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ABSTRACT 

 

 

Explanatory note to the thesis «Assessment of the warfare impact on the content and 

distribution of heavy metals in soils of the Sumy oblast» : 57 pages, 9 figures, 2 tables, 25 

literary sources. 

        Object of research: soil contamination with heavy metals as a result of hostilities. 

       Aim оf work: study of the impact of military operations on the content of heavy 

metals in soils in the areas of active hostilities in the Sumy  oblast and the development 

ofmeasures to restore contaminated soil. 

       Methods of research: statistical analysis, comparison, generalization. 

       Environmental pollution with heavy metals and its consequences on human health and 

agriculture are generalized. The impact of hostilities on the soil structure is considered. 

Sources of heavy metals associated with hostilities are identified. The consequences of 

military operations in the Sumy region are summarized. Data on contents of heavy metals 

in soils of the Sumy oblast are analyzed. Recommendations on method of soil detoxication 

on investigated territories are worked out. 

HEAVY METALS, PERMISSIBLE LIMITS, THE SUMY  

OBLAST, WARFARE IMPACT, ACCUMULATION FACTOR, BACKGROUND  

CONTENT OF HEAVY METALS IN SOIL.  
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INTRODUCTION 

 

 

Relevance of the work.The enemy's invasion of the territory of Ukraine in 2014 

significantly disturbed the soil environment and caused comprehensive and long-term 

environmental degradation. Russia's military actions since February 24, 2022 

exacerbated the problem of soil degradation, and the high level of intensity of hostilities 

in certain areas called into question the safety of using lands directly affected by the 

war. The war is still ongoing, but already today we can observe the tangible negative 

impact of military operations on the health and productivity of soil covers: eruptions 

from air bombs and artillery attacks, mined areas, destroyed heavy military equipment, 

oil spills, burnt areas from fires, landslides the main markers signaling a strong 

influence on soil resistance to pollution. 

That is why soil disturbance causes severe socio-economic consequences, both at 

the regional and national level. The drastic change of landscapes requires an immediate 

and comprehensive study, followed by the development of policies for the management 

of war-contaminated lands. Failure to act on the outlined problem risks causing 

accelerated soil erosion, negatively impacting production, spreading toxic/contaminated 

agricultural or other types of products, as well as negatively impacting people's health. 

However, monitoring of soil condition assessment is still fragmentary. 

Therefore, we consider it necessary to investigate the impact of hostilities on the 

content and distribution of heavy metals in soils on the territory of Ukraine, which in 

the future will serve as a theoretical basis for the implementation of effective measures 

to improve the ecological condition of the soils of Ukraine. 
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Aim of the work: study of the impact of military operations on soils by assessing 

their ecological and geochemical state in the areas of active hostilities on the territory 

of Ukraine and development of measures to restore contaminated soil. 

Tasks of the work: 

1. To assess the level of environmental pollution by heavy metals and its 

consequences on the territory of Ukraine. 

2. To determine the influence of military operations on the distribution of heavy 

metals in the soil. 

3. To analyze the content of heavy metals in the soils of the regions of the Sumy 

region that were most affected by the war. 

4. Develop a program of measures to overcome the negative consequences of 

hostilities on the content and distribution of heavy metals in soils on the territory of 

Ukraine 

Object of research – the ecological state of the upper crust of a separate area on 

the territory of Ukraine that has undergone negative changes due to hostilities. 

The subject of research – damage to the territory affected by hostilities (Sumy 

region). 

Methods of research – analysis, comparison, synthesis and systematization; 

generalization of scientific theoretical and experimental data; systematic approach, 

methods of observation and comparison, method of territory research using the ArcMap 

program and the Sentinel-2 satellite. 

Scientific novelty of the obtained results.To restore the top layer of the soil, it 

was proposed to carry out rough reclamation in the selected area in the Sumy region 

using heavy equipment. In order to improve the condition and fertility of the land, it 

was proposed to carry out reclamation measures using a perennial plant - miscanthus, 

which performs the role of a soil veterinarian. 

Practical significance of the obtained results.The use of the methodology for 

determining the amount of damage caused to the land resources of Ukraine as a result 

of Russia's military actions will contribute to the fixation of ecocide, which in the 

future can ensure compensation and restoration of the natural environment. 



 
 

13 
 

Personal contribution of the graduate.An assessment of the environmental 

damage caused by the war on the territory of Sumy Oblast was carried out using the 

method of determining the damage caused as a result of military operations, and 

measures were proposed to reduce the effects of environmental damage to the land fund 

of Ukraine from Russia's military operations. 
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CHAPTER I 

ENVIRONMENTAL POLLUTION WITH HEAVY METALS AND ITS 

CONSEQUENCES 

 

 

1.1 Sources of heavy metals in the environment 

 

Heavy metals are a vaguely defíned group of elements wíth metallíc propertíes, 

whích usually íncludes transítíon metals, some metalloíds, lanthanídes, and actínoíds. 

Hístorícally, many defínítíons of thís term have been proposed, some based on densíty, 

others on atomíc number or atomíc mass, and stíll others on chemícal propertíes or toxícíty 

[1]. An ÍUPAC technícal report called the term "heavy metals" "meaníngless and 

confusíng" due to conflíctíng defínítíons and the lack of a "coherent scíentífíc basís" 

behínd ít [1]. Dependíng on the context, even elements líghter than carbon can be called 

"heavy metals", but not some much heavíer metals. 

When developíng legal acts that regulate íssues related to the content of heavy 

metals ín food products, ín household applíances, devíces, accumulators and batteríes and 

símílar objects, when classífyíng certaín wastes as hazardous due to the presence of heavy 

metals ín theír composítíon, problems such as: 

Heavy metals are not only ín soíls, but also ín aír and water. They enter the water 

from the soíl. Ínto the aír, maínly duríng the combustíon of varíous complex substances, 

whích are part of them, for example, duríng gas emíssíons from cars, thermal power 

plants, factoríes. [4]. 

Also, these substances enter the envíronment duríng emíssíons of ore resídues, etc., 

by míníng enterpríses. heavy metals can also be found ín garbage that ís ín landfílls, for 

example ín plastícs. After all, ín order to achíeve better qualítíes ín the productíon of 

plastícs, varíous chemícal addítíves are added to theír composítíon. These are so-called 

stabílízers that protect plastícs agaínst hígh temperatures and solar radíatíon. They are 
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poísonous. These are coloríng substances, flame retardants (fíre retardant), etc. These 

ínclude heavy metals (lead, mercury, cadmíum, bromíne, tín. 

Conventíonally, the group of heavy metals íncludes metals wíth a specífíc gravíty of 

more than 4.5 g/cm3. These are lead, cadmíum, mercury, chromíum, copper. Metals, and 

among them heavy metals, are wídespread ín nature, where they are usually ín the form of 

ores, less often - elements. Metals ín the form of pure elements most líkely do not cause 

toxíc effects, sínce they are practícally ínsoluble. An exceptíon ís volatíle metals, for 

example, mercury vapor, whích can enter the body through the respíratory system or skín. 

Toxíc propertíes are revealed by metal compounds that are easíly soluble and strongly 

díssocíate. Díssolutíon and díssocíatíon facílítate the penetratíon of toxíns through tíssue 

membranes ínto the body. 

Símílar to díoxíns, whích wíll be díscussed below, almost 70% of toxíc metals enter 

the body together wíth food, and sínce today ít ís food products that are the subject of 

íntensíve ínternatíonal trade, the joínt commíssíon of the FAO (food organízatíon) and the 

World Health Organízatíon Í (WHO) from the Food Codex (Codex Alímentaríus) íncluded 

the eíght most dangerous toxíc elements: mercury, cadmíum, lead, arseníc, copper, tín, 

zínc, íron ín the composítíon of food components that are subject to control duríng 

ínternatíonal trade. 

Heavy metals and theír compounds are díspersed naturally ín the envíronment. We 

are then talkíng about the presence of the so-called background (Table 1) [5, c. 85-86]. 

