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BykosuHChbKUL depxagHuli MeduyHull yHieepcumem, kaghedpa aiicHu ma exorozii, M. YepHieui, Ykpaita
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CTAH CEPENOBHILA HHUTTEMANBHOCT
NHOAXAA B YMOBAX NOBHOMACILTABHOI
BIHHH PIICIHCI;I&%IAQI!;FAIEPAHII NPOTH
PE3KOME. Bcmyn. lNoHad 3 poku mpuseae nogHomacwmabHa eiliHa pociticbkoi ghedepauii npomu YkpaiHu, ska crpuquHuna
kamacmpodiyHi eymaHimapHi ma ekomnoaiyHi empamu i 0bymosurna HenepedbadyysaHi Hacnioku Onsg 300poe’s MmoduHu ma

0oskinns.

Mema. AHani3 akmyarnbHux 3aepo3 cepedosulyy xummeodisibHocmi MOUHU 8 yMo8ax nogHoMmacwmabHoi 8iliHu pociticbKoi
¢bedepauii npomu YkpaiHu.

Mamepianu ma memodu. 3dilicHeHo aHanimuy4HuUl 02510 8idkpumux Oxepen iHghopmauii ma Mamepiasnig Haykogux 6ibrio-
mek PubMed, Elsevier ma iH. Bukopucmati Memodu cucmeMHO20, NMOpPIi8HATbHO20 ma KOHMeHmM-aHarni3y.

Pesynbmamu. Okpim eenuyesHux nOCbKUX empam, nosHomacwmabHa eiliHa pociticekoi gpedepauii npomu YkpaiHu mana
pyUHigHUU 8rug Ha npupodHe cepedosuuie, MPo Wo ceid4umb 3abpyOHeHHS nosimpsi, 800HUX OxXepen, rpyHmie, pylHauyis
naHOwaghmie i ekocucmem. [lornepedHbO KOPOMKOCMPOKO8I 36UMKU HaBKOMUWHLOMY cepedosuuly ouiHeHo 8 56,4 mmpd.
Oonapis. [Joszocmpokosuli ennue 3abpyOHeHHs Ha 300p0o8's MoOUHU ma NPUPOOHi eKocuCMeMU MOXHa OuiHUMU fuwe nicns
3aKiHYeHHs 8iliHU. Kmro4osi 3aepo3u cepedosulyy xummedisinbHocmi OUHU 8 YMO8ax MnogHoMacmabHoi 8iliHU ye: pyUHie-
Hull 8nnug Ha NpUpoOHi pecypcu ma 3abpyOHEHHS Mosimps, rpyHmie ma 800HUX AXepen CMItKUMU opeaHiyHumu U Heopea-
HiYHUMU crionykamu; ni0suweHHs 8pasnusocmi YkpaiHu 00 3miHu KniMamy ma nocnabneHHs ii diti ujo0o ckopoyeHHs 8UKudig
MapHUKOBUX 2a3i8; 3p0CmaHHs peasibHUX XiMiyHuUX, b6ionoeiyHux, padiauyiliHo-s0epHUX 3a2p03 300p08’to MoOUHU ma O08KImo.
BucHoeku. Hacnidku nosHomacwmabHoi 8itiHu pocitickkoi oedepauii npomu YkpaiHu npomsizom 6aeamb0x pokie cmaHymb
npedmemom Haykogux 00CniOXeHb, CIPSIMOBaHUX Ha MOWYK e(beKmUBHUX iHCmpyMeHmig 3axucmy 300po8’s moduHu i cepe-

dosuwya i xummedisinbHocmi 8i0 8nugy HacmioKie 8itiHu.
Knroyoei crnoea: nosHomacwmabHa eiliHa, cepedosuuye xummedisnbHocmi noduHU, 300p08's 1OUHU ma AoBKIsIA.
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THE STATE OF THE ENVIRONMENT IN THE CONDITIONS
OF THE FULL-SCALE WAR OF THE RUSSIAN FEDERATION AGAINST UKRAINE

ABSTRACTS. Introduction. The full-scale war of the russian federation against Ukraine has been going on for more than
3 years, which has caused catastrophic humanitarian and environmental losses and has led to unpredictable consequences
for human health and the environment.

Aim. Analysis of current threats to the environment in the conditions of a full-scale war of the russian federation against
Ukraine.

Materials and Methods. Analytical review of open sources of information and materials of scientific libraries PubMed, Elsevier,
etc. The methods of systematic, comparative and content analysis were used.

Results. In addition to huge human losses, the full-scale war of russian federation against Ukraine had a devastating impact
on the natural environment, as evidenced by pollution of air, water sources, soils, destruction of landscapes and ecosystems.
Preliminary short-term damage to the environment is estimated at 56.4 billion dollars. The long-term impact of pollution on
human health and natural ecosystems can be assessed only after the end of the war. The key threats to the human environ-
ment in the conditions of a full-scale war are: destructive impact on natural resources and pollution of air, soils and water
sources with persistent organic and inorganic compounds; increasing Ukraine's vulnerability to climate change and weakening
its efforts to reduce greenhouse gas emissions; increasing real chemical, biological, radiological and nuclear threats to human
health and the environment.
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Conclusions. The consequences of russian federation full-scale war against Ukraine will be the subject of scientific research
for many years, aimed at finding effective tools to protect human health and the environment from the effects of war.
Keywords: full-scale war, human environment, human health and the environment.

Beryn. 24 niotoro 2022 poky noBHOMaclTabHe
BTOPrHEHHS POCINCHKOI hedepallii Ha CyBepeHHy Tepu-
Topito YkpaiHM CTano novaTkoM HanbinbLLoro 36porHoO-
ro KOHNikTy B €Bponi 3 yacis [pyroi CBITOBOI BiliHW.
YkpaiHa 3asHana katacTpomiyHWX NOLACHKMX, EKOHO-
MiYHKX | colianbHUX BTpaT.

Tak, 3a gaHuMn KniBcbKOi LLKOMM EKOHOMIKK, BilHa
HEraTvBHO BMNMWHYIa Ha E€KOHOMIKY, 3HU3WNa eHepre-
TWYHY Ta npogoBonbyy 6e3neky aepxasu [1], xepTBoto
BiHW CTano JOBkKiNns. besnocepeaHi Ta KOPOTKOCTPO-
KOBi 3GUTKM HaBKOMNWLIHbOMY CEpefdoBULLY CbOrogHi
ouiHioTECS B 56,4 Minbsapaa gonapis CLUA. [dosro-
CTPOKOBMI BNMUB XiMIYHOTO Ta papiauinHoro 3abpya-
HEHHS Ha 300pOB'S NIOAMHW Ta JOBKINNA Moxe 6yTu
MOBHICTIO OLIHEHO NWLe MO 3aKiHYeHHIO BiHKM [2, 3].
[JocBig nonepeHix BOEH [0BOAMTb, LUKOAA HaBKO-
NULIHBOMY CepefoBuLLy Moxe OyTW K Hacnigkom
HEHaBMUCHOI BIICbKOBOI AiSNIbHOCTI, TaK i YaCTUHO
CMIiaHOBaHOI BIiliCbKOBOI cTparterii [4, 5].

3asHaueHe Bxe NiagTBEpAXYOTb AOCMIMKEHHS, agxe
HWHI 3aBAaHo Be3nocepeaHboi WKoAW 06’ekTam HaBKo-
NULLIHBOTO CepeaoBuLLa BIICEKOBUMM AisMu: 0bCTpina-
MU, LLO NpW3BOAATbL OO NICOBUX MOXEX; 3aCTOCYBaH-
HAM TaKTWKU «BUNAneHoi 3emni»; 3aTONSIeHHAM Yepes
pyViHyBaHHS famMb; 06OPOHHOI TakTuKK, LWo nepenba-
4ae pUTTS OKONIB i YCTAHOBKW NPOTUTAHKOBMUX MiH; Bill-
CbKOBUX [iN, SKi WOYTb B €KOMOMYHO YyTIMBMX pan-
OHax, 30Kpema y NpupoaHMX 3anoBigHukax [6-8].

