of coagulants and flocculants is to increase the particle size due to their adhesion (aggregation) and, as a
result, to increase the efficiency of purification due to filtration, precipitation, and flotation of water. We
recommend using the culture liquid of Acidithiobacillus ferrooxidans bacteria as a coagulant for wastewater
treatment of enterprises from metal ions and some organic pollutants. A.ferrooxidans uses Fe2* as an energy
source, so the concentration of Fe2* in the medium can affect the growth of bacteria. In the process of oxidation
of ferrous iron to trivalent iron, bacteria receive the energy necessary for their metabolism. Trivalent iron
obtained during the oxidation process can be used as a biocoagulant in wastewater treatment. The article
shows the optimal temperature for biochemical oxidation of iron by bacteria.
Key words: coagulation, wastewater, thion bacteria, oxidation, Acidithiobacillus ferrooxidans.
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EFFECTS OF PHYTOREMEDIATION ON ENZYMATIC ACTIVITY AND FERTILITY
RESTORATION IN CADMIUM-CONTAMINATED SOIL

Abstract: This study is dedicated to the investigation of phytoremediation of cadmium-contaminated
soil using carrot (Daucus carota L.) and vermicompost. The paper discusses methods for modeling soil
contamination and determining cadmium translocation in plants, as well as the impact of phytoremediation on
the activity of soil enzymes, such as catalase, urease, dehydrogenase, and protease. The experiment showed
that Daucus carota L. effectively accumulates cadmium in the roots, especially at high concentrations of
contamination. The introduction of vermicompost into the soil helps reduce cadmium accumulation in the plant,
which may be related to the improvement of soil structure and its ability to neutralize toxic substances.
Furthermore, the addition of vermicompost helps maintain higher levels of soil enzyme activity, alleviating the
toxic effects of cadmium on microorganisms and the soil ecosystem. The results of the study confirm that
carrots (Daucus carota L.), as a phytoremediant, in combination with vermicompost can be used to clean the
soil of pollutants (Cd) and restore its biological activity.
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Key words: soil, cadmium pollution, enzymatic activity, vermicompost, phytoremediation, carrot
(Daucus carota L.,).

Introduction

Heavy metal contamination is a prevalent form of pollution around the world and has emerged
as a significant global concern due to its potential dangers to both ecosystems and human health [1,
2].

Cadmium (Cd) is widely recognized as a highly toxic heavy metal that poses significant
biological risks to both terrestrial and aquatic organisms [3]. It enters ecosystems through various
human activities and environmental emissions. When plants grow in contaminated soils, they absorb
Cd, which can lead to serious health risks for animals and humans due to its high mobility in polluted
environments [4]. Cd toxicity affects multiple organs in the human body, with the kidneys being the
primary site of accumulation, leading to severe conditions such as emphysema, damage to renal
tubules, and kidney stones [5]. Because Cd can replace calcium (Ca) in minerals, due to their similar
ionic radius, charge, and chemical behavior [6], it is easily absorbed by the human body and
accumulates in various organs at high concentrations.

Chlorosis and stunted growth are common signs of cadmium (Cd) toxicity in plants [7].
Increased levels of toxicity hinder plant development and cause necrosis. Cadmium's harmful effects
on plants involve the disruption of carbon fixation, a decrease in chlorophyll levels, and reduced
photosynthetic efficiency [8]. Exposure to Cd in soil induces osmaotic stress, lowering the relative
water content in leaves, as well as reducing stomatal conductance and transpiration, which results
in physiological harm to the plants [9].

Cd is a relatively mobile heavy metal, and plant roots are highly efficient at absorbing and
transporting it to the aboveground parts [10]. Even at low concentrations, Cd can interfere with plant
metabolism, leading to phytotoxicity and potentially plant death. However, certain Cd-accumulating
plants can tolerate higher Cd levels and store it in their tissues without exhibiting toxicity symptoms
[11, 12].

Cd typically exists as Cd?* in soil and is considered its most toxic form. The uptake of Cd by
plant shoots is mainly determined by how Cd is absorbed through the roots, stored in vacuoles, and
transported via the xylem and phloem. The plant's above-ground parts generally contain lower
concentrations of Cd than the below-ground parts, meaning that the roots accumulate the highest
levels of Cd, with smaller amounts transferred to the xylem and seeds. The higher mobility of Cd is
facilitated by the roots, which absorb it from the soil and transport it to the xylem through either
apoplastic or symplastic routes, or by binding it to organic acids or phytochelatins.

