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AnoTtanisi. CydacHi BOeHH1 KOHQIIIKTH (POPMYIOTh IPUHITUTIOBO HOBUW THI TJI00aTHHOTO MEIUKO-
€KOJIOTTYHOTO HAaBAHTAKEHHS, HACIIAKHU SKOTO BUXOIATh TAJIEKO 32 MEX1 Oe3mocepeHix 00MOBUX BTpaT i
TOCTPUX TPAaBMATUYHUX YIIKO/HKEHB. Y PO3/UT y3araJlbHEHO Cy4acH! HAyKOB1 YSBJICHHS MPO KOHIIEIIIIIO
war exposome sIK IHTEeTpaJlbHYy MOJENb KyMYJISTHBHOI €KCHO3UINi, M0 TOEIHYE BIUIMB TOKCHYHHX
XIMIYHUX areHTiB, MPOAYKTIB TOPIHHS, MPIOHOIUCIIEPCHUX YACTUHOK, BAXKKUX METANIB, €HIOKPHHHHUX
JTU3PYNTOPIB, TICUXOEMOIIIMHOTO CTPeCy Ta IHIIMX YMHHHUKIB JMOBKLUISA, XapaKTEPHHUX JUIsI TEPUTOPIH
aKTUBHUX O00HOBUX Aild. PO3TiIsiHYTO MicIie KOHIIEIIi €KCTIOCOMY B CYYacHIN €KOJOTTYHIN MeTuInHI Ta i1
3HAYCHHS JUTSI PO3YMIHHSI JOBIOCTPOKOBHX HACIIAKIB BIHHU IS TPOMaJICHKOTO 310poB’si. [IpoanainizoBano
OCHOBHI JpKepella TOKCHUYHOTO HAaBaHTaXCHHS B YMOBax BIHH, 30KpeMa pPYHHYBaHHS IMPOMHUCIOBOL
1HGPACTPYKTYpH, IMOXKEXI, JETOHAIl0 OoenmpumnaciB, KOHTaMIHAIiI0 aTMOCHEPHOTO IOBITPS, BOIHUX
cucteMm 1 rpyHTiB. OcoOnuBY yBary NpuAiUIeHO €HAOKPUHHUM IU3PYNTOpaM Ta BAXKKUM MeTallaM SK
KJIFOYOBUM KOMIIOHEHTaM war eXposome, 3[aTHUM IOPYIIYBaTH TOPMOHAIBHY PETYISAII0, 1HIYKYBaTH
OKCUJATUBHHUN CTpEC, MITOXOHJpiaibHy AUCQYHKIIIO, CUCTEMHE 3alaJIeHHs Ta E€MIreHeTHUYH1 3MiHU.
VY3aranbHEHO Cy4acHi JaHi MIOA0 MOJIEKYISIPHUX MEXaHI3MiB TOKCHYHOI Jii CBUHIIIO, KaJMil0, PTYTi Ta
IHIIMX METajiB, a TAKOX poJii APIOHOIUCHIEPCHUX YacTHHOK PM2.5 1 npoaykTiB ropiHHs Yy popMyBaHHI
HEHPOCHJOKPUHHUX, KapAloMeTaboIIYHUX Ta HEHPOIMyHHHUX MOpylieHb. OKpeMO BHUCBITICHO 3HAYCHHS
emireHeTHYHOro nporpaMmyBanHs Ta koHueniii Developmental Origins of Health and Disease (DOHaD) y
KOHTEKCTI MOTEHIIHHUX MDKIOKOJIHHUX HACHIAKIB BOCHHO-ACOLIMOBAHOT TOKCHYHOI €KCIIO3UIIII.
Po3ristHyTo 0CcOOMMBOCTI BIUIMBY war €Xposome Ha HalOUIbII BPa3siMBi TPYMU HACENEHHS, BKIIOYAIOUH
BariTHUX JXKIHOK, AiTeH Ta BIiICbKOBOCITYk00BLIB. OOIpyHTOBAaHO HEOOXIAHICTh BIIPOBAPKEHHS Cy4aCHUX
crcTeM OI0OMOHITOPUHTY, €KCIIOCOMIKH Ta MPEIMU3IMHUX MiIX0A1B 10 OLIHKU KyMYJISTUBHOTO €KOJIOTTYHOTO
HaBaHTAXKEHHS SK BAXKJIMBUX IHCTPYMEHTIB 3a0e3ledyeHHs eKOJOriyHoi Oe3neku Ta 30epeskeHHs
IPOMAJICHKOTO 3/I0pPOB’Sl B YMOBaX BiHU Ta MICISBOEHHOTO BiTHOBJICHHSL.
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KarwuoBi cioBa: war exposome, €HIOKpHUHHI TU3PYNTOPH, BaXKi metanu, PM2.5, mpomykTu
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€KCIIOCOMIKa, TPOMAJICHKE 37I0POB’sl, 0IOMOHITOPHHT.

Abstract. Modern armed conflicts create a fundamentally new form of global environmental health
burden whose consequences extend far beyond direct combat injuries and acute traumatic events. This
chapter summarizes contemporary scientific perspectives on the concept of the war exposome as an
integrated model of cumulative exposure encompassing toxic chemicals, combustion products, fine
particulate matter, heavy metals, endocrine-disrupting chemicals, psychosocial stressors, and other
environmental factors characteristic of active conflict zones. The role of the exposome framework in
modern environmental medicine and its importance for understanding the long-term health consequences
of war are discussed. The major sources of toxic exposure associated with armed conflicts are analyzed,
including the destruction of industrial infrastructure, large-scale fires, ammunition detonation, and
contamination of air, water, and soil ecosystems. Particular attention is devoted to endocrine-disrupting
chemicals and heavy metals as key components of the war exposome capable of impairing hormonal
regulation, inducing oxidative stress, mitochondrial dysfunction, chronic inflammation, and epigenetic
alterations. Current evidence regarding the molecular mechanisms of toxicity of lead, cadmium, mercury,
and other metals is reviewed, together with the role of PM2.5 and combustion-derived pollutants in the
development of neuroendocrine, cardiometabolic, and neuroimmune disturbances. Special emphasis is
placed on epigenetic programming and the Developmental Origins of Health and Disease (DOHaD)
concept as potential mechanisms underlying the transgenerational consequences of war-related toxic
exposure. The chapter also addresses the vulnerability of specific population groups, including pregnant
women, children, and military personnel. Finally, the importance of biomonitoring, exposomics, and
precision environmental health approaches is highlighted as a scientific basis for assessing cumulative
environmental burden and developing effective public health strategies aimed at mitigating the long-term
consequences of war and supporting post-conflict recovery.

Keywords: war exposome, endocrine-disrupting chemicals, heavy metals, PM2.5, combustion
products, oxidative stress, neuroendocrine dysregulation, epigenetics, war toxicology, exposomics, public
health, biomonitoring.

1. WAR EXPOSOME SIK HOBA MEJMKO-EKOJIOI'TYHA ITAPA/IUT'MA

1.1. Tpancdopmanisi eKoJIOTiYHOI MeIMIUHU B YMOBAX CYYACHMX BOEHHMX KOHQJIIKTIB

CyuacHi 30poiiHi KOH(IIKTH (QOPMYIOTH NPUHIIMIIOBO HOBY MOJENb TIJI0OATBHOTO MEIUKO-
€KOJIOTIYHOTO HABAHTAXCHHS, Y MEKaX SIKOT HACIIJKK BIfHM BUXOJAAThH JAIEKO 32 MEXI rocTpoi 00HOBOT
TpaBMU Ta Oe3mocepenHix BTparT cepen HaceneHHs. Skmo y XX CToNTTI BificbKOBa MeEIUIIMHA
KOHLIEHTPYBaJIacs MePEeBaYKHO HA JIKyBaHH1 MEXaHIYHUX YIIKOKEHb, IH(PEKIIIHIX YCKIaHEHb 1 TOCTPUX
ncuxiyHux TpaBM, To y XXI cromitri agenmami Oumplnoro 3HadeHHs HaOyBalOTh JOBrOTpUBAi
€KOTOKCHKOJIOTIUHI Ta HEWPOEHAOKPHHHI HACIIIKM BIiffHM, TMOB’s3aHi 3 MaclITaOHUM pPYHHYBaHHIM
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JOBKULIS Ta I1HPPACTPYKTypH, TPUBAIOK KOHTAMIHAIIIEID EKOCHCTEM 1 (OPMYBaHHSIM XPOHIYHOTO
MyIETUTOKCHYHOTO HABAHTAXXEHHS Ha HaceneHHs 2340,

CyuacHa BiifHa € He JHIIE T'yMaHITAPHOIO Y BiCHKOBO-TIOJITHYHOIO KPU3010, aje W CKJIAIHUM
€KOJIOTIYHUM (PEHOMEHOM, 3/JaTHUM BU3HAYATU CTPYKTYPY IPOMAJICHKOTO 3710POB’S MIPOTATOM JIECSTUIIT
IICIIS 3aBEepIICHHS aKTUBHOI (a3u OoiioBux miid. PyiliHyBaHHsS MeTanypriiHux KoMOiHAaTiB, HagTOOa3,
XIMIYHUX MIAMPHEMCTB, E€JIEKTPOCTAHIIN, TPaHCIOPTHOI 1H(PACTPYKTypH Ta CHUCTEM BOJOOYHUIIECHHS
CYINPOBOJ/IKYETHCS BUBUIBHEHHSIM 3HAYHOI KUTBKOCTI TOKCHYHHUX PEYOBHH Yy HABKOJIMIIIHE CEPEIOBHIIIE.
VYHachinok nporo GopMyeTbes MaclITaOHE TEXHOTCHHE HABaHTAXKEHHsI Ha aTMOC(epHe MOBITPS, BOIHI
CHCTEMH Ta IPYHTOBHUI MOKPUB, IO XapaKTEPU3YETHCS BUCOKOIO TPUBAIICTIO €KOJIOTTYHOT TEPCUCTEHIII] Ta
CKJTAJHOI0 6araTOKOMIIOHEHTHO TOKCHUIHOO mier0® 82,

OcoOnuBoro 3HayeHHS HaOyBalOTh KOHULENIl «340pPOB’S HABKOJMIIHBOTO CEPENOBUINA», SK1
PO3MIISIAAIOTE 3/I0POB’Sl JIIOJUHU Yy HEPO3PHUBHOMY B3a€EMO3B’SI3KY 31 cTaHOM ekocuctemu. CydacHa
€KOJIOT1YHA MEeJIUIMHA Jefail OUIblIe BIAXOAUTH BiJ 130JbOBAHOTO aHANI3y OKPEMHX TOKCHKAHTIB 1
MEPEeXOJNUTH JI0 IHTETPAIbHUX MOJETeH KyMYJISTHBHOTO HAaBAHTAXKEHHS Ta 3MIMIAHOI TOKCHKOJIOTI, 10
JO3BOJISIIOTh  OI[IHIOBATH KOMOIHOBAHWM BIUIUB YMCJICHHHUX XIMIUYHUX, (I3UYHUX, OIOJIOTIYHHUX Ta
ncuxocomianbEuX crpecopipl®itizid,

OpnHi€ero 3 KITIOYOBUX MDKIUCIUTUIIHAPHUX KOHIICTII CydacHOI €KOJIOTIYHOI MEIWIIMHM CTajia
MoJienb ekcriocoMy (exposome), 3ampomonoBana Christopher Wild y 2005 poui'®. Bimmosimzao 0
Cy4JacCHHMX YSBJIEHb, €XpOSOME OXOIUIIOE CYKYIHICTh YCIX 30BHINIHIX BIUIMBIB, SIK1 JIIOTh Ha OpraHi3mMm
JIFOJIMHU TPOTSITOM KUTTS, BKIIOUAIOUU XIMIYHI TOKCUKAHTH, (Pi3nuH1 (PaKTOPH, HyTPUTHUBHI 0COOIUBOCTI,
TICHXOEMOIIiifHi cTpecopy, ypOaHi3aliliHi BIUIMBM Ta COILaNbHi aeTepMiHaHTH 3m0poB s >!61718 Ha
BIIMIHY BiJl KJIACHYHOI TOKCHKOJIOTIi, sIKa TPaJWIIAHO aHATI3y€ BIUIUB OKPEMHUX arcHTIB, KOHIICTIIIiS

€Xposome po3TJIsiaac JTIOIUHY SIK YaCTUHY TMHAMIYHOI CHCTEMHU B3a€EMOII1 3 HABKOJHUIITHIM CEPEIOBUIIIEM.

1 C.P. Wild, ‘Complementing the Genome with an “Exposome”: The Outstanding Challenge of Environmental Exposure Measurement in
Molecular Epidemiology’, Cancer Epidemiology, Biomarkers & Prevention, vol. 14, no. 8, 2005, pp. 1847-1850.

2 G.W. Miller and D.P Jones, ‘The Nature of Nurture: Refining the Definition of the Exposome’, Toxicological Sciences, vol. 137, no. 1, 2014,
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21, no. 1, 2011, pp. 5-9.
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5 A.C. Gore et al., ‘EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals’, Endocrine Reviews,
vol. 36, no. 6, 2015, pp. E1-E150.

6 LN. Vandenberg et al., ‘Hormones and Endocrine-Disrupting Chemicals: Low-Dose Effects and Nonmonotonic Dose Responses’, Endocrine
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10 P D. Gluckman and M.A. Hanson, ‘Developmental Origins of Disease Paradigm: A Mechanistic and Evolutionary Perspective’, Pediatric
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11 R.D. Brook et al., ‘Particulate Matter Air Pollution and Cardiovascular Disease’, Circulation, vol. 121, no. 21, 2010, pp. 2331-2378.

12 C.A. Pope and D.W. Dockery, ‘Health Effects of Fine Particulate Air Pollution: Lines That Connect’, Journal of the Air & Waste
Management Association, vol. 56, no. 6, 2006, pp. 709-742.

18 D.E. Schraufnagel, ‘The Health Effects of Ultrafine Particles’, Experimental & Molecular Medicine, vol. 52, no. 3, 2020, pp. 311-317.
14P.J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512.
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2022.

" M.L. Block and L. Calderén-Garciduefias, ‘Air Pollution: Mechanisms of Neuroinflammation and CNS Disease’, Trends in Neurosciences,
vol. 32, no. 9, 2009, pp. 506-516.