YKpaiHCbki ypsiooBi YCTaHOBM, OpraHisauii rpoma-
ASHCBKOrO CyCMinbCTBa Ta MiKHAPOAHI areHTCTBa BXe
MatoTb 6esnpeLefeHTHY KiNbKiCTb 4aHWUX MPO HaCcniaKku
MOBHOMACLUTaBHOI BiliHM POCINCHKOI heaepaLii npoTu
YkpaiHn Ans ekoHOMikM, iH(pacTpyKTypy, 300pOB’S
noguHwn i goskinns [9-11].

Meta gaHOro AOCHIMXKEHHS — aHanis akTyarbHWX
3arpo3 cepefoBuLLY XUTTEQIANBHOCTI NOANHA B YMO-
Bax noBHOMAacLTabHOI BIlHW poCiicbkol heaepauii
npoTn YkpaiHu. Y Hefanekomy ManbyTHbOMY Lieii aHa-
ni3 cTaHe OCHOBO Anst OBIPYHTYBaHHS LLNSAXiB NOLO-
NaHHA HacnigkiB BiMHW ONS 340POB’S NOAWMHM Ta
J0BKINNs.

Marepianu Ta metogu. 3aiiCHEHO aHaNITUYHWIA
ornsz, BiAKpUTUX [xepen iHdopMali, matepianis HayKo-
Bux 6ibniotek PubMed, Elsevier Ta iH. BukopucraHo
METOAMN CUCTEMHOTO, MOPIBHANBHOMO Ta KOHTEHT-aHani3y.

Pe3ynsraTu. Okpim 3arvbeni Big noctpinis, BUbYyXis,
PyVHyBaHb iHPaCTPYKTYpK, BitHa cnpuynHuna 36inb-
LUEHHSI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Cepeq, LBIfb-
HOTO HaceneHHs! BHACMiAOK HecTaui SAKICHUX Xxap4oBuMX
NPOAYKTIB, IHMEKUINHNX | HeiHdeKLiiHUX 3axBopto-
BaHb, TpaBM, MCUXIYHMX Ta MOBELIHKOBMX PO3NafiB
[12-16]. Hacnigkw BiiHW ANs 300POB'A NIOAUHM NepLu
3a BCe BWKMMKaHI BUMYLIEHUM MNepeMilleHHsM Ta
MOLLKOKEHHAM O0O’€KTIB LMBINBHOI iHpaCTpyKTypy.

Introduction. On February 24, 2022, the full-scale
invasion of the russian federation into the sovereign
territory of Ukraine marked the beginning of the largest
armed conflict in Europe since World War II. Ukraine
suffered catastrophic human, economic, and social
losses.

Thus, according to the Kyiv School of Economics,
the war negatively affected the economy, reduced the
energy and food security of the state [1]. Among other
things, the environment became a victim of the war.
Direct and short-term damage to the environment is
currently estimated at 56.4 billion US dollars. The long-
term impact of chemical and radiation pollution on
human health and the environment can be fully
assessed only after the end of the war [2, 3]. The expe-
rience of previous wars proves that damage to the
environment as a result of war can be both an unin-
tended consequence of military activity and part of a
planned military strategy [4, 5].

This is supported by research on the environmental
impacts of military operations, such as shelling result-
ing in forest fires; scorched earth tactics; flooding
resulting from dam collapses; defensive tactics involv-
ing trench digging and anti-tank mines; and military
operations conducted in environmentally sensitive
areas, such as nature reserves [6-8].

Ukrainian government agencies, civil society organi-
zations, and international agencies have collected an
unprecedented amount of data on the economic, infra-
structure, human health, and environmental impacts of
the russian federation’s full-scale war against Ukraine
[9-11].

The purpose of this study is to analyze the current
threats to the human environment in the context of a
full-scale war between the russian federation and
Ukraine, which will form the basis for the justification of
ways to overcome the consequences of the war for
human health and the environment in the near future.

Materials and Methods. An analytical review of
open sources of information and materials from scien-
tific libraries PubMed, Elsevier, etc. was carried out.
Methods of systematic, comparative and content
analysis were used.

Results. In addition to deaths from gunshots, explo-
sions, and destruction of infrastructure, the war caused
an increase in morbidity and mortality among the civil-
ian population due to food shortages, infectious and
non-infectious diseases, injuries, and mental and
behavioral disorders [12-16]. The consequences of war
for human health are primarily caused by forced dis-
placement and damage to civilian infrastructure. Thus,



Tak, we y nuctonagi 2023 p., Arentcteo OOH y cnpa-
Bax OixeHUiB noBigomnano, wo mMamke 6,3 MnH ykpa-
iHUiB cTanu GixeHUaMM, 5 MIMbAOHIB cTanm BHYTpI-
LUHbO NepeMilLeHNMM ocobamu, noHag 17 MIH noTpe-
OyBanu rymaHitapHoi gonomoru [17, 18].

30poiiHi cunm pocincbkoi deaepalii 3aBganu Benu-
KOI LLIKOAM LUMBINbHIN iHpacTpyKTypi, 30kpema y cdepi
OXOPOHW 3[0POB'sl, CiNlbCHKOr0 rocnofapcTsa Ta nocra-
YaHHS MPOAOBOSLCTBA, BOAOMNOCTAYaHHs, EHEPreTHKY,
TpaHCNopTy Ta 3B'A3Ky. BiltHa Mae pymrHiBHI Hacniaku
BMNMBY Ha €KOHOMIKY YKpaiHW Ta NpogoBorbYy 1 eHep-
reTuyHy 6esneky B baraTbox KpaiHax caiTy [19, 20].

Kuicbka LKona ekoHOMIKM nigpaxysana, Lo cTa-
HOM Ha mtoTuin 2025 p. NpsMi 3a[0KYMEHTOBaHI 30UTKM
ANt iHdppacTpykTypy B YkpaiHi ctaHounu $170 mnpa.
(32 BapTICTIO 3aMilLeHHs1) Ta Y NOPIBHSAHHI 3 NOYaTKOM
2024 poky us uucpa 3pocna Ha $12,6 mnpa.
Xutnosuin cektop Hanbinblue nocTpaxaaB — MPsiMi
36MTKM oUiHtoTbCA Yy $60 Mnpa. 3HaYHUX BTpaT 3a3Ha-
na TpaHcnopTHa iHdpacTpykTypa — $38,5 mnpa.
EHepreTuyHuin cektop Ykpainu BTpatue $14,6 mnpa.
ArponpomMmMCroBUIn KOMMNIEKC TaKOX 3a3HaB 3HAYHUX
pyiHyBaHb — 36uTKM cTaHoBNsATL $10,3 Mnpa. CekTop
oxopoHu 3mopos’a BTpatve $4,3 mnpa. [1]. Biiiva
3aBfana pynHIBHOTO BNAMBY Ha NMPUPOAHI pecypcu Ta
aHTPOMNOreHHe cepenosuLLe YkpaiHum [21].

3abpynHeHHss nosiTpst Bigbynocsa 3 GaraTbox npw-
yuH. Mig yac GombapayBaHHS KOHLEHTpaLis ApiOHMX
TBEpAMX YacCTUHOK Pi3KO 3pocTae yepe3 BuOyxu Ta
BUKMUKaHI HUMK noxexi [22]. Tak, y KueBi MmeHLue Hix
yepe3 1 Mmicaub micns noyaTtky BiMHW, KOHLEHTpauis
OpIOHMX TBEpPAMX YaCTWMHOK y MOBITPi 36inblumMnacs y
27,8 pa3a NopiBHSHO 3 PEKOMEHA0BAHNMM MOKa3HUKa-
Mu. JlicoBi NOXeXi 3HAYHO NOLLUMPUANCSA BHACMIAOK Bild-
cbkoBuMX Ajit. Y 2022 poui iXHs KinbKicTb 36inbwmnacs
B 25 pasiB nopiBHsHO 3 2021 pokom. [MoHag 183 Tuc. ra
niciB i HacagxeHb YkpaiHum Oynu cnaneni. Oum Big
nicoBmx NOXEX MICTUTb ApibHi Ta rpy6bi TBEpPAI YacTWH-
K1, OKCWZ BYIMeEL, METaH, OKCUAW as3oTy, NeTki opra-
Hi4Hi cnonyku Ta 6araTo iHWMX TOKCUYHMX PEYHOBVH.