Soil contamination with cadmium not only impacts soil fertility [13], but also disrupts microbial
and enzymatic functions. Additionally, significant amounts of cadmium can accumulate in crops or
plants, presenting a major health hazard [14].

Soil enzymes are the most active components of the soil ecosystem and play a crucial role in
the cycling of soil materials and energy [15]. The presence of heavy metals in the soil can influence
the activity of these enzymes. Changes in enzyme activity can reflect important ecological processes
within the soil, and the level of this activity can serve as an indicator for assessing the ecological
safety of heavy metals in the soil [16, 17]. Studies have shown that increasing concentrations of
cadmium lead to a decrease in the activity of soil dehydrogenase, catalase, protease, and urease
[18, 19].

Phytoremediation is a method of cleaning contaminated soils that uses specific plant species
to absorb and accumulate heavy metals, helping to restore the polluted soil [20]. This process is
gaining popularity due to its cost-effectiveness, simplicity, and eco-friendly nature [21].

In this study, we selected carrot (Daucus carota L.) as a model root vegetable to examine how
realistic levels of soil Cd contamination affect Cd accumulation, absorption, and the distribution of
essential mineral nutrients.

Vegetables are highly susceptible to heavy metals, which can accumulate in their roots, stems,
and leaves [22]. The carrot (Daucus carota L.), a key vegetable with a cultivation history of over 1000
years and widespread popularity, is predominantly grown in Europe and Asia today [23]. Research
has revealed concerning levels of cadmium (Cd) in the roots of carrots (Daucus carota L.) cultivated
in contaminated soils [24]. This study investigated how carrots (Daucus carota L.) developed in soil
contaminated with cadmium compared to those grown in uncontaminated soil. The research
specifically aimed to explore the physiological and metabolic changes in carrots (Daucus carota L.)
exposed to Cd from seed planting to the point of consumer maturity, in comparison with the control

group.
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Organic fertilizers, such as vermicompost, are widely recognized for their ability to improve soil
structure and fertility by supplying vital nutrients and boosting the microbial activity in the soil [25].
The application of organic fertilizers is a widespread practice globally to enhance soil nutrition,
leading to increased crop productivity [26]. Vermicompost has long been utilized both as a nutrient
source and a soil enhancer to promote the growth and yield of agricultural crops [27].

The incorporation of vermicompost into soil improves natural processes like sedimentation,
complexation, adsorption, and absorption, which helps decrease the bioavailability of pollutants [28].
Additionally, vermicompost promotes plant growth in contaminated soil by binding pollutants,
boosting nutrient levels, and stimulating the local microbial community [29].

The aim of this study is to assess the impact of phytoremediation and the application of
vermicompost on the restoration of soil fertility and enzymatic activity in soil contaminated with
cadmium.

Objects and Methods of Research.

The objects of the study were the soil of the Turkestan region, vermicompost made from
agricultural waste, and the carrot culture (Daucus carota L.) used as a phytoremediator. The
chemical analysis of soil composition was conducted using voltammetric, qualitative, and
guantitative methods of analysis.

Experimental work was carried out using the box method (Figure 1). Soil and soil with
vermicompost contamination with cadmium (Cd) was artificially carried out by adding cadmium
acetate (Cd(CHsCOOQ),) at maximum allowable concentration (MAC): 0,5 MAC (0,25 mg/kg of soil),
2,5 MAC (1,25 mg/kg of sail), 5,0 MAC (2,5 mg/kg of sail), and 10,0 MAC (5,0 mg/kg of soil) (based
on cadmium ions in the soil). Acetic acid salts were chosen for modeling soil contamination due to
their good solubility and ability to quickly and completely interact with the soil mass. After the addition
of cadmium, the soil and soil with vermicompost were incubated in plastic containers for 21 days at
a temperature of 23+2°C. Control experiments used original soils without the addition of cadmium
and with the addition of vermicompost, but no cadmium was present. Carrots (Daucus carota L.)
were planted in the artificially contaminated boxes.

