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Abstract. The paper is focused on the research of the applied aspects of soil remediation, in particular the process 

of heavy metals (HM) binding and intensifying the cultivation of a soil microbiome using various organic-mineral 

compositions: biogenic composite, which is the product of anaerobic transformation of sewage sludge and phos-

phogypsum; organic-mineral compost, based on a mixture of phosphogypsum, superphosphate and cattle humus; and 

a combination of a mixture of sodium humate and superphosphate. The integration of theoretical and experimental 

principles in the synergy analysis of the interrelations in the system “object – subject of research” in the study of the 

dynamics of changes in the forms of HM finding in the soil was carried out. The percentage content of the mobile 

forms of HM released by the extractant from their gross content before and after the treatment of the soil with organ-

ic-mineral compositions was determined with the spectrophotometric method using. The comparison of the soil pro-

cessing efficiency was determined. Correlation relations of the dynamics in the biomass oxidative ability values for 

the soil biome and the rate of the substrate oxidation was proved over time treatment with different doses of the bio-

composite with using of mathematical statistics methods. 

Keywords: heavy metals, soil remediation, organic-mineral compositions, phosphogypsum, soil biome, oxidative 

ability of the biomass. 

1 Introduction 

The growing anthropogenic impact on the ecosystem 

causes changes in the natural soil-forming process. The 

dangerous factors of anthropogenic origin are the pro-

cesses of intensification of heavy metals (HM) migration 

in the edaphotop, which cause devegetation and dehumid-

ification, destructive changes in the agrophysical, physi-

cochemical and biological properties of the soil, until its 

toxicity. The soil receives HM by various ways: with the 

gas-dust emissions from industrial enterprises and vehi-

cles, liquid and solid household waste, with sewage from 

agricultural enterprises, pesticides, with impurities of 

organic and mineral fertilizers in particular, etc. They are 

accumulated in the soil to concentrations that are hazard-

ous for living objects. 

HM fall from the atmosphere into the soil principally 

in the form of oxides, which gradually dissolve, passing 

into hydroxides, carbonates or in the form of exchanged 

cations [1]. 

It should be noted that heat power takes the first place 

by the impact value and gross inflow of HM into the 

atmosphere due to combustion of organic fuel in boiler 

units (on thermal power stations, boiler houses and in the 

industrial furnaces). The combustion of coal and fuel oil, 

which are still dominated it the fuel structure of most 

countries, is the main source of HM in the atmosphere. 

The coal contains almost all known heavy metals. One 

ton of carbon soot can contain maximum 10 kg of Sr, V, 

Zn and Ge [2]. 

It is known that the mobility of HM in the system 

“soil – plant” is largely determined by the physical and 

chemical properties of soils, by the content of organic 

matter and the activity of microorganisms that actively 

participate in the transformation of substances in soils. 

The processes of the migration of HM occur or intensi-

fy under the impact of the plants root extract that makes 

the soil aggregates wet, affects the physical and chemical 

exchange (absorption) capacity of the soil, and binds 

cations of two- and polyvalent metals with carboxyl and 

hydroxyl groups of polysaccharides, amino acids and 

carboxylic acids into complex compounds, and it also 

concentrates cations, which cause the gradual toxication 

of soil ecosystems. 

http://jes.sumdu.edu.ua/
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So, the current task for today is the regulating of the 

buffer properties of soils by improving existing and de-

veloping new ways to reduce the mobility of HM in the 

ecosystem that come from various anthropogenic sources. 

2 Literature Review 

Rehabilitation of soils contaminated with heavy metals 

is usually based on the use of such meliorants as lime, 

gypsum, as well as phosphates and organic matter of 

different genesis. 

The use of lime is more effective on soils with acid re-

action, on high-buffer soils. An increasing pH to 7.5 and 

more causes to the formation of compounds of hexavalent 

chromium, which are very mobile, toxic and not sorbtive. 

