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The ecotoxic state of technologically modified edaphotopes by waste of refinery
was investigated with the Allium-test method. Material for the investigations was samples
of edaphotopes which were selected at a depth of 15-20 cm from seven research areas of
different locations. The last ones were 10200 m away in relation to the surface storages of
oil sludge and other waste of refinery. It has been detected in Allium-test that edaphotopes
of the research areas located at a distance of 10-50 m relative to the storages of waste are
toxic. Particularly, their aqueous extracts cause a medium and high level of phyto-, cyto- and
genotoxic effects on the growing and proliferative activity of Allium cepa Stuttgarter Riesen
variety meristem. Test extracts of edaphotopes in growing Allium-test caused darkening of
rootlets and blackening of their tips (contrary to the light rootlets with light tips in control).
In addition to it the growing activity of A. cepa bulb roots that were grown on the aqueous
extracts of edaphotopes was decreased in 1.71-3.5 times depending on the location and
measure of remoteness of the research area from the storage of waste of the refinery. Phyto-
toxicity of aqueous extracts of those edaphotopes regarding to A. cepa is above average and
higher levels, and tolerance of onion rootlets to the test extracts decreases up to 29-52 %
comparing to control. The mitotic activity of apical meristem of rootlets also decreased.
Particularly, mitotic indexes diminished to 51.05—63.57 % (in control — 82.34 %) and cyto-
toxicity ones were in the range of 22.8-48.0 % that confirms the medial level of cytotoxicity
of the investigated edaphotopes. Ana-telophase method and micronucleus test have shown
that the chromosome aberrations frequency and appearance of micronuclei in the cells of the
apical meristem of the test object 4. cepa is higher in 3.34-5.20 times comparing to control.
It indicates the average and the high level of genotoxicity of the investigated edaphotopes.
The edaphotopes, which are located at the distance of 100-200 m in relation to the surface
storages of waste of refinery have a slight phyto-, cyto- and genotoxic effects which are close
to the background level.
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Oil refineries (ORs) are strong pollutants of the environment during the last century. Despite
of introduction of up-to-date technologies of oil processing, some of ORs continue generating a big
volumes of exhausted fumes into the environment. A great danger for the environment has their sur-
face storages where oil-slimes and other waste of oil processing are dumped. Concentrating in soils
adjacent to oil-slime storages and spreading along ground horizons they cause the negative changes
of all their characteristics. Significant or partial soil pollution with oil-slimes leads to the change of
physical, physico-chemical and chemical characteristics of soil. The level of these changes depends
on the type of soil and its initial state as well as the kind and number of pollutants [3].
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Among oil-slimes there is a number of substances which penetrate into soil and cause
genotoxic action: they can enhance the intensity of natural mutation in ten and hundred times.
Some of them are carcinogens, some — co-mutagenes. Nowadays mutagenic effects of chemical
compounds (chemical mutagenesis) is in the centre of genotoxic investigations, whereas they
have a significant meaning for medicine, ecology and national economy [1, 8, 19, 20].

For ecotoxic assessment of the state of technologically contaminated soils different me-
thods are used [3, 17, 18]. They include chemical-analytical, bio-indicative and bio-testing me-
thods. Each of them has its advantages and disadvantages, and only their co-application are the
most objective assessment of the soils conditions, their suitability for the using for various pur-
poses of national economy. So the spectrum of soil pollutants detected by chemical-analytical
methods doesn’t always make it possible to estimate their toxicity for plants, animals and humans
[8]. In contrast to chemical analysis, biodiagnosis methods make it possible to estimate the pre-
sence of most soil pollutants using the test organisms in experimental or natural conditions [20].
Biodiagnosis based on the application of bioindication and bioassay methods allows detecting the
presence of contaminants in the soil by changing the status of its phytobiota [16].

Bioassay methods are used to evaluate the quality of environmental objects (mainly in the
laboratory) using living organisms. Using specially selected, highly sensitive to contamination
the test organisms (biotesters) it’s possibly to determine the integral toxicity of samples from
the investigated territories, evaluate their ecological and toxicological state and possible conse-
quences [1, 10].

