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Introduction. Soil pollution commonly results from metals, organic wastes, oils, tar, pesticides, explosives, toxic residues,
radioactive materials, and biologically active combustible substances. Sources of such pollution encompass industrial and
domestic waste sites, as well as unauthorized disposal areas. Today, soil pollution in Ukraine reflects not only economic
activities but also the consequences of ongoing military operations.

The aim of the research — is to analyze literature concerning heavy metal contamination of environmental elements resulting
from warfare and its implications for public health.

Materials and methods of the research. An analytical review of scientific publications was conducted using medical databases
along with internet resources.

Results. Ukraine's recovery post-war entails overcoming extensive heavy metal contamination and addressing mining threats.
Territorial scale and complexity necessitate long-term, resource-intensive recovery efforts. Comparative studies reveal comp-
lex contamination recovery challenges. Post-First World War France categorized war-damaged areas into green, yellow, and
red zones. Balkan Peninsula countries face post-conflict ecological and institutional recovery hurdles. Post-war recovery
challenges include coordination, data consolidation, and long-term toxicological monitoring. Pregnant women face
increased risks from heavy metal exposure. Studies report livestock morbidity increases from mercury, lead, copper, magne-
sium, lithium, TNT, and depleted uranium soil and water contamination. Ukraine's post-war recovery challenges differ from
traditional contexts, owing to ongoing conflict and extensive heavy metal contamination. Strategic recovery includes mini-
mization of heavy metal exposure to vulnerable populations. The global community must step up efforts to address heavy
metal contamination from military operations. Efforts must prioritize recovery of soil functionality to minimize heavy metal
exposure risks.

Conclusions. Military activities cause extensive and prolonged environmental degradation, with contamination by heavy
metals and toxic substances leading to significant economic, ecological, medical, and social impacts. Developing a recovery
strategy for Ukraine must be specific to its circumstances and cannot solely rely on experiences from other countries due to
ongoing pollution from active hostilities. After the war, a comprehensive research program focusing on military-induced
environmental and public health effects should be prioritized.
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Introduction Heavy metals and their derivatives occupy an

The interplay between environmental quality and
human health is a fundamental connection. According
to WHO data, approximately 25% of global illnesses
stem from adverse environmental conditions, and over
1 billion people reside in areas with significant air pol-
lution [1]. Soil pollution commonly results from
metals, organic wastes, oils, tar, pesticides, explo-
sives, toxic residues, radioactive materials, and bio-
logically active combustible substances. Sources of
such pollution encompass industrial and domestic
waste sites, as well as unauthorized disposal areas.
Today, soil pollution in Ukraine reflects not only eco-
nomic activities but also the consequences of ongoing
military operations [2].
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important position among the various contaminants.
These metals, prevalent in industry and waste accu-
mulation, pose significant risks to human health and
the environment [3]. The problem of heavy metal
contamination has escalated due to active military
operations in Ukraine, resulting in the deposition of
munitions and equipment remnants across agricul-
tural lands, leading to alterations in soil composition
following explosions [2]. The presence of hazardous
metals like mercury, cadmium, lead, chromium, cop-
per, zine, and arsenic in soil poses a serious threat [4].
The accumulation of these metals in soil and food
products can have toxic effects on the human body,
affecting vital systems such as the central and peri-
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pheral nervous systems, hematopoiesis, endocrine
functions, and metabolism [5]. Epidemiological
monitoring of heavy metals and their health impacts is
essential in Ukraine, particularly in the context of
post-war recovery efforts.

The aim of the research — is to analyze and syn-
thesize global and domestic literature concerning
heavy metal contamination of environmental ele-
ments resulting from warfare and its implications for
public health.

Materials and methods of the research

An analytical review of scientific publications was
conducted using databases such as PubMed,
MEDLINE, Free Medical Journals, BioMed Central,
and the V. I. Vernadsky National Library of Ukraine,
along with internet resources.

Results of the research and their discussion

1. Sources of Soil Contamination with Heavy
Metals

Soils play crucial roles in terrestrial ecosystems, and
their ecological and geochemical conditions are
essential for the Earth's biosphere stability and human
survival. Heavy metals enter soils from atmospheric
deposition, surface runoff, subsoil minerals, and
groundwater, with potential secondary contamination
of water bodies. Plants assimilate these metals, which
then enter the food chain, posing health risks to
humans [6].