Besides, lime and phosphorus-containing compounds 

reduce the arrival of toxic metals into the plant, compli-

cate absorption of metabolites (Cu, Zn, Mn), creating 

their shortage and reducing crop’s productivity [3, 4]. 

The use of natural sorbents is advantageous because 

they are affordable, cheap and environmentally friendly. 

At the same time, not all is clear about their role as an 

inactivators of HM in the soil [5]. 

The introduction of organic fertilizers is a method that 

reduces the mobility of lead in the soil and reduces its 

entry into plants, but it is unclear how long this immobi-

lization effect will be shown, because organic fertilizers 

are eventually mineralized, which also affects the mobili-

ty of lead in the soil [6]. 

The importance of liming as a method of soil meliora-

tion is well known and well-studied for turf-podzolic 

soils. However, liming cannot be considered only as a 

way of eliminating the soil acidity, because acidic soils 

have a complex of adverse properties. Physical and phys-

ical-chemical properties of soils are improved during the 

liming, the density decreases significantly, the filtration 

and aeration increases, the mechanical resistance is re-

duced, the cation exchange capacity increases, the com-

position of the soil absorption complex changes. 

Liming affects the use of nutrients from soil and ferti-

lizers by plants. It influence is significant on soil micro-

flora. Besides, the ability of the roots to absorb a number 

of HM, in particular lead, decreases as a result of increas-

ing Ca. Liming also contributes to the formation of com-

plexes of organic substances of soil with HM, which 

reduces the mobility of Hg, Cd, Zn, Cu, Ni, Cr [7–9]. 

A recent analysis [10] showed that many types of ma-

terials such as lime, metal oxides, phosphate compounds, 

organic matter, calcium carbonate, red mud, bone meal, 

and fly ash may be used to the media for soil amend-

ments. 

The results obtained by [11] suggest phosphate com-

pounds enhance the immobilization of metal(loid)s such 

as Cd, Pb, and Zn in soils through various processes. 

Rock phosphate reduced Pb, Cd, and Zn by 99.9–24.0%, 

DAP reduced Cd and Zn by more than 77 % and 91 % for 

Cd [12]. The P application is considered an attractive 

technology for managing metal(loid)-contaminated soils, 

however the large-scale use of P compounds can contam-

inate surface and groundwater, future research should aim 

to develop the remediation method with the minimum 

impact of P on quality of water sources. 

According to [13] strongest reductions occurred after 

cyclonic ashes (CA) + steel shots (SS) and compost (C) +  

+ cyclonic ashes (CA) + steel shots (SS) treatments  

(99–97 % for Cd and Zn), while Pb and Cu leaching in-

creased after C and C + CA treatment (3.3–17.0 %, re-

spectively). Noteworthy, if too many OM is added into 

soil, nutrition can be released at the short time, an out-

flow of them into the groundwater and subsequently 

make water polluted. In addition, the incorporation of 

OM in soil can be time consuming. 

Xie Y. et al. [14] analyzed the effectiveness of six 

amendments (composed with bentonite, phosphate, hu-

mic acid, biochar, sepiolite powder, biological matrix, 

silicon fertilizer on the for remediating cadmium and 

copper co-contaminated soil and reducing the metal con-

centration in Rhizoma Chuanxiong. The disadvantage of 

the method is that the maximum possible efficiency of the 

extraction of heavy metals such as Cd, Cu, Pd and Zn 

with the use of compositions with different compositions 

is revealed, which does not allow to unify the application 

of the method. 

There is a method [15] for the remediation of the soil 

technogenically contaminated with heavy metals, it in-

cludes a one-time treatment of soil with a combination of 

a mixture of sodium humate with superphosphate, lime or 

organic matter in accordance with the soil. Sodium hu-

mate, superphosphate and lime are used for soil contain-

ing Cd, Cr. Sodium humate, superphosphate and manure 

are used for soil containing Zn. 

