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rA30NOAIEHUN XJIOP: MOJIEKYJISPHI MEXAHI3MU
TOKCUYHOCTI, KJIIHIYHI NPOYBU, AIATHOCTUYHI
BIOMAPKEPU TA CYHACHA JIIKYBAJIbHA CTPATErIA

PE3IOME. Axmyaasnicms. boiiosi 0ii na mepumopii Ykpainu cynpooodxcyomucst pyiiHy8aHHIM iHpacmpykmypu micm, npomu-
CAOBUX NIONPUEMCMG, WO KPUMUMHO NIOBULUAO PUSUK BUKUOY MOKCUMHUX 2a3ig (Y momy uucai — XA0py) i GUHUKHEHHS MACOBUX
OMPYEHb.

Mema. Y3aeanvhumu cy4acHi 3HAHHS NPO MOACKYASPHI MEXAHIZMU MOKCUMHOCI 2a30n00i0H020 XA0pY, KAIHIMHI GiomMapKepu moKcuy-
HO020 npoyecy ma cy4acHy Aiky8anbHy cmpameziio.

Mamepiaau ma memoou. Ingpopmayiiini dani Minicmepcmea oxoponu 300poe’s Ykpainu, Jepicasnoi cayucou Yxpainu 3 numans
Haoseuyaiinux cumyauiil (ICHC), Amepurancokoi cayicou 300poe’s (CDC), Amepukarncokoi acoyiauii yeHmpie KoHmMpoar ompyeHs
(AAPCC), mamepianu Haykogux bioaiomex PubMed, Medline, Elsevier ma dani éaacnux docaioncens. Bukopucmani konmenm-ana-
AI3, CUCMEeMHUIL | NOPIBHANbHULI AHANI3U.

Pesyavmamu ma ix 062060penns. Ximiuni agapii 3 6uKudom xaopy i GUHUKHEHHAM MACOBUX OMPYEHb PEECMPYIOMbCS 8 PI3HUX KPAIHAX.
oci mexanizmu mokcuuroi 0ii XA0py 3aAUMAOMbCs OCMAMOUHO He BUBHEHUMU, 0COOAUBO — HA PIBHI BHYMPIUHbOKAIMUHHUX CIPYK-
myp. Pe3yabmamu ocmanuix 0ocaiodncerns 0eMOHCMPYIOMb, W0 IpUMamueri ma ipumamueHo-HeKpOMUYHi egpekmu GUKAUKArOmMs 6e3-
nocepeoHbo He MOAeKYAU XA0DY, a NPOOYKmuU iXHboi 2iopamayii — coAsHa ma XA0pHY8AMUCMa KUcAomu. 3a3HaueHi kuciomu 6e3no-
cepedrbo 3abe3nedyoms 8UCOKY NPOOYKUiI0 peaKmueHUX Cynepokcudie i HimpoeeHHUX OKCUOaHMI8, w0 opmyloms OKUCHUL cmpec
He MINbKU 8 enimeaianbHux KAIMUHAX cAu3080i 00040HKU OPOHX0Ae2eHeBUX CIPYKMYD, dae i 8 Oinbul eaubokux mkanunax. Bunukae
OecmpyKuyis KAimuH MUueomaugo2o enimeniro, NOPYuyeEmcs (YYHKUIOHY8AHHs IOHHUX KAHANIE Ma NIOBUUYEMbCS NPOHUKHICMb K-
MUHHUX MeMOPaH, Po36USAIOMbCS Peakyii 3ananeHHs: einepemis, Habpsk, OpoHxocnasm i decmpykuyis cypakmanmy. 3asHaueHum
npouecam cnpuse MAacueHuil 6UKU0 0i0102iMHO AKMUBHUX PEHOSUH — NPo3ananbiux yumokinie — IL-1B, IL-6, IL-18, enympiunbo-
a0eproeo paxmopy (NF-KB), gpaxmopy nexposy nyxaunu (TNF-P), 8-izonpocmany — 00H020 3 0cHOBHUX GiOMAPKePie OKUCHO20
cmpecy ma in. L[i npoyecu 06ymosaroiomp: nowKo0NCeHHs HYMPIUHbOKAIMUHHUX CIPYKIYP, 0C00AU60 MIMOXOHOPIil; ducbaranc y
pyHkuyionyeanni cuenanvioi moaexyiu uAM® i nopywenns npouecié aymoghacii; 3HUNCEHHS eHepeemuuH020 NOMEHYIANY KAImuH 3
DO36UMKOM eH0omenianvHoi ducyrkuyii; nopyuieHHs cyounnux mexarnizmie comeocmaszy NO K y KAIMUHAX OUXANbHUX WASXIE, MAK
i no3a nezenamU, w0 CAPUSE AHAMOMIYHOMY HOUKOONCEHHIO [ NOPYUIeHHIO (DYHKUYIT OpeaHie cepueso-cyOUurHOI cucmemu ma HUpoK.
Bucnosxu. Mexanizm mokcuynoi 0ii Xxa0py Ha pieHi BHYMPIUIHbOKAIMUHHUX CMPYKIYD Oe33anepeuHo nompedye nooaibiloeo eUeHeH-
H. [HWUM aKmyansHum HanpsamKom 0ocaiodicerb Modice Oymu HOULYK HOBUX HYMAUBUX OioMapKepie MOKcUuHo20 npoyecy, ki 00360-
JAMb 00 EKMUBHO OYiHI08AMU MANCKICIb OMPYEHHS [ niOBUMUMUY edekmusHicmb d0804i CKAAOH020 NPoyecy AIKYBAHHS NAUIEHMIB 8
yMo8ax giocymHocmi anmudomie.

Karouosi caosa: 2azonodidnuii xaop, mokcuvnicmn, mMexanizm 0ii, 20cmpi OmpyeHHS, AIKY8AHHS OMPYEHD.
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CHLORINE GAS: MOLECULAR MECHANISMS OF TOXICITY, CLINICAL MANIFESTATIONS,
DIAGNOSTIC BIOMARKERS AND MODERN TREATMENT STRATEGY

Abstract. The hostilities on the territory of our state are accompanied by the destruction of the infrastructure of cities and industrial
enterprises, which critically increased the risk of toxic gas emissions (including chlorine) and the occurrence of mass poisoning.

Aim. To summarize modern knowledge about the molecular mechanisms of chlorine gas toxicity, clinical biomarkers of the toxic process,
and modern treatment strategy.

Material and Methods. Information data of the Ministry of Health of Ukraine, the State Emergency Service of Ukraine (SES of
Ukraine), the American Health Service (CDC), the American Association of Poison Control Centers (AAPCC), materials of scientific
libraries PubMed, Medline, Elsevier. Content analysis, systematic and comparative analysis were used.

Results and their Discussion. Chemical accidents with the release of chlorine and the occurrence of mass poisonings are registered in
various countries. Until now, the mechanisms of the toxic action of chlorine remain completely unstudied, especially at the level of intra-
cellular structures. The results of recent studies demonstrate that irritant and irritant-necrotic effects are not directly caused by chlorine
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molecules, but by their hydration products — hydrochloric and hypochlorous acids. These acids directly provide a high production of
reactive superoxides and nitrogen oxidants, which form oxidative stress in the epithelial cells of the mucous membrane of the bron-
chopulmonary structure in deeper tissues. The destruction of the cells of the ciliated epithelium occurs, the functioning of ion channels
is disturbed and the permeability of cell membranes increases, inflammatory reactions develop: hyperemia, edema, bronchospasm, and
surfactant destruction. These processes are facilitated by a massive release of biologically active substances — proinflammatory
cytokines — IL-1B, IL-6, IL-18, nuclear factor (NF-KB), 8-isoprostane and tumor necrosis factor (TNF-[) — one of the main bio-
markers of oxidative stress. These processes cause: damage to intracellular structures — mitochondria; imbalance in the functioning of
the signaling molecule cAMP and disruption of autophagy processes; a decrease in the energy potential of cells with the development of
endothelial dysfunction, a violation of the vascular mechanisms of NO homeostasis, both in the cells of the respiratory tract and outside
the lungs, which contributes to anatomical damage and impaired function of the organs of the cardiovascular system and kidneys.

Conclusion. The mechanism of the toxic action of chlorine at the level of intracellular structures undoubtedly requires further study.
Another relevant direction of research may be the search for new sensitive biomarkers of the toxic process, which will allow us to objec-
tively assess the severity of poisoning and increase the effectiveness of the rather complex process of treating patients, in the absence of

antidotes.

Key Words: chlorine gas, toxicity, mechanism of action, acute poisoning, treatment of poisoning.

Beryn. X10p He BUNIaAKOBO € JIiIEPOM Yy peli-
TUHIaX BHUCOKOTOKCUYHMX 1 aBapiiiHO Hebe3-
MEeYHUX XiMIYHMX PEUYOBHMH, aIKe y BEJIMKUX
00csirax BAKOPUCTOBYETHCS B OaraTbox raiayssix
MPOMMCIIOBOCTI: XiMi4YHili, MeTalypriiHii,
HadTonepepoOHili, IanepoBO-1ETI0NI03Hiil,
TeKCTUJIbHIN, (papMalleBTUYHIl Ta IHIINX.

HwuHi y cBiti HaniuyeTbes nmpubauzHo 500
BUPOOHUKIB XJIOPHO-JTY>KHUX PEUYOBUH i MOHAJ
650 3aBoxaiB i3 3araJbHOI0 BUPOOHUYOIO
MOTYKHICTIO 58 MibiOHIB METPUUYHUX TOHH
XJIOpY Ta 62 MiJIbBIOHM METPUYHMUX TOHH HOTO
MOGIYHOrO MPOAYKTY — KAayCTUYHOI coau (Tia-
pOKCHIy HaTpilo) Ha pik. OOCsAr BUpOOHUIITBA
xjopy B €Bporni craHoM Ha 2020 p. cTaHOBUB
9,2 MinbiioHa MeTpUYHUX TOHH. CHOroaHi
noHan 60 % cBITOBOro BUPOOHUIITBA XJIOPY —
e npu6an3Ho 20 MJTH. TOHH Ha PiK — 3aCTOCO-
BYIOTbCS JUISI opraHiyHoro cuHTe3y, 10—20 %
lile Ha BUPOOHMLITBO HEOPTaHiYHUX CIOIYK,
me 5—15 % — Ha BinOiLTIOBaHHS LIEJTIONO3M i
TKaHUH, a 2—6 % — Ha caHiTapHi IMOTpeOu.

Xnop 30epiratoTb Ta TPaHCIOPTYIOTh 10
MiCllb CITOXXVWBAHHS JIMILIE B 3PIIXKEHOMY CTaHi.
Hait6inpim nmommpeHuit cnocid — 306epiraHHs
i TUCKOM, 1O BiIIOBiJa€ TUCKY HACHUUYEHOI
rapu XJIopy Ipu TeMIepaTypi HaBKOJIUIITHbOTO
cepeqoBUIA. 3PiIKEHUN XJIOP TpaHCIop-
TYIOTh Y 3ali3HUYHUX LMUCTEPHAX, KOHTEHHE-
pax Ta GajioHax, SIKi OIHOYACHO MOXYTb OyTHU
TUMYacoOBUMU cxoBMUIamu. Ilpu pyiiHyBaHHi
€MHOCTI BiIOyBa€eThCs OypXx/uBe (3aJIeXKHO Bij
TUCKY) BUIAapOBYBaHHSI XJIOPY. XJIOP, 110 MUT-
TEBO BUMAPOBYETHCS, 3aJEXUTh Bill TeMmepa-
TYpPU PiIKOIO XJIOPY, YMM Oijblla AOro Temmne-
paTtypa, TUM OiJIbllIa YacTKa XJIOPY MPAKTUYHO
MUTTEBO BUIIAPOBYETHCS IIPU aBapiiHOMY
Bukudi. [Ipy 11bOMy yTBOPIOETBCS TaK 3BaHa
MepBMHHA XMapa 3 KOHUEHTpaLisiMu, sKi
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Introduction. It is not by chance that
chlorine is the leader in the rankings of high-
ly toxic and accident-hazardous chemicals,
as it is used in large volumes in many indus-
tries: chemical, metallurgical, oil refining,
pulp and paper, textile, pharmaceutical, and
others.

There are currently about 500 chlor-alka-
li manufacturers and over 650 plants world-
wide with a total production capacity of 58
million metric tons of chlorine and 62 mil-
lion metric tons of its byproduct, caustic
soda (sodium hydroxide), per year. The vol-
ume of chlorine production in Europe as of
2020 was 9,2 million metric tons. Today,
more than 60 % of the world's production of
chlorine — that is more than 20 million tons
per year — is used for organic synthesis, 10—
20 % is used for the production of inorganic
compounds, another 5—15 % — for bleach-
ing cellulose and fabrics and 2—6 % for san-
itary needs.

Chlorine is stored and transported to
places of consumption only in liquid form.
The most common way of storing and trans-
porting liquid chlorine is storage under pres-
sure corresponding to the pressure of satu-
rated chlorine vapor at ambient tempera-
ture. Liquefied chlorine is transported in
railway tanks, containers and cylinders,
which can also be temporary storage facili-
ties. When the container is destroyed, rapid
(depending on the pressure) evaporation of
chlorine occurs. The proportion of chlorine
that evaporates instantly depends on the
temperature of liquid chlorine, the higher its
temperature, the greater the proportion of
chlorine that evaporates almost instantly
during an emergency release. At the same
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3HAYHO MEePEeBUILYIOTh CMepTeJbHi.
TpuBajicTh ypaxyrouoi Aii NepBUHHOI XMapu
XJIOPY Ha HEBEJIMKIl BiICTaHi Bif MicLsl aBapii
CTAaHOBUTb BiJ KiJIbKOX HECATKIB CEKYHI 0
KiibKkoX xBWIMH. lazomonioHuit xymop y 2,5
paza BaXuuii 3a TOBITpsS, TOMY XMapa XJIOpYy
MEePEeMillla€EThCSI B HAIIPSIMKY BIiTpPY OJIM3bKO /10
3emii. BiH Mmae xopollly IpoHUKawdy 34aT-
HiCTb, MOXE HaKOINMWYYyBaTUCh Y HU3BKUX
JIiIsTHKAaX MiCcLeBOCTi, MigBajgax OYIWHKIB,
KOJIOAS35IX, TYHEJSIX Ta 3aXMCHMUX CIIOpyaax,
1110 HE MAIOTh MPOTUXIMIYHOTO 3aXUCTY.

Yepes OoitoBi nmil Ha MiBAEHHOMY CXOIi
Halloi JAepXaBW, MOCTiHI apTUIEPiChKi
00CTpiiin Ta pakeTHi yaapu Bifickk P® mocu-
JIDETbCS PU3UK BUTOKY XJIOPHOIO rasy IIpu
pYyiiHYBaHHiI OKpeMMX IIPOMMCIOBUX MiAIpU-
eMmcTB. Lle Moxe cynmpoBOAXyBaTUCS MAaCOBM-
MM OTPYEHHSIMU CepeJl IMBLIbHOIO HACEJEeHHS
Ta BilAICBKOBOCIYXO00BLiB. OTXe, BUHUKIIA
HEOOXiTHICTb OHOBJICHHS iH(OpMAllii PO TOK-
CUYHICTh Ta30MoAiOHOTrO XJI0pYy, MEXaHi3Mu
1oro Jii, a TaKOX y3araJlbHEHHS Cy4aCHUX Hay-
KOBO-METOIMYHMX MiAXOiB 3 JIarHOCTUKHU Ta
JIIKYBAaHHS TOCTPUX IHTAJSALIMHUX OTPYEHbD
XJIOpOM, aOM MiABUILIMTU PiBEHb MOiH(GOPMO-
BAaHOCTI TOKCUKOJIOTIB Ta JiKapiB iHIIUX COEeLli-
AIBHOCTEMN.

Meta. ¥Y3araJbHUTU CydacHi 3HaHHS MpPO
MOJIEKYJIIPHI ME€XaHi3MU TOKCUYHOCTI ra3omno-
JIIOHOTO XJIOpY, KJIiHiYHiI OioMapKepu TOKCHY-
HOTO IMPOLECY i CydacHY JiKyBaJIbHY CTPaTerilo.

Marepiaiu ta Meroau. I[IpoananizoBaHo
JlaHi BIIKPUTUX JKepeJ MyOsiyHol i HayKOBOI
iHopMallili 3 TeMu AociimkeHHs. Buxkopuc-
TaHO 3BiTH JlepkaBHOI ClIy>kOM 3 Haa3BUYaii-
Hux cutyauiin Ykpainu (JCHC Ykpainn),
AmepukaHcbkoi ciyxou 3mopos’s (CDC),
AMeprKaHCBhKOI aBcolialii HEeHTPiB KOHTPOJIIO
otpyeHb (AAPCC). 3ailicHeHO aHaTITUYHUIA
oriagn mybusikaliii  HaykoBMX — 0iGJioTexk
PubMed, Medline, Elsevier. Bukopucrano
METOAM KOHTEHT-aHallizy, CUCTEMHOIro Ta
MOPIBHSIBHOTO aHAai3iB.

Pe3yasraTi jociiimKeHb Ta iX 00roBOpeHHS.
Eninemiogioris roctpux orpyenb xjaopom. B
VYKpaiHi 3aBXIu iCHyBaB JOCTaTHbO BUCOKUIA
pU3UK BUHUKHEHHS HaA3BUYAMHUX CUTYyaLliid
(HC), nop’sg3aHux 3 BUKMAOM a00 3arpo301o
BUKHUIY BUCOKOTOKCUYHMX XiMiYHUX PEUYOBUH
yepe3 (pyHKILIIOHYBAHHS HA TEPUTOPIl AEpKaBU
931 o6’exTa, Ha gkux 30epiranocs, abo BUKO-
PUCTOBYBAJIOCS] Y BUPOOHUYIN TiSIIBHOCTI OiJib-
mre 308 TUC. TOHH HeOe3MeYHMX XiMiYHUX pevyo-
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time, a so-called primary cloud is formed
with concentrations that significantly exceed
lethal concentrations. The duration of the
impressive action of the primary chlorine
cloud at small distances from the accident site
will be from several tens of seconds to several
minutes. Chlorine gas is 2,5 times heavier
than air, so the chlorine cloud moves down-
wind close to the ground. It has a good pene-
trating ability in leaky structures and can
accumulate in low areas, basements of build-
ings, wells, tunnels, and protective structures
that are not protected from chemicals.

Considering that in connection with the
hostilities in the southeast of our country as
a result of constant artillery shelling and
missile strikes by the Russian army, the risk
of leaking chlorine gas during the destruc-
tion of certain industrial enterprises, which
may be accompanied by mass poisoning
among the civilian population and military
personnel, is extremely high, there is a need
to update information about the toxicity of
gaseous chlorine, the mechanisms of its
action, as well as the generalization of mod-
ern scientific and methodological approach-
es to the diagnosis and treatment of acute
inhalation poisoning with chlorine, to
increase the level of awareness of toxicolo-
gists and doctors of other specialties.

Aim. To summarize modern literary data
on the toxicity of chlorine gas, the mecha-
nisms of its toxic action, early diagnosis of
clinical manifestations of acute poisoning
and the principles of their rational treatment
and rehabilitation of victims.

Materials and Methods. Analyzed data
from open sources of public and scientific
information on the research topic. The
reports of the State Emergency Service of
Ukraine (SES of Ukraine), the American
Health Service (CDC), and the American
Association of Poison Control Centers
(AAPCC) were used. An analytical review of
the publications of scientific libraries
PubMed, Medline, Elsevier was carried out.
Content analysis, systematic and compara-
tive analysis were used.

Research results and their discussion.
Epidemiology of acute chlorine poisoning. In
Ukraine, there has always been a high risk of
emergency situations (ES) associated with
the release or threat of release of highly toxic
chemical substances directly related to the
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BMH, Y TOMY YUCJi: MMOHaA 4 TUC. TOHH XJIOpY,
202 THC. TOHH amiaky Ta TipubauszHo 101 Tuc.
TOHH iHIIMX HeOe3MeUYHMX XiIMiYHMX PEYOBUH [1].

