability, transpa-
rency, temperature, hydrodynamic regime, sali ni-
ty and mineral composition, acidity, and concent-
rations of nutrients. Biotic factors encompass phy-
togenic, zoogenic, and anthropogenic components, 
with anthropogenic influence having acquired de-
cisive importance in recent decades [15].

The systemic interdependence of all processes 
occurring within a water body as an integral na-
tural object has been emphasized since the late 
nineteenth and early twentieth centuries, particu-
larly in the classical works of the Swiss limnolo-
gist F. Forel [9—12, 16, 17]. In the 1920s, A. Thie-
nemann (Germany) and E. Naumann (Sweden) 
demonstrated the possibility of subdividing lakes 
and other water bodies according to biolimnolo-
gical types (oligotrophic, mesotrophic, eutrophic, 
dystrophic, and others) [11, 12, 14, 15]. The prob-
lem of typology and classification of natural waters 
has continued to be developed to the present day.

The functional characteristics of aquatic orga-
nisms can be elucidated only through experimen-
tal studies of metabolism, growth, nutrition, and 
chemical composition. Foundational contributions 
to the development of this research area have been 
made by N. S. Gaevskaya, V. S. Ivlev, and S. Ska-
dovsky [12, 13].

In 2022, the President of Ukraine, Volodymyr 
Zelenskyy, requested Ukraine’s immediate acces-
sion to the European Union under a “new special 
procedure.” The first step toward Ukraine’s Euro-
pean integration consists in compliance with and 
implementation of specific water policy require-
ments, primarily those of the Water Framework 
Directive 2000/60/EC of the European Parliament 
and of the Council establishing a framework for 
Community action in the field of water policy [4].

In June 2022, Ukraine has obtained candidate 
status for EU membership; however, fulfillment of 
a number of conditions and adherence to adop-
ted and implemented legislation and regulations 
in the environmental protection sector remain ne-
 cessary. In accordance with the Association Ag ree-
ment, as well as Decision No. 2455/2001/EC, Di-
rective 2009/31/EC, and Directive 91/271/EEC on 
urban wastewater treatment, as amended by Direc-
tive 98/15/EC and Regulations (EC) No. 1882/2003 
and No. 1137/2008, the Ukraine–EU framework for 
water policy requires the development and imp-
lementation of methods for controlling water qua-
lity and managing water resources of rivers, lakes, 
and other water bodies [5, 6].

Pursuant to the Presidential OSCE Support Prog-
ram for Ukraine, which identifies the need to 
adopt 643 European and international standards 
(EN ISO) in the field of environmental protection, 
interregional and territorial bodies of the State 
Environmental Inspectorate have been manda-
ted, under martial law, to monitor surface waters 
through sampling in order to document environ-
mental conditions across Ukraine. All monito ring 
activities must be conducted in accordance with 
international and European standards.

In November 2022, Ukraine has obtained the sta-
tus of an affiliated member of CEN-CENELEC, 
effective from 1 January 2023. This status has been 
granted to national standardization bodies of co-
unt ries officially recognized as EU candidates or 
potential candidates and provides access to Euro-
pean standards (EN, EN ISO). Consequently, exis-
ting discrepancies between national standards and 
EU standards shall be eliminated.

Annex V, Section 1.2.6 of Directive 2000/60/EC 
[4] specifies ecological quality standards aimed at 
limiting the input of hazardous chemical subs-
tances into surface waters based on a “basic set of 
taxa.” In research practice, river water sampled 
from the studied water body has been used to de-
termine the effects of pollutants on zoobenthos, 
employing selected taxa as test organisms for bio-
testing. The development of a biotesting method 
based on the above-mentioned standards has cont-
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ributed to the preservation of endangered aquatic 
hydrobiont species. In addition, cyanobacterial 
toxins present in water have posed a significant 
threat to human health.

In biological monitoring practice, biotesting, 
bioindication, and bioaccumulation approaches 
have been widely applied. Numerous studies have 
been devoted to bioindication methods, which ha-
ve demonstrated substantial advantages over pu re-
ly chemical and physical techniques [1—3, 14—18].

Prior to the initiation of experimental investiga-
tions, the fundamental principle of practical labo-
ratory biotesting of surface waters implemented 
in the European Union in accordance with Direc-
tive 2000/60/EC [4] has been adopted. This prin-
ciple involves the simultaneous application of 
three to four methods using test organisms repre-
senting different trophic groups, specifically or-
ganisms from aquatic ecosystems such as macro-
phytes, phytobenthos, aquatic invertebrates, algae, 
and higher plants. Primary producers form the ba-
sis of most food chains in water bodies. An examp-
le of a key trophic link is crustaceans, which rep-
resent some of the main filter feeders and sedi-
mentators in freshwater ecosystems.