The disadvantages of this method are the lack of a uni-

fied approach to the treatment of soils with a different 

combination of heavy metals, that limits its use. Besides, 

the influence of the pH of the soil environment, which 

affects the mobility of heavy metals and the efficiency of 

their binding in the low soluble compounds, was not tak-

en into account. 

There is a method [16] for purifying chernozem soils 

contaminated with heavy metals, which includes the use 

of an inducing agent. Оrganic-mineral compost is used as 

such a substance, it is prepared by mixing phosphogyp-

sum, simple superphosphate and cattle’s humus. Compost 

is introduced into the soil once for 4–5 years at a dose of 

100–110 tons/hectare with an organic content in it up to 

20 % and pH of 6.0–6.5. This contributes to lowering the 

alkalinity of chernozem soils to pH 7.2–7.8, then it is laid 

by a cultivator to a depth of 20–25 cm. 

The main disadvantage of this method is the lack of 

technological conditions that ensure the detoxification of 

organic and mineral waste during their composting. So, 

harmful impurities may be in sewage sludge and phos-

phogypsum. It is heavy metals, which are in exchange 

form during composting and may subsequently be availa-

ble to plants when such compost is introduced to soil. 

A well-known method [17] describes the technical so-

lution “Washing of contaminated soils”, aimed at the 

purification and recovery of soils and sediments contami-

nated with HM, using a detergent solution with chelating 

agents. 
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The chelating agent forms water-soluble complexes 

with metals and in this way facilitates removal of the 

metal from soils and sediments into the washing solution. 

This method involves the separation of the solid phase of 

the soil and sediment, and the rinsing solution used in the 

filter press chamber and the rinsing of the solid phase to 

remove all residual mobilized contaminants at the same 

time. The recycle of chelating agents and process water in 

a closed process circuit is provided by applying a pH 

gradient and using advanced oxidation processes for 

treatment of process water.  

The disadvantages of this method include the com-

plexity of the implementation process, the need for me-

chanical removal of soil contaminated with heavy metals 

in order to further treatment it in a known way, the high 

energy consumption of the treatment process, the use of 

expensive chelating agents and the generation of second-

ary waste requiring disposal or destruction. 

There is a method [18] for purifying clay soils and 

sludge, which includes removing radionuclides and heavy 

metals by treating slimes and soils with a chemical rea-

gent. An aqueous solution of еру di- or triammonium salt 

of ethylenediaminetetraacetic acid (EDTA) with a con-

centration of 0.01–0.05 mol/dm
3 
is used as a reagent.  

But this method can be used on soils containing HM, 

capable of forming stable complex compounds with 

EDTA, and with high content of clay components (14–
20 %). Similarly, chelate-assisted remediation of HM can 

also cause off-site movement of HM [19]. During EDTA-

assisted solubilization of HM, plants can absorb only a 

limited fraction of mobilized metal and the remaining 

amount of HM are generally leached down [20]. There-

fore, it is highly necessary that application of chelating 

agents is limited to their lowest level for ecological and 

economic benefits. 

Improvement of compositions and the creation of new 

organo-mineral complexes for regulating the soil buffer 

properties that allow the regulation of mobility of HM are 

actual. It may help to eliminate or at least reduce the 

harmful effects of excessive amount of HM on the biotic 

constituent of ecosystems and edafopops. 

The paper is focused on the research of the applied as-

pects of soil remediation, in particular the process of 

heavy metals (HM) binding and intensifying the cultiva-

tion of a soil microbiome, using various organic-mineral 

compositions. 

To achieve the aim, the following tasks were set: 

– research of the binding process of heavy metals in 

the soil under the various organic-mineral compositions 

action; 

– comparison of different approaches to the determina-

tion of the metabolic activity of microorganisms in soil 

microzones under the stimulating effect of the biogenic 

composite as a product of anaerobic treatment of sewage 

sludge and phosphogypsum. 