According to the recommendations of the Special Committee on Ecological Toxicology
of the International Scientific Committee on Environmental Issues, at least two biotest systems
should be used to accurately assess the ecological state of an environmental object. Especial at-
tention is paid to plant biotest systems due to their availability, simplicity and cost-effectiveness
of the studies carried out on them, the reliability and consistency of the obtained results, and,
importantly, they are widely used to assess soil contamination and their environmental state [5,
7, 12, 18]. Another biotest-object may be animal organisms, such as Danio rerio fish, branched
Cladocera crustaceans (Daphnia magna and ceriodaphnia Cladocera crustaceae) [13] and gill-
shape legged crustaceans, flies Drosophila melanogaster [2].

The aim of the work was the assessment of genotoxicity of edaphotopes adjacent to the
surface storages of the oil processing waste of the OR with Allium-test bioassay.

Materials and Methods

The material used for the investigation was the edaphotopes adjacent to the surface sto-
rages of oil processing waste contained in the Drohobych district. The edaphotopes were selected
in 2019 from the test sites (EEA), located at different distances relative to storages. EEA1 located
at the distance of 10 m, EEA2 — at the distance of 20 m, EEA3 — 30 m, EEA4 — 40 m, EEAS —
50 m, EEA6 — 100 m, EEA7 — 200 m. Edaphotope samples (each of 1 kg) were taken at a depth
of 15 —20 cm according to the recommended methods [4]. Each mixed sample was prepared from
5 samples, mixed with each other, and immediately transported to the laboratory for further re-
searches. Edaphotope samples were being dried in semi-sterile conditions on glass plates at room
temperature (20+2 °C) within 15-20 days.

Preparation of aqueous extracts: pieces of edophotopes weighing 20 g were ground in a
mortar, sieved through an aluminum perforated sieve (3 mm in diameter), 100 ml of water were
added, shaken for 10—15 min and stood for 15 h. The resulting extracts were filtered, sterilized by
holding (15 min) in a water bath at 100 °C. The filtrates were cooled and used for further studies.

The assessment of phyto-, cyto- and genotoxicity of the investigated edaphotopes was ta-
ken by a modified variant of Allium-test in which test-object (4//ium cepa bulbs of the Stuttgarter
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Riesen) was placed in aqueous extracts of edaphotopes without first germinating roots [6]. For
each testing edaphotope the three independent same experiments in five times were performed.
Artesian water of low mineralization was as control.

The overall toxicity of edaphotopes was assessed in a screening test using a standard
plant test system of A. cepa. The parameters of the test reaction were turgescence, discoloration,
and shape of 4. cepa bulbs grown during five days on experimental and control samples.

The phytotoxicity of edaphotopes in the Allium-test was evaluated by the phytotoxicity
index of the sample (PI,) determined by the formula: PI, = (M. — M) x 100 % / M, where
M_.— the magnitude of the test reaction in control; M, — the magnitude of the test reaction in the
experimental sample. The level of phytotoxicity of edaphotopes was assessed on a five-point
scale [11]: 0-20 % — absent or weak level; 20.1-40 % — medial level, 40.1-60 % — above average
level; 60.1-80 % — high level; 80.1-100 % — maximal level. The magnitude of the test reaction
was the length of the roots of A. cepa bulbs which were grown on experimental and control aque-
ous extracts. The root length (in mm) of bulbs was measured on the fifth day of growth (exposure
time), and the mean value (M) and its error (m) were calculated.

Tolerance of A. cepa roots to aqueous extracts of edaphotopes in the Allium-test was
evaluated by the tolerance index (TL,). TI,, was determined by the root length of bulbs, and was
calculated by the formula: TI,, = (M / Mc) x 100 %, where M, is the average root length of
A. cepa bulbs of the experimental variant; Mc is the average root length of the bulbs in control [9].

The cytotoxicity of edaphotopes in the Allium-test was evaluated by mitotic (MI,) and
cytotoxic (CI,, ) indexes [15]. MI,, is an indicator of the proliferative activity of meristem cells of
roots of 4. cepa bulbls, which was calculated by the formula: MI,, = X (P+M+A+T) x 100 % /
N, where ¥ (P+M+A+T) — the sum of cells undergoing pro-, meta-, ana- and telophase, and N is
the total number of counted cells. For this purpose cytopreparations of meristem roots of 4. cepa
bulbs grown on the test extracts and artesian water were prepared. Cytopreparations were pre-
pared according to the method [14] which included the selection of root meristems, their fixation
with Clark’s solution, washing with 70 % ethanol and staining with 2 % acetoorsein. Microscopy
of the preparations was carried out at magnification 40x15 and 90x15. The cytotoxicity index
(CI,,) was determined by the formula: CI, = (MI, — MI)) x (MI") x 100 %, where MI, is the
average mitotic index of the bulb roots of 4. cepa in test samples; MI,. is the average mitotic index
of the roots in control. The level of cytotoxicity of edaphotopes was assessed on a five-point scale
[11]: 020 % — absent or weak; 20.1-40 % — medial; 40.1-60 % — above average; 60.1-80 % —
high; 80.1-100 % — maximal.

