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LepxasHe nidnpuemcmeo «Haykosul yueHmp npeseHmMueHoi mokcukonoai,
Xap4yosoi ma ximiyHoi 6e3rneku iMeHi akademika J1.I. Medseds
Minicmepcmea oxopoHu 30opo8's YkpaiHu», m. Kuig, YkpaiHa

0TPYCHHA ©0CDOPOM AK NMPODECIHHE TA
EKO/IOrYH0 ObYMOBIIEHE 3AXBOPHOBAHNA
B YMOBAX BIMHH Y (BIT/II PEROMERAALIN
MIHAPOAHOI OPTAHISALII NMPAL] 2022 p.

Pestome. [liazHocmuka, peecmpauyis ma MOHIMOpUH2 3aX80pH8aHb, M08’a3aHuUX 3 OMpPYEHHAM (hocchopoM — Had38UHalHO 8ax-
nuea npobriema ocobnueo cbo200Hi, adxe pocisi 3acmocosye pocghopHi 6oenpunacu Ha mepumopii YxpaiHu. Cucmemy 8u3HaH-
Hsi ma 06Ky npogbeciliHux i ekornoaiyHo 0bymoeneHuUX 3axeoprosaHb He0bXiOHO adarmysamu A0 CyYacHUX 8UMOR2 €8pOMeliCbKO-
20 3aKoHodascmea.

Mema. lNpoaHanisysamu cucmemy 8u3HaHHsI NPOGECItiHO20 OMpPY€EHHs hocghopom 8 Ykpaiti 8idrnosidHo Ao cydacHUX eumoe
Mix+apodHoi opaaHizauii npaui.

Mamepianu ma memodu. AHanimuyHuli o2nsi0 Haykosux rybrikauiti BUKOHaHUU 3 BUKOPUCMAHHSM peghepamugHux 6a3 HayKo-
sux bibriomex Pub Med, Medline i mekcmosux 6a3 0aHux Haykosux eudasHuume Pub Med, Central, BMJ group ma iHwux VIP-
6a3 daHux. lpoaHanizoeaHo 36imHi Mamepianu [epxaeHoi cryx6u YkpaiHu 3 numanb nipaui (Jepxnpaui), MemoduyHi nidxodu
MixHapodHoi opeaHizauii npaui (MOF). 3acmocosaHo Memodu cucmemMHoO20, NoPIBHSNIbHOZ0 Ma KOHMeHM aHarli3y.
Pe3ynbmamu. OmpumaHi y docnidxeHHi pe3ynbmamu 3acgidyunu Had3su4aliHoO HU3bKUL pieeHb ¢bikcauii 8 YkpaiHi moKcuyHuX
ypaxeHb npogheciliHoeo ma ekoro2idHo 06yMo8neHo20 reHesy. Tak, y cmpykmypi npogheciliHuX 3axX80pto8aHb IHMOKcUKauii Ximiy-
HUMU pedoguHamu cmaHosnsms MeHwe 0,2%, a npomszom ocmanHix 20 pokie OmpyeHHs ¢hocghopoM e3azani He peecmpysa-
nuck. BusigneHo icmomHi po3bixxHocmi 8 cucmemi 8u3HaqeHHs1 pogheciliHux ompyeHb ¢hocghopom 8 YKpaiHi nopigHsIHO 3 memo-
OuyHuMu pexkomeHdauiamu MixHapodHoi opeaanisauii npaui (MOIF1) 2022 poky. Ha eiomiHy eid IHcmpykuii 00 3acmocyeaHHs
epeniky npogpecitiHux 3axsoptosaHb (113) MOIT 2022 poky 8 aHanozidHuUx AoKymeHmax YkpaiHu He HagodumbCcs Xxapakmepu-
cmuka enacmusocmeti gpocghopy, Lioeo mokcukosnoeidHul npoginb, MiHiManbHa mpueanicms 8rnusy, Wo 8UKIUKaE npogecitiHe
3axe80prosaHHs, mpusanicms ameHmHoeo rnepiody. Came yepe3s ye ycknaOHEMbCS ekcriepmu3a npogheciliHUuX 3ax80pHeaHs,
06’ekmusisaujisi iacHo3y, WO nMpu3eoduMb 00 BUKPUBEHHSI CMamucmUYHUX MOKa3HUKi8 Wwodo rnpogheciliHoi 3aX80proe8aHOCM.
BucHoeku. Cucmema 8u3Ha4yeHHs NpogheciliHux ompyeHb ghocghopom 8 YkpaiHi mompebye adanmauji do €aponelicbKux pexo-
MeHOauiti ma sumoa, pekomeHdosaHux MOI1. Hacamneped ue cmocyembcs nepeniky npogeciliHux 3axeoprosaHb ma IHCmpyKuil
wodo lio2o 3acmocysaHHsi, adxe ei0noesiOHicmb HopMaM MiXHapoOHO20 3akoHodascmea 00380/UMb YHichikyeamu cucmemy
OiaeHocmuku, 06’ekmusidysamu i ma Hanazodumu cucmeMy peecmpauii IPOGhECiliHUX 3aX80pto8aHb Ha HaNeXHoMy pieHi. Lis
npobnema Habyna 0cobnueoi akmyanbHoCcMi 3 02180y Ha 8UCOKULU pU3UK iHMOKCcUKauili (pochopoM HaceneHHs, silicbkkogux ma
resHUX NPoghecitiHuX epyn Ha mepumopii 6oeHHUX Oili 8 YKpaiHi.

Knroyosi crosa: ¢hocchop, npoghecitiHe ompyeHHsi, 80€HHI Oil, nepenik npogheciliHuX 3aX80pH8aHb.

M. Prodanchuk, A. Basanets, O. Kravchuk, T. Yastrub

L.I. Medved’s Research Center of Preventive Toxicology, Food and Chemical Safety,
Ministry of Health, Ukraine" (State Enterprise), Kyiv, Ukraine

PHOSPHORUS POISONING AS AN OCCUPATIONAL AND ENVIRONMENTAL
DISEASE IN WARTIME CONDITIONS THROUGH THE RECOMMENDATIONS
OF THE INTERNATIONAL LABOR ORGANIZATION - 2022

Abstract. The issue of diagnosis, registration and monitoring of diseases related to phosphorus poisoning is extremely impor-
tant, taking into account Russia’s use of phosphorous ammunition on the territory of Ukraine. The system of recognition and
monitoring of occupational and environmentally determined diseases needs to be adapted to modern requirements of
European legislation.
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Aim. Analysis of the system for determining occupational phosphorus poisoning in Ukraine and its comparison with modern
requirements of The International Labor Organization.

Materials and Methods. The analytical review of scientific publications is carried out using abstract databases of scientific
libraries PubMed, Medline and text databases of scientific publishers Pub Med, Central, BMJ group and other VIP databases.
The analysis of reporting materials of The State Labor Service of Ukraine (SLSU), methodological approaches of The
International Labor Organization (ILO) is carried out. Methods of system, comparative, and content analysis are used.
Results. The results obtained in the study indicate an extremely low prevalence of toxic lesions of occupational and environ-
mentally determined genesis in Ukraine: chemical intoxication accounts for less than 0.2% in the structure of occupational dis-
eases, and phosphorus poisoning has not been registered in the last 20 years. Significant discrepancies were found in the sys-
tem of recognition of occupational phosphorus poisoning in Ukraine in comparison with the methodological recommendations
of The International Labor Organization-2022. In contrast to the instructions for the application of the list of occupational dis-
eases (LOD) of The International Labor Organization-2022, similar documents in Ukraine do not provide a characteristic of
phosphorus properties, its toxicological profile, the minimum duration of exposure that causes occupational disease, the dura-
tion of the latent period, which complicates the recognition of occupational diseases, objectification of the diagnosis, and also
leads to a distortion of statistical indicators regarding occupational morbidity.

Conclusions. The recognition system of occupational phosphorus poisoning in Ukraine needs to be adapted to the European
recommendations and requirements recommended by the ILO. First of all, this concerns the list of occupational diseases and
instructions for its use, bringing them to the norms of international legislation will allow unifying the diagnostic system, objecti-
fying it and establishing a system for registering occupational diseases at the proper level. The problem is particularly relevant
given the high risk of phosphorus intoxication of the population, military and certain professional groups on the territory of mil-

itary operations in Ukraine.

Keywords: phosphorus, occupational poisoning, military operations, list of occupational diseases.

Betyn. Y cTpykTypi npodpecinHnx 3axsBoploBaHb B
YKpaiHi iHTOKCMKauii XiMiYHUMKU pevyoBUHaMK CTaHOB-
natb mMeHwe 0,2 % [1]. O4yeBMgHO, Le NOB'sI3aHO 3
HegonikaMmu yHKUIOHYBAHHS OAHOIO 3 HaNpsIMKIB Npo-
(heciHOI TOKCMKOMOrii B CMCTEMI MeaMUMHM npaLi.
OTxe, Haa3BMYAKHO BaXMMBUM € NUTaHHS OiarHOCTU-
K1, peecTpaLii Ta MOHITOPUHTY 3aXBOPIOBaHb, NOB'A3a-
HUX 3 OTPYEHHSAM (POCHOPOM, SK NPOGEeCinHUX, TakK i
€KOJoriYHO 0BYMOBIEHNMX, afKe POCisi aKTUBHO 3acTo-
coBye cocchopHi 6oenpunacu Ha TepuTopii Ykpainum 3
24 nwotoro 2022 poky. WoeTbcs npo nmigTBepmkeHe
OOH BukopucTaHHa octopHux 6om6 y JlyraHcbkin
(MonacHa, CeBepofoHeubk, JlucuyaHcek, PybixHe,
KpeminHa, HoBogpyxecbk, BoesogiBka), y [oHeubkii
(Kpamatopcbk, ABpiiBka) obnacTsix, a Takox Ha Tepu-
TOpii MiBHIYHO-3axigHMX okonuub Kunesa. Ekcnoauwuii
doccdopom B YkpaiHi nig yac GoMoBMX Ai 3a3Hanm
LUMPOKI BEPCTBM LMBINBHOTO HACENEHHSs, WO MeL-
KaloTb Y 30Hi YpaKeHHs!, a TakoX BIMCbKOBI Ta npavis-
HUKK cnevjianbHux cnyx6 nig Yyac BUKOHaHHS npode-
CiliHMX 0DOB’A13KIB (MOXEXHWKU, MEAMNKH, CMIBPOBITHUKM
JepxaBHoi cnyxbu 3 HagaeuyaHux cutyauin (QCHC)
Towo). Mig vac BiiHW cknagHo, a iHoAi HEMOXIIMBO,
BiOOKPEMMUTM NpodbecinHi iHToKCUKaLii dhocdopom Big
€KOIOori4YHO 0BYMOBMNEHNX Ha TEPUTOPIT BOEHHKX i

Ha 307-1 cecii AgminictpatusHoi pagn MO y 6epes-
Hi 2010 p. 6yno nepernsHyTo [Mepenik npodecinHmx
3axsoptoBaHb ([M13), 3aTBepmxeHnin Hapagoto exkcnep-
TiB 3 nepernapgy MMN3 27-30 xoBTHA 2009 p. y XKeHesi.
Lletn nokymeHT oTpumaB Ha3sBy «[lepenik npodeciiHmx
3axsoptoBaHb MOIT (nepernaHyTtuin 2010 p.)», a roro
MPU3HaYeHHs — HaJlaHHS JOMOMOrK KpaiHam y npodi-
nakTuui, peecTpadii, NoBigoMneHHi B pasi HeobXxigHo-
CTi, KOMNeHcauii 30MTKiB Bif 3axBOptoBaHb, HAbYTWX y
Hebe3neyHMx Ta LWKigNMBMX ymoBax npaui [2].
[HcTpykUito go 3actocysaHHsa 113 MOIT 2010 p. pos-
pobneHo Ta onybnikoaHo B 2022 poui. BoHa yBiOpana

Introduction. In the structure of occupational dis-
eases in Ukraine, chemical intoxication accounts for less
than 0.2% [1]. It is obvious that this is due to the func-
tioning shortcomings of the occupational toxicology field
in the system of occupational medicine. Currently, the
issue of diagnostics, registration and monitoring of dis-
eases related to phosphorus poisoning, both occupa-
tional and environmentally related, is extremely impor-
tant for Ukraine, taking into account Russia’s use of
phosphorous ammunition on the territory of Ukraine
since February 24, 2022. We are talking about the UN-
confirmed use of phosphorous bombs in Luhansk
(Popasna, Severodonetsk, Lysychansk, Rubizhne,
Kremennaya, Novodruzhesk, Voevodovka), Donetsk
(Kramatorsk, Avdiivka) regions, as well as in the north-
western outskirts of Kyiv. It is obvious that phosphorus
exposure in Ukraine during the fighting was experienced
by broad segments of the civilian population living in the
affected area, as well as military and special services in
the performance of professional duties (firefighters,
medical workers, employees of the State Emergency
Service (SES), etc.). It is obvious that during a war, it is
difficult, and sometimes impossible, to separate occupa-
tional phosphorus intoxication from environmentally
determined on the military operations territory.

