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Background. Rivers are important water objects in many cities in Ukraine and
around the world, and their hydroecological state causes concern. One of them is the
Zubra River (Lviv, Ukraine), a right tributary of the Dniester which is subject to long-term
anthropogenic load from sewage and household waste, and its hydroecological state is
assessed as unsatisfactory (lvanov et al., 2023). The aim of the study was to evaluate the
genotoxic potential of surface water in anthropogenically loaded areas on the example the
Zubra River using Allium cepa and Drosophila melanogaster as eukaryotic test objects.

Materials and Methods. Surface water samples of the Zubra River were taken
in different seasons of 2023 and their chemical composition was analyzed by stan-
dard methods. The impact of the water samples on the survival of Drosophila mela-
nogaster laboratory strain Oregon R was assessed using the larval feeding method,
while their genotoxic potential was evaluated through the dominant lethal mutation test.
The phyto- and cytotoxicity of water samples were assessed using the Allium cepa test
based on the growth and mitotic activity of onion roots of the Stuttgarter Riesen variety.
The genotoxic potential was determined using the ana-telophase method by analyzing
the frequency of chromosomal aberrations.
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Results and Discussions. The chemical analysis revealed an increased concen-
trations of ammonium, nitrite and phosphate ions in surface water samples from the
Zubra River indicating its Vth quality class (very poor) and an unsatisfactory hydro-
ecological state. Treatment of D. melanogaster with river water samples reduced
their survival rate by up to 77.66-78.97 % compared to the control, and significantly
increased the frequency of the dominant lethal mutations by 1.54-3.44 times. Water
samples significantly decreased the growth and mitotic activity of the Allium cepa roots
as test objects, however no genotoxic effect was detected: the frequency of chromo-
somal mutations in the apical meristem was not statistically different from the control.

Conclusion. For an objective assessment of the genotoxic potential of surface
water of rivers in anthropogenically loaded areas, it is recommended to apply plant
and animal objects that differ in their test reactions. The study based on the example
of the Zubra River showed that surface water samples with an elevated concentrations
of ammonium ions, nitrites and phosphates do not cause a genotoxic effect in A. cepa
as a plant object but show a weak genotoxic potential in D. melanogaster by inducing
a significant increase in the frequency of dominant lethal mutations and a decrease in
individual survival rates.

Keywords: water of the Zubra River, biotesting, chromosomal mutations,
genotoxicity, Drosophila melanogaster, Allium cepa

INTRODUCTION

The problem of pollution of natural water bodies, especially in anthropogenically
loaded areas, is becoming increasingly urgent (Tsvilynyuk et al., 2017; Loboda et al.,
2023). Malfunction of wastewater treatment facilities, septic tanks and, sometimes, their
complete absence lead to contamination of water bodies with industrial waste, house-
hold sewage, sewage effluents, various pesticides, household waste, microplastics
(Loboda et al., 2021; lvanov et al., 2023). The abovementioned pollutants include sub-
stances with toxic and genotoxic effects that are dangerous for hydrobiota and human
health (Dolezelova et al., 2011; Tsvilynyuk et al., 2017). Detection of genotoxicants both
by methods of chemical analysis and biological test objects is essential for the assess-
ment of the ecological state of water bodies (Radi¢ et al., 2010; Krainiukova et al., 2021;
Ali et al., 2022). In the context of this problem, the ecological condition of the Zubra
River is especially important since it is the only river with an open channel that flows
within the city of Lviv (Ukraine) and is used in its economic activities (Tsvilynyuk et al.,
2017). The hydro-ecological state of the river has been assessed as unsatisfactory due
to the significant content of biogenic substances, particularly ammonium, nitrate and
phosphate ions. It has been noted that the main source of pollution of the river is a sig-
nificant amount of wastewater discharged from the residential district of Sykhiv as well
as sewage and rainwater runoff (Ivanov et al., 2023).