Before the start of experimental studies, stan-
dards included in Directive 2000/60/EC have been 
analyzed to identify the most commonly used test 
organisms for assessing hazards posed by pollu-
tants. These standards recommend the use of stan-
dardized test organism sets, including [4, 19—24]:
 Algae: Scenedesmus subspicatus, Scenedesmus 

quadricauda, Selenastrum capricornutum, Chlo-
rella vulgaris, Pseudokirchneriella subcapitata;

 Crustaceans: Daphnia magna, Ceriodaphnia du-
bia, Ceriodaphnia affinis, Hyalella azteca;

 Fish: Danio rerio, Oncorhynchus mykiss, Cypri-
nus carpio;

 Macrophytes: Lemna minor.
Monitoring of surface waters is an integral and 

essential component of water quality control in 
aqua tic ecosystems. Following the adoption of the 
Water Framework Directive (WFD) by the Euro-
pean Union in 2000, EU member states have prog-
ressively developed and implemented its provisi ons. 

This process has been reflected in the development 
of bioindication methods for water bodies as one 
of the foundations of surface water monitoring [4].

Directive 2000/60/EC [4] incorporates establi-
shed standards and regulatory requirements [19], 
including:
 EN ISO 5667-3:2024 (ISO 5667-3:2012) Water 

quality — Sampling — Part 3: Preservation and 
handling of samples.
Standards for benthic invertebrates [20, 21]:

 EN ISO 10870:2012 Water quality — Guidelines 
for the selection of sampling methods and devi ces 
for benthic macroinvertebrates in fresh waters;

 EN 16150:2012 Water quality — Guidance on 
pro portional sampling of benthic macroinverte-
brates from multiple habitats in wadeable rivers.
At present, more than 60 biotesting methods 

have been applied worldwide, incorporating vari-
ous characteristics of zoobenthos [12—14, 18].

In 2013, M. M. Sydorovych published the scien-
ti fic article “Use of biometric indicators of the 
ALLIUM TEST for determining the quality of ur-
ban drinking water,” which describes a biotesting 
method based on assessing the responses of living 
microorganisms to the toxicological effects of wa-
ters of different origin, including wastewater from 
the city of Kherson [8]. The author conducted a 
series of studies using seeds of Allium cepa L. as 
test organisms.

A biotest represents a set of techniques for ob-
taining information on the toxicity of water and 
bottom sediments that affect the vital activity of 
invertebrates, based on the registration of res pon-
ses of test organisms [6, 7, 11, 12].

It has been established that a toxicant repre-
sents a factor that promotes entropy and acts as a 
destructive force for living systems. Within an 
ecological system, counteracting processes have 
developed that aim to eliminate the entropic fac-
tor, thereby forming a specific property of ecosys-
tems — buffering capacity [12]. An ecosystem is 
capable of absorbing and transforming toxicants 
within certain limits. Only when this resistance 
potential has been exhausted does the actual toxic 
effect begin to manifest itself.
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During the study, particular attention has been 
paid to the selection of sampling locations at 
monitoring cross-sections (stations). A mandato-
ry criterion has been their placement directly wi-
thin ecologically sensitive zones, specifically at 
points of local stormwater discharge and waste-
water outfalls in the city of Poltava.

In the summer of 2023, experiments have been 
conducted by observing the responses of living 
organisms. The following test organisms have been 
used in the biotests: Daphnia magna (а); Daph nia 
pulex (b) (note: corrected to commonly used spe-
cies); and Rotaria rotatoria (c) (Fig. 1). Synchroni-
zed cultures have been applied, in particular third-

generation organisms obtained through acyclic 
parthenogenesis under controlled cultivation con-
ditions [22—24].