The growth and development phases of carrots (Daucus carota L.) are shown in the following
Figure 1.

73 % EA M h 0. Bha 2o Pl ol L N
Figure 1 — Growth and development phases of carrot (Daucus carota L.)

After the end of the growing season, green shoots and root crops of Daucus carota L. were
collected, along with soil samples. These samples were then dried under laboratory conditions,
followed by analytical testing.

The total cadmium content in the soil and carrot (Daucus carota L.) was determined using the
voltammetric method on the "TA-Lab" instrument, nitrogen content was measured by the titrimetric
method, the mobile form of phosphorus in the soil was determined using the Machigin method,
humus content was analyzed by the Tyurin method, and the quantity of exchangeable bases was
measured using the Kappen-Gilkovich method.

The humus content in the soil is approximately 1.1%, total nitrogen is around 0.16%, mobile
phosphorus ranges from 10.8 to 25.3 mg/kg, and the total exchangeable bases content is between
22.1 and 25.4 mg-equiv/100 g. Soils in the Turkestan region are characterized by low humus content
and moisture levels, indicating insufficient water for plant growth. The soil color in the region is gray
or gray-brown.

Methods for determining the enzymatic activity of soils and plants. The activity of oxidation-
reduction enzymes (catalase, dehydrogenase) and hydrolytic enzymes (urease, protease) was
analyzed in the soil. Enzyme activity was measured in triplicate, with an average sample used for
the analysis [30].

Catalase activity in soils and plants was measured using the gasometric method developed by
A.sh. Galstyan, which involves determining the volume of O: released during the breakdown of
hydrogen peroxide. The catalase enzyme activity was expressed as the volume of O released in
one minute per gram of soil or plant [30].
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Urease activity was measured using the method developed by I.N. Romeyko and S.M.
Malinskaya, which involves determining the amount of ammonia produced during urea hydrolysis. In
this procedure, the Nessler reagent is employed, which forms a colored complex with ammonia. The
concentration of ammonia is then measured using the «Concentration photovoltaic photometer»
(KPP-3-«ZOMZ») produced in Russia by JSC «ZOMZ», equipped with a blue light filter at a
wavelength of 400 nm. The photometer uses a cuvette with a 10 mm path length, and the permissible
basic absolute error for the wavelength is £ 3 nm. Urease activity is reported as mg NH.*-g* of soil
24h1 [30].

To measure dehydrogenase activity, colorless tetrazolium salts, specifically 2,3,5-
triphenyltetrazolium chloride (TTC), were used as hydrogen acceptors, which are reduced to red
formazan compounds (triphenylformazan — TPF). The dehydrogenase activity based on TPF
formation was assessed using A.Sh. Galstyan's spectrophotometric method, with a green light filter
in the range of 500-560 nm and a 10 mm cuvette. The activity was reported in milliliters of
triphenylformazan (TPF) per 10 grams of soil after 24 hours [31].

Proteases (also known as peptidases) are enzymes that catalyze the hydrolysis of peptide
bonds (CO-NH) in proteins or peptides, breaking them down into smaller peptides or free amino
acids. The activity of proteases was measured using A.Sh. Galstyan's method and is expressed as
milligrams of glycine per gram of soil over a 24-hour period [32].

Results and Discussion

The cadmium (Cd) translocation rates in the green shoots and roots of Daucus carota L.
in the soil system are presented in Table 1.

Table 1 — Cadmium (Cd) translocation in the green shoots and roots of Daucus carota L.
. Translocation of Cd in carrot (Daucus carota L.), mg/kg
Cadmium (Cd)

. Green shoots Root crops
concentration, - .
MAC Soil Soil + Soil Soil +
Vermicompost Vermicompost
0 0,0042 + 0,0012 0,0030 + 0,0010 0,0063 + 0,0021 0,0057 + 0,0016
0,5 0,0089 + 0,0016 0,0066 + 0,0014 0,049 + 0,0024 0,025 + 0,0019
2,5 0,0163 + 0,0026 0,0112 + 0,0022 0,192 + 0,0032 0,119 + 0,0026
50 0,0544 + 0,0030 0,0461 + 0,0036 0,350 + 0,0037 0,206 + 0,0035
10,0 0,125 + 0,0033 0,0893 + 0,0041 0,667 + 0,0045 0,441 + 0,0047