The genotoxicity of edaphotopes was assessed by the frequencies of chromosome ab-
berations and appearance of micronuclei induced in the root apical meristem of bulbs [14]. The
frequency of chromosome abberations was determined by ana-telophase method according to
Prokhorova and coauthors technique. According to the technique all ana- and telophases on cyto-
preparations are counted and among them cells with chromosome aberrations are detected [14].
At least 500 of ana- and telophases cells were analyzed on the cytopreparations of 4. cepa root
meristems, among which cells with different types of abberations were detected. The chromo-
some abberations frequency (FM, ) was calculated by the formula: FM, = = (MCh) x 100 % /
N(A+T), where £ (MCh) — the sum of cells with chromosome aberrations (bridges, lagging chro-
mosomes, their fragments, vagrant chromosomes and others) at the ana- and telophase stages;
N(A+T) — the total number of ana- and telophases analyzed on the cytopreparations.

The frequency of the micronuclei appearance was assessed by micronucleus method [11].
At least 1000 interphase cells were analyzed on the cytopreparations of A. cepa root meristems
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among which cells with micronuclei were detected. The mutation frequency was calculated with
the formula: FMn, =X 1 <100 % /X1, where X1 , —the sum of cells with micronuclei; = I -
the total number of analyzed interphases on the cytopreparations.

The level of genotoxicity of edaphotopes was assessed by the coefficient of the mutagenic
effect expression (KME, k). KME indicates in how many times the frequency of chromosomal
aberrations in the experiment is higher than in the control, and it’s evaluated in points. KME =
1-2 — mutagenic effect is absent; KME < 5 — mutagenic effect is low; KME < 10 — mutagenic
effect is medial; KME > 10 — mutagenic effect is strong [15].

Statistical analysis of experimental data. Experiments were carried out in 5 repetitions.
Arithmetical mean (M), standard error of mean value (m), the Student’s ratio (t) and the reliability
index (p) were determined for each selection of indices. Statistical significant effects are indica-
ted by p<0.05.

Results and Discussion

During the processing and production of petroleum products various waste, including oil
sludge, are generated. Oil sludge is a mixture of water, mechanical impurities, chloride salts with
petroleum or petroleum products, which is not to be used in production, and therefore should be
sent for disposal. In case of improper storage of waste of oil refining in open-type surface storage
facilities which are not equipped with restrictive means, their seepage into adjacent soils and
subsequent migration of soil horizons is observed. Getting into the soil, the components of the
sludge cause their contamination, imbalance, death of some organisms that inhabit the surface
layers of soil [3].

For the purpose of the initial assessment of the ecotoxic state of soils adjacent to the sur-
face storages of oil processing waste of OR (Fig. 1), they were investigated for phyto-, cyto- and
genotoxicity using standard Allium-test [6, 11]. Allium-test is a widely used method of biotesting
recommended by the International Commission on Mutagenic and Carcinogenic Compounds [3],
which analyzes the growth and mitotic activity of A. cepa bulb roots [6]. It is noted that the sen-
sitivity of 4. cepa as a test object is similar to the sensitivity of Chinese hamster cells and human
lymphocytes — test systems for the assessment of environmental factors [18].

Fig. 1. Still pictures on the left and on the right — the view of sumps of the refinery

At the first stage of the Allium-test (screening test) we visually evaluated such morpho-
logical indicators as the turgescence, color, shape (swelling and bending) of the roots grown on
the aqueous extracts of edaphotopes. As can be seen from Table, the turgescence of A. cepa bulb
roots on all samples is normal, the shape is elongated and correct. But color the roots and tips of
the bulb roots are different. In the sample EEAG6 they are barely dark, in EEA2 — EEAS ones —
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completely dark or black (EEA1). In control the roots and their tips were light. The change in the
tested indexes of the roots indicate the presence of pollutants in the edaphotopes of the research
areas located at a distance of 10—100 m in relation to the oil processing waste of OR.