To obtain a vegetative culture of the rotifer 
Rotaria rotatoria from the Vorskla River, water 
together with bottom sediment was collected 
from the shoreline in the vicinity of the village 
of Vakulentsi, Poltava Region. After transporta-
tion, the material was transferred to a crystalli-
zing dish, where the water was allowed to stand 
for 24 h to enable suspended particles to settle. 
Without feeding, the culture was maintained 
in a ventilated room at a water temperature of 
19—22 C.

a b

c

Fig. 1. Synchronized cultures used in biotesting: а — Daphnia magna; b — Daphnia pu-
lex; c — Rotaria rotatoria
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Following the appearance of rotifers after 14 days, 
the culture was fed with small fragments of dry 
baker’s yeast (approximately 1 mm²) and supple-
mented with a suspension of the unicellular alga 
Chlorella vulgaris until the medium acquired a 
light-green coloration. After one month, the ob-
tained juveniles were transferred to a new crystal-
lizing dish to achieve the required sensitivity cor-
responding to LC5²04 .

The rotifer Rotaria rotatoria is capable of sens-
ing physicochemical changes in the water column 
and is therefore widely used in laboratories for 
toxicological studies. When resting eggs obtained 
from research institutions or laboratory cultures es-
tablished in-house are available, continuous cul-
tivation for several years is possible [18, 22].

During testing, specific culture sensitivity requi-
rements have been met, namely an LC5²04 value within 
the concentration range of 0.9—2.0 mg/l–¹ K2Cr2O7 
when exposed to potassium dichromate solution.

Subsequently, the total volume of surface water 
prepared for biotesting of one sample was 0.6 l, gi-
ven triple water replacement; in the case of short-
term tests, 2.0 l was prepared.

Daphnia spp. and Rotaria rotatoria were col-
lected from the crystallizing dish using a pipette 
and carefully transferred into conical flasks con-
taining water (Reference 1, Reference 2, and Refe-
rence 3). Each flask was filled with 0.2 l test water 
from labeled samples, and 10 individuals of one-
day-old juveniles were introduced.

Water collected from a conditionally clean (back-
ground) site of the water body was used as Refe-
rence 1. Simultaneously, Reference 2 and Referen-
ce 3 were established using settled and paper-fil-
tered river surface water [18].

For each sample, three replicates were estab-
lished (a total of 30 individuals per water sample). 
Excess liquid was then removed using a pipette, 
and the test water was immediately and carefully 
added to avoid injuring Daphnia spp. and the ro-
tifer Rotaria rotatoria.

After three days from the start of the experiment, 
water in the crystallizing dishes used for culturing 
Daphnia and Rotaria rotatoria was replaced with 

freshly collected water or with water from the sa-
me sample stored under refrigerated conditions in 
accordance with storage requirements. To perform 
water replacement, test orga nisms were captured 
and transferred to another crystallizing dish.

During the first two days, organisms were not 
fed; beginning on the third day, feeding was con-
ducted daily. The amount of food introduced into 
each crystallizing dish during biotesting was kept 
constant. When water replacement was perfor-
med, Daphnia were fed 3 h prior to the procedure.

Observations of test organisms were carried out 
continuously during the first hour, then hourly for 
the next 6—8 h, and subsequently twice daily. Sur-
vival rate and fecundity were recorded. In addition, 
behavioral responses of crustaceans were noted, 
including changes in body coloration and other 
indicators of physiological activity. Mor tality was 
determined by immobility: individuals lying on the 
bottom of the flask and exhibiting no swimming 
movements after gentle shaking of the flask for 15 s 
(even if antennae movements were obser ved) were 
considered dead. Dead indivi duals were counted 
visually without removing them from the vessel.

When offspring appeared, juveniles were re-
moved from the flask, counted, and transferred to 
a crystallizing dish. Data on the number of sur-
viving Daphnia and the number of produced off-
spring for each day of observation were recorded 
in Tables 1 and 2.

 During short-term biotesting [18]:
1. For the test organism Daphnia moina after 

96 h of exposure, the following results have been 
obtained:
 In Reference 1 (K1; settled conditionally clean 

river water from the Vorskla River), all 30 indi-
viduals survived (three replicates, 10 individu-
als each);

 In Reference 2 (K2; river water sampled up-
stream of the urban impact zone), all 24 indi-
viduals survived;

 In Reference 3 (K3; water from the Vorskla Ri-
ver collected at the pollution source), 15 out of 
30 Daphnia survived, corresponding to 50% of 
the initial number.
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Table 1. Template for Recording Results of Surface River Water Biotesting
Sample No.  Vorskla River (Poltava city limits)
                                      (water body, site, point)
Sampling date: 07.08.2023; 11.08.2023; 21.08.2023 

Registration date 
and biotesting 

start time

Daphnia survived, ind. Offspring produced, ind.