The results of the study on cadmium (Cd) translocation in carrots (Daucus carota L.) when
used as a phytoremediator for soil decontamination showed that carrots are capable of accumulating
cadmium in their tissues, particularly in the roots, when the soil is contaminated with this metal. In
the control soil, where the cadmium level was minimal, the concentration in the green shoots was
0.0042 mg/kg, and in the roots — 0.0063 mg/kg. This indicates a minimal accumulation of cadmium
in the plant at low levels of contamination.

When the cadmium concentration in the soil is increased to 0.5 MAC, Daucus carota L. begins
to actively accumulate cadmium, especially in the root crops, where the concentration reaches 0.049
mg/kg. The highest cadmium translocation was recorded at a cadmium concentration of 10.0 MAC
in the soil, with the concentration in the root crops reaching 0.667 mg/kg, indicating the plant's high
capacity to accumulate cadmium under severe contamination.

The addition of vermicompost to the soil helped reduce cadmium accumulation in Daucus
carota L. For instance, at a contamination level of 0.5 MAC, the cadmium concentration in the green
shoots was 0.0066 mg/kg, and in the root crops — 0.025 mg/kg, both lower than in the soil without
vermicompost. At a higher contamination level (10.0 MAC), the addition of vermicompost also
contributed to a reduction in the cadmium content in the root crops — down to 0,441 mg/kg compared
to 0.667 mg/kg in the soil without vermicompost.

Thus, Daucus carota L. demonstrated a significant ability to accumulate cadmium in the root
crops, making it a promising phytoremediator. At the same time, the addition of vermicompost to the
soil reduces cadmium accumulation, which may be related to the improvement of soil structure and
its ability to neutralize toxic substances.

The influence of phytoremediation on catalase activity in cadmium-contaminated soil.

The presented data reflect the influence of phytoremediation using carrot (Daucus carota L.)
as a phytoremediator on catalase activity in cadmium-contaminated soils (Figure 2). Two options are
considered for analysis: control soil and soil supplemented with vermicompost (VC).
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Figure 2 — Effect of phytoremediation using carrot (Daucus carota L.) on catalase enzymatic
activity in soils contaminated with different concentrations of Cd

In the control soil, which is not contaminated with cadmium, the catalase activity is 2.4 mL-g"
L-h1, serving as the baseline for further comparison. In the soil with vermicompost, the catalase
activity is slightly elevated at 2.7 mL-g*-h, indicating a stimulating effect of vermicompost, which
supports the activity of antioxidant enzymes such as catalase.

When the soil is contaminated with cadmium at a concentration of 0.5 MAC, the catalase
activity in the control soil decreases to 1.7 mL-g*-h?, which indicates that low concentrations of
cadmium begin to inhibit catalase activity, though the effect is not yet strong. In soil with
vermicompost, the catalase activity remains slightly higher — 2.1 mL-g*-h* — confirming that
vermicompost helps maintain a higher level of catalase activity even at low cadmium doses, partially
mitigating the toxic effects.

When the soil is contaminated with cadmium at a concentration of 2.5 MAC, catalase activity
in the control soil decreases to 1.4 mL-g*-h?, indicating a more pronounced suppression of
enzymatic activity. In soil with vermicompost, the catalase activity is 1.8 mL-g™*-h, which further
confirms that the addition of vermicompost continues to have a positive effect, maintaining higher
levels of catalase activity compared to the control soil under moderate contamination.

At higher concentrations of cadmium (5 and 10 MAC), catalase activity in the control soll
significantly decreases. At 5 MAC Cd, itis 1.1 mL-g*-h?, and at 10 MAC — 0.7 mL-g*-h, which
confirms the strong inhibitory effect of cadmium on the activity of antioxidant enzymes. In soil with
vermicompost, catalase activity also decreases but remains higher than in the control soil: 1.5 mL-g
L.h1 at 5 MAC and 1.1 mL-g*-h? at 10 MAC. This indicates that vermicompost helps maintain
catalase activity, alleviating the toxic effects of cadmium, though the effectiveness of this effect
decreases with the increasing concentration of cadmium.