At the 307" session of the ILO Administrative Council
in March 2010, the list of occupational diseases was
approved by the expert meeting on the revision of the
LOD from 27 to 30 October 2009 in Geneva. This doc-
ument was called “The ILO List of Occu-pational
Diseases (revised 2010)”, and its purpose was to help
countries prevent, register, report and, if applicable,
compensate diseases caused by dangerous and harm-
ful working conditions [2]. The 2010 LOD ILO guidelines
were developed and published in 2022. It reflects the
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B cebe konekTuBHUIM Joceig i nornagu noHag 40 mix-  collective experience and views of more than 40 inter-
HapOLHNX EKCMEepTIB — y4aCHUKIB TEXHIYHMX | KOHCYMb-  national experts who participated in technical and advi-
TaLiHUX 3yCTpived WopAo ii CTBOPEHHS. sory meetings on the process of its creation.
PeinTerpauiviti  npouecu BcTyny Ykpaihu po In connection with the reintegration processes of
€sponelicbkoro Cotody TpuBaioTe. OTxe, cUCTEMa  kraine’s accession to the European Union, the sys-
BU3HAHHS, peecTpallii, obniky ”PO(*)GC'V'H{/'X 3axBOPKO-  tem of recognition, registration, monitoring of occupa-
BaHb Ta MOB A3aHa 3 HEIO 3aKOHOAABHA | METOAVYHA  tiong| diseases and the associated legislative and
6asa matotb ByTit aganToBaHi A0 MXHAPOAHNX BUMOT I methodological framework should be adapted to inter-
pe;omeHuaum. v _ N national requirements and recommendations.
e3y"';TaT',’,", g CprKTyp,',, ”PO,CbeCW'HV'X 3axsopto- Results. In the structure of occupational diseases in
Efg:o:nmkbp?nl:;u:Fg%KgM‘;au(ngxq:ngepne:;’:::sgg Ukraine, chemical intoxication accounts for less than
e o AHO, L 0.2%. It is obvious that this is due to an imperfect system
HEOOCKOHANOK CUCTEMOK BUSIBMEHHS Takux HOpM . . - o
e for detecting such forms of pathology, insufficient qualifi-
natonorii, HeoCTaTHbOK KBanidikaLieto MeanyHoro . . - .

. ; cations of medical personnel, low availability of medical
rIepeoHany, RSB0 AOCTYMHICTIO MEANIHOL AoroMO- care services, especially for the rural population, amon
v, 0cobnMBO ANS CiNbCLKOTO HACENeHHs!, cepes SKoro hich ,t' P i ty cai ,”E) P i 'd, %
HalyacTile BWHMKaOTL NPOECIiNHI IHTOKCMKaLii Wﬁ Ich occupa |gn§ ,'? o;<|ca I%ntWII ?est';" e§ t.mo.s
nectuumaamv, agMmiHiCTPaTUBHUMKM AiSMu, Lo nepe- 0 gn OQCUFS., administrative obstac e§ or “e victim in

registering diseases, etc. [1]. According to “The Global

LIKOKaOTb peecTpauii 3axsoptoBaHb Towo [1]. 3a : ! s e
naHvMm pecypcy MMoBanbHoro Taraps xsopo6 (GBD — Burden Diseases” (GBD) resource, 385 million pesticide

Global Burden Diseases) y cBiTi nuLue cepen depmepis poisonings are recorded annually among farmers in the
LLOpPIYHO peecTpyeTbesa 385 MINbNOHIB OTPYEHb NECTU- world alone, of which 11,000 are fatal. This means that
umaamu, 3 sikmx 11 000 — cMepTenbHi. Lie o3Havae, Lo 44% of farmers are poisoned with pesticides every year.
44 % tepmepiB OTPYIOIOTLCS NecTMLMaamm LwopiyHo.  The largest share of poisoning occurs in the countries of
HaitGinbLua nuToma Bara oTpyeHb npunanac Ha kpainm  South, Southeast and East Asia [3].
MisaeHHoi, NisoeHHo-CxiaHoi Ta CxiaHoi Asii [3]. At the same time, such cases have not been regis-
Ane B YkpaiHi Taki BUnagku ocTaHHiMu pokamu B3a-  tered at all in Ukraine in recent years, and isolated
rani He PeECTPyIOTLCS, NOOAMHOKI NPOECiiAHI iHTOkeK-  occupational intoxications in Ukraine are associated
KaLii NoB’si3aHi 3 ekcnosuuieto napamu Baxkux metanis  with exposure to heavy metal vapors (mainly lead and
(nepesaxHo cBuHULO Ta pTyTi) [1]. MpoTarom ocTaHHiX  mercury) [1]. Over the past 20 years, no cases of occu-
20 pokis B YKpaiHi He peecTpyBanuch BUnagku npode-  pational phosphorus intoxication have been registered
CiiHOI iHTOKCMKaLiT dhocchopom. Ane Bpaxosytoum inoro  in Ukraine, but taking into account the exposure to
HEraTMBHMIA BMNMB Ha UMBINbHE HaceneHHs, BiliCbko-  phosphorus of the civilian population, military and spe-
BUX Ta MpauiBHUKIB cneuianbHux cnyxb Ha Teputopii  cial services in the territory of military operations due to
boitoswx Aiit Yepes sacToCyBaHHA PoCielo POCHOPHUX  the use of phosphorous ammunition by Russia, the risk
Goenpunacis, pusuk Takux iHTOKCUKaUil € BUCOKMM.  of such intoxication is high. It should be noted that this
9”'ﬂ 3a3Ha4UTN, Lewt BuA 36poi Mae HeBMBIPKOBY Ai0  type of weapon has an indiscriminate effect and a large
W BEINNKY 30HY YPAKEHHA, @ TAKOK CNPUINHAE TAXKI TA  greq of destruction, as well as causes serious and
Gonichi TpaBmu, Tomy € CyBOPO 3aBOPOHEHUM  hainglinjuries, so it is strictly prohibited by the Geneva
7KeHeBCbKOI0 KOHBEHLIEl0 MPO 3aXUCT XEPTB BiHM  Gonvention for the protection of war victims (Protocol
(”pOTOKO{' Bin 1977 p,OKV) Ta I'Ip(3T0|§on0M" Il po of 1977) and Protocol lll to the Convention on specific
KoHBeHLii Npo KOHKPETHI BuAM 3BMYanHoi 36poi [4]. conventional weapons [4].

Bmli’gﬂ%l“g%;‘lomzbzﬂoﬂ' E;:OB”;( ﬁ;ﬁii'%ﬂg;":ﬁimﬁz It is known that in the course of performing combat
P y ANMYA, T P. A maneuvers, the military uses fumes containing phos-

MacKyBaHHa ©OoMOBMX onepa.iil, po3BigyBanbHOI . .
. L - . phorus for camouflage during combat operations,
[iSNbHOCTI, ifeHTUdiKauil BOPOXMX Uinel, TakTUYHMX , oA

reconnaissance activities, identification of enemy tar-

nosuuii Towo. binun ocdop € B MIHOMETHMX | apTu- . . . .

NepiNcbKMX cHapsdax i rpaHartax. 3a Takmx yMOB He3a- getsd apd tac:;cal IO(;atlor?TI, etc. ler;lte pt:josphoru; IS

XULLIEHI BINCbKOBOCMYXOO0BL|i HapaxarTbCa Ha iHrans- used In mo ar‘an arflery s esl an 9“?”3 es.
Unprotected military personnel during exercises or

LiMHMA BNIMB OMMY Bif MigipBaHUX rpaHat Ta iHLmX X .
BMBYXOBMX NPUCTPOIB. CriewianicTn AreHTCTBa 3 oXo- combat are at risk of inhaled exposure to smoke from

poHY [oBkinns CLUA BU3HauNMy, 3a MacoBOro BUKOPU- detonated grenades and other explosive devices. The
CTaHHsl 36poi KOHLEHTpaLisi 6inoro docdopy Moxe U.S. Environmental Protection Agency has determined
caratn 146 mr/m3 y Burnsai poccopHoro aHrigpuay that with mass use of weapons, the concentration of
(P,05) Ta 202 Mr/mM® K opTodocdopHa KUcnoTa white phosphorus can reach 146 mg/m? in the form of
(H,PO,) Ha BigcTani 100 M 3a BiTpom Bia posropranks  phosphoric anhydride (P,O;) and 202 mg/m® in the
Ta npubnuaHo 1,0 mrim® y Burnspi P,Og Ta 1,4 mr/m3 sik form of orthophosphoric acid (H,PO,) at a distance of
H,PO, Ha BigcTani 5000 m [3]. 100 m downwind from deployment, and about 1.0 mg/m?
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Konw iHTokcukauis poccopom BigbyBaeTbCs nig vac
BUKOHaHHS cryx60Bux 060B’A3kiB, Take 3aXBOPHOBAH-
HS BBaXX@ETbCA NPOECINHUM. PU3KKYI0Tb Ha PO3BUTOK
iHTOKCMKaLi hocopoM y 30HI BOWOBUX AiN MeanyHi
npauiBHUKK, NOXexHWKkW, npauiBHukn OCHC Ta iHwi
rpynum pobiTHWKIB, BWMKOHAHHA TPyAoBUX OBOB’s3KIB
SKMX MOB’si3aHe 3 ekcrosuuieto ¢ocdopom. Buss-
NEHHA NPOMECINHNX 3aXBOPIOBaHb — LUE HEe Nuwe
HaJaHHA BiAMNOBIAHOI MeAWYHOI JONOMOrM, KOMMNeHca-
uii 3a BTpayeHy npauesaatHiCTb Ta/uu iHBanigm3aauiio,
ane obymOBMIOE TaKOX CTBOPEHHS Ta (PYHKLIIOHYBaHHS
npodinakTMYHMX NPOrpaM HaLioHaNbHOro Ta foKarb-
Horo piBHiB. MOl mae BenuyesHun AOCBIG LOAO
BU3HAYEHHS MEXaHi3MiB BM3HaHHS, NpodinakTnku Ta
KoMneHcaLuii y pasi npodecinHmnx 3axsoptoBaHb. OTxe,
BMBYEHHA MiXHaApOAHOro HagbaHHsA KopucHe Ans
HabnMKEHHs YKPaiHCbKOro 3aKOHOAABCTBa A0 €BPO-
MEeNCLKOro i3 3a3HadveHol npobnemu.