Reference К1 Reference К2 Reference К3 Reference К1 Reference К2 Reference К3

Replicate

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Daphnia magna Cladocera
07.08.23 10:00 10 10 10 7 8 8 5 6 4 5 6 4 0 0 0 0 0 0
11.08.23 11:00 10 10 10 8 9 8 6 5 4 8 7 8 0 0 0 0 0 0
21.08.23 12:00 10 10 10 8 7 7 4 5 5 5 5 7 0 0 0 0 0 0

Daphnia moina Macrocopa
07.08.23 10.30 10 10 10 8 9 8 4 5 5 4 5 5 0 0 0 0 0 0
11.08.23 11:30 10 10 10 9 8 8 5 6 5 5 6 5 0 0 0 0 0 0
21.08.23 12:30 10 10 10 8 8 9 5 5 4 8 7 8 0 0 0 0 0 0

Table 2. Results of Short-Term Bioassay of Surface River Water

 Date 
of sampling Series Survival rate, % of 

the initial number
Student 

criterion, tst
Reduction in survival rate, % of reference Water toxicity 

assessmentK1 (sample 1) K2 (sample 2) K3 (sample 3)

Daphnia magna Cladocera
07.08.2023
11.08.2023
21.08.2023

1—1
1—2
1—3

10; 10; 10
10; 10; 10
10; 10; 10

2.23 100 100 No eff ect

07.08.2023
11.08.2023
21.08.2023

2—1
2—2
2—3

7; 8; 8
8; 9; 7
8; 8; 7

2.37
2.31
2.37

100 47 Acute toxic 
eff ect

07.08.2023
11.08.2023
21.08.2023

3—1
3—2
3—3

5; 6; 4
6; 5; 4
4; 5; 5

2.57
2.57
2.78

100 20 Acute toxic 
eff ect

Daphnia moina Macrocopa
07.08.2023
11.08.2023
21.08.2023

1—1
1—2
1—3

10; 10; 10
10; 10; 10
10; 10; 10

2.23 100 100 No eff ect

07.08.2023
11.08.2023
21.08.2023

2—1
2—2
2—3

8; 9; 8
9; 8; 8
8; 8; 9

2.31
2.31
2.31

100 50 Acute toxic 
eff ect

07.08.2023
11.08.2023
21.08.2023

3—1
3—2
3—3

4; 5; 5
5; 6; 5
5; 5; 4

2.78
2.57
2.78

100 29 Acute toxic 
eff ect
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2. For the test organism Daphnia magna (Cla-
docera) (Tables 1 and 2), the following has been 
recorded:
 In Reference 1 (K1; settled conditionally clean 

river water from the Vorskla River), all 30 in-
dividuals survived (three replicates, 10 indivi-
duals each);

 In Reference 2 (K2; river water sampled up-
stream of the urban impact zone), all 25 indi-
viduals survived;

 In Reference 3 (K3; water from the Vorskla Ri-
ver collected at the pollution source), 16 out of 
30 Daphnia survived, corresponding to 55% of 
the initial number.
The significance of differences has been deter-

mined using Student’s t-test [11]. For Reference 1 
(K1) and the tested water samples (K2 and K3), 
the arithmetic mean of toxicity indicators (X), 
the standard deviation (), the standard error of 
the mean (S), and the t statistic were calculated. 
The following formulas (1) have been applied:

,iX X n                           (1)
where X is the arithmetic mean; n is the number 
of replicates; Xi is the i-th recorded indicator of 
water toxicity;

2
( ) ( 1),iX X n                    (2)

,S n                              (3)
 

2 2
,ref test

ref test

X X
t

S S





                        (4)

where Xref and Xtest are the arithmetic mean va-
lues of the toxicity indicators calculated for K1 
(reference) and for K2 and K3 (Vorskla River 
test water samples); Sref and Stest are the standard 
error of the arithmetic mean of toxicity indica-
tors for K1 (reference) and for K2 and K3 (tested 
water samples).

During the calculations, values of the t statis-
tic (significance criterion) have been obtained and 
compared with the critical (standard) values of 
Student’s t (tst) at a significance level of 0.05 and 
degrees of freedom: 

k = nref + ntest.
The calculations have followed the recommen-

dations in [25]. Specifically, if the calculated value 
t > tst the difference between the sample and mean 
toxicity indicators is considered statistically sig-
nificant. In this case, there are grounds to con-
clude that the tested water exerts a toxic effect on 
the test organism.

Critical values of Student’s t (tst) at a signifi-
cance level of 0.05 are presented in Table 3.