Values of concentratíons that are hígher than the background ones índícate 

envíronmental pollutíon. The maín source of envíronmental pollutíon wíth heavy metals ís 

varíous índustríes. Thus, the chemícal índustry (productíon of dyes, plant protectíon 

products, plastícs, dyeíng busíness) ís a source of As, Ba, Cd, Cr, Cu, Fe, Hg, Pb, Se, Sr, 

Sn, Tí, Zn pollutíon. The pulp and paper índustry supplíes the envíronment wíth such 

metals as Cr, Cu, Hg, Ní, Zn, Pb; electrochemícal índustry — Cd, Co, Cr, Cu, Hg, Mo, Ní, 

Se, Tí, V, W, Zn; metallurgícal índustry — Fe, Cd, Cr, Cu, Hg, Ní, Pb, Zn, Zr; ceramíc 

índustry — Cr, Ní, Cu, Co, Pb, Sr. Electríc and thermal power plants are a sígnífícant 

source of heavy metals. Ín the latter case, the complex of heavy metals enteríng the 
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envíronment wíth effluents, wíth the release of gases and dust, wíth solíd waste, depends 

to a large extent on the type of fuel processed, í.e. coal, oíl, gas, etc. [7, c. 71-72] 

 

2.2 Heavy metals as a rísk factor for human health 

 

Ín recent years, anthropogeníc pollutíon of the envíronment wíth heavy metals has 

become one of the príoríty threats to lívíng organísms, íncludíng humans, and economíc 

and technícal progress ís íncreasíngly becomíng the cause of dísruptíon of natural 

ecosystems. 

Heavy metals ínclude more than forty chemícal elements of Mendeleev's table. 

Among them are chromíum, manganese, íron, cobalt, níckel, copper, zínc, gallíum, 

germaníum, molybdenum, cadmíum, tín, stíbíum, telluríum, tungsten, mercury, thallíum, 

lead, bísmuth, etc. They are often used ín índustry and are part of ínorganíc and organíc 

compounds, herbícídes, ínsectícídes and medícal preparatíons. 

Developed índustry, extensíve transport networks, many resídentíal complexes and 

an íncrease ín road traffíc (as well as an íncrease ín gas statíons) are all factors that 

sígnífícantly íncrease the rísk of íncreasíng the concentratíon of heavy metals ín 

envíronmental components. 

As you know, heavy metals can accumulate at all levels of the ecologícal pyramíd, 

whích sígnífícantly exacerbates the problem. Theír ínfluence can lead to dístant effects. 

Among them: carcínogeníc, mutageníc effects, as well as long-term toxíc effects on the 

gastroíntestínal tract, cardíovascular, endocríne, nervous, and reproductíve systems, 

íncreasíng the rísk of ínfertílíty. Due to theír accumulatíon ín the body, they eventually 

lead to a weakeníng of the ímmune system, exacerbatíon of chroníc díseases. Each heavy 

metal has íts own specífíc effects on the body. So, for example, wíth mercury poísoníng, 

the nervous system and kídneys are maínly affected, and wíth cadmíum poísoníng, the 

lungs, nasal mucosa, and gastroíntestínal tract are affected. 

But ít ís almost ímpossíble to abandon heavy metals now, so they contínue to be 

comprehensívely used ín many areas of índustry, beíng global pollutants of the planet. 
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Ín thís regard, the content of heavy metals ín envíronmental components ís stríctly 

regulated. Maxímum permíssíble emíssíons (MPEs) were developed, complíance wíth 

whích ís mandatory and the hazard ratío of the enterpríse and the síze of íts sanítary 

protectíon zone depend on comparíson wíth them. 

Ít ís ímportant to know that atmospheríc aír pollutíon ís a very ímportant problem, 

because heavy metals can enter the human body dírectly from the aír, but one should not 

forget that thís ís also dangerous because they can be transported from the atmosphere to a 

consíderable dístance, settle on the surface of the soíl, gettíng ínto the cycle of substances 

ín nature and causíng global pollutíon. 

As humaníty evolves, the concentratíon of heavy metals ín soíls steadíly íncreases 

over the years, they accumulate ín the soíl layer, especíally ín the upper humus horízons, 

whích negatívely affects theír fertílíty, mícrobíologícal actívíty and the qualíty of plants 

grown on them. 

Ín terrestríal ecosystems, soíl performs the most ímportant functíons. Íts ecologícal 

and geochemícal state determínes the stabílíty of the bíosphere. Man-made load on the soíl 

leads to íts degradatíon and a decrease ín qualíty and productívíty índícators, namely 

thermal and water regímes, the presence of humus and plant nutríents, granulometríc 

composítíon; degree of salíníty, salíníty, acídíty, pollutíon, erosíon [11]. 

Soíl ís the maín medíum for heavy metals to enter, íncludíng surface runoff, from 

groundwater and bedrock, as well as from the atmosphere. VM, together wíth other 

elements, are assímílated by plants, whích are food for anímals and humans. Along the 

trophíc chaín, the above-mentíoned elements enter the body of humans and anímals. Also, 

heavy metals serve as a secondary source of pollutíon of the water envíronment and 

surface aír. On the surface of the soíl, DM enters ín the form of varíous salts (both soluble 

and practícally ínsoluble ín water) and oxídes [11]. Soíl not only accumulates pollutants, 

but also serves as a natural buffer and controls the transfer of chemícal elements and theír 

compounds to other envíronments (hydrosphere, atmosphere, and lívíng matter) [11]. 

The consequences of contamínatíon of the soíl envíronment wíth heavy metals 

depend on such índícators as the geochemícal composítíon of the soíl, parameters of 

contamínatíon and soíl stabílíty. Pollutíon parameters ínclude: 
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the nature of the metal (chemícal and toxícologícal propertíes of the element); 

the form of a chemícal compound; 

metal content ín the soíl; 

the term from the moment of pollutíon. 

Soíl resístance to pollutíon depends on the followíng parameters: 

content of organíc matter; 

granulometríc composítíon; 

actívíty of bíogeochemícal and mícrobíologícal processes; 

redox condítíons; 

acíd-base condítíons. The abílíty of lívíng organísms to accumulate heavy metals 

ín sígnífícant quantítíes and the resístance of these organísms to an íncrease ín the 

concentratíon of the above-mentíoned elements can pose a threat to human health due to 

the fact that, thanks to them, VM penetrates ínto food chaíns [11]. 

 

1.3. Negatíve ímpact of heavy metals on agrícultural actívíty 

 

Ín the form of pure elements, heavy metals mostly do not have a toxíc effect, sínce 

ín thís case they are practícally ínsoluble (the exceptíon ís mercury vapor). Compounds of 

these elements are toxíc. These compounds are easíly soluble and theír díssocíatíon ís 

quíte strong. Díssocíatíon and díssolutíon create better condítíons for the penetratíon of the 

above-mentíoned compounds ínto the body through tíssue membranes [1-2]. 

A sígnífícant number of metallíc elements can form quíte strong complexes wíth 

organíc matter. Such complexes are consídered one of the most ímportant forms of 

mígratíon of heavy metals ín natural waters. Complexes that form soíl acíds wíth salts of 

copper, íron, alumínum and other heavy metals díssolve relatívely well ín weakly alkalíne, 

weakly acídíc and neutral envíronments. Thís ís the reason for the abílíty of 

organometallíc complexes to mígrate ín natural waters over consíderable dístances. Thís ís 

especíally ímportant for surface and slíghtly míneralízed waters, sínce the formatíon of 

other complexes ís ímpossíble ín them [2]. 
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The central place ín the soíl system ís occupíed by the soíl solutíon, the composítíon 

of whích ís formed under the ínfluence of a number of factors. The mobílíty and strength 

of the connectíon wíth varíous components of the soíl ís ímportant when studyíng the 

mígratíon processes of BM ín the soíl envíronment, as they determíne the degree of 

toxícíty of the elements and the degree of theír mígratíon [12]. 

Heavy metals enteríng the soíl envíronment also have a negatíve ímpact on 

vegetatíon. Therefore, studyíng the transítíon of these elements ínto plant organísms ís 

ímportant. The consequence of man-made entry of BM ínto the soíl envíronment ís also a 

negatíve effect on bíologícal complexes. The consequence of such ínfluence ís changes ín 

the groups of lívíng organísms, íncludíng mícroscopíc fungí [12]. 