M3 MO 2010 p. cknapgaeTbCst 3 YOTUPLOX PO34inis [2]:
1) TpodecifiHi 3axBOPIOBAHHS, BWKMWKaHI BMIIMBOM

YMHHMKIB, LLIO BMHUKAKOTb Ni Yac TPyLoBOiI Oisifb-
HOCTI (XiMiYHi, ¢pi3nyHi, BionoriyHi areHTn Ta iHdek-
UinHi abo napasuTapHi 3axBOPIOBaHHS).

2) MNpodecinHi 3aXBOPIOBaHHS 3a CUCTEMaMM OpraHiB-
MilLeHeNn (3aXBOPIOBaHHS OpraHiB AWXaHHS, LIKIpH,
OMOPHO-PYXOBOr0 anapary, posnagu ncuxikv Ta
MOBEeZiHKN).

3) MpodecinHnm pak.

4) |HwWi 3aXBOPIOBAHHS.

Ha Bigminy Big IMMN3, 3ateepgxeHoro MOI, B ykpa-
iHCbKOMY MNepeniky npodpeciiiHi 3axBopioBaHHA nogine-
Hi Ha 7 rpyn nepeBaxxHO 3a ETIONOTYHUM YNHHUKOM:

[.  3axBoproBaHHS, LU0 BUHWKAOTH N BNMBOM XiMiy-
HUX (hakTopiB.

[l.  3axBoptoBaHHS, sKi BWKNWKaHi BNIMBOM MPOMMU-
CINOBWX aepo3oniB.

1. 3axBOptOBaHHs, BUKMMKaHI A€o (i3nYHMX (haKTopiB.

IV. 3axBoptoBaHHs, NOB’A3aHi 3 isM4HUM nepeBaHTa-
XKEHHAM Ta NepeHanpyXeHHsM OKPeMUX OpraHiB i
cucTem.

V. 3axBOplOBaHHS, WO BUKIMKaHI [ieto BionoriyHmx
dakTopis.

VI. AnepriyHi Ta TOKCUKO-anepriyHi 3axBoptoBaHHs.

VII. 3noskicHi HOBOYTBOPEHHS («NPOMECINHNI paKy ).

Y N3 MO otpyeHHs octhopom KoayeTbes
3aranbHum kogom MKX-10 sk T57.1 — oTpyeHHs doc-
dhopom i noro cknagosumm Ta Z57 — npodpeciriHa exc-
noauuis [5].

B YkpaiHi lNepenik npodeciiHux 3axBoproBaHb
3atBepaxeHun [loctaHoBot KabiHeTy MiHicTpis
Ykpainu Big 08.11.2000 p. Ne 1662 «Ipo 3aTBepmKeH-
HS nepeniky NpodecinHMX 3axXBOPIOBaHb» | € OCHOB-
HUM JOKYMEHTOM, SIKUM Crig KepyBaTMCs NPu BCTAHOB-
NEHHi AiarHo3y NpoeciiHOro 3axBOpIOBaHHS, 3B'A3KY
/ioro 3 BMKOHYBaHoOW poboTot abo npodecieto, BUPI-
LIEHHI NWTaHb ekcnepTu3n npauesgaTHoCTi, MeanyHoi
Ta Tpygosoi peabinitauii, a Takox npu po3rnsgi
NUTaHb, NOB'A3aHWX 3 BiALWKOAYBAHHAM BIACHUKOM

e

in the form of P,05 and 1.4 mg/m? in the form of H,PO,

at a distance of 5000 m [5].

If phosphorus intoxication is caused during the per-
formance of an employee’s professional duties, such a
disease is considered occupational. Professional
groups that are at risk of developing phosphorus intox-
ication in the combat zone are medical workers, fire-
fighters, employees of the State Emergency Service
and other groups of workers whose professional duties
are associated with phosphorus exposure. It should be
noted that the detection of occupational diseases
determines not only the provision of appropriate med-
ical care, compensation for lost working capacity
and/or disability, but also affects the creation and func-
tioning of preventive programs at the national and local
levels. The ILO has a long history of defining mecha-
nisms for the recognition, prevention and compensa-
tion of occupational diseases, so studying international
experience will be useful for bringing Ukraine closer to
European legislation on this issue.

The LOD ILO 2010 consists of four sections [2]:

1) Occupational diseases caused by the exposition of
factors that occur during work (chemical, physical,
biological agents and infectious or parasitic dis-
eases).

2) Occupational diseases by target organ systems (dis-
eases of the respiratory system, skin, muscu-
loskeletal system, mental and behavioral disor-
ders).

3) Occupational cancer.

4) Other diseases.

In contrast to the LOD approved by the ILO, in the
Ukrainian list of occupational diseases are distributed
into 7 groups mainly by etiological factor:

I. Diseases caused by exposition of chemical factors.

. Diseases caused by exposure to industrial aerosols.

1. Diseases caused by physical factors.

IV. Diseases associated with physical overload and
overexertion of individual organs and systems.

V. Diseases caused by biological factors.

VI. Allergic and toxic-allergic diseases.

VII. Malignant neoplasms (‘occupational cancer’).

In the LOD ILO, phosphorus poisoning is encoded by
the general ICD-10 code as T57.1 — phosphorus poi-
soning and its compounds and Z57 — occupational
exposure [5].

In Ukraine, the list of occupational diseases was
approved by The Resolution of the Cabinet of Ministers
of Ukraine of 08.11.2000. No. 1662 “On approval of the
list of occupational diseases” and it is the main docu-
ment that should be followed when establishing the
diagnosis of an occupational disease, the connection
with the work or conditions, resolving issues of disabil-
ity expertise, medical and labor rehabilitation, as well
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niaNpUEMCTBA, YCTaHOBM YW OpraHidaLii abo ynosHoBa-
XEHUM HUM OpraHoOM 36UTKIB, 3anodisHUX NpaLiBHUKO-
Bi BHACNAOK YLIKOIKEHHS 0ro 300poB's, NOB'A3aHOr0

3 BUKOHaHHAM HUM TPy#oBux 060B'a3kiB [6].

Hakasom MinictepcTBa oxopoHu 300poB’s YkpaiHu Ne
374/68/338 Big 29.12.2000 p. «[po 3aTBepmKEHHS
IHCTpyKUii Npo 3acTocyBaHHS nepeniky npodecinHmxX
3axBopioBaHb (I3 3miHamu, BHeceHummn 3rigHo 3 Ha-
ka3om MinictepcTBa oxopoHu 3gopos's Ne 2911/99/738
Big 29.12.2021)» 3aTBepmKeHO IHCTPYKLIiO A0 3acTocy-

BaHHs 3a3HaveHoro M3 [7].

Ha BigmiHy Big IHCTpykuii o 3actocyBaHHs [1M13
MOI B aHanoriyHMx OOKyMeHTax B YkpaiHi He HaBo-
OATbCA XapaKTEePUCTUKM E€TIONOrYHOMO YMHHUKA, eTio-
naTtoreHesy, NpogheciiHa eKCrno3unLisi, TOKCUKOMOTYHNNA
npodinb €TIONOMYHOrO YWMHHWMKA, OCHOBHI Hacmigku
¥ioro BMNWBY AN 300POB’S Ta KpUTepii AiarHOCTUKM
3axBOpHOBaHb [6, 7]. TakoX He 3a4eKNApOBAHO OCHOBHI
3axogu npodinakTukK MNpodecinHX 3axBOPIOBaHb.
Cnig 3a3HaunTW, X0uva Yy BITUM3HSHIA IHCTPYKLii He
HafJaeTbCA XapakTepucTuka €TIONOrYHOro YMHHKKA
3axXBOPIOBAHHS, ane MICTUTbCS iHGopMalis Lwoao
nepeniky pobiT Ta BUPOBHWLTB, Ha SKMX MOXIMBE

BWHUKHEHHS NPOECINHOTO 3aXBOPIOBAHHSI.

Xapakmepucmuka ximiyHux enacmusocmel
¢ocgpopy ma iioz2o cnonyk. IHctpykuieto MOM go
BuKkopucTaHHa M3 HaBoaUTLCA KOpOTKa Xapakrepu-
cTuka ocdopy K XiMiYHOI PEYOBUHM, 3a3HAYAETHLCA
voro ponb y BionoriyHnx cTpykTypax i isionoriyHmx
npoLecax opraHiamy, HaubINbLL BaXIIMBUMU 3 SKUX €
ctpyktypu OHK i PHK, docdoninign KniTMHHUX mMem-
OpaH, BUCOKOEHEPreTUYHi Hykneoaua audocdatn Ta
TpudhocdaTu, HykneoanaHi hocatu Ta hocdopunbo-
BaHi 6inkoBi areHTW Ta iH. [2]. HaToMiCTb, Y BITYM3HSAHO-
my TMN3 cepen eTiONOMYHMX YMHHMKIB HEDE3NEYHOro
BMNMBY 3a3HaYaeTbCcs nulle opMa pPeyoBuHU: Ginun

(>xoBTUI) chocchop [6].

EnemeHTapHuin occop, SKOro HeMae SK Takoro B
npupogi, iCHye B TPbOX OCHOBHUX anoTpornHuX ¢op-
max. binui doccop (abo xoeTuit hocdop, P4) mae
BWCOKY peakuiiHy 3AaTHICTb | caMo3aiMaeTbCs y
MOBITPi, OKWUCIIOKYMCL OO0 POCHOPHOro aHriapuay,
SIKUA Y CBOIO Yepry pearye 3 JOBKOMULLHLOK BOAOK 3
YTBOPEHHSAM (hOCCGHOPHOI KUCNOTK Ta aHrigpuais noni-
docopHOi KMCnoTn. PevyoBuHA po34YMHHA B OpraHiy-
HUX PO34MHHMKaX. Bigomo, Lo Lus anoTponHa cnomnyka
CpUYMHANa NpodeciiHi 3aXBOPIOBaHHS Y NpaLliBHUKIB
BMPOBHMLTBA CIPHUKIB Y MUHYNOMY NPOTArOM Maiibke
100 pokiB, NOKY ii BUKOPUCTaHHS Y LibOMY BUPOBHULTBI
He Byno obmexeHe abo 3abopoHeHe Ha mouvaTtky XX
cTopivys. YepBoHui dpocchop Habarato CTabinbHILLNg i
€ MEeHL! TOKCMYHWUM MOMIMEPHUM amnoTponoMm, KU
BMKOPWUCTOBYETLCA Ha 6BinbLIOCTi npomucnosux nig-
MPUEMCTB, e 3aCTOCOBYETLCS enemeHTapHWi ¢oc-
dop. YopHun docdop Mae wwe Binbl ctabinbHy ano-
TPOMHY YOPMY 3 NOTEHLINHAM BUKOPUCTAHHAM Y HaHO-
TexHonorisx. IHhopmaLis Npo NOro TOKCUMYHICTb Hapasi

obmexeHa [8].

e

as when considering issues related to compensation
by the owner of an enterprise, institution / organization
or an authorized body for damage caused to an
employee as a result of damage to his health related to
his work duties [6].