Phytotoxicity assessment of aqueous extracts of the investigated edaphotopes in the se-
cond stage was measured by the indexes of phytotoxicity (IP, ) and tolerance (IT,,) [9]. According
to the results (see Table) the growth activity of A. cepa bulb roots grown on extracts of edapho-
topes, with the exception of the two studied variants (EEA6 and EEA7) is statistically lower com-
pared to the control. The IP, of water extracts of EEA1 — EEAS edaphotopes are 20.78-71.24 %,
that indicates their average and high phytotoxic effect. The indexes of bulb roots tolerance (IT,)
are determined after their length are low for EEA1 and EEA4 (Table) or medium for EEA2,
EEA3, EEAS and EEA7 samples, that confirms the negative effect of pollutants of the investiga-
ted edaphotopes on growth activity.

Morphometrical indexes of 4. cepa bulb roots grown on aqueous extracts
of edaphotopes adjacent to the surface storages of oil processing waste of OR

Morphological indices of Indexes
Samp]es of Allium cepa 100ts Roots length
(M#£m), mm; . .
edaphotopes| Turgescence & Colour (t*: <p**) Phytotoxicity index | Tolerance index
Shape - =P (IP,); toxicity level |(IT,); tolerance level
Normal; . A
Control lengthened nght with light 38.88+1.82
tips (normal)
regular (normal)
Black with dark  12.88+1.19 66.87%; 33 %;
EEAT Normal tips (11.96; 0.01) high level low level
EEA2 Normal Dark with dark ~ 22.69+2.28 41.64 %; 58 %
tips (5.00; 0.01) above average level medium level
EEA3 Normal Dark with dark ~ 20.02+1.95 48.04%; 51 %,;
tips (7.07; 0.01) above average level medium level
EEA4 Normal Dark with dark  11.18+1.01 71.24%; 29 %,
tips (13.31; 0.01) high level low level
EEAS Normal Dark with dark  20.19+1.01 48.07%; 52 %;
tips (8.98; 0.01) above average level medium level
Light with dark ~ 33.14+1.73 14.76%; 85 %;
EEA6 Normal tips (2.29; 0.02) low level high level
30.80+1.47" 20.78%; 79 %;
EEAT Normal Normal (3.45;0.01) medium level medium level
*t — Student’s ratio; * *p — reliability index

The last ones were obtained with calculating cells at the different stages of mitosis. To
determine the target of mitosis modifying action of the pollutants of edaphotopes, phase indexes
of the root meristems were calculated. The last ones were obtained with calculating cells at the
different stages of mitosis (Fig. 3). As can be seen from the Fig. 2, the mitotic indexes of the root
meristem in five investigated samples EEA1 — EEAS are significantly lower comparing to the
control (multiplicity values are 0.77-0.62). It should be noted that the prophase indexes of these
edaphotopes samples are higher compared to the control (48.19 %) (Fig. 3). These results indi-
cate the delay of the processes in the prophase associated with the condensation of chromosomes
and their subsequent transition to the metaphase stage. Confirmation of this assumption is that
the metaphase indexes of these experimental samples (EEA1 — EEAS) are lower than the control
one. It can be explained by the decreased activity of the proteins responsible for the formation
of the metaphase plate, for proper positioning and orientation of homologous chromosomes on
it. In addition, the anaphase index of the root apical meristem in sample EEA3 is lower than the
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control one and other edaphotope samples. This might indicate the ability of the pollutants of
edaphotope, which are extracted with water, at higher concentrations to interfere with the normal
formation of fission spindles and chromosome segregation.

Thus, the pollutants of the test edaphotope samples EEA1 — EEAS have a negative effect
on the course of processes in mitosis, especially in prophase and anaphase, showing mitosomo-
difying effect.

In other experimental samples (EEA6 and EEA7) there was a slight effect of edaphotope
pollutants on mitotic activity of the root — there mitotic indexes are close to control (Fig. 2). For
EEAG6 and EEA7 the cytotoxic effect of their extracts is absent at all: the cytotoxicity indexes are
low — 2.37 and 3.55, respectively (Fig. 2). The weaker mitotoxic effect of these edaphotopes can
be explained by their longer distance (100 and 200 m) from the oil processing waste of OR. In
addition, the phase indexes of these experimental samples are close to control. This ratio of phase
indexes according to the literature is typical for the mitotic activity of A. cepa roots [6].
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Fig. 2. Mitotic and cytotoxicity indexes of meristem Fig. 3. Phase indexes of mitotic activity of meristem
cells of 4. cepa bulb roots grown on aqueous cells of 4. cepa bulb roots grown on aqueous
extracts of the samples of edaphotopes extracts of the samples of edaphotopes

So it was found that edaphotopes located at a distance of 10—50 m relative to the sto-
rages of oil processing waste of OR have a high and average cytotoxic effect (depending on
the distance) on the proliferative activity of the test-object A. cepa meristem cells: their mitotic
index are reduced to 51.05-63.57 % (normal — 82.34 %), and cytotoxicity index increases up to
22.8-48.0 %.