18 .G. Costa et al., ‘Neurotoxicity of Traffic-Related Air Pollution’, NeuroToxicology, vol. 59, 2017, pp. 133-139.
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[Momanpmmii po3BUTOK Ili€i KOHILEMII B YMOBaxX Cy4YacHHUX 30pOMHHMX KOHQIIIKTIB MPHBIB 10
(opMyBaHHS NOHATTS War €Xposome - CIeu(IYHOro Pi3HOBHLY EKCIIOCOMY, XapaKTEPHOTO [T TEPUTOPIi
aKTHUBHHUX 00MOBHX Jiii. War exposome sIBJIsiE COO0I0 KOMIUIEKCHY CHCTEMY B3a€EMOIIOB’I3aHUX TOKCUYHUX
1 CTpecoBUX BIUIMBIB, SIKi BUHUKAIOTh YHACTIIOK BUOYXOBUX IIPOLIECIB, MACIITAOHUX MOKEXK, PYHHYBAHHS
MIPOMUCIIOBUX O0’€KTIB, Jerpanaiii caHiTapHOi iH(PAaCTPYKTypH, BUMYIICHOI Mirpaiii HacelIeHHS Ta
XPOHIYHOTO TICMXOEMOILIHHOTO CTpecy Ta iXHIH CyMapHUH JJOBrOCTPOKOBHH BIUIMB Ha 3I0POB’S
moquHn!92021.22,

Ha BigmiHy BiJ1 JIOKQTbHUX TEXHOTEHHUX KaTacTpod, war eXposome XapaKTepH3yeThCs BUHATKOBOIO
TPHUBAJIICTIO, 0AaraTOKOMIIOHEHTHICTIO Ta HEBU3HAYCHICTIO eKCIo3uIii. HaceneHHs: 0JHOYacHO MiIaeThCs
BIUIUBY BEJIMKOI KUIBKOCTI TOKCUYHMX areHTIB y NMOE€JHAHHI 3 HYTPUTUBHUM AePIIUTOM, 1HPEKIITHUMU
pU3UKaMH, MMOPYIICHHSAM JOCTYIY J0 MEIUYHOI IOTIOMOTH Ta XpOHIYHUM cTpecoM. CaMe ToMy CydacHi
BIHM PO3IJISAAIOTHCA HE JIMIIE SK BIMCHKOBO-TIONITHYHI TMOJIi, a SIK MacimTa0HI €KOTOKCHUKOJOTIYHI
mporecd, 37aTHi (QopMyBaTh JOBrOTPUBAIl HEHPOCHIOKPUHHI, META0OJIYHI, IMYHOJOTI4HI Ta
ermireHeTHyHi Hacmigku?> 242526,

1.2. XimiuHe HABaHTAaKeHHS Y CTPYKTYPi war exposome

OAHMM 13 LEHTPaJbHUX KOMIIOHEHTIB war exposome € XiMiyHe 3a0pyIHEHHS HaBKOJMIIHBOTO
cepenosuina. BuOyxu Goenpunacis, pyiiHyBaHHS IPOMUCIOBUX 00’ €KTIB, TOPIHHS NAIUBHO-MAaCTUILHUX
MarepiajiB, AETOHAIil BUOYXOBUX PEUYOBHMH 1 MacHITaOHI MOXKEXI CYNPOBOJKYIOTbCS YTBOPEHHSAM
CKIIQHUX TOKCHYHUX aepO30JIB Ta BHBUIBHEHHSM 3HAYHOI KUIBKOCTI HEOE3NMEeUYHUX XIMIYHUX
criomyK?27:28:29:30,

VY HaBKOJMIIHE CEPEAOBUINE MOTPAIUISIOTh BAKKI METAJHU, MOJIIMKIIYHI apOMaTHYHI BYTJIE€BOIHI,
TIOKCHHU, (pypaHH, JIETKI OpPraHiuyHi CHOJYKH, MPOAYKTH HETIOBHOTO TOPIHHS, MIKPOILJIACTUK, a TaKOX
npioHoaucnepcHi yactuHku PM2.5 1 PM10 — ki1t0490Bi €KOJIOTIUHI MOKA3HUKH, SIKI BU3HAYAIOTh PIBEHBb
3a0pyKHEHHsSI TIOBITpsA  JpIOHOAMCIIEpCHUMHM 4YacTUHKaMu. OcoOnuBy HeOe3NeKy CTaHOBISATH

YIBTPAIUCTIEPCHI YACTHUHKH, SIKI 3aBISKA MaJIOMy aepOAMHAMIYHOMY JiaMeTPy 3/JaTHI MPOHUKATH Yy

19 P. Grandjean and P.J. Landrigan, ‘Neurobehavioural Effects of Developmental Toxicity’, The Lancet Neurology, vol. 13, no. 3, 2014, pp.
330-338.

20 ATSDR, Toxicological Profile for Lead, Atlanta, Agency for Toxic Substances and Disease Registry, 2020.

2L ATSDR, Toxicological Profile for Cadmium, Atlanta, Agency for Toxic Substances and Disease Registry, 2012.

22 ATSDR, Toxicological Profile for Mercury, Atlanta, Agency for Toxic Substances and Disease Registry, 2022.

2 G. Flora, D. Gupta and A. Tiwari, ‘Toxicity of Lead: A Review with Recent Updates’, Interdisciplinary Toxicology, vol. 5, no. 2, 2012, pp.
47-58.

% G. Genchi et al., ‘The Effects of Cadmium Toxicity’, International Journal of Environmental Research and Public Health, vol. 17, no. 11,
2020, 3782.

% G. Bjerklund et al., “The Toxicology of Mercury: Current Research and Emerging Trends’, Environmental Research, vol. 159, 2017, pp.
545-554.

% p_B. Tchounwou et al., ‘Heavy Metal Toxicity and the Environment’, EXS, vol. 101, 2012, pp. 133-164.

27 M, Valko, H, Morri, and M.T.D. Cronin, ‘Metals, Toxicity and Oxidative Stress’, Current Medicinal Chemistry, vol. 12, no. 10, 2005, pp.
1161-1208.

2], Liu, R.A. Goyer and M.P. Waalkes, ‘Toxic Effects of Metals’, in Casarett and Doull’s Toxicology, 9th ed., New York, McGraw-Hill,
2019.

2 C, Gundacke, and M, Hengstschléiger, ‘The Role of the Placenta in Fetal Exposure to Heavy Metals’, Wiener Medizinische Wochenschrift,
vol. 162, no. 9-10, 2012, pp. 201-206.

%L, Hou et al., ‘Environmental Chemical Exposures and Human Epigenetics’, International Journal of Epidemiology, vol. 41, no. 1, 2012,
pp. 79-105.
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JMCTANbHI BIUIUIM JIET€Hb, MOTPAIUIATH Y CHCTEMHHH KpOBOTIK 1 J0JIaTH TremaToeHuedaniyHui
Gap’epSLs233:34,

CyrTeBol0 0COONMMBICTIO 3a0pyqHEHHS BHACHINOK BIHCHKOBUX [ii € MyJbTUMETAJICBHIA Ta
MYJIbTUKOMIIOHEHTHHI XapaKTep TOKCHYHOTO HABAHTAXXECHHS. Y PEATbHUX YMOBAX HACEIECHHS MMiIa€ThCS
HE 130JIbOBAHOMY BITUBY OKPEMHUX TOKCHKAHTIB, a KOMIUICKCHINA JIii CyMilllel, TOKCHYHICTh SIKHX MOXKE
3HAYHO NEePEeBUIIYBaTH €(PEeKTH IHAMBITyaTbHIX KOMIOHEHTIB. CaMe TOMy Cyd4acHa TOKCHKOJOTIS Jieaai
OUIbIIE OpIEHTYETHCS HAa KOHICIIII BHBYEHHS KyMYJSTHBHOTO PH3HKY, SKi BpaxoBYye aTUTHBHI,
TIOTEHIIIIOI0Yi Ta CHHepTiuHi epeKTH KOMOIHOBAHOT eKCIIO3HUIi >0,

BaxxnuBe miciie y cTpyKTypi war exposome 3aiimMaroTs eHnokpuHHI qu3pynTopu (EJl) — ex3orenHi
pedoBMHH abo cyMilll, 37aTHI MOPYIIYBaTH (YHKIIOHYBAHHS E€HJAOKPUHHOI CHUCTEMHU Ta IHIYKYBaTH
HECTIPHATINBI OioNoriuni epeKTH Ha PiBHI opramisMy, moToMcTBa a60 momyssmii-e 3940, [TpurrumoBoro
ocobnuBicTio EJ| € 31aTHICTD MIATH Y HAa/I3BUYaiHO HU3bKUX KOHUEHTpALILX, JEMOHCTPYBAaTH HEIIHINHI
N1030-e(heKTHI 3aJIeKHOCTI Ta (POpMYBaTH JOBTOTPUBAII €NIT€HETUYHI 3MIHH.

Ha BigmiHy BiJg KJIaCHYHUX IUTOTOKCHYHUX areHTiB, Mis EDCs peanizyeThcsi MEepeBaXHO uepes
MOPYIIEHHSI TOHKMX MEXaHI3MIB TOPMOHAIBHOI CUTHami3amii. BctanHoBineHo, mo 0araTo €HJIOKPUHHHUX
IM3PYNTOPIB 37aTHI B3aEMOJIATH 3 €CTPOTEHOBHMH, aHAPOTCHOBUMH Ta THPEOITHHMH pPEIENTOpaMH,
MOAM(IKYBATH aKTHUBHICTh (DEPMEHTIB CTEpOiJOreHe3y, BIUIMBATH Ha E€KCIPECi0 T'€HIB Ta 3MIHIOBAaTH
MDKKTITHHHIN curHamar*h 424344,

1.3. Ba:kki MeTa/iM IK KJIIOYOBUII KOMIIOHEHT war exposome

Cepen 4YMCIEHHMX TOKCHMKAaHTIB OCOOJIMBE 3HAUYEHHS MAalOTh BaKKI METalu, AKI HaleXaTb [0
HaWOUIBII MEPCUCTEHTHHUX 1 0I0aKyMYJSATUBHUX 3a0pyAHIOBAYiB Cy4acHOTO MOBKULIA. Ha BiaMmiHy Bif
OUTBIIIOCTI OPTAaHIYHUX CMOJYK, METAJd MPAKTUYHO HE MiAAAl0ThCs OIOJIOTIUHIA Aerpaznarii, 3AaTHi
TPUBAJIMNA Yac IUPKYJIOBaTH y Oiocdepi Ta HAKOMUYYBATHCS Y IPYHTAX, BOJHHX CHCTEMaX, POCIIMHAX,
TBApUHAX i TKAaHUHAX TroguHn*> 46 4748,

SLF. Perera and J. Herbstman, ‘Prenatal Environmental Exposures, Epigenetics, and Disease’, Reproductive Toxicology, vol. 31, no. 3, 2011,
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VY cydacHill €eKOTOKCHKOJIOTIT BaXKKi METaIH PO3IJISNAIOTHCS HE JIMIIE SIK KJIACHYHI LIUTOTOKCHYHI
areHTH, ajie 1 K aKTUBHI €HIAOKPUHHI JAU3PYNTOPH Ta MYJIbTUTAPreTHI TOKCHMKAHTHU, 3/1aTHI OJHOYACHO
BIUIMBATH HAa HEPBOBY CUCTEMY, €HJOKPHHHI OCi, IMyHHY peryjsiiiio, €HepreTMYHuil MeraboiizM Ta
dynxionysanns miroxonapiit*® °0 %152 OcobmuBoi akTyansHOCTI 11 HpobnemMa HaOyBae B yMOBaXx BiliHu,
KOJIM pYHHYBaHHS IMPOMHCIIOBOI H(PPACTPYKTYpPH Ta 3aCTOCYBAaHHS OOEMpPHUIACIB CYIPOBOKYIOTHCS
MacOBUM BUBLIBHCHHSIM METaJOBMICHUX aepO30.IiB.

VY HaBKOJIMIIHE CEPEIOBHINE MOTPAIUISIIOTh CBHUHEIb, KaaMIiid, PTyTh, HIKEJb, XpOM, CypMa, MiJb,
Oapiii Ta iHIII MeTaaW, IO BXOMATH JO CKJIaAy OoempumaciB, OpOHETEXHIKHM, BHOYXOBUX CYyMIIICH,
aKyMYIIATOPiB i MpoMHCIOBOTO obmamHaHHA > >+, Ilicas OCifaHHA BOHM BKIIOYAIOTECA y XapuoBi
JIAHIIIOTH, HAKOTIMYYIOThCS y TPYHTaX Ta BOJAHUX CHCTEMax 1 (GOPMYIOTh TpHUBajle TOKCHYHE HAaBAaHTAKECHHS
HaBITh MICJIS 3aBEPLICHHS aKTUBHOT (pa3u 00HOBUX MiH.

Oco0nuBy HeOe3NeKy CTAaHOBUTh XPOHIUHUN BIUIMB MaJlUX J03 — TPUBAJIMM BIUIMB HHU3bKHX
KOHIIGHTpaIllid TOKCHKaHTIB. Ha BiAMIHY Big TOCTpHX IHTOKCHKAIlIM, TaKa EKCIIO3WIlS YacTo He
CYINPOBOJ/IKYETBCS BUPAKEHOIO KIIHIYHOIO CHMITOMATHKOIO HAa PAaHHIX €Tanax, OJHaK 37aTHa POKAMHU
MATPUMYBATH CUCTEMHE 3anayieHHs, okcunatuBHuii crpec (OC), HEHPOCHIOKPUHHY TU3PETYIAIII0 Ta
enireHeTHYHi mopymeHns 0 8%,

1.4. OxcupaTuBHUH cTpec i HelipoOeHAOKPUHHA TU3pery asuis

HesanexxHo Bim mpupoau TOKCHKAHTA, OJHUM 13 IEHTPATbHUX MATOTCHETHUYHUX MEXaHI3MIB war
exposome € OC. KomOiHOBaHMI BIIMB BaxKux MeraiiB, PM2.5, nmpoAyKkTiB ropiHHS, MOJIIUKIIYHUX
apOMaTUYHUX BYTJIEBOJAHIB 1 XPOHIYHOTO IICHUXOEMOIIITHOIO CTpecy CYIPOBOIXKYETHCS HaIMIPHOIO
reHeparriero peaktuBHUX Gopm kucHio (ROS), BUCHA)KEHHSIM aHTUOKCHIAHTHUX CUCTEM Ta MOPYIICHHSIM
MiTOXOHpianbHOTO MeTabomizMy®.

Xponiuanii OC ymKomKye KIITUHHI MeMOpaHu, Outku, MmitoxoHapii ta JIHK, cTBOproroun
MepeayMOBH ISl PO3BUTKY HEHWpoOJeTeHepallii, eHA0TeTiabHOT TuchYHKIII, METa0OIIYHOTO CHHIPOMY
(MC), ceprieBo-cyMHHOI maToIorii Ta KaHIeporeHe3y®: 82, Baxise 3HaueHHs Mae Takox akTuBaris NF-

49 R.T. Zoeller, et al., ‘Endocrine-Disrupting Chemicals and Public Health Protection: A Statement of Principles from The Endocrine Society’,
Endocrinology, vol. 153, no. 9, 2012, pp. 4097-4110.
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53 L. Calderén-Garciduefias and R. Torres-Jardon, ‘Air Pollution, Socioeconomic Status, and Children’s Cognition in Megacities’, Frontiers
in Psychology, vol. 3, 2012, p. 217.

% M. Guxens and J. Sunyer, ‘A Review of Epidemiological Studies on Neuropsychological Effects of Air Pollution’, Swiss Medical Weekly,
vol. 141, 2012, p. w13322.

55 M. Jaishankar et al., ‘Toxicity, Mechanism and Health Effects of Some Heavy Metals’, Interdisciplinary Toxicology, vol. 7, no. 2, 2014, pp.
60-72.

% K. Vrijens, V. Bollati and T.S. Nawrot, ‘MicroRNAs as Potential Signatures of Environmental Exposure or Effect: A Systematic Review’,
Environmental Health Perspectives, vol. 123, no. 5, 2015, pp. 399-411.

57 M.C. Senut et al., ‘Lead Exposure Disrupts Global DNA Methylation in Human Embryonic Stem Cells and Alters Their Neuronal
Differentiation’, Toxicological Sciences, vol. 139, no. 1, 2014, pp. 142-161.

% WHO, Chemical Safety and Health, Geneva, World Health Organization, 2020.

59 UNEP, Frontiers 2022: Noise, Blazes and Mismatches, Nairobi, United Nations Environment Programme, 2022.

60 P.J. Landrigan and R. Fuller, ‘Pollution, Health and Development: The Need for a New Paradigm’, Reviews on Environmental Health, vol.
30, no. 4, 2015, pp. 251-255.

61 M.C. Senut et al., ‘Lead Exposure Disrupts Global DNA Methylation in Human Embryonic Stem Cells and Alters Their Neuronal
Differentiation’, Toxicological Sciences, vol. 139, no. 1, 2014, pp. 142-161.

62 P J. Landrigan and R. Fuller, ‘Pollution, Health and Development: The Need for a New Paradigm’, Reviews on Environmental Health, vol.
30, no. 4, 2015, pp. 251-255.

BIOJIOTTYHI, XIMIYHI TA EKOJIOT'TYHI 34T'PO3H B YMOBAX BIHHH 337



CHAPTER 2. BIOLOGICAL SAFETY AND PUBLIC HEALTH IN WARTIME

KB-3a/Ie)KHUX CUTHAJIBHUX MLUIAXIB, LI0 CYNPOBO/KYETHCS PO3BHUTKOM CHCTEMHOTO 3alajieHHsS Ta
MOPYUICHHSAM HEHPOIMYHHOT perysitii.