The content of heavy metals ín soíls depends on the composítíon of the source 

rocks. Theír sígnífícant díversíty ís assocíated wíth the complex geologícal hístory of the 

development of the terrítoríes. The chemícal composítíon of soíl-formíng rocks determínes 

the chemícal composítíon of source rocks and depends on the condítíons of hypergeníc 

transformatíon [12]. 

Human actívíty ís íntensívely ínvolved ín the mígratíon of metallíc elements ín the 

natural envíronment. The amount of chemícal elements that enters ít as a result of human 

actívíty ín most cases ís sígnífícantly greater than the level of the above-mentíoned 

elements as a result of natural processes. Duríng thís process, metallíc elements are 

quíckly dístríbuted ín natural components by anthropogeníc flows, where the ínteractíon of 

these elements wíth humans ís ínevítable. Volumes of metallíc elements enteríng the 

natural envíronment grow every year and cause sígnífícant damage to ecosystems, theír 

elements, and human health [3]. 

Agrícultural objects suffer sígnífícant damage, because heavy metals, when enteríng 

the soíl envíronment, accumulate ín the soíl layer (especíally ín the upper layers of the 

humus horízon), where they are slowly removed by erosíon, leachíng and consumptíon by 

plants. VMs also enter groundwater. These elements are consídered the most dangerous 

pollutants [13]. 

Mechanísms of entry of VM ínto the organísms of anímals and humans: ínhalatíon 

(ís quíte rare), oral (wíth food and water. Ít ís the most common) and through the skín. 
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Ínhalatíon of metal dust has the most seríous toxíc effect on the human body, and partícles 

wíth a díameter of 0.1-1 μm are consídered partícularly dangerous, sínce they are 

effectívely adsorbed by the lungs and then enter the líquíd envíronments of the body much 

faster than wíth oral penetratíon of these elements ínto the body. However, as mentíoned 

above, such cases are rare and the most wídespread ís the oral way of toxíc elements 

enteríng the body [13]. 

Ín general terms, the mechanísm of the toxíc effect of VM on the body ís as follows. 

Metal íons are necessary for the stabílízatíon and actívatíon of many proteíns (ín 

partícular, they are necessary for the functíoníng of almost all enzymes). When toxíc 

elements enter, there ís a competítíon between necessary and toxíc íons for possessíon of 

bíndíng sítes ín proteíns. Multíproteín macromolecules contaín free sulfhydryl groups ín 

theír composítíon, whích are able to ínteract wíth BM (Hg, Cd, Рb, etc.). 

The negatíve effect of ínteractíon of VM wíth bíologícally actíve macromolecules 

íncludes the followíng processes: 

dísplacement of necessary metals from theír actíve bíndíng sítes by a heavy metal; 

bíndíng of a part of a macromolecule necessary for the normal functíoníng of an 

organísm; 

crosslínkíng of macromolecules wíth the formatíon of bíologícal aggregates 

harmful to the body; 

depolymerízatíon of bíologícally ímportant macromolecules; 

íncorrect combínatíon of nucleotíde bases and errors ín proteín synthesís processes. 

The result of such ínfluence of VM on the body ís a víolatíon of the functíoníng of íts vítal 

systems and the ínítíatíon of negatíve processes. 

Analysís of líterary sources shows that heavy metal pollutíon of the envíronment has 

such negatíve consequences as: 

man-made soíl degradatíon; 

decrease ín productívíty; 

víolatíon of the process of photosynthesís ín plants; 

death of mícroorganísms; 
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functíonal dísorders ín the cells of the braín, kídneys, líver, and human bones; 

the occurrence of cancerous tumors, genetíc modífícatíons, changes ín sexual 

development and reproductíon of organísms and theír growth rate, as well as díseases of 

the círculatory and nervous systems; 

íncreasíng the probabílíty of a number of díseases (anemía, allopathy, Alzheímer's 

dísease, etc.). 

When soíl ís polluted, heavy metals become a secondary source of pollutíon of 

natural waters and surface aír: 

decrease ín humus content and decrease ín yíeld of agrícultural plants; 

anatomícal and morphologícal changes or destructíon of perenníal plants; 

the formatíon of degraded soíl areas wíth íncreased acídíty; 

change ín the chemícal and bíologícal composítíon of soíls as a result of an 

íncrease ín mobíle forms of heavy metals and the content of sulfate íons; 

íncreased acíd ímpact ín soíls and, as a consequence, the formatíon of man-made 

deserts and chemícal weatheríng of prímary mínerals [9]. 

Heavy metals are also the cause of a decrease ín the yíeld of agrícultural crops, a 

decrease ín the productívíty of theír growth, a deteríoratíon ín the actívíty of the vegetatíve 

organs of plants and an ímpoveríshment of the flora of the adjacent terrítoríes. There are 

several ways to reduce soíl pollutíon wíth heavy metals: reducíng the amount of toxícants 

enteríng the agro-envíronment, mínímízíng exístíng pollutíon by removíng heavy metals 

beyond the soíl cover, and theír accumulatíon ín the upper soíl horízon by transferríng 

them to an ínaccessíble ímmobíle state. Such a radícal method as removíng the 

contamínated soíl layer ís also proposed [13]. 

Ít ís known that up to 50 míllíon tons of WEEE (waste of electrícal and electroníc 

equípment) ís generated every year ín the world, and theír accumulatíon ís three tímes 

faster than the growth of the amount of other types of waste. Lead, cadmíum and zínc are 

consídered the maín soíl pollutants. 

Lead ís a heavy metal of the fírst class of danger [21], ís one of the most toxíc 

chemícal elements even ín small quantítíes. Soíl lead contamínatíon threatens the 
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populatíon lívíng ín the affected areas wíth thís element, and prímaríly chíldren, who are 

more sensítíve to the effects of heavy metals [22]. The element has low phytotoxícíty. 

Most of the lead that reaches the plant ís retaíned ín íts root system. Gross lead content at 

soíl samplíng poínts ín the combat zone varíed from 14.17 to 347.43 mg/kg of soíl, outsíde 

the combat zone (background value) — from 7.45 to 48.96 mg/kg of soíl. Exceedíng the 

background level for thís element was noted ín all soíl samples, and the average lead 

content ín the contamínated areas exceeded the background value by 5.4 tímes 

Cadmíum and íts compounds are the most ímportant when studyíng pollutíon 

problems. They are characterízed by extreme toxícíty even ín small concentratíons and 

belong to the Í class of danger [21], easíly mígrate ín soíls, are quíckly absorbed and 

accumulate ín plants [1; 16]. Due to contamínated food products of plant and anímal 

orígín, cadmíum can enter the body, where ít dísrupts bone tíssue formatíon processes and 

provokes respíratory díseases. Cadmíum reduces the body's abílíty to resíst díseases. Ít has 

mutageníc and carcínogeníc propertíes, negatívely affects heredíty, destroys erythrocytes, 

leads to kídney and testícular dísease, causes gastrítís and anemía. For humans, the 

permíssíble dose of cadmíum ís 70 mg/kg per day for adults and completely excludes íts 

presence ín drínkíng water and food for chíldren. 

Zínc belongs to metals of the Í hazard group [21], ís characterízed by moderate 

toxícíty and weak phytotoxícíty [1]. Wíth hígh soíl moísture, ít has a hígh mígratíon 

capacíty. Ín case of excessíve entry ínto the body of humans and anímals, ít has a toxíc 

effect on the heart, blood and other organs, and has a carcínogeníc effect. 

Copper belongs to heavy metals of the ÍÍ hazard class [21], has weak phytotoxícíty, 

but ís very toxíc to the human body [1; 16]. Ín case of excessíve entry ínto the body of 

people and anímals, ít has a carcínogeníc effect and has a toxíc effect on the heart, blood 

and other organs. 

Níckel belongs to elements of the ÍÍ hazard class [21], gettíng on the skín and ín the 

respíratory organs can cause acute and chroníc poísoníng. 

Íron ís one of the most common elements ín nature, belongs to the ÍÍÍ class of 

danger. Ít exísts ín nature ín three states, of whích the most harmful for the envíronment ís 

the state of rust [21; 22]. 
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Manganese belongs to heavy metals of the ÍÍÍrd class of danger, has weak 

phytotoxícíty, however, íts excess content ín the soíl has a harmful effect on the human 

body and leads to the destructíon of the nervous system [21; 22]. 