3HULLEHHA CXOBWLW, NanuBa — Lie OAHa MpUYMHa
3abpyaHeHHs MoBITps. Tak, 3a nepwi 13 MicALiB BilHN
3pynHoBaHO 36 cknagiB nanwea, B TOMY YuCHi
17 HadpToba3. OTxe, yTBOPUNMCSA 3abpyAHIOOYI peyo-
BUHK Big cnantoBaHHsa 722 000 TOHH HadTu, HadgTO-
npoaykTiB Ta 6eH3nHy [23].

YUncenbHi UinecnpsMoBaHi atakM Ha MNPOMMCIIOBI
00'ekTW, 30Kpema Ha mignpuMeMcTBa 3 BUPOOHMLTBA
[00pUB i a30THOI KMCMOTW MPWU3BENW A0 BUAINEHHA B
OTOYYHYE CEepefoBULLE TOKCUYHWMX PEYOBWH, B TOMY
yucni asoTHOI KUCNOTU Ta amiaky. [NepeMilleHHs Bin-
CbKOBOi TEXHIiKW: TaHKiB, apTunepii, OpoHbOBaHMX
MaLLIMH Ta BaHTaXIBOK CyNPOBOMXKYETHCS BENMKOIO Kirb-
KICTIO Muny, @ TaKOX BUKMAAMM Nanuea Ta NapHUKOBMX
rasie. PyiiHyBaHHS XUTNOBKX Ta iHWMX Oyaisens npu-
3BENO A0 BUKUAY TOKCWMYHWX 3amuLLIKiB Bif BUOYXiBKM,
Hebe3neyHoro muny i TOKCMYHWMX PEYOBMH, 30Kpema
MY)XXHOTO MY, YaCTOK LIEMEHTY, CKa, a30ecTy, CBUHLO

Bnaewx 1, Mpoganuyx ., Cuos C., Cmepaosa N, / LViasyk, G.Prodanchuk, §.Snoz, L, Smerdova

back in November 2023, the UN Refugee Agency
reported that almost 6.3 million Ukrainians had become
refugees; 5.0 million were internally displaced persons,
and more than 17 million needed humanitarian assis-
tance [17, 18].

The armed forces of the russian federation have
caused extensive damage to civilian infrastructure,
including healthcare, agriculture and food supply, water
supply and sanitation, energy, transport and communi-
cations. In addition, the war has had devastating
effects on the economy of Ukraine and on food and
energy security in many countries around the world
[19, 20].

The Kyiv School of Economics estimates that as of
February 2025, direct documented damage to infra-
structure in Ukraine amounted to $170 billion (at
replacement cost), an increase of $12.6 billion since
the beginning of 2024. The housing sector remains the
most affected, with direct damage estimated at $60 bil-
lion. Significant losses have been incurred by the
transport infrastructure, with $38.5 billion. Ukraine’s
energy sector has lost $14.6 billion. The agro-industrial
complex has also suffered significant damage, with
losses totaling $10.3 billion. The health sector lost $4.3
billion [1]. The war had a devastating impact on
Ukraine’s natural resources and built environment [21].

Air pollution occurred for many reasons. During
bombing, the concentration of fine particulate matter
increases sharply due to explosions and the fires
caused by them [22]. For example, in Kyiv, less than 1
month after the start of the war, the concentration of
fine particulate matter in the air increased by 27.8
times compared to the recommended indicators.
Forest fires have spread widely as a result of military
operations. In 2022, the number of forest fires
increased by 25 times compared to 2021. More than
183 thousand hectares of forests and plantations in
Ukraine were burned by forest fires. Smoke from forest
fires contains fine and coarse particulate matter, car-
bon monoxide, methane, nitrogen oxides, volatile
organic compounds and many other toxic substances.
The destruction of fuel storage facilities is the second
cause of air pollution. Thus, in the first 13 months of the
war, 36 fuel depots were destroyed, including 17 oil
depots, thereby generating pollutants from the burning
of 722,000 tons of oil, petroleum products, and gaso-
line [23]. Numerous targeted attacks on industrial facil-
ities: for example, attacks on fertilizer and nitric acid
plants led to the release of toxic substances, including
nitric acid and ammonia. The movement of military
equipment, including tanks, artillery, armored vehicles,
and trucks, is accompanied by a large amount of dust,
as well as emissions of fossil fuels and greenhouse
gases. The destruction of residential and other build-
ings led to the release of toxic residues from explo-
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Ta IHLWMWX BaXKWUX MeTaniB i OpraHiYHUX Pe4OBUH, Y TOMY
yucni  NONiUMKNIYHUX  apoMaTUYHUX  BYIMEBOAHIB.
BiicbkoBi fii 6e3nocepeaHbO NPU3BOASTL A0 XiMIYHOMO
3abpyaHeHHs Jxepen NpicHOi Bogu: ckupaHHsa 6oenpu-
nacis i ©oMoBOI TeXHIKM, po3knagaHHs Goenpunacie,
BMBISNIbHEHHS 11 BUMVBaHHS 3a5ULLKIB BUOYXOBUX peyo-
BWH, Bif NOLUKOMXEHHS NPOMUCIIOBYKX 00'eKTIB [24, 25].

I"pyHTOBi BoOM, ski 3abesnedyoTb 25 % notped
YKpaiHu y nuTHi Bogi, MOXyTb OyTW 3abpyaHeHi Buiy-
rOBYBaHHAM 3 I'PYHTY 3anuLikiB BUOYXOBUX PEYOBWH,
Takux Sk nepxnopar i Hitpocnonyku. lig yac BilHW
MOLLUKOKEHHA BOAHOI iHpacTpykTypu BinbyBaeTbes
beanocepeaHbO Ta OMOCEPEOKOBAHO BHACMIAOK Bil-
CbKOBMX [iN, HE3BaXalo4n Ha MiKHAPOAHI KOHBEHLT,
ki 3a00pOHATL aTakyBaT 00'eKTW BOAHOI iHGpa-
CTPYKTYpu (Hanpwknag, Zambu), konu 30uTOK Ans
LIMBINbHOTO HaceneHHs He € NPONOPLINHUM LWOAO BilA-
cbkoBOi 3adadi. Taki aii no3baenaoTb nogen NUTHOT
BOZM, MOPYLUYKOThL CaHiTapHi yMOBK Ta 3abpyaHilTb
noBepXHEBI Ta nig3emMHi Boaw [26].

[lo BiHKM YKpaiHa mMana BMCOKOPO3BMHEHWUI CEKTOP
BOJHOrO rocnogapcrea, KWW HWHI CNYCTOLUEHWN.
CraHom Ha nuneHb 2023 poky MiHicTepcTBO 3axucTy
[OBKINNA Ta npupogHux pecypcis Ykpainn (MiHgo-
BKiNnsl) 3aOKyMeHTYBano pyiHyBaHHa 724 rigpoTex-
HiYHMX cropya, 71 BoA4 HACOCHMX CTaHLi, 64 kaHanisa-
LiMHNX HACOCHWUX CTaHLii Ta 23 BOLOOYMCHI crnopyau.
BHacnigok BiHM 20,7 minbsipga KyOOMETpIiB CTi4HMX
BOA NnoTpanunu y noBepxHesi Boau. Y kBiTHi 2022 poky
6nmabko 6 MnH ocib B YkpaiHi (npmbnusHo 15 % Hace-
neHHs1) Manu obmexeHHst abo B3arasi He Manu LOoCTy-
ny fo Ge3neyHoi Bogw [27, 28].