By “The Order of the Ministry of Health of Ukraine”
No. 374/68/338 29.12.2000 “On approval of the
instruction on the use of the list of occupational dis-
eases (as amended by “The Order of the Ministry of
Health” No. 2911/99/738 29.12.2021)” is approved the
instruction for the use of LOD [7].

In contrast to the instructions for the use of LOD ILO,
similar documents in Ukraine do not provide character-
istics of the etiological factor, etiopathogenesis, occu-
pational exposure, toxicological profile of the etiological
factor, the main consequences of its impact on health
and criteria for diagnosing diseases [6, 7]. Also, these
instructions do not cover the main measures for the
prevention of occupational diseases. It should be noted
that although the domestic instructions do not provide
a description of the etiological factor of the disease, at
the same time it contains information on the list of
works and industries where an occupational disease
may occur.

Characteristics of chemical properties of phos-
phorus and its compounds. The ILO instruction for
the use of LOD provides a brief description of phospho-
rus as a chemical substance, notes its role in biological
structures and processes of the body, the most impor-
tant of which are the DNA and RNA structures, phos-
pholipids of cell membranes, high-energy nucleoside
diphosphates and triphosphates, nucleoside phos-
phates and phosphorylated protein agents in signaling
cells [2]. In Ukrainian LOD, among the etiological fac-
tors of dangerous influence, only the form of the sub-
stance is noted: white (yellow) phosphorus [6].

Elemental phosphorus, which does not exist as such
in nature, exists in three main allotropic forms. White
phosphorus (or yellow phosphorus, P4) has a high
reactivity and self-ignites in air, oxidizing to phosphoric
anhydride, which in turn reacts with ambient water to
form phosphoric acid and polyphosphoric acid anhy-
drides. The substance is soluble in organic solvents.
This allotropic compound is known to have caused
occupational diseases in matchmakers in the past for
almost 100 years, until its use in matchmaking was
restricted or banned in the early 20th century. Red
phosphorus is a much more stable and less toxic poly-
mer allotrope that is used in most industrial plants
where elemental phosphorus is used. Black phospho-
rus is an even more stable allotropic form with potential
uses in nanotechnology. Information on its toxicity is
currently limited [8].

Phosphorous ores consist mainly of monomeric or
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doctopHi pyan cknagarTbCs B OCHOBHOMY 3 MOHO-
MepHuX abo nonimepHux hocchartis, TakMX SK anaTur i
docdoput (popmm cpocdaTy kanbLito), B OCHOBHOMY
GionoriyHoro noxomkeHHs. PocdaTHi pyam NPUCYTHI B
30CepelXeHNX, NPUAATHUX ANs NPOMUCIIOBOrO BUKO-
PUCTaHHA popMax Nuile B AEKinNbKOX KpaiHax CBITY:
Knutan, pocis, Mapokko, CLWA (wrtatn ®nopuaa,
Anpaxo, TeHHecci, HOTa) [9].

[lo HeopraHi4YHMX cnonyk docdopy HanexaTb OpTo-
dhocchopHa kucnota Ta i coni (hoccat), neHTaokeug
docdopy (dpocchopHuin aHrigpua), docditHa kucnota
Ta i coni (docditn), neHTaxnopug cdocdopy, neHTa-
cynboig docdopy, xnopug cocdopy, okeuxriopug
dhocdopy, rasonogibHuin hocdiH. PocdiH (abo docain
BogHo, PH3) — ue 6e3bapBHMIA NErko3anMuCTui ras,
AKUA OOEPXYIOTb LNSAXOM peakLii pocopHOi KUCNOoTK
Ta MeTaniB abo LWMsSXOM HarpiBaHHS Xnopuctoro doc-
dopy. MpupoaHum WnNsxom ocdiH YTBOPHOETLCS B
pe3ynbrati aHaepobHOro posknafaHHs MepTBUX TKa-
HUH. YncTuin hocdiH camosanmaeTbes nNpu Temnepary-
pi Buwe 38 °C i yTBOptoe BUBYxOHebe3neyHy cymill y
MOBITPI NpK KOHUeHTpauii noHazg 1,8% 3a o6’emom [10].

®ocdop NpUCYTHIN Yy TakUX XiMIYHUX pPeYyoBUHAX SIK
docchopopraHiyHi necTMumamn, 6onoBi XiMiyHi pevoBu-
HU Ta dochopopraHivHi aHTMnipeHu, xoda B baratbox
KpaiHax OCTaHHi Oynn 3abOpPOHEHI Yepes IXHI0 TOKCUY-
HicTb [11].

Ocobnueocmi npodgpeciliHoi ekcrio3uyii ¢hocgho-
pOoM ma lio2o criosykamu. B iHCTPYKUIT 3 BUKOpUCTaH-
Ha M3 MO 2022 p. yeara npuainseTbcsl Takox
iHbopMaLii Wwoao npochecinHoi ekcnoaudii pocdopom
Ta 110ro cnomnykamu. Mnetbest npo 1oro LKMPOKe BUKO-
PUCTaHHA Y BMPOOHMLTBI 000pMB, MUouMX 3acobis,
KOpPMIB A4S TBAPUH, a TAKOX XiMiKaTiB: hbapmMaKkonoriyHi
npenapatu, NectTMuMayn, MactunbHi matepianu; Goe-
npunacw i 3anantoBansHi NpUcTpoi. Baxnumeo, Lo KOX-
HWIM Knac cnonyk ¢ocdopy Ta TEXHOMOTIYHWIA NpoLec
MPOMWCIIOBOMO BUKOPWCTAHHSA XapaKTepusyeTbCs pi3-
HUMW MexaHi3Mamu BMIMBY PEYOBMHW Ha 300pOB'A
€KCMOHOBaHMX. EkcnepTi 3a3HayatoTh, Lo HEOPraHiyHi
docatv Ta HochiTH LUMPOKO BUKOPUCTOBYHOTLCS SIK
JobpuBa B CinlbCbKOMY rOCNOAAPCTBI, ane He MawTb
0COBMMBOrO TOKCUKOMOTIYHOMO 3HAYeHHS [2].

OpraHiuHi cocatHi edipn LWMPOKO BUKOPUCTO-
BYIOTbCH B MPOMWCIIOBOCTI K MacTumnbHi J0DaBkw,
aHTUNIpeHun, nnacTudikatopy Ta XimiuHi NPOMiXHI Npo-
AykTi. IX 3aCTOCOBYIOTb Yy BUPOBHMLITBI rymu, nnact-
mac, nanepy, naky Ta MeTaniB, a TakoX SIK iHrpegieHTy
necTMuuais i uicTaumux 3acobis. MoTeHLian TOKCMYHOCTI
hochaTHMX edpipiB ayxe pisHui. binuin docdop npo-
[OBXYIOTb BYKOPWCTOBYBAaTU Y BUPOOHULTBI pOOEHTH-
umais, Hanpwknag, docdigy anoMiHito, YepBOHUN — Y
BUPOOHWLTBI CipHWMKIB, YOPHMIA cboccop Yy AaHui Yac
Mano BMKOPWUCTOBYETLCA B npomucnoBocTi [11, 12].

dociH — ue ras, Baxyui 3a MOBITPS, KU YTBO-
PIOETLCA NPU KOHTAKTI 3 CUIIbHUMK KCoTamu ¢hoci-
JOBMICHMX MeTaniB abo B crieumdivyHMX MeTanyprinHmnx
peakuisax. BiH BUKOPUCTOBYETbCA B CWMHTE3I OpraHo-
docahiHiB Ta iHLUMX opraHivHUX NoxigHux chocdopy, SK

e

polymer phosphates, such as apatite and phosphorite
(forms of calcium phosphate), mainly of biological ori-
gin. Phosphate ores are present in concentrated forms
suitable for industrial use only in a limited areas of the
world: China, russia, Morocco, the United States
(Florida, Idaho, Tennessee, Utah) [9].

Inorganic  phosphorus  compounds include
orthophosphoric acid and its salts (phosphates), phos-
phorus pentoxide (phosphoric anhydride), phosphitic
acid and its salts (phosphites), phosphorus pentachlo-
ride, phosphorus pentasulfide, phosphorus chloride,
phosphorus oxychloride, and phosphine gas.
Phosphine (or hydrogen phosphide, PH3) is a color-
less, highly flammable gas that is produced by the
reaction of phosphoric acid and metals or by heating
phosphorus chloride. Naturally, phosphine is formed as
a result of anaerobic decomposition of dead tissues.
Pure phosphine ignites itself at temperatures above
38°C and forms an explosive mixture in air at a concen-
tration of more than 1.8% by volume [10].

Phosphorus is present in several chemicals such as
organophosphate pesticides, chemical warfare agents,
and organophosphate flame retardants, although the
latter have been banned in many countries due to their
toxicity [11].

Features of occupational exposure to phospho-
rus and its compounds. The LOD ILO manual for use
2022 also focuses on information about occupational
exposure to phosphorus and its compounds. We are
talking about its widespread use in the production of
fertilizers, detergents, animal feed, as well as in the
production of chemicals such as pharmacological
preparations, pesticides, lubricants; ammunition and
incendiary devices. It is important that each class of
phosphorus compounds and the technological process
of industrial use is characterized by different mecha-
nisms of the substance’s influence on the health of
exhibitors. Experts note that inorganic phosphates and
phosphites are widely used as fertilizers in agriculture,
but do not have much toxicological significance [2].

Organic phosphate esters are widely used in industry
as lubricants, fire retardants, plasticizers and chemical
intermediates. They are used in the production of rub-
ber, plastics, paper, varnish and metals, and also as
ingredients for pesticides and cleaning agents. The
toxicity potential of phosphate esters is very variable.
White phosphorus continues to be used in the produc-
tion of rodenticides, for example, aluminum phosphide,
while the red one — in the production of matches, black
phosphorus is currently little used in industry [11, 12].

Phosphine is a gas heavier than air that is formed by
contact of strong acids with phosphide-containing met-
als or in specific metallurgical reactions. It is used in
the synthesis of organo-phosphines and other organic
phosphorus derivatives, as a fumigant for grains in ele-
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(ymiraHT 4ns 3epHa Ha eneBaTopax, a Takox Ha bopTty
CydeH $K mecTuumg npoTu Komax i rpusyHiB. Okpim
TOro, pe4oBMHA BUKOPUCTOBYETLCS SK MPOMIDKHUIA NPO-
OYKT y CuHTE3i opraHohoCiHiB i OpraHiyHMX NOXIQHUX
chocchoHito, a TakoX Sk nerytoda gobaska ons BBEAEH-
HA cbocchopy OO0 KpUCTaniB KPEeMHilo y BUMPOOHULTBI
MiKPOENEKTPOHHWX NPUCTPOIB AN HaniBNPOBIAHUKOBOI
npommcnosocTi [13, 14].

3rigHo 3 TMN3 B YkpaiHi nepenik pobiT Ta BUPOL-
HMUTB, Ha SKMX MOXNMBE BUHWUKHEHHS MPOMECIHOI
iHTOKCUKaLii docchopomM Ta Woro crnonykamu, MiCTUTb
«yci Buan pobiT (BKntoyatoun nabopatopHi), Nos’s3aHi
3 ofiepXKaHHsAM, NepepobKot, 3aCTOCYBAHHSAM XiMiYHOT
PEYOBMHM Y PI3HUX Tany3sx npoMucroBocTi, Bygie-
HWUTBI, CiflbCbKOMY rOCMNOAapcCTBi, Ha TPaHCMOPTi Ta y
cbepi obcnyroByBaHHs» [6].