Monitoring of environmental objects is based on sanitary and ecological norms and
includes toxicological, chemical and organoleptic characteristics (Arsan et al., 2006).
According to recommendations (World Health Organization, 1985) for reliable assess-
ment of the ecological state of environmental objects, it is advisable to use at least two
biological test systems to detect toxic and mutagenic effects of pollutants. Among the
most effective ones is the Allium-test adapted to detecting toxic effects and assessing
the potential genetic risks of pollutants in water bodies (Radi¢ et al., 2010; Tkachuk
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et al., 2022). Another test object can be an animal organism, specifically D. mela-
nogaster. Due to well-studied genetic control of many vital functions, D. melanogaster
flies are used in toxicology, eco- and nanotoxicology as part of battery of tests to deter-
mine the actual and potential mutagenic activity of various factors (Chifiriuc et al., 2016;
Demir & Turna Demir, 2023).

The aim of this study was to evaluate the genotoxic potential of surface water of
anthropogenically loaded areas (on the example of the Zubra River, Lviv) using Allium
cepa and Drosophila melanogaster as eukaryotic test objects.

MATERIALS AND METHODS

Water samples of the Zubra River were collected in different seasons of 2023:
in winter, spring and autumn at the same location (38 Khotkevycha St., near Shuvar
Market, Lviv; geographic coordinates 49.795246,24.039640) according to recommen-
dations (Arsan et al., 2006). The water samples were immediately used for research.
Distilled water was used in the control.

Chemical analysis of water samples. Determination of pH of water samples was
carried out potentiometrically using a glass electrode (lonometer-analyzer Al-123). The
total hardness of water as well as sulfates was determined by titrimetry. Ammonium
ions were determined by ion-selective potentiometry. Nitrite and nitrate ions were deter-
mined by the ion-potentiometric method. Phosphates were determined by the colouri-
metric method in the reaction with ammonium molybdate (Arsan et al., 2006). The water
quality class was determined in accordance with the recommendations of the European
Union Water Framework Directive (Directive 2000/60/EC) and the relevant catego-
ries given in the methodology for environmental assessment of surface water quality
(Romanenko et al., 1998).

Treatment of D. melanogaster with water samples. D. melanogaster low-muta-
genic strain Oregon R was used (Chifiriuc et al., 2016). The studied water samples in
a volume of 5 mL were added directly to 40 mL of fresh typical medium (cooled to 40 °C)
for larval feeding (Demir & Turna Demir, 2023). An equivalent volume of distilled water
was used in the control. Flies (109 and 10 &) were placed in each test tube with the
medium and kept at 25 °C. On the third day, the parents were removed. The number of
imago that flew out was counted and their survival rate S, (%) was determined as the
ratio of the number of adults in experiment to the number of imago in the control.

The genotoxic potential (the property of chemicals to cause mutations; to detect
it, DNA damage is analyzed in cells exposed to toxic substrate) was measured using
the method of dominant lethal mutations (DLM-test). The latter one is aimed to detect
the chromosomal aberrations that lead to the death of offspring in the early stages of
embryonic development (Chifiriuc et al., 2023). In DLM-test, D. melanogaster flies were
treated with the studied water samples by the method of larval feeding. The treated
males were crossed with untreated virgin females, the total number of eggs laid was
counted, including eggs with early embryonic death (EED) and late embryonic death
(LED). The frequency of dominant lethal mutations was calculated and the obtained
data were analyzed by the standard method of comparisons (Demir & Turna Demir,
2023). The mutagenicity coefficient (k) was determined as a ratio of the DLM frequency
in the experiment to control.
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Allium cepa-testing of water samples. A. cepa bulbs of the Stuttgarter Riesen
variety similar in size and weight were used in the test. The test reaction was the length
of the roots of bulbs grown on the studied water samples. Twenty-five bulbs were placed
in 10 mL tubes with the test water sample (distilled water in the control) and thermo-
stated at 25 °C. On the fifth day the roots were cut off and their length (in mm) was
measured (Radi¢ et al., 2010). The level of phytotoxicity (inhibition of plant growth or
any adverse effect on plants caused by specific substances or growing conditions) of
water samples was determined by the growth activity of the test object roots and evalua-
ted on a five-point scale as described by Klepach et al. (2021).