Micns 3HMWeHHs gambu y Hosgilt KaxoBui B 4epBHi
2023 p. npubnusHo 1,25 mnH ntoget i noHag 300 Tuc.
AiTen kinbkox obnacten Ykpaitu (JHiNponeTpoBchKa,
3anopisbka, MukonaiBcbka, XepCoHCbKa) 3anmwmnnmncs
6e3 cTabinbHoro Ta 6e3neyHoro MocTavyaHHs MUTHOI
Boaum [29, 30].

|HWwa 3arpo3a — 3aTOMMeHHs! MOKUHYTUX BYFiNIbHWX
WwaxT. Ak Hacnigok — 3abpyaHeHHs! NOBEPXHEBVX i Nia-
3eMHux Bog. CtaHoM Ha nuneHb 2023 p. Ha okynoBa-
HOMY POCIACLKUMU BiiCbKaMK CXOi KpaiHW 3aTOneHo
noHag 49 waxt. HaiicepiiosHiwy Hebe3neky npvHeCnu
waxtn «OnekcaHap-3axia», Ae xnopbeHs3on Ta iHui
Hebe3neyHi Bigxoon 36epiranucs 3 1989 p., a Takox
waxta «HOHuiA komyHapy, y akin PagsHcekuin Coro3
nigipeae sigepHy 6omOy moTyxHicTo 0,3 KIMOTOHH y
1979 poui. Waxty «FOHmiA KomyHap» 3akpunu B 2002
poLji, NoYaBLwK BigkadyBaTh BoAy, 3ynuHUMM Oyab-ski
poboTn B 2018 pouj, Lo 30inbLUNno pusik, amgxe Boaa,
O MiCTMNa pafioakTUBHI i30TONW, MOrna po3nNUTUCS
Ta 3abpyaHWTU HABKOMWLLHIA [PYHT, PiYKM, I'PYHTOBI
BOAM Ta 3arpoxyBaTu 3anacam nutHoi Boau [31].

®isnyHa pyiniHauis Ta 3abpygHeHHs TpyHTy —
HEeBIA EMHUIA HacnigoK BiHW. [lecaTku Tucay apTune-
PINCbKMX CHapsQiB BUCTPINIOTLCA LLOAHS, 3aBAaloun
LOBKINM0 isnyHoi Wkoaun. PynHauis rpyHTiB BUHUKaE
Yyepes PO3KOMKM TYHENIB i TpaHLUen, YLLiNbHEeHHS I'pyH-

sives, hazardous dust, and toxic substances such as
alkaline dust, cement particles, glass, asbestos, lead,
and other heavy metals and organic substances,
including polycyclic aromatic hydrocarbons. Military
operations directly lead to chemical contamination of
freshwater sources, for example, from the dumping of
munitions and military equipment, the decomposition of
munitions and the release and leaching of explosive
residues, and indirectly from damage to industrial facil-
ities [24, 25].

Groundwater, which provides 25% of Ukraine’s
drinking water needs, can be contaminated by leaching
of explosive residues such as perchlorate and nitro
compounds from the soil. During war, damage to water
infrastructure occurs directly and indirectly as a result
of military operations, despite international conventions
that prohibit attacking water infrastructure (e.g. dams)
when the damage to civilians is disproportionate to the
military objective. These attacks deprive people of
drinking water, disrupt sanitation, and pollute surface
and groundwater [26].

Before the war, Ukraine had a highly developed
water sector, which has since been devastated by the
war. As of July 2023, the Ministry of Environmental
Protection and Natural Resources of Ukraine docu-
mented the destruction of 724 hydraulic structures, 71
water pumping stations, 64 sewage pumping stations,
and 23 water treatment plants. As a result of the war,
20.7 billion cubic meters of wastewater were dis-
charged into surface waters. In April 2022, about 6 mil-
lion people in Ukraine (about 15% of the population)
had limited or no access to safe water [27, 28].

Following the destruction of the Nova Kakhovka dam
in June 2023, approximately 1.25 million people and
over 300,000 children in a number of regions of
Ukraine (Dnipro, Zaporizhia, Mykolaiv, Kherson) were
left without a stable and safe supply of drinking water
[29, 30].

Another threat is the flooding of abandoned coal
mines and, as a result, the contamination of surface
and groundwater. As of July 2023, more than 49 mines
had been flooded in the east of the country occupied by
Russian troops. The most serious threat came from the
“Oleksandr-Zakchid” mine, where chlorobenzene and
other hazardous waste had been stored since 1989,
and the “Yuny Kommunar’ mine, where the Soviet
Union detonated a 0.3 kiloton nuclear bomb in 1979.
The “Yuny Kommunar” mine was closed in 2002 and
began pumping out water, but operations ceased in
2018, increasing the risk that water containing radioac-
tive isotopes could spill and contaminate surrounding
soil, rivers, groundwater, and threaten drinking water
supplies [31].

Physical destruction and contamination of soil is an
inherent consequence of war. Tens of thousands of



Ty B MiCLSIX NepPeMILLEHHSsI BaXKOI TEXHIKW, YTBOPEHHS
B1OYyXOBMX KpaTepiB Ta iH. Tak, 3ragaimMo: pOCiiChKi
yKpinneHHs B YkpaiHi — HanbinbLwi 060poHHi cnopyau
yacis [pyroi cBiToBoi BiiHK (MoHag 1200 kM), ue npo-
TUTaAHKOBI POBW, TpaHLUei Ta OETOHHI 3aropoKEHHSI.

XimiyHe 3abpyaHeHHs1 I'pyHTIB BiaOyBaeTbCs Yepes
BUKOPUCTaHHS GOeMpuMnacis, po3nmnBM XiMiYHUX peyo-
BWH Bi MOLIKOMXEHb MPOMWCIIOBUX OO'EKTIB i MicCLb
30epiraHHs BiOXOAiB, @ TaKOX BHACMiQOK BWTOKY Ta
pO3MMBY ONMB i MACTUMbHWUX MaTepianiB. XiMi4Hi peyo-
BMHM, 0COBIMBO ENEMEHTH, CMONYKK, L0 HE MiaLarTb-
csi GionoriyHOMy Ppo3KnagaHHi, BUKOPWCTOBYHOTHCS
y BiliCbKOBI aMyHiLji Ta y cknagi BUGYXOBMX PEYOBUH —
BOHM 3a0pyQHIOTE I'PYHT i MOBEPXHEBI BOAM, LUO 3r0-
ZOM MOXE HEraTuBHO BMMHYTU Ha 300POB’S NHOAWHU
Ta CTaH eKOCUCTEMM.

Baxkki meTtanu — oguH 3 HanyacTiWmX i HAUCTINKILLNX
3abpyaHioBadiB y 30Hax Gorosux Zin. Lle ceuHeup,
Cypma, XpoM, MULI'AK, PTYTb, HiKenb, LWHK, KagMmin,
Migb. CeuHeub (Pb) — Hanbinbli BuBYeHMiA. Moro
BMAMB Ha IPyHT i GioTy gecatunitTamu irHopysanm,
npunyckaroun, Wwo Pb Big Kynb 3anuwaetbecst iHEPTHUM

y Metanesi copmi. Konu Pb pocsrae rpyHToBOI

CUCTEMM, BiH MOXe MOBINbHO NEpPEeTBOPIOBATUCA Ha
Ginbw pyxnuei doopmm (Hanpuknag, Pb2+ abo Pb4+),
AKi MOXYTb LUBUAKO MPOHMKATW 4O Xap4OBOro naHLtora
yepes pocnuHu abo r'pyHToBI opraHiamu. Lis npobnema
CTOCYeTbCs He Tinbku Pb, ockinbkn 6oenpunacu
MICTATb iHWIi enemeHTn (Hanpuknag, Bi, Cd, Cu, Sb, W
abo Zn), ski MOXyTb BWBINBbHATUCS B HABKOMULLHE
CEepEenoByLLE Ta NOTPANIIATY B XapHOBWI MaHLtor nicns
camogerpagauii [32-34, 23].

Martepianu B cuctemax 036poeHsb, ki MiCTATb BUOY-
XOBi  PEYOBUHU, TaKOX 3abpyfHIOTb  I'PYHT.
HaiivacTiwe — ue noxigHi BUOYXOBMX PEYOBUH: rekca-
rippo-1,3,5-TpuHiTpo-1,3,5-TpiasuH  (RDX), 2,4,6-Tpu-
HiTpoTONyon (TpoTtwn) i okTtarigpo-1,3,5,7-TeTpaHiTpo-
1,3,5,7-tetpasoumH (HMX). Pigwe — HiTporniuepuH,
1,3,5-TpuHitpoberzon (TNB), guHiTpobeHson (DNB),
2,4,6-TpuHiTpocbeHon Ta N-meTtun-N,2,4,6-TeTpaHiT-
poaHiniH (Tetpun), HitporyaHianH (NQ), HiTpouentono-
3a (NC), 2,4- gunitpotonyon (2,4- DNT), nepxnopat
[40, 41]. EkonoriyHo Ui eHepreTU4Hi matepianu gyxe
MIHAKBI, 3anexHi Big iXHIX i3nKo-XiMiYHKX BNACTMBO-
cTen i 3patHocTi go GioposknagaHHsa. Boenpunacu
TakoX MOXYTb MICTUTW nep- i nonicptopankinbHi pevo-
BuHu (PFAS), siki 36epiratoTbCcsl B CEpenoBuLLi NpoTs-
roMm TpuBanoro yacy [35, 25].