Oxpemy poJib y CTPYKTYpl war exposome BiJirpae XpoHIUHUN mcuxoeMmouiinuii crpec. Tpuana
aKTUBallisl rinoTasaMmo-rinodizapHo-uHagaupHukoBoi (I'TH)-oci CcympoBOKYEThCSI  TiMEpPCEKPEIiEr0
KOPTHU30JTy, TIOPYIIECHHIM [UPKAIHUX PUTMIB, PO3BHUTKOM AJJIOCTATUYHOTO TMEPEBAHTAXKECHHS Ta 3MiIHAMHU
aBTOHOMHOT HepBOBOi peryismii. CydacHi JOCTIDKCHHS JIEMOHCTPYIOTh, IO ICHXOJIOTIYHUN CTpec
3aTHUH TIOTCHIIIIOBATH TOKCHUYHICTh KCEHOOIOTHKIB, Tocwuimoroun OC, 3MIHIOIYH TPOHUKHICTH
remaToeHIedatiyHOro 6ap’epa Ta MopyIIyioun (yHKIIOHYBaHHS aHTHOKCHIAHTHUX cucTeM®> %4,

Takum 9rHOM, War eXposome € CKJIaTHOO IHTETPaJIbHO0 MOJCIUTIO KyMYJISTUBHOTO HABAHTAKCHHS,
y MeXax $KOI OJHOYACHO peali3yloTbCsl MEXaHI3MU TOKCHUKOJOTIYHOTO, HEHUPOEHIOKPHUHHOTO,
IMYHOJIOTIYHOTO Ta MCUXOCOLIaNbHOTO HaBaHTaxeHHs. CydacHa BiliHa (GopMye MPUHIIMIIOBO HOBUI THII
€KOJIOTIYHOTO HABAaHTAKEHHS, 3/[ATHUI BU3HAYATH CTPYKTYPY T'POMAJICHKOTO 3/I0POB s IPOTATOM 0ararbox
JECSATUIITD.

2. KOHIOENIOISA EHAOKPUHHUX JU3PYHNTOPIB Y CYUYACHIA
TOKCHKOJIOI'TI

2.1. ®opmyBaHHs KOHUeENIil eHIOKPUHHUX AU3PYITOPIB

Konmeniiisi eHIOKpUHHUX TU3PYNTOPIB € OJHIEI0 3 KIIOUOBUX MApaJWIM Cy4acHOi €KOJIOTIUHOi
MEJIUIIUHHA, MOJIEKYIISIPHOT €HAOKPUHOJIOT 1] Ta €KOJIOTTYHOT TOKCHKOJIOT1I. YTIPOIOBK OCTaHHIX JECATUIIITH
HaKOMMYEHO 3HAYHUN 00CST €KCIEPUMEHTATBHUX, KIIHIYHUX Ta €MiJIeMIONOTIYHUX JaHHUX, SK1 CBIAYATH
PO 3JaTHICTh YHCIEHHUX AaHTPONOr€HHUX XIMIYHUX PEYOBMH TMOPYIIYBaTH (YHKIIOHYBAHHS
eHJIOKPHHHOT CHCTEMH HABiTh Y HA/3BHYAIHO HU3BKUX KOHIEHTparisx "> 6 67,

EnnokpuHHa cucTeMa € CKIIaIHOI0 IHTETPOBAHOIO MEPEKEI0 PETYJIsIlii, 110 3a0e3mevye KOOpANHAIIIO
pPOCTY, PO3BUTKY, PENpOAYKTUBHOI (DYHKIIIl, EHEPreTHYHOr0 MeTaboIi3My, MOBEIIHKOBUX DPEaKIliid Ta
aganTarii g0 cTpecy. llopymieHHsT TOPMOHANBHOI CHUTHANI3allii CYNPOBOIKYETHCS CHCTEMHUMH
MaToJIOTIYHUMH e(EeKTaMu, IKi MOXKYTh PEaTi30BYBaTHCA SIK HAa PIBHI OKPEMHX OPraHiB 1 CUCTEM, Tak 1 Ha
nonysniiaoMy pisai®6% 701,

[lepmi mepekoHNMBI JOKAa3W EHIOKPUHHUX IU3PYNTOPIB OyJIM OTpPUMaHI IICIs 3aCTOCYyBaHHS
JTIETUICTIIIBOECTPOITY Yy BariTHUX XKIHOK y cepeauni XX cromirts. Hagami 6yno nmpoaeMoHCTpOBaHO, 1110
BHYTPIIIHBOYTPOOHMI BITUB IIi€1 CIOJYKH acCOILUIOETbCA 3 AHOMATISIMHU PO3BUTKY PENpPOIYKTUBHOI
CUCTEMH, MiJBUIIEHUM PU3UKOM a/ICHOKApPIIMHOMH, OE3IUIAIAIM Ta MOPYLUICHHSIM CTaTeBOrO PO3BUTKY Y
notomctBa’>’®. Came 1ii COCTEpeKEHHs CTaIN OJHUM i3 QYHAAMEHTAIBHUX MiAIPYHTh 118 GOpMyBaHHS
Cy4acHOI KOHIENIiT €eHTOKPUHHOT AU3PYIIILii.

83 M. Jaishankar et al., ‘Toxicity, Mechanism and Health Effects of Some Heavy Metals’, Interdisciplinary Toxicology, vol. 7, no. 2, 2014, pp.
60-72.

6 M.C. Senut et al., ‘Lead Exposure Disrupts Global DNA Methylation in Human Embryonic Stem Cells and Alters Their Neuronal
Differentiation’, Toxicological Sciences, vol. 139, no. 1, 2014, pp. 142-161.

8 A.C. Gore et al., ‘EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals’, Endocrine Reviews,
vol. 36, no. 6, 2015, pp. E1-E150.

% LN. Vandenberg et al., ‘Hormones and Endocrine-Disrupting Chemicals: Low-Dose Effects and Nonmonotonic Dose Responses’, Endocrine
Reviews, vol. 33, no. 3, 2012, pp. 378-455.

67 E. Diamanti-Kandarakis et al., ‘Endocrine-Disrupting Chemicals: An Endocrine Society Scientific Statement’, Endocrine Reviews, vol. 30,
no. 4, 2009, pp. 293-342.

& bid 65.

% Ibid 66.

 Ibid 67.

™ J.J. Heindel et al., “Metabolism Disrupting Chemicals and Metabolic Disorders’, Reproductive Toxicology, vol. 68, 2017, pp. 3-33.
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JlanpIuii  pO3BUTOK TOKCHKOJIOTII MPOAEMOHCTPYBAB, IO TOPMOHAJIBHO AaKTHBHI TOKCHKAHTH
MOXYTh BIUIMBATH HE JIMIIE HAa PENPOIYKTHBHY CHCTEMY, ajle i Ha HEHPOCHIOKPUHHY PperyIISIiio,
MeTaboIIYHUN TOMeocTa3, IMyHHY BIAMOBIIL Ta MpolecH KITHHHOI qudepenmianii. Y 1991 poui Oyno
odiuiiiHo 3ampononoBaHo TepmiH EJI, mo ¢akTHYHO 3amoYaTKyBaJl0 HOBHUI HampsM CydacHOI
TOKCHKOJIOTIi Ta HAYKH TIPO €KOJIOTidHe 30poB’s1’ .

2.2. OcHOBHI KJ1aCH eHAOKPUHHHUX IU3PYITOPiB

Jlo ocuoBHuX Tpyn EJ] Hanexarts nonixioposani 6ideninu, giokcunu, ¢pypanu, ¢pranate, Oichenon
A, PFAS, opranoxjopHi necTunuay, OpoMOBaHI aHTUITIPEHH, TOTIMUKIIYHI apOMaTUYHI BYTJIEBOIHI Ta
BakKi MeTau’>'®. 3HauHA YACTMHA IMX CHOJYK HAJEKHUTH 10 CTIHKUX OPraHIidHMX 3a0pyAHIOBAYIB, AKi
XapaKTEepPU3YIOTHCS BUCOKOIO JIIMOQUIbHICTIO, TPUBAIUM MEPIOIOM HAMIBBUBEACHHS, 010aKyMYIISIIEI0 Ta
3IaTHICTIO J10 TJI00abHOT aTMOCc(hepHOT MIrpaitii.

Oco6nuBy HeOE3MeKy CTAHOBUTH T€, 110 Cy4acHa JIOMHA MTPAKTUYHO HIKOJIM HE KOHTAKTYE JIUIIE 3
OJIHUM TOKCHUKAaHTOM. Y HaBKOJMIIHBOMY CEPEIOBUII OJJHOYACHO MPUCYTHI AECATKU a00 COTHI XIMIYHUX
areHTIB, 3/1aTHUX B3a€EMOMIATH MK c000t0 Ta (GopMyBaTH CKJIa/H1 aIMTUBHI, MOTEHIIIHH1 a00 CHHEPTivH1
epext’” 8 7° 'V 3p’43Ky 3 MM CydacHa TOKCHKOJIOTiS TOCTYIOBO BiIXOMHMTH Bill KOHIEMIIi «0HA
pedoBHHA — OJIUH eQeKT» 1 Aenani OuIbllle OPIEHTYEThCA HA BUBYEHHS KyMYJISTUBHOIO HaBaHTAKEHHS.

B ymoBax BiifHM 1g ipo6siema HaOyBae 0COOIMBOI aKTyalnbHOCTI. [ OpiHHS TUIacTMac, pyHHYBaHHS
MOJTIMEPHUX MaTepiaiiB, METOHAIllsA OOEMPHUITIACiB 1 MOMKEXKI MPOMHUCIOBUX 00’€KTIB CYNMPOBOIKYIOTHCS
MaCOBHM YTBOPEHHSM XiMiurux EJl, ki HOTPaIsIOTh y MOBITPs, BOLY Ta Xap4oBi JaHIorno0L82,

2.3. MouiekyJasipui mexanizmu aii EJI

MexaHi3Mu 1ii €HIOKPUHHUX TU3PYNTOPIB € HAA3BHUYAMHO CKIAJHUMHU Ta OaraTtopiBHeBMMHU. Ha
BIIMIHY BiJl KJIACHYHUX TOKCHKAHTIB, 1X il pealli3ye€ThCs MEPEBAKHO HE Yepe3 MpsiMe IUTOTOKCHYHE
VIIKOPKEHHS, & Yepe3 MOPYIICHHS TOPMOHAIBHOI CUTHAJI3aIll1l, KIITHHHOTO METa0oJI3My Ta PeryJsilii
excrpecii renip®3 848,

Bcranosneno, mo 6araro EJ[ 31aTHI B3aeMOIATH 3 €CTPOr€HOBUMH, aHAPOT€HOBUMHU, TUPEOTTHUMU
Ta TIIOKOKOPTUKOIMHUMH pelenTopaMu, a Takoxk 3 penentopamu PPARy i apun-rimpoxapOoHHMUMEH
peuenitopamu (AhR). YacTnHa TOKCHKAHTIB IMITY€ diF0 €HIOTCHHHUX TOPMOHIB, IHIII — OJIOKYIOTh
pelLienTopHE 3B’A3yBaHHS 260 3MiHIOIOTh (BYHKIIOHYBAHHS CUTHATBHHUX Kackain .

" A.C. Gore et al., ‘EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals’, Endocrine Reviews,
vol. 36, no. 6, 2015, pp. E1-E150
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Reviews, vol. 33, no. 3, 2012, pp. 378-455.

7 1bid 74.
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7 E. Diamanti-Kandarakis et al., ‘Endocrine-Disrupting Chemicals: An Endocrine Society Scientific Statement’, Endocrine Reviews, vol. 30,
no. 4, 2009, pp. 293-342.

80 R.T. Zoeller, et al., ‘Endocrine-Disrupting Chemicals and Public Health Protection: A Statement of Principles from The Endocrine Society’,
Endocrinology, vol. 153, no. 9, 2012, pp. 4097-4110.

81 J.J. Heindel, R. Newbold, and T.T. Schug, ‘Endocrine Disruptors and Obesity’, Nature Reviews Endocrinology, vol. 11, no. 11, 2015, pp.
653-661.

82 K.P. Phillips and W.G. Foster, ‘Key Developments in Endocrine Disrupter Research and Human Health’, Journal of Toxicology and
Environmental Health B, vol. 11, no. 5-6, 2008, pp. 322-344.

8 L. S, Birnbau, and S.E. Fenton, ‘Cancer and Developmental Exposure to Endocrine Disruptors’, Environmental Health Perspectives, vol.
111, no. 4, 2003, pp. 389-394.
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OcoOnuBe 3HaueHHs Mae AhR-omocepenkoBaHa TOKCHUYHICTh JIOKCHHIB Ta MOJIIUKIIYHAX
apoOMaTUYHMUX BYIJeBOAHIB. AkrtuBanis AhR-penenTtopa CynpoBOJUKYeThCS IHIYKII€E (QepMeHTIB
CYP450, reneparictro ROS, possutkom OC Ta CHCTEMHOTO 3amaneHHs 8,

Kpim penentopHo-omocepekoBaHuX MexaHi3MiB, EJ[ 3maTHi BIumMBaTH Ha CTEpOINOTCHE3,
TUPEOITHUI TOMEOCTa3, TPAHCIIOPT TOPMOHIB Ta (PyHKIIOHYBaHHS ()EPMEHTHHX CHCTEM. 3HaYHA YacTUHA
UX €PEeKTIB pealli3yeTbCs Yepe3 MITOXOHAPIabHY AUCHYHKIIIIO, TOPYIICHHS KaJbI[IEBOTO CUTHAIIHTY Ta
3MIHU €HEPreTHYHOTO METa00II3MY KIIITHHH.

2.4. Hu3bK0/1030Ba TOKCHYHICTH Ta NON-monotonic dose-response relationship

OnHi€r0 3 KIIOYOBHUX OCOOJIMBOCTEH EHIOKPHHHUX AM3PYNTOPIB € iXHS 3JaTHICTh CHPUYHHSITH
BUpaXeH1 O10JI0TIUHI €QeKTH y HaA3BUYallHO HM3BKHUX KOHLEHTpauiix. Ha BimMiHy Bin KJIacH4yHOI
TOKCHKOJIOT], Ie TOMIHY€ KOHLEMNIIs JIIHIHHOT 10303anexxHocTi, it EJ] xapakTepHoto € HemiHIiiHa KpuBa
— HEMOHOTOHHA 3aJIeKHICTh J03a-BIANOBIIb, 3a SKOI HU3bKI KOHIIEHTpAlii MOXYTb MaTH CYTTEBI
6iomoriuni Hacmimgku®® .

Came 1151 0COOMUBICTh 3HAUHO YCKJIQJHIOE OIIIHKY TOKCHKOJIOTTYHOTO PU3HMKY, OCKUIBKU TpaauLiiH1
MIAXOAM 10 BU3HAYECHHsI O€3MEYHMX 703 HE 3aBK/IM aJIEKBaTHO BIOOpaXaloTh peaibH1 010J10T14H1 ePeKTH
HU3BKUX J03. Y CydacHId JiTepaTypl aKTUBHO JUCKYTYIOTHCS METOJIOJIOTTYHI oOMexeHHs OIiHKu EJI,
BKJIIOUAIOYM TPYAHOUIl EKCTPANoJsLil eKCIEepUMEHTaIbHUX JaHUX Ha MOMYJSALINMHUI piBeHb, BIUIKUB
eKCITIO3HITiT CyMillli Ta BapiabebHicCTh iHAMBixyansHOT gyTmuBoCTi®H 9293,

Oco0n1BO BpPa3IMBUMHU JI0 BIUIMBY XIMIYHHUX DPEUOBHH, IO MOPYLIIYIOTH POOOTY €HIOKPHUHHOL
CUCTEMM € KPUTHUYHI NEpIOJIM PO3BUTKY, BKIIOYAIOUM e€MOpioreHe3, BHYTPIUIHBOYTPOOHHH PpO3BUTOK,
paHHE AUTHUHCTBO Ta myOepTaTHMil mepios. Came y I1i 4acoBi BIKHa TOPMOHAJIbHA PETYSAIlis Biairpae
BH3HAYAIbHY POJIb Y (OPMYBaHHI OpraHiB 1 CHCTEM, TOMY HABITh MIHIMQJIbHI TOPYIIEHHS €HIOKPUHHOTO
rOMeOCTa3y MOKYTh MaTH JOBIOTpUBai Hacigku >,

2.5. Enmireneru4ni mexanizmMu ta konnenuis DOHaD

CydvacHi AOCTIPKeHHS AEMOHCTPYIOTh, [0 3HAYHA yacTuHa BinnaneHnx edextiB EJ] peanizyerscs
4yepe3 eMireHeTHYHI MeXaHi3MH. BcTaHOBIEHO, 1m0 0araro TOKCHUKAHTIB 3/JaTHI IHAYKYyBaTH 3MIHU
metwmoBanHs JIHK, wmomudikamii rictoniB Ta geperynsnii mikpoPHK, mo cympoBomkyeThes
JIOBTOTPHBAIMMH 3MiHaMHu ekcrpecii renis®®®’,

Taki enireHeTHYH1 MOPYIIEHHS MOXYTh MaTH TpaHCTEHEpaI[liHUN XapakTep 1 PO3rISAAr0ThCS K
OJIMH 13 LIEHTPAJIbHUX MEXaHI3MIB (ETaIbHOIO MPOrpaMyBaHHs y MEKaX OHKOI'€HETHMYHOI KOHLIEHIil

87 1bid 83.

