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This study investigates the dose-dependent effects of imidazolinone herbicides, particularly imazamox, on a
monoculture of the green microalga Desmodesmus armatus, which is a sensitive test organism for ecotoxicological
assessments. The relevance of the research is o6ycnosnena the increasing risk of herbicide entry into freshwater bodies
as a result of agricultural runoff and anthropogenic disturbances, which may adversely affect primary producers in
aquatic ecosystems.

The toxic effects of imazamox were evaluated based on culture growth parameters (cell density and optical density)
and the state of the photosynthetic apparatus by determining the contents of chlorophylls a and b and carotenoids over
14-28 days of exposure. It was established that the response of Desmodesmus armatus is clearly concentration-
dependent. Low concentrations (0.01-0.06 mg/L) induced a short-term hormetic effect, characterized by stimulation of
growth and the pigment system. Medium concentrations (0.1-1 mg/L) caused latent toxicity, manifested by gradual
growth inhibition and a decrease in chlorophyll content. High concentrations (2.5-10 mg/L) resulted in persistent

suppression of photosynthetic activity, degradation of the pigment system, and the absence of adaptive responses.
The obtained results confirm the suitability of Desmodesmus armatus as a bioindicator for assessing the toxicity of
imidazolinone herbicides and emphasize the importance of considering the prolonged effects of pesticides when

evaluating their ecological safety.
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Introduction. The extensive use of herbicides
in modern agriculture is accompanied by the
continuous input of their residues into freshwater
ecosystems. Water resources, which are critically
important as sources of drinking water, are
increasingly exposed to organic pollutants of
anthropogenic origin, particularly pesticides (Husk
et al., 2019; Hasenbein et al., 2017). Pesticides may
contaminate aquatic environments through surface
runoff, wastewater discharge, and return flows from
agricultural and irrigated lands. They can enter water
bodies either directly, when applied for the control
of aquatic weeds, or indirectly via transport from
treated agricultural areas. Surface runoff from
agricultural lands represents one of the main
pathways of pesticide entry into freshwater systems
(Gongalves-Filho et al., 2020).

The environmental fate of herbicides is
determined by a complex set of processes, including
retention (adsorption, absorption, sedimentation),
transformation (decomposition and degradation),
and transport (leaching, volatilization, surface
runoff, and dispersion), as well as their interactions
within  environmental compartments (Herrero-
Hernandez et al., 2017). Due to their high solubility
in water, herbicides can readily migrate into surface
and groundwater systems, including rivers, lakes,
and soil horizons, posing a potential threat to aquatic
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organisms (Vonk and Kraak, 2020). These
compounds may exert toxic effects on autotrophic
aquatic organisms by disrupting photosynthetic
processes, reducing oxygen production, and
triggering cascading alterations in the trophic
structure of aquatic ecosystems (Onyango et al.,
2024).

In the context of military activities, this problem
becomes even more severe, as the uncontrolled
release of herbicides resulting from the destruction
of storage facilities, infrastructure damage, or fires
may cause their rapid and large-scale introduction
into the environment. Under such conditions,
herbicides effectively act as military-related
pollutants, capable of rapid dispersion within aquatic
systems and of generating additional risks to the
ecological stability and functioning of freshwater
ecosystems.  Primary  producers, particularly
microalgae, exhibit the highest sensitivity to
herbicide exposure, as they are responsible for the
majority of biomass production and oxygen
generation in freshwater biocenoses. As the
foundation of aquatic trophic pyramids, microalgae
play a crucial role in maintaining ecosystem
stability; therefore, inhibition of their growth by
xenobiotics can lead to systemic disruptions of
ecological balance (Grasso et al., 2022). The
accumulation of pesticides in the cells of aquatic
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organisms, including algae, may result in
deficiencies of key metabolites, reduced amino acid
metabolism, and inhibition of protein synthesis,
thereby indirectly affecting higher trophic levels
through the impairment of food web structure
(Mugudamani et al., 2023).

Among herbicides, compounds of the
imidazolinone group are of particular importance,
with imazamox being a key active ingredient that
inhibits the enzyme acetolactate synthase (ALS, EC
4.1.3.18). This enzyme catalyzes the first step in the
biosynthesis of branched-chain amino acids - valine,
leucine, and isoleucine - in plants. Inhibition of ALS
results in a deficiency of these essential amino acids,
leading to suppressed protein synthesis and growth
arrest in susceptible species (Tan et al., 2005).
Imazamox is absorbed through both leaves and
roots, translocated to meristematic tissues, and
disrupts the functioning of growth zones. Despite its
targeted application for weed control, imidazolinone
herbicides may enter aquatic environments via
surface runoff, thereby causing unintended adverse
effects on aquatic biota (Rojano-Delgado et al.,
2015).