3rigHo 3 INMN3 MOTI 2010 poky Ao rocTpux Npodecii-
HUX 3axBOPIOBaHb Bifg BMNMBY OCHOpY BIOHOCATH:
NoApasHIoYy pecnipatopHy Ao (J68), roctpe oTpy-
€HHS razonofioHuM gociHom (J68), Habpsik nereHb
(ximiyHuMin) (J68.1), omikm Ta po3'idaHHA 30BHILLHLOI
noeepxHi Tina (T20-T25), nogpasHoYMIA KOHTAKTHUIA
depmatut (L24), roctpuin TOKCMYHMIA renatut (K71.2).
[o xpoHiuHux oTpyeHb (kog +T57.1 +Z57) BigHOCATL-
CS1: HEKPO3 BEPXHbOI Ta HUXHBOI Lwenen («doctopHa
wenenay) (K10.2) Ta renaTOTOKCUYHE YPAKEHHS 3 HEK-
po3om neviHku (K71.1) [2].

[lo BiTumsHsHoro NMN3 BHeceHo Taki dopmMu natorno-
rii BHacnigok BnnAnBy ¢pocopy Ta MOro Cronyk: TOK-
cnyHuin renatut (K71.3), ypaxkeHHs NeYiHkK 3 pO3BUT-
koM pibpo3y Ta umpo3sy (K71.7), ypakeHHs neviHku 3
iHWYMK nopyLueHHsamm (K71.8), a Takox TOKCUYHI ypa-
XXeHHs1 KicTok: ocTeonopo3 (M80, M81), ocTeocknepos
(M34.2), Hekpo3 wenenu (M87.8). Ak i ons iHwWmMx
3aXBOpPOBaHb, Y [OKYMEHTI BiLCYTHE OMWUCaHHA Bna-
CTMBOCTEN hoCcopy, NOro TOKCUKOMOTYHOro Npodinto,
MiHiManbHOT TPMBAoCTi BNNMBY, 3a SKOI MOXe PO3BU-
HYTUCb NpoecinHe 3axBOpKOBaHHA, TpPUBANOCTI
NaTEHTHOro nepiody, a TakoX 3axoAiB MPOinakTUKu.
Came ue yCcKnagHIoe ekcrnepTuay NpodeciiHnX 3axBo-
proBaHb Ta 00’eKTMBI3aLjto diarHo3y [6].

Tokcukonoei4Huli npogpinb ¢hocghopy ma lio2o
cronyk. Ockinbkn Hoccop € XUPOPO3YNHHUM, BiH
LUBMAKO 3aCBOKETLCA Ta PO3NOAINSETLCA B OpraHiami
Micns BOWXaHHS, NPOKOBTYBAHHS, KOHTAKTY, BUKMUKAE
oniku wWkipw. binui ocop NPOBOKYE YUCNEHHI MicLe-
Bi Ta CUCTEMHi TOKCWUYHI eheKTU, NOPYLLYIOYN CUHTES
ATO, binka Ta CNpUYMHSAE HEKPO3 KNiTUH. [pUrHiYeHHs
CWHTesy ninonpoTeifiB OyXe HU3bKOI LLNIbHOCTI Npu-
3BOAMTb 0 HAKOMWYEHHS TPUIMILEPUAIB Y NediHui Ta ii
TOKCUYHOTO YpaxeHHs [15].

MicueBi ecbekTn BnAnBy docdopy Ta 1oro cnomyk
CMPUYMHSAIIOTE CUITbHI ONiky LUKIpKU Ta Cnn3oBMx 060ro-
HOK NPW KOHTaKTi, OMNiK/ BEPXHIX OuXanbHMX LUNAXIB i
BaXKe 3ananeHHs NereHiB nicns BOWXaHHs, a TakoX
OnikV  LLINYHKOBO-KULLKOBOTO TPaKTy MiCns MPOKOBTY-
BaHHSA [16, 17]. CucTeMHi edheKTV XapaKTepUayrHTbCs
MYIIBTUOPraHHOK TOKCUYHICTIO (remaTo- Ta HedpOTOK-
CWYHICTb, BMMMB Ha LUMNYHKOBO-KWLLKOBY Ta CEPLEBO-

vators, as well as on ship boards as a pesticide for
insects and rodents. Besides, the substance is used as
an intermediate in the synthesis of organo-phosphines
and organic phosphonium derivatives, and also as a
dopant to introduce phosphorus into silicon crystals in
the production of microelectronic devices for the semi-
conductor industry [13, 14].

According to the LOD in Ukraine, the list of works
and manufactures, where professional intoxication with
phosphorus and its compounds may occur, contains
“all types of work (including laboratory) related to the
production, processing, use of chemical substances in
various industries, construction, agriculture, transport
and service” [6].

According to the LOD ILO 2010, acute occupational
diseases from exposure of phosphorus include: irritat-
ing respiratory action (J68), acute poisoning with phos-
phine gas (J68), pulmonary edema (chemical) (J68.1),
burns and corroding of the outer surface of the body
(T20-T25), irritating contact dermatitis (L24), acute
toxic hepatitis (K71.2). Chronic poisoning (code +
T57.1 + Z57) includes: necrosis of the upper and lower
jaws (‘phosphorous jaw’) (K10.2) and hepatotoxic
lesions with liver necrosis (K71.1) [2].

The following forms of pathology due to the phos-
phorus and its compounds exposure are introduced
into Ukrainian LOD: toxic hepatitis (K71.3), liver dam-
age with the development of fibrosis and cirrhosis
(K71.7), hepatotoxicity with other disorders (K71.8), as
well as toxic bone damage: osteoporosis (M80, M81),
osteosclerosis (M34.2), jaw necrosis (M87.8). As for
other diseases, the document does not describe the
properties of phosphorus, its toxicological profile, the
minimum duration of exposure at which an occupation-
al disease can develop, the duration of the latent peri-
od, as well as preventive measures, which complicates
the recognition of occupational diseases and objectifi-
cation of the diagnosis [6].

Toxicological profile of phosphorus and its com-
pounds. Because phosphorus is lipid-soluble, it is
quickly absorbed and distributed in the body after
inhalation, ingestion, contact, and contact causing skin
burns. White phosphorus causes multiple local and
systemic toxic effects, disrupting mitochondrial produc-
tion, protein synthesis, and causing cell necrosis. The
inhibition of very low-density lipoprotein synthesis
leads to the accumulation of triglycerides in the liver
and hepatotoxicity [15].

Local effects of exposure of phosphorus and its com-
pounds include severe burns to the skin and muca
upon contact, burns to the upper respiratory tract and
severe pulmonary inflammation after inhalation, and
burns to the gastrointestinal tract after ingestion [16,
17]. Systemic effects are characterized by multi-organ

13
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CyOMHHY CUCTEMM), SKa MOXe MPOSBNATUCS i3 3aTpuM-
KO0 Bif OAHOrO 40 CeMM AHIB | CYNpOBOAKYETHCS Pi3HM-
Mu MeTaboniyHummn edpektamm [18-20]. CmepTenbHe
OTPYEHHS 3a3BMYal BUHUKAE BHACNIZOK roCTPOl nevdiH-
KOBOI Ta CepLIeBO-CyaAMHHOT HegocTaTHoOCTi [21, 22]. Tak
3BaHa «docopHa Lwenena» — Le CTaH, CpUYUHEHUIN
XPOHIYHUM BAMXaHHAM Ym npuromom Binoro cdocdopy
3 HaCTYMHUM HaKOMWYEHHSIM WOr0 B TKAHWHI KICTKW.
IcTopryHO XBOpPODA AiarHoCTyBanach y npauiBHKKIB Cip-
HUKOBOTO BUPOOHULTBA [23, 24].

Bnnue ocopHoro awHrigpuay (neHtookucy oc-
dopy) Ta PocdOopHOi KUCAOTM CRPUYMHSE ONiKK LLKIPK
Ta cnn3oBux 0BONOHOK, 0COBNMBO B KOHLIEHTPOBAHIN
dopmi  nomicpocopHOi KMCNOTH, sika BUKOPUCTOBY-
€TbCS B XiMiYHMX Linsx. ManoreHonoxigHi hocdopHol
Kucnotu (xmopuam Ta okcuxnopuay docdopy) npu
KOHTaKTi TaKOX CNpWUYMHSIOTb MOAPA3HEHHA Auxarb-
HUX LUNAXiB i OMiKM LWKIipW | CnNu3oBUX OBOMOHOK.
dochiH BUKNMKAE METrEMOrMOBIHEMIID NpW BOMXaHHI
nogibHo go ankingocginis [25].

Binuin chochop cnoHTaHHO cnanaxye B NOBITPI, yTBO-
pIOIOYM Napu, NOAPA3HIOKYI LLUKIPY, OYi Ta AuMxanbHi
WASXM 3 MOXIIMBUM HACTYMHUM HabpsikOM FereHiB.
MopibHi edekTn BukNUKalOTb OcopHa KUCMOTa,
neHTaokuc ocdopy, neHtaxnopug docdopy, xnopua
docdhopy Ta okemxnopug docdopy [26].

BauxaHHs neHTaokcugy docdopy, neHTaxnopuay
dhoccbopy abo rasdy ociHy MOXE CNPUYMHUTMK yno-
BiNlbHEHWI HaOpsiK NereHiB, WO XxapaKkTepusyeTbes
MakcuManbHUM NaTeHTHUM nNepiogoM NpoTsaroMm 72
rogMHK. Xo4va YncTuii hociH He Mae 3anaxy, YacHWKo-
BUN ab0 pubHMIA 3anax MOXe BigYyBaTUCH MPU KOH-
ueHTpauisax nopsaky 0,3 ppm (particles per million —
YACTMH Ha MINbNOH) Yepe3 AOMILKM B KOMEpLINHO
BUTOTOBMEHMX MaTepianax. Teepaun (6inuit) docdop
MOXE CMPUYUHUTI ONIKM LLKIPW NPU NPSMOMY KOHTaKTI,
Taki oniku1 cnif AKHaANLWBMALIE NPOMUTY BENWKOI KiNb-
KICTIO BOAM Ta, SKWO HEOOXigHO, OUMCTUTM LLKIpY.
MognibHi onikv NOBINbLHO 3axwuBatoTh [27-29]. BanxaHHs
abo npuiiom Binoro docdopy TakoX MOXe Npu3BecTy
[0 NOLIKOMKEHHS NediHKuW. JIaTeHTHWI nepiog iHTOKCK-
Kauii, Ik npaBuno, KOPOTKMIA, He BinbLue KiNbKOX roauH,
ane KniHiYHi NPosiBU MOXYTb 3aTArHYTUCS Bif OLHOrO
fo cemu gHis [30, 31].