% bid 80.

89 LN. Vandenberg et al., ‘Hormones and Endocrine-Disrupting Chemicals: Low-Dose Effects and Nonmonotonic Dose Responses’, Endocrine
Reviews, vol. 33, no. 3, 2012, pp. 378-455.

% E. Diamanti-Kandarakis et al., ‘Endocrine-Disrupting Chemicals: An Endocrine Society Scientific Statement’, Endocrine Reviews, vol. 30,
no. 4, 2009, pp. 293-342.

%1 L. S, Birnbau, and S.E. Fenton, ‘Cancer and Developmental Exposure to Endocrine Disruptors’, Environmental Health Perspectives, vol.
111, no. 4, 2003, pp. 389-394.

92 R.T. Zoeller, et al., ‘Endocrine-Disrupting Chemicals and Public Health Protection: A Statement of Principles from The Endocrine Society’,
Endocrinology, vol. 153, no. 9, 2012, pp. 4097-4110.

9 J.J. Heindel, R. Newbold, and T.T. Schug, ‘Endocrine Disruptors and Obesity’, Nature Reviews Endocrinology, vol. 11, no. 11, 2015, pp.
653-661.

9 J.J. Heindel et al., ‘Metabolism Disrupting Chemicals and Metabolic Disorders’, Reproductive Toxicology, vol. 68, 2017, pp. 3-33.

% C, Gundacke, and M, Hengstschléiger, ‘The Role of the Placenta in Fetal Exposure to Heavy Metals’, Wiener Medizinische Wochenschrift,
vol. 162, no. 9-10, 2012, pp. 201-206.
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Environmental Health Perspectives, vol. 123, no. 5, 2015, pp. 399-411.
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iHiIiarmii 310poB’s Ta XBopo©O. BiAMOBIIHO 10 CydacHUX ysBIIEHB, TATOJIOTTYHE MIPOTrPAMyBaHHS OPraHi3My
MoOKe (hopMyBaTHCS 1€ Y BHYTPILIHBOYTPOOHOMY TMEpioAi MiJ BIUTMBOM TOKCHYHUX, HYTPUTUBHUX a00
ncuxoeMoliitaux daxtopin®®*°.

HasBHi mani cBiguaTh Opo Te, IO BHYTPIIHBOYTpoOHa excmosuuis a0 EJ[ acoumitoerbes 3
nigBumeHnM pusukoM MC, oxwupiHHs, iHCymiHOpe3ucTeHTHOCTI (IP), penmpoayKTHBHHMX MOpPYIIEHB,
HEHPOKOTHITMBHOT MATOJOTii Ta €HJOKPHHHMX 3aXBOPIOBaHb y Topaibmomy xutti?®100192  Ocobnuse
3aHETIOKOEHHS BUKIMKAE MOJKJIMBICTH MDKIIOKOJIHHOI Tepenadi emreHeTHYHUX 3MiH, [0 MOTEHIIIHHO
31aTHe GOPMYBATH JOBrOTPUBAJI IMOIMYJISIIHHI HACTIIKA TOKCUIHOT €KCIIO3UIIi1, OB’ A3aHO1 3 BIHHOIO.

Takum umbom, xoHuenuis EJ] € ogauM i3 (yHIaMeHTanbHHUX HampsMiB Cy4acHOi €KOJIOTIYHOT
MEIUIMHU Ta TOKCHKOJIOT1i. B yMOBax cyuacHuX BO€eHHHX KOH(IIKTIB 3HaueHHs EJ[ cyrTeBo 3pocrae,
OCKUIBKH BilfHA CTBOPIOE YMOBH JJISi MAacIITaOHOTO Ta TPHBAJIOTO TOIIWPEHHS TOPMOHAIBFHO AKTHBHUX
TOKCHKAHTIB Y HaBKOJIMITHBOMY cepenoBuill. Lle popmye npuHIMNIOBO HOBUI TUIT MEIUKO-EKOJIOTTYHOTO
HAaBAaHTAXXCHHS, SIKUH TOEJHYE TOKCUKOJIOTIYHI, ENIr€HETUYHI, HEWPOEHIOKPHHHI Ta MOMYJSIIiHI
MEXaHI3MH BIUIUBY.

3. BAXKKI METAJIA SAIK EHAOKPUHHO-AKTUBHI TOKCUKAHTHU

3.1. Baxkki MeTajim y CTPYKTYPi Cy4aCHOT0 €K0JIOTiYHOTr0 HABAHTAKEHHS

Baxki Meranu HanexaTb A0 HalOUIbII HeOE3NMEYHUX, MEPCUCTEHTHUX 1 010aKyMYJISTUBHUX
3a0py/IHIOBAYIB CydacHOTo MOBKULIA. Ha BimMiHy Bim OUIBIIOCTI OpPraHIYHUX TOKCHKAHTIB, BOHU
MPAaKTUYHO HE TMIAMAIOThCA OIOJIOTIUHIN Aerpamarii, XapaKTepU3yIThCS TPHUBAIOI HUPKYIAIIEID Y
61ocdepi Ta 37aTHICTIO HAKOTTMYYBATHCS y TPYHTaX, BOJHUX €KOCHCTEMaX, pOCIMHAX, TBApUHAX 1 TKAHUHAX
roquuu %, VYTIpo10BK OCTaHHIX IECATUIIITH HAKOIMMYEHO 3HAYHUI 00CIT TOKCHKOJIOTTYHUX, KIIIHIYHUX Ta
eMiZIeMIOJIOTIYHUX JO0Ka3iB TOro, IO OaraTto MeTajiB 37aTHI (YHKIIOHYBAaTH HE JIMIIE SIK KJIACH4HI
[IUTOTOKCHUYHI areHTH, ajie i K aKTUBHI CHAOKPUHHI TU3PYITOPH.

CydacHa EKOTOKCHKOJIOTISI PO3TJIANae BaXKKi METadd SK OJUH 13 KIIOYOBHX KOMITOHEHTIB
II00aTHbHOTO €KOJIOTIYHOTO HaBaHTAXXEHHsS, 3JaTHUW (GOpMyBaTH JOBTOTPHBAIi HEHPOCHIOKPHHHI,
MeTaboIIiuHi, penpoayKTHBHI Ta emirenernuHi mopymenas %1910 fxpg Tokcnunicts He o6MexyeThCS
TOCTPUMHM IHTOKCHKAIIIMUA a00 JIOKAJbHUM YIIKOJDKEHHSIM TKaHWH. HaiOinplry HeOGe3NeKy CTaHOBHUTHh
camMe XpOHIYHA HM3BKOJ030Ba EKCHO3MIlsl, 3/laTHA POKaMH MIATpUMYBaTH cucteMmHe 3amajieHHs, OC,
HEHUPOIMYHHY JU3PETY/IAIII0 Ta MITOXOHAPIATbHY AUCQYHKITIFO.

Oco0iMBO1  aKTyalbHOCT1 MpoOiieMa METATOTOKCHYHOCTI HaO0yBa€ B YMOBaxX CY4YacCHHUX BOEHHUX
KOH(IKTIB. PyiiHyBaHHS TPOMHUCIIOBUX IMIIPUEMCTB, METAIYPrifHUX KOMOIHATIB, TPAHCIIOPTHOT
IHPACTPYKTYpH, €JIEKTPOCTAHIIM Ta CKIaaiB OO€EMpUIIAciB CYMPOBO/DKYETHCS MACOBUM BHBUIbHEHHIM

% Ibid 94.

9 Ibid 95.

100 3.J. Heindel et al., ‘Metabolism Disrupting Chemicals and Metabolic Disorders’, Reproductive Toxicology, vol. 68, 2017, pp. 3-33.

101 C, Gundacke, and M, Hengstschliger, ‘The Role of the Placenta in Fetal Exposure to Heavy Metals’, Wiener Medizinische Wochenschrift,
vol. 162, no. 9-10, 2012, pp. 201-206.

102 \WHO, Chemical Safety and Health, Geneva, World Health Organization, 2020.

103 p J. Landrigan and R. Fuller, ‘Pollution, Health and Development: The Need for a New Paradigm’, Reviews on Environmental Health, vol.
30, no. 4, 2015, pp. 251-255.

104 Ihid 100.

105 Ihid 101.

106 |hid 102.
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MeTaJ0OBMICHUX aepo3011iB y HaBkomumHe cepenopumie’ 19819 Vyacninok nporo hopmyerses crerubiunmii
THIT 3a0pYIHEHHSI BOXKHMMHU MeTajlaMu 3a0pyIHEHHS, KU XapaKTepU3YEThCSI BUCOKOIO MEPCHCTEHTHICTIO,
KOMOIHOBaHOIO TOKCUYHOIO JI€F0 Ta TPUBAIUM BKIIFOYCHHSIM TOKCUKAHTIB y Xap4OBi JIAHITFOTH.

VY KOHTEKCTI war exposome BaKKi METalld € He JUIIe JIOKAIbHUMH 3a0pyaHIoBadaMu, aine i
KOMIOHEHTaMH TPAHCKOPJIOHHOTO TOKCHYHOTO HaBaHTaKEHHA. J[piOHOOMCIIEPCHI YACTHHKH, IO
YTBOPIOIOTHCS BHACTIOK BHOYXIB, TOPIHHA TE€XHIKM Ta PYHHYBaHHs NMPOMHUCIOBUX KOHCTPYKIIIH, 3/1aTHI
MEPCHOCUTHCS Ha 3HAYHI BiJACTaHi, (OPMYyHOYM MacimTaOHE perioHaabHEe 3a0pyJAHEHHS aTMOC(HEPHOTO
nositpsatt®M1i12 OcobnuBo nebesneunnmu € PM2.5-acomniiioBani MeTanu Ta yabTpaaucepcHi YaCTHHKHY,
K1 JIETKO MPOHUKAIOTH Y AUCTANIbHI BIJIUIN JIET€Hb, MOTPAIUIAIOTh Y CHCTEMHHUH KPOBOTIK 1 3/1aTHI 10J1aTH
rematoeHnedanaHui 6ap’ep.

3.2. biosioriuna poJib MeTaliB Ta Mexka Mix ¢isiosoriero i TOkcH4HicTIO

Mertanu Ta MIKpO€IeMEHTH € (yHIaMEHTAIbHUMU KOMIIOHEHTaMH O10J10TTYHUX CUCTEM 1 BIJIrpatoTh
KPUTHYHO BaXJMBY pOJIb Yy HIATPUMaHHI CTPYKTYpHOI Ta (YHKIIOHAJIbHOI LUIICHOCTI OpPraHi3My.
EcenmianbHi MikpoeneMeHTH 3a0e31neuyioTh (QyHKI[IOHYBaHHS (DEPMEHTHUX CHUCTEM, TPAHCHOPT KUCHIO,
CUHTE3 TOPMOHIB, MIATPUMAHHS PEIOKC-TOMEOCTa3y, IMYHHY PEryjsiilo, HEHPOTPAHCMICIIO Ta
eHepreTHyHuil MeTadomizm 13114115,

3Ha4yHa YacTHHA ()EPMEHTIB JIIOMHN € METAI03aJIKHIMHA. MeTalll BXOSTh 10 CKJIaly IIUTOXPOMIB,
OKCHJIa3, CYMEPOKCHITUCMYTa3H, TIEPOKCHIa3, JACHOIMHA3 THPEOITHUX TOPMOHIB Ta YHCICHHUX
TpaHCKpUMUIHHUX (akTopiB. BoaHowac Mexa MK (i310JIOTTYHOI HEOOXIJHICTIO Ta TOKCHUYHICTIO IS
0araTbOX MIKpOEJIEMEHTIB € Ha3BUYAITHO BY3bKOI0. 32 YMOB HAJTMIIKOBO1 €KCITO3UIIIi HABITh €CEHITIAbH1
eJIeMEHTH MOXYTh Ha0yBaTH BIACTUBOCTEH TOKCHKAHTIB Ta €HJIOKPHHHUX au3pynTopip 16117118,

VY KJIIHIYHIA TOKCHUKOJIOTII HalOIbIlIe 3HAYCHHSI MalOTh CBUHEIb, KaJMild, PTYTh, apCEH, HIKEIb Ta
xpoM. HacTrHa MeTasiB, 30KpeMa Miflb, MapraHellb, IMHK 13a1130, € (Pi310JIOTTYHO HEOOXITHUMH, OJTHAK 32
YMOB HaJUIMIIIKOBOTO HAKONMYEHHs 371aTHi iHaykyBatn OC i meifporokcnuni edexru'®?°. HatomicTs
CBHUHEIIb, KaJMIi Ta PTYTh HE MalOTh XOAHOI BiOMOi Ol0J0TiuyHOT (QYHKII B OpraHi3mi JIOJUHH 1
PO3IIISIAI0THCS] BUKJIFOYHO SIK TOKCUYHI ar€HTH.

07 1, Calderén-Garciduefias and R. Torres-Jardén, Air Pollution, Socioeconomic Status, and Children’s Cognition in Megacities’, Frontiers
in Psychology, vol. 3, 2012, p. 217.

108 M. Guxens and J. Sunyer, ‘A Review of Epidemiological Studies on Neuropsychological Effects of Air Pollution’, Swiss Medical Weekly,
vol. 141, 2012, p. w13322.

109 M., Jaishankar et al., ‘Toxicity, Mechanism and Health Effects of Some Heavy Metals’, Interdisciplinary Toxicology, vol. 7, no. 2, 2014,
pp. 60-72.

10 1, Calderén-Garciduefias and R. Torres-Jardén, Air Pollution, Socioeconomic Status, and Children’s Cognition in Megacities’, Frontiers
in Psychology, vol. 3, 2012, p. 217.

11 M. Guxens and J. Sunyer, ‘A Review of Epidemiological Studies on Neuropsychological Effects of Air Pollution’, Swiss Medical Weekly,
vol. 141, 2012, p. w13322.
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114 IN. Vandenberg et al., ‘Hormones and Endocrine-Disrupting Chemicals: Low-Dose Effects and Nonmonotonic Dose Responses’,
Endocrine Reviews, vol. 33, no. 3, 2012, pp. 378-455.

115 WHO, Chemical Safety and Health, Geneva, World Health Organization, 2020.

116 Ipid 113.
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no. 4, 2009, pp. 293-342.

119 M, Valko, H, Morri, and M.T.D. Cronin, ‘Metals, Toxicity and Oxidative Stress’, Current Medicinal Chemistry, vol. 12, no. 10, 2005, pp.
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3.3. MoJiekyJsIpHi MeXaHi3MH TOKCMYHOCTi Ba:KKHX MeTAJIIB

Ha BimMiny Big Oarathox wimacnyHux ximigaux EJI, OimpIricT MeTaliB HE MAarOTh MPSIMOL
CTPYKTYpHOI MOMIOHOCTI 0 CTEPOIMHMX TOPMOHIB. IXHS €HIOKPMHHA aKTUBHICTh Peali3yeThCs depes
ckiajgHi OararopiBHEBI MeXaHI3MH, $KI BKIIOYAIOTh PEIENTOPHY MIMIKpiI0, B3aeEMOJIiI0 i3
Cynb(PrifpmiIbHUMU TpynamMu OuIKiB, iHTiIOyBaHHS (EPMEHTHHX CHUCTEM, MOPYIICHHS KaJbIi€BOTO
curHaninry, reaepanito ROS ta enirenernuni sminu2122123,

OpHuMM 13 TEHTpaTbHUX MeXaHi3MIB MetanoTokcndHocTi € OC. 3HayHa YacTHHA METAliB 3/aTHA
IHIyKyBaTH HAaIMIpHY T€HEpAIlil0 BUIbHUX PaJUKaIIiB, TOPYIIYBaTH (PYHKUIOHYBAHHS aHTHOKCHIAHTHUX
CHCTEM Ta BHCHAKYBAaTH KJIiTHHHI pe3epBu riyTariony' 24121 Vyacminox uporo BinGysaeTncs
YIIKOJDKEHHS KIITUHHUX MeMOpaH, Ou1kiB, mitoxouApiil Ta JJHK, mo cTBoproe miarpyHTs Ans po3BUTKY
CHCTEMHOTO 3aIlajJIeHHsI Ta IPOrPeCyBaHHs XPOHIUYHOI MaTOJIOTi.