Recent studies have demonstrated that
imazamox-based herbicides, in addition to their
effects on higher plants, can inhibit algal growth and
alter metabolic activity, inducing toxic effects at the
cellular level. These effects are primarily associated
with disruptions of photosynthetic processes and
metabolic pathways in algal cells upon exposure to
the herbicide. In light of these findings, further
research in this area is essential for a comprehensive
assessment of the ecological safety of imidazolinone
herbicides (Huang et al., 2024).

Therefore, the aim of this study was to
determine  the  dose-dependent  effects  of
imidazolinone derivatives on a monoculture of
Desmodesmus armatus.

Materials and methods. The material for this
study was an algologically pure culture of the green
microalga D. armatus, maintained in the collection
of the Department of Biochemistry and
Biotechnology at CNU.
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Fig. 1. Microphotograph of Desmodesmus armatus
(Chodat) E.H. Hegewald (Culture Collection of Algae)
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This typical representative of freshwater
phytoplankton is highly sensitive to pollutants and is
widely used as a model test organism in
toxicological studies of aquatic ecosystems.

In this study, the systemic post-emergence
herbicide “Eurolighting” was used, containing 33
g/L of imazamox and 15 g/L of imazapyr. The
concentration of imazamox was considered the key
indicator of biological activity. Imazamox was
applied at the concentrations indicated in the slide,
allowing coverage of a range of low to moderate
contamination levels characteristic of water bodies
exposed to agricultural runoff.

The growth dynamics of Desmodesmus armatus
cultures were monitored by counting the number of
cells per 1 mL of culture suspension using a Fuchs-
Rosenthal counting chamber and a Micromed XS-
3300 trinocular microscope. The initial inoculum
cell density was 1.5 x 10¢ cells/mL.

Exposure was carried out for 14 days, with cell
counts recorded every 3 days. To assess long-term
effects, cultivation was extended up to 28 days, with
measurements taken on days 14, 21, and 28.

On days 14, 21, and 28, the contents of
chlorophyll a, chlorophyll b, and carotenoids were
determined. To evaluate pigment content, the
biomass pellet was extracted with absolute acetone
at a 2:1 ratio. The extracts were aliquoted into tubes
and incubated in the dark for 72 hours.

Pigment concentrations were determined
spectrophotometrically: carotenoids at 450 nm,
chlorophyll a and b at 650 and 665 nm, respectively,
and calculated using standard formulas.

All experimental studies were conducted in
quadruplicate (n=4). Data are presented as the mean
(M) + standard error of the mean (m) (M £+ m).

Statistical analysis was performed using
standard methods in Microsoft Excel. Significance
of differences was assessed using Student’s t-test at
a significance level of p <0.05.

Results. The study of herbicide effects on green
microalgae is of significant importance, as these
organisms represent a key component of aquatic
ecosystems, contributing to photosynthesis, primary
production of organic matter, and the maintenance
of oxygen balance in water bodies. Green algae
(Chlorophyta), particularly representatives of the
genera Scenedesmus, Chlorella, and
Pseudokirchneriella, are widely wused as test
organisms for assessing the ecotoxicity of pesticides
(Ceschin et al., 2021). Herbicides can affect algae
through various mechanisms, including disruption of
photosynthesis, enzyme inhibition, or induction of
oxidative stress. Most commonly, they inhibit
photosystem 11, resulting in reduced photosynthetic
efficiency, slower cell growth, and increased
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production of reactive oxygen species (Fassiano et
al., 2022).

Herbicide toxicity is typically assessed based on
the growth activity of microalgae, since even slight
inhibition can disrupt trophic interactions in
freshwater ecosystems. In our study, control
samples, which were not exposed to the herbicide,
demonstrated stable increases in cell density of
Desmodesmus armatus: from 1.57 x 10° cells/mL on
day 0 to 3.85 x10° cellssmL on day 14 of the
experiment. This indicates optimal cultivation
conditions and the absence of inhibitory factors,
ensuring high culture viability.