Natural soil pollution arises from the influx of heavy
metals and their derivatives from parent rocks and
deep ore deposits. Anthropogenic activities, such as
industrial processes, significantly increase the influx
of heavy metals into soils, leading to reduced crop
yields and quality, as well as risks to human and ani-
mal health.

According to Ukrainian environmental services,
approximately 1,800 tons of lead and 400 tons of cad-
mium are introduced into soils annually through pes-
ticides and mineral fertilizers. Consequently, certain
regions exhibit heavy metal concentrations 2—5 times
higher than natural background levels, with metals
persisting in soils for decades or even centuries [7].
Lead and cadmium contamination extends beyond
industrial sites, affecting agricultural lands and food
products, thus posing additional health risks through
dietary exposure [8].

Plants, like all organisms, can tolerate increasing
heavy metal concentrations up to a certain threshold.
Beyond this threshold, heavy metals can suppress and
kill organisms, leading to reduced species diversity
and poor conditions for plant growth.

The distribution of heavy metals in soil is influen-
ced by several factors [9]:

— soil texture: soil particle size directly impacts
adsorption properties, with finer particles inhibi-
ting metal transfer beyond the soil profile and pro-
moting accumulation;

— oxides and hydroxides: iron, aluminum, and man-
ganese oxides and hydroxides play pivotal roles in
metal mobility in soil, affecting metal sorption
through isomorphic substitution;

— soil pH: acidic soils facilitate the formation of solu-
ble organo-mineral complexes by heavy metals;

— carbonate content: carbonates reduce metal mobi-
lity in soils by influencing environmental pH and
sorption properties;

— fertilizer application: fertilizers alter soil pH, affec-
ting microelement compound solubility, intensi-
fying exchange reactions, and influencing metal
accumulation;

— soil organic matter: organic matter acts as a metal
inactivator, enhancing soil bulfering capacity,
reducing metal toxicity, and preventing plant
uptake;

— soil biota: soil microbial activity influences the
mobile forms of heavy metals over time, affecting
chemical element absorption by plants;

— soil profile migration: heavy metals undergo vari-
ous transformations within soil profiles, with
mobility typically reduced by humus fixation. The
uppermost soil layer often exhibits increased metal
content due to migration and fixation processes.
An indicator used to classify soil pollution levels is

the accumulation coefficient (AC), which represents

the multiplication factor of average metal content in
the soil. Uncontaminated soils typically have an AC
value of 1—2. Soil pollution levels are categorized
based on AC values: slightly polluted (up to 10 AC),
moderately polluted (10—30 AC), heavily polluted

(30—60 AC), and very heavily polluted (more than

60 AC). According to hygienic principles for assessing

soil pollution, permissible heavy metal levels in soils

are aligned with the criteria for heavily polluted soils.

In instances of multiple-element contamination,
the total pollution index (TPI) is calculated to assess
overall contamination severity. TPI-based ratings
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evaluate soil contamination risks and inform health
assessments of affected populations as presented in
Table.

The accumulation of heavy metals in soil and food
products poses toxic risks to human health. Even at
relatively low concentrations, heavy metals like lead,
mercury, and cadmium exert membrane and cytotoxic
effects, disrupt metabolic processes, and cause patho-
logical changes in vital systems, including the central
and peripheral nervous systems, hematopoiesis, endo-
crine functions, and metabolism. These metals are
implicated in atherosclerosis, cancer, and genetic dis-
orders, emphasizing the critical need for monitoring
and mitigating their environmental impacts [ 10].

2. The Dangers of Soil Contamination from Military
Operations and Solutions
Military activities have been shown to cause extensive
and enduring environmental degradation. Wars fought
worldwide during the 20" and 21% centuries have
resulted in severe damage to the environment, espe-
cially to the soil. The deployment of powerful military
machinery and the use of substantial ammunition
quantities have led to widespread soil damage across
large areas in Ukraine. Russia's armed aggression has
directly resulted in uncontrolled alterations to the
geochemical composition of soils in war zones [11].