The cytotoxicity (manifested in the inhibition of cell growth and division, apoptosis
activation) of water samples in the Allium test was determined by the mitotic activity of
the root apical meristem of the test object, which was germinated for 48 hours at 25 °C
(distilled water served as the control). Cytopreparations from the root meristem were
prepared, the number of cells at different stages of mitosis (interphase, metaphase,
anaphase and telophase), their total number, mitotic index (Ml,,), and the level of cyto-
toxicity were calculated as described (Klepach et al., 2021). The mitotic activity of the
root meristems in the experiment was expressed as a ratio of mitotic indexes in the
experiment to the control (Klepach et al., 2021).

The genotoxicity of water samples in A. cepa-testing was assessed by the fre-
quency of chromosomal mutations in the root meristems of bulbs according to the
method (Radi¢ et al., 2010). At least 500 ana- and telophases on cytopreparations were
analyzed, among which cells with various types of aberrations were noted, and the
frequency of chromosomal mutations was calculated as described by H. Klepach et al.
(2021). Each assay was repeated three times.

Statistical analysis. The data of water samples chemical parameters, root length
and mitotic index of the test object were compared using analysis of variance (ANOVA)
to confirm the variability of the data and the reliability of the results. The data were
expressed as M + SE (mean + standard error of the mean). P-value was assessed by
Student’s t-test to determine a significant difference between the variants in DLM and
Allium cepa testing. Differences between the respective control and the experimental
data were considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

The analysis of the chemical composition of surface water samples from the Zubra
River in different seasons of the year (see Table 1) demonstrates a high content of bio-
genic substances: ammonium and nitrite ions as well as phosphates that is consistent
with literature data (lvanov et al., 2023). In particular, the content of ammonium ions
ranged from 4.80 to 5.90 mg/L (quality class V, very poor), the content of nitrites — 0.96—
3.57 mg/L (quality class V, very poor). Notably, the content of sulfate ions was 1.2 times
higher than MPC (Maximum Permission Concentration) only in the spring water sample.
According to the results (see Table 1) and the established categories for water quality
assessment (Romanenko et al., 1998), the surface water samples of the Zubra River in
2023 refer to the Vth quality class (very poor).

The effects water samples from the Zubra River collected in different seasons
on the D. melanogaster survival were assessed. According to the values presented
in Table 2, imago survival rates in all experimental variants were significantly lower
(p =0.05) compared to the control indicating the toxicity of water samples.
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Table 1. Chemical composition of surface water samples from the Zubra River collected in
different seasons

Samples of water

Indicators MPC, mg/L
winter spring autumn
pH 6.5-8.5 7.310.04 7.02+0.04 7.9+0.04
Total hardness, mmol/L none 2.6£0.05 2.840.05 2.9+0.05
SO,* (sulphates), mg/L <100.0 49.6+3.09 127+10 51.0+2.10
NO, (nitrates), mg/L <40.0 16.5+0.11 14.39+0.03 14.8+0.09
NO, (nitrites), mg/L none 0.96+0.04 1.13+0.06 3.57+0.02
NH,* (ammonium), mg/L <0.5 5.1£0.33 4.8+0.31 5.9+0.35
PO,* (phosphates), mg/L <0.7 2.73+0.15 2.9+0.30 2.98+0.17

Table 2. Imago survival rate and the frequency of DLM in Drosophila melanogaster
Oregon R strain under the influence of the Zubra River water samples collected in
different seasons

rarians | Suvivalrate, o T e T e ofLED.%
Control 100 2.08+0.10 1.10+0.05 0.98+0.04
On winter water sample
Experiment 1 78.97* 4.98+0.25* 3.11+0.15* 1.87+0.09*
Tk - 2.39 2.83 1.91
On spring water sample
Experiment 2 72.66 7.84+0.39* 2.81+0.14* 5.03+0.24*
Tk - 3.77 2.55 5.13
On autumn water sample
Experiment 3 75.66* 4.81+0.24 2.99+0.15* 1.82+0.09*
Tk - 2.31 2.72 1.86