The results demonstrate that phytoremediation using carrot (Daucus carota L.) combined with
vermicompost addition positively affects catalase activity in cadmium-contaminated soils. The
addition of vermicompost helps maintain higher levels of catalase activity, indicating the ability of
vermicompost to reduce the toxic effects of cadmium and improve conditions for microorganisms
involved in antioxidant defense.

The influence of phytoremediation on urease activity in cadmium-contaminated soil.

The data represent the impact of phytoremediation using carrot (Daucus carota L.) as a
phytoremediator on urease activity in soils contaminated with cadmium. Two options are presented
for analysis: control soil and soil supplemented with vermicompost (Figure 3).
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Figure 3 — Effect of phytoremediation using carrot (Daucus carota L.) on urease enzymatic activity
in soils contaminated with different concentrations of Cd

In the control soil without cadmium contamination, urease activity is 16.209 mg-g*-24 h. This
is the baseline level of urease activity for further comparison. In the soil with vermicompost, urease
activity is slightly higher at 16.649 mg-g*-24 h?, indicating a positive effect of vermicompost on
enzyme activity, stimulating microorganisms involved in the nitrogen cycle.
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When the soil is contaminated with cadmium at a concentration of 0.5 MAC, urease activity in
the control soil decreases to 16.133 mg-g?-24 h?, indicating a slight impact of low cadmium
concentration on urease activity. In the soil with vermicompost, the activity remains similar at 16.547
mg-g*1-24 h', suggesting that at low cadmium concentrations, vermicompost does not have a
significant impact on urease activity, maintaining it at a level close to the control.

When the cadmium concentration is increased to 2.5 MAC, the urease activity in the control
soil decreases to 16.120 mg-g*-24 h', indicating moderate inhibition of enzyme activity associated
with contamination. In the soil with vermicompost, the urease activity slightly decreases to 16.317
mg-g*-24 hl, suggesting a protective effect of vermicompost, which helps maintain a higher urease
activity in the soil under moderate cadmium contamination.

At higher cadmium concentrations (5 MAC and 10 MAC), urease activity in the control soll
significantly decreases. At 5 MAC Cd, it is 15.913 mg-g*-24 h, and at 10 MAC — 15.644 mg-g*-24
h. This confirms that increasing cadmium concentration exerts an inhibitory effect on enzyme
activity, reducing urease activity levels. In the soil with vermicompost, urease activity also decreases,
but remains at a higher level compared to the control soil: 16.098 mg-g*-24 h'* at 5 MAC and 15.953
mg-g*-24 h'' at 10 MAC. This indicates that vermicompost helps maintain higher urease activity,
mitigating the toxic impact of cadmium on soil microorganisms.

The results show that phytoremediation using carrot (Daucus carota L.) in combination with
vermicompost addition has a positive effect on urease activity in soils contaminated with cadmium.
Despite the decrease in urease activity due to cadmium contamination, the addition of vermicompost
helps maintain higher levels of this enzyme activity, especially at higher cadmium concentrations (5
and 10 MAC). This confirms that vermicompost contributes to alleviating the toxic effects of
cadmium, improving conditions for microorganisms involved in the nitrogen cycle.

The influence of phytoremediation on dehydrogenase activity in cadmium-contaminated soil.

The data presented in Figure 4 reflect the impact of phytoremediation using carrot (Daucus
carota L.) as the phytoremediator on dehydrogenase activity in soil contaminated with cadmium. In
combination with vermicompost, which helps improve conditions for microorganisms, the
phytoremediator aids in restoring soil activity, even in the presence of pollutants.
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Figure 4 — Effect of phytoremediation using carrot (Daucus carota L.) on dehydrogenase enzymatic
activity in soils contaminated with different concentrations of Cd

In the control soil, which is not contaminated with cadmium, the dehydrogenase activity is
0.0331 mg-g*-24 h?, which is considered normal for healthy soil. In soil supplemented with
vermicompost, the enzyme activity increases to 0.0561 mg-g*-24 h?, indicating a positive effect of
vermicompost that stimulates microbial activity.