Under natural conditions, trace element and heavy
metal concentrations in soils typically increase with
depth, sourced primarily from soil-forming rocks.
However, during wartime, the influx of heavy metals
into the fertile soil layer on agricultural lands can
result from ammunition depots and destroyed equip-
ment, and from soil-forming rock being ejected and
mixed with soil during explosions. These changes can
have long-term detrimental effects on public health
and agricultural product quality.

Soil degradation resulting from military actions
encompasses not only direct combat but also strate-
gies aimed at undermining the enemy's resource

base. Worldwide experience demonstrates this
through the destruction of inirastructure, industry,
and food supplies, intentional mechanical soil
damage, and chemical introduction leading to fires
and deforestation. Ukraine currently faces all these
challenges due to ongoing conflicts.

The Russian-Ukrainian war, especially since the full-
scale invasion on February 24, 2022, has seen the use of
an extensive arsenal of weaponry, military equipment,
and ammunition. All these forms of military-technoge-
nic stress contribute to severe pollution and soil cover
destruction. Ammunition detonations generate shock
waves and dispersing explosion products that permeate
the environment, causing widespread soil deformation in
all directions [12, 13].

Ammunition combustion, explosion, and detona-
tion result in various toxic byproducts that infiltrate
the soil alongside water and ammunition fragments.
The extent of environmental impact from ammunition
use depends on explosive substance transformation
speed and projectile explosive substance mass.
Military equipment deployment further intensifies
territory contamination with oil products, lead, and
aromatic hydrocarbons.

Continuous combat activity leads to soil accumula-
tion of lead, cadmium, and petroleum products. These
pollutants primarily amass in the soil initially, redistri-
buting within the soil and into other environments,
including surface and underground waters and vegeta-
tion, eventually entering the soil-plant-human trophic
chain. Predicting pollutant migration in such a complex
soil system is challenging due to the need to consider
numerous variables over time and space, encompassing
physical and chemical soil parameters, environmental
conditions, and pollutant forms [13].

The mobility of soil pollutants and their subsequent
plant uptake depend on soil physical and chemical
properties such as granulometric and mineralogical
composition, humus content, cation exchange capa-
city, and redox conditions. Predicting pollutant migra-

Table

Approximate scale for assessing soil pollution hazard based on TPI [9]

Rating of soil pollution TPI

The impact of soil pollution on health indicators

Acceptable <16 Lowest level of morbidity in children and minimal functional abnormalities in adults
Moderately dangerous 16-32 | General increase in morbidity
Dangerous 32-128 | Elevated morbidity, particularly among children and those with chronic diseases

Highly dangerous > 128

infant hypotrophy

Rising incidence of childhood illnesses and impaired reproductive health in women,
such as increased cases of pregnancy-related toxicosis, premature births, stillbirths, and
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tion can be achieved by identifying landscape-geo-
chemical barriers, which signily changes in soil cha-
racteristics and migration conditions, influencing
pollutant accumulation. Therefore, soil restoration
planning should involve detailed area studies to assess
pollution levels and landscape-geochemical condi-
tions affecting pollutant redistribution [13].

Soil pollution severity significantly worsens with
prolonged and intense hostilities, leading to ecologi-
cal deterioration. Prolonged combat activity with
intermittent bombardment exacerbates pollutant
dispersion and concentration restoration to back-
ground values. Conversely, continuous hostilities
create a cumulative effect from ongoing pollutant
influx, leading to concentration increases, accu-
mulation, and cross-environmental migration condi-
tions. Extensive combat activities compromise land-
scape self-recovery capability, necessitating sub-
stantial restoration funding.

Russia's armed aggression against Ukraine has
triggered uncontrolled geochemical soil composition
changes in active combat zones. Heavy metals' con-
tent typically increases with soil depth due to natural
sources from soil-forming rocks. During wartime,
increased heavy metal levels in the fertile soil layer
result from ammunition depots, destroyed equipment
and soil-forming rock ejection and mixing with soil
mass during explosions. These alterations pose long-
term threats to population health and agricultural
product quality [13, 14].

Certain metals such as cadmium, lead, nickel,
mercury, and chromium are classified as dangerous
carcinogens by various organizations including the
American Conference of Governmental Industrial
Hygienists, the IAC Commission (Germany), and the
International Agency for Research on Cancer. These
metals can cause irreversible changes or damage in
genetic material that controls somatic cells, posing
significant health risks to humans and animals. As a
result, national and international regulatory bodies
have established strict guidelines for controlling the
levels of these metals in food products. For instance,
the Order of the Ministry of Health of Ukraine No. 7
dated January 13, 2006, and international standards
like CODEX ALIMENTARIUS outline specific limits
and monitoring requirements for these hazardous ele-
ments to protect public health.