Note: *—differences are significant in relation to the control, p <0.05. These differences were determined by
one-way ANOVA and Student’s t-test; Tk (mutagenicity coefficient)

At the second stage of biotesting the genotoxic potential of water samples was inves-
tigated in the DLM test. According to the data (see Table 2), the total frequency of DLM
in embryos was significantly higher (p <0.05) compared to the control in all experimental
variants. The highest frequency of DLM was noted under the influence of the spring water
sample (7.84+0.39 %), which is 3.77 times higher than the control. Moreover, this sample
induced a more intense increase in the frequency of DLM than winter and autumn samp-
les. The latter ones induced DLM 2.39 and 2.31 times more frequently compared to the
control. The increase in the total frequency of DLM under the influence of these samples
was due to the frequency of EED rather than LED. Such differences in the results of the
studies can be explained by the unequal intake of pollutants in different seasons of the
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year among which there are biogenic compounds (see Table 1) known for their toxicity
(Dolezelova et al., 2011). In view of their presence in concentrations higher than the
MPC as well as the cumulative effect, it is possible to explain the increase in the level
of DLM at different stages of embryonic development of D. melanogaster. Mutagenicity
coefficients (k) indicate (see Table 2) a weak mutagenic potential of the surface water
of the Zubra River in spring (k = 3.77) and very weak — in winter (k = 2.39) and autumn
(k = 2.31) periods.

The results of water samples phytotoxicity measuring demonstrate (see Table 3)
a significant decrease in the length of the test object roots in all experimental variants
(by up to 74.89-89.55 %) compared to the control. The phytotoxicity indices indicate an
average level of phytotoxicity of the autumn sample (IP 25.11 %) and a weak level of
winter (IP 10.45 %) and spring (IP 15.77 %) water samples.

Table 3. Growth and mitotic activity, the frequency of chromosomal aberrations in the
meristem of the roots of Allium cepa bulbs grown on water samples from the
Zubra River collected in different seasons and their phyto- and cytotoxicity levels

Water samples of different seasons

Experimental variant - -
winter spring autumn

Length of the roots, mm

Control 19.91+0.74 16.74+0.67 19.87+0.74
Water samples 17.83+0.65* 14.10+0.76* 14.88+0.58*
Growth activity of the roots, %

Water samples 89.55 % 84.23 % 74.89 %
Indices (IP,,) and levels of phytotoxicity
10.45 % 15.77 % 2511 %

Water samples )
weak weak medium

Mitotic indices of the meristem, %

Control 67.50+3.48 67.80+3.37 45.69+1.97
Water samples 75.30+3.83* 80.76+4.09* 61.11+£3.63*
Mitotic activity of root meristem compared to the control, %
Water samples 89.64* 83.95* T4.77*
Indices (IC,,) and levels of cytotoxicity
10.36 16.05 25.23

Water samples .
weak weak medium

Frequency of chromosomal aberrations, %

Water samples 8.0+0.89% 2.7+0.47% 5.2+0.46*
Control 5.08+0.98 1.92+0.22 4.3+0.67
kt 1.57 1.41 1.21

Note: * — differences are significant in relation to the control, p <0.05; 1 — differences are not significant in
relation to the control, p 20.05. These differences were determined by one-way ANOVA and Student’s
t-test; Tk — mutagenicity coefficient

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2025 ¢ Tom 19/ Ne 1 e C. 61-70