3 Research Methodology 

3.1 The theoretical foundations of the work 

For the formation of a general research concept the 

synergism of the object and subject of research should be 

considered. The object of the research can be represented 

as the impact of heavy metals on the soil ecosystem. At 

the same time such an impact can lead to the passage of 

the ecosystem through the bifurcation point when the 

boundary condition is reached (for example, the maxi-

mum bioaccumulation values of the pollutant in the natu-

ral components) even with minor fluctuations of the sys-

tem parameters. This brings the ecosystem to a new de-

velopment level, in our case – to degradation and increas-

ing instability. A general scheme for combining scien-

tific-theoretical and experimental researches (Figure 1) 

was formed in the context of developing an integrated 

methodological approach to the process of studying bio-

technological techniques for soil remediation. In particu-

lar, the main direction is the formation of the biochemical 

basis of the research organization to find out how organ-

ic-mineral compositions effect on the process of binding 

heavy metals and the microbial biome oxidative ability of 

the soil. 

The subject of research can be characterized as a pro-

cess aimed at reducing the negative impact by introduc-

ing organic-mineral compositions for binding heavy met-

als, which through ecosystem autocatalysis can increase 

its degree of stability and intensify the development pro-

cess of the soil biome and the humification process di-

rectly associated with the rate of productive substrate 

oxidation. 

3.2 Conditions of the microfield experiment 

Research of quantitative and qualitative changes in the 

fractional composition of the soil complex of gray forest 

soil was carried out with increasing doses of organic-

mineral complexes. 

The experiment carried out in blocks of organic glass 

with perforated bottom with a surface area 0.2 m
2
. Blocks 

were filled with gray forest soil from a territory with a 

high level of anthropogenic impact, containing lead at 

levels of 17.6–21.2 mg/kg and cadmium – 0.55–
1.00 mg/kg (gross shape). The indoor temperature was 

maintained at the level of 22–25 °С. 
Ammonia-acetate buffer solution with a pH 4.8 was 

used to prepare the extract from air-dry soil samples. This 

extractant is accepted by the agrochemical service for the 

extraction of microelements available to plants and serves 

to assess the soils nutrition with these elements. The ob-

tained solutions were analyzed on a spectrophotometer 

“C115-M1” (OJSC “SELMI”, Ukraine) with an electro-

thermal atomizer. 

Statistical processing of the results was carried out in 

MS EXEL. The percentage content of the HM mobile 

forms released by the extracting from their gross content 

before and after the treatment of the soil by organic-

mineral compositions was determined. 
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Figure 1 – Block diagram of the integration of theoretical and experimental research  

in the framework of interrelations in the system «object-subject» of the research 

Then the degree of decrease in the heavy metals mo-

bility in the soil was determined by adding various organ-

ic-mineral composites according to the formula: 

 %,100
0

10 



b

bb
DHM

 (1) 

where DHM – degree of decrease of heavy metals mo-

bility in the soil, %; b0 – initial percentage content of 

moving forms of HM, %; b1 – percentage of moving HM 

forms after processing, %. 

The effect of different doses of the biocomposite on 

the soil biome can be estimated by the change in the ki-

netic parameters of the development of rhizosphere mi-

croorganisms, in particular, by the accumulation of mi-

crobial biomass. 

The method for the determination of microbial carbon 

in the soil is based on the respiratory response of micro-

organisms to the introduction of glucose (10 g of soil was 

mixed with glucose at a proportion of 10 mgC/g) [21]. 

The biocomposite, after anaerobic treatment, has a high 

level of mineralization of sewage sludge with a biotrans-

formed phosphogypsum as mineral base. Therefore, it 

was decided to apply this method. It should be noted that 

this method is not recommended for use in soils enriched 

with fresh decomposed organic matter (straw, manure, 

etc.). 

According to the X-ray diffractometric analysis [22], 

the mineral spectrum of the biocomposite revealed the 

following compounds: quartz, gypsum, potassium hydro-

gen phosphate hydrate, ammonium sulfate, calcium car-

bonate, calcium aluminum sulfate and complex sulfide 

fraction. 