The experiences of countries where military opera-
tions have occurred or are ongoing demonstrate the
profound impact of warfare on natural environments,

particularly on soils. Studies have highlighted that
military actions exert a significant influence on the
resilience of soils to combat-induced pollution.
However, scientific advancements in monitoring and
conducting ecological-geochemical assessments of
soil conditions in conflict zones remain fragmented.
This underscores the urgent need to address the issue
of conducting geochemical analyses and assessing
the ecological state of territories affected by military
actions. According to the Centerfor Public Monitoring
and Control, every projectile, mine, or aerial bomb
that falls on Ukrainian soil not only claims the lives of
our defenders and civilians but also harms soil fertility
(Figure).

The Ukraine State Environmental Inspectorate
estimated that Russian forces contaminated over
280,000 square meters of soil with hazardous sub-
stances within the first ten months of full-scale war.
Ukrainian Environmental Protection Organization
projections suggest nearly a third of Ukrainian areas
may be contaminated with ammunition and hazard-
ous substances. In some frontline areas, soil heavy

Figure. Examples of soil pollution after military
operations [12]
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metal content is up to 25 times higher than normal
levels.

During the G20 summit in Indonesia on November
15, 2022, Ukrainian President Volodymyr Zelensky
condemned Russia's war as ecocide, emphasizing
global repercussions. He highlighted forest destruc-
tion, catastrophic impacts on nature reserves, and
contamination of over 200 thousand hectares with
ammunition and fragments [12].

The destruction of centuries-old fertile soil layers
results from rocket explosions, artillery shells, high-
explosive aerial bombs, drones, multiple-launch rocket
systems, vacuum bombs, etc. Soil fertility loss stems
from altered physical, chemical, and physico-chemical
properties. Soil pollution not only diminishes cultivated
area fertility but also impacts human health. Harmful soil
substances infiltrate groundwater and crops directly.

Post-war soil surveys in Kharkiv region conducted
by specialists of the NSC "O. N. Sokolovsky Institute
of Soil Science and Agrochemistry" reported nickel,
copper, chromium, cadmium, and lead levels exceed-
ing background levels. The impact on chernozems is
evident, with systematic 6—8 times mercury, zinc,
and cadmium level exceedances [13].

Currently, research is actively investigating pat-
terns of soil contamination by explosive compounds
and heavy metals, as well as their distribution among
different plant species globally. For instance, bio-
monitoring studies have shown increased lead
accumulation in Spanish pine trees at unregulated
firearms ranges, which were characterized by elevated
soil levels of lead (Pb) and copper (Cu). Additionally,
dandelion leaves growing in war zones exhibit high
absorption rates of metals of military and man-made
origin, including arsenic (As), barium (Ba), cadmium
(Cd), cobalt (Co), chromium (Cr), copper (Cu), vana-
dium (V), and zinc (Zn) [15].

Separate studies have identified potentially toxic
levels of lead (Pb), copper (Cu), and nickel (Ni) accu-
mulating in forage plants on former military training
grounds in Switzerland. Furthermore, specific areas in
Kosovo heavily bombarded with shells containing
depleted uranium still show increased accumulation of
uranium in lichens [16, 17].

TNT and its transformation products are recog-
nized as highly toxic to soil fauna, although different
species exhibit varying levels of susceptibility to these
pollutants. The impact of TNT and other chemical
munitions can significantly suppress soil microbial
activity [ 18].

Dangerously high levels of explosive compounds
leached from munitions, along with numerous toxic
substances resulting from the use of various weapons
systems during military exercises of the US Navy,
have been identified in the coastal areas of Puerto
Rico [19]. Recent studies examining the trace ele-
ment composition of marine and terrestrial plants in
this region have revealed high concentrations of lead,
indicating the dispersion of pollution and bioaccumu-
lation of toxic substances within the marine food chain
[20]. Monitoring of liver and kidney levels of lead and
cadmium in sheep living on farms near military trai-
ning grounds has shown values exceeding control
limits. Conversely, research from Norway suggests a
low risk of excessive copper and lead exposure to
sheep grazing systematically on former military train-
ing grounds [21].