In the experimental samples treated with the
herbicide, a clear concentration-dependent response
of the algae was observed. At the lowest
concentration (0.06 mg/L), accelerated growth was
already noted on day 3, with cell density reaching
2.85 x 10¢ cells/mL, and peaking on day 6 at 3.28
x 10¢ cells/mL (Fig. 2). This stimulatory effect may
be explained by the low herbicide concentration
activating  internal  adaptive or  protective
mechanisms in the cells, thereby promoting
enhanced growth during the initial stage.
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Fig. 2. Dynamics of Desmodesmus armatus monoculture cell numbers at different imazamox concentrations

Concentrations in the range of 0.1-1 mg/L did
not induce noticeable growth stimulation; the
population remained relatively stable for 6-9 days,
after which a gradual decline in cell density or
maintenance at a level below the control was
observed. This pattern indicates a latent toxic effect,
likely associated with the inhibition of the
acetolactate synthase (ALS) enzyme, which impedes
the synthesis of essential amino acids (valine,
leucine, isoleucine) required for normal cell growth.

At concentrations of 2.5-10 mg/L, the maximal
toxic effect was observed, manifested as an absence
of significant population increase or only a slight
rise in cell numbers by day 3. From day 6, a sharp
decrease in cell density was noted, indicating
disruption of photosynthetic and metabolic
processes. In samples with low concentrations
(0.01-0.1 mg/L), partial growth recovery was
observed on days 12-14, likely due to adaptive
mechanisms or herbicide degradation in the medium.
In contrast, high doses (5-10 mg/L) maintained an
inhibitory effect until the end of the experiment,
suggesting the absence of an adaptive cellular
response.

The results of this study confirm that
Desmodesmus armatus is a suitable model organism
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for ecotoxicological assessments due to its high
growth rate and ability to adapt to different
cultivation conditions. The impact of imazamox on
algae was clearly concentration-dependent: low
doses (0.01-0.1 mg/L) promoted partial growth
recovery, likely through the activation of internal
adaptive or protective mechanisms; intermediate
concentrations (0.1-1 mg/L) caused latent toxicity,
manifested as a gradual decline in cell density
relative to the control; and the highest concentrations
(2.5-10 mg/L) induced maximal toxic effects,
characterized by pronounced inhibition  of
photosynthetic and metabolic processes and the
absence of adaptive responses throughout the
experiment. Nevertheless, even the highest herbicide
concentrations did not result in culture death,
indicating the need for further studies on the
prolonged effects of the pollutant on the model
organism.

These observations confirm that Desmodesmus
armatus is a sensitive bioindicator for evaluating the
toxicity of imidazolinone-based herbicides and
highlight its importance for assessing pesticide
safety in freshwater ecosystems. Prolonged exposure
to imidazolinone-derived herbicides elicited a
complex, multiphase response in D. armatus,
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dependent on both toxicant concentration and
exposure duration. In control cultures, where the
herbicide was absent, cell numbers and optical
density exhibited a stable positive trend: the initial
density of 1.57 x 10° cells/mL gradually increased to
3.8-4.0 x 10° cells/mL by days 21-28, while optical
density slightly decreased from 0.32 a.u. on day 14
to 0.25 a.u. on day 28, indicating the attainment of
the stationary growth phase and optimal cultivation
conditions (Fig. 3). These values are consistent with
literature data for species of the genus Scenedesmus,
where maximal cell density and stable optical

density indicate the absence of stress (Fassiano et
al., 2022).

Variants with low herbicide concentrations
(0.01-0.06 mg/L) demonstrated slightly stimulated
cell growth and corresponding increases in optical
density during the early exposure stages, consistent
with the hormesis phenomenon described for
Chlorella vulgaris and Scenedesmus obliquus under
toxic stress (Li et al., 2020). The hormetic effect
appears only during the early stages of exposure and
disappears with prolonged toxicant action—a pattern
also observed in our experiment.
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Fig. 3. Optical density of Desmodesmus armatus monocultures at different imazamox concentrations

After day 14, the culture exhibited a temporary
decline in growth rate and optical density; however,
by days 21-28, cell density partially recovered to
2.1-2.5 x 10° cellsyfmL, with optical density
maintained at 0.17-0.20 a.u., indicating successful
adaptation to sub-inhibitory concentrations. This
recovery likely reflects partial degradation of
imazamox, enhanced antioxidant defenses, and
reorganization of the pigment apparatus, allowing
cells to sustain photosynthetic activity under mild
toxic stress.