Kniniyni nposieu ma diazHocmuyHi kpumepii ypa-
JXeHHs1 ¢hochopom ma lio2o crosykamu. [lepio-
OWYHA €eKCno3wuList HW3bKUMU KOHLEHTpaLisiMn rasy
docdpiHy (3a3suyan oo 0,3 ppm) cnpuunHse nue ner-
KU ronoBHWN Ginb. BinbLu iIHTEHCMBHA rocTpa excnosu-
Lis ¢hochopom Ta MOoro Cronykamu BUKNMKae noapas-
HEHHS1 LWKIpW Ta Cnn3oBux 0BGOMOHOK, NPWU3BOAMTL 0
YTPYAHEHHS OWXaHHS, KAl Ta 3rogom Ao BigTepMmi-
HOBaHOro Habpsiky nereHb. HannowwmpeHiwmmmu cumn-
TOMamMu, CrpUYMHEHUMK BRMBOM rasy ocdiHy, €
6noBoTa, HyOoTa, 3aNaMOPOYEHHS Ta Kallesb, AnXaH-
HS1 OTPYEHOrO YacTo Bie YacHukom [11]. BnnmB Ha wkipy
BUCOKWNX KOHLIEHTPALii hocdopy BUKIUKAE TSHKKI OMIKM.
Mpu Moro BaMXaHHI BUHWKAKOTb OMiKM ANXANbHUX LLUNS-
XiB i Habpsik nereHiB, a NPOKOBTYBaHHS CMPUYUHSIE
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toxicity (hepatotoxicity and nephrotoxicity, effects on
the gastrointestinal and cardiovascular systems),
which can manifest itself with a delay of one to seven
days and is accompanied by various metabolic effects
[18-20]. Fatal poisoning usually occurs as a result of
acute hepatic failure and cardiovascular collapse [21,
22]. The so-called ‘phossy jaw’ is a condition caused by
chronic inhalation or ingestion of white phosphorus,
and accumulation in bone tissue. Historically, the dis-
ease was diagnosed during examination of match-pro-
duction workers [23, 24].

Exposure of phosphoric anhydride (phosphorus pen-
toxide) and phosphoric acid causes burns to the skin
and mucosa, especially in the concentrated form of
polyphosphoric acid used for chemical purposes.
Phosphoric acid halogen derivatives (chlorides and
phosphorus oxychloride) also cause respiratory tract
irritation and burns to the skin and mucosa on contact.
Phosphine causes methemoglobinemia when inhaled,
similar to alkyl-phosphines [25].

White phosphorus spontaneously ignites in the air,
forming vapors that cause irritation of the skin, eyes,
and respiratory tract, with potential progression to pul-
monary edema. Similar effects are caused by phos-
phoric acid, phosphorus pentoxide, phosphorus pen-
tachloride, phosphorus chloride, and phosphorus oxy-
chloride [26].

Inhalation of phosphorus pentoxide, phosphorus pen-
tachloride, or phosphine gas can cause a delayed pul-
monary edema, characterized by a maximum latency
period of 72 hours. Although pure phosphine is odor-
less, a garlic or fish — like odors can be perceived at
concentrations of about 0.3 ppm (particles per million)
due to impurities in commercially produced materials.
Solid (white) phosphorus can cause skin burns on direct
contact, and such burns should be decontaminated with
plenty of water as soon as possible and, if necessary,
debridement. Such burns heal slowly [27-29]. Inhaling
or ingesting white phosphorus can also cause liver
injury. The latent period of intoxication is usually short,
no more than a few hours, but clinical manifestations
may be delayed from one to seven days [30, 31].

Clinical manifestations and diagnostic criteria
for phosphorus and its compounds. Periodic expo-
sure to low concentrations of phosphine gas (usually
up to 0.3 ppm) causes only a mild headache. More
intense acute exposure of phosphorus and its com-
pounds causes irritation of the skin and mucous mem-
branes, leads to difficulty breathing, coughing, and
subsequently delayed pulmonary edema. The most
common symptoms caused by exposure to phosphine
gas are vomiting, nausea, dizziness, and coughing,
and the poisoned person’s breath often smells of garlic
[11]. Exposure to high concentrations of phosphorus on
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OnikW LUMYHKOBO-KULLKOBOTO TPakTy Ta kposoTteui [20].
MocTynoBo 3'ABNATLCS O3HAKM MYMNBTUOPraHHOI TOK-
CUYHOCTI Ta Cepiio3Hi MeTaboniyHi NMOPYLUEHHS], BKITHO-
YaluM renaToTOKCUYHICTb, FOCTPE YPaXKEHHSI HUPOK
(Hanpwknag, rocTpuid TyOyNspHWiA Hekpo3), cepuesi
apuTMIi, CepLeBO-CYANHHWUIA KOManc, YPaXeHHs LieHT-
panbHoi HepBoBOI cucTemu Ta B3 cuHgpom (aucemi-
HOBaHE BHYTPILUHbOCYAMHHE 3rOPTaHHSA KpoBi). Y
nocTpaxaanux BUHKKae Ginb y XXUBOTI, Taxikapgis, rino-
TeH3iq, MNsBiCTb, Cyaomu Ta koma [32, 33].

Mpu ypaxeHHsX LWKipKU mxepeno ynsrpadioneToBoro
CBiTNa, Hanpuknag, namna Byga, moxe [onNoMorTv
BU3HAUNTW 3abpydHeHi AinsHKW, OcKinbku cocgop
dnyopecuye nig ynstpadionetoBUM BUMNPOMIHIOBAH-
HAM. [MogpasHioBanbHUA KOHTAKTHUA OepMaTUT MoxXe
MaTu TocTpy 4u XpOHiuHy chopmy. 3a3Buyai BU3Ha-
YalTbCA TWUMOBI O3HAKW AEPMATUTY: MOYEPBOHIHHS,
CyXiCTb, NYLLEHHS, TPILLMHW, BE3MKYNM abo Nyxumpi 3 MOK-
HYYICTHO, LLO CYMpPOBOMKYOTLCS cBEpOiHHAM. 3a BigcyT-
HOCTi TPWBanoro MoAPasHEHHS MOLUKOMKEHHS LUKIpK
MOXe 3aroiTUCh 3a Kiflbka TUXHIB, O4HaK Npy NOBTOPHWUX
nogpasHeHHsX xBopoba 3a3Buyaii HabyBae XPOHIYHOrO
nepebiry, 4acTo YCKINaAHIETLCA BTOPUHHOI iHGEKLEHD.
XPOHiYHWIA NogpasHIoBanbHUA AepMaTUT MOXe Cynpo-
BOKYBaTWCb NixeHidikauieto B pesynerati TepTa abo
noapsinuH Yepes cBepbix. [MOLWKOMKEHHS LUKIPHOMO
Hap’epy npu3BoauTb 40 30inbLUEHHS TpaHcenigepmanb-
Hoi BTpaTh Bogu. Came Lie NOpYLUEHHs NOB'A3aHe 3 nia-
BMLLIEHOI0 IMYHHOI aKTMBALiEl0 Ta 3ananeHHsm. Brpara
LiniCHOCTI LUKipW NPWU3BOAMTL A0 MOAANbLIOMO MPOHUK-
HEHHS1 NOAPa3HMKIB, MPOBOKYIOYM XPOHIYHE 3ananeHHs.
Ane ekcnepuMeHTanbHi JaHi MoKasanw, Lo KOHKPETHa
3amanbHa peakuis moxe Oyt cneuwndivHow ans
NOApPasHUKa, LU0 BW3HAYaETLCHA PiHUMK MpodingaMu
LIMTOKIHIB. £K NpaBmno, peakLisi Ha noapasHeHHs po3Bu-
BaETLCS NPOTArOM KifTbKOX XBUINWH ab0 rofuH Micsi KOH-
TaKTy Ta € HanbiNbLl BUPAXXEHO NpMbNMU3HO Yepes 24
roAvHM Micns ekcnosuuii [27-29].

Cnig 3asHauuTW, WO MOKa3HUKM (YHKLiOHANbHOro
[OCTNIMKEHHS NereHb MOXyTb OYyTW HOpPMarnbHUMKM Ha
NMoYyaTKOBMX eTamnax iHransuinHoi iHTOKcuKalii, ane
3a3Buyan B noganbwomy noripiytTbes. icng npo-
KOBTYBAHHS, JOCNIAMBLUM Kan, MOXHa BUSIBUTU ¢hoC-
dopecueHLilo, A0 TOro X iHKONM CnocTepiraeTbes
«OUMINEHHs» OMIoBOTHMX Mac i kany. pu ypaxeHHi
NeYiHKM NiOBULLYIOTLCSA PiBHI NEYiHKOBUX (PepMeHTIB
ACT (acnapratamiHoTpaHcdepasu), AJIT (anaHiHami-
HoTpaHcdepasm), a Takox OinipybiHy. Y3 yepeBHOI
nopoHUHWM Ta KT MOXyTb RNiATBEPAUTU YpaXeHHS
nevdiHkW. CcToNorivHi 3MiHM NEYiHKX BKNOYaOTb MIKpO-
BE3WKYNAPHUA CTeaTo3 i HeKpo3, B [JOBrOCTPOKOBIN
NEpCNEKTUBI MOXIMBWIA po3BUTOK ¢hibpoay [19, 30].

Mpun TXKUX IHTOKCMKALiaX pocopom y nauieHTis
pO3BMBaIOTLCA MMMOOKI METAbOMIYHI NOPYLLEHHS Y BUT-
nagi rinornikemii, rinokanbuiemii, cepueBoi apuTMil.
FoCTpe ypaXKeHHS1 HUPOK CYMPOBOAXKYETHCA NiABULLEH-
HAM PIBHSI KpeaTUHIHY B CMpOBATLI KPOBi Ta enekTpo-
MITHAMKX NOPYLUEHHAMW (Hanpuknag, rinepkaniemieto).

the skin causes severe burns. When inhaled, burns of
the respiratory tract and pulmonary edema occur, and
ingestion causes burns of the gastrointestinal tract and
bleeding [20]. Gradually, signs of multi-organ toxicity
and serious metabolic disorders appear, including
hepatotoxicity, acute kidney injury (e.g., acute tubular
necrosis), cardiac arrhythmias, cardiovascular col-
lapse, central nervous system effects, and DIC syn-
drome (disseminated intravascular coagulation).
Victims experience abdominal pain, tachycardia,
hypotension, lethargy, convulsions, and coma [32, 33].

For skin lesions, an ultraviolet light source such as
Wood’s lamp can help identify contaminated areas
because phosphorus fluoresces under ultraviolet radi-
ation. Irritating contact dermatitis can have an acute or
chronic form. Usually, typical signs of dermatitis are
identified: redness, dryness, scaling, cracking, vesicles
or blisters with weeping, accompanied by itching. In the
absence of prolonged irritation, skin damage can heal
in a few weeks, however, with repeated irritations, the
disease usually becomes chronic, often complicated by
a secondary infection. Chronic irritating dermatitis can
be accompanied by lichenification as a result of friction
or scratching due to itching. Injury to the skin barrier
leads to increased transepidermal water loss, and this
disruption itself is associated with increased immune
activation and inflammation. The loss of skin integrity
contributes to the further penetration of irritants, there-
by provoking chronic inflammation. However, experi-
mental data have shown that a particular inflammatory
response may be specific to the irritant as identified by
different cytokine profiles. Typically, the reaction to irri-
tation develops within a few minutes or hours after con-
tact and is most pronounced approximately 24 hours
after exposure [27, 28, 29].

It should be noted that the lung function tests may be
normal at the initial stages of inhalation intoxication,
but usually worsen in the future. After ingestion, a stool
examination can detect phosphorescence, and there
may be also ‘smoking’ vomitus and stools. When hepa-
totoxicity, the level of hepatic enzymes AST (aspartate
aminotransferase), ALT (alanine aminotransferase),
and bilirubin levels increase. Abdominal ultrasound and
CT scans can confirm liver damage. Histological
changes in the liver include microvesicular steatosis
and necrosis, and fibrosis may develop in the long term
[19, 30].