XJ10p BUKOPUCTOBYETHCS MPU BUPOOHUIITBI
TYMM, TIJIacTMac, aKymyJsTOpiB, MECTULIMAIB.
Benuki fioro oo6¢csiru (IBOOKUCH XJIOPY) 3aCTO-
COBYIOThCS SIK Ae3iH(diKyIoui 3aco0u TIpu XJI0-
pYBaHHI MUATHOI BOAY Ta MPU OYMILEHHI CTiv-
HUX BOJ, BoAoWMMIL, OaceiiHiB Tolio. PiuHa
norpedba YKpaiHM JMIlIe B PiIKOMY XJIOpi
HaOnuxkaeThes 10 10 TUCSAY TOHH. 3aeXHO Bif
CE30HY MOro CIoXXMBaHHS KOJIMBAEThCs. Tak, y
Mepio aKTUBHOTO LUBITIHHS BOJIU MOXE BUKO-
puctoByBaTtucsa 10 1000 TOHH piIKOro XJopy
Ha Micsub. [IpUOIM3HO CTUIBKM X ILOPIYHO
BUKOPUCTOBYE Tijibku KuiB.

ITin yac mpomMUCIOBUX Ta TPAHCHOPTHMX
aBapiii NepioaUYHO BilOYBAETHCS BUKUL XJIODY.
AJle HaiBUILIMIA PU3UK MOrO BIJIMBY Y BUCOKMX
KOHILIEHTpALIisIX MOB'I3aHUI i3 TpodeciitHOIO
TiSITBbHICTIO JIIOAWMHU. Y Oaratbox KpaiHax
XJOpHE BamHO, pPi3HOMaHITHI 3aco0u ajs
MUTTS 1 YMILEHHS, 110 MICTSATh XJIOP, LIUPOKO
BUKOPUCTOBYIOThCSI B IOOYTi, TOMY HEPilIKO
CTal0OThb MPUYMHOI TOCTPUX  OTPYEHD.
Hanpuknan, 3MilryBaHHSI XJIOPHOTO BigOLIIO-
Baya (TiIMOXJIOPUTY HaTpil0) 3 amiakoM abo
KUCJIOTHUMHU 3aco0aMu JJIs1 YMILEHHST € Haii-
OiJIbILI TIOLIMPEHUM JKEPEeJIOM IOOYyTOBUX
OTpYy€EHbD [2, 18].

Haituactimme mnoOGyToBUII BIJUB XJIOPY
BMHUKAE BHACJIJOK HEIACHUX BUIIAJKIB, 1110
MOB’S13aHi i3 BUKOPUCTAHHSIM TaOJIETOK XJIOPY
Mg yac oOCJIyroByBaHHs IlJIaBaJIbHUX Oaceii-
HiB, 200 MpU MOpyLIEeHHi iIHCTPYKIIii 3 BUTOTOB-
JICHHs 3aC00iB IS YMILIEHHS Ha OCHOBI TiIlo-
XJIOpUTY HaTpito (BigOiatoBaya) 3 aMiayHUMU
MPOAYKTaMH, 110 TMPU3BOAUTH 10 YTBOPEHHSI
xjaopaminy. Tak, y CIHIA xjop € HalOLIbLI
MOIIMPEHOIO TTPUYNHOI MOOYTOBOIO TOKCUY-
HOT'O YpaxKeHHsI BEpXHiX IMXaJIbHUX IUISIXiB. Y
2020 poui AAPCC mosimomuiaa mpo 3329
BUITAIKiB OAHOPA30BOr0 BIUIMBY Ira30MOAiOHO-
ro XJopy; 4673 BUNaIK¥ OMHOKPATHOTO BILIM-
BY I'a30I101i0HOI0 XJIOPY, 1110 YTBOPUBCS BHAC-
JIITOK 3MilllyBaHHSI TTOOYTOBOI KMCJIOTHU (3aci0
IUISL YUIIEHHS) i3 rimoxjopurom; 3566 Buma-
KiB OTHOKPATHOTI'O BILUIMBY ra30MoAi0HOr0 XJ10-
paminy [3].

Heb6e3neky, 1o mos’s13aHa 3 ra3onoaioHuM
XJIOPOM, MiATBEPIXKYE iIHLIMIACHT, 1110 CTaBcs 23
oepe3nss 2022 p. y Jlonnoni (Benuka bpu-
TaHis), e JeKiJibKa JECSTKiB JIIoAEH 3a3Halu
OTPYEHHS Ta30MOMIOHUM XJIOpPOM. 3arajiom y
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functioning of 931 facilities on state territory
using more than 308 thousand tons of dan-
gerous chemicals, including: more than 4
thousand tons of chlorine, 202 thousand
tons of ammonia and about 101 thousand
tons of other dangerous chemicals [1].

Chlorine is used in the production of rub-
ber, plastics, batteries, and pesticides. Large
amounts of chlorine (chlorine dioxide) and
lime are used as a disinfectant in the chlori-
nation of drinking water and in the purifica-
tion of wastewater, reservoirs, pools and in
many other areas. Ukraine's annual need for
liquid chlorine alone is approaching 10,000
tons. Depending on the season, its con-
sumption varies, so during the period of
active flowering of water, up to 1000 tons of
liquid chlorine can be used per month. Only
Kyiv consumes approximately the same
amount annually.

Chlorine is periodically emitted during
industrial and transport accidents. However,
the highest risk of exposure to chlorine in
high concentrations is also associated with
human professional activity. In many coun-
tries, chlorinated lime, various washing and
cleaning products containing chlorine are
widely used in everyday life, so they often
become the cause of acute poisoning. For
example, mixing chlorine bleach (sodium
hypochlorite) with ammonia or acidic
cleaning agents is the most common source
of household poisoning [2, 18].

Most often, household exposure to chlo-
rine occurs as a result of accidents involving
the use of chlorine tablets during the main-
tenance of swimming pools, or in violation
of the instructions for the manufacture of
cleaning agents based on sodium hypochlo-
rite (bleach) with ammonia products, which
leads to the formation of chloramine. Thus,
in the United States, chlorine is the most
common cause of household toxic damage
to the upper respiratory tract. In 2020, the
AAPCC reported 3.329 cases of single expo-
sure to chlorine gas; 4.673 cases of single
exposure to gaseous chlorine resulting from
mixing household acid (cleaning agent) with
hypochlorite; 3566 cases of single exposure
to gaseous chloramine [3].

The danger associated with chlorine gas is
confirmed by the incident that occurred on
March 23, 2022 in London (UK), where
several dozen people were poisoned by chlo-
rine gas. In total, more than 70 visitors were
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JlongoHcbkOMY akBalleHTpi Oinst Onimmiii-
CbKOI0o IapKy KopoJsieBU €JM3aBeTu 4Yepes
BEJIMKY KOHIEHTpALil0 Ta30MOAiOHOIO XJIOPY
nocrpaxganu moHan 70 BigBigyBauiB, 3 HUX
48 oci0 oTpuMayiM HEOOXigZHY JOIIOMOrY Ha
Micli, e 29 nocTpaxaaaux 0yJ1o rociTanizo-
BaHO. Y CIIOpTUBHI# cniopyai € aBa 50-MeTpoBi
OaceiiHu, OaceilH 11 HAMBIHTY Ta COOPT3all.
BHacnimok nmpurogu y BiaBigyBaudiB aKBalleHT-
py crocTepirajaucs cepiio3Hi mpobiaeMu,
MOB'sI3aHi i3 YTPYAHEHHSIM AUXaHHs. 3a TaHU-
MU TI0XKEXXHUKIB, Y NpUMIillleHHi OaceiiHy Bif-
OyJiacsl peaxiiisi, 3a SIKOI BeJIMKa KiJIbKiCTb
XJIOpy Iepeinia B razononioHuii crad. Ilpo
OPUYMHY HeOE3IMEeYHOro XiMiYHOIO MpoLEeCy He
noBigomiisiocs [4].

Panimre aHajgoriyHuil IHIIMAEHT CTaBCS I
yac BUTOKY B CHCTEMi XJIOPYBAaHHS I'POMAaJCh-
Koro 6aceiiHy xpamy B IHaiiy 2010 p. [HumaeHT
OyB onuMcaHuii CiBpOOITHMKAMU BilIily maTo-
Jorii JiereHb I[HCTUTYTYy MEIWYHUX HayK
(Tipynati, Awnaxpa-Ilpagem, Inmist), sxi
00CTeXIN 64 MalLliEHTH 3 IHTATSLIHHUM OTPY-
€HHIM XxjopoM. OCHOBHMMHU CUMIITOMaMu
oynu: 3aguiika (100 %), nuckomdopT y rpyasx
(100 %), xamens (97 %), nmoapasHeHHsT o4eit
(88 %), 3anamopouenns (72 %), 6moBaHHs (46
%) Ta BaxXkKicTb y TojioBi (44 %); Taxikapmis
(100 %), TaximHoe (96 %) i momipoHIYHI XpUTTH
(28 %). Ycix mallieHTiB JIiKyBaJIu Y BiJJliJIEeHHI
HEBIIKJIAJIHOI AOIOMOIHY 3a JOIMOMOIOI0 iHTa-
JIALIT 3BOJIOXKEHOr0 KUCHIO Ta 0eTa2-aroHicTiB
IJISIXOM HeOyJi3allii, a 52 OyJiu BUITMCaHi mpo-
TIATOM 1lIeCTU ToauH. JBaHAALATh MHALi€EHTIB
Cepio3HO MocTpaxkaaau i MoTpedyBaau rocHi-
Taji3allii; Tpo€ 3 HUX MOTpAIuIM B peaHiMa-
1it0. Y TpbOX MAaLi€EHTIB PO3BUHYBCSI HAOPSIK
JIET€HiB Yepe3 LIiCTh-BiCiM FOAWH ITiCJIsI TOCITi-
Tasizanii [S].

CniBpo0OiTHUKM [lenmapTaMeHTy MeIULIMHU,
MyHinunanbHoi JikapHi JlokmaHbs Tinak
(Cion, bomb6eii, IHais)) moBimOMUIM MPO 82-X
Mali€eHTIB, 110 OyJM rocHiTajai3oBaHI MICs
BUITAAKOBOIO YpaXeHHsSI ra3onoJiOHUM XJI0-
poM. VY BCiX Malli€EHTIB COOCTEPIraIuCs 31 -
Ka Ta KallleJib, IToApa3HeHHs ropia (53,6 %),
rnoapasHeHHs1 odeit (42,3 %), ronoBHMUI Oillb
(29,2 %), 6inb y xkuBorti (26,8 %), GirOBaHHS
(24,3 %) i 3anamopoueHHs (9,7 %). B ycix 0yB
oponxocnasM iy 5 (6 %) — 11iaHO3 Ha TTOYaTKY.
ITpu OpoHxocKoMil B yCiX BUITaJAKaX BUSIBJICHO
rinepeMito ciM30BOi 0OOJOHKHM Tpaxei i OpoH-
XiB, y 35,7 % — remoparii, y 12,5 % — eposii Ta
Bupa3ku. Yepes 12 ronuH micis rocriTaiilaliii
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injured in the London Aquatic Center near
the Queen Elizabeth Olympic Park due to a
high concentration of gaseous chlorine, of
which 48 people received the necessary help
on the spot, and another 29 victims were
hospitalized. The sports facility has two 50-
meter swimming pools, a diving pool and a
gym. As a result of the accident, visitors to
the aqua center experienced serious prob-
lems related to breathing difficulties.
According to firefighters, a reaction took
place in the pool room, during which a large
amount of chlorine turned into a gaseous
state. The cause of the dangerous chemical
process was not reported [4].

Previously, a similar incident occurred
during a leak in the chlorination system of a
public temple pool in India in 2010. The
incident was described by staff at the
Division of Pulmonary, Institute of Medical
Sciences (Tirupati, Andhra Pradesh, India),
who examined 64 patients with inhalational
chlorine poisoning. The main symptoms
were: shortness of breath (100 %), chest dis-
comfort (100 %), cough (97 %), eye irrita-
tion (88 %), dizziness (72 %), vomiting
(46%) and heaviness in the head (44 %);
tachycardia (100 %), tachypnea (96 %) and
polyphonic wheezing (28 %). All patients
were treated in the emergency department
with inhaled humidified oxygen and nebu-
lized beta2-agonists, and 52 were discharged
within six hours. Twelve patients were seri-
ously injured and required hospitalization;
three of them ended up in intensive care.
Three patients developed pulmonary edema
six to eight hours after admission [5].

Employees of the Municipal General
Hospital (Sion, Bombay, India) reported on
82 patients hospitalized after accidental
exposure to chlorine gas. All patients experi-
enced shortness of breath and cough, throat
irritation (53.6 %), eye irritation (42.3 %),
headache (29.2 %), abdominal pain
(26.8 %), vomiting (24.3 %) and dizziness
(9.7 %). All of them had bronchospasm and
5 (6 %) had cyanosis at the beginning.
During bronchoscopy, hyperemia of the
mucous membrane of the trachea and
bronchi was found in all cases, hemorrhages
in 35.7 %, erosions and ulcers in 12.5 %. Two
patients developed pulmonary edema
12 hours after admission; after 48 hours, two
patients developed pneumonia. All patients
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y JIBOX MALi€HTIB PO3BMHYBCS HAOPSIK JIETE€Hb;
yepes 48 roarH y 1BOX IMALIiEHTIB pO3BUHYJIACS
ITHEBMOHIsl. Yci manieHTH omyxXanu, 16 mari-
€HTIB Uepe3 piK He MaJii HACiIKiB OTPYEHHS,
y 5 nmaii€eHTiB JiereHeBi (pyHKIIii OyJI1 HOpMaTi-
30BaHi JuIIe yepe3 3 poku [6].

Benuka TexHoreHHa karactpoda 3 BILITMBOM
ra3oroioHoro xJjiopy Bimodynacs 15 nucronana
1983 poky B CPCP Ha ogHOMY 3 HalOUIbLIMX
MiATTPUEMCTB BiICBKOBO-ITPOMMCIIOBOIO KOM-
miekcy «IIporpec», 10 BUPOOISIB BUOYXOBi
pe4oBUHMU, y MicTi KeMepoBO BHACIIIOK Ipy-
Ooro MopyluieHHs MpaBUJI TeXHiKU Oe3neku. B
OIHOMY 3 LIEXiB JUISI BUPOOHMIITBA LIEJIIOJO3U
BUKOPUCTOBYBABCS PIiAKMI  XJOp, SKUK
JOCTaBJISIBCS Ha MiANPUEMCTBO y 60-TOHHMX
3ajli3BHUYHUX LUCTEpHax. 3a TeXHiKOw Oe3rne-
KM 34illIKa MAHEBPOBOI'O TEIJIOBO3a i LIUCTEPH
MaJla TIPOBOAUTUCS BPYUYHY, NPOTE MAIIUHICT
TerIoBO3a CIpoOyBaB BiApasdy INMpUEAHATU IO
MaHEBPOBOI0 TEIJIOBO3a MOPOXHIO LIMCTEPHY.
OnHak, BOHa Ioyaja MHUMOBIIBHUM pyX i,
HaOpaBIIM IIBUAKICTb, Ha CTPiILi 3ifiluia 3
peiioK i KOpIlycoM aBTO3YEIUIEHHS Baapuia
LIUCTEPHY, HAINlOBHEHY PiIKUM XJIOPOM, IIIO
CTOsIJ1a Ha CYCiTHIN Kouil. Y pe3ynsbrari yaapy B
LIUCTEPHiI YTBOPUBCS OTBip AiaMETPOM IIpU-
omm3Ho 20 cM, yepe3s SIKMi XJI0p TToYaB BUJIMBA-
TUCSI HA30BHI, BUMNAPOBYBATUCH 1 y BUIJISII
3€JIEHOI XMapu ITOUIMPIOBATUCS TEPUTOPIEIO
MiANPUEMCTBA, A€ y liell Yac mpauoBaiy JIOIu.
baraTto poOGiTHMKIB 3HaJXM MPO BIACTUBOCTI
XJIOpY i 3Moragaancsl €BaKyloBaTUCS Ha Jaxu Ta
BepxHi moBepxu, npote noHaa 200 ocid oTpu-
MaJli TOCTPEe OTPYEHHS ra3onoaiOHUM XJIOPOM.
B oOGcrexxeHHi XBOpUX 3 TOCTPUM OTPYEHHSIM
Cl, mocrtpaxngaiux Opaja ydacThb CIHiBaBTOP
crarti (mpod. Tanuua banan). 3 ycix moctpax-
Janux 26 ocid 3aruHyau B 1—2 o0y, 0JIM3bKO
200 — oTpuManM TOKCUYHE iHTayIsILiiiHe ypa-
XKEHHSI OpPOHXOJIETEHEBOI CUCTEMM XJIOPOM,
MepeBakHO CEPeAHbOr0 Ta TSDKKOTO CTYMEHS
[7].

Xuop gK ximiyHa 30pos. XJ10p € BUCOKOTOK-
CUYHOIO PEYOBMHOIO, 8 BUKOPUCTaHHS Oro B
SIKOCTI XiMi4HO1 30pOi CHPUYMHSIE BUpPA3HY
MOoApa3HIOYy Jil0 Ha CJAM30BI O00OJOHKU
OpPOHXOJIET€HEBO1 CUCTEMM, IIPU3BOAUTHL M0
ac(ikcii, a Npu BeJIMKUX KOHLEHTpaLisIX — 10
cmepri [8, 9].

IazononioHmii xjop sk 30posi OyB BHepiie
3actocoBaHuit y KoponiBcTBi benbrisg, ae
noo6susy micta Inp Oyno po3MinieHO nmoHand 5
TUCSIY OaJIOHIB 31 CTUCHEHUM XJIOPOM. 22 KBIT-
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recovered, 16 patients had no consequences
of poisoning after a year. In 5 patients, lung
functions were normalized only after 3 years
[6].

A major man-made disaster with the
influence of gaseous chlorine occurred on
November 15, 1983 in the USSR at one of
the largest enterprises of the Military
Industrial Complex "Progress”, which pro-
duced explosives, in the city of Kemerovo as
a result of a gross violation of safety regula-
tions. In one of the shops, liquid chlorine
was used for pulp production, which was
delivered to the enterprise in 60-ton railway
tanks. According to the safety technique, the
coupling of the shunting diesel locomotive
and the tanks had to be done manually, how-
ever, the driver of the diesel locomotive tried
to immediately attach an empty tank to the
shunting diesel locomotive. However, the
tank began to move involuntarily, and, gain-
ing speed, derailed on the arrow and hit a
tank filled with liquid chlorine, which was
standing on the adjacent tracks, with the
body of the auto clutch. As a result of the
impact, a hole with a diameter of about 20
cm was formed in the tank, through which
chlorine began to pour out, evaporate and
spread in the form of a green cloud over the
territory of the enterprise, where people
were working at that time. Many workers
knew about the properties of chlorine and
guessed to evacuate to the roofs and upper
floors, but more than 200 people were acute-
ly poisoned by gaseous chlorine. Co-author
of this article (prof. Galina Balan) took a
direct part in the examination of the victims.
Of the victims, 26 people died within 1-2
days, about two hundred people received
toxic inhalation damage to the bronchopul-
monary system by chlorine, mostly of medi-
um and severe degrees [7].

Chlorine as a chemical weapon. Chlorine
is a highly toxic substance, and its use as a
chemical weapon causes a pronounced irri-
tating effect on the mucous membranes of
the bronchopulmonary system, leads to
asphyxiation, and in high concentrations —
to death [8, 9].