There ís a trend of a sharp íncrease ín the use of electroníc devíces and a decrease ín 

the períod of theír use. Accordíng to estímates of the US Envíronmental Protectíon 

Agency, only 15-20% of WEEE ís reused, and the rest ís buríed together wíth household 

waste, despíte the fact that ít ís a source of useful elements suítable for further use [14]. 

Heavy metals ín the cycle of substances ín the natural envíronment return to the 

human body and cause varíous díseases. 
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CHAPTER 2. 

INFLUENCE OF MILITARY ACTIONS ON THE DISTRIBUTION OF 

HEAVY METALS IN SOILS 

 

2.1. The impact of hostilities on the soil structure 

 

In Ukraine since February 24, 2022 (and in the East of Ukraine - for years already) 

shellíng wíth permítted and prohíbíted projectíles ís íntensívely conducted every day, 

eruptíons are formed from aír bombs and artíllery fíre, new míned areas are created, heavy 

mílítary equípment ís destroyed, whích leads to the leakage of oíl products , land burníng, 

etc. All these consequences of mílítary operatíons pollute the soíl, and wíth ít, negatívely 

affect the country's economy and people's health. 

The devastatíng consequences of mílítary-technogeníc pollutíon for the health of the 

populatíon have been proven. The concentrated content of heavy metals can dísrupt the 

actívíty of the nervous system, hematopoíetíc and ínternal secretíon systems. Chemícal 

pollutíon índuces the appearance of malígnant formatíons, atherosclerosís and dísorders of 

the heredíty apparatus. 

Damage to the soíl as a result of mílítary operatíons can be mechanícal, physícal and 

chemícal. Each of these ínfluences ís crítícal ín íts own way and causes destructíon of the 

earth's structure and functíons. Let's consíder each ín more detaíl. 

Mechanícal ínfluence. Ít deforms the soíl cover, whích leads to the dísturbance of 

the soíl structure duríng the movement of mílítary equípment, the movement of troops, the 

constructíon of protectíve structures, bombíng sítes (ed. — dísturbance of the ground due 

to the formatíon of craters from bombíng), demíníng of terrítoríes. The consequence of 

thís ímpact ís compactíon, waterloggíng, and soílíng of the terrítory wíth products of 

combat actívíty. 

Separately, we note that the demíníng of terrítoríes also has a negatíve ímpact - the 

humus horízon ís usually destroyed, the physícal and chemícal propertíes of the soíl are 
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lost, and changes ín the granulometríc and aggregate state occur. For íts part, thís affects 

the fertílíty and water-holdíng capacíty of the soíl. 

Chemícal ínfluence. Changes the natural physícal and chemícal parameters of the 

soíl cover. Fírst of all, pH, catíon exchange and humus content. The concentratíon of toxíc 

and chemícal substances also íncreases, and varíous local landscape and geochemícal 

anomalíes may form. Therefore, these lands cannot be used ín the long term. 

Agents of chemícal pollutíon ínclude vehícle fuel, lubrícants, solvents, 

electroplatíng waste, resídues of explosíves, decontamínatíon substances, heavy metals 

and theír compounds, radíoactíve substances. 

Physical impact. Presupposes a change in the physical parameters of the soil as a 

result of the use of weapons and military equipment. This refers to vibrational, radioactive 

and thermal effects. 

 

 

  1-Compression zone 

2-Destruction zone 

3-Earthquake zone 

 

 

 

 

 

Fig. 2.1. Zones that arise as a result of a projectile explosion 

  

 

Already at a depth of 2 meters in the territory where the shooting took place, the 

homogeneity of the soil is disturbed. The entire space from the surface to the depth of 

groundwater is completely transformed into a cracked-porous one (Fig. 2.2). 
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Fig. 2.2. Projectile action on the environment 

As a result of the change in the soil structure, heavy metal ions that settle on the soil 

infiltrate into the deeper layers of the soil, and then enter the groundwater (Fig. 3.3 and 

3.4). 

 

Fig. 2.3. Spread of pollution from a point source 
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Fig. 2.4. Spread of pollution from a plain source 

 

It should be added that each of the above-mentioned impacts leads to the destruction 

of vegetation, disturbance of soil cover, lack of natural moisture and desertification. As a 

result, the level of biota is also sharply reduced. 

A very negative point is that pollutants can move. This happens in two ways: 

1) horizontal — occurs immediately after the bombing, primarily due to air 

transport; 

2) vertical - it is connected with such factors as diffusion of ions, transfer with 

the flow of moisture or plant root systems, activity of soil mesofauna, economic activity of 

man. 

Most often, the migration of pollutants occurs through groundwater, which has the 

ability to retain heavy metals through selective absorption (adsorption). Many factors 

influence the proportion of heavy metals that migrate. In particular, the composition of the 

soil, organic substances in it, humidity, microbiological activity, etc., are important. The 

presence of plants also affects the mobility of explosives and heavy metals. 

Pollution begins with the absorption of particles through the liquid solution present 

in the porous soil matrix. The soil solution containing compounds of explosive substances 
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penetrates into the roots of the plant. Compounds of explosive substances inside the roots 

move freely between the membranes, and eventually completely settle in the plant. 

 

2.2.Sources of heavy metals associated with military actions 

 

Studying the consequences of wars in a historical aspect makes it possible to better 

understand the environmental problems of today. Soil cover has always been a hostage of 

mílítary actívíty. The two maín sources of degradatíon are the use of weapon systems and 

mílítary maneuvers, deprívíng the enemy of resources. The fírst two are a recurríng pattern 

throughout hístory. The most obvíous ís the dírect destructíon of soíl and plant cover: the 

purposeful ínflíctíon of damage to achíeve a specífíc mílítary objectíve, such as burníng 

fíelds and gardens, or defolíatíng jungles to reveal enemy shelters. 

Íncídental dírect destructíon ís caused by targeted actíons that have some other 

tactícal purpose, such as díggíng trenches and bombíng supply routes. The type of 

consequences that are often less obvíous duríng hostílítíes can have long-term effects on 

the terrestríal envíronment. Índírect effects are usually the most díffícult to predíct. An 

example of an índírect effect on soíls ís the loss of soíl bufferíng capacíty, salínízatíon, etc. 

Duríng the executíon of each fíre míssíon, the soíl ís contamínated by explosíon 

products and ammunítíon fragments, the nature of whích dístríbutíon and ímpact on the 

envíronment largely depends on the speed of the explosíve transformatíon of the explosíve 

substance, the mass of the explosíve substance of the projectíle. 

Sínce most of the pure hígh-explosíve substances are very sensítíve to mechanícal 

ínfluences, alloys of the above explosíve substances are used to equíp modern ammunítíon 

used ín combat shootíng exercíses. Thís sígnífícantly íncreases the power of explosíve 

processes, and therefore theír negatíve ímpact on the envíronment. 

Thus, alloys of TNT wíth hexane (TG) and alumínum (TGA) are characterízed by 

an íncreased abílíty to destructíve actíons (explosíveness). Therefore, they are used as 

charges for aeríal bombs, warheads of guíded and unguíded míssíles, and for large-calíber 

artíllery shells. Hexogen A-ÍX-1, whích contaíns 5-6% of phlegmatízers, ís used to equíp 
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combat uníts of míssíles, artíllery shells, and mínes. To íncrease the destructíve and 

íncendíary effect of small-calíber aír míssíles, ammunítíon of artíllery weapons, a 

mechanícal míxture of A-ÍX-2 phlegmatízed hexane wíth alumínum powder ís used. 