Intermediate  concentrations (0.1-1 mg/L)
induced latent toxicity: cell density and optical
density remained relatively stable during the first 6—
9 days, but by days 12-14, a sustained growth
inhibition was observed, with cell density decreasing
to 1.6-1.9 x 10° cells/mL and optical density to
0.16-0.20 a.u. By days 21-28, the culture remained
at a consistently low level without full recovery.
This effect corresponds to imazamox’s mechanism
of blocking the synthesis of essential amino acids
(valine, leucine, isoleucine), gradually limiting
resources for growth, while cells maintain viability
despite reduced photosynthetic activity, consistent
with findings in Raphidocelis subcapitata (Goémez-
Martinez et al., 2023).

378

High concentrations (2.5-10 mg/L) caused the
strongest toxic effects. Cell density remained nearly
unchanged during the first 3-6 days and declined to
1.3-1.5 x 10° cells/mL by days 12-14, while optical
density dropped to 0.15-0.16 a.u., indicating severe
impairment of the photosynthetic apparatus and
growth inhibition. By days 21-28, no recovery was
observed, with cell density stable at 1.4-1.7 x 10°
cells/mL and optical density unchanged, confirming
the absence of adaptive compensation. These results
align with previous observations in Scenedesmus
quadricauda, where high ALS-inhibitor
concentrations caused prolonged inhibition of
growth and photosynthetic activity (Dosnon-Olette
et al., 2010).

Overall, analysis of cell density and optical
density demonstrates that prolonged exposure to
imidazolinone herbicides exerts concentration-
dependent effects on Desmodesmus armatus: low
concentrations induce transient hormetic stimulation
followed by growth stabilization, intermediate
concentrations cause latent toxicity with gradual
growth suppression, and high concentrations result
in sustained inhibition. These findings underscore
the necessity of long-term studies for accurate
ecological  risk  assessment, as  short-term
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experiments fail to capture the full spectrum of
adaptive and toxic responses.

The strong correlation between growth and
optical density highlights the link between growth
activity and photosynthetic function, emphasizing
the importance of further investigating pigment
composition and photosynthetic  performance.
Prolonged exposure to imidazolinone herbicides not
only affects growth, but also induces significant
restructuring of the photosynthetic apparatus - a

sensitive  indicator of toxic stress.  Since
photosynthesis provides essential energy and
structural components for cells, analysis of

chlorophyll a, chlorophyll b, and carotenoid content
offers valuable insights into the mechanisms
underlying adaptive and stress responses to long-
term imazamox exposure, complementing the
growth observations described above.

The obtained results demonstrated a clear
concentration-dependent response of Desmodesmus
armatus, which closely correlated with changes in
cell density and optical density of the culture.
Analysis of the pigment profile over 14, 21, and 28
days of exposure revealed three main response
scenarios: hormesis at low concentrations, latent or
moderate toxicity at intermediate concentrations,
and sustained suppression of the photosynthetic
apparatus at high herbicide concentrations.

Chlorophyll a serves as a sensitive indicator of
the functional state of the photosynthetic apparatus.
As the primary pigment of the reaction centers of
photosystems, chlorophyll a provides the most
informative measure of overall photosynthetic
performance.

In our study, low concentrations (0.01-0.06
mg/L) resulted in a moderate increase in chlorophyll
a content compared to the control by day 14 (Fig. 4).
This transient stimulatory effect, or hormesis, is
typical for low-dose toxicant exposure and is
consistent with trends observed in growth
parameters. By day 21, stimulation was most
pronounced, while by day 28, a partial decline in
pigment concentration was observed, although levels
remained higher than those in the intermediate and
high imazamox treatments. These results indicate the
activation of adaptive mechanisms in the cells,
including  enhanced  antioxidant  defenses,
reorganization of photosynthetic complexes, and
increased light absorption efficiency.

At intermediate concentrations (0.1-1 mg/L),
the dynamics of chlorophyll a reflected latent
toxicity. During the early stages of the experiment
(day 14), pigment content decreased slightly,
whereas by days 21 and 28, a stable reduction was
observed. Pigment suppression was not critical,
indicating partial retention of photosystem function,
although their activity was limited.
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At high concentrations (2.5-10 mg/L), a
pronounced toxic effect was observed at all stages of
exposure: chlorophyll a content decreased by almost
50% relative to the control already by day 14, and
the further decline observed on days 21-28 indicated
degradation of the photosynthetic membranes and
inhibition of pigment biosynthesis. The absence of
recovery throughout the experimental period
confirms the irreversible nature of the damage.