EVALUATION OF THE GENOTOXIC POTENTIAL OF SURFACE WATER OF ANTHROPOGENICALLY LOADED AREAS USING... 67

The results of water samples cytotoxicity measuring demonstrate (see Table 3) that
the autumn sample causes a significant decrease in the meristem IM,, and suppresses
its mitotic activity by up to 74.77 %, which indicates an average level of its cytotoxi-
city (cytotoxicity index (IC,,) 25.23). Winter and spring water samples also significantly
reduced the mitotic activity of roots by up to 89.64 % and 83.95 % respectively com-
pared to the control, indicating a low level of their cytotoxicity (IC,, 10.36 and 16.05,
respectively). Thus, the results of the Allium test indicate that in different seasons of the
year the surface water of the Zubra River may have medium (autumn) or weak (spring
and winter) cytotoxicity due to different content of pollutants.

The genotoxic potential of water samples from the Zubra River was studied by
ana-telophase method. This method allows detecting chromosomal mutations such
as deletions and translocations at the anaphase and telophase stages of mitosis (Ali
et al., 2022). The results show (see Table 3) that the frequency of chromosomal aberra-
tions in all experimental variants does not differ significantly (p 20.05) from the control,
which indicates the absence of genotoxic potential of multi-seasonal samples of surface
waters of the Zubra River.

CONCLUSION

Biotesting of surface water samples collected in different seasons from anthropo-
genically loaded territory (on the example of the Zubra Rive) with two eukaryotic test
systems was carried out. A. cepa tests revealed weak and medium phytotoxicity of
the studied samples, low and moderate cytotoxicity and no genotoxic effect. However,
the latter one was detected in the testing on D. melanogaster. The results point to the
importance of using at least two test-systems for an objective assessment of the state
of surface water in anthropogenically loaded areas.
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AHATNI3 FTEHOTOKCUYHOI O NOTEHLUIANY NOBEPXHEBOI BOAU
AHTPOMOrEHHO HABAHTAXEHUX TEPUTOPIA (HA NMPUKINALI PIYKU 3YBPA,
m. NIbBIB, YKPAIHA) 3A BUKOPUCTAHHA EYKAPIOTUYHUX TECT-OB’EKTIB

Hamanisi F'ony6', MNanuHa Knenay?, Map2apuma Kpu)xaHoecbka®,
CeimnaHa Nop6yniHcbka', FanuHa Kpeykiecbka?

1 Jlbsiecbkuli HaujoHanbHUl yHisepcumem iMeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

2 [lpoeobuubkuli depxxasHull nedazoziyHull yHieepcumem imeHi lsaHa ®paHka
8ysn. lsaHa ®paHka, 24, [poeobuy 82100, YkpaiHa

3 TepHoninbcbkuli HauioHanbHUl nedazoeidyHull yHieepcumem imeHi Bornodumupa MNHamioka
8yn. M. KpusoHoca, 2, TepHoninb 46027, YkpaiHa

O6r'pyHTYBaHHS. Baxnueummn BogHnmmn 06’ektamm 6aratbox MicT YKpaiHu Ta CBiTy
€ piYKK, rigpOEKONOoriYHMIM CTaH AKMX BUKINMKAE 3aHENOKOEHHS. [10 iXHbOro yncna Harne-
XnTb pidka 3ybpa (M. JIbBiB, YKkpaiHa) — npaBa npuToka [HicTpa, sika 3a3Hae TpuBanoro
a@HTPOMOreHHOro HaBaHTaXXEeHHS KaHani3auinHMMM cTokaMy Ta NoOyToBMMM Bigxo4amu,
a ii rigpoeKkonoriYyHni cTaH OLUIHEHO K He3afdoBinbHWI (lvanov et al., 2023). Metoto
OOCTIIKEHHS] € OLHUTU FEHOTOKCUYHMWIA MOTEHLian NOBEPXHEBOI BOAN aHTPOMOreHHO
HaBaHTaXXeHWX TepuTopin Ha npuknagi pidkn 3ybpa 3a BukopuctaHHa Allium cepa Ta
Drosophila melanogaster sik eykapioTU4HUX TeCT-00’eKTiB.