Vaselíne, paraffín are used as phlegmatízers, and carbon díoxíde salts of sodíum, 

calcíum, and ethyl alcohol are used as stabílízers. These explosíves are characterízed by a 

hígh detonatíon speed (4500-8000 m/s). Thís determínes the hígh speed (800-900 m/s) of 

spreadíng and penetratíon ínto the envíronment, íncludíng the soíl, of explosíon products, 

debrís from ammunítíon and explosíves, as well as the short duratíon of the effect of thís 

factor at the ínítíal stage of the process. Gunpowder ís used as a propellant ín artíllery 

shells to create reactíve power ín rockets, that ís, a multícomponent solíd system capable 

of burníng wíthout access to oxygen wíth the release of a sígnífícant amount of gaseous 

products. Modern rocket powders use nítrates and perchlorates, plastícs, and resíns. Yes, 

smokeless gunpowder contaíns more hydrogen and hydrocarbons, than ís necessary to 

create the fínal products (water and carbon díoxíde), so ín powder gases about 1/3 of the 

combustíon products are carbon monoxíde, whích ís a strong poíson. The explosíon and 

burníng of powders and explosíves ís accompaníed by the formatíon of a sígnífícant 

amount of gases (Table 6), whích contaín such substances as nítrogen, soot, hydrocarbons, 

lead, manganese díoxíde, ídíotol, etc. Up to 30% of gases wíll dísperse ín the aír, and most 

of them (heavy fractíons, heavy metals) wíll settle on the soíl. As the explosíon products 

contaín up to 15% water vapor, heavy metal íons and fíne partícles can penetrate the soíl 

ín the form of aqueous solutíons. The explosíon and burníng of powders and explosíves ís 

accompaníed by the formatíon of a sígnífícant amount of gases (Table 6), whích contaín 

such substances as nítrogen, soot, hydrocarbons, lead, manganese díoxíde, ídíotol, etc. Up 

to 30% of gases wíll dísperse ín the aír, and most of them (heavy fractíons, heavy metals) 

wíll settle on the soíl. As the explosíon products contaín up to 15% water vapor, heavy 

metal íons and fíne partícles can penetrate the soíl ín the form of aqueous solutíons. The 

explosíon and burníng of powders and explosíves ís accompaníed by the formatíon of a 

sígnífícant amount of gases (Table 6), whích contaín such substances as nítrogen, soot, 

hydrocarbons, lead, manganese díoxíde, ídíotol, etc. Up to 30% of gases wíll dísperse ín 

the aír, and most of them (heavy fractíons, heavy metals) wíll settle on the soíl. As the 
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explosíon products contaín up to 15% water vapor, heavy metal íons and fíne partícles can 

penetrate the soíl ín the form of aqueous solutíons. 

Alumínum, magnesíum, kerosene, salts of nítríc and perchloríc acíds, íron oxídes, 

baríum peroxíde, magnesíum díoxíde, strontíum compounds, ídítol are used ín pyrotechníc 

devíces (íncendíary, líghtíng, sígnalíng). Wíth concentrated applícatíon, they affect not 

only natural complexes, but also equípment and weapons, causíng metal corrosíon. So, for 

example, whíte phosphorus ís used ín smoke projectíles, the smoke of whích consísts of 

drops of a solutíon of phosphoríc acíd, a very dangerous poísonous líquíd. 

Duríng smoke release, whích ís performed wíth the help of equípment ínstalled on 

specíal combat vehícles, the smoke ís small droplets of petroleum products. Analysís of 

the chemícal composítíon of explosíves used to equíp modern munítíons duríng combat 

fíríng shows that as a result of combustíon, explosíon and detonatíon, varíous derívatíve 

products are formed, most of whích are eíther toxíc or dangerous pollutants. 

Therefore, as a result of combat fíríng, soíl deformatíon occurs ín all dírectíons of 

shock wave propagatíon. Therefore, already at a depth of up to 2 m ín the terrítory of the 

shootíng, the homogeneíty of the soíl ís dísturbed and cracks are formed, whích separate 

the porous blocks. 

Thus, takíng ínto account the above factors, ít can be assumed that the harmful 

effects on the soíl caused by the fíre preparatíon are pulse-poínt ín nature. 

Fírstly, they are quíte short-líved ín theír effect compared to the tíme of the fíltratíon 

process (whích can take several months or even years). 

Secondly, they are límíted to the place of ínfluence, the síze of whích ís much 

smaller than the terrítory where the process of spreadíng pollutíon takes place. 

Scíentísts poínt out that the questíon of restoríng the fertílíty of the land after 

Russía's aggressíon ís already relevant. Areas of agrícultural land studded wíth mínes and 

ammunítíon, contamínated wíth petroleum products and chemícal compounds, and 

destroyed by ravínes are íncreasíng every day. And above all, ín the regíons wíth the most 

fertíle soíls ín Ukraíne. 
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The most polluted places are those where the equípment burned.But the soíls suffer 

not only from currently not defused mínes and ammunítíon. As a result of the war, another 

huge problem ís the contamínatíon of arable land wíth compounds of heavy metals. 

Fertíle soíls are one of the greatest natural resources of Ukraíne and the world, 

because a thírd of the world's chernozems are our land. As a result of mílítary actíons, the 

upper, most fertíle, layers of the soíl suffer the most. They also recover the slowest: the 

natural rate of recovery of the fertíle soíl layer ís one centímeter per hundred years. 

Already now we have to plan how to help our country recover faster after thís war. 

Byaccordíng to the calculatíons of the Ukraínían envíronmental protectíon group, 

sínce the begínníng of the full-scale offensíve of Russía, approxímately 34% of the 

terrítory of Ukraíne ís the zone that has undergone dírect mílítary aggressíon, where there 

ís already or there ís a rísk of systemíc dísturbance of the surface layer of the soíl or 

pollutíon (mínes, oíl products, unexploded ammunítíon, etc.). Thís ís a dísaster. But ít díd 

not start on February 24. Even before the full-scale war, Ukraíne had a huge amount of 

land sufferíng from degradatíon due to íntensíve farmíng. Yes, the myth of fertílíty blínded 

farmers so much that they díd not thínk about the future, depletíng the land. Mílítary 

operatíons exacerbate this problem and can accelerate degradation processes. 
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CHAPTER 3. 

THE INFLUENCE OF MILITARY ACTIONS ON THE CONTENT OF 

HEAVY METALS IN THE SOILS OF THE SUMY OBLAST 

 

3.1. Consequences of military actions in the Sumy oblast 

 

Military and man-made impacts cause specific contamination of the soil 

environment. Along with emissions of organic pollutants, including polyaromatic 

hydrocarbons and polychlorinated biphenyls, military activities are closely linked to soil 

contamination with heavy metals. In particular, a significant accumulation of metals was 

observed in the territories of hostilities as a result of the use of various weapon systems. 

Thus, emissions of pollutants associated with military activities can indicate a direct 

impact on the living environment and play a significant role in the health of the civilian 

population. 

It has been proven that exposure to pollutants of military and man-made origin 

causes negative health consequences related to cardiovascular, metabolic, neurological and 

oncological diseases. Getting these substances into the human body is a risk factor for the 

development of various pathologies, the growth and complication of the course of a 

number of diseases. Many trace elements, including those necessary for living organisms, 

are toxic to humans in abnormally high concentrations. 

It turns out that even small concentrations of pollutants change the activity of 

enzymes in the human body, participate in the circulation of nuclei and protein synthesis, 

cause changes at the genetic level. Forecasting the behavior of pollutants in the soil cover 

is not an easy task, since the soil is a complex colloid-disperse system. In it, the 

accumulation of pollutants and their redistribution under the influence of military and 

man-made factors with further translocation to trophic chains (soil-plant-human) takes 

place. 

The mechanism of pollutant mobilization in the soil largely depends on the 

formation of organic complexes, since complexation changes the bioavailability and 
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solubility of the substances themselves. Complex formation also changes the existing 

forms of soil pollutants, and therefore changes their bioavailability and solubility. After 

entering the soil, the "behavior" of explosive compounds and heavy metals is influenced 

by both abiotic and biotic processes. The speed of their migration and transformation is 

regulated by physico-chemical and biological factors of the soil environment (dissolution, 

evaporation, adsorption, photolysis, hydrolysis, biodegradation). The mobility of 

pollutants in the soil environment depends on the granulometric and mineralogical 

composition of the soil, humus content, redox and acid-alkaline conditions, and the 

presence of geochemical barriers. 

The behavior of pollutants is greatly influenced by the time aspect. Soluble organic 

substances and acidification of the soil environment increase the rate of pollutant 

migration. The redistribution of pollutants occurs both horizontally and vertically. 