Chlorine gas as a weapon was first used in
the Kingdom of Belgium, where more than
5 thousand compressed chlorine cylinders
were placed near the city of Ypres. On April
22, 1915, after waiting for a strong wind
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Hs 1915 poky, 1oYeKaBUIUCh CUJIBHOIO BITPY 3
MiBHIYHOI'O CXOMY, BiliCbKa HIMELIbKOTO MOJIKY
Binkpuiu BeHTWIi Ha 5730 OajioHax, BUIIy-
cTUBIIN 168 TOHH XJIOPY IO (PPOHTY IIMPUHOIO
B 4 mui (6,4 KM). YTBopuIacsi )KOBTO-3eJIeHa
CTiHA AMMY 3aBBUILKHU 10 15 MeTpiB, 1110 pyxa-
Jlacsl Ha TIo3ulii (paHKO-aJKUPCHKUX i
KaHaAChKMX BIiMCbK i3 1mBMAKicTIO 30 M/XB.
Conpmaru, 110 3a3HaBajy ypaxkeHHs, He Oy/u
YKOMILIEKTOBaHiI JOCTaTHIM 3aXWCHUM CIIO-
PSIKEHHSIM, TOMY iM JTOBOJIMJIOCSI BMOYYBaTU
y BoZi OaBOBHSIHI MMKi Ta MPUKPUBATU 00JINY-
ys. 3a pi3HUMU HigpaxyHKaMU BHACIiIOK ra3o-
BOI aTaku 3arWHYyJM Ta OTpyiaucs Bim 3 mo 15
ThCcIY 4JoJioBiK. Ili3Himre HiMelbKi BilicbKa
MPOJOBXUIM XJOpHi ataku Ha CXigHOMY
¢poHTi, ne B TpaBHi 1915 p. Oyau atakoBaHi
pociiicbki Mo3ulii mig Mictom boJjiiMmoBUM
(mosnbek. Bolimyw). Bunymeni 263 ToHHM
XJIOPY CIPUYMHWIIN 3aTh0eJIb 6 TUCSTY BOSIKIB. Y
pe3yabTaTi IBOX HACTYIMHMX ra30BUX aTak IO
THUX XK€ TTO3ULIISIX 3aTMHYJIO 1Ie 25 TUCSY Y0JI0-
BiK (TakKi 3Ha4Hi BTPATH MOSICHIOBAJIMCS BIICYT-
HICTIO B POCIMICBKMX BiliCbK HEOOXiqHOI 3aXUC-
HO1 aMyHiuii). OTxe, BTpaTH BiJl XJIOPHOTO a3y
nig 4vac Ilepuroi cBiTOBOI BiiHM CTaHOBWJIM
Mmarixe 1,3 MibiioHa BiiCbKOBOCIIYXXO00BIIiB. 13
70552 amMepuMKaHCbKMX CoOJiAaT, 110 Oyau
OTpY€EHI pi3HMMM razamu 1ig yac Ilepioi cBi-
TOBOI BiliHM, 1843 3a3Haji BILUIMBY ra3orojio-
Horo xjopy. [li3Hile Big XJ10py BiAMOBUJIMCS
SIK Big OOMOBOTO areHTa, aaXe CTau BUKOPHU-
CTOBYBAaTW MPOTUTA3U i Oy CTBOPEHI OLIbII
«e(eKTUBHI» CITOJYKM JJIST XiMiYHO1 30pOi.
HesBaxkaroun Ha KoHBeHIi0 PO XiMiYHY
36poio (1993 p.), 110 3a60POHSIE BUPOOHULITBO,
BUKOPUCTAHHS 1 HAKOIMMYEHHS XiMi4HO1 30poi
B ycix KpaiHax [10], sk MiHiMyM Tpu4i B CiuHi i
motomy 2007 poky mmoBcTaHili B [paky 3actocy-
BaJd LMCTEPHU 3 XJOPOM IIpW Hamalai Ha
TpPaHCHOPTHI 3acO0M 3 BiliCHKOBOCIYXKOOBIISI-
MU, ITyCTUBIIM B XiJl cCaMOpOOHi BUOYXOBi TIpu-
CTpOIi, uepe3 1110 OaraTo Jrojaeii 0yJio rocriTai-
30BaHO i3 CUMIOTOMAaMM YpaxK€HHS ra3ononio-
HUM xj0opoM. Tak, 3a faHUMU [HTepHET BUIaH-
Hs «JliBuii Geper», 3 MOCWJIAHHSIM Ha OJHE 3
HaOinbIMX y cBiTi — IH(opMmalliliiHe areHT-
ctBo CIIIA Associated Pressy 2016 pouti 3adik-
COBAaHO BMKOPHMCTAaHHS Ta30MOAIOHOr0 XJIOpY
OoiioBMKaMy MOpu Hamaai Ha Micto Kupkyk
(anrn., Kirkuk) Ha miBHoui Ipaky, Kojau Tepo-
pucTMYHA opradisauisi «lciamceka aepxkaBa
Ipaky i JleBanty» (IJAIJI) ckoina aBi XiMiuHi
aTaku, YHacCJi10K SIKMX 3aruHyJja
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from the northeast, the troops of the
German regiment opened the valves on
5,730 cylinders, releasing 168 tons of chlo-
rine along a front 4 miles (6.4 km) wide. A
yellow-green wall of smoke up to 15 meters
high was formed, moving at the position of
the Franco-Algerian and Canadian troops at
a speed of 30 m/min. Soldiers who were
affected were not equipped with sufficient
protective equipment, so they had to soak
cotton pajamas in water and cover their
faces. According to various estimates, from 3
to 15 thousand people died and were poi-
soned as a result of the gas attack. Later,
German troops continued chlorine attacks
on the Eastern Front, where in May 1915
Russian positions near the town of Bolimyw
(Polish) were attacked. The released 263
tons of chlorine caused the death of 6.000
soldiers. As a result of two subsequent gas
attacks on the same positions, another
25.000 people died (such significant losses
were explained by the lack of the necessary
protective ammunition among the Russian
troops). In general, it is believed that losses
from chlorine gas during the First World War
amounted to almost 1.3 million military per-
sonnel. Ofthe 70.552 American soldiers poi-
soned by various gases during World War I,
1.843 were exposed to chlorine gas. Chlorine
was later abandoned as a warfare agent when
gas masks were introduced and more "effec-
tive" chemical weapons compounds were
developed.

Despite  the Chemical  Weapons
Convention (1993), which prohibits the pro-
duction, use, and stockpiling of chemical
weapons in all countries [10], in at least three
cases in January and February 2007, insur-
gents in Iraq used chlorine tanks in an attack
on vehicles with military personnel using
improvised explosive devices, as a result of
which many people were hospitalized with
the phenomena of exposure to chlorine gas.
Thus, according to the Internet publication
"Left Bank", with reference to one of the
largest in the world and the largest US
Information Agency — Associated Press in
2016 the use of chlorine gas by militants dur-
ing the attack on the city of Kirkuk in north-
ern Iraq was recorded, when the terrorist
organization "Islamic State of Iraq and the
Levant" (ISIL) carried out two chemical
attacks, as a result of which a 3-year-old girl
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3-piuHa giBYMHKa, OaM3bKo 600 Iroxeit
MOCTPAXIAJIM 1 II€ COTHI MYCUJIW MOKMHYTU
Teputopito [11].

A moBigoMiisie iHdopMalliliHe areHTCTBO
PBK-Ykpaina 3 nocunaHHsiMm Ha IHdop-
Mallifine areHcTBO «CiHbxya» (aHrj1. Xinhua), y
2019 poui Ha BOJOOYMCHINM CTaHIil B MicCTi
Enb-Kyt (Ipak) craBcsl BUTIK XJIOpY, /1€ NpHU-
onmm3Ho 90 mogeil mocTpaxmaau Bill 3aayXu
[12]. OkpiM TOro, y CBOIX YMCEIbHMX 3BiTax
Opraxizauist i3 3a00poHM XiMiYHOI 30poi —
03X3 (anri., Organization for the Prohibition
of Chemical Weapons -OPCW) noBinomJsiia,
o 3 2013 poky razomnomiOHuii XJa0p BUKOPU-
CTOBYBAaBCSI MPU YMCEIbHUX XiMIYHUX aTaKax y
Cupii, 110 BUKJIMKAIO TOKCUYHE YpaKeHHS
OpPOHXO0JIETEHEBO1 CUCTEMU Ta COTHI CMepTeil y
TUCSIY MUPHUX KuUTediB [13].

MexaHi3Mu TOKCHYHOI Jii razomoaioHoro
xJopy. lazononionuii xnop (Cl,) — e ras 3ene-
HYBATO-KOBTOT'O KOJIbOPY 3 Pi3KUM 3aAyILIM-
BUM 3aIiaxoMm, 110 y 2,5 pa3a BaxXuMii 3a MOBIT-
psi, TOMy OpU BUKUAI HAKOMUUYETHCS Oifst
MOBEPXHi 3eMJII Ta OMNYCKAETbCI OO HU3UH
(spiB, TpaHmeil, okomiB, aM). Ilopir 3amaxy
JUISL XJIOpY AOBOJII HU3bKUM, mpuoan3Ho 0,3—
0,5 yacTMHM Ha MiJIbUOH (ppm), y 3B’S3KYy 3
YUM OPTaHOJICNITUYHO BiApPi3HUTU TOKCHUYHI
PiBHi XJIOpY Bi IOMYCTUMUX PiBHIB Y MOBITPi €
MPaKTUYHO HEMOXJIMBUM, TOKHU Ha 3’ SIBJISIThCS
CUMMTOMU MOAPA3ZHEHHS CIU30BUX OPOHXOJIE-
T€HEBOI CUCTEMM. I3 3pOCTaHHSAM KOHILIEHTpALIil
ra3oroiOHOro XJopy TSLKKICTh CUMITOMIB Ta
IIBUAKICTD iX MOSIBU 3011bIIYEThCS. TakK, KOH-
LieHTpalliss xjopy noHaa 10 ppm HebOe3neyHa
JUUIS1 3I0POB’Sl JIIONMHM, a KOHLIEHTpAllis BUIlla
3a 400 ppm mnpotsiroMm 30 XBWIMH CIIPUYUHSIE
TSDKKI yYpakeHHS OpPOHXOJIETEHEBOI CHUCTEMMU,
HEPIAKO MPU3BOASIYM 10 HAOPSIKY JIETeHb 3i
CMepTeJIbHUM pe3ysbraToM. BorHuiiese moj-
pa3HeHHs Hoca i Tpaxei JIerKOro CTyrneHs 0e3
TPUBAJIOl €KCITO3ULII XJI0OPY HAa HYXKHI BiIIUIN
IUXaJIbHUX IUISIXiB BUHUKAE pu 2 ppm [14].

XJIOp MOMIpHO PO3YMHSIETHCS Y BOI 1 B3a€-
MOJIi€ 3 HEI 3 YTBOPEHHSIM XJIOPHYBAaTUCTOI
(HOCl) i comgnoi (HCl)  kwucnot
EnemeHTapHuii xj10p i oro moxigHi — coJisiHa
Ta XJOPHYBAaTUCTA KUCJIOTU MOXYTb BUKJIMKA-
TU OiOJIOTIYHE MOILIKOMKEHHS, MOAPA3HIOIUY
JIil0 Ha CJIMU30BY OOOJIOHKY OpPOHXOJEreHeBOL
CUCTEMMU, HOCA, OYEHA.

MexaHi3Mu 0i070TiYHOI aKTUBHOCTI Ta30-
MOoAiOHOro XJIOPYy BMBYEHi HEIOCTAaTHHO, a
rnepeBaxaipya aHaTOMiyHA 30HA YpaXeHHS
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died, about 600 people were injured, and
hundreds more had to leave the territory [11].

According to information from the RBC-
Ukraine news agency with reference to the
Xinhua News Agency, in 2019 there was a
chlorine leak at a water treatment plant in
the city of El-Kut (Iraq), where about 90
people suffered from suffocation [12]. In
addition, in its numerous reports, the
Organization for the Prohibition of
Chemical Weapons (OPCW) reported that
since 2013, chlorine gas has been used in
numerous chemical attacks in Syria, causing
toxic damage to the bronchopulmonary sys-
tem in thousands of civilians and causing
hundreds of deaths [13].

Mechanisms of toxic action of chlorine
gas. Chlorine gas (Cl,) — is a greenish-yel-
low gas with a sharp, suffocating smell,
which is 2,5 times heavier than air, so when
it is released, it accumulates near the surface
of the earth and sinks to the lowlands
(ravines, trenches, trenches, pits). The odor
threshold for chlorine is quite low, approxi-
mately 0.3—0.5 parts per million (ppm), so
organoleptically distinguishing toxic levels
of chlorine from acceptable levels in the air
is practically impossible until symptoms of
mucosal irritation appear shell of the bron-
chopulmonary system. As the concentration
of chlorine gas increases, the severity of
symptoms and the speed of their appearance
increase. Thus, a chlorine gas concentration
of more than 10 ppm poses a danger to
human health, and a concentration of more
than 400 ppm within 30 minutes causes
severe damage to the bronchopulmonary
system, often leading to pulmonary edema
and death. Mild focal irritation of the nose
and trachea without chlorine exposure to the
lower respiratory tract occurs at 2 ppm [14].

Chlorine is moderately soluble in water
and interacts with it to form hypochlorous
(HOCI) and hydrochloric (HCI) acids.
Elemental chlorine and its derivatives —
hydrochloric and hypochlorous acids can
cause biological damage, irritating effects on
the mucous membrane of the bronchopul-
monary system, nose, and eyes.

Mechanisms of biological activity of
chlorine gas are insufficiently studied, and
the predominant anatomical zone of dam-
age varies depending on the chemical com-
pounds formed. Due to its medium solubili-
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3MIHIOETBCS 3aJIE€XKHO Bil XiMiYHUX CITOJIYK, LIIO
YTBOPIOIOThCSI. BHACIiIOK cepelHbOl pO3UMH-
HOCTI Y BOJi, XJIOp MOX€E IIrMOIe MpOHUKATHA
10 TKAHWHHUX CTPYKTYpP, BUKJIMKAKOUYU TOCTPe
ypaxkeHHsI CJIU30BUX OOOJIOHOK Oueii, Hoca i
OPOHXOJIETEHEBOI CUCTEMM.

Y nonepenHi AECATWIITTS BBaXajaocs, IO
XJIOp BUKJIMKA€E TIpSIME YypaXeHHS TKaHUH,
YTBOPIOIOUM BiJIbHI paIuKalu KUCHIO, SIKi (hop-
MYIOTh Y KJIITUHAX OKMCJIIOBaJIbHUI cTpec [15].
OpnHak, pe3yabTaTh €eKCIEPUMEHTAIbHUX TiCTO-
XiMIYHUX JOCHIIKEHb CHPOCTOBYIOTH KOHIIETI-
L0 IpsMOI MOLIKOIXY0UO1 Ail xia0py. Ha Bia-
MiHY Bill XJIOpY COJISIHA KMCJIOTa 100pe po3um-
HSIETbCS B TKAHWHHIM piguWHi, a 11 OpraHoM-
MIIIEHHIO € eTiTeii CIM30BUX 000JOHOK OYei
i BepxHix auxajibHux Huisixie. Ile Oinbln po3s-
YMHHA Y BOJi XJIOPHYBaTUCTa KMUCJIOTA, 1110 MAE
CXOXHUH 3 COJITHOIO KUCJIOTOI MeXaHi3M
MOLIKOXYIOUO1 il Ha eIliTeNliaJabHi KIITUHU
CJIN30BUX OOOJIOHOK O4Yeil i OpOHXOJEreHeBOl
cucteMu. OgHOYACHO BiAOYBA€ETHCS MPOOKCU-
JIAaHTHA Jisl BUIBHUX pajyKajiiB KMCHIO Ha TKa-
HUHH [16].

XiMiuHi peakilii MOEIHAHHS XJIOPY 3 BOMIOIO
1 HACTYIIHI peakKllii 3 COJSIHOI Ta XJIOPHYBaTU-
CTOIO KUCJIOTaMMU:

Cl, + H,0 «+ HCIl + HOCI, abo

Cl, + H,O < 2HCI + [O7]

HOCI < HCI + [O°]

ITopsin 3 peakTMBHMMU OKMCJIaMU MPU ypa-
XKEHHi XJIOpPOM B emiTediaJlbHUX KIITHHAX
OPOHXOJIETEHEBOI CUCTEMHU YTBOPIOIOTHCS HiT-
POCIIOJIYKH:

HOCI1 + NO, — (CIONO, CINO3)

HOCI + 0,— (OHY'

0, + 2NO— 2NO,

0, + NO'-ONOO*

3a JaHUMU OKPEMUX IOCJiIKeHb, BUCOKa
MPOAYKILIisI CYMIEPOKCHUIIB i HITPOT€HHUX OKCH -
JIaHTiB Oe3rocepeIHbo 3a0e3neuye (popMyBaH-
HSI OKMCJIIOBAJILHOIO CTpEeCy B eIiTeaiaIbHUX
KJIITUHAX OPOHXOJIETEHEBOI CUCTEMMU, CIIPUSIIO-
Yyl BUKHUAY BMCOKOAKTHMBHHUX O0i0JIOTIYHUX
PEYOBUH, 11O BUKJIMKAE MITOXOHApiaJbHi
MOIIKOIXEHHSI, PYWHYBaHHSI CTPYKTYPU ajlb-
BEOJIIPHOI MeMOpaHM, AECTPYKIilo cypdak-
TaHTy [17].

CniBpoOITHUKY BifJIiJly HayK MpPO 310POB'S
HaBKOJUIIHbOro cepenoBuina Ilkonu rpo-
MaJICbKOTO 37I0pOB'st YHiBepcuteTy Ajabamu
(bipminrem, CIIIA)BMBYaIM MeXaHi3MU TOK-
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ty in water, chlorine can penetrate deeper
into tissue structures, causing acute damage
to the mucous membranes of the eyes, nose,
and bronchopulmonary system.

In previous decades, it was believed that
chlorine causes direct damage to tissues,
forming free oxygen radicals that create
oxidative stress in cells [15]. However, the
results of experimental histochemical stud-
ies disprove the concept of direct damaging
effect of chlorine. Unlike chlorine,
hydrochloric acid dissolves well in tissue
fluid, and its target organ is the epithelium of
the mucous membranes of the eyes and
upper respiratory tract. Hypochlorous acid,
which is even more soluble in water, has a
mechanism similar to hydrochloric acid in
damaging the epithelial cells of the mucous
membranes of the eyes and the bronchopul-
monary system. At the same time, oxygen
free radicals have a pro-oxidant effect on tis-
sues [16].

The chemical reactions of the combina-
tion of chlorine with water and the following
reactions with hydrochloric and hypochlor-
ous acids are as follows:

Cl, + H,O « HCIl + HOCI, or

Cl, + H,0 < 2HCI + [O7]

HOCI « HCI + [O7]

Along with reactive oxides, when affected
by chlorine, nitro compounds are formed in
the epithelial cells of the bronchopulmonary
system:

HOCI1 + NO, — (CIONO, CINO;)

HOCI + 0,— (OHY'

02 + 2NO—> 2N02

0, + NO'—-ONOO*

According to individual studies, the high
production of superoxides and nitrogen oxi-
dants directly ensures the formation of
oxidative stress in the epithelial cells of the
bronchopulmonary system, contributing to
the release of highly active biological sub-
stances, which ensures mitochondrial dam-
age, the destruction of the alveolar mem-
brane structure, and the destruction of sur-
factant [17].