Oxpim 60enpunacis, NOTPiIOHO BpaxoByBaTU PU3MK
Bi 3aOpyaHEHHS KOMMOHEHTaMM MPOMUCIIOBMX 00 ek-
TiB, NOWKOMKEHMX Yepes Goiosi Aaii. Npomucnosa 6asa
YkpaiHu BKMtovae barato enekTpocTaHLii, WaxT, XiMiy-
HUX 3aBOAIB, MiCLib Nepepobkyu Ta 3bepiraHHs HadhTL Ta
HadpTonpoaykTie. 3a gaHumy MiHAOBKINMS, Tinbky 3a
NOTUIA-KBITEHb 2022 p. B MicUsX nepepobkn Ta 36epi-
raHHs HaTU Ta HadTONPOAYKTIB BUHUKIO Maibke 20
MOXEX, BUKMMKAHWX PaKETHUMW Ta apTWUNEpIACLKUMM
yoapamu. Lli noxexi cynpoBofXyBanucb BUKUAaMU B
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artillery shells are fired daily, causing physical damage
to the land. Soil destruction occurs as a result of dig-
ging tunnels and trenches, compaction of the soil in
places where heavy equipment moves, the formation
of explosive craters, etc. Thus, russian fortifications in
Ukraine are the largest defensive structures from
World War Il (over 1,200 km) and include anti-tank
ditches, trenches, and concrete barriers.

Chemical contamination of soil occurs through the
use of munitions, chemical spills from industrial facili-
ties and waste storage sites, and oil and lubricant leaks
and spills. Chemicals, especially elements and com-
pounds that are not biodegradable, are used in military
munitions and explosives and can contaminate soil and
surface water, which will subsequently negatively affect
human health and ecosystems.

Heavy metals are among the most common and per-
sistent contaminants in combat zones, including lead,
antimony, chromium, arsenic, mercury, nickel, zinc,
cadmium, and copper. Lead (Pb) is the most studied of
these. The effects of lead on soil and biota have been
ignored for decades, assuming that Pb from bullets
remains inert in the metallic form. When Pb reaches
the soil system, it can slowly transform into more
mobile forms (e.g., Pb2+ or Pb4+), which can rapidly
enter the food chain through plants or soil organisms.
This problem is not unique to Pb, as munitions contain
other elements (Bi, Cd, Cu, Sb, W, or Zn) that can be
released into the environment and enter the food chain
after self-degradation [32-34, 23]. Materials in
weapons systems that contain explosives also contam-
inate soil. The most common contaminants are explo-
sive derivatives: hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX), 2,4,6-trinitrotoluene (TNT), and octahydro-
1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX). Less com-
monly, derivatives such as nitroglycerin, 1,3,5-trini-
trobenzene (TNB), dinitrobenzene (DNB), 2,4,6-trini-
trophenol and N-methyl-N,2,4,6-tetranitroaniline
(tetryl), nitroguanidine (NQ), nitrocellulose (NC), 2,4-
dinitrotoluene (2,4-DNT), perchlorate [40, 41]. The
environmental fate of these energetic materials is high-
ly variable, depending on their physicochemical prop-
erties and biodegradability. Munitions may also contain
per- and polyfluoroalkyl substances (PFAS), which per-
sist in the environment for long periods [35, 25]. In
addition to munitions, the risk of contamination from
components of war-damaged industrial facilities must
be considered. Ukraine’s industrial base includes many
power plants, mines, chemical plants, and oil and
petroleum product processing and storage facilities.
According to the Ministry of Environment, in February-
April 2022 alone, almost 20 fires caused by missile and
artillery strikes broke out at oil and petroleum product
processing and storage facilities. These fires were
accompanied, in particular, by emissions into the
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aTMocdepy Ta iHLWi 06’eKTy JOBKIMNSA TakMX TOKCUYHKX
PEYOBWH, SK MOMIUMKMIYHI  apOMaTUYHi BYrneBOAHI
(MAB), nonixnopoBaHi AMbeH30-M-[ioKCHU Ta aMbeH-
30¢pypaHu. OfHWM i3 HaCNigKiB ypakeHHs1 eHepreTny-
HOI IHPaCTPYKTypK € NOTPansaHHA B JOBKINNSA noni-
XMOPOBaHMX ANGEHINiB, SKi BiQHOCATLCA [0 CTiMKUX
opraHiYHux 3abpygHroBadis goBkinns [36].

PyiiHyBaHHA nanAwadrTiB i ekocucteM — KatacTpo-
divHnn Hacnigok BiMHKW. TepuTtopis YkpaiHu BKMHoYae
pigKicHi cTenoBi ekocuctemu, npubepexHi BOAHO-
OonoTHI yrigas, anbnificeki Nyku, Bikosi OYKOBI nicy Ta
Benuki TopcdoBuwa. Ha Teputopii Hawoi aepxasu
30cepedxeHa 3Ha4yHa YacTuHa OiopisHOMaHITTA
€sponu, Bkntovatoun 70 TUC. BUAIB POCIMH, TBAPWH i
nTaxi, 6arato 3 AKX € PiOKICHUMU Ta EHAEMIYHUMM.
Cinbcbkorocnogapcbki 3emni, siki ctaHoBnATb 69 %
TepuTopii YkpaiHu, MicTaTb 25 % CBITOBOrO HOPHO3EMY.
Nicn 3anmatoTb 18 % TepuTopii Ykpainu. bnnsbko 30 %
3anoBigHWX TEPUTOPIN, LLLO OXONMIOTL NoHad 1,2 MiH
ra i BKNoYaroTb 23 HauioHanbHi napky Ta 3anoBigHWKK,
BXE 3a3Hanu pymHiBHOro BNAWBY BilHK [6, 7, 10, 37].

PyiHyBaHHs nangwadTy Bigbynocs BHacnigok
pUTTA TpaHLen i dopTudikauii, LnpokoMacLLuTabHMX
BIICbKOBMX NEepEMIilleHb, BUKOPUCTaHHS Ha3eMHUX
MiH, MacoBaHux 0BCTpiniB, MICOBUX MOXEX, BUPYOKM
nicis i ximiyHoro 3abpyaHeHHs. Kpim miH i 6oenpunacis,
LU0 He po3ipBanucs, 3Ha4yHa YacTuHa naHawadTy cbo-
rogHi 3abpyaHeHa 3HULLEHOIO BICLKOBOK TEXHIKOM Ta
iH. BullesaszHavyeHe KaTacTpomiyHO BRMMHYMO Ha
CTPYKTYPY Ta OyHKLii Ha3eMHWX | BOOHWUX EKOCUCTEM.

Miopve gaméu M. HoBoi KaxoBkn — e npuknag exko-
umay, 6 yepsHa 2023 poky BMOyx 3pyiiHyBaB Lamby
Kaxoecbkoi EC Ha pivui OHiNpo Ha niBoHi YkpaiHu,
BUKMHYBWK 19,9 mnpa. kybiyHMX MeTpiB BOAM 3
KaxoBcbkoro BOZOCXOBWLLA, BHACMIZOK 4oro 6yno
3aTonneHo 77 HaceneHux NyHKTIB, noHag 247 Tuc. ra
CinbCbKorocnogapcbkux yriab, NPUPOAHI Napku Ta nicu
BHM3 MO piyui. PynHyBaHHs gambu Kaxoscbkoi MEC
CTano BEMNWKOK FyMaHITapHOK Ta EKOOoriYHow KaTa-
CTPohot. PATyBanbHUKM Ta BOMIOHTEPU €BaKyOBamny
noHag 4 Ttuc. ocib, ane noHag 50 niogewt 3arvHynu.
CoTHi TvcsY ntogen BTpaTUM JOCTYN 4O NUTHOI BOAM.
Binbynocsi 3ab6onoyeHHs NocisiB, 3Ha4Hy YaCTUHY BPO-
xato 2023 poky 3HuLeHo. Yepes obsan gambu 3aruHy-
N OecsaTkm Tucad pub, a Takox npubnusHo 20 Tuc.
TBapWH. BHacnigok 3atonneHHs npupogHUX MapKiB i
3anoBigHWKIB 3arMHyna pigkicHa dprnopa i dpayHa. Piuky
[OHinpo 3abpyaHeHo noHag 150 TOHHamMK MaLUMHHOMO
macna, BEMMKOH KiNbKiCTO OpraHivyHMX BiXOAiB i HEBI-
JOMOI0 KiNbKICTIO MiH, SIKMX BMHECNM MaBOOKOBI BOAM
BHM3 No piyLi B YopHe mope [29].