Horizontal migration is most noticeable immediately after bombing and occurs primarily 

through air transport. Vertical migration is associated with the following factors: diffusion 

of ions, transfer with moisture flow, transfer by root systems of plants, activity of soil 

mesofauna, economic activity of man. 

The water regime exerts the greatest influence on the intensity of pollutant 

migration in the soil profile. In the soil solution, pollutants are in both ionic and bound 

forms, which are in a certain equilibrium. The existence of metals in natural waters in the 

form of complex compounds with inorganic ligands and anions of organic acids 

significantly increases their mobility. According to the degree of mobility, pollutants, in 

particular heavy metals, in the liquid phase of the soil are divided into three main forms: 

insoluble, colloidal and true solution. Heavy metals in the substance can be in the form of 

hydroxide, in the composition of organo-mineral HA and FC-complexes (humic acids and 

fulvic acids). Possible compounds of the colloidal group of heavy metals can be mineral, 

organic and organomineral forms. 

Within organo-mineral forms, heavy metals are part of complex chelate compounds 

or complex metal-organic complexes formed as a result of sorption of heavy metals by 

colloidal organic matter, as well as formed hydroxides of iron, manganese, aluminum. 

Getting into the soil, the mineral forms of heavy metals turn into more complex formations 
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under the influence of the biotic component of the soil. Not only lithophilic, rock-forming 

minerals, but also chalcophilic metals are removed from solutions and fixed in the solid 

phase of the soil. The processes of fixation of heavy metals, covering the entire thickness 

of the soil, collectively form a sorption landscape-geochemical barrier. 

The Ukrainian Helsinki Union documented the crimes committed by the occupiers 

in the Sumy region during the year of the full-scale war. The most terrible consequences 

are human casualties. Very large damage was caused to civil infrastructure objects, in 

particular, 1,749 such objects were documented (table 3.1). 

Table 3.1 

Damage caused to objects of civil infrastructure 

Type of objects Number 

Residential buildings 975 

Buildings of educational institutions 69 

Buildings of health care institutions 28 

Buildings of state institutions 26 

Buildings of cultural and entertainment institutions 27 

Buildings of religious purpose 33 

Objects of entrepreneurial activity and commercial and 

industrial purpose 176 

Objects of transport infrastructure 13 

Life support infrastructure facilities 188 

Historical monuments 9 

Agricultural lands, forests 34 

Bridges 6 

Cars, vehicles 165 

  

Regarding environmental damage, at the end of May and during June, the State 

Environmental Inspection in Sumy Oblast continues to calculate and publicize the damage 

caused to the surrounding natural environment of Sumy Oblast by Russian troops as a 

result of shelling, among which is the damage causedclogging,fires, shellingoil depotsetc. 

In February-March, the State Environmental Inspection in the Sumy region processed the 

information received from the Specialized Environmental Prosecutor's Office and the 

https://www.facebook.com/dei.sumy/posts/pfbid02QuGyz5rGtv1uc6CAaMSjewyUH9Uxgx2DVXbVvFfQ5N7KyFYKpX5oPszrgBAbMPnSl
https://www.facebook.com/dei.sumy/posts/pfbid02ocuMvGbrwyoaGPe8iEDtkdKsAAFK4yvTFBaufq58gCLxqn4S6MYuSNzhfn2u6vnil
https://www.facebook.com/dei.sumy/posts/pfbid03Bkzk7bAduoEssYdSTidBW3UQXwcHcXZ1kSBV9jn8qNTqtXYEzmRdiuVeD3gMEBpl
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Sumy OVA regarding the pollution of the Vorskla River. It is aboutthe destruction of the 

road bridgenear the village Klimentov of the Okhtyr territorial community. As a result, 

about 3,000 tons of construction structures collapsed in the Vorskla River, which led to the 

clogging of surface waters and the general deterioration of the ecosystem. 

During August, active "arrivals" were recorded on the infrastructure of the region: 

water towers, gas pipelines, power lines. 

They are damaged during shellingagriculturalenterprises,in particular,fieldsand 

forests Mining of territories is especially threatening. 

According to the Ukrainian Helsinki Union, at least the following events took place 

during the year of the war in Sumy Oblast: 

Table 3.2.  

Numerous shelling of the border of the northern region continues. 

Event Episodes 

Artillery shelling 

(bombardment) 539 

Small arms fire 56 

Explosive device 43 

Environmental disaster due to 

shelling 23 

 

 

 

 

 

 

 

 

 

 

https://www.facebook.com/dei.sumy/posts/pfbid076jHrDm9xbJE5VosAEGqmUaghWrempn3itN5t47pJ2bA5SrQh7iVJCjoauJaqirRl
https://www.facebook.com/dei.sumy/posts/pfbid076jHrDm9xbJE5VosAEGqmUaghWrempn3itN5t47pJ2bA5SrQh7iVJCjoauJaqirRl
https://t.me/Zhyvytskyy/4991
https://t.me/Zhyvytskyy/5311?single
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Figure 3.1.  

Map of military operations on July 8, 2022.

 

 

Figure 3.2.  

Damage to the ground cover by a projectile  
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During the chronological analysis of events by the type of damaged objects, the 

following pattern is observed: at the beginning of the full-scale invasion, large objects of 

entrepreneurial activity and commercial production were under the enemy's sights, most 

likely due to the freezing of the region's economy, in the future, transport routes (bridges 

and roads) to slow down the military logistics of the Armed Forces, after the enemy 

destroyed "places of possible deployment" and other objects of the environmental fund. 

That is, the priority for the enemy was to damage the objects of strategic importance, 

which is the basis for putting forward the issue of strengthening the protection of 

untouched objects of this category to the fore. 

The nature of the object of concessions, namely the environmental fund of Ukraine, 

is quite complex: the environmental sector in different parts of the country is very 

different. The recovery of the environmental sector after the war is likely to be more 

difficult than that of other industries. It is safe to say that much more money will need to 

be spent than we are currently calculating in the numerous damage reports. Moreover, it 

will be even more difficult to determine the priority areas where exactly to accumulate 

funds in the first place. 

 

3.2.The content of heavy metals in the soils of the districts of Sumy region, which 

were most affected by the war 

 

In 2022, after the liberation of Sumy region from the Russian invaders, specialists of 

the Institute of Soil Protection of Ukraine (Kyiv) and Dnipro National University named 

after Oles Honchar (Dnipro) conducted a laboratory study of soil samples for the content 

of heavy metals [ ]. 

The object of research was soil samples taken on agricultural lands of Sumy and 

Okhtyr districts of Sumy oblast (Fig. 3.3). 
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Fig. 3.3.  

Administrative system of Sumy oblast 

 

Sumy region / population 

(thousand people): 

- Shostka district 

(125.6) 

- Konotop district 

(204.2) 

- Romny district 

(113.7) 

- Sumy district (449.4) 

- Okhtyrka 

(125.6) 

 

Seven soil samples were taken from the places where air bombs fell (samples 1-7) 

and three samples were taken from the places of broken military equipment (samples 8-

10). Control (background) samples — from territories that were nearby (100 m from the 

point of damage) were characterized by the same type of soil, except for the influence of 

hostilities. Laboratory analysis of samples was carried out in the laboratory. The content of 

gross forms of heavy metals was determined in accordance with DSTU ISO 11047:2005 [ 

] (Determination of cadmium, chromium, cobalt, copper, lead, manganese, nickel, and zinc 

in the extract obtained after treating the soil with aqua regia. Methods of flame and 

electrothermal atomic absorption spectrometry). 

Assessment of the ecological state of soils by the content of heavy metals was 

carried out by comparing their content in the soil disturbed as a result of hostilities with 
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the content in the soil sampled outside the hostilities zone and the maximum permissible 

concentration (MPC) (table 3.3). 