Comparison of chlorophyll a and b revealed that
the latter was even more sensitive to imazamox.
Changes in chlorophyll b generally followed the
dynamics of chlorophyll a but exhibited greater
amplitude, reflecting deeper structural
rearrangements in the pigment apparatus. At 0.01-
0.06 mg/L, chlorophyll b showed a noticeable
decline on day 14, but levels nearly recovered or
even exceeded the day-21 control values by days 21
and 28 (particularly at 0.06 mg/L). This likely
reflects expansion of light-harvesting antennae and
enhanced light absorption efficiency—a typical
adaptive response during early stages of toxicant
exposure. Thus, low doses may stimulate the
pigment apparatus during prolonged adaptation.

At 0.1 mg/L, a decline on day 14 followed by
partial recovery at later time points was also
observed, although adaptation was less complete

than at lower concentrations. Intermediate
concentrations caused a more pronounced
suppression of chlorophyll b compared to

chlorophyll a, likely due to the high sensitivity of
light-harvesting complexes to protein imbalances.

At 1-10 mg/L, chlorophyll b content was
reduced at all exposure times. A particularly strong
decrease occurred at 5 mg/L, while 10 mg/L also
caused marked suppression, though partial recovery
was observed by day 28. High herbicide
concentrations led to a rapid decline in chlorophyll b
already  during early exposure, indicating
destabilization of light-harvesting complexes and
impairment of energy supply to the photosystems.

Overall, the dynamics of chlorophyll b confirm
that light-harvesting complexes are sensitive
indicators of prolonged stress, with the degree of
change directly depending on  imazamox
concentration. Low concentrations induce adaptive
reorganization, intermediate concentrations disrupt
the stability of the light-harvesting complexes, and
high concentrations lead to structural degradation of
the antenna apparatus.

Thus, comparison of chlorophylls a and b
demonstrates that chlorophyll b responds more
rapidly and strongly, making it a reliable early
marker of photosynthetic system disruption under
imidazolinone herbicide exposure.
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Fig. 4. Content of chlorophyll a (A) and chlorophyll b (B) in Desmodesmus armatus cells exposed to imazamox

Carotenoids reflect the antioxidant status and
photoprotective function of the cells. They perform
two key roles: contributing to the formation of
photosynthetic complexes and protecting
chloroplasts from excess light and reactive oxygen
species. Therefore, their dynamics are an important
indicator for assessing toxic effects.

In the control, carotenoid levels remained stable
throughout the exposure period, which is typical for
Scenedesmus species under non-stress conditions
(Fig. 5). This stability confirms consistent
cultivation conditions and the absence of
endogenous oxidative stress.

Under low concentrations (0.01-0.06 mg/L), a
moderate increase in carotenoid content was
observed, coinciding with the initial hormetic effect
seen for chlorophylls. This transient stimulation of
the pigment apparatus likely reflects activation of
the carotenoid components of the light-harvesting
complexes to compensate for stress signals.

More pronounced changes occurred at
intermediate concentrations (0.1-1 mg/L). During
the first few days, carotenoid levels remained close
to the control, but by days 12-14, a substantial
increase was observed. Such a response is typical for
photosynthetic organisms under prolonged stress:
carotenoids scavenge reactive oxygen species,
stabilize thylakoid membranes, and prevent
photooxidative damage to chlorophylls. Literature
reports indicate that during extended exposure to
ALS inhibitors, carotenoid content may increase as
part of a compensatory response, even when
chlorophyll levels are already depressed (Lopes et
al., 2010).

The most pronounced changes were observed at
high concentrations (2.5-10 mg/L). During the early
stages of exposure, the sharp decline in chlorophyll
content was accompanied by a compensatory
increase in carotenoids, indicating activation of the
maximal photoprotective response.
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Fig. 5. Carotenoid content in Desmodesmus armatus cells under imazamox exposure

However, at later stages (days 21-28),
carotenoid levels stabilized or even slightly declined,
likely reflecting depletion of cellular resources.
Since imazamox inhibits the synthesis of essential
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amino acids, cells are limited in their capacity to
sustain high rates of carotenoid biosynthesis over
prolonged periods.
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When  considered alongside  chlorophyll
dynamics, this carotenoid response suggests that the
photosynthetic apparatus of Desmodesmus armatus
can partially adapt to sub-inhibitory doses of
imazamox, whereas high concentrations cause
systemic suppression of cellular function.