When the soil is contaminated with cadmium at a concentration of 0.5 MAC, the
dehydrogenase activity in the control soil decreases to 0.0114 mg-g*-24 h, confirming the toxic
impact of cadmium on microbial processes in the soil. In the soil with vermicompost, the activity
remains higher at 0.0278 mg-g*-24 h, indicating that the addition of vermicompost combined with
phytoremediation (using carrots) helps maintain a higher enzyme activity despite the presence of
cadmium.

When the soil is contaminated with cadmium at a concentration of 2.5 MAC, the
dehydrogenase activity in the control soil decreases to 0.0103 mg-g?*-24 hl. In the soil with
vermicompost, the activity remains at a higher level of 0.0211 mg-g*-24 h'*, which confirms the ability
of phytoremediation and vermicompost to maintain higher microbial activity even at higher cadmium
concentrations.
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At higher cadmium concentrations (5 MAC and 10 MAC), dehydrogenase activity in the control
soil significantly decreases: to 0.0078 mg-g*-24 h at 5 MAC and to 0.0033 mg-g*-24 h*at 10 MAC.
This indicates a substantial toxic effect of cadmium, which suppresses the activity of sail
microorganisms. In the soil with vermicompost, the enzyme activity remains higher: 0.0117 mg-g-
1.24 h'tat 5 MAC and 0.0096 mg-g*-24 h't at 10 MAC. This demonstrates that the phytoremediator
(Daucus carota L.) in combination with vermicompost can partially mitigate the toxic effects of
cadmium, maintaining higher dehydrogenase activity compared to the control soil.

The results show that phytoremediation using carrot (Daucus carota L.) in combination with
the addition of vermicompost has a positive effect on dehydrogenase activity in soils contaminated
with cadmium. Vermicompost helps maintain microbial activity, while carrot (Daucus carota L.)
contributes to reducing cadmium concentration in the soil, partially restoring enzymatic activity.

The influence of phytoremediation on protease activity in cadmium-contaminated soil.

The presented data illustrate the impact of phytoremediation using carrot (Daucus carota L.) as
a phytoremediator on protease activity in soils contaminated with cadmium. Two variants are
considered for analysis: control soil and soil supplemented with vermicompost (Figure 5).
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Figure 5 — Effect of phytoremediation using carrot (Daucus carota L.) on protease enzymatic
activity in soils contaminated with different concentrations of Cd

In the control soil, protease activity is 0.294 g-g*-24 h, which serves as the baseline for
comparison. In the soil with vermicompost, protease activity increases to 0.422 g-g*-24 h'%, indicating
a positive effect of vermicompost, which stimulates microbial activity and protease activity in the soil.

When the soil is contaminated with cadmium at a concentration of 0.5 MAC, protease activity
decreases to 0.123 g-g*-24 h. This suggests the toxicity of cadmium to soil microorganisms,
leading to a reduction in protease activity. In the soil with vermicompost, protease activity remains
somewhat higher — 0.164 g-g*-24 h’. This indicates that the addition of vermicompost helps partially
mitigate the negative effects of cadmium and maintain enzyme activity.

At a cadmium concentration of 2.5 MAC, the protease activity in the control soil decreases to
0.066 g-g*-24 hl. This confirms that the increased cadmium concentration significantly inhibits
microbiological processes in the soil. In soil with vermicompost, the protease activity remains at a
higher level — 0.105 g-g™*-24 ht. This again demonstrates that vermicompost helps maintain enzyme
activity despite soil contamination.

At higher cadmium concentrations (5 and 10 MAC), protease activity in the control soll
significantly decreases. At 5 MAC Cd, it is 0.036 g-g*-24 h, and at 10 MAC, it drops to 0.014 g-g"
1.24 hl. This indicates the high toxicity of cadmium, which has a suppressive effect on
microorganism activity. In soil with vermicompost, protease activity also decreases but remains
higher than in the control soil: 0.042 g-g*-24 h at 5 MAC and 0.020 g-g*-24 h*! at 10 MAC. This
confirms that vermicompost partially mitigates the toxic impact of cadmium, maintaining higher
protease activity compared to contaminated soil without additives.