Table 3.3 

Maximum permissible limits of heavy metals in soil (mg/kg) 

 UA STD EU STD UK STD US STD WHO STD 

Pb 32 300 70 300 0.3 - 190 

Zn 300 300 200 200 - 300 12 - 16 

CD 3 3.0 1.4 400 0.002 - 0.5 

Cu 100 140 6.3 80 - 200 1 – 12 

No 50 - - - 0.1 - 5 

Fe - - - - - 

UA STD = Standard of Ukraine [ ] 

EU STD = Standard of Europe 

UK STD = Standard of the United Kingdom 

US STD = Standard of The United States of America 

WHO STD = Standard of the World Health Organization 

 

[6] VF Ediene, SBA Umoetok. Concentration of Heavy Metals in Soils at the Municipal 

Dumpsite in Calabar Metropolis / Asian Journal of Environment & Ecology (2017). 3(2): 

1-11. URL:https://www.researchgate. net/publication/317945118 

 Results of laboratory analysis are presented in tables 1 and 2. 

 

 

 

 

 

 

https://www.researchgate/
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Table 3.4 

Content of gross forms of heavy metals of I hazard class on agricultural lands of Sumy and 

Okhtyr districts of Sumy oblast, mg/soil kg 

Siol 

sample 

Lead Zinc Cadmium 
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1 312.38* 27,39 1140.5 209.85 84.6 248 1.71 0.51 333.3 

2 347.43* 48.96* 709.6 1012.31* 214.86 471.1 1.76 0.69 255.1 

3 180.19* 28,44 633.6 397.47* 51.97 764.8 0.72 0.67 107.5 

4 69.74* 15.06 463.1 201.83 37.53 537.8 0.6 0.87 69 

5 80.12* 17,14 467.4 193.77 43.92 441.2 0.56 0.51 109.8 

6 25.1 16.58 151.4 126.68 57,64 219.8 0.44 0.43 102.3 

7 44.08* 18,18 242.5 201.25 39.56 508.7 0.61 0.45 135.6 

8 15.74 11.94 131.8 35.52 35.98 98.7 0.54 0.54 100 

9 14,17 7.45 190.2 132.78 38.56 344.3 0.22 0.15 146.7 

10 19.88 15,19 130.9 104.68 66.1 158.4 0.42 0.41 102.4 

Mean 110.88 20.63 537.4 261.61 67.07 390 0.76 0.52 144.7 

Standard 

error 
39.79 3.73  88.63 17,13  0.17 0.06  

Mean 

square 

deviation 

125.83 11.8  280.29 54.17  0.53 0.19  

Variation 

coefficient 
113.5 57.2  107.1 80.8  70.1 37  

Min 14,17 7.45  35.52 35.98  0.22 0.15  
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Max 347.4 48.96  1012.31 214.86  1.76 0.87  

 

 Analysis shows that the highest concentrations of lead are characteristic of the in the 

places of broken military equipment (especially samples 1-4)(Fig. 3.2). At the same time, 

a significant excess of the maximum permissible concentrations is observed (till 1000%). 

Exceeding the maximum permissible concentrations is also observed in the places where 

air bombs fell, but within smaller limits (30 - 90%). 

Fig. 3.4.  

Comparison of lead concentration in soil of hostilities influence zone and background 

concentration 

 

 

 

 Analysis of zinc content demonstrates similar results – the largest concentrations 

were observed at places of broken military equipment (especially samples 2, 3) in 

comparison with background concentrations (Fig. 3.4). 

 

 

 

 

0 

50 

100 

150 

200 

250 

300 

350 

400 

1 2 3 4 5 6 7 8 9 10 

C
o
n
ce

n
tr

at
io

n
, 
m

g
/k

g
 

Sample  

Zone of hostilities influence   Background value 



 
 

42 
 

Fig. 3.5.  

Comparison of zinc concentration in soil of hostilities influence zone and background 

concentration 

 

Comparison of cadmium concentration in soil of hostilities influence zone and 

background concentration is represented in figure 3.5. A significant excess is typical for 

samples 1 and 2. 

Fig. 3.5.  

Comparison of cadmium concentration in soil of hostilities influence zone and background 

concentration 
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 In all three cases (lead, zinc and cadmium) soil sample 2 (taken in village Stare Selo 

of Sumy region) demonstrates the highest concentrationsof highly toxic heavy metals. 

Unfortunately, authors [8] do not provide information about the type of military equipment 

that led to such a high level of pollution. 

 Analysis of content ofII and III hazard class heavy metals are represented by copper 

and nickel (table 3.4 and 3.5). 
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Table 3.5 

Content of gross forms of heavy metals of II hazard class on agricultural lands of Sumy 

and Okhtyr districts of Sumy oblast, mg/soil kg 

Soil 

sample 

Cuprum Niskel 

Zone of 

hostilities 

influence 

Background 

value 

% to the 

background 

value 

Zone of 

hostilities 

influence 

Background 

value 

% to the 

background 

value 

1 554.76* 25.85 2146.1 7.04 6.49 108.5 

2 610.38* 83.52 730.8 23,22 6.38 363.9 

3 122.33* 14.77 828.2 6.28 7.09 88.6 

4 141.88* 11.97 1185.3 6.50 6.80 95.6 

5 111.71* 177.07* 63.1 6.40 7.69 83.2 

6 27.71 15.33 180.8 7.05 7.43 94.9 

7 53.69 12.33 435.4 7.72 8.32 92.8 

8 21,21 14.66 144.7 5.06 7.24 69.9 

9 4.50 0.79 569.6 2.50 1.74 143.7 

10 6,10 6.13 99.5 2.68 3.63 73.8 

Mean 165.43 36,24 638.35 7.45 6.28 121.49 

Standard 

error 
71.37 17,28  5.82 0.64  

Mean 

square 

deviation 

225.68 54.63  5.82 2.02  

Variation 

coefficient 
136.40 150.70  78.24 32,28  

Min 4.50 0.79  2.50 1.74  

Max 610.38 177.07  23,22 8.32  

 

 From histograms (Fig. 3.5 and 3.6) we see that significant excess is typical for 

sample 1 and 2 for copper and sample 2 for nickel. 
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Fig. 3.6.  

Comparison of cuprum concentration in soil of hostilities influence zone and background 

concentration 

 

Fig. 3.7.  

Comparison of nickel concentration in soil of hostilities influence zone and background 

concentration 
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Table 3.6 

Content of gross forms of heavy metals of III hazard class on agricultural lands of Sumy 

and Okhtyr districts of Sumy oblast, mg/soil kg 

Soil 

sample 

Iron Manganese 

Zone of 

hostilities 

influence 

Background 

value 

% to the 

background 

value 

Zone of 

hostilities 

influence 

Background 

value 

% to the 

background 

value 

1 26353 11219 234.9 3545.19* 312.91 1133 

2 11599 15195 76.6 872.3 172.32 506.2 

3 10887 10189 106.9 332.16 201.44 164.9 

4 9784 11888 82.3 322.01 182.85 176.1 

5 9234 11428 80.8 216.36 333.81 64.8 

6 12392 12604 98.3 197.06 199.74 98.7 

7 8728 12158 81.8 99.56 188.42 52.8 

8 9536 10031 95.1 3524.15* 242.46 1453.5 

9 3430 470 729.8 62.29 21.86 284.9 

10 3656 4687 78.0 83.09 87.71 94.7 

Mean 10559.90 9986.90 105.7 923.49 194.08 476.2 

Standard 

error 

1997.90 1352.40  441.37 29,37  

Mean 

square 

deviation 

6317.77 4276.54  1395.70 92.89  

Variation 

coefficient 

59.80 42.80  150.70 47.80  

Min 3430 470  62.29 21.86  

Max 26356 15195  3545.19 333.81  
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Table 3.7 

Degree of soil pollution  

Degree of soil pollution AF 

uncontaminated soils 1 – 2 

lightly polluted soils Less than 10 

medium polluted soils 10 – 30  

highly polluted soils 30 – 60  

very highly polluted soils More than 60 

Accumulation factor (AF) = C/B 

C = content of gross forms of heavy metal, B = background content 

 

Table 3.8.  