Employees of the Department of
Environmental Health Sciences, School of
Public Health, University of Alabama
(Birmingham, Alabama, USA) studied the
mechanisms of chlorine toxicity: toxicoki-
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CUYHOCTI XJIOpY: KiHETUKY peakxllii, TepMOIn-
HaMiky Ta (i3ioJ0TiyHi Hacaiaku. ABTOpPU
onucany XiMiuHi Ta ¢izuyHi BractuBocTi Cl,,
SIKi CTOCYIOThCSI MOro XiMi4HOi peakuiiiHO1
30aTHOCTI 3 OiOJOTIYHUMM MOJIeKYyJIaMH,
BKJIIOYAIOUYM BOJOPO3YMHHI HU3bKOMOJIEKY-
JIIpHI  AaHTUOKCUIAHTH, AMIHOKMCJIOTHI
3aJUIIKM B OUIKax i amiHogocdomimiaum, Taki
K (pochaTuaunaeraHosamil i pocharuanice-
PUH, SKi NMPUCYTHI B OOOJOHKOBHUX IIapax
pIIMHU, 1110 TTOKPUBAIOTh AUXAJbHI LIISIXUA Ta
aJibBeoJIsIpHi nmpoctopu. Takox Oyio mpoaHa-
JIi30BaHO, HacKiabku aaneko Cl, Moxe Tpo-
HUKHYTU Ha TOBEPXHIO JIET€HIB 10 MOMEHTY
Oro BCTyNy B peaklililo 3 BOJOI a00 MOJIEKY-
Jlamu OiosoriyHoro cyoctpary. Pesynbraru,
OTpUMAaHi aBTOpaMM, MEPEKOHJMUBO CBilIYaTh,
o Cl, Oyzne nepeBaxkHO pearyBaTu 3 6ioJioriy-
HUMHU MOJIEKYJIJAaMU B eIliTeNlialibHill piguHi
JIETEHIB, TAKUMU K aHTUOKCUIAHTU 3 HU3b-
KO0 MOJIEKYJISIPHOIO Macolo, i 110 riapois Cl,
1o HOCI i HCI moxe OyTd BaxkJIMBUM JIUIIE
TOJi, KOJIM 1Ii 0i0JIOriYyHi MOJIeKyaIn Oe3roce-
peaHbO BCTYIAlOTh y XiMmiuHi peakuii 3 Cl,.
Pe3ynbratil 1ILOro TEOPETUYHOTO aHAMI3Y MiAT-
BEepAWIM MNOTEHLIiMHI mepeBaru aj IOBaHTHOI
AHTMOKCHUAAHTHOI Tepaltii sl TOM’ SIKIIEHHS
CTYNEHSI TIOLIKOJKEHHS JIETeHIB 4yepe3 BIM-
xaHHs Cl, i KopesooTh 3 pe3ysibTaTamu, 1110
OyJIM OTpUMMaHIi Ha €KCIIEPUMEHTAJIbHUX MOJIE-
nax [18].

Mai jgo3u ra3onomioHOro XJopy BUKIIM-
KaloTh TiNepeMi€l0 CIAU30BOI OOOJOHKHU 3
HE3HAYHMM HAOpSIKOM i IOSIBOIO HEBEIMKOI
KIJIBKOCTI CeKpeTy Ha ii moBepxHi. [Ipu ubomy
B MeXaHi3Mi [il xj0py IepeBaxae pedieKTop-
HUI BIUIMB, 1110 BUHMKA€E BHACIIIOK IOIpa3-
HEHHS iHTEpOpPELENTOPiB CIM30BUX 0O0JTOHOK
BEPXHIX AUXaJbHUX ILLISXiB, 110 CYIPOBOIXKY-
€TbCSI CKOPOYEHHSIM MYCKYyJIaTypu Tpaxei,
OpoHXiB, a TakKoX 3MiHaMu pehJIEKTOPHOIO
XapakTepy B OiSJIbHOCTI ceplisl, IMXaJIbHOTO Ta
CYAMHHO-PYXOBOTO LIEHTPIB.

IIpn BenMKMX KOHLIEHTpALisIX i TpUBaJiil
€KCITO3MIIil XJIOPOM ypaXk€HHSI MOLIMPIOETHCS
Ha TrAuOOKi BiIJiAM AUXaJbHUX ILISIXiB.
BinmiuaeTbcst He yuilie Moapas3Hioua, ajie i
omikoBa i xjopy. 3’SIBJASIIOTbCS He JUIIe
rinepemis i HAOPSIK CAU30BUX OOOJIOHOK, ajie i
(bopMyBaHHSI BOTHMIL HEKpPO3Y, BMPaA30K,
MOPYIIEHHsI CTPYKTYpHU aJibBeOJISPHO-KaIli-
JIIpHOI MeMOpaHM, (OopMyBaHHSI UYHCEIbHUX
TPOMOIB sIK Y IpiOHMX KaMijsipax, Tak il B apTe-
piosiax i BeHyJax, L0 CYNPOBOMIXYEThCS MPO-
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netic, thermodynamics, and physiological
consequences. The authors described the
chemical and physical properties of Cl, that
relate to its chemical reactivity with biologi-
cal molecules, including water-soluble low-
molecular-weight antioxidants, amino acid
residues in proteins, and aminophospho-
lipids such as phosphatidylethanolamine
and phosphatidylserine, which are present
in the fluid membrane layers lining the air-
ways and alveolar spaces. A Cl, penetration
assay was performed to assess how far Cl,
can penetrate the lung surface before it
reacts with water or biological substrate mol-
ecules. The results obtained by the authors
strongly suggest that Cl, will preferentially
react directly with biological molecules in
the lung epithelial fluid, such as low molec-
ular weight antioxidants, and that the
hydrolysis of Cl, to HOCI and HCI may be
important only when these biological mole-
cules directly enter into chemical reactions
with Cl,. The results of this theoretical
analysis confirmed the potential benefits of
adjuvant antioxidant therapy in mitigating
the extent of lung injury due to inhalation of
Cl, and correlate with results obtained in
experimental models [18].

Small doses of chlorine gas cause hyper-
emia of the mucous membrane with slight
swelling and the appearance of a small
amount of secretion on its surface. At the
same time, in the mechanism of action of
chlorine, the reflex effect is more important,
which occurs as a result of irritation of the
intero-receptors of the mucous membranes
of the upper respiratory tract, which is
accompanied by a contraction of the mus-
cles of the trachea and bronchi, as well as
changes of a reflex nature in the activity of
the heart, respiratory and vascular-motor
center.

With high concentrations and prolonged
exposure to chlorine, the damage spreads to
the deep parts of the respiratory tract. Not
only the irritating, but also the burning effect
of chlorine is noted. Not only hyperemia
and swelling of the mucous membranes
appear, but also the formation of foci of
necrosis, ulcers, disruption of the structure
of the alveolar-capillary membrane, the for-
mation of numerous blood clots, both in
small capillaries and in arterioles and
venules, which is accompanied by manifes-
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sIBAMU T€MOPATriyHOIO TPAHCCYaTYy.

3aBAdKM OKUCITIOBAJIbHINA il MOXigHUX
xsiopy, HOCI i HCI pyiiHyIOTh €JIeMeHTH ajib-
BEOJISIDHOTO Cyp(akTaHTy, 11O IPUCKOPIOE
PO3BUTOK rOCTPOro HEKApAiOreHHOIO HaOPSIKy
JIETEHb, SKU BUHUKAE BHACIIOK ITOPYILIEHHS
LIJIICHOCTI JIETEHEBUX KamnuISpiB 3 HACTYIHOIO
TpaHCCydali€lo pifvHU B anbBeosu. [Ipouec
MOXK€ BITOYTUCS MPOTSITOM JIEKiJTbKOX XBUJIVH
a00 ToIMH 3aJIeXXHO BiJ KOHLIEHTpALIil XJIOpY.

3a JaHUMM AOCHIIXEHb CHiBPOOITHUKIB
Kagenpu  aHecrtesionorii  YHiBepCUTETY
Anabamu (bipminrem, CIIIA) BB BUCOKUX
KOHLEHTpALi XJIOpy sSK Ha JIIoJael, Tak i Ha
TBapMH MPU3BOAUTH A0 TOCTPOrO YpaKeHHS
JIET€HIB, $IKE MOXE CHOHTAaHHO MMHYTH a0o0
MPOrpecyBaTH A0 rOCTPOI AMXaJIbHOI HEIOCTAT-
HocTi. Ha aymMKy aBTOpiB, MOIIKOAXKEHHS
JIUXAJbHUX LUISXIiB i aJIbBEOJISIPHOIO EIITEJIiI0
MOKe OyTH HaCJIiIKOM TiIpoJIi3y XJI0py 1 B3a€-
Mogii 3 6ionoriyHuMuU Mojaekyaamu. [lomanbii
peakiiii MOXyTbh iHILilOBAaTM MNpOLIECHU, SKi
MOILIMPIOIOTLCSI Ta iHAYKYIOTh BUBiJIbHEHHS
Me/1iaTopiB 3aMaje€HHs, 1110 MTOCUIIOE MOIIKOI-
JKEHHSI JIereHEeBOTO CypdakTaHTy, iOHHUX
KaHAJIiB i KOMITOHEHTIB EINTENil0 JIETeHIB Ta
KJIITUH AUXAJIbHUX LIJISIXiB. ABTOPY BBAaXKalOTh,
1110 HU3bKOMOJIEKYJISIDHI aHTUOKCUAAHTHU, TaKi
sIK ackopOat, TJyTaTiOH i ypaTu, MPUCYTHiI B
PIIMHI Ta TKAHWHI eIliTesdilo JIeTeHiB, 3MEeH-
LIYIOTh MOIIKOMXEHHSI KPUTUYHUX LIIbOBUX
OioyioriyHux MimeHeil. OmHakK piBHI aHTHU-
OKCHMJIAHTIiB Yy JIEr€HSX TBapuH, $SIKi 3a3Haju
BIUIMBY XJIOPY B KOHLIEHTpALisIX, SIKi, KMOBIp-
HO, MOXHa 3yCTPiTM MOOJIMU3Yy IMPOMMCIOBUX
apapiii, IBUJIKO Ta O€3MOBOPOTHO 3HUXKYIOTh-
cs. JlocaimkeHHsT JEMOHCTPYIOTh, 1110 Mpodi-
JJaKTUYHE BBEAEHHS CyMillli, 11O MICTUTh
ackopbiHoBy kuciuory, ledepokcamin i N-
atetwi-uuctein (A/D/N), nonepenHuK Bif-
HOBJIEHOTrO IIyTaTioHy, 3amobirae Cl,-iHayKo-
BaHOMY MOILIKOIXKEHHIO aJIbBEOJISIPHOTO EITiTe-
JIiI0 1ypiB, $Ki 3a3HajJii BIUIMBY XJOpY.
KniniyHa mpo6GiaeMa moJjsira€e B TOMY, 1100
3a0€3IeYnUT AOCTATHIO KiJIbKiCTh aHTUOKCHU-
JIAHTiB HEIHBA3MBHUM UIJISIXOM ITiCJIsI BILUIMBY
Cl, ns 3HM>KEHHST 3aXBOPIOBAHOCTI Ta CMEPT-
HocrTi [19].

Y nocnimxeHHsX, 110 OyJIM BUKOHAHI ITi3Hi-
e HaykoBUsMU LIeHTpy JiereHeBOi TpaBMM
VHuiBepcutery Anadbamu (bipminrem, CIIA),
BUBYAJINCS MEXaHi3MM TOKCHUYHOCTI IiJ 4Yac
BIUIMBY Ha AWXaJbHi IUISIXA XJIOPOBaHUX 0io-
MOJIEKYJI, 1110 YTBOPIOIOThCS 3a Jii ra30momiio-
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tations of hemorrhagic transudate.

Due to the oxidizing effect of chlorine
derivatives, HOCI and HCI destroy the ele-
ments of alveolar surfactant, which acceler-
ates the development of acute non-cardio-
genic pulmonary edema, which occurs as a
result of a violation of the integrity of the
pulmonary capillaries with the subsequent
transudation of fluid into the alveoli. The
process can take place within a few minutes
or hours, depending on the concentration of
chlorine.

According to research by the Department
of Anesthesiology, University of Alabama
(Birmingham, USA), exposure to high con-
centrations of chlorine in both humans and
animals leads to acute lung damage, which
can spontaneously undergo or progress to
acute respiratory failure. According to the
authors, damage to the respiratory tract and
alveolar epithelium can be a consequence of
chlorine hydrolysis and interaction with bio-
logical molecules. Subsequent reactions can
initiate proliferative processes and induce
the release of inflammatory mediators that
exacerbate damage to lung surfactant, ion
channels, and components of lung epitheli-
um and airway cells. The authors believe that
low-molecular-weight antioxidants such as
ascorbate, glutathione, and urate present in
lung epithelial fluid and tissue reduce dam-
age to critical biological targets. However,
antioxidant levels in the lungs of animals
exposed to chlorine at concentrations likely
to be found near industrial accidents are
rapidly and irreversibly reduced. Studies
demonstrate that prophylactic administra-
tion of a mixture containing Ascorbic acid,
deferoxamine, and  N-acetylcysteine
(A/D/N), a precursor of reduced glu-
tathione, prevents Cl,-induced alveolar
epithelial damage in Cl,-exposed rats. A
clinical challenge is to provide sufficient
antioxidants noninvasively after exposure to
Cl, to reduce morbidity and mortality [19].

In later studies, scientists at the
Pulmonary Injury and Repair Center,
University of Alabama (Birmingham, USA)
investigated the mechanisms of toxicity dur-
ing exposure to the respiratory tract of chlo-
rinated biomolecules formed during the
action of chlorine gas. Scientists hypothe-
sized that mitochondria of lung epithelial
cells are damaged by direct exposure to CI2,
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Horo xjopy. BueHi npunycTuian, 1o MiTOXOH -
pii JIET€HEBUX EIMiTeMiaIbHUX KIITUH MOIIKO/-
XKylTbcsl Oe3nocepeaHiMm BmaubBom Cl,, a
aKkTuBalisl ayTodarii moMm'sKIIye CTYIIiHb
nomkoakeHHs. 1lo0 BupimmTu 10 npoodJe-
my, kiituHu NCI-H441 (emitenito ageHoKap-
LIMHOMMU JIET€HIB JIIOAWHU) MiAgaBaJIu BIUIMBY
Cl, (100 ppm/15 xB.) i ouiHIOBaIM OGioeHepre-
TUKY KJIiTUH. Yepe3 roauHy micis 1ii XJopy
OioeHepreTYHa (PyHKIIiSI KIIITUHU Ta MTOTEHLLi-
aJl MiTOXOHIpiaJbHOI MeMOpaHU OyJIv 3HUKE-
Hi. 3a3Ha4yeHi 3MiHM MOB’s13aHi 3 MOCUJICHHSIM
CUTHAJly MITOXOHAPiaJIbHOTO CYNepPOKCUI-
iHnukaropy — MitoSOX, a momaBaHHSI MiITO-
XOHIpiaJIbLHOTO peloKc-moayisitopa — MitoQ
nocaabyiroBano OioeHepreTUYHi JaedeKTH.
Yepes 6 ToauH Mmicast €KCIO3UIIiT XJIOPOM CITO-
cTepirajocss 3HauHe 30iUIblLIeHHST ayTodarii,
110 OyJio TOB’sI3aHe 3 MOKpallleHHIM (PYHKIIii
MiToxoHpiit. IlonmepeaHs oOpoOKa KIITUH
H441 Ttperano3own (aktuBaTop ayTodarii)
MoKpalllyBajia 0ioeHepreTU4Hy (PYHKIIIO KJTi-
TUH, TOli SIK 3-MeTuaneHiH (iHrioiTop ayTo-
¢arii) nmpu3BoauB 10 30iJIbIIEHHS OioeHepre-
TUYHOI Auc@yHKILii 4yepe3 1 roauHy Imicias
BILUIMBY xJIopy. OTprMMaHi JaHi BKa3ylOTh Ha T€,
IO XJIOp iHAYKYE Oio€HEepreTUYHy AUCPYHK-
Lito, a ayrodarisl Biirpa€ 3axucHY poOJib, 10
MiATBepKYyE Moeb in vitro. JlonaBaHHS Tpe-
rano3n (2 o6’emHux %) m0 TNUTHOI BOAU
munreit C57BL/6 mporsrom 6 TUXKHIB ITicIIst
BILU1MBY xJiopy (400 ppm/30 XB) MpU3BOAMIIO 10O
3MEHILEHHS YMcia JEUKOLUUTIB y OpOHX0ab-
BeoJIsIpHiii pinuHi Ha 70 %, a iHTaA1il Tpera-
Jio3u 3a 24 i 1 roaMHY 10 BIUIMBY XJIOPY 3MEH-
LIyBaJyd aJbBEOJISIPHY IPOHUKHICTh, ajle He
KIIITUHHY iH@UIBTpalio. ABTOpU 3pOoOMIn
BUCHOBOK, III0 XJIOp iHIYKY€E Oi0O€HEPreTUYHY
IUCGYHKIIIO, e ayTodaris Bimirpae 3axucHy
poJib [20].

CniBpo0iTHUKM Kadeapu rmaToorii YHiBep-
cutety Anabamu (bipminrem, CILA) mocin-
KyBaJld BIUIMB raszononioHoro xjopy Cl, Ha
(opMyBaHHSI  CUCTEMHMX  IOIIKOJXEHb
CYAMHHOI CUCTeMU. ABTOPU TIPUITYCTUIH, 11O
Cl, cnpusie mo3sajereHeBil eHmoTedialbHii
IUCcGYHKII, sIKa XapaKTepU3yETbCS BTPATOIO
curHajly 3 OOKy eHAOTeJiaJlbHOlI CUHTa3u
okcuny aszory (eNOS). Camuis 11ypiB Sprague
Dawley migmaBanu BBy Cl, (0—400 ppm)
npotrsdrom 30 xBuiavH i Bu3Hayaiau eNOS-
3aJIe>KHY Ba3OAWISITALIII0 AOPTHU TiCJISl BIUIMBY
(0—48 roaun). Brus Cl, (250—400 ppm)
3HayHO TpurHiuyBaB eNOS-3anexxHy Ba3oau-
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and activation of autophagy mitigates the
degree of damage. To address this issue,
NCI-H441 cells (human lung adenocarci-
noma epithelium) were exposed to CI2 (100
ppm/15 min.) and cell bioenergetics were
assessed. One hour after exposure to chlo-
rine, the bioenergetic function of the cell
and the potential of the mitochondrial
membrane were reduced. The specified
changes are associated with the strengthen-
ing of the signal of the mitochondrial super-
oxide indicator — MitoSOX, and the addi-
tion of the mitochondrial redox modulator
— MitoQ weakened the bioenergetic defects.
A significant increase in autophagy was
observed 6 hours after exposure to chlorine,
which was associated with improved mito-
chondrial function. Pretreatment of H441
cells with Trehalose (an activator of
autophagy) improved the bioenergetic func-
tion of the cells, whereas 3-methyladenine
(an inhibitor of autophagy) resulted in
increased bioenergetic dysfunction 1 h after
exposure to chlorine. The obtained data
indicate that chlorine induces bioenergetic
dysfunction and autophagy plays a protec-
tive role, which confirms the in vitro model.
Addition of Trehalose (2 % by volume) to
the drinking water of C57BL/6 mice for 6
weeks after exposure to chlorine (400
ppm/30 min) resulted in a 70 % decrease in
the number of leukocytes in the bron-
choalveolar fluid, and inhalation of
Trehalose 24 and 1 hour before exposure to
chlorine, reduced alveolar permeability, but
not cellular infiltration. The authors con-
cluded that chlorine induces bioenergetic
dysfunction, where autophagy plays a pro-
tective role [20].