[lOBroCTPOKOBMI  BMNMB  pyWHYBaHHA  gambu
M. HoBoi KaxoBKkn Ha HaBKOMWLLHE cepefoBuLLEe, MO-
BipHO, byae e 6Ginbl cyTTeBMM. KaxoBcbke BOJOCXO-
BULLE Ta MeniopaTvBHa cucTema 3abeanevyBanu 3po-
LUEHHA 3eMenb XepCoHCbkoi, 3anopisbkoi Ta
[HinponetpoBcbkoi obnacten. Mpw BTpaTi Aambu Ginb-
Le 1 MITH ra CiflbCbKorocnoapChkux yrigb y Lyx Tpbox

atmosphere and other environmental objects of such
toxic substances as polycyclic aromatic hydrocarbons
(PAHSs), polychlorinated dibenzo-p-dioxins, and diben-
zofurans. One of the consequences of damage to the
energy infrastructure is environmental pollution by
polychlorinated biphenyls, which are persistent organic
pollutants [36].

The destruction of landscapes and ecosystems is a
catastrophic consequence of war. The territory of
Ukraine includes rare steppe ecosystems, coastal wet-
lands, alpine meadows, ancient beech forests and
large peatlands. The territory of our State is home to a
large part of Europe’s biodiversity, including 70,000
species of plants, animals and birds, many of which are
rare and endemic. Agricultural lands, which make up
69% of Ukraine’s territory, contain 25% of the world's
black soil. Forests occupy 18% of Ukraine’s territory.
About 30% of protected areas, covering over 1.2 mil-
lion hectares and including 23 national parks and
reserves, have already been devastated by war [6, 7,
10, 37].

The destruction of the landscape occurred as a
result of trench digging and fortification, large-scale
military movements, the use of landmines, massive
shelling, forest fires, deforestation and chemical pollu-
tion. In addition to mines and unexploded ordnance, a
significant part of the landscape is now contaminated
with destroyed military equipment, etc. The above has
had a catastrophic impact on the structure and func-
tions of terrestrial and aquatic ecosystems.

The explosion of the Nova Kakhovka dam is an
example of ecocide, on June 6, 2023, the explosion
destroyed the dam of the Nova Kakhovka hydroelectric
power station on the Dnieper River in southern
Ukraine, releasing 19.9 billion cubic meters of water
from the Nova Kakhovka reservoir, which resulted in
the flooding of 77 settlements, over 247 thousand
hectares of agricultural land, natural parks and forests
downstream. The destruction of the Nova Kakhovka
hydroelectric power station dam was a major humani-
tarian and environmental disaster. Rescuers and vol-
unteers evacuated more than 4,000 people, but more
than 50 people died. Hundreds of thousands of people
lost access to drinking water. Crops were waterlogged,
and a significant portion of the 2023 harvest was
destroyed. Tens of thousands of fish died due to the
collapse of the dam, as well as approximately 20,000
animals. Rare flora and fauna died as a result of the
flooding of natural parks and reserves. The Dnieper
River was polluted with more than 150 tons of engine
oil, a large amount of organic waste, and an unknown
number of mines, which were carried downstream by
floodwaters into the Black Sea [29]. The long-term
environmental impact of the collapse of the Nova
Kakhovka dam is likely to be even more significant.



obnacTax cranM yMOBHO HENPUOATHUMU MPOTSTOM
HacTynHux 3-5 pokiB Yepes BiACYTHICTb BOQOMNOCTaYaH-
He. 3a gaHuMu MiHicTepcTBa eHepreTukM Ta npupoa-
HUX pecypciB YkpaiHu, pyyWHyBaHHS Aambu npu3serno
[0 EKOHOMIYHWMX 36uTkiB y 3,1 Mnpa. gonapis [30].

HeraTuBHWiA BNMB Ha HAa3eMHi Ta BOAHI €KOCUCTEMM
3rybHo no3HauvBca Ha 300poB’i Ta fobpobyTi nogen.
MpupodHi ekocucTemMn BUKOHYIOTb (DYyHOAMEHTAmNbHI
byHKUT )MTTE3abE3NEUEHHS, Bi SKUX 3anexuTb 300-
poB'A Ta Griarononyyyst MoguHW, Hanpuknazg 3abesne-
YEHHS DKelo Ta nanuBoM. BOHWM TakoX peryniolTb
AKICTb MOBITPS Ta KMiMaT; OYULLEHHS BOAM; (POPMYBaH-
HS I'PYHTY Ta nepepobKy MOXMBHMX peyvoBuH. Lle €
MicLie QyXOBHOrO 36ara4yeHHsi, KynbTypu, MUCTELBKOTO
HaTXHEHHS Ta BiNOYMHKY. YKpaiHCbKi Ta MiXHapoaHi
MPUPOAOOXOPOHHI areHLii, a TakoX HeypsifoBi opraHi-
3aLlii JOKYMEHTYHTb LUKOAY HABKOMULUHBOMY CEpeno-
BYLLY, 3aBAaHYy BillHO, abu BigLLIKOAYBaTV Ta BigHOBU-
TV NPUPOZHE HaBKONMWLLHE CEpenoBHuLLE B Yac nicns-
BOEHHOI Bigbynosw [26].

OxpiM HeraTuBHOrO BMSIMBY Ha EKOCUCTEMM, BiliHa
nigBuLLMMa BPasNMBICTb YKpaiHU A0 3MiHM KniMaTy Ta
nocnabuna ii 3ycunns 3i CKOPOYEHHS BUKMAIB NapHU-
koBWX rasis. [poTsarom nepLumnx 12-tv Micsiuis npnbnms-
HO 21,9 MIH TOHH eKBiBaneHTy BYIMEKUCMOro rasy (T
CO,-exB.) Byno BUKMHYTO Yepes Aii, nos'asaHi 3 Bilt-
Hoto, a Wwe 17,7 MnH. T CO,-eKB. — BHACTIILOK MOXEX.
lMNepen BiiHO YkpaiHa Mana 3a MeTY CKOPOYEHHS Cro-
XUBaHHS eHeprii Ha ABi TPETWUHW. Y 3aranbHoHaLio-
HanbHOMY MacluTabi BiJHOBMOBaHa eHepria Togi cTa-
HoBuna 6rmabko 10 riraat — noHag 13 % yciei BcTa-
HoBreHol eHeprii B YkpaiHi [38].

MNoBHOMaclITabHa BillHa pociicbkoi denepauii
npoTV YKpaiHW Hece 3arpo3y LIOAO 3acCTOCYyBaHHS
XimiyHOi 36poi. YkpaiHa BXe 3BMHyBaTMna Bopora y
BUKOPWCTaHHi GOMOBMX OTPYMHMX peyoBuH Ta 6omO 3
Ginum dpocchopom, xo4a Ui NOBIZOMIEHHST He Oynu
OCTaTOMHO MIATBEPKEHI Yepes TPYOHOLL nepesipku
Ha MicLi iHcnekTopom OpraHizauii i3 3a60poHM XiMiYHOT
36poi (O3X3) nig yac aktmBHKX Bornoswx gin [39, 40].

YUepes BillHy LUMPOKI BEPCTBU YKPAIHCLKOrO HaceneH-
HSA Nignanu nig BNnMB CKNagHWX cymiller TOKCUKaHTIB.
Xo4a MOKM L0 HEMOXIIMBO MPOBECTW MOBHE AOCNiA-
XEHHS1, NOB’A3aHe 3 AaHUM hakToM. [icnsa 3akiHYeHHs
BiliHM HeoOXigHO Byae nikyBaTh Ta peabiniTyBaTn TUCS-
4i nroaen, 30opoB’S SIKMX 3a3Hano HeraTBHOTO KOMOI-
HOBAHOTO BMMMBY TOKCWKAHTIB Ta MOTY>XHOrO MCWXOMOo-
riyHoro ctpecy [23, 41].