Gradation of soils according to the degree of pollution 

Sample Lead Zinc Cadmium Cuprum Nikel Iron Manganese 

1 11,40 2,48 3,35 21,46 1,08 2,35 11,33 

2 7,10 4,71 2,55 7,31 3,64 0,76 5,06 

3 6,34 7,65 1,07 8,28 0,89 1,07 1,65 

4 4,63 5,38 0,69 11,85 0,96 0,82 1,76 

5 4,67 4,41 1,10 0,63 0,83 0,81 0,65 

6 1,51 2,20 1,02 1,81 0,95 0,98 0,99 

7 2,42 5,09 1,36 4,35 0,93 0,72 0,53 

8 1,32 0,99 1,00 1,45 0,70 0,95 14,53 

9 1,90 3,44 1,47 5,70 1,44 7,30 2,85 

10 1,31 1,58 1,02 1,00 0,74 0,78 0,95 

Among the measures of soil detoxification, the following methods can be distinguished:  

- Soil liming (вапнування грунту)  

- Application of manure, peat, organo-mineral components  (застовування гною, 

торфу, органомінеральних компонентів) 



 
 

48 
 

- Use of phosphorus fertilizers (фосфорні добрива)  

- Use of zeolites of both natural and artificial origin (цеоліти) 

- Use of oppositely directed interactions 

- Use of biological measures. These include the cultivation of tolerant agricultural 

crops, or the use of contaminated land resources for the cultivation of technical and forest 

crops and the breeding of flowers 

Creation of a new arable horizon both through plantation plowing, which ensures the 

burial of a layer at a depth of 40-50 cm and the upturning of uncontaminated subsoil to the 

surface, and through the creation of a bulk layer due to soil brought from an 

uncontaminated territory. It is also possible to remove the toxic layer and place normal soil 

in its place. 

 

 

Table 3.9 

Selection of the soil detoxification method for investigated territories 

Method of soil detoxication  heavy metals  

(highest effect) 

Recommendation 

for samples 

Soil liming  Cadmium 1 and 2 

Application of manure, peat, 

organo-mineral components  

All heavy metals 1 – 9  

Phosphorus fertilizers  Lead, zinc 1 – 5,  7 

Zeolites Lead, 

cationic form of metals 

1  

Use of oppositely directed 

interactions 

[Usually used for 

pollution by Hg] 

-  

Biological measures For very highly polluted 

soils 

- 

Creation of a new arable horizon  For very highly polluted 

soils 

- 

After the war, such an analysis of soil contamination should be made for all regions and 

districts of Ukraine that are in the zone of active military operations. 
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Recommendations 
 

Speaking of recommendations, in the short term, Ukraine should focus first of all on 

methods of recording and assessing the environmental damage inflicted on it every day. In 

the future, it is necessary to focus on the elimination and reduction of immediate risks to 

human health and the environment associated with the consequences of war. 

Comprehensive environmental cleanup measures, especially the collection, safe disposal 

and disposal of military and other waste, can help reduce health risks. However, this will 

require rebuilding and rebuilding a more efficient environmental infrastructure to ensure 

safe drinking water, adequate sanitation and proper waste management. Prioritization 

needs to be guided by the human health consequences that already exist, as well as those 

that may arise in the future. 

In the long term, the process of post-war economic development should be used for 

the fundamental transformation of Ukraine into a green economy with a net zero level of 

harmful emissions. Reconstruction should be based exclusively on European "green" 

standards: new types of materials, modern complexes for waste processing, innovative 

housing construction technologies, renewable energy systems, etc. 

The process of transforming contaminated land into usable land is called 

reclamation. The choice of remediation technology depends on the nature and degree of 

pollution, the intended purpose or use of the area being restored, as well as on the 

availability of efficient and cost-effective technologies. 

But before choosing a technology, you need to analyze the consequences of 

hostilities according to the following algorithm: 

 identification of land damaged by hostilities; 

 identification of influencing factors (e.g., these were troop maneuvers or 

movement of equipment); 

 determination of the type of impact (chemical, mechanical or physical) and 

consequences for land; 
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 assessment of the level of soil contamination as a result of a certain type of 

impact (e.g. assessment of areas littered with fragments); 

 assessment of the level of soil pollution. 

Based on the conclusions of the analysis, it is possible to choose the optimal 

reclamation option. In turn, methods of treatment of contaminated soil include physical, 

chemical and biological remediation (cleaning). 

Among the measures for detoxification of excess heavy metals in the soil, the 

following can be distinguished: 

1. Soil liming. It was established that the lowest solubility of heavy metals is 

observed at pH 6.5. In the experiments conducted by Karpova and Potatuyeva, it was 

established that lime significantly reduces the intake of cadmium in plants. Also, the 

antagonism between Ca and heavy metals is often noted in the literature. 

2. The use of manure, peat, and organo-mineral components makes it possible to use 

the property of many organic compounds to complex with heavy metals. The formed 

organometallic complexes are either immobile or unable to overcome cell membranes in 

the "soil-root" system. 

3. Phosphorous fertilizers have a significant ability to detoxify heavy metals. 

Phosphates of Pb, Zn and other metals are poorly soluble compounds that are not readily 

available to plants. Applying 3 t/ha of monosubstituted calcium phosphate to the soil due 

to the effect of Pb detoxification (the content of Pb in plants was taken into account) 

corresponded to the application of 1 to 4 t of CaСО3/ha (Lagerwerff, 1972). To reduce 

expenses on superphosphate, it is advisable to use phosphorite flour. Therefore, the 

phosphorization of acidic soils with the aim of inactivating excess BM is considered as 

one of the important measures of human and animal health protection (Mineev, 1988). 

4. To detoxify an excess of heavy metals in the soil, you can use zeolites of both 

natural and artificial origin. It should be noted that this refers to metals found in the soil 

solution in the form of cations. The presence of zeolites does not reduce the migration of 

anionic forms of metals into plants (Yelishchevta et al., 1987). When using different types 

of zeolite in acidic soils contaminated with lead, it was possible to reduce the content of 



 
 

51 
 

this metal by 30%. However, in some soils the effect of the presence of zeolite was 

insignificant (Orowiak et al., 1985). 

5. Use of oppositely directed interactions. As is known from agrochemistry, when 

plants absorb chemical elements from the soil, oppositely directed interactions occur: 

synergistic, when the presence of one element promotes the entry of another into the roots, 

and antagonistic, when it opposes its entry. In particular, the antagonism between Hg and 

Zn was pointed out and the possibility of using zinc, in this case as much less toxic, to 

limit the entry of mercury into food chains was allowed (Agerwerff, 1972). 

6. Use of biological measures. These include the cultivation of tolerant agricultural 

crops, or the use of contaminated land resources for the cultivation of technical and forest 

crops and the breeding of flowers. 

7. Creation of a new arable horizon both through plantation plowing, which ensures 

the burial of a layer at a depth of 40-50 cm and the upturning of uncontaminated subsoil to 

the surface, and through the creation of a bulk layer at the expense of soil brought from an 

uncontaminated territory. It is also possible to remove the toxic layer and place normal soil 

in its place. 
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CONCLUSIONS 

 

 

As a result of the conducted research, an excess of the background level in terms of 

the gross content of lead was found in all ten soil samples, zinc – nine, cadmium and 

copper – eight, manganese – six, nickel and iron – three, and the average content of lead in 

the contaminated territories was 5 .4 times exceeded the background value, manganese — 

4.8 times, copper — 4.6, zinc — 3.9, cadmium — 1.4, nickel and iron — 1.2 and 1.1 

times. 

Exceeding the MPC of gross lead content was found in six soil samples, copper in 

five soil samples, zinc and manganese in two soil samples from the sites of hostilities. The 

content of gross forms of cadmium and nickel did not exceed the MPC. 

The highest degree of disturbance of the soil cover as a result of hostilities was 

noted in the places of burned equipment (the village of Kosivshchyna, the village of Stare 

Selo, the village of Nyzy, Sumy District, Sumy oblast). 

A significantly higher coefficient of variation of the content of gross forms of heavy 

metals in the combat zone, compared to the content outside the combat zone (background 

value), may indicate the intensity of the influence of a negative factor on the soil cover. 

According to the results of the correlation analysis, an extremely strong dependence 

was established between the content of the studied forms of heavy metals. 

In order to prevent negative consequences for the human body, it is necessary to 

carry out careful monitoring of soil areas damaged and contaminated as a result of 

hostilities, which will make it possible to take timely measures for their reproduction and 

rehabilitation, as well as to establish the boundaries of contaminated areas for the purpose 

of their restoration. 
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