Employees of the Department of
Pathology,  University of Alabama
(Birmingham, USA) studied the effect of
gaseous chlorine Cl, on the formation of
systemic damage to the vascular system. The
authors hypothesized that Cl, contributes to
extrapulmonary endothelial dysfunction
characterized by loss of endothelial nitric
oxide synthase (eNOS) signaling. Male
Sprague Dawley rats were exposed to Cl, (0-
400 ppm) for 30 minutes and eNOS-depen-
dent aortic vasodilation was determined
after exposure (0-48 hours). Exposure to Cl,
(250-400 ppm) significantly inhibited
eNOS-dependent vasodilation (stimulated
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JsATanio  (CTUMYJbOBAHY allETUJIXOJiHOM)
yepe3 24—48 roguH micyisl BIUIMBY, HE BILIM-
BalOYM Ha peakililo 3BY>KEHHSI aOpTU Ha (PeHi-
JnedpuH abo peaklilo Ba3oguIsATaLlil Ha JOHO-
pa NO, 1110 CBiIYUTb PO 3HUKEHHS YTBOPEH-
Hs NO. 3rigHo 3 i€ rinoTe3010 (IMMOPiBHSHO 3
KOHTpoJieM), ekcrpecisa Oinka eNOS Oyna
MpUOJU3HO HUXKYOIO B aopTi Ha 60%) BHIiIE-
Hilt y 11ypiB, sKi 3a3Hanu BIMBy Cl,, TopiB-
HSIHO 3 IIypaMM KOHTPOJIbHOI rpynu. Kpim
toro, MPHK iHayniu6enbHO1 CUHTa3u OKCUIY
azory (iNOS) Oyna akTHBOBaHa B LIMPKYJIIOIO-
yux JIeMKOLUTaX i aopTi, BUIiIEeHUX yepe3 24
roguHu Ticias BruBy Cly, 1110 CBiZYMTH MpPO
CTUMYJISILIiIO 3alajJieHHsI B CUCTEMHIil CYIuH-
Hili cuctemi. He3Baxkaroum Ha 3HUKEHHS €KC-
npecii Ta akTuBHOCTI eNOS, 3MiH cepeTHbOro
apTepiaJibHOr0 TUCKY HE CHOCTepiraaocs.
OnHak iH’exuisg 1400W—ceneKTuBHOrO iHri0i-
topy iNOS — migBuIllyBaja cepeaHiii apTepi-
aJIbHUM TUCK JIMIIE y TBAPUH, SIKi OTpUMYBaIn
Cl,, mo cBiguuTth 11po te, mo NO iNOS kom-
neHcye 3HKeHHs NO, orpumanoro eNOS. Li
pe3yJbTaTu MiATBEPAXKYIOTh, 110 BIuMB Cl,
CIIpUSIE PO3BUTKY CHUCTEMHOI €HIOTEeNiaIbHOI
Iuc(yYHKIII 4Yepe3 IMOPYLIEHHS CYIUHHUX
MexaHi3MiB romeoctazy NO [21].

PoxoMm panime, rpyna BYeHUX Kadeapu
nartoJiorii YHiBepcutety AjnadaMu 1OCJIiIXKYyBa-
Jla BIUIMB ra3omnoAiOHOro XJaopy Ha IOIIKO[I-
JKEHHSI JIETEHiB, 30KpeMa — MPOLECH 3arlajieH-
HS 1 OKWCHUIA CTpec, 110 OyB OIlOCEepeaKOBa-
HUI peakTMBHUMU (opMaMu XJI0py. ABTOpHU
BMBYAJIM MOILIKOMXKYOUMii BB rasdy Cl, Ha
ro3ajiereHeBi TKAHMHU i, 30KpeMa Ha eHA0Te-
JianbHy aucdyHkKuUio. byro mokazaHo, 110
OaraTo rnojapa3HIOIYMX Ira3iB, peakiliiiHa 31aT-
HICTb SIKMX OOMEXeHa JIETeHSIMU, MalOTh e(DeK-
TH, SIKi COPUSIOTh CUCTEeMHIill eHaoTeliaabHilk
IUC(YHKIIT 1 NOpuU3BOASATH OO PO3BUTKY
FOCTPUX 1 XPOHIUHMX CEPLEBO-CYAUMHHUX
3axXBOpIOBaHb (Hampukiad, iHpapKTy MioKap-
Jla Ta aTepOCKJIEPO3Y) i 1110 aKTUBHI BUIU XJIOPY
€HJIOT€HHOT0 MOXOMXKEHHS MOXYTb BBaXKaTHCS
BiANOBiTaIbHUMU 32 PO3BUTOK CEPLIEBO-
CYIMHHUX 3aXBOPIOBaHb [22].

Ipyna BUeHMX BigAily MOJIEKYJISIpHOI Ta
TpaHCJsAILiiiHOT  OioMenuuUMHU  MeauyHoil
mKoau YHiBepcutety Anadamu (bipmiHrewm,
CIIA) pa3om 3 HayKoBUSIMU MeauuHOro yHi-
Bepcutety I[liBnenHoi Kaposinu (HapabCToH,
CHIA) nocmimxyBaiu Bumnaaku BBy Cl,,
IO TIPU3BEIM OO PO3BUTKY PECIipPaTOPHOIO
JNUCTPEC-CUHAPOMY JIETEHb, B TOMY 4YMCJi 3i
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by acetylcholine) 24—48 hours after expo-
sure without affecting the aortic constriction
response to phenylephrine or the vasodila-
tion response to the NO donor, suggesting a
reduction in NO generation. Consistent
with this hypothesis, eNOS protein expres-
sion was significantly reduced (approxi-
mately 60 %) in aorta isolated from Cl,-
exposed rats compared with air-exposed
rats. In addition, inducible nitric oxide syn-
thase (iNOS) mRNA was activated in circu-
lating leukocytes and aorta isolated 24 h
after exposure to Cl,, suggesting stimulation
of inflammation in the systemic vasculature.
Despite the decrease in eNOS expression
and activity, no changes in mean arterial
pressure were observed. However, injection
of 1400W, a selective iNOS inhibitor,
increased mean arterial pressure only in Cl,-
treated animals, suggesting that iNOS-
derived NO compensates for the decrease in
eNOS-derived NO. These results confirm
that exposure to Cl, contributes to the devel-
opment of systemic endothelial dysfunction
due to disruption of vascular mechanisms of
NO homeostasis [21].

A year earlier, a group of scientists from
the Department of Pathology at the
University of Alabama investigated the
effects of gaseous chlorine Cl, on lung dam-
age, in particular, inflammatory processes
and oxidative stress mediated by reactive
forms of chlorine. The authors studied the
damaging effects of Cl, gas on extrapul-
monary tissues and, in particular, on
endothelial dysfunction. Many irritant gases
whose reactivity is limited to the lungs have
been shown to have effects that promote sys-
temic endothelial dysfunction and lead to
the development of acute and chronic car-
diovascular diseases (e.g., myocardial
infarction and atherosclerosis); and that
active chlorine species of endogenous origin
may be considered responsible for the devel-
opment of cardiovascular diseases [22].

A group of scientists from the Division of
Molecular and Translational Biomedicine,
University of Alabama (Birmingham, USA)
together with scientists from Medical
University of South Carolina (Charleston,
USA) investigated various cases of exposure
to Cl,, which led to the development of res-
piratory distress, including with a fatal out-
come. The obtained results demonstrate that
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CMepTeJIbHUM pe3yabraToM. OTpuMaHi pe3yiib-
TaTU JEMOHCTPYIOTh, 110 roctpuil BruuB Cl,
MPU3BOIUTh 10 CUCTEMHOIO IOIIKOMXKEHHS
CYIMH i MoAabIIOl CKOPOUYBaJIbHOI AUC(HYHK-
il MioKapjaa, a MiTOXOHIpiajbHa AUCHYHKIIis
JIEXXUTh B ocHOBI naroreHe3y Cl,-iHayKoBaHO1
TOKCUYHOCTI. ABTOPU MiATBEPAXKYIOTb, IO
aKTHBi3allis ayrodarii BAKOHYE 3aXUCHY POJIb
Ha (POHI 3amajieHHsI JIereHiB, CIOPUUYMHEHOIO
Cl,, mo Moxe po3risigaTucs, sIK IOTeHLial
JUJIS1 TEpAaneBTUYHOTO MOCIabJIeHHSI TOKCUYHUX
edexTiB xyopy [23].

HocairkeHHss OioMapkepiB TOKCHYHOCTi
XJIOpPY B €KCIIepUMEHTAX HA TBApUHAX. Y TOCTi-
JKEeHHSIX, 3[ilicHeHuX HaykKoBusMmu IlIBeack-
KOTO areHTCcTBa OOOpPOHHUX JOCHIIXEHb
(YMmeo, IlIBewist), BUBYaIMCS rocTpi Ta BiaTep-
MiHOBaHI pecHipaTOpHI 3MiHU IIiCJSl IHTaJI-
LIAHOIO BIUIMBY XJOpPY 3 METOI PO3YMiHHS
MaTOreHe3y BiIJaJIeHUX HACHIIKIB ypakKeHHS
sereHiB. Ha mypax Sprague-Dawley Oymiu ripo-
aHaJsi30BaHi 3MiHM  TilleppeakTUBHOCTI
IUXaJIbHUX LJISIXiB (aHTJI., airway hyperrespon-
siveness — AHR), xapakTep 3anajibHUX peak-
i y IMXaJbHMX ILUIIXaX, €KCIpecil mpo3a-
najbHUX MapkepiB i opmyBaHHS (HiOpO3y
JIETEHIB IPOTAroM MNepiody Big 5 roguH [0
90 nHiIB TIicJs OAHOPA30BOI iHTAISLIl XJIOpY.
Yepes 24 roavHU Micsi KOHTAKTY 3 XJIOPOM Y
TBAPUH ITiABUIIYBAJIACS KiJIbKICTb JICKOLIUTIB,
HEUTpOodiiB i €03MHOPIIIB y OpOHX0aTbBEO-
JIsipHOMY 3MUBi (aHIa., bronchoalveolar lava-
ge — BAL), a takox BigMiyaBcsl HaOpsiK SIK y
JIETeHeBil TKaHUWHI, TaK i B cepli. Yepes 24 roau-
HMU TTICJISI BIUIMBY XJIOPY LIMTOKIHM, aCOLIIMOBaHI 3
iHdmamacomoro (IL-1B Tta IL-18), Oymm
BUSIBJIEHI B OpPOHXOAJbBEOJSIPHOMY 3MMUBI.
OaHOYaCHO 3 TOCTPUM 3allaJIeHHSIM BUSIBICHO
3HAYHY rineppeakTUBHICTh AUXAJIbHUX IIUISIXIB.
[TizHilIe 3amanbHi MpoLEeCHU YMOBUIbHIOBAIN-
Csl, BAUHUKAaJIM O3HAKM (pidpo3y JiereHiB, Ha 1110
BKa3yBaj0 30UIbILIEHHS KUIBKOCTI JIETEHEBUX
Makpodaris, migsuiieHa ekcrpeciss TGF- y
CKJIaJli OPOHX0ATBBEOJISIPHOIO 3MUBY Ta BiAK-
JIaleHHSI KOJIareHY HaBKOJIO AVXAJIbHUX IILISI-
xiB. JlekcameTtazoH (10 Mr/Kr) 3HUXXyBaB KiJb-
KiCTb HeUTpodiliB y OpOHXO0aJIbBEOJSIPHOMY
3MMBi yepe3 24 roauHu, aje He BIUIMBAB Ha
rineppeakTUBHICThL  OUXAJbHMUX  LJISIXiB.
ABTOpM TIPUITYCTWIM, 1O BAMXaHHS XJIOPY Y
LIYpiB MPU3BOAUTH IO FOCTPUX PeCIipaTOPHUX
i cepleBMX 3MiH, a TaKOX 3arajieHHs JereHiB,
IO BKJKOYAE IHAYKIiO TpaHC(HOPMYHOUOTO
dakTopy pocty — TGF-B1. Ilicis roctpoi
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acute exposure to Cl, leads to systemic vas-
cular damage and subsequent contractile
dysfunction of the myocardium, and mito-
chondrial dysfunction underlies the patho-
genesis of Cl,-induced toxicity, moreover.
The authors confirm that the activation of
autophagy performs a protective role against
the background of Cl,-induced lung inflam-
mation, which can be considered as a poten-
tial for therapeutic attenuation of the toxic
effects of chlorine [23].

Study of biomarkers of chlorine toxicity in
animal experiments. In studies carried out by
scientists of the Swedish Defense Research
Agency (Umee, Sweden) studied acute and
delayed respiratory changes after inhalation
exposure to chlorine gas in order to under-
stand the pathogenesis of distant conse-
quences of lung damage. Sprague-Dawley
rats were analyzed for changes of airway
hyperresponsiveness (AHR), the nature of
inflammatory reactions in the airways, the
expression of pro-inflammatory markers
and the formation of lung fibrosis during the
period from 5 hours to 90 days after a single
inhalation of chlorine. 24 hours after contact
with chlorine, the number of leukocytes,
neutrophils, and eosinophils in the bron-
choalveolar lavage (BAL) increased in the
animals, and edema was noted both in the
lung tissue and in the heart. 24 hours after
exposure to chlorine cytokines associated
with the inflammasome (IL-1B and IL-18)
were detected in the bronchoalveolar lavage.
Simultaneously with the acute inflamma-
tion, a significant hyperreactivity of the air-
ways was found. Later, the inflammatory
processes slowed down, signs of pulmonary
fibrosis appeared, which was indicated by an
increase in the number of pulmonary
macrophages, increased expression TGF-f3
in bronchoalveolar lavage and collagen dep-
osition around airways. Dexamethasone (10
mg/kg) reduced the number of neutrophils
in bronchoalveolar lavage at 24 hours but did
not affect airway hyperresponsiveness. The
authors suggested that chlorine inhalation in
rats leads to acute respiratory and cardiac
changes, as well as lung inflammation,
which includes induction transforming
growth factor — TGF-B1. The acute inflam-
matory response was followed by a persistent
macrophage reaction and lack of tissue
recovery. It was also found that in addition to
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3anaJibHOI BiIMOBIiJI HAcCTaBaja CTiliKa Makpo-
¢aranpHa peakxliisl i BiICYTHICTb BiZTHOBJIEHHS
TKaHWH. byJlo TakoxX BUSIBIEHO, IO OKpPIiM
rOCTpO1 3amaJibHOI BiAIMOBIiAi, XJI0p BUKIUKAE
IUXaJlbHY AUcGyHKUi0 [24]. 3romomM aBTOpU
MOBIIOMUJIM TIPO PE3YJbTaTU MOCIIIKEHHS
OioMapkepiB 1 XJIOp-iHAYKOBAHOIO ypaXKeH-
Hs JereHsb (aHr., Acute lung injury — ALI). ¥V
camunp Muiieit BALB/c BmuB xinopy (50—
200 ppm) BUKJIMKAB 3aJI€XXHY BiJl KOHLIEHTpA-
1Ii1 3anajibHy peaxliito 3 MiABUILIEHOK eKCIpe-
ci€ro iHTepJIeliKiHiB, 1110 AiI0Th K ITpo3anaibHi
uutokinm —IL-1B, IL-6 Ta XeMOKiHy —
CXCLI1/KC y cknaai OpoHX0ajbBeOJISIPHOI
pinvHMA 4epe3 2—6 TOAWH MiCs BIUIMBY, IO
CYIIPOBOIXKYBAJIOCS ITiABUILEHHSIM JIET€HEBOI
MMPOHUKHOCTI Ta HEUTPODITLHUM 3alaJICHHSIM
yepe3 12—24 roguHu micias ekcrno3ullii. PaHHs
3anajibHa LIMTOKiHOBA BiIMOBiabL OyJia MoB’si3a-
Ha 3 SIBHUM, ajie TUMYACOBUM ITiIBULLIEHHSIM 8-
130MpocTaHy—06ioMapKepy — OKMCIIOBAJIBHOTO
cTpecy, 3 Moro MakCMUMyMOM 4epe3 2 TOAMHU
miciast BIUIMBY. 30iJblIeHHST 8-i30MPOCTaHy
TaKOX MOXHa OyJ0 BUSBUTU B CUPOBATIIi
yepe3 2 TOOMHU micas BIUMBY xjiopy (200
ppm), 3a SKMM CHOCTepirajiocs MiIBUILIEHHS
piBHiB IL-6 i CXCL1/KC i migBuIlieHHS piBHS
(¢iOpuHOreHy Ta iHridiTOpY aKTUBALlil TLJ1a3Mi-
HoreHy nepiuoro tuiy — PAI-1. ABTopu miiim-
JIM BUCHOBKY, 1110 8-i30IIpOCTaH € paHHIM 0io-
MapKepoOM OKMCHOTO CTpecy B JIMXaJbHUX
LLIJISIXaX i KpOBOOOIry Mmicjisi BIUTUBY XJ1opy [25].

JocnimHuKy Binaity 6ioximii i MOJEKYJISIp-
HOI OioJiorii Ta LEHTPY CepLEBO-CYAMHHUX
pociaimkeHb  YHiBepcutety — CeHrt-Jlyica
(Miccypi, CIIIA) npumycTuiv, 110 XJ0pOBaHi
ninigy (Cl-nimiau), yTBOpeHi MpsMUMU peak-
uisimu Mix Cl, i ma3manoreHamu, € siK 6iomap-
KepaMu, TaK i MeaiaTopaMyi TOKCUYHOCTI ra3o-
noaioHoro xjaopy. byno BusiBieHo 2-xJ10pIiaib-
mitaneaerin (2-Cl-Pald), 2-xnopcTeapanbaerin
(2-Cl-Sald) Ta nmpoaykTh iX OKMCHEHHS, a
TaKOX BiJIbHY Ta eTepu@ikoBaHy 2-xJiopHajb-
mituHOBY Kucaoty (2-CI-PA) ta 2-xjopcrea-
PUHOBY KHWCJIOTY B JIET€HSX 1 TUIa3Mi MUIIEH i
LIYpiB ITiCJAS BIUJIMBY Ta30IMOAiOHOrO XJIOpY.
PiBHi x70opoBaHMX JimiAiB Oyau HaWBUILMMU
o/ipa3y MicJsl BIUIMBY, a MOTIM 3HU3WJINUCS MTPO-
Tarom 72 roauH, 3anumarduchk y 20-30 pasiB
BUILIMMU yepe3 24 TOAMHU TTOPiBHSIHO 3 BUXi-
HUM piBHeM. AnaykTu rorationy —2-CI-Pald i
2-Cl-Sald TakoxK 3pociiu 3 TIKOBUMM PiBHSIMU B
r1a3Mi yepes 4 ronHu. BaxiimBo, 110 3-Xxj10p-
TUPO3UH TAKOX MiABUIIMBCS Mics BIuBy Cl,,

PROBLEM ARTICLE

VYKPATHCBKHI XYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2022

the acute inflammatory response, chlorine
causes respiratory dysfunction [24].
Subsequently, the authors reported the
results of a study of biomarkers for chlorine-
induced acute lung injury (ALI). In female
BALB/c mice, exposure to chlorine (50—
200 ppm) caused a concentration-depen-
dent inflammatory response with increased
expression of interleukins, which act as
proinflammatory cytokines — IL-1B, IL-6
and chemokine - CXCLI1/KC in bron-
choalveolar fluid 2—6 hours after exposure,
which was accompanied by increased lung
permeability and neutrophilic inflammation
12—24 hours after exposure. The early
inflammatory cytokine response was associ-
ated with a marked but transient increase in
8-isoprostane, a biomarker of oxidative
stress, peaking at 2 hours post-exposure. An
increase in 8-isoprostane was also detectable
in serum 2 hours after exposure to chlorine
(200 ppm), followed by an increase levels of
IL-6 and CXCL1/KC and increased levels of
fibrinogen and type 1 plasminogen activa-
tion inhibitor — PAI-1. The authors con-
cluded that 8-isoprostane is an early bio-
marker of oxidative stress in the respiratory
tract and blood circulation after exposure to
chlorine [25].