Contamination of the region's land and water
resources with mercury, lead, copper, magnesium,
lithium, TNT, and depleted uranium has resulted in
an extremely high level of morbidity among the popu-
lation in households residing near the open reef[22].
Specifically, inhabitants of Vieques Island, situated
within the military-technogenic influence zone (mili-
tary training ground), exhibited significant excesses
in the content of lead (Pb), aluminium (Al), cadmium
(Cd), uranium (U), and arsenic (As) in urine com-
pared to the background values of trace elements
characteristic of the archipelago's population.
Moreover, arsenic (As), cadmium (Cd), iron (Fe),
vanadium (V), and aluminium (Al) levels in blood
serum and hair were several times higher in indivi-
duals living within areas impacted by military and
technogenic influence compared to uncontaminated
areas [22].

Numerous studies have highlighted the adverse
consequences of military-technogenic influence on
the health of children residing in conflict zones.
Growth retardation and neurological development in
children have been associated with intrauterine expo-
sure to heavy metals, primarily arsenic (As), barium
(Ba), and molybdenum (Mo) [23]. The increased
number of preterm births and prevalence of birth
defects in newborns in the Gaza Strip have been
attributed to heightened exposure of the female popu-
lation to high levels of barium (Ba), arsenic (As),
cobalt (Co), cadmium (Cd), chromium (Cr), vana-
dium (V), and uranium (U) [24, 25]. Additionally,
research has demonstrated a link between neurologi-
cal development disorders in children and the war
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zone environment in Iraq [26].

In Ukraine, the presence of exploded ammunition
remnants and newly established Russian military
warehouses in occupied areas pose serious environ-
mental risks. Detonations and fires at these sites
release toxic heavy metal compounds like lead, mer-
cury, strontium, and magnesium into the air. Since
acquiring long-range artillery systems, Ukraine's
Armed Forces have destroyed numerous ammunition
and fuel storage sites, significantly contaminating
soils and water in occupied regions with heavy metals
[27, 28].

Agricultural lands in Ukraine are either fortified or
contaminated due to conflict-related activities like
shelling, fires from ammunition warehouses, and the
presence of unexploded ordnance and minefields.
Unexploded ammunition sinks into wet soil, corrod-
ing over time and releasing toxic substances into the
soil, groundwater, and eventually into plants and
animals, posing long-term risks of heavy metal poi-
soning across the affected biocenosis.

Reports from Russian-occupied Donetsk and
Luhansk regions highlight severe environmental
deterioration due to abandoned mine water pumps,
causing excess heavy metals and toxins to seep into
groundwater and rivers like the Komyshuvaha, Kryvyi
Torets, Siversky Donets, Don, and the Azov Sea. This
unchecked pollution poses significant health and
environmental risks [29].

For 8 years (2014—2022), Russian occupation
authorities intentionally caused ecological disasters in
temporarily occupied territories, even amid limited
hostilities as per the Minsk agreements. Regions
occupied by Russia since February 24, 2022, due to
ongoing intense warfare, may already be nearing a
similar ecological crisis less than two years into full-
scale conflict. Therefore, it's crucial to study expe-
riences from other conflict zones to develop post-war
recovery strategies that address the environmental
impact of hostilities [30].

Ukraine's post-war recovery presents unique chal-
lenges, particularly because even the regions libera-
ted during the Ukrainian Armed Forces' counteroffen-
sives in 2022 are considered among the most heavily
mined areas since World War I. Assessing the extent
of mine contamination in both temporarily occupied
territories and active frontlines is complex. However,
due to the intensity of hostilities, southern regions
like Mykolaiv, Kherson, and Zaporizhzhia may have
significantly higher densities of explosive devices per

unit area compared to northern regions like Kyiv,
Chernihiv, and Sumy [11].

The challenges of post-war reconstruction in zones
of intense combat operations are primarily linked to
environmental oversaturation with heavy metal com-
pounds and their sources — various explosive devices
and equipment left behind in the combat zone.
Damaged and burnt equipment remaining in combat
areas, on roads, and in open terrain rusts and breaks
down over time due to environmental factors, espe-
cially weather conditions, thereby saturating the soil
and water with metal corrosion products. Considering
that Russian occupying troops utilized nearly all types
of conventional weapons in the war against Ukraine
post-February 24, 2022, except for nuclear weapons,
it's evident that tasks such as demining de-occupied
territories and restoring combat zones to a minimally
usable state for agriculture will not only require many
decades and significant investments but also pose a
highly complex challenge for specialists [31, 32].