The optimal biocomposite concentrations are deter-

mined experimentally in the range 2.5–7.5 kg/m
2
. 

In this case, microbial biomass can be recalculated ac-

cording to the formula [21]: 

 Сmicro = 30.0∙10–3
 cm

3
 CО2–С / g

–1∙h –1
.
 

(2) 

 

The determination of organic carbon is carried out us-

ing the Tyurin method, which is based on the decomposi-

tion of organic matter with potassium bichromate in an 

acidic medium, according to existing methods [23]. 

The initial period of incubation is characterized by in-

creased CO2 emissions due to the redistribution of nutri-

ents in the soils microzones with mixing, separated from 

the period of determination (from 0 to 5 hours). So, the 

calculation of average values was chosen in a 25-hour 

interval with a relatively constant rate of CO2. 

4 Results and Discussion 

4.1 Research of the influence of various 

organic-mineral compositions on moving 

forms of heavy metals 

Figure 2 shows the characteristic of the influence of 

various organic-mineral compositions on the reduction 

degree of HM mobile forms in the soil (gray forest soils) 

with an exposure duration is 2 months. 
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Figure 2 – Comparative characteristics of the influence of vari-

ous organic-mineral complexes on the binding process of heavy 

metals moving forms (Pb, Cd): BC is biogenic composite,  

product of anaerobic processing of the sludge sediments and 

phosphogypsum; OMC is organic-mineral compost based on a 

mixture of phosphogypsum (10 % by weight), superphosphate 

(1 % by weight) and cattle humus; SHSPH is a combination of a 

mixture of sodium humate and superphosphate (1:1) 

When organic-mineral compost (OMC) is introduced 

on the basis of the mixture of phosphogypsum, super-

phosphate and manure, a decrease in the volume of HM 

mobile forms by 12 % of the metals total content was 

determined under the degree of reduction of HM mobile 

forms was achieved 60 %, which is 1.3 times higher than 

this indicator compared with tillage using a combination 

of a mixture of sodium humate with superphosphate 

(SHSPH). There was determined that a more rational 

content of OMC composition. But exactly the combina-

tion HM with humic acids is considered a very effective 

way of their immobilization when the mineral component 

of the soil is involved. However, the artificial introduc-

tion of humates into the soil in a certain composition does 

not always determine the high efficiency of the binding of 

HM into the forms that are not available for migration, 

which indicates the need for additional research and ra-

tionalization of relations in the composition of sodium 

humate and superphosphate mixture according to bio-

chemical and physical-chemical soil conditions. Industri-

al humates show a stimulating effect on plant growth, but 

depending on the production technology and materials 

they demonstrates a certain level of toxic effects in rela-

tively high doses, which should also be taken into ac-

count, because the chemical structure and properties of 

natural and industrial humates are different. That affects 

their ecological functions in the soil complex. 

There is a higher degree of decrease in HM mobility 

(at least 70 %) compared with other organomineral com-

plexes under introducing biogenic composite, which is 

the product of anaerobic sludge and phosphogypsum 

processing. It should be noted that the main characteris-

tics of the biogenic composite were studied in previous 

works [22, 24] with the reasoning of certain theoretical 

positions of biochemical influence of biogenic composite 

on the soil complex.  

Thus, it is important to determine the correlation of the 

changes dynamics in kinetic quantities that characterize 

the effect of different doses of biogenic composite on the 

soil biome and the rate of the substrate oxidation over 

time using mathematical statistics methods. 

4.2 Investigation of the comparison different 

approach for biomass oxidative capacity in the 

soil microzones 

Soil respiration in an ecosystem is often used in com-

plex studies of the level of environmental pollution by 

HM. Analysis of changes in the intensity of soil respira-

tion, measured in situ, in several pollution gradients 

formed by large point sources of pollutant emission is 

used as a rapid method to assess the state of the ecosys-

tem. Evaluate soil respiration by the rate of productive 

oxidation of the substrate by soil microorganisms, ac-

cording to the release of carbon dioxide. 