3a oujiHkamu CBiTOBOro 6aHKy, MOBHE PO3MiHYBaHHS
YKkpaiHn kowTyBaTume noHag 37 wmnpd. Jonapis.
Marixxe TpeTvHa TepuTopii YkpaiHn 3abpyaHeHa 6oe-
npunacamu, WO He po3ipBanucs, 30Kpema apTunepii-
CbKMMMW CHapsifamu, rpaHatamu, MiHOMETaMu, KaceT-
HUMKM Goenpunacamu, peakTUBHWMMK CHapsgamm Ta
caMmopobHMMK BMOYXOBMMMK NpUCTposimu. PiBeHb
HecnpaLoBaHHs Aesknx TuniB boenpunacis Moxe OyTu
ayxe BucokumM. Ti, WO He BubyxawTb crovaTky,
MOXYTb PanToBO BUOYXHYTU B OyOb-SIKMA MOMEHT.
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The Kakhovka reservoir and reclamation system pro-
vided irrigation for the Kherson, Zaporizhia, and
Dnipropetrovsk regions. With the loss of the dam, more
than 1 million hectares of agricultural land in these
three regions became conditionally unusable for the
next 3-5 years due to the lack of water supply.
According to the Ministry of Energy and Natural
Resources of Ukraine, the dam collapse resulted in
economic losses of 3.1 billion dollars [30].

The negative impact on terrestrial and aquatic
ecosystems has had a detrimental effect on human
health and well-being. Natural ecosystems perform
fundamental life-support functions on which human
health and well-being depend, such as providing food,
fiber, and fuel. Ecosystems also regulate air quality and
climate; purify water; form soils and recycle nutrients;
and provide a place for spiritual enrichment, culture,
artistic inspiration, and recreation. Ukrainian and inter-
national environmental agencies, as well as non-gov-
ernmental organizations, document the environmental
damage caused by the war with the aim of seeking
compensation and restoring the natural environment
during the post-war reconstruction period [26].

In addition to its negative impact on ecosystems, the
war has increased Ukraine’s vulnerability to climate
change and weakened its efforts to reduce greenhouse
gas emissions. During the first 12 months of the war,
an estimated 21.9 equivalent (tCO,-eq) were emitted
from war-related activities, and another 17.7 million
tCO,-eq from war-related fires. Before the war, Ukraine
had set a goal of reducing its energy consumption by
two-thirds. At the national level, renewable energy was
then about 10 gigawatts — over 13 % of Ukraine’s total
installed capacity [38]. A full-scale war by the russian
federation against Ukraine carries the risk of chemical
weapons use. Ukraine has accused the enemy of
using riot control agents and white phosphorus bombs,
although these reports have not been conclusively con-
firmed due to the difficulties of on-site verification by an
inspector from the Organization for the Prohibition of
Chemical Weapons (OPCW) during active hostilities
[39, 40].

The war has exposed segments of the Ukrainian
population to complex mixtures of toxicants. Although it
is not yet possible to conduct a full study of the associ-
ated health effects. After the war, thousands of people
will need to be treated and rehabilitated, their health
suffering from the combined negative effects of toxi-
cants and severe psychological stress [23, 41].

According to World Bank estimates, the complete
demining of Ukraine will cost over $37 billion. Almost a
third of Ukraine’s territory is contaminated with unex-
ploded ordnance, including artillery shells, grenades,
mortars, cluster munitions, rockets, and improvised
explosive devices. The failure rate of some types of
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Micna 3akiHYeHHs BiHW MOXe 3HajobuTUCA Maiixe
757 pokiB, abn 3HULLMTK BCi HA3eMHi MiHK Ta Goenpu-
nacu, Wwo He posipsanucs [8].

BiliHa nigBuwwmna 4o KpUTUYHOIO PiBHS pagiauiiHo-
sioepHi 3arpoau. Tak, 4 6epesHs 2022 poky 3anopisbka
atomHa enektpocTaHuist (3AEC) Ha niBoeHHOMY CXOp;
YKpaiHu cTana nepLioko 4ito4o LMBINbHOK aTOMHOK
€rekTpoCTaHLi€elo, ska 3asHana 30porHOro Hanagy.
Mpotokon I, nonpaska 1977 poky Ao KeHeBCbKMNX KOH-
BEHLi, 3aD0POHSAE HAaNaaun Ha aTOMHi enekTpoCcTaHLji,
HaBiTb SKWO Li CTaHLii € LinsgMu BiiCbKOBMX MMaHiB,
OCKIIbKW Taki HanaguW MOXYTb CMPUYUHWUTW BUKUL
Hebe3neyHMx peyvoBMH i, SIK HACMIQOK, BMKMMKATU
3axXBOPHOBAHICTb | CMEPTHICTb cepeq LMBINbHOro Hace-
neHHs. PagsHcbkuin Coto3 patudikysas Mpotokon |y
1989 poui, ane pociicbka defepauia Bigknukana uemn
AoKymeHT y 2019 poui. 3axonneHHst BOPOrom Ta npo-
LOBXeHHs1 okynauii 3AEC cnpuyvHMno MiXHapogHy
HEeraTvBHY peakLito, agke nogibHi gii MoXyTb npuase-
CTMW [0 KaTacTpodiyHOI Al iOHI3yH4Oro BUNPOMIHIOBaH-
Hs1. Micns Toro, sk BAEC Gyna okynoBaHa poCiCbKMM
BiliCbkamu, BOHa MOCTIMHO nignagae nig obcTpinm,
HEOAHOPa30Bo BiAOyBaBCs 36il 30BHILLHBLOMO ENEKTPO-
nocTa4yaHHs Ta 3arpo3v 3puBy BOZOMOCTa4YaHHS [42,
43]. MixHapoZHe areHTCTBO 3 aTOMHOI eHepril, KoMy
possonunu Bigeigat 3AEC y BepecHi 2022 poky, pos-
MICTUIIO TaM CBOiX NpeaCTaBHWKIB, W06 cnpobysaTu
3aXUCTUTKN MangaH4mK 0 KiHUS BiHW.

Hapasi Hemae MiXHapogHUX CTaHgapTiB 418 BUMI-
PIOBaHHSA BMMUBY BIACbKOBUX il Ha HABKOMWLLHE
cepenosuLLe. Ane aesiki kpaiHu Ta MiKHapogHi opraHi-
3auii, 3okpema YkpaiHa, €Bponencbkuin Cotos,
CnonyueHi LLTatwn, a Takox Mporpama po3sntky OOH,
po3pobunu cTpaterii MOHITOPUHIY Ta JOKYMEHTYBaHHS
ONs BU3HAYEHHS! BNAMBY 30POMHMX KOHMIKTIB Ha
[0BKiNNg. lNonepegHs OuiHKa LUKOAWM BKIKOYAE: 30HY
GovioBMX Ail; pecypcy J4aHOTO CEPEnoBHMLLa, Lo Onu-
HUMOCS N4 3arpo3ot0; NepeaBO€EHHI 6a3oBi yMOBM
HaBKOMWLUHBOTO CepefoBMLLA Ta OLiHKA 3MiH y pecyp-
cax, sIKi, IMOBIpHO, NOCTpaxdanu Big BOEHHMX dil Ta
BaroMicTb 30MTKIB, HaHeceHux [OoBKiNnto. [aHi, ki
BUKOPUCTOBYIOTLCSA B MOMEpesHii OUiHLi, BKMOYaoTb
MUCbMOBI Ta Bi3yanbHi 3anMcu 3aranbHOLOCTYMHMX
[aHuX 3 IHTEPHETY, ONCTaHLINHE 30HAYBaHHS 3 BUKO-
PUCTAHHSIM CYNYTHWUKOBUX i 6E3MiNOTHUX TEXHOMOTIN Y
peanbHOMy 4aci, iHpopMaLio 3 BIOKPUTUX [Kepen,
3ibpaHy UmMBINbHUMKU ocobamu 3a JOMOMOrow ¢hoTo-
rpacpint i ceigyeHb 04YeBUALIB, @ TAKOX BiABiOYBaHHS
Micup i3 Binbopom npob.