Survival rates of Daphnia in the tested water (Re-
ferences 2, Reference 3) and in Reference 1 are cal-
culated using Eq. (5): 

 ii
X X N    100,               (5)

w here 
i

X is the survival rate of Daphnia in the 
experiment for the f-th replicate, expressed as a 
percentage of the initial number; X i is the number 
of surviving Daphnia in each replicate, and N is 
the total number of Daphnia introduced in the ex-
periment (initial population).

The reduction in Daphnia survival rate in the 
tes ted water samples (Reference 2 and Referen-
ce 3) relative to Reference 1 is calculated using 
Eq. (6):

0( ) 100,k kA X X X     
                 (6)

where A is a reduction in Daphnia survival rate as 
compared with Reference, %; kX i s the arithmetic 
mean number of Daphnia surviving in the Referen-
ce, and 0X  is the arithmetic mean number of 
Daphnia surviving in the tested samples (Referen-
ce 2 or Reference 3).

Table 3. Critical Values of Student’s t (tst) at a Significance Level of 0.05

Number of degrees of freedom 1 2 3 4 5 6 7 8 9 10

tst 12.71 4.30 3.18 2.78 2.57 2.45 2.37 2.31 2.26 2.23
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Fecundity of Daphnia in the tested water and in 
the reference is calculated using Eq. (7):

,i M Vi i
X                        

 ( 7)
where  Mi is the number of juveniles produced by 
each brooding female, units; Vi is  the number of 
initial females that produced offspring and survi-
ved at the time of fecundity assessment

Pathological deviations (e.g., aborted eggs, still-
born offspring) were included in the calculation 
of fecundity (potential reproductive output) accor-
ding to Eq. (7).

To verify the results for the tested water samp-
les, statistical analysis of the Daphnia data has been 
performed. For convenience, the data have been 
organized in Table 4.

Let us calculate the f-criterion for Daphnia moi-
na Cladocera:

2 2 2 2
(8.33 4.67) 0.071.

(8.33 7.67 5.0 4.67 )
t 
 

  
The number of degrees of freedom is equal to:

5 5 0.017 10.07.  
For this number of degrees of freedom: 

tst = 2.23.
Let us calculate the f-criterion for Daphnia mag-

na Macrocopa:

2 2 2
(5.34 4.67)

(8.33 5.34 6 4.67 )
t 
 

 
0.018.

The number of degrees of freedom is equal to:
5 5 0.018 9.98.  

For this number of degrees of freedom: 
tst = 2.26.

Thus, the condition of statistical significance 
t > tst has been satisfied; therefore, survival rate in 
the experiment is significantly lower than in the 
Reference.

Mortality of Daphnia moina (Cladocera) has 
been high relative to the reference: 100% com-
pared with K1, 73% compared with K2, and 50% 
compared with K3, exceeding the accepted signi-
fi cance thre shold. Mortality of Daphnia magna 
(Cladocera) has also been high: 100% compared 
with K1, 77% as compared with K2, and 50% com-
pared with K3, similarly exceeding the significan-
ce criterion [18, 25].

Thus, based on the results of short-term biotes-
ting of Vorskla River water, the data have been com-
piled in Table 5. In Reference 3, survival rate is 
significantly lower than in Reference 1. These re-
sults have indicated that water from sample No. 3 
exerts a clear “acute toxic effect” on Daphnia. The 
experiment was terminated, as the toxic effect of 
the water had already been established during the 
short-term biotest [18].

Table 4. Statistical Analysis of Biotesting Data 
for Collected Water Samples

Series
Xi 

(arithmetic 
mean)

X (Xi – X) (Xi – X)2  S

Daphnia moina Cladocera
K1 10 10 0 0 — —

10 0 0
10 0 0

K2 23 7.67 15.33 30.66 46.67 15.55
25 8.33 16.67 33.34
22 7.33 14.67 29.34

93.34
K3 15 5.0 10.00 20.00

15 5.0 10.00 20.00 20.00   6.66
14 4.67   9.33 18.66

40.00
Daphnia magna Macrocopa

K1 10 10 0 0 — —
10 0 0
10 0 0

K2 25 8.33 16.67 33.34 50.04 16.68
25 8.33 16.67 33.34
25 8.33 16.67 33.34

100.08
K3 14 4.67   9.33 18.66

16 5.34 10.66 21.32 29.32   9.77
14 4.67   9.33 18.66

58.64
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Based on the results of biotesting of natural wa-
ter using the selected test organisms and the data 
presented in Table 6, the toxicity of the tested wa-
ter has been assessed. The obtained indicators 
show a 20% reduction in the survival rate of Ro-
taria rotatoria and a 70% deviation in fecundity.