By approximating the experimental values, one can 

determine the rate of carbon dioxide (C – CO2) emission 

in the soil ecosystem by the equation [25]: 

   0

0 0exp ,pr

m
v v v      (3) 

where v0
pr 

is the initial rate of productive oxidation of 

the substrate, mg/(cm
3∙h); v0

0
 – initial velocity of the idle 

oxidation of the substrate to carbon СО2, mg/(cm
3∙h);  

µm – maximum specific growth rate of microorganisms, 

h
–1

; τ – time, h. 

Equation (2) can provide an opportunity to assess the 

effect of a biocomposite on the metabolic activity of mi-

croorganisms in the rhizosphere zone, which play an 

important role in soil recovery under the biochemical 

binding of toxic substances, in particular heavy metals. 

In the previous work [24] mathematically determined 

the biomass oxidative ability (BOA) of the soil biome, 

which determines the protective mechanisms of the soil 

complex in a consistent transformation with a biocompo-

site under the process of the interaction in the system 

“biotic component – biogenic product – toxicant”. Thus, 

with the initial condition τ = 0 we have got the equation: 

 
3

,

1

f

f f

d a org bio

k g
BOA h

k k cm

k k S Y

 
 

 

 (4) 

where Sorg – total organic substrate, including the or-

ganic component of the biocomposite, g/cm
3
; Ybio – eco-

nomic coefficient of biomass output for an additional 

substrate – biocomposite; kf – the constant of biochemical 

binding or fixation of metals in the organic-mineral struc-

ture; kd is dissociation constant; kа – aggregation constant 

(Table 1). 

The obtained mathematical mapping of BOA of the 

soil biome can be compared with the magnitude of the 
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substrate oxidation rate by the soil microbial biomass 

with the release of CO2 according to the equation (2) and 

experimental data (Table 2). 

Table 1 – Values of the parameters that determine the biomass 

oxidative ability (BOA) 

Indicator Unit of measurement Value 

kf – 0.078 

kd – 0.013 

ka – 0.344 

Ybio 

with a dose  

of biocomposite: 

– – 

2.5 – 1.23 

5.0 – 2.45 

7.5 – 2.56 

Sorg g/cm3 7.50–14.80 

 

The growth rate of microorganisms from equation (2) 

in its essence can characterize the rate of biomass devel-

opment, which is taken into account in dependence (3) 

with used economic biomass yield coefficient under an 

additional substrate, the biocomposite. This feature can 

be used to assess the process of stimulating the develop-

ment of the necessary ecological-trophic groups of mi-

croorganisms. Accordingly, it is important to trace the 

presence of a correlation relationship between the rate of 

substrate oxidation by the soil microbial biomass with the 

release of CO2 according to equation (2) and the dynam-

ics of changes in the forms of HM compounds of the soil 

biome (equation (3)) depending on the biocomposite dose 

applied to the soil. It should be noted, that both of these 

indicators can characterize soil respiration and their com-

parison will allow us to assess the reliability of the math-

ematical dependence that was obtained in [24]. 

Table 2 – Experimental data 

Sampling  

zone 

Dose of  

biocomposite,  

kg/m2 

Maximum  

specific growth  

rate of micro-

organisms  

µm, h–1 

Microbial  

biomass,  

µgС/g 

The soil  

of the  

rhizosphere 

2.5 

0.254 ± 0.002 

0.234 ± 0.002 

0.246 ± 0.005 

192 ± 3 

188 ± 5 

183 ± 2 

The soil  

of the  

rhizosphere 

5.0 

0.311 ± 0.002 

0.303 ± 0.004 

0.317 ± 0.003 

253 ± 3 

274 ± 2 

269 ± 4 

The soil  

of the  

rhizosphere 

7.5 

0.312 ± 0.002 

0.310 ± 0.004 

0.314 ± 0.002 

263 ± 5 

255 ± 3 

277 ± 3 

 

BOA directly takes into account the processes of HM 

transformation, which can be effectively used for the 

environmental assessment of the edaphotops conditions 

during the implementation of remediation measures as a 

separate indicator of the effectors effect. 