The experience of other countries in post-war
recovery, which economists are currently referencing
to develop strategies for Ukraine, encounters signifi-
cant obstacles that hinder its direct application to
Ukrainian circumstances.

The intensity of hostilities in Ukraine's East and
South can be likened in scale to the Western Front
battles of the First World War, particularly during the
battles for Verdun and Ypres, where the latter was
entirely destroyed due to extensive bombings. Former
combat zones along the front line were heavily lit-
tered, prompting post-war reconstruction efforts that
involved zoning and economic feasibility analyses.
The region was categorized into three zones [32]:

— "Green zone" — areas with minor damage that
could be restored relatively quickly for civilian use;
— "Yellow zone" — areas with significant damage

requiring substantial investments for long-term
restoration to civilian use;

— "Red zone" (a narrow strip along the front line from
Lille to Verdun and Nancy) — a zone of active hos-
tilities with extensive damage from unexploded
ordnance and chemical contamination by heavy
metals and chemical weapons (Pb, Cu, Zn, As, Cr,
Ni). Restoration of this area requires substantial
investments and is expected to take many decades
before civilian use can be resumed.

The problem of post-war reconstruction was also
acute for the countries of the Balkan Peninsula in the
early 2000s after nearly a decade of hostilities. Similar
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to France, studies of soil samples from former war
zones in Croatia revealed significant excess heavy
metal content, and subsequent toxicological studies
of the population indicated chronic heavy metal poi-
soning [33, 34].

However, unlike France, which maintained func-
tioning state institutions that facilitated the quick
return to civilian use of heavily affected regions, the
Balkan countries faced institutional challenges due to
the breakup of Yugoslavia and decades of conflicts.
This institutional failure hindered their ability to
assess the extent of destruction and environmental
damage comprehensively, making it difficult to pro-
vide adequate forecasts for post-war reconstruction.

The reconstruction efforts were handled locally
and chaotically by international organizations, which
were unable to coordinate effectively due to the
absence of local non-governmental organizations
that could provide ecological information and medi-
ate between international organizations and local
communities. This chaotic approach resulted in
parts of the region remaining heavily polluted with
remnants of hostilities and heavy metals even two
decades later. In contrast, France successfully
returned most of its "Green Zone" and part of its
"Yellow Zone" to agricultural use [32].

The chaotic nature and lack of proper coordination
in addressing the aftermath of hostilities, including
mine clearance and removal of projectile remnants,
result in significant delays in these processes. This
delay, coupled with metal corrosion and the diffusion
of toxic substances into soil and water environments,
means that these contaminants will reach animals
and humans through food chains, leading to chronic
heavy metal poisoning [34, 35].

There is compelling evidence that pollution from
heavy metals poses a significant risk to pregnant
women. Metals like cadmium, for example, have a
specific affinity for placental tissues, leading to various
pregnancy complications, including miscarriages.
Other heavy metals can disrupt normal fetal develop-
ment by accumulating in tissues where cells are
actively dividing, potentially causing intrauterine mal-
formations. Extensive research conducted on approxi-
mately 5,000 newborns in the Gaza Strip from 2011
to 2019 revealed that even with prompt decontamina-
tion efforts following hostilities, there remains a risk of
chronic poisoning affecting parents and, through
maternal exposure, the fetus. These findings highlight
the deterioration of reproductive health as a signifi-

cant consequence of toxicological pollution during
conflicts [35, 36].

The main challenge in Ukraine's post-war recovery
is the complexity of contamination resulting from a
wide range of ammunition used by both sides, cover-
ing an area significantly larger than that of West
Flanders, which took two decades to restore for agri-
cultural use. Additionally, there is a notable absence
of coordination, particularly regarding the demining of
de-occupied territories, and a general disorganization
in providing information about the consequences of
shelling.