The results show that phytoremediation using carrot (Daucus carota L.) in combination with
vermicompost addition positively affects protease activity in soils contaminated with cadmium.
Vermicompost helps alleviate the toxic effects of cadmium, supporting higher protease activity in the
soil. At low and medium cadmium concentrations (0.5 and 2.5 MAC), protease activity remains
relatively high, indicating a partial recovery of enzymatic activity due to phytoremediation and
improved soil conditions.

Conclusion

The research has shown that the addition of vermicompost to the soil significantly reduces the
accumulation of cadmium in Daucus carota L., both in the aerial and underground parts of the plant.
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Vermicompost acts as a blocking material, reducing the translocation of cadmium from the soil into
the plants. This occurs due to the formation of insoluble complex compounds with cadmium, which
convert it into less mobile forms, thereby reducing its availability for absorption by the plants. As a
result, the cadmium contamination level in Daucus carota L. is significantly reduced, especially at
high soil contamination levels (5.0, 10.0 MAC). These findings confirm that vermicompost can be an
effective tool for reducing heavy metal contamination in plants, such as cadmium, and may be used
in phytostabilization technologies and the reclamation of contaminated lands.

The results of the study showed that Daucus carota L., grown in cadmium-contaminated soill,
has a high ability to accumulate cadmium. It has been proven that Daucus carota L. can be used as
a phytoremediator for soil decontamination from heavy metals.
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®UTOPEMEOUALMAHBIH KAODMUAMEH JIACTAHFAH TOMNbIPAKTbIH K¥HAPIbIbIFbIH KANMbIHA
KENTIPYTE XXOHE ®EPMEHTATUBTI BENCEHAINIKKE SCEPI

Byn 3epmmey xymbicbi cabi3 (Daucus carota L.) OaKbiribi MEH 8epPMUKOMIOCMMbI KosidaHa OmbIphbir,
KadmulMeH nacmaHfaH morbipakmbiH oumopemeduayusnbiK KabinemiH aHbiKmayfa apHarnfaH. XKymbicma
monkipakmbiH nacmaHybiH Molenbdey xoHe KadMmulldiH ecimlOikmepee mpaHcriokayusinaHyblH aHbiKmay
adicmepi, coHdal-aK pumopemeduayusiHbiH Kamarnasa, ypeasa, 0eacudpozeHa3a XoHe ripomeasa CUsiKmbl
mornbipaK  epmeHmmepiHiH  6ericeHOinieiHe  acepi  KapacmbipbliFaH.  Texipubernik  Xymbicmap
kepcemkeHOel, Daucus carota L. kadmulidi mambip OakblndapbiHOa, acipece nacmaHyOblH Xofapbl
KOHUeHmpauyusicbl KesiHOe muimdi xuHakmaldbl. Bepmukomnocmmbl monbipakka eHeidy ecimiikme
KkaOmuldiH xuHasny O0spexeciH aszalimyra kemekmeceOi, 6ys1 monbipak KypbibIMbIHbIH XaKcapyblHa XoHe
OHbIH ynbl 3ammapObl belimapanmaHObipy KabinemiHe 6alnaHbicmbi 60rybl MyMKiH. COHbIMEH Kamap,
8EPMUKOMIOCMMbI  MOrbIpakka Kocy KaOMulidiH MuKkpoopaaHuamMOep MeH monbipaK 3IKoXyleciHe
ybimmblriblK 8CepiH a3alimy apKbifibl morbipaK ¢hepmeHmmepiHiH 6esceHdinik deHeeliH b6ip Kambinmebl
cakman Kanyra kKemekmecedi. 3epmmey Hemuxenepi 6olbiHwa cob6i3diH (Daucus carota L.)
pumopemeduaHm pemiHde eepmMuKkomnocmieH bipae monbipakmsi nacmaywsi 3ammapdaH (Cd) masapmy
XKOHe OHbIH buornoausnbik 6ericeHdinieiH KannbiHa Kenmipy ywiH KondaHyra 6onambsiHObIFbIH pacmadiosbl.