CborogHi JOCTYyNHUM [HKepenoM iHdopmalii Lwoao
BMMMBY BIillHW Ha HABKOMWLIHE CEpenoBULLE € nnat-
¢opma «EcoZagroza», pospobneHa MiHicTepcTBOM
3axuCTy AOBKINMNS Ta MPUPOAHUX pecypciB YkpaiHu
[44]. 3asHaveHuMin iHopMaLiiHuin pecypc 3abesnevye
CBOeYacHe KapTorpadyyBaHHS Hacnifkis BiHW Ha
MOCEeneHHsX, NPOMUCNOBOCTI Ta iHAPaCTPyKTypu, a
TaKoX MOXEXi, MOBEHi Ta OO'EKTW, SKUM 3arpoxye
3a0bpyaHEHHS NOBITPS, BOAMW Ta I'PYHTY.

munitions can be very high, and those that do not
explode initially can suddenly explode at any time.
After the end of the war, it can take up to 757 years to
destroy all landmines and unexploded ordnance [8].

The war has raised the radiological and nuclear
threat to a critical level. For example, on March 4,
2022, the Zaporizhia Nuclear Power Plant (ZNPP) in
southeastern Ukraine became the first operating civil-
ian nuclear power plant to be attacked by an armed
attack. Protocol I, a 1977 amendment to the Geneva
Conventions, prohibits attacks on nuclear power
plants, even if they are the targets of military plans, as
such attacks could cause the release of hazardous
substances and, as a result, morbidity and mortality
among the civilian population. The Soviet Union ratified
Protocol | in 1989, but the russian federation withdrew
its ratification in 2019. The capture and continued
occupation of the ZNPP by the enemy raised national
and international concerns about the risk that military
activity could lead to a catastrophic release of ionizing
radiation. Since the ZNPP was occupied by russian
forces, it has suffered from constant shelling, repeated
external power outages, and threats of water supply
disruptions [42, 43]. The International Atomic Energy
Agency, which was granted access to the ZNPP in
September 2022, has stationed representatives there
to try to secure the site until the end of the war.

There are currently no international standards for
measuring the environmental impact of military opera-
tions. However, several countries and international
organizations, including Ukraine, the European Union,
the United States, and the United Nations
Development Program, have developed monitoring
and documentation strategies to assess the environ-
mental impact of armed conflict. A preliminary damage
assessment includes the identification of: the combat
zone; the environmental resources at risk; the pre-war
baseline environmental conditions, and an assessment
of the changes in resources likely to be affected by mil-
itary operations and the severity of environmental dam-
age. Data used in the preliminary assessment include
written and visual records of publicly available data
from the Internet, real-time remote sensing using satel-
lite and drone technologies, open-source information
collected by civilians through photographs and eyewit-
ness accounts, and site visits to collect environmental
samples.

Today, the most accessible source of information on
the impact of war on the environment is the
EcoZagroza platform, developed by the Ministry of
Environmental Protection and Natural Resources of
Ukraine [44]. This information resource provides timely
mapping of the consequences of war on settlements,
industry and infrastructure, as well as fires, floods and
objects threatened by air, water and soil pollution.



lNoBHa OLjiHKa BMIMBY Ha HABKOMWLLHE CepenoBuLLe
CTaHe MOXNMBOK JMLUE MICNS 3aKiHYeHHs BiMHK. Lle
ZonomMoxe 0brpyHTyBaTV 3axodm ANs Moro BigHOBMEH-
HA Ta 3ibpaTu [Ookasu, HeoOXigHi ANs BU3HAYEHHS
BOEHHMX penapavwii.

BucHoBkM

Cepen rnobanbHUX Hacnigkie nMoBHOMAacLITabHOT
BiMHM pocincbkoi heaepauii npotn YkpaiHu, ski cTo-
CYIOTbCS 300POB’S NIOAVHY Ta cepefoBuLLa T XUTTEI-
ANBHOCTI, MOXXHA BUAINUTY TaKi:

1. 306inblleHHs1 3axBOPKBAHOCTI Ta CMEPTHOCTI
Cepen UMBINbHOMO HaceneHHs BHACMIAOK MOPYLIEHHS
XapyyBaHHS, BUHWKHEHHS H(DEKLIAHUX | HeiHdeKLin-
HUX XBOPOD, NCUXiYHMX Ta NOBediHKOBMX PO3nafiB.

2. PyMHiBHWI BNAWB BIMHW Ha €KOHOMIKY YkpaiHu,
iHppacTpyKTypy, WO OOYMOBMIOE HEraTMBHI HacnigKku
ANsi NPOAOBONBYOI N eHepreTMyHoi besnekn baratbox
KpaiH CBITY.

3. BTpaTta YacTvHu NpupoaHUX pecypcis Ta 3abpya-
HEHHS NOBITPS, I'PYHTY Ta Axxepen Boau CTikuMK opra-
HIYHUMW 1 HeopraHiYHUMK crnonykamu.

4. MNiguLLeHHs Bpa3nuBOCTI YkpaiHK A0 3MiHW Kni-
Marty Ta nocnabneHHs ii 3ycunb 3i CKOPOYEHHS BUKMAIB
MapHWKOBUX rasiB.

5. 3pocTaHHst peanbHKX XiMiYHKX, BionoriyHux, pagia-
LiiHO-A4epHMX 3arpo3 300POB’t0 NHOAMHK | JOBKINMS.

MepcnekTuBM noganblMX gocnigxeHb. Hacnigku
MoBHOMAacLUTabHOI BiliHM pocificbkoi theaepalii npotu
YkpaiHu npotarom Garatbox pokiB 6yaoyTb MpeamMeToMm
HaYKOBMX AOCHifKEHb, CNPSIMOBAHKX Ha NOLWYK edek-
TWBHUX IHCTPYMEHTIB BiOHOBMEHHA Ta 3axucTy 340-
pOB'A MIOAMHM Ta AOBKINNS Bif BNIMBY BiHU.

IHdopmauisa npo diHaHcyBaHHA. [ocnigxeHHs
BMKOHaHi BignosigHo go nnaHy HOP (Ne0123U102087
ZepxaBHoi peecTpauii); «HaykoBe 00rpyHTyBaHHS
MeONYHMX KPUTEPIiB XiMIYHOI Ta xapyoBoi Oe3neku;
TOKCWKOMOTO-TiFiEHIYHI 4OCHIAKEHHS XIMIYHUX PEYOBUH,
nectuumais i arpoximikatie, nonimepis, martepianis Ta
BMPOGIB; MeaNKO-CaHiTapHe pernaMeHTyBaHHs Hebes-
neyHnx dakTopiB y 06’ekTax cepenoBuLLa XUTTERISAb-
HOCTi NMIOAUHMY» 3a KowwTKn [lepxaBHOro nignpuemcrtaa
«HayKkoBWI LLeHTp NPEBEHTUBHOI TOKCMKOMNOTil, Xap4o-
BOI Ta ximiuyHoI 6e3neku imeHi akagemika J1.I. Megseas
MiHicTepcTBa OXOPOHM 340POB’A YKpaiHMy.

KoHdpnikT iHTepeciB. ABTOpK 3a3HavaloTb Npo Bif-
CYTHICTb KOHGNIKTY iHTEpECIB.
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However, a full assessment of the impact on the
environment will be possible only after the end of the
war. Such an assessment will help to justify measures
for its restoration and collect evidence necessary for
determining war reparations.

Conclusions

Among the global consequences of the full-scale war
of the russian federation against Ukraine, which con-
cern human health and the environment of its vital
activity, the following can be distinguished:

1. Increased morbidity and mortality among the civil-
ian population due to malnutrition, the occurrence of
infectious and non-infectious diseases, mental and
behavioral disorders.

2. The destructive impact of the war on the economy
of Ukraine, infrastructure, which causes negative con-
sequences for the food and energy security of many
countries of the world.

3. The loss of part of natural resources and pollution
of air, soil and water sources with persistent organic
and inorganic compounds.

4. Increasing vulnerability of Ukraine to climate
change and weakening its efforts to reduce green-
house gas emissions.

5. The growth of real chemical, biological, radiologi-
cal and nuclear threats to human health and the envi-
ronment.

Prospects for Further Research. The conse-
quences of the full-scale war of the Russian federation
against Ukraine will be the subject of scientific
research for many years, aimed at finding effective
tools for restoring and protecting human health and the
environment from the effects of the war.
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