Figure 2 shows the comparative dynamics of changes 

in the values of the biomass oxidative ability (BOA) of 

the soil biome and the rate of the substrate oxidation (v) 

over time when various doses of the biocomposite with 

the appropriate determination coefficients are applied. 

 

 

Figure 3 – Comparison of changes in the biomass oxidative ability (BOA) of the soil biome and the rate of the substrate oxidation 

with the release of carbon dioxide (v) over time when different doses of biocomposite are applied: BOA1 and v1 – with a dose  

of biocomposite 2.5 kg/cm2; BOA2 and v2 – with a dose of biocomposite 5.0 kg/cm2;  

BOA3 and v3 – with a dose of biocomposite 7.5 kg/cm2 
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Thus, the obtained mathematical expression of the 

BOA (3) agrees well with the experimental data and their 

standard mathematical processing. At the same time, it 

allows to describe the soil respiration and the effect of 

biocomposite on this process as a result of the leveling of 

the heavy metals toxic action on the microbial biome 

(described by the values of the constants kф, kd, kа) and 

stimulation of the development of soil microorganisms of 

the rhizosphere zone (Ybio) knowing only the total content 

of organic matter in the soil. 

5 Conclusions 

The maximum degree of reduction in the heavy metals 

mobility (not less than 70 %) was achieved in the case of 

the biogenic composite use based on the research of the 

influence on the HM moving forms of such organic-

mineral compositions as a biogenic composite – a  

product of anaerobic conversion of sludge sediments  and  

phosphogypsum, organic-mineral compost based on a 

mixture of phosphogypsum (10 % by weight), super-

phosphate (1 % by weight) and manure, and a combina-

tion of a mixture of sodium humate with superphosphate 

(1:1). 

The experimental data was obtained regarding the ve-

locity magnitude of the substrate oxidation by the soil 

microbial biomass with the release of СО2, by the values 

of which the growth rate of microorganisms was deter-

mined. Correlation relations of the dynamics in BOA 

values for the soil biome and the rate of the substrate 

oxidation was proved over time treatment with different 

doses of the biocomposite with using mathematical statis-

tics methods. 

The development of methodical principles for the rap-

id assessment of the ecological characteristics of the soils 

of natural and human-made landscapes will be developed 

in further research under rationalizing the biocomposite 

dosage on different types of soils. 
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Анотація. Стаття присвячена дослідженню прикладних аспектів рекультивації ґрунтів, зокрема процесу 
зв’язування важких металів та інтенсифікації вирощування ґрунтового мікробіома з використанням різних 
органічно-мінеральних композицій.: біогенний композит, який є продуктом анаеробного перетворення осадів 
стічних вод і фосфогіпсу; органічно-мінеральний компост на основі суміші фосфогіпсу, суперфосфату і 
гумусу великої рогатої худоби; та комбінацію суміші гумату натрію і суперфосфату. Була проведена 
інтеграція теоретичних і експериментальних принципів в синергетичний аналіз взаємозв’язків у системі 
«об’єкт – предмет дослідження» при вивченні динаміки змін форм знаходження важких металів у ґрунті. 
Відсотковий вміст мобільних форм важких металів, що виділяються екстрагентом від їх питового вмісту до і 
після обробки ґрунту органічно-мінеральними композиціями визначені з використанням 

спектрофотометричним методом. Здійснено порівняння ефективності обробки ґрунту. Використання методів 
математичної статистики дозволило довести кореляційний зв’язок між динамікою значень окислювальної 
здатності біомаси для біома грунту і швидкостю окислення субстрату для різного вмісту біокомпозиту. 

Ключові слова: важкі метали, рекультивація грунта, органічно-мінеральні композиції, фосфогіпс, біом  
ґрунту, окислювальна здатність біомаси. 
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