Oco0nuBe 3HAUEHHS Ma€ MITOXOHJIplaJibHA TOKCUYHICTH METalliB. BCTaHOBIIEHO, IO CBUHEIb,
KaJIMiid, pTyTh Ta apCeH 3/1aTHI MOPYIIYBATH €JIEKTPOHHO-TPAHCIIOPTHUMN JIAHITIOT, 3HIKYBaTH cuHTe3 ATP
Ta iHZyKyBaTH pi3Ke MiJBUINEHHS NPOHUKHOCTI BHYTPINIHBOI MiToxoHapiansHoi MemOpamu®®C. Ile
CYIIPOBOJIKYETHCSI AKTHBAIIIEIO0 aroNTo3y, €HEpreTMYHUM Je(QIUTOM KIITUHU Ta MPOrpecyBaHHIM
TKaHUHHOT TUCHYHKILII.

Oco0nMBO YYTJIIMBUMH JI0 MITOXOHJPIATbHOTO YIIKOJDKEHHS € HEHpOHH, KapJlOMIOIUTH Ta [3-
KIITUHU ~ OANUTYHKOBOI — 3aJl03M, 110 YacTKOBO  TOSICHIOE  3B’SI30K  METaJOTOKCHMYHOCTI 3
HEHpOJEreHepaTUBHUMH ~ 3aXBOPIOBAHHSIMH, CEPIEBO-CYAMHHOIO TATOJIOTIEI0 Ta MOPYIICHHIMH
BYIJIEBOHOTO 0OMiHy 2/ 128:129.130

3.4. CBuHenb SIK HEMIPOEHAOKPUHHUI TOKCUKAHT

CBuHEIb € OJJHUM 13 HAaOUTBHII MOMUPEHUX Ta HEOS3MEUHUX TOKCUYHUX peYoBUH NOBKULIA. [Tompu
3Ha4YHEe OOMEKCHHS BHUKOPHCTAHHS CBHUHIIO y TPOMHCIOBOCTI, BiH 1 Haaall 3aJUIIAETHCS BAXKJIMBUM
KOMITIOHEHTOM TE€XHOTEHHOTO 3a0py/IHEHHSI, 0COOIMBO B YMOBaX BiificbkoBHX KoHMmikTiB 31132,

OCHOBHMMM JKepejlaMd CBUHIIEBOI €KCIO3HUINi i Yac BIHM € BUOYXOBI MPOIECH, IETOHAIlISA
OoernpuriaciB, TOpiHHS TEXHIKH, pyHHYBaHHS MPOMUCIOBUX KOHCTPYKIIii Ta KOHTaMiHallisl rpyHTIB. [Ticis
MOTPAIUISIHHS B OPraHi3M CBUHEIb 3/IaTHUI HAKONMYYBATHUCS Y KICTKOB1M TKaHUHI, 1€ MOKE JIEIOHYBATUCS
IPOTArOM JecaTuIiTh 3 134,

HelpoTOKCHYHICTh CBUHIIO TOB’S3aHA 3 HWOTO 3JIATHICTIO MOPYIIYBAaTH KaJbI[IEBUN CHUTHAJIHT,

3MIHIOBaTH BUBUIBHEHHS HEMpOMEIIaTOPIB Ta IHAYKYBaTH Helipo3anaieHHs. OcoOIMBO Bpa3IMBUMH € JITH

121 A C. Gore et al., ‘EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals’, Endocrine Reviews,
vol. 36, no. 6, 2015, pp. E1-E150.

2] N. Vandenberg et al., ‘Hormones and Endocrine-Disrupting Chemicals: Low-Dose Effects and Nonmonotonic Dose Responses’,
Endocrine Reviews, vol. 33, no. 3, 2012, pp. 378-455.

123 M., Jaishankar et al., ‘Toxicity, Mechanism and Health Effects of Some Heavy Metals’, Interdisciplinary Toxicology, vol. 7, no. 2, 2014,
pp. 60-72.

124 Ibid 121.

125 |bid 122.

126 E, Diamanti-Kandarakis et al., ‘Endocrine-Disrupting Chemicals: An Endocrine Society Scientific Statement’, Endocrine Reviews, vol. 30,
no. 4, 2009, pp. 293-342.
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129 pid 126.

130 3.J. Heindel et al., ‘Metabolism Disrupting Chemicals and Metabolic Disorders’, Reproductive Toxicology, vol. 68, 2017, pp. 3-33.

131 p B. Tchounwou et al., ‘Heavy Metal Toxicity and the Environment’, EXS, vol. 101, 2012, pp. 133-164.

1382 M, Valko, H, Morri, and M.T.D. Cronin, ‘Metals, Toxicity and Oxidative Stress’, Current Medicinal Chemistry, vol. 12, no. 10, 2005, pp.
1161-1208.
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Ta IUTJ, OCKUIBKM HAaBiThb HM3bKI KOHIIEHTpALili CBUHIIO ACOLIIOIOTHCS 31 3HIDKEHHSIM KOTHITHBHHX
(yHKIiH, TOPYIIEHHAMH MOBEIIHKY Ta HEHPOIICUXIYHOTO PO3BUTKY > 13°,

Kpim HelipoTokcnyHHMX e(eKTiB, CBHHELb 3[aTHUI MOpYIIyBaTH (YHKI[IOHYBaHHS TilOTajlamo-
rino¢izapHO-roOHaIHOT OCi, BIUIMBATH HA CIIEPMATOT'eHE3, TUPEOITHHI roMeocTas Ta MeTaboJIi3M BiTaMiHy
D% 138 XpomiyHa CBMHIIEBA EKCIIO3HIl TaKOXk AaCOIIOEThCA 3 AapTEpiabHOI TilepTeH3i€ro,
SHJIOTETIATBHO0 UCHYHKITIEIO Ta MABUIIIEHUM PU3UKOM CEPIIEBO-CYAMHHOT MATOJIOT I,

3.5. Kaamiii Ta eH1IOKpHHHA AU3peryJisilis

Kanmiit € ogHUM 13 HAHOUIBII TOKCHUYHUX 1 MEPCUCTCHTHUX METATIB CYYaCHOTO JOBKULIS. Horo
nepio/l HamiBBUBEIEHHS 3 OpraHisMy Moxke mnepeBuinyBatu 20-30 pokiB, IIO 3yMOBIIOE BUpPAKECHUH

KyMyJITHBHHI XapakTep TokcugnocTi 39140141,

VY cydyacH1i TOKCHKOJIOTi KaaMild PO3TIIIA€THCS K METAJIOECTPOTEH — METaJl, 3AaTHUI B3a€MOIIATH
3 eCTPOTeHOBMMH PEIEeNTOpaMH Ta MOAM(iKyBaTH TOpMOHANbHMI curHamiHr 42143, Beranosnero, mo
KaJIMIi acOLIIOETHCS 3 MOPYIIEHHIMHU PENPOAYKTUBHOT QyHKIT, O€3IUTILASIM, TUPEOiTHOIO MAaTOJIOTI€0 Ta
MIIBUIIEHAM PU3HUKOM TOPMOHO3AIEKHHX ITYXJIHH.

Oco0OnuBe 3HAYCHHS Ma€ KOHKYpEHTHA B3aeMOJisd MDK Kaamiem 1 nuHkoMm. Kaamiit 3matHuit
BUTICHSTH IIUHK i3 METaN03aeKHUX (hePMEHTIB, MOPYIIYIOUH IXHIO (QYHKIIiO Ta mocumroroun OC144145.146
3HavYHa YacTHHA TOKCUYHUX €(EeKTIB KaJIMII0 pPeali3yeThCsl caMe depe3 MITOXOHApiaabHy TUCHYHKIIIFO,
rerepamnito ROS Ta mopymenHas QyHKIIIOHYBaHHSI aHTHOKCHAAHTHUX CHCTEM.

3.6. PTyThb, HEHPOTOKCHYHICTH Ta enmireHeTU4Hi eQexkTH

Pryrs Hanexxuth A0 HalOubll HeOe3MEeYHUX HEHPOTOKCHMKAHTIB Cy4acHOro JOBKULISA. OcoOnuBy
TOKCHUYHICTh MalOTh OpraHidyHi (opMU PTYTi, 30KpeMa METWIPTYTh, SKa JIETKO IPOHHUKAE YEpe3
remaToennedaniuamil Ta MIaneHTapHuii 6ap’epn 4148,

OCHOBHMMHM MeEXaHI3MaMH TOKCHYHOCTI pTyTi € reHepamiss OC, mopymeHHsS (QyHKIIIOHYBaHHS
MITOXOHJIPii, 3MIHU KaJbI[I€EBOIO TOMEOCTa3y Ta aKTHBAllisl HeWpo3amnajaeHHs. BcTaHOBICHO, 1O PTYThH
3/1aTHA iHIyKyBaTH YIIKODKEHHS HEHPOHIB, MOPYIIEHHS HelipoTpaHcMicii Ta KorHiTuBHI posmam %1%,
Oco6muBy HEOE3MEeKy CTAHOBUTB B3a€EMOJIISI PTYTI Ta celieHy. PTyTh yTBOpIO€E cTa0LIbHI KOMIUIEKCH

Hg-Se, mo npu3BoauTh 10 (QYHKIIOHATBEHOTO AE(DIIUTY CEleHY Ta BUCHAKEHHS aHTHOKCHJIAHTHOTO
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151152 Hagpmi jmami Tako’ CBifuaTh Npo 3AaTHICTh PTYTi iHIyKyBaTH eIireHeTHYHi 3MiHH,

3aXHCTy
BKITIO4aroun Moaudikanii merumoBanus JJHK Ta geperynsuis mikpoPHK.

3.7. EnireHeTn4Hi Ta TpaHcreHepaniiHi e)eKTH MeTaJI0TOKCHYHOCTI

CyyacHl JOCHIDKEHHS JEMOHCTPYIOTh, IO BaXXKI METalIM 3[aTHI I1HAYKYBaTH IOBrOTPHUBAJi
emireHeTHYH1 TOPYIIEHHS, SKIi MOXYTh PEaji30BYBAaTHCS HaBITh 4epe3 NECATHIIITTS MICIsl NMEpBUHHOL
excriosumii>> 1% 155 Beranosieno, mo cBuHels, KaaMiil, pTyTh Ta apceH 37aTHi 3MiHIOBATH MAaTEpPHH
metmmoBanHs JJHK, MmoaudikyBaT cTpyKTypy XpOMaTHHY Ta BIUIMBATH Ha PETYIALII0 €KCIpecii TeHiB.

Oco0MBO BXKJIMBUMH € TIPEHATAIBHOT €KCIIO3HUIIIT Ta paHHI EPioAnd PO3BUTKY, KOJIU EIMireHeTHYH1
MeXaHI3MH BiIIrparoTh KIHOYOBY poJib Y (hOpMyBaHHI OpraHiB i CUCTEM. BilMoBiAHO O OHTOT€HETHYHOT
KOHLEMNIIT 1Himiamii 370poB'st Ta XBOp0O, TOKCUUHE HAaBAaHTAKEHHS y KPUTHYHI MEPIOU PO3BUTKY MOXKE
nporpaMyBaTH pPHU3HK META0OJIUYHUX, HEHPOSHIOKPUHHUX Ta CEPIEBO-CYANHHUX 3aXBOPIOBAHb Y
TOJATBIIOMY KHTTi 26157158,

TakuMm 4YUHOM, BaXKKI METAJIA € OJJHUM 13 IIEHTPAIIbHIUX KOMIIOHEHTIB CY4acHOTO war €Xxposome Ta
(GbOopMyIOTh CKIAAHUM MYJIbTUPIBHEBHI TOKCHUKOJIOTTYHUI BIJIUB, AKUi oxoroe OC, HeMpOoeHIOKPUHHY
JTU3PETYISIII, MITOXOHIPIATbHY TUCHYHKIIIIO, CHCTEMHE 3allajieHHs Ta CMireHeTHYHE MPOorpaMyBaHHSI.
YMOBH cydacHO1 BIMHM 3HAUHO MOCHJIIOIOTH PHU3MKH MYJIbTUMETANEBOi E€KCHO3MIlll, LI0 CTBOPIOE

JOBTOTPUBAJI BUKIIMKH JJIS CUCTEMH I'POMAJICHKOTO 3/I0POB’Sl Ta €KOJIOTTYHOT O€3MEeKH.
4. PM2.5 TA TOKCHUKOJIOT'TA TOPIHHA Y CTPYKTYPI WAR EXPOSOME

4.1. Combustion toxicology sik HOBHH HANIPSAM CYy4aCHOI €KOTOKCHKOJIOT il

OfHMM 13 KITIOYOBHX KOMITOHEHTIB CY9acCHOTO War €Xposome € IHTCHCHBHE BJIMXAaHHS JIUMY Ta
MPOAYKTIB TOPIHHA, MO (OPMYETHCS BHACTIAOK MACIHITAOHUX TOXKEXK IMPOMHUCIOBUX IMiIIPHUEMCTB,
HadT00a3, KUTIOBHX KBApTajiB, TPAHCHOPTHOI iHPPACTPYKTypH Ta ckmamiB Ooempumacipl®®160161 vy
MpoIIeCci TOPIHHS YTBOPIOETHCS CKJIaJHA CYMIIl TOKCHYHUX aepO30JIiB, sSKa BKIIOYAE APIOHOAMCIIEPCHI
yacTuHKH PM2.5, yneTpaaucnepcHi YaCTHHKY, TIOJMIIUKIIIYHI apOMaTHYHI BYTJICBOIHI, TIOKCHHH, (ypaHH,
YOPHHMIA BYTJICIIb Ta YUCJICHHI JIETK1 OPTaHivH1 CIIOJyKH.

YIposoBXK OCTaHHIX ACCATHIIITH TOKCHKOJIOTISI TOpiHHS chopMmyBajacs SK OKpPEeMHUH HampsM
Cy4acHOi €KOJIOTTYHOT MEIUIIMHM, [0 BUBYAE CHCTEMHI 010JIOTiUHI e(PEeKTH MPOaYKTIB TopiHHA. SKII0
panime PM2.5 posrismanucs nmepeBakHO K pecHipaTopHuid (akToOp PU3UKY, TO CYYacH1 AOCITIHKEHHS

151 G.W. Miller and D.P Jones, ‘The Nature of Nurture: Refining the Definition of the Exposome’, Toxicological Sciences, vol. 137, no. 1,
2014, pp. 1-2.

182 Ibid 147.

153 |, Hou et al., ‘Environmental Chemical Exposures and Human Epigenetics’, International Journal of Epidemiology, vol. 41, no. 1, 2012,
pp. 79-105.

154 F. Perera and J. Herbstman, ‘Prenatal Environmental Exposures, Epigenetics, and Disease’, Reproductive Toxicology, vol. 31, no. 3, 2011,
pp. 363-373.

155 K. Vrijens, V. Bollati and T.S. Nawrot, ‘MicroRNAs as Potential Signatures of Environmental Exposure or Effect: A Systematic Review”,
Environmental Health Perspectives, vol. 123, no. 5, 2015, pp. 399-411.

156 D.J.P. Barker, ‘The Developmental Origins of Adult Disease’, Journal of the American College of Nutrition, vol. 23, no. 6, 2004, pp. 588S-595S.
157 P.D. Gluckman and M.A. Hanson, ‘Developmental Origins of Disease Paradigm: A Mechanistic and Evolutionary Perspective’, Pediatric
Research, vol. 56, no. 3, 2004, pp. 311-317.

158 R, Barouki et al., ‘Developmental Origins of Non-Communicable Disease: Implications for Research and Public Health’, Environmental
Health, vol. 11, 2012, 42.

159 p J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512

160 \WWHO, Environmental Health in Emergencies and Disasters: A Practical Guide, Geneva, World Health Organization, 2021.