Researchers of the Department of
Biochemistry and Molecular Biology and
Center for Cardiovascular Research, Saint
Louis University (Missouri, USA) suggested
that chlorinated lipids (Cl-lipids) formed by
direct reactions between Cl, and plasmalo-
gens are both biomarkers and mediators of
chlorine gas toxicity. It was found that 2-
chloropalmitaldehyde (2-CI-Pald), 2-chlor-
ostearaldehyde (2-CI-Sald) and their oxida-
tion products, as well as free and esterified 2-
chloropalmitic acid (2-Cl-PA) and 2-
chlorostearic acid in the lungs and plasma of
mice and rats after exposure to gaseous chlo-
rine. Chlorinated lipid levels were highest
immediately after exposure and then
declined over 72 hours, remaining 20—30
times higher at 24 hours compared to base-
line. The glutathione adducts 2-CI-Pald and
2-Cl-Sald also increased with peak plasma
levels at 4 hours. Notably, 3-chlorotyrosine
also increased after exposure to Cl,, but
returned to baseline within 24 h. Intranasal
administration of 2-CI-PA or 2-CI-Pald at
doses similar to those produced in the lung
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aJie TIOBEPHYBCS 10 BUXiTHOTO PiBHS MIPOTSTOM
24 ronuH. IHTpaHa3zanbHe BBeaeHHs 2-Cl-PA
abo 2-Cl-Pald y mo3ax, momiOHUX OO0 TUX, IO
YTBOPIOIOTbCS B JiereHsx Iicias BrumBy Cl,,
MPU3BEJIO 10 30iIbLIEHHS IMCTAbHOIL JIeTeHe-
BOI MPOHMKHOCTI ¥ 3amaJieHHS Ta CHUCTEMHOI
eHI0TeMaabHO1 TUCPYHKIIII, 110 XapaKTepU3y-
eTbcsd BTpaToo eNOS-3anexHoi BazomusTa-
wii. [Jani cBiguath npo Te, mo Cl-mimign
MOXYTb CITy>KMTH OioMapKepaMu Ta MeiaTopa-
MU BIUMBY i TokcuuHOCTi Cl, [26].

HocnimHuku JlemapraMeHTy HayK MOpo
HaBKOJIMIIHE CepeaoBUINe Ta MpodeciiiHy
ririeny, IIkonu rpomaachbKoro 3A0pOB'sSl Ta
iH(opMauiiHMX HayK YHiBepcurety JlyicBiiia
(CILA) 3a pe3yabTaTaMM BJIAaCHUX JOCTiIKEHb
3pOOMJIM TIPUINYLIEHHS, 10 Mperaparu, SKi
MiABUIIYIOTh BHYTPIIIHBbOKJIITUHHI PiBHI CHUT-
HaJIbHOI MOJIEKYJIM LUKTiYHOTO AM® (HAMD),
MOXYTb OYTM KOPUCHMMM [JIsl JIiIKyBaHHSI
TOCTPOr0o ypaxk€HH$ JIET€HIB 4Yepe3 BILUIMB Ha
OUMILEHHSI aJIbBEOJISIPHOI PiIMHM, 3MEHILICHHS
3anajeHHs] Ta PeaKTUBHOCTI AMXAJbHUX IILIsI-
XiB. ABTOpaMu BKa3yeTbcsl Ha €(heKTUBHICTb
0eTa,-aIpeHEPriYHMX ArOHICTIB, SIKi CTUMYJIIO-
10Tb cuHTe3 HTAM®, a Takox iHTidiTOpIB (POoC-
domiectepasu (aHria., Phosphodiesterase -
PDE), sxi mpurHiuyooTh aerpagauito HAMO,
ABTOpM TakKOX 3a3HayalThb, 10 LUKJIIYHUI
AM® peryo€ YKMCIIEHHI KIIITMHHI ITPOLECH,
SIKi 3a0€3Meuyl0Th HOpMaabHY (PYHKIIiO KIITUH
1 peakuiro Ha nolkoaxeHHs. IlimBuiLeHHS
piBHI UAM® CTUMYIIOE€ TPaHCIIOPT ajlbBeo-
JIIPHOI PiIMHM, TIPUTHIYYE 3amajeHHS Ta PoO3-
C1a0JII0€ TNIAAKY MYCKYJIATypy JUXaJIbHUX LIS~
XiB,CHpaB/ISIlOYM  CIIPUATIMBUNA BIUIUB Ha
MOIIKOMKEHi JereHi [27].

Kniniyni mposiBM Ta NPUHOMNU JIKYBAHHSA
rOCTPUX OTPYEHBb XJopoM. JlocrminHuUKU Bce-
CBITHBOBIZIOMOTO MEAWYHOTO LIEHTPY —
National Jewish Health (Iensep, CIIIA), mio
IOCJIIKY€E Ta JIKYE pecIipaTOpHi, CEepleBi,
IMYHHI 3aXBOPIOBaHHSI, 3a3HA4Yal0Th, 11O CHELli-
ajlbHi OioMapkepu IS OLIIHKKA TOCTPOro Ta
XPOHIYHOI'O BIUIMBY ra3oIOAi0HOIO XJI0pYy, SKi
MOXHAa BUKOPMCTOBYBATH B KJIiHIYHiA MPaKTU-
11i, Hapas3i BincyTHi. Mojesi Ha TBaprHax (iHra-
JISILiSL XJIOPY) IEMOHCTPYIOTh SIBUIIA OKMCHOTO
MOIIKO/KEHHS Ta 3amajeHHs, B JIoJel — 1ie
KapTMHa TOCTPOT0 PecHipaTOpPHOIo IUCTPeC-
CUHApoOMYy JereHiB (aHria., Acute lung
injury/Acute respiratory distress syndrome —
ALI/ARDS), netanbHiCTb NMpU SIKOMY CTaHO-
BUTH 10 1 %. ABTOpPU TaKOX 3a3HavyaloTh, 1110
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after exposure to Cl, resulted in increased
distal pulmonary permeability and inflam-
mation and systemic endothelial dysfunc-
tion characterized by loss of eNOS-depen-
dent vasodilation. These data suggest that
Cl-lipids can serve as biomarkers and medi-
ators of Cl, exposure and toxicity [26].

Researchers of the Department of
Environmental and Occupational Health
Sciences, School of Public Health and
Information Sciences of the University of
Louisville (USA), based on their research,
suggested that drugs that increase the intra-
cellular levels of the signaling molecule
cyclic AMP (cAMP) may be useful in the
treatment of acute lung injury due to their
effect on clearing alveolar fluid, reducing
inflammation airway reactivity. The authors
indicate the effectiveness of beta,-adrener-
gic agonists, which stimulate the synthesis of
cAMP, as well as phosphodiesterase (PDE)
inhibitors, which suppress the degradation
of cAMP. The authors also note that cyclic
AMP regulates numerous cellular processes
that ensure the normal function of cells and
the response to damage. The increase in the
level of cCAMP stimulates the transport of
alveolar fluid, suppresses inflammation and
relaxes the smooth muscles of the airways,
and has a beneficial effect on the damaged
lungs [27].

Clinical manifestations and principles of
treatment of acute chlorine poisoning.
Researchers at the world-renowned medical
center — National Jewish Health (Colorado,
USA), engaged in research and treatment of
respiratory, heart, immune diseases note that
there are currently no specific biomarkers
for the assessment of acute and chronic
exposure to gaseous chlorine that can be
used in clinical practice. Animal models
(chlorine inhalation) demonstrate the phe-
nomena of oxidative damage and inflamma-
tion, in humans it is a picture of Acute lung
injury/Acute respiratory distress syndrome
(AL/ARDS), with a mortality rate of up to
1 %. The authors also note that the degree of
tissue reaction depends not only on the con-
centration of chlorine, oils and on the sensi-
tivity of the receptors of the underlying tis-
sues. Thus, a study of the toxicity of small
concentrations of gaseous chlorine (1 ppm)
on volunteers for 4 hours led to a significant
decrease in the parameters of the function of
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CTYMiHb peakllil TKAHWUH 3aJIeXXUTb HE TUIbKU
BiJ KOHLIEHTpallil XJIOpY, aJie i1 Bil YyTJIMBOCTI
peLenTopiB IMiIJIerIMX TKaHWH. Tak, MDOCHia-
JKEHHSI TOKCMYHOCTI MajuX KOHILEHTpalii
razornoaioHoro xjaopy (1 ppm) Ha 10OGPOBOJIb-
LISIX TIPOTSITOM 4-X TOJMH TTPU3BEJIO 10 3HAYHO-
ro 3HMXXEHHSI TTOKAa3HMKIiB (DYHKIIil 30BHillI-
HBOTro IuxaHHs (popcoBaHa KUTTEBA EMHICTh
neredb — @2KEJT; o6csr hopcoBaHOro BUAMXY 3a
I-y cekynny — O®BI Ta ix chiBBiIHOILIEHHS —
O®B1/®XKEJI), nikoBoi BUAKOCTI BUAOXY i
30UJIbILIEHHSI OIOPY JAMXaJbHUX NIJISIXiB, IO
CBigumJio Tipo popMyBaHHSI OpoHXOcHasMy. Y
MALI€HTIB 3 TilIEPaKTUBHOK peaKilo AUXadb-
HUX LIUISIXiB (aHII., hyperreactive airway, HRA)
BigMivajiocst Oi1bll BUpa3He 3HUXKEHHS TT0Ka3-
HUKIiB (OyHKILIi1 1uxaHH [28].

3a pesyJibTaTaMM HallIMX BJIACHUX KJIIHIYHUX
CIIOCTEPEXEHDb 1 JAaHUMU IHIIUX JOCHIIXEHb,
paHHiI O3HAKM IOLIKOIXYIOYOl il XJIOpy Ha
eTTiTeTiN CIIN30BO1 000JIOHKN TUXAJIbHOI CUCTE-
MM Ta OYeil JIIOAUMHU 3aJIEXKUTh BiJl HACTYITHUX
YMOB: KOHIIEHTpallii ra3onoaioHoOro XJopy;
TPUBAJIOCTI €KCMO3MILIil; BMICTY BOJIM B emiTeJli-
aJIbHUX KJIITMHAX CJIU30BUX 000JIOHOK; iHIMBI-
IyaJIbHOI YyTJIMBOCTI [5-7, 29-32, 34-36].

[1epiui KaiHIYHI TTPOSIBU MICJISI BIUIUBY XJI0PY
MPOSIBJISIIOTHCS Mali>ke MUTTEBO 1 MOB’s3aHi i3
MOAPa3HEHHSIM CJIM30BUX OOOJIOHOK OYeid,
Hoca, Tpaxei i OpoHxiB. Y JIerkux BUMajgkKax
OTPYEHHS T1iCJISI HETPUBAJIOTO BILIMBY HU3BKUX
KOHLIEHTpALliil XJI0py NOCTpaXKaasli CKapXKaThbCsl
Ha BiI4yTTs ApsITaHHS B TOPJIi, CyXUid Kallesb,
yTpyAHEHEe AWXaHHsS, BiAUyTTsl 3amyxu; iHOMII
BiIMiYalOTbCSl MOMIPHO BUpPaXXeHi pi3b B o4ax,
CJIb030TeYa, 3aKJIAJAEHICTh HOCA i HEXUTD.

OOG’eKTUBHO, B IepIi FTOAVUHU IiCJIs BIUTUBY
XJIOpY CIIOCTEPIra€ThbCs MOMIPHO BHUpaXKeHa
rirepeMisi CIM30BO1 000JIOHKM BEPXHIX TUXAJTb-
HUX LIJISIXiB i3 HAKOMWYEHHSIM HEBEJIMKOI Kijlb-
KOCTi CepO3HUMX BHUIiJIEHb Y MOPOXHUHI HOCA.
Jlo KiHLs repioi 1o0M iIHTEHCHMBHICTD 3arajlb-
HUX sBUI 3a3Buuaii 30inbiiyeTbes. [locu-
JIIOEThCS HEXWUTb, BUHUKAE JIeTKAa XPUIIOTA,
yacToTa AuXaHHs 30inb1ryeTbes (20—24 y xB.),
nporpecye cyxui kaieab. Ha ¢oHi )XopcTkoro
JUXaHHS B JIETEHSIX BUCIYXOBYIOTHCSI PO3CisiHi
xpunu. Hepigko BigMidaeTbcsl yTpyaHEHE
JTMXaHHS 3 MOJIOBXXEHNM BUAMXOM, SIK€ Haraaye
JIUXAHHS NIpY Hanaai OpOHXiaJIbHOI aCTMHU, 11O
MOXe OyTM MOB’SI3aHO i3 peIEKTOPHUM Cra3-
MOM TIJIaJIKOI MYCKYJIaTypu ApiOHMX OpPOHXIiB.
OnHoYyacHO XBOpI CKapxKaThCsd Ha TOJOBHUM
Oiib, OiIb y BEpXHili YaCTUHI XUBOTA, 3a TPYIU-
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external breathing (forced vital capacity
(FVC), forced expiratory volume in 1 second
(FEV1) and their ratio (FEV1/FVC), peak
exhalation speed and an increase in airway
resistance, which indicated the formation of
bronchospasm. Patients with hyperreactive
airway (HRA) demonstrated a more pro-
nounced decrease in respiratory function
indicators [28].

According to the results of our clinical
observations and the data of other studies,
the early signs of the damaging effect of
chlorine on the epithelium of the mucous
membrane of the respiratory system and
human eyes depends on the following con-
ditions: the concentration of gaseous chlo-
rine; exposure duration; water content in the
epithelial cells of the mucous membranes;
individual sensitivity [5-7, 29-32, 34-36].

The first clinical manifestations after
exposure to chlorine appear almost instantly
and are associated with irritation of the
mucous membranes of the eyes, nose, tra-
chea, and bronchi. In mild cases of poison-
ing, after short-term exposure to low con-
centrations of chlorine, victims complain of
a scratchy feeling in the throat, a dry cough,
difficulty breathing, and a feeling of suffoca-
tion; sometimes mildly pronounced tearing
in the eyes, lacrimation, nasal congestion,
runny nose are noted.

Objectively, in the first hours after expo-
sure to chlorine, there is moderately pro-
nounced hyperemia of the mucous mem-
brane of the upper respiratory tract with the
accumulation of a small amount of serous
secretions in the nasal cavity. By the end of
the first day, the intensity of inflammatory
phenomena usually increases. Runny nose
intensifies, slight hoarseness occurs, breath-
ing rate increases (20—24 per minute), dry
cough progresses. Against the background of
hard breathing, scattered rales are heard in
the lungs. Difficulty breathing with pro-
longed exhalation is often noted, which
resembles breathing during an attack of
bronchial asthma, which may be associated
with a reflex spasm of the smooth muscles of
the small bronchi. At the same time, patients
complain of a headache, pain in the upper
part of the abdomen, behind the sternum,
and in the right hypochondrium.

Clinical symptoms in acute mild chlorine
poisoning usually indicate the development
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HOIO i MpaBoMYy Hiapedep’i.

KJiliHIYHI CMMIITOMM TIpU TOCTPUX JIETKMUX
OTPYEHHSIX XJIOPOM 3a3BHUYAll CBiTYaTh PO pPO3-
BUTOK TOKCHUKOT€HHOTO (DApUHTITY, JAPUHTITY,
TpaxeiTy, TpaxeoOpOHXiTy, Haiyacrillie 3 100-
POSIKICHUM HETpUBAJIUM JIiKyBaHHSIM (3—7 1i0).

IIpu oTpyeHHSIX cepemHbOl TSIXKKOCTI XBOPi
CKapXaTbCsl Ha BiIYYTTS CYXOCTi Ta Iiedil B
ropJji, OCHUILUIICTb TOJIOCY, HEXWUTb, KUCIUI
MpUCMaK y poTi, TOJOBHUI OiJib, pi3b B OvYax,
CJIbO30TeUy, OUIb Y TpyIsiX, CyXWUM, «raBKaro-
Yyuil»,  HaNajJoNoAiOHUII, BUCHAaXJIUBUI
Kamieab. Ilpu 00’€eKTUBHOMY OOCTEXEHHI
BUSBJISIETbCS TilepeMisl CJIM30BOI OOOJOHKU
JUXaJTbHUX IUISIXiB, sIKa HaOpsIKJIa i MOKpUTa
MMIHUCTUM MOKPOTUHHSM 3 TIpollapKaMu
KpOBI.

Y OUIbLIOCTI TSKKMX BUITAAKIB BUHUKAE
adoHisl, BUpa3HUIl 11iaHO3, YacToTa AUXaHHS
30inbiyeTbest (24—30 y xB. i3 YyTpyOIHEHUM
BUAMXOM). Han moBepxHero JiereHiB BUCITYXO-
BYIOTbCSl CyXi # BOJIOTi XpUIIM KPYIMTHOTO Ta
CepelHbOTO KajiOpy, 110 XapaKTepus3ye
HasIBHICTb AM(Y3HOro OpoHXiTy. AKIIo 3aXBO-
proBaHHS nepebirae 6e3 yCKJIagHEHb, TO KJli-
HiuHe onyXaHHs Hactae yepe3 10—15 ni6. [Tpu
TSDKKMX OTPYEHHSIX XJIOPOM, TTOPSI 3 SBUILLIAMU
IU(Y3HOr0o TOKCUYHOTO OPOHXITY HasiIBHi KJTi-
HiYHi 03HaKM OpPOHXiOJIITY (HassBHICTb PO3Cisi-
HUX JIpiOHO MyXuMpyaTUX i BOJIOTMX XPUIIiB),
MEepeBaXKHO y 3aHIX Ta HUXKHIX O0KOBUX BilIi-
Jlax JiereHb. BigMiyaeTbcs BUpa3HUI LiaHO3
BHAcCJIiIoK acdikcii, 3agyxu abo 3aguIlIKUA 3
YTPYAHEHUM BUIUXOM, CTPUAOPO3HE AUXaHHS,
BUCHAXXJIMBUM Kallesb 3 TIHUCTUM MOKPOTUH-
HSIM, HEPIAKO 3 ClIijaMu KpoBi, OiIb 3a rpyau-
HOIO, TABMILEHHSI TeMIlepaTypu, 3arajJbHMiA
TSDKKWAM CTaH.

Y KpoBi cnocTepiraeThCs JEMKOLUTO3, MPU-
ckopene IIHOE (25—40 mwm/roa.). lazoBuii
CKJIaJ KPOBi 3a3BMYail 3MiHEHUM Yy OiK rnokce-
Mil Ta TilepKarHii.

VY Takux BUIIagKax OTPYEHHS XJIOPOM, SIKi
CYIIPOBOIXKYIOThCSI KOMAaTO3HUM CTaHOM, 1HOMI
Ma€ Miclie Cy1oMHU, a00 TToMipHe 30ykKeHHs. B
0COOJIMBO TSIKKMX BMITaAKaX OTPYEHHS [0
IUGyYy3HOrO OPOHXITY MOJAETHCS HE TiIbKU
OpoHxioniT, OpoHXoImHeBMOHIT, aje ARDS,
TOKCUYHUIM MNHEBMOHIT 1 HeKapaioreHHum
HaOPSIK JIET€HIB, SIKMI HEPIIKO € CMEPTEIbHUM.

YV TsSKKUX BUITaJKax OTPYEHHSI 3a3BUYai
BiIMIYa€ThCS TaxiKapdisi, 3HUKEHHS CKOPOUY-
BasibHOI (DYHKIIi1 Miokapaa [22, 23]. B okpemux
BUITIa/IKaX MPU OTPYEHHI XJIOPOM MOXKE PO3BU-
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of toxicogenic pharyngitis, laryngitis, tra-
cheitis, and tracheobronchitis term treat-
ment (3—7 days) are most often found.

In cases of moderate poisoning, patients
complain of a feeling of dryness and burning
in the throat, hoarseness of voice, runny
nose, sour taste in the mouth, headache,
watery eyes, lacrimation, chest pain, dry,
"barking", paroxysmal, exhausting cough.
An objective examination reveals hyperemia
of the mucous membrane of the respiratory
tract, which is swollen and covered with
foamy sputum with layers of blood.

In more severe cases, there is aphonia,
pronounced cyanosis, and the frequency of
breathing increases (24—30 per minute with
difficult exhalation). Dry and wet rales of
large and medium caliber are heard above the
surface of the lungs, which characterizes the
presence of diffuse bronchitis. If the disease
proceeds without complications, clinical
recovery occurs in 10—15 days. In severe
chlorine poisoning, clinical signs of bronchi-
olitis (presence of scattered finely bubbly and
moist wheezing), mainly in the posterior and
lower lateral parts of the lungs, are present
along with the phenomena of diffuse toxic
bronchitis. Marked cyanosis due to asphyxia,
suffocation, or shortness of breath with diffi-
cult exhalation, stridor breathing, exhausting
cough with foamy sputum, often with traces
of blood, pain behind the sternum, fever,
general serious condition is noted.