For instance, creating a consolidated database for a
single day in Kherson requires cross-referencing
information from multiple sources, each providing
varying details of the same event. Timely access to
such consolidated data on shelling consequences
could enable the creation of pollution maps, similar to
those developed by France after the First World War.
Currently, this effort relies on a few enthusiasts col-
lecting data for personal reports and analytical notes,
rather than specialized structures tasked with map-
ping pollution and zoning affected areas, as was done
in France.

These historical examples underscore the comple-
xity and time required for post-war recovery in heavily
affected areas, suggesting that similar challenges will
confront efforts to restore regions affected by recent
conflict in Ukraine.

Conclusions

1. Military activities lead to extensive and prolonged
environmental degradation, including contamina-
tion with heavy metals and other toxic substances,
resulting in significant economice, ecological, med-
ical, and social losses.

2. Developing a recovery strategy during hostilities,
particularly in areas directly affected by combat,
presents a unique challenge. This strategy must be
tailored to Ukraine's specific circumstances and
cannot fully rely on the experiences of other coun-
tries due to ongoing influxes of pollutants from
active hostilities.

3. Learning from the experiences of other nations, epide-
miological monitoring of heavy metals and their health
impacts on Ukraine's population during and after the
war should be a key component of a comprehensive
research program addressing military-induced envi-
ronmental and public health effects.
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Amutpyxa H. M., Koanoe K. IN., Mepacimoea O. B.

3ABPYAHEHHS1 MPYHTIB BA)KKUMWN METAAAMMU SIK MFIEHIYMHA NPOGAEMA

Aep>kaBHa yCcTaHoBa «IHCTUTYT MeAnumHM Npadi imeHi t0. I. KyHaieBa
HauioHaAbHOT akaaeMmii MeanyHNX HayK YKpaiHu», M. Kuis

Bemyn. TpyHT HaiigacTilne 3a6pyIHIOETBCS CIIONYKAMK METAJIIB Ta OPraHiYHUMU PEYOBUHAMU, OJIMBAMM, TLOTTEM, TTECTH-
LIMIaMH, BUOYXOBUMM i TOKCUYHUMU PEYOBUHAMU, PaTiOaKTUBHUMU, 0i0JOTIYHO aKTUBHUMU TOPIOUYMMU MaTepiaaaMu,
a30ecToOM Ta IHIIMMU WKIIJTMBUMU NMPOAYKTaMU. JIXKepesoM 11X CIOJYK € MPOMHUCIIOBI a00 MOOYTOBI BiIXOIU, 3aXOPOHEH1
y BUBHAYEHMX MiCLISIX, 00 X Y HecaHKIioOHOBaHUX 3Bajiniax. CbOroaHi 3a0pyIHEHHS TPYHTIB B YKpaiHi € He JIulle pe3yib-
TaTOM TOCITOAAPCHKOI MiSITBHOCTI, a i HACIIIKOM BOEHHUX [Iiii, 1110 TPUBAIOTh.

Mema Odocnidncenns — aHalli3 Ta y3araJbHEHHS IaHUX CBITOBOI Ta BITUYM3HAHOI JiTepaTypu 3 MUTAHHS 3a0pyIHEHHS
00’€KTIB TOBKIJLII BAXKKUMU METaJlaMU BHACTIIOK OOMOBUX il SIK (haKTOpy PU3MKY JUISl 310POB’Sl HACEJEHHS.
Mamepiaru ma memodu docaioxcerns. AHATITUIHUAIN OTJISIA HAYKOBUX MyOJTiKallili BUKOHAHO 3 BUKOPMCTaHHSIM iH(hOopMa-
uitHux 6a3 ganux PubMed, PubMed, MEDLINE, Free Medical Journals, BioMed Central, HauionanbHoi 6i01ioTeku
VYkpainu im. B. 1. BepHaicbkoro 3a J101oMoroo iHTepHET pecypciB.