During the study, the third test organism, the 
rotifer Rotaria rotatoria from the Vorskla River, 
was placed into nine flat-bottom flasks arranged 
in three series: three series with Reference 1 (K1), 
three series with Reference 2 (K2; water collected 
upstream of the impact area), and three series with 
Reference 3 (K3; water collected downstream of 
the impact area). Using a capillary pipette under a 
microscope, ten age-synchronized Rotaria rotato-
ria individuals were transferred into each flask.

Water carried together with the rotifers was re-
moved using filter paper, after which Vorskla River 
water was added to the flasks. The flasks were pla-

ced in trays containing water to maintain a tempe-
rature of 22—23 C and to prevent evaporation.

After 1, 3, 5, 24, 48, 72, and 96 h, the numbers of 
surviving Rotaria rotatoria individuals and new ly 
produced juveniles were recorded. Juveniles were 
removed immediately after counting. Observatio-
nal data were recorded in accordance with the 
format of Table 4. The number of juveniles at each 
subsequent observation time was calculated as the 
sum of individuals produced during the previous 
observation period (and removed) and those pro-
duced by the time of the current observation.

At the end of the 24 h exposure, the total num-
ber of juveniles in Reference 1 was 18 individuals, 
which were removed. After 48 h, the cumulative 
number of juveniles was 18 + 12 = 30 individuals 
(18 individuals produced during the first 24 h and 
removed, and 12 individuals produced bet ween 
the first and second observations).

Table 5. Results of Short-Term Biotesting of Vorskla River Water, Poltava

Number 
of sample

Water Body / Site / 
Sampling Point / Sampling Date Series Survival rate, 

% of Initial Number
Water Toxicity 

Assessment 

Daphnia moina Macrocopa
1 Th e Vorskla River

7.08.23/11.08.2023/21.08.2023
shore

Reference K1 100 No toxic eff ect

2 Th e Vorskla River
7.08.23 /11.08.2023/21.08.2023
Shore, local beach

Reference K2   47 Acute toxic eff ect

3 Th e Vorskla River
7.08.23 /11.08.2023/21.08.2023
Shore, waste water discharge site

Reference K3   20 Acute toxic eff ect

Daphnia magna Cladocera
1 Th e Vorskla River

7.08.23 /11.08.2023/21.08.2023
shore

Reference K1 100 No toxic eff ect

2 Th e Vorskla River
7.08.23 /11.08.2023/21.08.2023
Shore, local beach

Reference K2   50 Acute toxic eff ect

3 Th e Vorskla River
7.08.23 /11.08.2023/21.08.2023
Shore. Waste water discharge site

Reference K3   29 Acute toxic eff ect
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Rotaria rotatoria were fed from the second day 
onward by adding one drop of a suspension of the 
microalga Chlorella vulgaris to each flask.

The procedure for processing observational 
da  ta and evaluating biotesting results is demonst-
ra ted using calculations for the 96 h exposure 
period.

Let us calculate the survival rate in three Re fe-
ren ces by Eq. (8):

 (24 30)100 80%.x                    (8)
Survival rates in the reference series have been 

compared. In both references (K1 and K2), no 
mortality of Rotaria rotatoria has been observed, 
and the survival rate is 100%.

The decrease in the survival rate in series K3 
(Vorskla River water collected at the pollution 
source) relative to references K1 and K2 is calcu-
lated using Eq. (9): 

(30 24) 30 100 20%.A               
 (9)

The data are entered into Table 7.
The decrease in survival rate of Rotaria rotato-

ria in the K3 series is less than 25%; therefore, ac-

cording to this parameter, the tested water does 
not exhibit a toxic effect. To obtain a final assess-
ment of the nature of toxicity, the fecundity rate 
was calculated. For this purpose, the total number 
of offspring produced across replicates during the 
exposure period was determined.

For Reference K2, the number of offspring over 
96 h of exposure was 14 + 16 + 16 = 46 individuals. 
For Reference K1, this value was 51 individuals, 
while for K3 it was 30 individuals.

Fecundity in series K3 and in References K1 and 
K2 is calculated using Eq. (10). For Reference K2, 
fecundity equals:

46 30 1.5.E                        (10)
For Reference K1, E equals 1.7, and for K3, E 

equals 1.0. These data are presented according to 
the format of Table 4.