Leukocytosis, accelerated ESR (25—
40 mm/hour) is observed in the blood. The
gas composition of the blood is usually
changed in the course of hypoxemia and
hypercapnia.

In severe cases of chlorine poisoning,
which are accompanied by a comatose state,
convulsions or moderate agitation are some-
times noted. In particularly severe cases of
poisoning, diffuse bronchitis is accompanied
by not only bronchiolitis, bronchopneumo-
nia, but also ARDS, toxic pneumonitis, and
non-cardiogenic pulmonary edema, which
is often fatal.

In severe cases of poisoning, tachycardia,
a decrease in the contractile function of the
myocardium is usually noted [22, 23]. In
some cases, chlorine poisoning may develop
asthmatic status or ARDS with severe
asphyxia [30—32].

The most serious complication of chlo-
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BaTMCSl acTMaTU4YHUii cratyc, ado ARDS 3 rine poisoning is non-cardiogenic pul-
TsiKKO10 acdikciero [30 -32]. monary edema. The figure shows the

Haii6inpmn TsSoKKUMM yeKJIagHEHHSIM oTpy-  dynamics of computer tomography of the
€HHSI XJIOPOM € HeKapaioreHHui HaOpsk Jere-  lungs of a patient with acute chlorine poi-
HiB. Ha pucyHky mnpencraBieHa AuHaMika soning against the background of treatment
KOMIT IOTE€pHOI Tomorpadii jereHiB xoporo 3  [33].

TOCTPUM OTPYEHHSIM XJIOPOM Ha (HOHI JTiKyBaH-

Puc. 1. Pentrenorpadis OI'K y nmaitieHnTa 3 iHraasiiiitHuM OTpYEHHSIM XJIOPOM TSIKKOTO CTYTICHSI.

A — nepuua n10o0a JikyBaHHS, 1BOOIYHE nudy3He MOMYTHiIHHS JiereHb. B — TpeTs 100a JiKyBaHHS
(mmiciss mpunmHeHHST ECMO). C — gepe3 4 TMXKHI ITiCIISI ITOYATKY JIIKyBaHHSI peHTTeHOTpaMa HopMa-
nmizyBanacsa. D — koM’ rotepHa ToMorpadis JilereHb BUSIBUJIA TIOMipHE MMOTOBIIEHHS OPOHXiaJIbHOI
CTiHKM B HUXKHIX JIETeHEBUX MOJISX i MATOBE IOMYTHiHHS B JIETeHSIX 3 000X OOKiB.

Ilpumimka: ECMO: excmpakopnopaavna memopanua okcueenayis [33].

Fig. 1. Chest X-ray of the patient with severe chlorine inhalation poisoning. A — the first day of treat-
ment, bilateral diffuse clouding of the lungs. B - the third day of treatment (after stopping ECMO).

C — 4 weeks after the start of treatment, the radiograph normalized. D - computed tomography of the
lungs revealed moderate thickening of the bronchial wall in the lower lung fields and matte opacifica-
tion in the lungs on both sides.

Note: ECMO: extracorporeal membrane oxygenation [33].
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Hocnaignuku TepanneBTUYHOTO i TOKCUKOJIO-
rivHoro neHtpy AlWaltz (Benuka bpuraHis)
MpOBEJIM CUCTEeMAaTUYHUI OIJIsid IyOJiKalliit
JIJISI BU3BHAYEHHS KJIIHIYHMX O3HaK, pe3yJibTaTiB
JIIKyBaHHSI Ta BiJaJIeHUX HaCJiIKiB BIUIMBY
ra3ornoioHoro xjopy Ha Joneit (3 1966 poky
no ciueHb 2017 poky). byno cknageHo 06a3zy
JMAHWUX BIITTOBITHUX CTaTel i BAKOPUCTAHO OIMK-
COBY CTaTUCTUKY IS y3arajJbHEHHSI JaHUX.
ABTOpamu OyJ10 ineHTH(hiKoBaHO 36 TOKYMEH-
TiB 3 omnucoM 37 iHLMIEHTIB, IOB’SI3aHUX i3
1566 ocobamu, sIKi 3a3HaJIM TOCTPOTO KOHTAKTY
3 razonoaioHuM xyuopom. Haiibinbein mommupe-
HUMU CHUMIITOMaMHM Yy TOCTpaxaaiux Oyiu
Kamenb (29 %), 3aguimka (22%), 6iab y Topii
(16%), nopymennst 3opy (12%) i HammipHe
BUIIEHHS. MOKPOTHHHSI 200 KpOBOXapKaHHS
(7%). HeBinknamgHa Tepallisi BKJItouaja 3acTo-
CYBaHHSI BHCOKOTO ITOTOKY KUCHIO (32,8%);
KopTuKocTepoiniB (28,4%); OpOHXONITHUKIB
(28,2%) i mrryuyHoi BenTuisALii eredb (LLIBJT)
(2,3%). TloBinomisIoCsT TIPO JIEB'SATh JeTallb-
Hux BunaakiB (0,6%). [dani karamHe3y
(TI0JaJIBIIOrO CIIOCTEPEKEHHS) OYJIM JOCTYITHI
B 60% BUIIanKiB; TTOBHE OAYXaHHS OyJIO 3ape-
ectpoBaHo B 90% Bumnankis [31].

HocnigHuku JlermaprtamMeHTy HEBiIKJIagHOI
MeIULHM, YHiBepcuTeTchKoi JikapHi CynaTaHa
Kabyca (Mackar, CynaraHat OmaH) BUBYaIu
Pi3Hi KJIiHIYHI IIPOSIBU Ta Pe3yJIbTaTU JIIKyBaH-
Hs MALi€HTIB MICJISI TOCTPOTrO MPOMUCIOBOIO
BILIMBY XJ10py B OMaHi. PeTpocnieKTuBHO OyJ10
OlliHEHO 15 mamieHTiB, AKi 3a3HalW BIUIUBY
ra3onoAioHOro XJopy Ha MEeTaJIONJIaBUJIbHOMY
3aBoai B OmaHi, BHaciimok 4oro micth (40%)
MalLjieHTiB OyJM TrocHiTaji3oBaHi Ta JEB’SITh
(60%) mawieHTiB OyJIM BUMMCAHI 3 BiIIiJICHHS
HEBIOK/IATHOI JTOMMOMOTHU ITiCJSI ITOYaTKOBOTO
JiKyBaHHS. KJiHIYHMMKU CHUMOTOMaMM MiCJIst
BIUIMBY Ta30MOAiOHOro XJjopy Oyaud moapas-
HeHHs oueli (66,6%), kamenb (73,3%), 3aquii-
ka (40,0%), nuckompopr 'y Tpymsax
(66,6 %), puHopes (66,6%), 3amaMOpOYECHHS
(40,0%), omroBanHsa (46,6%), Giap y ropii
(13,3%), ctpunop (53,3%). BaxknuBumu o3Ha-
KaMM Takox Oynu taxikapais (40,0%), Taxin-
Hoe (40,0%), xpunu (20,0%) i BUKOpUCTaHHS
JTonoMixkHUX M’a3iB g auxanHsg (20,0%).
O3HakuM Ta CUMNOTOMHU IOAPA3HEHHSI OYEW,
puHOpei, Taxikapaii, TaxiltHOe, XpUIiB Ta
BUKOPUCTAHHSI JOMOMIXKXHUX M’SI3iB IS
JUXaHHS MIPOJEMOHCTPYBaI 3HAUYHY KOpeJisi-
1110 3 pe3yJbTaToM (TocCIiTaii3allis) i3 3HaueH-
HsaM (p<0,05) [32].
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Researchers at the Al Waltz Center for
Therapeutics and Toxicology (United
Kingdom) conducted a systematic review of
the literature to identify clinical signs, treat-
ment outcomes and long-term effects of
exposure to chlorine gas in humans (from
1966 to January 2017). A database of rele-
vant articles was compiled and descriptive
statistics were used to summarize the data.
The authors identified 36 documents
describing 37 incidents involving 1,566 indi-
viduals who were acutely exposed to chlo-
rine gas. The most common symptoms in
victims were cough (29 %), shortness of
breath (22 %), sore throat (16 %), visual dis-
turbances (12 %), and excessive sputum or
hemoptysis (7 %). Emergency therapy in-
cluded the use of high flow oxygen (32.8 %);
corticosteroids (28.4 %); bronchodilators
(28.2 %) and artificial lung ventilation
(VLT) (2.3 %). Nine deaths were reported
(0.6 %). Catamnestic studies were available
in 60 % of cases; complete recovery was reg-
istered in 90 % of cases [31].

Researchers from the Department of
Emergency Medicine, Sultan Qaboos
University Hospital (Muscat, Sultanate of
Oman) studied various clinical manifesta-
tions and treatment outcomes of patients
after acute industrial exposure to chlorine in
Oman. Fifteen patients exposed to chlorine
gas at a smelter in Oman were retrospective-
ly evaluated, resulting in six (40 %) hospital-
izations and nine (60 %) discharges from the
emergency department after initial treat-
ment. Clinical symptoms after exposure to
chlorine gas were eye irritation (66.6 %),
cough (73.3 %), shortness of breath (40.0 %),
chest discomfort (66.6 %), rhinorrhea
(66.6 %), dizziness (40.0 %), vomiting (46.6 %),
sore throat (13.3 %), stridor (53.3 %).
Tachycardia (40.0 %), tachypnea (40.0 %),
wheezing (20.0 %), and use of accessory
muscles for breathing (20.0 %) were also
important signs. Signs and symptoms of eye
irritation, rhinorrhea, tachycardia, tachyp-
nea, wheezing, and use of accessory muscles
for breathing showed a significant correla-
tion with the outcome (hospitalization) with
a value of (p < 0.05) [32].
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JlocnigHUKM BigaiieHHs IIBUAKOI MEIMYHOI
noromoru JikapHi [Tyankape (Fapmr, @paHitis)
3a3HavyaloTh, 110 BIUIMB XJIOPY MOXeE IpU3Be-
CTH JI0 JIET€HEBOI OOCTPYKIIil, CHHAPOMY peaK-
TUBHOI AUCGYHKIIT AUXAJIbHUX LLISIXiB, CUH-
IpOMY TOCTPOrO PpecHipaTOPHOTO AUCTpeC-
CUHAPOMY, a 3piAKa —I0 CMepTi. ABTOpU 3pO-
OWJIM CUCTEMHMUIA OTJISII ONyOJIiKOBAaHUX JaHUX
PO OTPYEHHSI XJOPOM Yy TBAapuUH i Jionei
(2007—2017 pp.) 3a KIOYOBUMM CJIOBaAMU
«ra3oIroAiOHuil  XJop», <«JIiKyBaHHS» abo
«IIOCTKOHTAKTHa [Iis1»); 0yJio 3HaiaeHo 45 Bia-
MOBIIHUX CcTaTei, 22 MOCIiIKEeHHsI Ha TBapu-
Hax, 6 omrsiniB, 19 BunmaakiB i 1 panogoMizoBaHe
KOHTPOJIbHE TOCTiIXEHHs Ha JIOAsIX. ABTOpHU
3a3HaYmMIM, 10 B OiIbIIOCTI myOJiKawiii 0yno
BKa3aHO Ha e(eKTUBHICTb BUKOPUCTAHHSI B
MOCTPAXIAINX 3BOJJOKEHOTO KUCHIO; OPOHXO-
JTAISITaTopiB (6€Ta,-aroHicTiB), 1110 BBOIAMIMCS
3a JOMOMOro0 HeOynai3epiB; iHraswii 0ikap-
OoHaTy HaTpil0; BHYTPILIHLOBEHHOTO BBEICH-
HsI TIPEAHI30JI0HY Ta iHraJsLUiiHOTO BBEASHHS
canpOyTamMoJsy. 3azHayajoch IPO €(PeKTUB-
HICThb 3aCTOCYBaHHSI aHTUOKCHIAHTIB: KOMOi-
Hallisg aCKOpOiHOBOI1 KMCJIOTH i AedepoKcami-
Hy; ajie e(peKTUBHICTh aHTUOIOTHUKIB, 110 IIPU-
3Havyaaucsl MNpo@UIAaKTUYHO, KIIHIYHO He
JnoBeneHo [29].

CniBpoOITHUMKM BiIily KJIiHIYHOI TOKCUKO-
JIOTii Ta TOKCUKOJIOTIYHOTO LIeHTPY (MIOHXEH,
HimeuyunHa) Haganu iHgopMallito Mpo Mmiaxoau
0 JIIKyBaHHS MNALi€EHTIB 3 iHraJsaLiiHUMU
OTPYEHHSIMU XJIOPOM: TE€PIIOYEPrOBUMU KPO-
KaMHu € pi3uuHe 00CTEXEHHS, MyJIbCOKCUMET-
pisl Ta aHaJIi3 ra30BoOro ckjiaay Kposi. Odi ciif
peTebHO MPOMUTU, HEraiiHO HagaTU 3BOJIO-
JKEHMI KMCEeHb i BBECTHM OpPOHXOAUISATATOPU
IHTAJISILIMHUM IISIXOM. A K110 € O11b 32 rpyau-
How, HeoOximHO 3pooutu EKI, Bu3HaunTH
piBEHb TPOMNOHIHIB, KOaryJaorpamy i 3araJibHui
aHaJli3 KpoBi. 3BMYAHUI PEHTIEH TPYAHOI
KJIITKA HE PEKOMEHIYETbCS — 3a BUHSITKOM
migo3pu Ha HaOpsk JiereHiB. [lpu mimo3pi Ha
HaOpsK TrOJIOCOBOI IIIJIMHU CJIiJ MPOBECTU
JIJApUHTOCKOTIi10. E@eKTUBHICTh BBEIEHHS
OikapOOHATy HATpPilO IHTAISLINHUM LLISIXOM
BUKJIMKAE JUCKYyCilo. Moxe 3Hago0uTucs
iHTyOalisl Tpaxei i MexaHiuHa BEHTWJISLS 3
MOCTiIHHUM MO3UTUBHUM TUCKOM Yy JTUXAJTbHUX
LIUISIXaX, MOXJIMBA TPpaxeoToMisl. ABTOpU BBa-
KalOTh, IO CJiJ OOMEXEHO 3aCTOCOBYBaTHU
JIIOKOKOPTUKOIAU IS MPO(UTaKTUKU HAOpsI-
Ky JIereHb, NMpOo@ilaKTUYHUI TIPUIIOM aHTU-
0i0THKIB TaKOX He pekoMeHayeThes[30].
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Researchers of the Department of
Population Epidemiological Studies
(Garches, France) note that exposure to
chlorine can lead to pulmonary obstruction,
reactive respiratory dysfunction syndrome
pathways, acute respiratory distress syn-
drome, and, rarely, death. The authors con-
ducted a systematic review of published data
on chlorine poisoning in animals and humans
(2007—2017) using the key words "chlorine
gas", "treatment” or "post-exposure action"),
45 relevant articles were found: 22 animal
studies, 6 reviews, 19 case studies and 1 ran-
domized controlled trial in humans. The
authors noted that most publications indicat-
ed the effectiveness of using humidified oxy-
gen in victims; bronchodilators (beta,-ago-
nists), which were administered using nebu-
lizers; inhalation of sodium bicarbonate;
intravenous administration of prednisolone
and inhalation administration of salbutamol.
It was noted about the effectiveness of the use
of antioxidants: a combination of ascorbic
acid and deferoxamine; however, the effec-
tiveness of prophylactic antibiotics has not
been clinically proven [29].

Employees of the Division of Clinical
Toxicology and Poison Control Center
(Munich, Germany) provided information
on approaches to the treatment of patients
with inhalation chlorine poisoning: physical
examination, pulse oximetry, and blood gas
analysis are the primary steps. The eyes
should be washed thoroughly, humidified
oxygen should be given immediately and
bronchodilators administered by inhalation.
If there is pain behind the sternum, it is nec-
essary to do an ECG, determine the level of
troponins, a coagulation test, and a general
blood test. A regular chest X-ray is not rec-
ommended, except for suspicion of pul-
monary edema. If glottis swelling is suspect-
ed, laryngoscopy should be performed. The
effectiveness of sodium bicarbonate admin-
istration by inhalation is controversial.
Tracheal intubation and mechanical ventila-
tion with constant positive airway pressure
may be required, and tracheotomy is possi-
ble. The authors believe that glucocorticoids
should be used in a limited way to prevent
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BpaxoBytoum, 1110 XJ10p BaxX4yuii 3a MOBITPS,
eBaKyallisi MOCTPpaXAAINX 13 OCEPEIKY YpaKeH-
HsI TIOBUHHA 3[1MCHIOBATUCS Yepe3 ITiABUILICHY
MicueBicTb. IIyHKT 300py mocTpaXaaanx Mae
OyTU pO3TAalllOBAaHUWIA 3 HABITPSIHOrO OOKY Bil
ToKcu4HO1 xmapu. IlocTpaxkganux, 10 MarTh
BUpa3Hi O3HAKU OTPYEHHS (3aIMIIKY, Kalleb,
OCMILTICTh TOJIOCY), HEOOXimHO 3abe3neyuTu
3BOJIOKEHUM KMCHEM. 3aJieKHO BiJ CTaHy
naii€eHTa, MOro MoxHa TpaHCHOPTYBaTU 0
MEIMYHOIO 3aKJaay 3 MoJayelo KUMCHIO 4yepes
Ha3aJbHi KaHIOJI1, TULEBY MAacKy 0€3 TUXaJTbHOI
CHCTEeMHU, 3a JOIIOMOT010 HeiHBa3MBHOI BEHTH-
JISIil 3 MO3UTUBHUM TUCKOM abo 3 Iomnepen-
HbOIO iHTYyOaLi€o Tpaxei [29, 31, 37, 38].

ITicnsa eBakyallii HOCTpaXKIaIUX 3 OCEPEIKY
ypaxXeHHS XJOpOM BOHU MaloTb OyTH IIifg
HarJasiAoM JiiKapiB a00 MeIWYHOro IepCcoHaIy
MPOTSAITOM 24 TOAWH HaBITh 3a BiACYTHOCTI KJIi-
HIYHUX O3HAK OTPYEHHSI.

XJ10p Ma€e 0coOJIMBICTh BUKJIMKATU BiaTep-
MiHOBaHI TOKCHUYHI €(EKTH, TOMY ITOCTpaXKaa-
JIUM 3 MiHIMaJIbHUMM KJIIHIYHUMU O3HAKaMU
OTPYEHHS XJIOPOM PEKOMEHIOBAaHO OOMEXKEH-
HsI BXXMBAHHSI piIMHU, TPU3HAYAIOTh CEYOTiHHI
3acC00M 3 METOIO0 MOINEPEIXKEHHSI PO3BUTKY
HabOpsKy JereHb.JlikyBaHHS TaLlIEHTIB, IO
3a3HaJIM BIJIMBY XJIOPY, Bil SIKOTO HE iCHYE
AHTUAOTIB, AOCI 3aJMIIAETHCS CKJIATHUM
3aBmaHHIM. Hacniinky roctpux oTpyeHb razo-
MOAIOHUM XJIOPOM 3ajieXaTh Bill TSKKOCTI ypa-
JKEHHS$I OpOHXOJIEreHeBOI CUCTEMM, OB’ sI3aHOI
3 KOHILEHTpAli€ Ail0YOr0 TOKCHUKAHTY Ta
TPUBAJIOCTI €KCIO3MULIIl.