The genotoxicity assessment of technologically modified edaphotopes by the activity of
the OR was carried out by ana-telophase method [14]. Ana-telophase method was combined
with a micronucleus test [15]. The results of the studies are shown on Fig. 4 and Fig. 5. As we
can see (Fig. 4), the frequency of chromosome aberrations in the meristem cells of 4. cepa bulb
roots induced by aqueous extracts of EEA1 — EEAS sample edaphotopes was increased up to
2.32-4.12 % comparing to the control. Coefficient of the mutagenic effect expression (KME) was
2.73-4.85, indicating the low level of genotoxicity. For EEA6 — EEA7 samples the frequency
of chromosome aberrations is close to the control. KME is not higher than 2. It indicates the
absence of pronounced genotoxicity of edaphotopes located at the distance 100 m and 200 m in
relation to the storages of oil processing waste. It should be noted that among the interphase cells
of the meristem grown on the aqueous extracts of EDD1 — EDDS5 sample edaphotopes, a signifi-
cant proportion were cells with micronuclei (Fig. 6, B). In particular, the frequency of interphase
cells with micronuclei is 1.97-3.60 % (0.30 % in control), and KME is 6.57-12.00 (Fig. 5). It
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indicates on the medial and high level of genotoxicity of aqueous extracts of EDD1 — EDDS eda-
photopes (see Fig. 6, B). These indexes are especially high (k>10) for EDD1, EDD2 and EDD4
sample edaphotopes which are located at a distance of 10—40 m in relation to the storages of oil
processing waste of the OR.

OThe frequency of chromosome aberrations, %

B The coefficient of expressed of the mutagenic effect

3,68

T17
»
3

3.5

g

Control EEA1 EEA2 EEA3 EEA4 EEAS EEA6 EEA7
Samples of edaphotopes

Fig. 4. Frequency of chromosome aberrations Fig. 5. Frequency of cells with micronuclei in

in mitotic phases of 4. cepa root tip cells meristem of 4. cepa root tip cells grown
grown on aqueous extracts of the samples on aqueous extracts of the samples of
of edaphotopes edaphotopes

In the ana-telophase test on cytopreparations of apical meristem cells of 4. cepa bulb roots
grown on aqueous extracts of EDD1 — EDDS edaphotopes different types of disorders during the
chromosomes divergence to the poles of spindle were revealed. Among them — chromosome lag-
ging, formation of single and paired fragments and bridges which may be the result of deletions
and translocations of chromosomes (Fig. 6, A). The high frequency of chromosome aberrations
can be explained by the fact that the oil processing waste seeps into the adjacent soils from their
storages. Since they are present in the studied edaphotopes in sufficiently high quantities they are
highly likely to induce various types of chromosome aberrations — most often micronuclei in the
meristem cells of test object 4. cepa.

Fig. 6. Meristematic cells of root tips of A. cepa with chromosome aberrations (A) and micronuclei (B)