Martepianu Ta metoau. 3pasku NoBepxHEBOI BOAU pivku 3ybpa Biabupanu y pisHi
ce3oHn 2023 poky W aHanizyBanu ixXHii XiMiYHWIA cknag cTaHgapTHUMU MeTodaMu.
BuaHauyanu BnnmB 3paskiB BOOAW Ha BMKMBaAHICTb 0COOMH nlabopaTtopHoi niHii Oregon R
D. melanogaster MeToooM FIMYMHKOBOMO 3rogoBYBaHHSA, @ FreHOTOKCUYHMI NOoTeHLian —
y TECTi Ha AOMIHAHTHI neTanbHi MyTauii. PiTo- i UUTOTOKCMYHICTb 3pa3kiB BOAM OLiHIO-
Banu y Allium cepa-TecCTi 3@ pOCTOBOIO 1 MITOTUYHOI aKTUBHICTIO KOPIHLIB Lnbyni copTy
Stuttgarter Riesen, a reHOTOKCUYHUI NOTEHLian — B aHa-TernodasHoMy MeTOAi 3a vac-
TOTOK XPOMOCOMHMX abepallii.

Pe3ynbratu i ixHE 06roBopeHHA. XiMi4yHWIA aHani3 3paskiB BOAM BUSIBUB MifgBU-
LLIEHi KOHLeHTpaLii ioHIB aMOHito, HITpUTIB i dpocdaTis, WO CBig4nno npo V knac siKocTi
(By>xe noraHvn) Ta He3adOBINbHUIA TiApPOEKoNnoriYHMn ctaH p. 3ybpa. Obpobka 0cobuH
D. melanogaster unmn 3paskamu 3HWXKyBarna IXHIO BUWXMBaHICTb A0 72,66—78,97 %,
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NOPIBHSHO 3 KOHTPOSEM, | AOCTOBIpHE 3pocTaHHA B 1,54—3,44 pa3n 4acToTU SJOMIHAHT-
HWUX NeTanbHUX MyTauin. 3a iXHbOro BNnMBY (hikCyBanm AOCTOBIPHE 3HUKEHHS POCTOBOT
N MITOTUYHOI aKTUBHOCTI KOpPIiHUIB A. cepa, ogHaK reHOTOKCUYHOrO BMMMBY BUSIBNEHO
He Byno: YyacToTa XPOMOCOMHMX MyTaUii y anikanbHin mepuctemi Tect-ob’ekta byna
OrM3bKOK 4O KOHTPOSHO.

BucHoBKK. [Ins 06’€KTMBHOI OLIiHKM FE€HOTOKCUYHOrO MOTEHLiany MOBEPXHEBOI
BOOM PiYOK aHTPOMOreHHO HaBaHTaXEHNX TEPUTOPIN OOLiNbHO 3aCTOCOBYBATU POCIINHHI
Ta TBapWHHI 00’ekTU, siKi Pi3HATbLCA TecT-peakuismu. Ha npuknagi pivku 3ybpa noka-
3aHO, L0 3pasku MOBEPXHEBOI BOAWU, MatouM NiABULLIEHMIA BMICT IOHIB aMOHiIt0, HITpUTIB
i bocpaTiB, HE CNPUYNHAIOTE TEHOTOKCUYHOIO eeKTy CTOCOBHO A. cepa SK POCIIH-
HOro TecT-06’ekTa, OfHaK BUSABMAKTb CrabKWM reHOTOKCUYHUI MOTEHLian CTOCOBHO
Myx D. melanogaster, iHOyKytOuM Yy HUX OOCTOBIPHE 3POCTaHHSA 4YacTOTU JOMIHAHTHUX
neTanbHUX MyTaUii | 3HWKEHHS BUXXMBAHOCTI OCOBUH.

Knroyoei crioga: Bopa pidkn 3ybpa, 6GioTecTyBaHHSA, XPOMOCOMHI MyTauil,
reHoToKCu4HicTb, Drosophila melanogaster, Allium cepa
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