The deviation of the fecundity rate between the 
two references is calculated using the correspon-
ding equation. For Reference K1, the deviation 
equals:

(46 51) 51 100 11.2%.n              
 (11)

Table 6. Data of the Vorskla River Surface Water Biotesting Using Rotaria rotatoria

Number 
of sample Series Replicate No.

Survivors (No.) Off spring (No.)

Exposure time, h*

24 48 72 96 24 48 72 96

1 Reference K1 1 10 10 10 10   2   5 11 15
2 10 10 10 10 22   8 13 19
3 10 10 10 10   1   8 12 17

Total 30 30 30 30   6 21 36 51
2 Reference K2 1 10 10 10 10   4   8 12 16

2 10 10 10 10   2   6   8 14
3 10 10 10 10   0   4 10 16

Total 30 30 30 30   6 18 30 46
3 Reference K3 1 10 10 10   8   1   7   9   8

2 10 10   8   9   3   6   9 11
3 10 10   9   7   2   8 11 11

Total 30 30 27 24   6 21 29 30

Note: The number of juveniles at each subsequent observation time is determined by summing the individuals 
born during the previous observation period (transferred) and those born by the time of the current observation.
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Table 7. Data of the Express Biotest Using Rotaria rotatoria

Number 
of sample Series Calculation 

number

Number of Chlorella vulgaris Cells 
per Square of a Goryaev 

or Fuchs-Rosenthal Chamber 
Number 

of Rotifers 
in the Crystallizer 

Start 
of the test

10:00

End 
of the test

12:00
At the beginning At the end

1 Reference 1 13:00 160 115 10 10 10
2 Reference 2 13:00 115 106 10   8 12
3 Reference 3 13:00 184 135 10   7   9
1 Reference 1 15:00 165 164 10 10 10
2 Reference 2 15:00 187 137 10 10   8
3 Reference 3 15:00 174 169 10 10   9
1 Reference 1 14:00 124 122 10 10 10
2 Reference 2 14:00 132   96 10 10   8
3 Reference 3 14:00   98   75 10 10   4

Table 8. Results of Natural Water Biotesting on Rotaria rotatoria

Number 
of sample

Water Body, 
Sampling Site, Point, 

Sampling Date
Series

Expo-
sure 
time 

Survival 
rate, 

% of Initial 
number 

Reduction 
in Survival 
rate, % vs. 
Reference 

Fe-
cun-
dity 

Fecundity 
Deviation, 

% vs. 
Reference

Toxicity 
Assessment 

1 The Vorskla River
7.08.23; 11.08.2023; 21.08.2023
Shore

Refe-
rence 1

72 100 — 1.7 — —

2 The Vorskla River
7.08.23; 11.08.2023; 21.08.2023
Shore, local beach

Refe-
rence 2

72 100 0 1.5 –11.2 No chronic 
toxic effect

3 The Vorskla River
7.08.23; 11.08.2023; 21.08.2023
Shore, waste water discharge site

Refe-
rence 3

72   80 20 1.0 –70 Chronic 
toxic effect

Table 9. Conclusion on the Toxicological Status of the Water Ecosystems

Number 
of sample Water body Toxicologic parameters based on the biotesting data

1 Th e Vorskla River
7.08.23; 11.08.2023; 21.08.2023 shore

Class I — Surface water does not exert toxic eff ects on biota

2 — Class II — Surface water exerts subchronic toxic eff ects on biota
3 Th e Vorskla River

07.08.23; 11.08.2023; 21.08.2023
Shore, waste water discharge site

Class III — Surface water exerts acute toxic eff ects on biota
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Thus, based on the combined deviations of sur-
vival and fecundity rates over a 96 h exposure pe-
riod, and according to the criteria presented in 
Tables 5, 6, the water from the background site 
does not exhibit chronic toxic effects.

Next, the deviation of the fecundity index of 
the experimental series relative to the reference is 
calculated using the corresponding formula:

(30 51) 30 100 70%.n                (12)
The results are presented in Table 8. 
Based on the results of biotesting using crusta-

ceans, the surface water from the Vorskla River 
exerts an acute toxic effect on Daphnia (a 29% de-
crease in the survival rate over 96 h of observa-
tion is recorded in Table 9), indicating non-comp-
liance of water quality with toxicological parame-
ters and classification into Class III.