Thus, analysis of the main photosynthetic
pigments indicates that the response of
Desmodesmus armatus to prolonged imazamox
exposure is clearly concentration-dependent. Low
concentrations induced a transient stimulation of the
pigment apparatus, intermediate concentrations
caused suppression with elements of adaptation, and
high concentrations resulted in sustained impairment
of photosynthetic function.

Importantly, changes in pigment composition
closely correlate with  previously described
alterations in cell density and optical density. This
demonstrates a strong functional link between
culture growth and the state of the photosynthetic
apparatus, which determines the energetic capacity
and adaptive potential of the cells.

Despite the reduction in cell numbers,
indicating decreased growth activity, optical density
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JTO303AJIEXKHUH BILIUB IMIJJA3OJIHOHOBUX I'EPBIIIMIIB HA
MOHOKYJIbTYPY DESMODESMUS ARMATUS

JI.LM. Yeban, B.B. Anapiok

Yepniseyvkuil HayionanvHuil yHigepcumem imeni FOpis ®edvrosuua
syn. Koyrobuncvroeo, 2, Yrpaina, 58012,
e-mail: |.cheban@chnu.edu.ua

Y pobomi oOocnidosiceno Oozozanexcuutl enaug 2epOiyudie epynu imMiOA30AIHOHIE, 30Kpemd IMA3aMOKCY, Ha
MOHOKYIbmypy  3efieHoi  Mikpogodopocmi Desmodesmus —armatus, sKa € 4YmMAUBUM MeCM-OP2AHIZMOM  OJlsl
EeKOMOKCUKOLOSTUHUX OYIHOK. AKMYanbHicmb 00CAIOHCEHHS 3YMOBIEHA 3DOCMAHHAM PUBUKY NOMPANTAHHS 2epOiyudie y
NPICHI 8000UMU BHACTIOOK CilbCbKO2OCNO0APCHKO20 CMOKY MdAd AHMPONOZEHHUX NOPYULEeHb, WO MOJICe He2AmueHO
BNAUBAMU HA NEPEUHHUX NPOOYYECHMIE BOOHUX EKOCUCHIEM.

OyinKky moxcuuHoi Oii iMazamoKcy npogoounu 3a NOKA3HUKAMU POCHLY KYAbmypu (YUcCelbHICMb KIIMUH, ONmu4Hda
2ycmuna) ma cmaHom POmoCUHMeMmuyHO20 anapamy, susHavaiouu emicm xaopoginis a, b i kapomurnoioie ynpooogaic
14-28 0i6 excnosuyii. Bcmanosneno, wo peaxyia Desmodesmus armatus mae 4imkuil KOHYEHMPAYiuHo 3a1edHCHUll
xapakmep. Huzvki konyenmpayii (0,01—0,06 me/1) cnpuyunsiiy KOpomkouacHUull 20pMemuyHul egexm 3i CumMyIayicio
pocmy ma niemenmuoco anapamy. Cepeoni xonyemmpayii (0,1—1 me/n) euxiuxaiu npuxo8any MmMOKCUYHICTD, U0
NPOSIBNIANAC NOCMYNOSUM NPUSHINEHHSIM POCIY MA 3HUNCEHHAM émicmy xaopoginig. Bucoxi konyenmpayii (2,5-10
Me/n) 3ymoemosany cmitike NPUSHIYeHHA HOMOCUHMEMUYHOI aKmusHocmi, despadayiio niemeHmHoi cucmemu ma
8I0CYMHICMb a0anmayitiHux peakyiil.

Ompumani pezyremamu niomeepodicyioms npuoamuicmes Desmodesmus armatus sik 0i0iHOUKAMOpa moKCUYHOCHIE
iMIOa301iHOHOBUX 2epOiyudie ma NiOKpPecaomy HeoOXIOHICMb YPaXy8aHHs NPOIOH208AHOT Oii necmuyudie npu oyiHyi
ix exonoeiunoi besnexu.

Krouosi crosa: imioasoninonosi eepdiyuou, imazamoxc, Desmodesmus armatus, Mikpo8ooopocmi, 00303a1eHCHUL
eghexm, pomocunmemuyni niemeHmu, NPiCHOBOOHT eKOCUCTHEMU

Ompumano peoxonecicro 28.10.2025 p.
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