161 UNEP, Environmental Consequences of the War in Ukraine: Preliminary Assessment, Nairobi, United Nations Environment
Programme, 2022.
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JEMOHCTPYIOTh IXHIi CHCTEMHHH BIUIMB Ha CEpUEBO-CYIUHHY CHUCTEMY, CHIOKPHUHHY pETYISLIIo,
HelpoiMyHHI MeXaHi3MHU Ta MeTaboTiunuil romeocTas 62163164

Oco0nuBy HEOE3MEKy CTAaHOBJISITh YIBTPAAUCIIEPCHI YACTHHKH, JTIAMETP SKUX CTaHOBUTH MeHime 0,1
MKM. 3aBISKM MajiM pO3MipaM BOHM 3JIaTHI MPOHUKATH 4Yepe3 albBEOJIIPHO-KAMUIApHUN Oap’ep,
IOTPAIUIATH y CUCTEMHHiI KPOBOTIK Ta JOCATAaTH LEHTpaabHOI HepBoBoi cucTemu %6187 Kpim Toro,
MOBEPXHS TAKMX YAaCTHHOK YacTO aAcopOye BaKKi METalW Ta OpraHiuHI KaHIEPOTEHH, IO CYTTEBO
MIABUIIYE IXHIO TOKCUYIHICTb.

4.2. PM2.5 Ik CHCTeMHH# TOKCHKAHT

PM2.5 xapakTepu3ylTbCs 3AaTHICTIO IHAYKYBaTH CHCTEMHE 3alaJiCHHsS, CHJIOTETIAIbHY
mucynkiiro ta OC. [oTpamnnstoun y AMCTaNbHI BIAIUIN JIET€HB, APIOHOANCTIIEPCHI YACTUHKH aKTUBYIOTh
anbBEOJIAPHI Makpo(arm Ta CTUMYIIOIOTh BHBITHHEHHS TIpo3amaibHUX 1UTOKiHiB8189170  Tle
CYIIPOBOJIKYEThCS akTuBalieio NF-kB-3amexHuX curHaIbHUX NUIAXiB, TeHepariero ROS Ta po3BuUTKOM
XPOHIYHOTO 3amaneHHs Hu3bKoi inTeHcuBHOCTI (X3HI).

CyuacHi eniieMioNoriuH1 JOCIIKEHHS IEMOHCTPYIOTh, 1110 TpuBaiuil BimuB PM2.5 aconitoerses 31
3pOCTaHHAM PHU3UKY apTepiayibHOI TilepTeHs3li, imeMi4Hoi XBopoOu cepus, iHcynbty, LI/l 2 tumy Ta
HelpoiereHepaTHBHUX 3axBoproBaHb. 1172178 OcobmuBe 3HaYeHHS Mae 37aTHICTH JPiOHOIMCIEPCHUX
YaCTUHOK MOPYIIyBaTH (QYHKUIOHYBAHHS CYAMHHOTO €HAOTEINII0 Ta 3MIHIOBATH MIKPOIUPK YIIALIIO.

VY xoHTekcTi war exposome PM2.5 € He nuiie KOMIIOHEHTOM aTMoc(epHoro 3abpyaHeHHs, ane i
YVHIBEpCAJTbHUM MEPEeHOCHUKOM TOKCHUKaHTIB. Ha moBepxHi ApiOHOIUCHEPCHUX YACTHHOK MOXYTh
azicopOyBaTHCs BaXKKi METaJM, NOJIIUKIIYHI apOMaTU4YH1 BYTJIEBOAH], 1IOKCUHU Ta iHII XimiyH1 EJI, 1o
CTBOPIOE YMOBH JIIi KOMOIHOBAHOT MY/IBTHTOKCHYHOT eKkcro3mii -’ +175178,

4.3. Heiipo3anaJjieHHs1 Ta KapaioMeTa00JIiuHi HacaiAku particulate exposure

OnHuM 13 HAMOLTBIN 3HAYYIIMX CUCTEMHUX eexTiB PM2.5 € 31aTHICTh iHAYKYBAaTH HEeHpo3anaacHHs
Ta MopymieHHs (GyHKI[IOHYBaHHS IEHTPaIbHOT HEpBOBOI cructeMu. CydacHi TOCTIKEHHS JEMOHCTPYIOTh,
10 yJIbTPaJUCIEPCH] YACTUHKU MOKYTh MPOHHUKATH JI0 MO3KY K Yepe3 CUCTEMHHI KPOBOTIK, TaK 1 uepe3
JUXaNbHY CHCTEMY, MUHAIOUN reMatoeHIedaniaanii 6ap’ep’ 17817,

Hakonu4eHHs 4aCTUHOK Y HEPBOBIN TKaHWHI CYITPOBOKYETHCSI aKTUBAIIIEI0 MIKPOTJIii, F€HEPAIliEI0

ROS Ta po3BUTKOM XpOHIYHOTO HeWpo3amajieHHS. BcTaHOBJIEHO acolliamitdo MDK TPUBAJIUM BIUIMBOM

162 R.D. Brook et al., ‘Particulate Matter Air Pollution and Cardiovascular Disease’, Circulation, vol. 121, no. 21, 2010, pp. 2331-2378.

163 C.A. Pope and D.W. Dockery, ‘Health Effects of Fine Particulate Air Pollution: Lines That Connect’, Journal of the Air & Waste
Management Association, vol. 56, no. 6, 2006, pp. 709-742.

164 D E. Schraufnagel, ‘The Health Effects of Ultrafine Particles’, Experimental & Molecular Medicine, vol. 52, no. 3, 2020, pp. 311-317.

165 |bid 164.

166 M.L. Block and L. Calderén-Garcidueiias, ¢ Air Pollution: Mechanisms of Neuroinflammation and CNS Disease’, Trends in Neurosciences,
vol. 32, no. 9, 2009, pp. 506-516.

167 |.G. Costa et al., ‘Neurotoxicity of Traffic-Related Air Pollution’, NeuroToxicology, vol. 59, 2017, pp. 133-139.

168 |pid 162.

169 |pid 163.

170 |bid 166.

71 |bid 162.

172 p J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512.

173 |_.G. Costa et al., ‘Neurotoxicity of Traffic-Related Air Pollution’, NeuroToxicology, vol. 59, 2017, pp. 133-139.

174 1bit 172.

175 UNEP, Environmental Consequences of the War in Ukraine: Preliminary Assessment, Nairobi, United Nations Environment Programme,
2022.

176 UNEP, Frontiers 2022: Noise, Blazes and Mismatches, Nairobi, United Nations Environment Programme, 2022.

177 M.L. Block and L. Calderén-Garcidueiias, ‘Air Pollution: Mechanisms of Neuroinflammation and CNS Disease’, Trends in Neurosciences,
vol. 32, no. 9, 2009, pp. 506-516.

178 |_.G. Costa et al., ‘Neurotoxicity of Traffic-Related Air Pollution’, NeuroToxicology, vol. 59, 2017, pp. 133-139.

1% P, Grandjean and P.J. Landrigan, ‘Neurobehavioural Effects of Developmental Toxicity’, The Lancet Neurology, vol. 13, no. 3, 2014, pp.
330-338.

346 BIOLOGICAL, CHEMICAL AND ENVIRONMENTAL THREATS IN WARTIME CONDITIONS



PO3JILI 2. FIOJIOI'TYHA BE3IIEKA TA I'POMAJ[CBKE 3/[OPOB'A B YMOBAX BOEHHOI O YACY

PM2.5 Ta migBMIIEHHMM PH3UKOM KOTHITMBHHMX IOPYIICHb, ACNpPECii, TPUBOKHUX PO3JAJIIB, XBOPOOH
AnpureiiMepa Ta iHImux HeiipogerenepaTuHux npouecipl®181.182

Y CcTpyKTypi war exposome IIi MEXaHi3MH MalOTh OCOOJIMBE 3HAYCHHsS, OCKUIbKH TOKCHYHE
HAaBAaHTAXKEHHS  TMOETHYETbCA 3  TSDKKHUM  IICUXOEMOLIMHMM  CTpEecoM, TMOpPYUICHHSM  CHY,
MOCTTPaBMAaTHYHUMHU PO3JIaiaMu Ta XpoHidHOIo aktuBaieto [ TH-oci. KombOiHOBaHa Jist ICUXOJIOTIYHOTO
CTpeCy Ta BIUTUBY YJIBTPAIUCIIEPCHUX YACTUHOK CTBOPIOE YMOBHU IS B3a€EMHOTO MOTEHIIFOBAHHS
HEHPOIMYHHHX MTOPYIIEHb.

Kpim nHeiiporokcnunux edekris, PM2.5 cyTTeBO BIIIMBAIOTh Ha KapioMeTa0OJIIYHUN TroMeocTas.
XpoHiuHE 3amajeHHs, EHAOTEeNiallbHA IUCQYHKINSA Ta aKTHBAIll CHMIIATUYHOT HEPBOBOI CHCTEMHU
CIIPHUAIOTH PO3BUTKY apTepianbHOi TimepTensii, arepockieposy Ta [P83184185 Beranopneno, mo Tpusama
€KCIO3ULIS yAbTPAJUCIEPCHUMU YACTUHKAMHM ~ ACOLIIOETHCS 31  30UIBILIEHHSM pPU3HMKY CEpLEBO-
CYIMHHOI CMEPTHOCTI Ta MEPEIYacCHOTO CTApIHHS OpraHi3My.

4.4. PM2.5 Ta eHIOKPMHHA IU3peryJisiilis

Y1poaoBk OCTaHHIX POKIB Jie/1aii OuIblIe yBaru npuauiseTses poii PM2.5 y po3BUTKY €HIOKPUHHOT
natoJiorii. JloBeaeHo, mo JIpiOHOAMCIIEPCHI YAaCTMHKM 3AaTHI mopyuryBatu (yHkuionyBanHa ['TH-oci,
BILUTMBATH HA THPEOTTHHIT TOMEOCTa3 Ta MoAM(iKyBaTH MeTaboi3M cTepoinmaux ropmosip 186187188

3HavHa YacTUHA WX eEeKTIB peani3yeThcs depes cuctemue 3ananenHs ta OC. XpoHiuyHa aKTUBAITIS
MpO3anajbHUX CUTHAJIBHUX HUIAXIB CYIPOBODKYETbCS 3MIHAMHM YYTJIMBOCTI TKAaHUH JO IHCYIIHY,
MOPYILIEHHSM CeKpellil aAUNOKIHIB Ta PO3BUTKOM MeTaboniuHoi nuchynkuii. Came Tomy PM2.5 nenani
YacTillle PO3TIISIAIOTHCS K BXKIIMBUI KOMIIOHEHT 00€30T€HHOTO CepeI0BHIIIA.

Oco6nuBy HEOE3IeKy YIbTpaaucIiepcHe 3a0pyIHEHHS CTAHOBUTH JUISl BAriTHUX KIHOK Ta JITCH.
HasBHi nmaHi cBiguaTh mMpo 3B’S30K MPEHATAIBbHOI ekcrmo3ullii 10 PM2.5 3 HH3bKOIO Macoio Tina Mpu
HapO/DKEHHI, MOPYIIEHHSIM HEHWPOTICUXIYHOTO PO3BHUTKY, OpPOHXOJETCHEBOIO IMATOJIOTIEI0 Ta 3MIHAMHU
enireeTnarOr0 Mpodimo motomcrpal®®®®18! Y xonTekcTi BiifHM Ii PH3MKM IOJATKOBO TOCHITIOFOTHCS
gyepe3 MO€JHAHHS TOKCUYHOTO HABAaHTAKEHHS, XPOHIYHOIO CTpeCy, HYTPUTUBHOTO JAediuuTy Ta
00OMEXEHOT0 JJOCTYIY A0 MEIUYHOI JOITOMOTH.

Taxkum unHOM, PM2.5 Ta IpOIyKTH TOPIHHS € OJTHUM 13 LIEHTPAIbHUX KOMIIOHEHTIB CY4acHOTO war
exposome Ta (pOpMyIOTb CUCTEMHUN MYJIbTUPIBHEBUIM TOKCUYHHMN BIUIMB, SKUH OXOIUIIOE PECIIPAaTOPHI,
HEUPOEHAOKPHUHHI, Kap1IoMETa00JIIYH1 Ta €MIreHETUYHI MEXaH13MHU.

180 Ipid 178.

181 Ibid 179.

182 1. Calderén-Garciduedias et al., ‘Brain Inflammation and Alzheimer’s-Like Pathology in Individuals Exposed to Severe Air Pollution’,
Toxicologic Pathology, vol. 32, no. 6, 2004, pp. 650-658.

183 R.D. Brook et al., ‘Particulate Matter Air Pollution and Cardiovascular Disease’, Circulation, vol. 121, no. 21, 2010, pp. 2331-2378.

184 C.A. Pope and D.W. Dockery, ‘Health Effects of Fine Particulate Air Pollution: Lines That Connect’, Journal of the Air & Waste
Management Association, vol. 56, no. 6, 2006, pp. 709-742.

185 p J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512.

18 A C. Gore et al., ‘EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals’, Endocrine Reviews,
vol. 36, no. 6, 2015, pp. E1-E150.

187 J.J. Heindel et al., ‘Metabolism Disrupting Chemicals and Metabolic Disorders’, Reproductive Toxicology, vol. 68, 2017, pp. 3-33.

188 |, Trasand, et al., ‘Burden of Disease and Costs of Exposure to Endocrine Disrupting Chemicals in the European Union’, Journal of Clinical
Endocrinology & Metabolism, vol. 100, no. 4, 2015, pp. 1245-1255.

18 F_ Perera and J. Herbstman, ‘Prenatal Environmental Exposures, Epigenetics, and Disease’, Reproductive Toxicology, vol. 31, no. 3, 2011,
pp. 363-373.

190 R, Barouki et al., ‘Developmental Origins of Non-Communicable Disease: Implications for Research and Public Health’, Environmental
Health, vol. 11, 2012, 42.

191 3.J. Heindel et al., ‘Developmental Origins of Health and Disease: Integrating Environmental Influences’, Endocrinology, vol. 156, no. 10,
2015, pp. 3416-3421.
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5.WAR EXPOSOME $IK IHTEI'PAJIbHA MOJIEJIb KYMVYJISITUBHOI
EKCIO3UIIII

5.1. Konuenuiss KyMyJIATHBHOI eKCIO3MLIl Yy CyYaCHill eKOJIOTiYHiil MequIuHi

TpaauuiiiHa TOKCHKOJIOTiS TPUBAIMI Yac TPyHTyBajacs Ha aHalli3i 130Jb0BAaHOTO BIUIMBY OKPEMUX
TOKCHKaHTIB. [IpoTe peanbHi yMOBY HaBKOJHUITHBOTO CEPEIOBHUIIA XapaKTEPU3YIOTHCS OJHOYACHOIO €0
BENMKOI KiIBKOCTi XiMiuHHX, ()i3M4HMX, 6i0JOTiYHMX Ta McHXocomianbHUX (akropis 9219319419 —Caye
TOMY Cy4acHa €KOJIOTIYHA MEAWIMHA Ta Tiri€Ha TOBKULIS Aefali OUIbIe Opi€HTYIOTHCS Ha KOHIEIIIIIO
KyMYJIATUBHOT €KCIO3MWIIii, SKa pO3rJsAAae CyKylTHE HABaHTAXEHHS YCIX CTpPECcOpiB, IO BIUTUBAIOTH
Ha OpPTaHi3M JIFOIUHHU.

VY Mexax 1iei mapaJurMu war eXposome MOXHa PO3TIISIaTH K OJHY 3 HAHOUTBII CKIIaTHUX MO/IENIEH
KyMYJISTUBHOI ekcro3ullii. BiiiHa CTBOpIO€ yHIKaIbHI YMOBH, 3@ KX HACEIEHHS OJIHOYACHO MIJJIA€THCS
BIUIUBY TOKCHYHMX Aa€poO30JIiB, BaXKUX MeTanliB, XiMiyHMX EJI, HQEeKUiiHuX pPHU3UKIB, XPOHIYHOTO
MICUXO0EMOIIIHHOTO cTpecy, HYTPUTHUBHOTO neiuury Ta MOPYLIEHHS colliajgbHOT
inQpacTpyKTypH 196197198199

[IpMHIMIOBOIO OCOOJIMBICTIO War €eXposome € B3a€MHE TIOTEHIIIOBaHHS pI3HUX THIIIB
HaBaHTaXEeHHS. Hampukian, NMCUXOJOTIYHUN CTpec 3AaTHHUM MOCHUIIOBATH TOKCHYHICTh KCEHOOIOTHKIB
yepe3 aktuaiio ['TH-oci, mopymenns 6ap’epHux QyHKIINA Ta BUCHA)KEHHS aHTHOKCHJIAHTHUX CHCTEM.
BonHouac XpoHiyHa TOKCHMYHA €KCIIO3WIIS MO)KE MOCHIIOBATH IICMXOHEBPOJOTIYHI PO3JIagu uepe3
Helpo3amnajaeHHs Ta MITOXOHAPIaTbHY AUCHYHKITIFO.