Using calculations at an exposure time of 96 h 
and based on the decrease in the survival rate 
(20% < 25%) and deviation in fecundity of the ro-
tifer Rotaria rotatoria (70% > 25%), the toxicity of 
the studied water was assessed. In this case, water 
from Reference 3 (K3) exhibits an acute toxic ef-
fect on Rotaria rotatoria.

According to the experimental results and the 
developed classification presented in Table 9, the 
tested river water is classified as Class I by toxico-
logical parameters and does not comply with es-
tablished water quality standards.

Using the developed Bioindication Water Test 
me thod, the effect of toxic water has been deter-
mined based on toxicological parameters of tes ted 
water samples collected from a water body, emp-
loying laboratory cultures of Daphnia and the ro-
tifer Rotaria rotatoria obtained from the same wa-
ter body as an indicator organism, since it is ca-
pable of detecting adverse changes in water quality.

Our method involves the simultaneous use of 
three different bioindicators within a short pe-
riod of time. This approach is justified by the fact 
that crustaceans differ in their sensitivity to toxic 
subs tances present in wastewater. The calcula-
tion of parameters is based on Student’s distribu-
tion hypotheses. The main limitation of the me-
thod is that biotesting using natural populations 
is technically more labor-intensive; however, it 
provides prospects for predicting the impact of 
toxic pollution on the biota of a specific aquatic 
ecosystem.

During environmental monitoring conducted by 
national regulatory authorities, when surveying 
water bodies in accordance with the international 
regulatory documents and European standards 
referenced in our study, it is necessary to collect 
samples not only for physicochemical analysis but 
also to assess the effects of pollutants under labo-
ratory conditions by observing the responses of 
living organisms. Upon completion of biological 
testing, a report should be prepared indicating 
de ficiencies and violations that lead to ecosystem 
degradation and mortality, and enforcement no-
tices should be issued to responsible parties.
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БІОТЕСТУВАННЯ ЗАБРУДНЕННИХ ПОВЕРХНЕВИХ ВОД РІЧКИ ВОРСКЛИ 
З ВИКОРИСТАННЯМ ТРЬОХ ІНДИКАТОРІВ «ТЕСТ-ОБ’ЄКТІВ»  

Вступ. Відповідно Водно рамкової Директиви 2000/60/ЄС Європейського Парламенту і Ради «Про вста-
новлення рамок діяльності Співтовариства в галузі водної політики» розроблено стандарти для моніто-
рингу, обстеження, відбору проб та проведення лабораторно аналізу водних об’єктів.

Проблематика. Проблемою в Україні є відсутність технологій захисту та методів контролю, які б перед-
бачали стан водного об’єкта за токсикологічними параметрами на основі «токсикології». За допомогою 
біотестування можливо визначити вплив стічних вод за цими параметрами, відповідно до висновку про 
токсикологічний стан водних екосистем.

Мета. Дослідження поверхневих вод водойм методом біотестування та визначення впливу стічних вод на 
біоценози, які беруть участь у процесах самоочищення водних об’єктів, за токсикологічними параметрами.

Матеріали й методи. Використано метод «Bioindication Water Test», заснований на проведенні окремих 
постановочних тестів з використанням лабораторної культури Daphnia, та на природніх популяціях коло-
верток Rotaria rotatoria як «тест-об’єктах» з досліджуваних водойм. Застосовано: лабораторні, мік роско-
піч ні, біотестування, статистичні методи. 

Результати. За результатами біотестування на рачках вода з річки Ворскла справила «гостру токсичну 
дію» на Daphnia та Rotaria rotatoria (зареєстровано 50% зниження виживання за 96 год спостережень), що 
вказує на невідповідність якості води за токсикологічними показниками встановленим нормам. За ре-
зультатами токсикологічного аналізу поверхневих вод найбільш забрудненими є води взяті з місця скиду 
стоків у районі дощового колектору м. Полтави.

Висновки. Біотестування як інтегральний метод оцінки токсичності водного середовища є обов’язковим 
доповненням до фізико-хімічного аналізу. Він дає змогу практичним шляхом проводити спостереження 
за реакцією живих організмів у водоймі, контролюючи скиди стічних вод, що призводять до руйнування 
унікальних екосистем, при цьому виконавши умови Водно Рамкової Директиви 2000/60/ЄС щодо покра-
щення стану водойм в Україні. 
Ключові слова: біотестування, стічні води, Rotaria rotatoria, Daphnia magma, Daphnia moina.