KniHiuHi TposiBU JIETKOTO CTYyIEHs, 110
XapaKTepU3ylThCs KaTapaJbHUM (apuHTITOM
1 TpaxeoOpPOHXiTOM, MUHAIOTh 3a3BUYall yepe3
5—7 ni6.KniHiYHi TposIBU CepeaHbOI0 CTYIIEHS
TSIKKOCTI 3 OpPOHXOCIIa3MOM, HaJACaaHUM Kalll-
JIeM, 3aQUIIKOI0, Pi3KOIO TilepemMi€ero i Habpsi-
KOM CJIMU30BUX OPOHXOJIETeHEBOI CUCTEMM 3
OUTSSHKAMKA BUpPA3KyBaHHS IiAHAIOTHCS JIiKY-
BaHHIO CKJIA[IHillIe, ajie SIK IIPaBUJIO, Y OiIbIIO-
CTi BMUIIQIKiB, MUHaAIOTh uepe3 2—3 TuxkHi. B
OKpEeMHUX BHUITIAJKaX, ITiCIAs OTPYEHHS CEpel-
HBOTO CTYIIEHSI (POPMYETHCS XPOHIYHUIA OPOH-
XiT, MHEBMOCKJIEpO3, OpOoHXiaJibHa acTMa.

IIpn OTpy€EHHI TSZKKOTO CTYIIEHSI 3 BUpa3-
HUM ypaxkeHHSIM OpPOHXOJIET€HEBO1 CUCTEMU, i3
3aJMIIKOI abo acdikCi€l, CTPpUIOPO3HUM
IUXaHHSIM, OpPOHXOIMHEBMOHIEK, TOCTPUM
pecIipaTOpHUM AUCTPEC-CUHAPOMOM abo
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pulmonary edema, and prophylactic antibi-
otics are also not recommended [30].

Considering that chlorine is heavier than
air, the evacuation of victims from the center
of damage should be carried out through
elevated terrain. The casualty collection
point should be located on the windward
side of the toxic cloud. Victims with obvious
signs of poisoning (shortness of breath,
cough, hoarseness of voice) must be provid-
ed with humidified oxygen. Depending on
the patient's condition, he can be transport-
ed to a medical facility with oxygen through
nasal cannulas, a face mask without a
breathing system, using non-invasive posi-
tive pressure ventilation, or with previous
endotracheal intubation [29, 31, 37, 38].

After the evacuation of victims from the
center of chlorine damage, they should be
under the supervision of doctors or medical
personnel for 24 hours, even in the absence
of clinical signs of poisoning.

Chlorine has the peculiarity of causing
delayed toxic effects, so victims with mini-
mal clinical signs of chlorine poisoning are
recommended to limit fluid intake, pre-
scribe diuretics to prevent the development
of pulmonary edema. Treatment of patients
exposed to chlorine, for which there are no
antidotes, still remains a difficult task. The
consequences of acute poisoning with
gaseous chlorine depend on the severity of
damage to the bronchopulmonary system
associated with the concentration of the
active toxicant and the duration of exposure.

Mild clinical manifestations, character-
ized by catarrhal pharyngitis and tracheo-
bronchitis, usually pass in 5—7 days. Clinical
manifestations of moderate severity, with
bronchospasm, whooping cough, shortness
of breath, sharp hyperemia and edema of the
mucous membranes of the bronchopul-
monary system with areas of pronounced
forging are more difficult to treat, but usual-
ly, in most cases, pass in 2—3 weeks. In some
cases, chronic bronchitis, pneumosclerosis,
and bronchial asthma develop after moder-
ate poisoning.

Severe poisoning with pronounced damage
to the bronchopulmonary system, with short-
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HaOpsSIKOM JIereHb KJIiHIYHi MPOsSIBU TPUBAIOTh

OiIbII TIpoJIOHTOBaHO — 1—3 Micai, y 2—3%

BUITIQJIKiB 3aKiHUYIOThCS CMEPTIO MOCTpaxkaa-

JINX, y OUIBIIOCTI BUITAIKIB CIIOCTEPIra€Thes

PO3BUTOK XPOHIYHOI IaTOJOTii AMXaJbHUX

HLISIXiB.

JliarHOCTUKA TSKKOCTI YpaXX€HHSI XJIOPOM
nopydy 3 OO’€EKTMBHOIO OIIIHKOIO CTaHy
MOCTPAXIAJIOT0 Mepeadayae peHTreHorpadiro
OpraHiB I'pyIHOI KJIITKHA, KOMIT IOTEPHY TOMO-
rpadiro, 3a HEOOXiIHOCTI OPOHXOCKOIIiIO,
OLIHKY (yHKIIii 30BHIIIHHOIO IMXAHHS,
MEYiHKM Ta HAPOK.

I1nanH MiKyBaHHSI XBOPUX 3 TOCTPUM iHTaJIsI-
LiAHUM OTPYEHHSIM XJIOPOM ITOBMHEH BKJTIOYA-
TH, TIEPII 32 BCE, PECIiPATOPHY MiATPUMKY, 110
nepeadayvac:

— OKcuUTreHamiro (4epe3 HOCOBi KaHIOJI,
MackKy); IITYYHY BEHTWJISLIIO JereHb 3
eHJoTpaxeajbHOIO iHTyOalli€l0, a00 Tpaxeo-
TOMI€IO;

— aKTUBHY KiHeToTepamilo (peryJisipHi MoBO-
pPOTHU MalLli€HTA HA KMUBIT - HE MEHIIIe 2 pa3iB
1o 4 — 6 ToIMH, 32 YMOBH CTa0iILHOI TeMO-
JIUHAMiKi, ab0 TOBOPOTM Ha pi3Hi OOKU
KOXHIi 2 TOAWHMN);

— OPOHXOCKOIMIi0, TPAaXeOOPOHXIAIbHUI JTAaBAX
(i3 3acTOCYyBaHHSIM €HIOTpaxeaabHOIO BBE-
JIEHHS IITYy4HOro cypdaKTaHTy, CUHTETUY-
HOTO a00 TBAPMHHOTO MOXOIXKEHHS).

Y  TaXKKMX BHUIIaJKax 3aCTOCOBYETBCS
ECMO (3a ymoB: PaO,< 50mMm pr.cT., SaO,
<85—90% mnpu FiO,=1 ta pexumy IITKB >
10 cMm Bog.CT.).

3aJIMIIAEThCS TUCKYCIHHUM BUKOPUCTAHHS
METOAy MHapLiaJbHOI PiAWHHOI BEHTUJISIIl
JIETeHb i3 3aCTOCYBaHHSIM nep@TOpaHiB.

MenukaMeHTO3Ha Tepariss Mae OyTU CIIpsi-
MOBaHa, Ieplll 3a Bce, Ha YCYHEHHsI OpOHXO-
cra3Mmy 1 MOKpalleHHS MPOXiAHOCTI OPOHXIB,
110 BKJIIOYA€E 3aCTOCYBaHHSI O€Ta,-aapeHOMi-
METHMKIB, SIKi BBOASITbCS ITAapEeHTEepaJIbHO a00 3a
JIOTIOMOTOI0 iHTalISATOPIB 1 HeOynali3epiB.

OIHOYAaCHO PEKOMEHIYETHCSI 3aCTOCYBAHHS
JIY)KHUX 1HTaJSMLIN, 1110 MoIepeakaloTb YTBO-
PEHHsI aKTMBHUX METa0OJITiB XJI0py (COJSIHOT
Ta XJIOPHYBAaTUCTOI KUCI0T). JloBeaeHa edek-
TUBHICTh 3aCTOCYBaHHSI KOPTUKOCTEPOINiB
(0co0MBO — iHraJsILiiHO) Ta aHTUOKCUIAHTIB
(ackopbiHOBa KHCI0Ta, ajibda-IirnoeBa KUCIO-
Ta, alUeTWI-LUMUCTEIH, TOKO(epoa Ta iH.). 3
METOI0 TIOINEPEIKEHHSI PO3BUTKY HAOPSKY
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ness of breath or asphyxia, stridor breathing,

bronchopneumonia, acute respiratory distress

syndrome or pulmonary edema, clinical man-

ifestations last longer — 1—3 months, in 2—

3 % of cases end in the death of the victims, in

most cases, the development of chronic

pathology of the respiratory tract is observed.

Diagnosis of the severity of chlorine dam-
age, along with an objective assessment of
the victim's condition, involves chest radiog-
raphy, computer tomography, if necessary,
bronchoscopy, assessment of the function of
external breathing, liver and kidneys.

The treatment plan for patients with acute
inhalation chlorine poisoning should
include, first of all, respiratory support,
which includes:

— oxygenation (through nasal cannulas,
mask); artificial lung ventilation with
endotracheal incubation; or tracheotomy;

— active physical therapy (regular turning of
the patient on his stomach — at least
2 times for 4—6 hours, provided hemody-
namics is stable, or turning to different
sides every 2 hours);

— bronchoscopy, tracheobronchial lavage
(with the use of endotracheal introduction
of artificial surfactant, synthetic or of ani-
mal origin).

In severe cases, ECMO is used — (under
the conditions of PaO, < 50 mm Hg, Sa0, <
85—90% with FiO, = 1 and breathing mode
with PEEP > 10 cm Hg).

The use of the method of partial liquid
lung ventilation with the use of perfluorans
remains debatable.

Drug therapy should be aimed, first of all,
at eliminating bronchospasm and improving
bronchial patency, which includes the use of
beta,-andromimetic, which are adminis-
tered parenterally or with the help of
inhalers and nebulizers.

At the same time, it is recommended to
use alkaline inhalations, which prevent the
formation of active chlorine metabolites
(hydrochloric and hypochlorous acids). The
effectiveness of the use of corticosteroids
(especially inhalation) and antioxidants
(ascorbic acid, alpha-lipoic acid, toco-
pherol, etc.) has been proven. In order to
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JIETE€Hb 3aCTOCOBYIOThCSI CEYOTiHHI MperapaTu.
AHTHUOIOTUKY MPU3HAYAIOThCS B pa3i pO3BUTKY
OakTepialbHUX YCKJIaJHEHb, MPpOodiTaKTUIHO
aHTUOIOTUKOTEpaIlis He AoLiIbHA. TpuBanicTh
JIIKyBaHHS TIALIIEHTIB 3 IHTAISLIMHAM OTpY-
€HHSIM XJIOPOM 3aJIEXUTh Bill TSDKKOCTI CTaHY,
Ta Moxke ckiagaTtu Bim 10 1i6 mo 3-x MicsiliB, a
TepMiHM peaOinmitalii — Big 3-X MicsLiB 10
POKY i OinbliIe.

BucnoBku. IazononiOHuii Xjaop OO0 Teme-
PILIHBOTO Yacy € MPUYMHOIO MACOBUX TOCTPUX
OTPYEHbD 3 ipUTAaTUBHUM Ta ipUTaTUBHO-HEKPO-
TUYHUM YPAXKEHHSIM BEPXHiX AMXATbHUX IILIS-
XiB, B OKPEMMX BUIaJKaX CYIpPOBOIXKYEThCS
HaOpsSIKOM JIeTeHb 3 (haTaJbHUMM HACJTiIKaAMMU.

OcTaToyHUll MexaHi3M TOKCHUYHOI Jii XJI0opy
JOCi 3aJIMIIAEThCS HEAOCTaTHHLO BUBUEHUM,
0CO0IMBO — Ha PiBHI BHYTPIIIHBbOKJTITUHHUX
CTPYKTYp. AJle 32 OCTaHHI JECATUIITTS 3’ IBUJIN -
Csl pe3yJIbTaTu JOCHIIKEHb, 1110 3HAYHO MPOCY-
HYJIM ySIBY HAyKOBLIB y PO3yMiHHI MeXaHi3MiB
IIii XJIOpY, 1110 JTO3BOJIWJIO MiABUIIATU e(eKTUB-
HICTh JIIKYBaHHS 1HTaJSILIAHUX YpaxKeHb,
CIMIPUYMHEHUX ra30ModiOHUM XJIOPOM.

ExcrieprMeHTaqbHO JOBEACHO, IO ipuTa-
TUBHI Ta ipUTAaTUBHO-HEKPOTUYHI e(eKTu
BUKJIMKAE HE CTUIBKM Ta30MOIiOHUI XJIOp,
CKUIBKM MPOAYKTH MOTO TimpaTallii — cojstHa
Ta XJIOPHYBaTUCTa KUCJIOTHU, SIKi Oe3rocepe-
HbO BUKJIMKAIOTh BUCOKY MPOAYKIIiIO0 peaKTHB-
HUX CYIIEPOKCHUIIB i HITPOTEHHUX OKCUIAHTIB,
110 (pOpPMYIOTh OKMCHMIA CTpeC, SIK B EITiTei-
aJIbHUX KJIITUHAX CJIM30BOI 000JIOHKH OpPOHXO-
JIETEHEBUX CTPYKTYpP, TaK i B OLIbII MIIUOOKMX
TKaHWHax. BHaciigmok 1boro npoiecy BUHU-
KaloTh I€CTPYKIIisl KJIITUH MUTOTJIMBOTIO EITiTe-
JIito, MmopyleHHs (YHKLUIOHYBaHHSI 1OHHUX
KaHaJIiB Ta MiJABUILIEHHS IIPOHUKHOCTI KJIITUH-
HUX MeMOpaH. Po3BMBaloTbcsl peaxiiili 3ama-
JIEHHSI: TinepeMmisi, HaOpsIK, HECTPYKIisT Cyp-
(¢pakTaHTy i OpoHXOCMa3M. 3alaJbHUMI TTPOLEC
CYIIPOBOJXYETHCSI BUKMAOM PiZHOMaHITHUX
0i0JIOTIYHO aKTUBHUX PEYOBHMH, IO HaJIeXaThb
JI0 TPYIH TIpo3anaibHuX HUTOKiHiB (IL-13, IL-6,
IL-18, BHyTpimiHbOsIAepHUI1 (akTop — NF-
KB), dakropy Hekposy nyximHu (TNF-f), a
TaKoX 8-i30IpocTaHy — KJII0YOBOT0 OioMapKe-
py OKMCHOTO cTpecy. BctaHoBeHO, 1110 XJ10po-
BaHi Jginiay (Cl-minian) MoXyTbh CIyXUTH 0i0-
MapKepaMM Ta MeJiaTopaMy BIUIMBY i TOKCUY-
HOCTIi ra30MoAiOHOro XJIopy.
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prevent the development of pulmonary
edema, diuretics are used. Antibiotics are
prescribed in case of the development of
bacterial complications, prophylactic
antibiotic therapy is not advisable. The
duration of treatment of patients with chlo-
rine inhalation poisoning depends on the
severity of the condition and can range from
10 days to 3 months, and the rehabilitation
period is from 3 months to a year or more.

Conclusions. To this day, chlorine gas is
the cause of mass acute poisonings with irri-
tative and irritative-necrotic lesions of the
upper respiratory tract, in some cases
accompanied by pulmonary edema with a
fatal outcome.

The final mechanism of the toxic effect of
chlorine is still not well understood, espe-
cially at the level of intracellular structures.
However, in recent decades, research results
have significantly advanced scientists'
understanding of chlorine's mechanisms of
action, leading to increased effectiveness in
the treatment of inhalation injuries caused
by gaseous chlorine.

It has been experimentally proven that
irritative and irritative-necrotic effects are
caused not so much by chlorine gas, but by
its hydration products — hydrochloric and
hypochlorous acids, which directly cause
high production of reactive superoxides and
nitrogenous oxidants that form oxidative
stress, as in the epithelial cells of the mucous
membrane of the bronchopulmonary struc-
tures, as well as in deeper tissues. As a result
of this process, the destruction of cells of the
ciliated epithelium, disruption of the func-
tioning of ion channels and increased per-
meability of cell membranes occur.
Inflammatory reactions develop: hyperemia,
edema, destruction of surfactant and bron-
chospasm. The inflammatory process is
accompanied by the release of various bio-
logically active substances belonging to the
group of pro-inflammatory cytokines (IL-
1B, IL-6, IL-18, intranuclear factor — NF-
KB), tumor necrosis factor (TNF-), as well
as 8-isoprostane — a key biomarker of oxida-
tive stress. It has been established that chlo-
rinated lipids (Cl-lipids) can serve as bio-




INPOBJIEMHA CTATTSA

3a3HayeHi MpolecH BUKJIMKAIOTh MOIIKO/-
>KEHHSI BHYTPIiILIHbOKJIITUHHUX CTPYKTYp —
MITOXOHIIPii, OOYMOBJIOIOUM OuCOaNaHC Yy
(yHKIIOHYBaHHI  CUTHAJIbHOI  MOJIEKYJIU
HAM® i nopyuieHHs MpolieciB ayTodarii, 1110
BeJIe 10 3HUXKEHHSI €eHepreTUYHOTO MOTEHIIiaTy
KJIIITUH 3 PO3BUTKOM €HAOTEJiaJlbHOI IUC-
(yHKIIII K B KIITUHAX IMXaJIbHUX LILISXiB, TaK
1 MO3aJIEeTeHEBOIO €HIOOTEIiaIbHOI AUCHYHK-
miero. CucremMHa JIMCPYHKIIST €HIOTENiIo
CHpUSIE aHATOMIYHOMY IMOIIKO/KEHHIO i ITOpY-
IIEHHIO (PYyHKIIl HE TUIbKM OPOHXOJETE€HEBOI
CUCTEMU, ajle U CEepLEBO-CYAMHHOI CUCTEMU i
HUPOK.

IIpy BUHMKHEHHi MAacOBMX OTPYEHb XJIO-
pPOM, MOB’SI3aHUX 3 TIPOMUCIOBMMU aBapisiMu,
aBapisiMy IIpU TPAHCIIOPTYBAHHI XJIOpY, TEPO-
PUCTUYHMMHM aKTaMU ab00 BOEHHUMM [isIMU,
BaXKJIMBE 3HAUEHHSI Ma€ HajlexkHa eBaKyallis 1o
MiIBUIIEHIA MicLeBOCTI 3 BUKOPUCTAHHSIM
cnetiabHuX abo MiAPYYHMUX 3aCO0iB 3aXUCTY
OpraHiB IMXaHHS i, 32 MOXJIMBOCTI, KUCHIO.

BpaxoBytoun  4McCeJIbHICTb  BUIIAJKiB
OTPYEHb Ta30MOAIOHUM XJOPOM, IO PEECT-
pYIOTbCSI B 0araTboX KpaiHax CBIiTY i BUCOKUI
PU3MK BUHUKHEHHSI aBapiiiHO HeOe3MeYyHuX
CUTyalliil, 110 MOXYTb CYIPOBOJXYBaTUCS
MAaCOBUMM iHTAJNSLIMHUMU OTPYEHHSIMU XJIO-
pOM, HOCJiIXEeHHSI MeXaHi3MiB BUHUKHEHHS
TOKCUYHMX €(EKTiB MPOIOBXYE 3aJIMIIATUCS
aKTyaJbHUM 3aBIAaHHSIM Cy4aCHOI KJIIHiYHOI
TOKCHUKOJIOTII.

Kl naikr inTepeciB. ABTOpH 3asBIIOTH PO BiACYTHICTE KOH(IIKTY
IHTepeciB.
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markers and mediators of the effect and tox-
icity of chlorine gas.

These processes cause damage to intra-
cellular structures - mitochondria, causing
an imbalance in the functioning of the sig-
naling molecule cAMP and disruption of
autophagy processes, which leads to a
decrease in the energy potential of cells with
the development of endothelial dysfunction,
both in the cells of the respiratory tract and
outside the pulmonary endothelial dysfunc-
tion. Systemic dysfunction of the endotheli-
um contributes to anatomical damage and
impaired function not only of the bron-
chopulmonary system, but also of the car-
diovascular system and kidneys.

In the event of mass chlorine poisonings
associated with industrial accidents, chlo-
rine transportation accidents, terrorist acts,
or military operations, proper evacuation to
elevated terrain using special or improvised
means of respiratory protection and, if pos-
sible, oxygen, is important.

Considering the number of cases of poi-
soning with chlorine gas registered in many
countries of the world and the high risk of
emergency situations that can be accompa-
nied by mass inhalation poisoning with
chlorine, the study of the mechanisms of the
occurrence of toxic effects continues to be
an urgent task of modern clinical toxicology.
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