TytiH ce30ep: morbipak, kaoMuliMeH nacmaHy, chepmeHmamuemi 6esceHdirniK, eepMuUKOMIocm,
gpumopemeduayus, coebis (Daucus carota L.,).
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BNUAHUE ®UTOPEMEAWUALIMN HA BOCCTAHOBJIEHME NIOAOPOAUA N PEPMEHTATUBHYIO
AKTUBHOCTb NO4Bbl, 3SATPA3HEHHOU KAOMUEM

ISSN 2788-7995 (Print) Bectnuk yHusepcurera [llakapuma. Texuuueckue Hayku Ne 1(17) 2025 411
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(17) 2025


https://doi.org/10.1155/2023/8490234
https://doi.org/10.53360/2788-7995-2024-1(13)-48
mailto:davlat.yuldashbek@ayu.edu.kz
mailto:davlat.yuldashbek@ayu.edu.kz

LaHHoe uccrniedosaHue MocesiWeHo U3y4eHuro pumopemeduayuu rnoYsbl, 3agpsi3HEHHOU KaOMUueM, C
ucronb3o8aHuUeM Kysnbmypbl Mopkosu (Daucus carota L.) u eepmukomnocma. B pabome npedcmasneHsbi
MemoOb! MOOesIupOBaHUs 3a2PsI3HEHUS 104Y8bI U orpedesieHUss mpaHcIoKkayuu kaOMusi 8 pacmeHusl, @ makxe
enusiHue umopemeduayuu Ha aKmueHOCMb OYBEHHbIX (hepPMEHMOB8, MaKuxX Kak Kamasnasa, ypeasa,
OeeudpoeeHasa u npomeasa. IkcrepumeHm rnokasars, Yymo Daucus carota L. aghgpekmusHO Hakannueaem
kadmuli 8 KopHernodax, 0COBEHHO MpuU 8bICOKUX KOHUEeHmMpauusx 3azpsizHeHusi. BeedeHue sepmukomnocma
8 rno4ygy criocobcmeyem CHUXEHUK0 HaKoraeHUs KadMus 8 pacmeHuu, 4mo Moxem Obimb €8513aHO C
yryqweHuemM cmpyKkmypbl ro4ebl U e€é criocobHocmu K Helimpanu3ayuu moKCcUuYHbIx sewecms. Kpome moeo,
OobasrneHue sepmuxkoMrocma nomozaem noddepxusams boriee 8bICOKUE YPOBHU aKMUBHOCMU MOYEEHHbIX
epmeHmos, cMmsze4as mokcudeckoe gosdelicmeue KadMusi Ha MUKPOOp2aHU3Mbl U 3KOCUCMEeMY 048kl
Pesynbmamei uccnedosaHusi nodmeepxxdarom, 4mo Mopkoeb (Daucus carota L.), kak gpumopemeduaHm, 8
coYemaHuu ¢ 8ePMUKOMIIOCMOM Moxem bbimb UCMoNb308aHa 071 OYUCMKU 104Y8bl OmM 3a2ps3HSIOWUX
sewecms (Cd) u soccmaHoarieHuUs1 eé buosioaudecKkol aKkmugHOCMU.

Knroveeble cnoea: roysa, 3azpsi3HeHUe  kKaOMmueM, hepMeHmamueHbIli  aKkmueHOCMb,
sepmukomocm, hpumopemeduayusi, Mopkosb (Daucus carota L.).
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KOMMNEKCHbIA METO[, OYNCTKN MUKPOIJTIACTUKA B BOJE C UCMNOJIb3OBAHUEM
COPBEHTOB

AHHOMauust: NocmyrnneHue 8pedHbIX gewecms 8 800HY0 cucmemy rnpueodum K 3agps3HeHUR
800bI. BaespsizHawWUe eewjecmea Moaym Obimb MUKPOOP2aHU3MaMmu, Xumudeckumu JAobaskamu unu
nnacmukamu. B Hacmosuwee epems ysenudeHue npousgodcmea niacmukosbix usdenut cocmasrsem 80%
0mxo0008 8 MUPO8OM OKeaHe. Mukporiacmuku pasnu4aomcs o ysemy u niaomH{Hocmu 8 3asucumocmu om
muna nonuMmepa u Oensamcs Ha [epeuyHbie U B8mOpuYHbie o npoucxoxoeHut. Okono 54,5%
MUKpornacmukos, HaldeHHbIX 8 OKeaHe, cocmosim u3 rfonuamuneHa, a 16,5% — u3 nonunponuneHa;
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