5.2. AnoctaTH4He HABAHTAKEeHHsI Ta XPOHIYHA Je3ajanTauis

OnHier0 3 KIIOYOBUX KOHICMINNA cy4acHOI (i3ioorii cTpecy € MOHATTS alJIOCTaTHYHOTO
HaBaHTKCHHS, SKE OMUCYE KyMYJSTUBHE (H1310JI0TTUHE HABAHTAXXEHHS, 1[0 BUHUKAE BHACIIIOK TPUBAJIOT
aKTHBAIil afanTariitanx Mexanizmis2??201202 V gopManbHIX YMOBaX CHCTEMH pearyBaHHS Ha CTPECOBHIA
YUHHUK 3a0€3MeUyI0Th KOPOTKOYACHY aJalTaIlil0 OpPraHi3My JI0 30BHINIHIX BUKIMKIB. [IpoTe 3a ymoB
XpOHIYHOTO CTpecy BiIOYBA€ThCS TOCTYNOBE BUCHAXEHHS PETYIATOPHUX CHUCTEM Ta (HOpMyBaHHS
QIJIOCTATUYHOTO HaBaHTAKCHHSL.

VY KOHTEKCTI BifiHUM aJUIOCTaTUYHE HABAHTaXEHHS (POPMYETHCS BHACHIIIOK MOCTIMHOIO MOEIHAHHS
MICUXOEMOIIIHHOTO CTpeCy, TOKCUYHOTO HaBaHTa)KEHHS, MOPYLIEHHS CHY, COLIaIbHOT HECTaOUIHLHOCTI Ta

192 C.p. Wild, ‘Complementing the Genome with an “Exposome”: The Outstanding Challenge of Environmental Exposure Measurement in
Molecular Epidemiology’, Cancer Epidemiology, Biomarkers & Prevention, vol. 14, no. 8, 2005, pp. 1847-1850.

193 G.W. Miller and D.P Jones, ‘The Nature of Nurture: Refining the Definition of the Exposome’, Toxicological Sciences, vol. 137, no. 1,
2014, pp. 1-2.

194 S M. Rappaport, ‘Implications of the Exposome for Exposure Science’, Journal of Exposure Science & Environmental Epidemiology, vol.
21, no. 1, 2011, pp. 5-9.

195 M. Vrijheid, ‘The Exposome: A New Paradigm to Study the Impact of Environment on Health’, Thorax, vol. 69, no. 9, 2014, pp. 876-878.
196 p J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512.

17 WHO, Environmental Health in Emergencies and Disasters: A Practical Guide, Geneva, World Health Organization, 2021.

1% UNEP, Environmental Consequences of the War in Ukraine: Preliminary Assessment, Nairobi, United Nations Environment Programme,
2022.

199 World Bank, The Toll of War: The Economic and Social Consequences of the Conflict in Ukraine, Washington DC, 2023.

20 H, Selye, Stress and the General Adaptation Syndrome’, British Medical Journal, vol. 1, no. 4667, 1950, pp. 1383-1392.

21 B.S. McEwen, ‘Protective and Damaging Effects of Stress Mediators’, New England Journal of Medicine, vol. 338, no. 3, 1998, pp. 171-
179.

22 B S, McEwen and P. Tucker, Critical Biological Pathways for Chronic Psychosocial Stress and Research Opportunities to Advance the
Consideration of Stress in Chemical Risk Assessment’, American Journal of Public Health, vol. 101, suppl. 1, 2011, pp. S131-S139.
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XpPOHIYHOI HEBU3HAUEHOCTI. Lle CympoBOMKYEThCS TiMEPaKTHBAIIEI0 CUMIATUYHOI HEPBOBOI CHCTEMH,
OPYLIEHHAM CeKpellii KOPTH30ITy, 3MIHAMH LIUPKAJHOTO PUTMY T PO3BUTKOM cucTeMHoro X3HI%03,204205,

CyyacHi JOCTIDKEHHS JIEMOHCTPYIOTh, IO BHCOKHH pIBEHb aJUIOCTATUYHOTO HABAaHTAKEHHS
ACOIIIOETHCS 31 3pPOCTAHHAM PHU3HKY CEpLIeBO-CyANHHOI naTtojorii, aenpecii, MC, iMmyHHO1 auchyHKIii Ta
nepeagacHoro crapinna?’® 20208 Taxum umHOM, War exposome (GopMye He JIHIIe TOKCUKOJIOTIUHE, ane i
rIIMO0Ke CHCTEMHE HEHPOCHJOKPUHHE HAaBAaHTAKECHHSI.

5.3. HeiipoiMmyHHi B3aeMozil y cTPyKTypi war exposome

OnHuM i3 HEHTpaTbHUX HANpsMIB Cy4acHOI €KOJIOTIYHOT MEIUIIMHHU € BUBYEHHS HEWPOIMYHHHX
B3a€MO/Iil — CKJIAIHUX B3a€MO3B’3KiB MK HEPBOBOIO, IMYHHOIO Ta €HIOKPUHHOIO cucTeMamu20%210211 'y
MeXax war exposome IIi MeXaHi3MU HaOyBalOTh OCOOJIMBOTO 3HAUYEHHS, OCKUIbKM XPOHIYHMH CTpec Ta
TOKCHYHE HaBaHTa)KEHHSI OJJHOYACHO BIUIMBAIOTH HA BCI PETYISATOPHI CHCTEMH OpPraHi3my.

TpuBana axTuBalis WHIISXY CTPEC-BIANOBIAL CYNPOBOJKYETHCS 3MIHAMM NPOIYKLIi IUTOKIHIB,
MOpYIHIEHHSIM (PYHKI[IT MIKPOTJIIi Ta Aeperysilii HeMpo-eHI0KpUHHNX curHaiB. Boanouac ximiuni EJ[ Ta
BAXKKI MeTalM 34aTHI MOAM(]IKYBaTH IMYHHY BIINOBLAb Ta MIATPUMYBATH XpPOHIUHE CHUCTEMHE
sananeHngi2213214.

Came X3HI croromH1 po3rasigacThCs sSIK OAMH 13 KIIFOYOBUX MATOTCHETHYHUX MEXaH13MIB XPOHIUHHUX
3aXBOpIOBaHb. BOHO Oepe ydacTb y pO3BHUTKY aTepocKiepo3y, Heiponereneparii, [P, mempecii Ta
KaHIEpOTeHe3y. YMOBH BifHU CTBOPIOIOTH TMEPEAYMOBH U (OPMYBAaHHS TOBTOTPHBAJIOTO 3arajibHOTO
YIIKOJKEHHS Ha MOMYJIALIHHOMY PiBHI.

5.4. EnireHeTu4yHe NporpaMmyBaHHsl Ta MIZKIIOKOJIIHHI HACJTiAKY BiliHI

Onniero 3 HAHOUIBII TPUBOKHUX OCOOIMBOCTEH war €Xposome € IMOTEHIIHHA 3/aTHICTh BIAHHU
(dhopmyBaTH JOBrOTpHBaIl MDKIOKOIIHHI Hachiaku. CydacHi JaH1 CBiYaTh MPO TeE, IO XPOHIYHUH CTpeC,
TOKCHYHA €KCIIO3HILs Ta HyTPUTHBHUIA e(iluT 31aTHI iHyKyBaTH CTiiiKi erireneTnuni 3Mipu2>216-217:218,

Enirenernyne mporpamyBaHHs oxorunoe 3Minu MetuiatoBaHHs JIHK, mommdikarii ricToHIB Ta
neperyinsimii microRNA, 1mo Mo)ke CympoBOKYBAaTUCS TPUBATUMHU 3MiHaMH ekcrpecii TeHiB. OcobanBo
BPa3JIMBUMU € KPUTHYHI MTEPION PO3BUTKY, BKIIOUAIOUN eMOpIiOreHe3 Ta paHHE JUTHHCTBO.

BiamoBinHo 10 KoHIUEMIlli Teopii mporpamMyBaHHS 370pOB’S 1 XBOpOO Yy paHHbOMY pPO3BHTKY,
TOKCUYHE Ta IICMXOEMOIIIiHE HABaHTA)XCHHA Yy IMPEHATaJbHOMY INEpioAl MOXKE BHU3HAYATU PU3UK

203 |bid 201.

204 |bid 202.

205 G.M. Slavich, ‘Psychoneuroimmunology of Stress and Mental Health’, Oxford Research Encyclopedia of Psychology, 2020.

206 |bid 202.

207 |bid 205.

208 \World Bank, The Toll of War: The Economic and Social Consequences of the Conflict in Ukraine, Washington DC, 2023.

209 M.L. Block and L. Calderén-Garcidueiias, ‘Air Pollution: Mechanisms of Neuroinflammation and CNS Disease’, Trends in Neurosciences,
vol. 32, no. 9, 2009, pp. 506-516.

210 |bid 201.

211 |bid 206.

22 A.C. Gore et al., ‘EDC-2: The Endocrine Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals’, Endocrine Reviews,
vol. 36, no. 6, 2015, pp. E1-E150.

213 p B, Tchounwou et al., ‘Heavy Metal Toxicity and the Environment’, EXS, vol. 101, 2012, pp. 133-164.

214 B.S. McEwen and P. Tucker, ‘Critical Biological Pathways for Chronic Psychosocial Stress and Research Opportunities to Advance the
Consideration of Stress in Chemical Risk Assessment’, American Journal of Public Health, vol. 101, suppl. 1, 2011, pp. S131-S139.

25|, Hou et al., ‘Environmental Chemical Exposures and Human Epigenetics’, International Journal of Epidemiology, vol. 41, no. 1, 2012,
pp. 79-105.

26 F. Perera and J. Herbstman, ‘Prenatal Environmental Exposures, Epigenetics, and Disease’, Reproductive Toxicology, vol. 31, no. 3, 2011,
pp. 363-373.

217 R, Barouki et al., ‘Developmental Origins of Non-Communicable Disease: Implications for Research and Public Health’, Environmental
Health, vol. 11, 2012, 42.

28 K. Vrijens, V. Bollati and T.S. Nawrot, ‘MicroRNAs as Potential Signatures of Environmental Exposure or Effect: A Systematic Review”,
Environmental Health Perspectives, vol. 123, no. 5, 2015, pp. 399-411.
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MeTab0TiuHIX, HeHPOTICUXIYHUX Ta €HIOKPUHHUX 3aXBOPIOBAHb YIPOJOBK Ychoro skuTTa219220221 Taxum
YHHOM, War eXposome 3JaTHHI BIUTMBATH HE JIUIIIEC HA MIOTOYHUHN CTaH TPOMAJICHKOTO 3/I0pOB’s, ajie i Ha
MaiOyTHI TOKOJIHHS.

6. BPA3JIMBI I'PYIIU HACEJIEHHSA B YMOBAX WAR EXPOSOME

6.1. BariTHi ’)kiHKH Ta peHaTaJIbHA BpPa3/IuBIiCTh

BariTHi XiHKH HaJeXaTh JI0 HAMOUTBIT BPa3IMBUX KAaTErOPid HACEIIEHHS B YMOBaxX war exposome.
[Tix gac BariTHOCTI BinOyBarOThbcs MacIITaOHI TOPMOHANIBHI, IMYHOJIOTIYHI Ta MeTa0OJiuHI 3MIiHH, K1
3a0e3MeuyroTh PO3BUTOK IUIOAA, ajieé BOJHOYAC MiJBUIIYIOTh YYTJIHMBICTE OPTaHi3My J0 TOKCHYHUX
BIUINBiR222:223.224.

Ocob6nuBy HeOE3MeKy CTaHOBUTh 3JAaTHICTh Oaratbox XxiMiunux EJ[, Baxkux wMeTamiB Ta
YIABTPAAUCIIEPCHUX YAaCTUHOK TPOHUKATH Yepe3 IUlaneHTapHuil 6ap’ep. BeranoBieHo, M0 MpeHaTaibHa
€KCIIO3UIlIS 10 CBUHIIO, KaaMio, PM2.5 Ta mOMIIMKIIYHUX apOMaTUYHUX BYTJIEBOJIHIB aCOIIFOETHCS 3
MOPYIIEHHSIM BHYTPIIIHHOYTPOOHOTO PO3BUTKY, HU3HKOIO MACOI0 Tila MIPH HAPOJHKEHHI, MepeTIacCHUMU
TI0JIOTaMH Ta 3MiHAMM HEHPOTICHXIYHOTO PO3BUTKY AUTHHU2>226:227

XpOHIYHUM CTpec, XapakTepHUH Uil YMOB BIMHHM, JOJAaTKOBO IOCHIIIOE PHU3UKH Yepe3
rinepaktuBanito ['TH-oci Ta mopymeHHs mianeHTapHoOi peryisuii koptuzony. CydacHi AOCHIIKEHHS
JIEeMOHCTPYIOTh, IO CTPEC Marepi 3JaTHUH BIUIMBATH Ha (eTalbHEe TpOrpaMyBaHHS Ta (HOpMyBaTH
JOBTOTPUBaJIi HEUPOCHIOKPUHHI HACHIIIKA Y IIOTOMCTBA.

6.2. JliTn sik HAHOIIbII YYTJINBA MOMYJISAIiA

JINTS9Mid  OpraHi3M  XapaKTEepPH3YEThCS IMMIIBUINEHOI YYTIUBICTIO JIO TOKCHYHUX PEUOBHUH
HaBKOJIMIITHBOT'O CEPEIOBUIIA YePE3 HE3PUTICTh CUCTEM JCTOKCUKAIIIi, BUCOKY IHTCHCHBHICTh META00II3MY
Ta aKTHBHI MpoliecH pocTy it mudepenmianii Tkanna??822%2%0 y nireii cocrepiraeTbest Buia abcopoITis
0aratbOX TOKCHKAHTIB, a reMaToeHIedaTiaamii 6ap’ep € OUThIT MTPOHUKHUM MOPIBHSIHO 3 JOPOCITHMH.

Oco6nuBy HeOe3MmeKy yIsl JTITeH CTaHOBIATh HEMPOTOKCHYHI €(PEeKTH CBHUHIO, pTyTi Ta PM2.5.
HaBiTh HH3BKI KOHIIEHTpAIli IUX TOKCHKAHTIB aCOIIOIOTHCS 31 3HIKCHHSIM KOTHITUBHHUX (DYHKIIIH,
TIOPYIIEHHAM TTOBEIiHKH, e(ilUTOM YBaru Ta HEHPOIICHXIYHUME po3nagamu 1232233,

KpiM TOKCHUHOrO HaBaHTaKEHHS, JITH B YMOBAX BIMHM MIIAAIOTHCA TSHKKOMY IMCHXOEMOLIMHOMY

CTpecy, BUMYIIICHIN Mirparlii, MOPyIIeHHIO JOCTYIy O OCBITH Ta MeIu4HOi joromord. KomOiHOBaHa ist

219D J.P. Barker, ‘The Developmental Origins of Adult Disease’, Journal of the American College of Nutrition, vol. 23, no. 6, 2004, pp. 588S-
595S.

220 p D. Gluckman and M.A. Hanson, ‘Developmental Origins of Disease Paradigm: A Mechanistic and Evolutionary Perspective’, Pediatric
Research, vol. 56, no. 3, 2004, pp. 311-317.

221 3.J. Heindel et al., ‘Developmental Origins of Health and Disease: Integrating Environmental Influences’, Endocrinology, vol. 156, no. 10,
2015, pp. 3416-3421.

222 C, Gundacke, and M, Hengstschliger, ‘The Role of the Placenta in Fetal Exposure to Heavy Metals’, Wiener Medizinische Wochenschrift,
vol. 162, no. 9-10, 2012, pp. 201-206.

223 |hid 216.

224 |hid 217.