With severe phosphorus intoxication, patients devel-
op deep metabolic disorders in the form of hypo-
glycemia, hypocalcemia, and cardiac arrhythmia.
Acute kidney injury is accompanied by increased
serum creatinine levels and electrolyte disturbances
(for example, hyperkalemia). A urine test can reveal
signs of acute tubular necrosis: hematuria and casts.

15
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AHani3 cevi MOXe BUSBUTW O3HAKM rocTporo Tybynsp-
HOTO HEKPO3Y: reMaTypilo, @ TaKOX TaK 3BaHi «3MinKkuy».
MoXnuBi BigXMINEHHS NOKa3HWKIB 3aranbHOro0 aHanidy
KpOBI Ta NPOTPOMBIHOBOrO Npodinto. BHyTpiLLHBOCYANH-
HWUI remoni3 3 BU3Ha4YeHHAM Tineub [enHua Ta metre-
MOrMoBIHEMISt € PIOKUMW YCKNAAHEHHAMMW Takoi iHTOK-
cvkauii [11, 22].

[na BCcTaHOBNEHHS NPOMECIHOrO r'eHesy 3axBOpHo-
BaHHS BaXIMBO MiATBEPANTU NPOECIKHY EKCro3nLito
BUCOKMMM KOHLEHTpauismun 6inoro docdopy Ta 1oro
crnonyk, Bknovatoun ¢ocdiH. Cnig 3ayBaxutu, LIO
MaKcMMarnbHa KOHLeHTpauis rady gociHy, SKy MOXHa
BATPUMATW MPOTATOM KiNbKOX roguH 6e3 ceprosHux
Hacnigkie, CTaHOBUTb 6nn3bko 7 ppm, a npotsarom 30—
60 xBunuH — 100-200 ppm. 3a pesynsratamv Aocnig-
XeHb piBeHb BMNMBY PEYOBUHM B KOHUeHTpauii 2000
ppmM LWBWAKO CMPUYMHAE CMepTb MOCTpaxganoro.
MiHiManbHa TpuBanicTb BRAMBY: AN BUHWUKHEHHS
CUMNTOMIB MOAPA3HEHHS, HabpsKy nereHb, OMIKiB i
NOAPAa3NMBOrO KOHTAKTHOTO AepMaTuTy — Kifnbka
cekyHA ekcnoauuii. MNpu roctpomy oTpyeHHi docdiHo-
BMM ra3om CMepTerbHi BUNagkn MOXMWBI NpW BRMBI
npoTarom 30-60 xBUNKMH 3a YMOBU KOHLEHTpaLi BULLE
290 ppm. lNpu ekcno3uuii 3a3Ha4eHOI0 KOHLEHTPaLiEw
MPOTSArOM KiflbKOX XBUITUH MOXITMBUIA PO3BUTOK TOKCHY-
Horo renatuty. 3a pekomeHgauismu MO makcumans-
HUA NaTEHTHUWA Nepiog NpW iHTOKCUKALii CTaHOBWTD:
Kinbka XBUITMH ONS FOCTPOro OTPYEHHS rasoM chocdi-
HOM, 1-2 rogWHKU Ans MiCLeBOro noapasHeHHs Ta ao 72
roguH — Ans Habpsky nerexsb [5, 8].

Hekpos BepxHbOi Ta HKHLOI Wenenn («doccopHa
wenena») (K10.2) — ue gobpe Binomuin eekT XpoHiy-
HOI eKCno3uLii BUCOKMMM KOHLEHTpauismu Ginoro dhoc-
dopy, WO xapakTepu3yeTbCs HEKPO3OM BEPXHBOI Ta
HWXHBOI Lwenen. Bunaaku 3axBoproBaHHS Tpannsanmes y
BUPOBHMLTBI CIPHWKIB, NOKM BUKOPUCTaHHS Binoro coc-
dhopy He byno 3abopoHeHo [15]. [o epu aHTMBiOTMKIB
CMepTb NauieHTiB 3a3Bmyan Byna cnpuynHeHa cenTule-
mieto. O3HaKkamu 3axBOPIOBaHHS €. pPSCHE ChVHOBUAI-
NeHHs, po3xuTyBaHHs 3ybiB, ypaxeHHs crnn3oBoi obo-
MOHKM MOPOXHUHW POTa, YTBOPEHHS CUHYCIB | CEKBECT-
paLii KicTkv. 3MiHM B LLeneni BUSBNSIOTLCA BigMnoBIgHN-
MU BidyanisauinHuMmn SOCRIMKEHHAMN: peHTreHorpadi-
eto Ta KT [24]. Tpu BWpILIEHHI eKCNepTHOro MUTaHHS
3B'A3Ky 3aXBOPIOBAHHS 3 yMOBaMy npaLi BpaxoBy€eTbCS
NPOECINHMIA MapLUPYT, TPMBANICTb Ta IHTEHCUBHICTb
ekcnoauLii B ymoBax BUpobHuuTBa. B iHCTpyKuii fo MM3
MOT Bn3Ha4aETLCS, LLO MiHIManbHa TPMBANMICTb EKCMo-
3uuii Ansa BU3HaHHSA NPOECINHOIO 3aXBOPIOBaHHS CTa-
HOBWTb ONM3bKO OAHOMO POKY, @ MakcuMarnbHUM
MoCTeKcno3nuinHum nepiog — 12 micauis [2].

Ekcnoauuia 6inum octhopom CnpuunHae TOKCUYHE
ypaxXeHHs! neviHkn 3 nposisamm Hekpody (K71.1), wo
riCTOMOrYHO XapaKTepusyeTbCs MIKPOBE3VKYNAPHAM
CTeaTo30M i HEKPO3OM. XPOHIYHMIA BMMMB PEYOBUHM
MOXe BUKMMUKaTW TaKoX nepunopTanbHuin ¢ibpos [2].
KniHiuHi NposiBM 3axBOPHOBaHHS XapakTepU3yTbCS
aHOpEKCiet, HyooTow, BOBOTOK, HE3AYXaHHAM, Big-
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There may be deviations in full blood count and in pro-
thrombin profile. Intravascular hemolysis (with Heinz
bodies) and methemoglobinemia are rare complica-
tions of intoxication [11, 22].

To establish the occupational genesis of the disease,
it is important to confirm occupational exposure to high
concentrations of white phosphorus and its com-
pounds, including phosphine. It should be noted that
the maximum concentration of phosphine gas, that can
be tolerated for several hours without serious conse-
quences, is about 7 ppm, and for 30-60 minutes — 100-
200 ppm. According to the results of studies, the level
of exposure to the substance at a concentration of
2000 ppm quickly leads to the death of the victim.
Minimum duration of exposure: for symptoms of irrita-
tion, pulmonary edema, burns and irritating contact
dermatitis — a few seconds of exposure. In acute phos-
phine gas poisoning, fatalities are possible with expo-
sure of 30-60 minutes at concentrations above 290
ppm. If exposed to this concentration for a feu minutes
acute, toxic hepatitis may develop. According to the
ILO recommendations, the maximum latent period for
intoxication is: a few minutes for acute phosphine gas
poisoning, 1-2 hours for local irritation, and up to 72
hours for pulmonary edema and for up to 7 days for
acute toxic hepatitis and other systemic effects [5, 8].

Maxilla and mandible necrosis (‘phosphorous jaw’)
(K10.2) this is a well-known effect of chronic exposure
to high concentrations of white phosphorus, character-
ized by necrosis of the maxilla and mandible. Cases of
the disease occurred in the production of matches,
until the use of white phosphorus was banned [15].
Before the era of antibiotics, patient deaths were usu-
ally caused by septicemia. Signs of the disease are:
excessive salivation, loosening of teeth, damage to the
oral mucosa, sinus formation and bone sequestration.
Changes in the jaw are detected by appropriate imag-
ing studies: X-rays and CT-scans [24]. When solving
the expert issue of the connection of the disease with
working conditions, the occupational route, confirmed
duration and intensity of exposure are taken into
account. The ILO manual defines that the minimum
duration of exposure for recognition of an occupational
disease is about one year, and the maximum post-
exposure period is 12 months [2].

Exposure to white phosphorus causes chronic
hepatic injury with manifestations of necrosis (K71.1),
which is histologically characterized by microvesicular
steatosis and necrosis. Chronic exposure to the sub-
stance can also cause periportal fibrosis [2]. Clinical
manifestations of the disease are characterized by
anorexia, hausea, vomiting, malaise, aversion to smok-
ing, fever, enlarged and painful liver, jaundice. One of
the hallmarks of hepatocellular necrosis due to phos-
phorus poisoning is an increase in the level of amino-



HAR1-2024_HAR1-2-2011.gqxd 2024-06-05 3:07 PM Page 17

e

Mpogansy M.F,, Bacanewp A.B, Kpasuyk 0,11, Serpy6 1.0, / M. Prodanchuk, A, Basanets, 0, Kravehuk, T, Yastrob

pasoio A0 KypiHHS, NMXOMaHKOL), 30inbLUEHHSM Ta Bia-
4yTTAM 60Mio B NeviHuj, xoBTsHMUet0. OaHieto 3 xapak-
TEpHUX O3HaK renaToLentonapHOro Hekpo3y BHaCNigoK
OTPYEHHS (hOCDOPOM € MIABULLEHHS PIBHSA aMiHOTPaH-
chepas i 6inipybiHy B kpoBi Ta cevi. Takox BUSBNSAIOTb-
€S 3MiHM 3aranbHOro aHanisy KpoBi Ta NpOTPOMOGIHOBOIO
npodinto. 3a gaHumu Y31 yepeBHOi nopoxHMHM Ta KT
3a3BWYali AiarHOCTYIOTLCS XapaKTepHi O3HaKU ypaKeH-
Hs neviHku. MNpy MopdponoriyHomy JocnigxeHHi bionTa-
TiB BUSIBNSKOTBCS Taki NCTONOrIYHI 3MiHW K MiKpoBE3M-
KYNApHUA CTeaTos, HEKPO3 i nepunopTanbHuii ¢ibpos
[19, 30]. na BMpiLIEHHS eKCnepTHOro NWUTaHHS LLOAJO
BW3HAHHS MPOCECINHOrO 3aXBOPHOBAHHS OLIHIOETHCS
NPOECiHNN MapLIPYT Ta iIHTEHCUBHICTb BUPOBHUYOT
ekcnosuuii hocdopom Ta MOro crnonykamu, 3okpema
BPaXOBYETLCS MiHiMaribHa TpMBanicTe ekcnoswuuii ans
BW3HAHHS BIOMNOBIOHOMO YpaXeHHs MNeYiHkW 3rigHo 3
pekomeHaauiamu MOIT Big Kinbkox MicsLiB 40 Makcu-
ManbHO NaTeHTHOro nepiogy — 2 poku [2].