So it was shown that edaphotopes located at a distance of 10—50 m relative to the sto-
rages of oil processing waste of the OR are impregnated with the same waste and are toxic. Their
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aqueous extracts cause a medium and high level of phyto-, cyto- and genotoxic effects on the
morphogenesis of the plant test object 4. cepa depending on their location. Remote edaphotopes
(up to 100-200 m) have lower phyto-, cyto- and genotoxic effects which are close to the levels
of the spontaneous one.
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METOAOM ALLIUM-TECTY
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JlocmimpkeHo eKOTOKCHYHHMH CTaH TEXHOTCHHO-3MiHEHMX eqadoTomiB Biaxomamu
HadTomepepoOHOro 3aBomy MeTonoM Allium-tecty. MarepianoM ans  IOCTIKEHb
CIIyTyBajH 3pa3ku exadororis, BigiOpani Ha muouHi 15-20 cM 31 cemMu TOCTiIHUX TUISHOK,
po3mimenux Ha BiacTani 10-200 M Big MOBEpXHEBUX CXOBHIL BiAXOiB HAapTOMEPEPOOHOTO
3aBony. ¥V Allium-tecTi BUSBIECHO, IO 3pa3ku eAadOTOMIB MUISHOK, JOKATi30BaHUX Ha
Bigcransax 10-50 M Bixg cXoBUII BiAXOAiB HaTONEPEpOOHOTO 3aBOAY, € TOKCHYHUMH.
3o0kpemMa, TXHI BOOHI BUTSDKKU COPHYUHSIIN (iTO-, IUTO- i TEHOTOKCHYHY Jii CE€peaHBOro
1 BUCOKOTO PiBHIB CTOCOBHO POCTOBOI Ta Mpoi)epaTUBHOI aKTUBHOCTI KOPIHIIB LNUOYIUH
Allium cepa copry Stuttgarter Riesen. Y pocroBomy Allium-tecTi 3a3Ha4eHi BUTSKKH
enadOTONiB CIPHUYNHSIN IIOTEMHIHHS KOPIHLIB 1 MOYOPHIHHS IXHIX KIHYHKIB (Ha IPOTUBAry
CBITJIMM KOPIHIISAM 31 CBITIIMMH KiHUMKaMHU y KOHTPoIi). J[o TOro % IXHs poCTOBa aKTHBHICTh
Ha BOJHUX BHUTSDKKax emadoromiB Oyma 3HmkeHa B 1,71-3,5 pasy 3anexHo Bix ixHbOI
JIOKaIii Ta BiAAAJICHOCTI BiJl HOBEPXHEBOTO CXOBHIIA BiIXOIIB Ha)TONEPEpOOHOTO 3aBOLY.
@DITOTOKCHYHICTE BOOHHUX BHUTSDKOK JOCHTIPKCHUX eJa(OTOIIB CTOCOBHO A. cepa € BUILE


https://www.sciencedirect.com/science/article/pii/S1383571818302092
https://www.sciencedirect.com/science/article/pii/S1383571818302092
https://www.sciencedirect.com/science/journal/00456535
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CEPEAHBOTO0 1 BUCOKOTO PiBHIB, @ TOJIEPAHTHICTH KOPIiHIIIB TECT-00’€KTA 10 HUX 3HUKYETHCS
10 29-52 % mopiBHAHO 3 KOHTpoieM. MITOTHYHA aKTUBHICTh AMiKadbHOI MEPHUCTEMH
KOpPiHLIB IMOYIHNH 4. cepa TaKOX 3HWKYETHCS. 30KpeMa, IXHI MITOTHYHI iHIEKCH CTIadaloTh
10 51,05-63,57 % (3a mHopmu 82,34 %), a iHAEKCH UTOTOKCHYHOCTI 3pOCTArOTh 110 22,8—
48,0 %, 1m0 CBIIUUTH MPO CEpenHid piBeHb HMUTOTOKCHYHOCTI AOCTIKEHUX ena(oToIiB
Ha mpoiidepaTuBHy aKTHBHICTh TeCT-00’€KTa. 3a JOMOMOTOI0 aHaTea0(ha3HOro METody i
MIKPOSIIEPHOTO TECTY MOKa3aHO, 10 YaCTOTa XPOMOCOMHHUX adepaliil 1 mosiBa MiKposiaep y
KIIITHHAX amiKaJbHOI MEPUCTEMH KOPIHLIB A. cepa € BUIOW y 3,34-5,20 pa3y nopiBHIHO
3 KOHTPOJIEM, a IIe BKa3ye Ha CEpeAHid 1 BUCOKHMH PiBHI T€HOTOKCHYHOCTI JOCHIHKEHHX
enadoromniB. Enadoronu, po3ramosani Ha Biactani 100-200 M Big HOBEPXHEBUX CXOBHII]
BiZxo/iB Ha()TOMEpPepOOHOTO 3aBOMY, MAIOTh Ci1a0Ky (BiTO- , IUTO- i FEHOTOKCHYHY IO, SKa
€ OM3BKOIO0 10 (POHOBOTO PiBHA.

Knouosi cnosa: Binxoau HadTomepepobHoro 3asoay, enadoromu, Allium-tecr,
€KOTOKCHUYHICTh
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