225 ATSDR, Toxicological Profile for Lead, Atlanta, Agency for Toxic Substances and Disease Registry, 2020.

226 ATSDR, Toxicological Profile for Cadmium, Atlanta, Agency for Toxic Substances and Disease Registry, 2012.

227 |hid 216.

28 p ], Landrigan and R.A. Etzel, Textbook of Children’s Environmental Health, Oxford University Press, 2014.

229 p, Grandjean, Only One Chance: How Environmental Pollution Impairs Brain Development and How to Protect the Brains of Next
Generation, Oxford University Press, 2013.

230 WHO, Air Pollution and Child Health: Prescribing Clean Air, Geneva, World Health Organization, 2018.

21 P, Grandjean and P.J. Landrigan, ‘Neurobehavioural Effects of Developmental Toxicity’, The Lancet Neurology, vol. 13, no. 3, 2014, pp.
330-338.

232 D.C. Bellinger, ‘Very Low Lead Exposures and Children’s Neurodevelopment’, Current Opinion in Pediatrics, vol. 20, no. 2, 2008, pp.
172-177.

233 B.P. Lanphear et al., ‘Low-Level Environmental Lead Exposure and Children’s Intellectual Function’, Environmental Health Perspectives,
vol. 113, no. 7, 2005, pp. 894-899.
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PO3JILI 2. FIOJIOI'TYHA BE3IIEKA TA I'POMAJ[CBKE 3/[OPOB'A B YMOBAX BOEHHOI O YACY

TOKCHYHHUX 1 TCHXOCOI[IbHUX (DAKTOPIB CTBOPIOE PHU3UK JIOBTOTPUBAIMX NOPYHIEHb (PI3UYHOrO Ta
TICUXIYHOTO PO3BUTKY.

6.3. BiiicbkoBocC/1y:k00BLi Ta MpodeciiiHa TOKCHYHA eKCIIO3U LA

OxpeMy Tpyly BHCOKOTO PHU3UKY CTAaHOBJIATH BIMCHKOBOCIYXKOOBILI, $Ki 0e3mocepeanbo
KOHTAKTYIOTh i3 IPOJYKTaMu JETOHalii O0enpunacis, rOpiHHS TEXHIKW, METAJIOBMICHUMH a€pO30JIIMHU Ta
3a0pyHIOBAYaMH, HOXiTHUMH Bifl HpoIeciB ropinms2>423%23,

VY cyuacHii BiiCHKOBIi TOKCHKOJIOTII Jenani OUTbIIe yBard NMPHIUIAETHCS XPOHIUHIA €KCIO3MUIil
HU3BKUMHU JI03aMH, K4 MOXE TPUBAIMNN Yac 3aJMIIATHCS CYOKITIHIYHOIO, aJie MOCTYIIOBO IMPU3BOTUTH 10
PO3BUTKY pecmtipaTopHOi MUC(YHKIi, HEHPOKOTHITUBHOTO YIIKOJDKEHHS, IU3PETYISii €HIOKPUHHOI
CHCTEMH Ta PO3BUTKY XPOHIYHHX 3aMaIbHIX 3aXBOPIOBAHb.

Oco0mmBe 3HAYCHHS Ma€ TMOEJHAHHS TOKCHYHOTO HABAaHTAKEHHS 3 THKKUM TICHXOJOTTYHHM
CTpecoM, MOPYIIEHHAM CHY Ta HaAMIpHUM (PI3MYHUM BUCHa)K€HHSAM. Take KOMOIHOBAaHE HAaBAHTAKECHHS
3naTHe (OpMyBaTH CKJIa/JH1 HEHPOECHJOKPUHHI Ta HEHPOIMYHHI YIIKO)KEHHS, L0 MOXYTh 30epiraTtucs
HaBITh MICJIS 3aBepLICHHS O0MOBUX AiM.

/. NEPCIHEKTHUBHU BIOMOHITOPUHI'Y TA I'POMAJACBKOI'O
310POB’AA Y CUCTEMI WAR EXPOSOME

7.1. BiOMOHITOPUHT SIK OCHOBA CY4aCHOI €KOJIOTiYHOI MeTULIMHHI

YMOBH cydyaCHMX BOEHHUX KOH(IIIKTIB CTBOPIOIOTh HEOOX1IHICTH (OPMYBAHHS HOBHX MiJIXOJIB J10
OIIHKHM €KCITO3UIIi O TOKCUYHMX YMHHMKIB 1 KyMYJISTUBHOTO BIUIMBY NOBKULIL. OJHUM 13 KIIFOUOBUX
HaIpsIMIB Cy4acHOi €KOJIOTTYHOI MEIUIIMHKU € OIOMOHITOPHHT - CHCTeMa BHUSBIICHHS TOKCHUKAHTIB, 1XHIX
MeTaboIiTiB 260 GioMapkepiB edeKTy y 6i0NOTiUHNX cepeoBUmax a2 238,239,240

CyvacHu#t 010MOHITOPUHT BKJIIOYAE BU3HAYEHHS BAKKUX METAJIIB y KPOBI, C€Ui, BOJIOCCI Ta HITTAX,
anani3 ximiyaux EJI, mocmimxenus mapkepiB OC, CHCTEMHOTO 3allaJIeHHS Ta €MIr€HeTHMYHUX 3MiH. B
yMOBax Wwar exposome oOcCOOIMBOTO 3HaueHHS HaOyBae ¢GOpMYBaHHS JOBIOTPUBAIUX CHCTEM
MOMYJISAIAHOTO eMiTHATIIS Y.

[lepcrieKTUBHUM HANpsIMOM € PO3BUTOK E€KCIOCOMIKM — IHTErpaJIbHOTO MIIXO1y, 110 00’€qHye
BHCOKOTIPOJAYKTUBHI AaHAJIITUYHI1 TEXHOJIOTIl, OMIKC-TIIaTGOPMHU Ta KOMIT IOTEpPHE MOJICIIOBAHHS IS
KOMILJICKCHOT OIIIHKH HAKOITHUCHOT eKCITO3HUIIT 2+ 1242243244 Takuii minxin 103BoJIsIE aHaII3yBaTH HE OKpeMi
TOKCHKAHTH, & IOBHUH CIIEKTP 30BHIIITHIX BIUIMBIB, IO JIFOTh HA OPraHi3M JIIOUHHU.

234 WHO, Environmental Health in Emergencies and Disasters: A Practical Guide, Geneva, World Health Organization, 2021.

235 UNEP, Environmental Consequences of the War in Ukraine: Preliminary Assessment, Nairobi, United Nations Environment Programme,
2022.

236 UNEP, Addressing Environmental Consequences of Armed Conflicts, Nairobi, 2020.

237 C.P. Wild, ‘Complementing the Genome with an “Exposome”: The Outstanding Challenge of Environmental Exposure Measurement in
Molecular Epidemiology’, Cancer Epidemiology, Biomarkers & Prevention, vol. 14, no. 8, 2005, pp. 1847-1850.

238 G.W. Miller and D.P Jones, ‘The Nature of Nurture: Refining the Definition of the Exposome’, Toxicological Sciences, vol. 137, no. 1,
2014, pp. 1-2.

239 § M. Rappaport, ‘Implications of the Exposome for Exposure Science’, Journal of Exposure Science & Environmental Epidemiology, vol.
21, no. 1, 2011, pp. 5-9.

240 WHO, Chemical Safety and Health, Geneva, World Health Organization, 2020.

241 C.P. Wild, ‘Complementing the Genome with an “Exposome”: The Outstanding Challenge of Environmental Exposure Measurement in
Molecular Epidemiology’, Cancer Epidemiology, Biomarkers & Prevention, vol. 14, no. 8, 2005, pp. 1847-1850.

22 G.W. Miller and D.P Jones, ‘The Nature of Nurture: Refining the Definition of the Exposome’, Toxicological Sciences, vol. 137, no. 1,
2014, pp. 1-2.

243 S M. Rappaport, ‘Implications of the Exposome for Exposure Science’, Journal of Exposure Science & Environmental Epidemiology, vol.
21, no. 1, 2011, pp. 5-9.

244 M. Vrijheid, ‘The Exposome: A New Paradigm to Study the Impact of Environment on Health’, Thorax, vol. 69, no. 9, 2014, pp. 876-878.

BIOJIOTTYHI, XIMIYHI TA EKOJIOT'TYHI 34T'PO3H B YMOBAX BIHHH 351



CHAPTER 2. BIOLOGICAL SAFETY AND PUBLIC HEALTH IN WARTIME

7.2. EnigHarsij 3a CTiYHUMH BOJAMM Ta MOHITOPHHT JOBKLLIS

Bax1BUM KOMIIOHEHTOM Cy4acCHOTO €KOJIOTIYHOTO EMiTHATIISATY € eTiIeMI0IOT s, o 0a3yeThes Ha
aHaJi31 CTIYHUX BOJ, SIKA A€ 3MOTY OLIIHIOBAaTH PiBEHb 3a0pyJHEHHS TOKCHKAHTaMH Ha MOMYJISIIHHOMY
piBHi?**246-247  Apani3 cTiuHMX BOJ MO’Ke 3aCTOCOBYBATHUCS IS MOHITOPMHTY BaKKUX METAiB, 3aTUIIKIB
nikapcekux 3aco6iB, PFAS, EJ] Ta iHmmx 3a0pyIHIOBaviB JOBKULIA.

V micisBOEHHUH TIepios1 0COOIMBOTO 3HAYEHHSI HA0yBa€ KOMIUIEKCHHI €KOJIOTTYHHI MOHITOPHHT IPYHTIB,
BOJIHUX CHCTEM Ta armMocdepHoro mosirps. Came TpHBajia MEPCUCTEHIIISI TOKCUKAHTIB MOXKE IMIATPUMYBATH
XPOHIYHUIA BIUTMB (HaKTOPIB JOBKULIA HABITh Yepe3 POKH ITICIIsI 3aBEPIICHHS aKTUBHOT (pa3u OOMOBUX JIill.

7.3. Ilpenu3iiinmii migXig 10 0XOPOHM 310POB’S JOBKIJLIS Ta MEPCOHAJII30BAHA NPOPiNaKTHKA

CydacHa Hayka PO €KOJIOTIYHE 370pOB’S IeAalli OUTbIe CIIUPAETHCS HA KOHIICTIIIIIO TPEIU31HHOTO
€KOJIOTTYHOTO 370pOB’S, IO Iependavae 1HIMBIAYaldi30BaHy OI[IHKY pPH3UKIB 1 IEpCOHAII30BaH1
npodinakTiuni  crpareriiz*®24920  BeramoBneHo, MmO UYTIMBICTE 0 €KOJOTIYHMX TOKCHKAHTIB
JNETEPMIHYETHCSA KOMILJIEKCOM TE€HETUYHHUX, EMIMr€HETUYHUX, METAOOJIYHUX 1 COIlIAIbHUX YWHHHKIB.Y
MEePCIEKTUB] IHTETpaIlisl €eKCIIOCOMIKM, CUCTEMHO1 010J10T1i, METO/IIB MITYYHOTO IHTEJIEKTY Ta OioMapkep-
OpIEHTOBAHO1 [IarHOCTUKM MOXKE€ 3a0e3nmeuuTd po3poOKy MEpPCOHATI30BAaHUX MOJEIEH OI[HKHU
KYMYJISITUBHOI €KCIIO3HMIII{ Ta TPOTHO3YBAaHHS PU3HKY (GOPMYBaHHS XPOHIYHOTO TSArapsi 3aXBOPIOBAHOCTI.
Jlst xpaiH, M0 3a3HaId BIUIMBY MACIITA0HUX BOEHHUX KOHQIIKTIB, IMIUIEMEHTAIlIs] TIOJIOHUX CHUCTEM €
KPUTHUYHO 3HAYYIIOIO 3 MO3ULIIN JOBrOTPUBAIOr0 3a0€e3MeYeHHs FPOMAJICHKOTO 3710 pOB’sl.

BUCHOBKH

CyvacHi Bo€HHI KOH(IIKTH (POPMYIOTh MPUHIIMIIOBO HOBUM THIT INIOOATBHOIO MEIHKO-EKOJOTTYHOTO
HABaHTAKEHHS, KU BUXOAWUTH JAJIEKO 3a MEXI TPaJULIMHMX ysABIEHb Mpo OOMOBY TpaBMy Ta rocrpi
HACTIIKK BiitHU. PyliHYBaHHS POMHCIIOBOT IHPpACTPYKTypH, MACIITaOHI MTOXKEXKI1, IETOHAIlIs OOEMPHUIAciB,
KOHTaMIHAIIiS TPYHTIB 1 BOJHUX CHCTEM CTBOPIOIOTh YMOBH TSI (DOPMYBAHHS CKJIATHOTO MYJTETUTOKCHYHOTO
CEepEeI0BUINIA, 31aTHOTO BIUIMBATH Ha 37I0pPOB’sl HACEJIEHHS MPOTATOM 0ararboX JECATHIITh.

Konmeniiss war exposome A03BOJISIE PO3MISAATH CYYacHY BIMHY SK IHTETpaJbHY MOJEIb
KYMYJSITUBHOI €KCITO3UIIll, Y MEXKaxX SKOI OJJHOYACHO PEali3yIOThCsI TOKCHKOJIOTTIHI, HEHPOCHIOKPUHHI,
IMYHOJIOT14H1, MeTa0O0IIYHI Ta ICUXOCOIIAIbHI MeXaH13MH BILTMBY. OCOOIMBE 3HAYEHHS Yy CTPYKTYp1 war
exposome maroTh EJI, Baxkki Mmetanu, PM2.5 Ta npoaykTu ropinss, siki 31aTHI popMyBaTH JOBrOTPUBAJIS
cucteMHe 3ananeHss, OC, MITOXOHApiaabHY TUCQYHKITIIO Ta eMIreHeTUYH1 TOPYIICHHS.

HaiiGinpImn Bpa3nmuBUMHU 0 TOKCHYHOI €KCIIO3MINII € BariTHI IHKH, JTITH, BIACBKOBOCTYXOOBII Ta
HaceJICHHS TEPUTOpiId aKTUBHHX OoioBux nid. OcoOiauBe 3aHENOKOEHHS CTAHOBJIATH IMOTCHIMHI
TpaHCreHepamiiHi  epekTH, TOB’s3aHI 3 CNITCHETHYHHM IPOTpaMyBaHHSM Ta  KOHIIEHIIIEIO
BHYTPIITHOYTPOOHOTO MOXOKEHHS XPOHIYHUX 3aXBOPIOBaHb. CyyacHa eKOJIOTT4Ha MEUIIMHA TOTpedye
Mepexo/ly Bil aHali3y 130IbOBAaHMX TOKCHKAHTIB IO IHTErpajbHUX MOJIENeH OIIHKH KyMYISTHBHOIO
€KOJIOTTYHOTO HABAaHTAXKEHHA. Y LbOMY KOHTEKCTI O0COOJIMBOro 3HA4eHHsS HAOyBalOTh OIOMOHITOPHHT,
€KCIIOCOMIKa, CITiTHATJIST 3a CTIYHMMH BOJAMH Ta MpeIr3iifHa €KOJIOTIYHa MEIUIINHA.

TakuMm yMHOM, War exposome CIifi PO3TsaTd HE JUIIE SK EKOJOTTYHHI a00 TOKCHKOJIOTTYHHMA
(dbeHoMeH, a i SK OJWH 13 KIIOUOBUX INIOOAIBHUX BUKIUKIB Cy4aCHOMY T'POMAaJICBKOMY 3JI0pPOB’IO, IO
noTpedye MDKAUCHUIUTIHAPHOT IHTETpallii TOKCUKOJOTi, €HIOKPUHOJIOTIi, €KOJOTIYHOI MEIHUIINHH,
emiieMiosorii Ta HayK Ipo IPoMaJIChbKe 37J0POB’sl.

25 P J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512.
26 \WWHO, Environmental Health in Emergencies and Disasters: A Practical Guide, Geneva, World Health Organization, 2021.
247 WHO, Chemical Safety and Health, Geneva, World Health Organization, 2020.

28 |pid 241.

29 |pid 242.

250 p J. Landrigan et al., ‘The Lancet Commission on Pollution and Health’, The Lancet, vol. 391, no. 10119, 2018, pp. 462-512.

352 BIOLOGICAL, CHEMICAL AND ENVIRONMENTAL THREATS IN WARTIME CONDITIONS