Pesyavbmamu. BinHoBIeHHs YKpaiHM Micis BiliHU nepeadavyae MoaoJaHHS MaclITaOHOTO 3a0pyIHEHHS BaXKKUMU MeTajla-
MM Ta BUPillIeHHs Mpo0sieM, 110 MOB’s3aHi 3 BUAOOYTKOM KOPUCHUX KoMajiuH. TeputopiajibHUil MaciiTad i CKIaaHiCTh
BUMAramTh JOBIOCTPOKOBUX, PECYPCOMICTKUX 3YCWIb 3 BiHOBJIEHHS. [1OpiBHSUIBHI JOCIIIKEHHSI HACIIAHUKIB MoIepe-
ITHIX BiifH BUSIBJISIIOTh KOMIUIEKCHI TTpo0ieMu 3 BimHOBIeHHS. Tak, ®@paHiis micis [epioi ¢BiToBoI BiitHM KitacudikyBaia
MOIIKOKEHI BIHHOIO TEPUTOPIil HA 3€JIEHY, XKOBTY Ta YEPBOHY 30HU. Y CBOIO Uepry KpaiHu bajkaHCcbhbKOro miBocTpoBa CTU-
KaloThCs 3 TIpo0ieMaMy €KOJIOTIYHOIO Ta iHCTUTYLIIMHOTO BiTHOBJIEHHS Tic/s KoHuikTy. [TpobdieMu micJIsIBOEHHOTO Bij-
HOBJICHHSI BKJIIOYAIOTh KOOPAMHALIiI0, KOHCOJIALIiI0 JaHUX i JTOBrOCTPOKOBUI TOKCUKOJIOTIYHUI MOHITOpUHTL. BariTHi
JKiHKW CTUKAIOTHCS 3 MiIBUILIEHUM PU3UKOM BIUIMBY BaXXKUX MeTasiB. JlOCTIAIHUKY TaKOX MOBiIOMJISIIOTH PO 301/IbILIEHHST
3aXBOPIOBAHOCTI Xy/1001 Yepe3 3a0pyIHEHHSI IPYHTY Ta BOAM PTYTTIO, CBUHIIEM, Mi/I[It0, MAarHi€M, JIITIEM, TPOTUJIOM i 30i1-
HeHuM ypaHoM. [IpoGieMu TicISIBOEHHOTO BiTHOBJIEHHS YKpaiHUW BiAPi3HSIOTHCS Bifl TPaaWLiHHUX KOHTEKCTIB 4yepes
TpUBaOUMi KOH(IIIKT i 3HaYHE 3a0pyaTHEHHS BaXXKMMU MeTajaMu. CTpaTeriuHe BiTHOBJICHHSI BKITIOYA€ MiHiMi3allito BILIA-
BY BaXKKMX MeTaJliB Ha BpasJIMBi Ipynu HacesieHHs1. CBiTOBe CIiBTOBApUCTBO MAa€ aKTHUBI3yBaTU 3yCUJUIS JJIsl OOPOTHLOM 3
3a0pyAHEHHSIM BaKKMMM MeTajlaMu B pe3yJibTaTi BilicbKOBMX orepaniii. 3ycuiuis MMOBUHHI OYyTU CMpsIMOBaHi Ha BiTHOB-
JIeHHS (DYHKIIIOHAIBHOCTI IPYHTY, 100 MiHiMi3yBaTu pU3UKU BIUIMBY BaKKUX METAJiB.

Bucnosku. BilicbkoBa IisZIbHICTb CIIPUUYMHSIE MacCIITAOHY Ta TPUBAJIY Aerpajallito HaBKOJUIITHBOTO CepeIoBUIIA 3i 3a0py/I-
HEHHSIM BaXXKMMU MeTaJlaMM Ta TOKCUMYHUMM PEYOBHMHAMM, IO MPU3BOAUTH IO 3HAYHUX CKOHOMIUHHMX, CKOJOTIYHUX,
MEIMYHUX i collialbHUX HaciaKiB. Po3pobka crpaTerii BiTHOBIEHHS 11 YKpaiHU Ma€ BiANOBiIaTU KOHKPETHUM OOCTaBU-
HaM i He MOXe MOKJIaJaThCs JMIe Ha JOCBiI iHIIMX KpaiH yepe3 MOCTiiiHe 3a0pyIHEHHST BHACIIOK aKTUBHUX OOMOBHUX
niid. ITicns BiliHM BceocsikHa AOCiAHUIIBKA MporpaMa, sika 30cepel’keHa Ha BIJIMBaX Ha HAaBKOJIMUIIHE CEPEJOBMIIE Ta
3MI0POB’Sl HACEJIEHHS, CIPUYMHEHUX BOEHHUMU AisIMU, MA€E CTATU MPiOPUTETOM.
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