OcHoeHi 3axo0u npoghinakmuku ompyeHHs1 ¢hoc-
¢opom ma lio2o crnonykamu Ha eupobHuymei.
3axucTuTh npauiBHukiB Big BNAMBY dpocchopy Ta 1oro
crnonyk Ha poboyomy Micui MOXHa 3a OOMOMOrow
iepapxii 3acobiB KOHTPOIIO: YCyHeHHs Be3nocepenHbo-
ro BMIMBY €TIONOrYHOIO YMHHMKA, 3aMiHW PEYOBMHY Ha
6inbL Hebe3neyHy, iHXEHEPHOro KOHTPOMO Ta 3acTo-
CyBaHHS 3acobiB iHAMBIAYaNbLHOMO 3aXMCTY.

lMpuknagom NnepBUHHOT NPOMINaKTUKK B iCTOPIT KiHUA
19-ro i novatky 20-ro ctopiyys byna 3amiHa 6inoro
docdopy YepBOHVMM NpY BUFOTOBMEHHI CiPHMKIB, @ Mi3-
Hille WOro YCYHEHHs LUNSXOM BUKOpPUCTaHHA 6esdoc-
dopHux matepianis. BukopuctaHHs 6inoro gpocdopy y
BMPOBHMLTBI CipHUKIB 3a60pOHEHO BepHCHKOK KOH-
BeHuieto 1906 poky (MixHapogHa KoHBeHLis npo 3abo-
POHY BWKOpUCTaHHS Ginoro (xoBToro) cocdopy y
BMPOBHMLTBI CipHUKIB). Y HacTynHi gecATupivys Binb-
WiCTb €BPOMNENCbKUX KpaiH Ha HauiOHarbHOMY PiBHi
3abopoHuna BukopucTaHHs Binoro docdopy ans npa-
UiBHUKIB Ta cnoxwuBadiB. Lis KoHBeHUis BBaxaeTbcs
nonepegHuueto cratyty MOI [2].

Cnig 3asHauuTH, WO nerkun goctyn ao dgocgopop-
raHiYHMX necTuumais pobuTb iX NOWMpPEeHUM 3acobom
ANS HaBMUCHOTO CaMOOTPYEHHS CinlbCbKorocnogapch-
KX npauiBHUKIB. Pa3oM 3 TUM, B Cy4acHOMY CifnlbCbKo-
My rOCnofapcTBi FOCTPOTOKCUYHI (hocdopopraHiyHi
NecTULMAN BUTICHAIOTLCA MeHLW Hebe3neyHuMu knaca-
Mu ximikatiB. Ocobnusy obepexHicTb cnig NpuainaTy
BUKOPUCTaHHIO dpocdidiB mMeTanis Ans dymirauinHnx
3axopis [11].

OnHWM 3 iHXeHepHWX 3axofiB NpodinakTnki € rep-
MeTu3aLia Jxxepena notpannsHHs docdopy B NOBITPS:
Hanpuknag, NeryBaHHs HaniBnposigHUKiB HOCdiHOM
PEKOMEHAYETLCS MPOBOAUTU B 3aKPUTWX YCTAHOBKax
ANS 3aXMCTy peareHTiB | NpoAyKTiB Bi4 Ajl NOBITPS Ta
BOIIOMY, @ TakoX 3aXV1CTy NPaLiBHUKIB Bif ekcnosuuii.

BukopucTaHHs Macok, pecnipaTopiB Ta 3axuCHOro
opqary sk 3acobiB iHguBigyansHoro 3axucty (3I3) e
HaiMeHLL e(heKTMBHMM 3axo4oM B iepapxii npodpinak-

transferases and bilirubin in the blood and urine.
Alterations full blood count and prothrombin profile are
usually detected. Abdominal ultrasound and CT scans
usually diagnose the characteristic signs of liver dam-
age. Morphological examination of biopsies reveals
such histological changes as microvesicular steatosis,
necrosis, and periportal fibrosis [19, 30]. To solve the
expert question on the recognition of occupational dis-
ease, the occupational route and intensity of work
exposure to phosphorus and its compounds are evalu-
ated. The minimum duration of exposure for the recog-
nition of occupational liver damage is defined by the
ILO recommendations for few months, the maximum
latent period is 2 years [2].

Basic measures to prevent poisoning with phos-
phorus and its compounds in production.
Protection of employees from workplace exposure of
phosphorus and its compounds can be achieved
through a hierarchy of controls: elimination of the direct
influence of the etiological factor, replacement of the
substance with a more dangerous one, engineering
control and the use of personal protective equipment.

An example of primary prevention in the history of
the late 19th and early 20th centuries was the substitu-
tion of white phosphorus with the red one in the manu-
facture of matches, and later its elimination by using
phosphorous-free materials. The use of white phos-
phorus in the production of matches was banned by
the Berne Convention of 1906 (International
Convention prohibiting the use of white (yellow) phos-
phorus in the production of matches). In the following
decades, most European countries issued national
bans on the use of white phosphorus for workers and
consumers. This convention is considered to be a fore-
runner of the constitution of the ILO [2].

It should be noted that easy access to organophos-
phate pesticides makes them a common choice for
deliberate self-poisoning of agricultural workers. At the
same time, in modern agriculture, acute toxic
organophosphate pesticides are being replaced by
less dangerous classes of chemicals. Special care
should be taken to use metal phosphides for fumiga-
tion measures [11].

One of the engineering preventive measures is to
seal the source of phosphorus ingress into the air: for
example, doping of semiconductors with phosphine is
recommended in closed installations to protect
reagents and products from air and moisture, as well
as workers from exposure.

The use of masks, respirators and protective clothing
as personal protective equipment (PPE) is the least
effective measure in the hierarchy of poisoning preven-
tion. PPE is all widely used for workers engaged in
crop protection, grain storage, etc., when using toxic
chemicals such as phosphine, metal phosphides, and

17
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cocainy — 0,1 mr/m3 [34].

BucHoBku

MopiBHAHO 3 pekomeHgauismm MOTT.

peKoMeHaaLii.
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TVKKM OTpYyeHb. 313 BCE LLE LUIMPOKO BUKOPUCTOBYHOTHCS
npauiBHAKaMK, 3aWHATAMW 3aXUCTOM CiNMbCbKOrocmno-
JapCbKkuX KynbeTyp, 30epiraHHsM 3epHa TOLIO, npw
poboTi 3 TOKCUYHUMMK XiMikaTamu: ocdiH, docdiamn
meTanis i opraHodpocdatHi nectuumgn. NpayiBHUKK
EKCTPEHMX Cryx0 Ta OXOPOHM 340POB’S MOBUHHI ByTW
00i3HaHi Ta HaBYEHi PO3ni3HaBaTV CUMMTOMU OTPYEHHS
dochopom Ta BXKMBATM BIANOBIGHUX 3aXOA4iB LLOAO

Ekcneptu MOI BBaxatoTb, L0 HACTYMHI OOMEXEHHS
KOHLeHTpaUin y nosiTpi Ha pobounx Mmicusx 3abesne-
YyloTb e(PEKTUBHWIA PIBEHb 3aXMCTY 300POB’A NpaLiBHK-
KiB i 32CTOCOBYHOTLCA B psgdi kKpaiH: ans Ginoro gocdo-
py I'OK npu 8-roguHHin pobodin 3miHi ctaHoBWTL 0,1
ppm (0,13 mr/m3); ans dociHy — 0,3 ppm (0,42 Mr/m3).
Cnig 3aysaxutw, wo ans docdiny MK npu 8-roguHHo-
My poboyomy [OHi B pi3HMX KpaiHax KOMMBAETLCA Bif
0,023 (0,029 mr/m®) go 0,3 ppm (0,42 mr/m?), a 3HaueH-
HS KopoTkoyacHoro nimity Bnnwey (STEL- short-term
exposure limit) craHonaTs Big 0,1 8o 1 ppm [2]. 3rigHo
3 Hakasom MOS Ykpainu Big 14.07.2020 Ne 1596 «[po
3aTBEPIKEHHS TriEHIYHNX pEernameHTiB JonycTUMOro
BMICTY XiMi4HKX i BIOMOriYHMX PeYoBMH y MOBITPI pobo-
YOi 30HM» B YKpaiHi 3aTBepaXeHi BinbLL XOpCTKi 0bme-
xeHHa: [OK xoBToro docopy craHosuTs 0,03 mr/im3,

HesBaxatoum Ha 3aranbHi NPUHLMNM BU3HAHHSA MPO-
decirHmx 3axBoptoBaHb B YkpaiHi Ta €sponi, cucrema
BU3HaHHA NPOECiHNX 3axBOPIOBaHb i, 30Kpema
OTpy€eHb hochopom, B YKpaiHi Mae neBHi PO3BIKHOCTI
3 €BpONEeNCHKO, PEKOMEHA0BAHOK A0 3aCTOCYBaHHS
MOIM y 2022 poui. Hacamnepen ue cTocyetbesa nepe-
MKy NpocecinHMX 3axBOPIOBaHb Ta IHCTPYKUIi Woao
ioro 3actocyBaHHS. B yKpaiHCbKMX OOKyMEHTax He
3a3HaveHa Baxnvea iHopmMaLis Woao BNacTMBOCTEN
Pi3HMX DOPM XiMIYHUX CMONYK, iX TOKCUKOMOTiYHUM
npodinb, MiHiManoHa TpUBanicTb €KCnoswuii, Lo
BUKIIMKAE MPOMECINHE 3aXBOPIOBaHHSA, TpWUBamiCTb
NMaTEHTHOrO nepiody, a TakoX 3axoau NpoiNakTuKu.
BigCyTHICTb MOXIMBOCTI MOCWMaHHSA Ha 3a3HadveHi
3aKOHOAABYO BU3HAYEHI MOKA3HUKW BMNMBae Ha 06’ek-
TWBHICTb AiarHOCTVKK, YHidpiKaLilo BCTAHOBMEHMX diar-
HO3iB, L0 NPWU3BOAMTL OO0 BUKPUBMEHHS CTAaTUCTUYHUX
noKasHWKIB NPOECiNHOT 3aXBOPHOBAHOCTI B YKpaiHi.

Cnig 3a3HaunTu, WO pasoM 3 TUM, BUMOTM JO Tirie-
HIYHMX YMOB MpaLi LWoJo ekcnoauuii npauiBHukiB oc-
dhopom i oro cnonykamu B YkpaiHi € BinbLL >KOpCTKMM

Y 3B’'A3Ky 3 peiHTerpauinHumm npouecamm BCTyny
Ykpainu go €sponevicbkoro Cot3sy cucTema BU3HaHHS,
peecTpauii, 0bniky npodeciiHX 3axBoplBaHb Ta
noB'si3aHa 3 Hel 3akoHogaeya i MetognuyHa 6asa
maTb OyTu aganToBaHi A0 MiDKHApOOHWX BWUMOT i

KoHdnikT iHTepeciB. ABTOpW 3a3HayaloTb Mpo Bid-

e

organophosphate pesticides. Emergency and health
workers should be properly trained to recognize the
symptoms of phosphorus poisoning and take appropri-
ate decontamination and exposure control measures.

ILO experts considered that the following limits in
workplace air concentrations provide an effective level of
protection for workers’ health and are applied in a num-
ber of countries: for white phosphorus, the maximum
permissible concentration during an 8-hour work shift is
0.1 ppm (0.13 mg/m?3); for phosphine, it is 0.3 ppm
(0.42 mg/md). It should be noted that for phosphine, the
maximum permissible concentration during an 8-hour
working day in different countries ranges from 0.023
(0.029 mg/md) to 0.3 ppm (0.42 mg/m3), and the values
of the short-term exposure limit (STEL) range from
0.1 to 1 ppm [2]. According to the order of the Ministry
of health of Ukraine dated 14.07.2020 No. 1596 “On
approval of hygienic regulations for the permissible
content of chemical and biological substances in the air
of the working area”, more stringent limits have been
approved in Ukraine: the maximum permissible con-
centration of yellow phosphorus is 0.03 mg/m?, phos-
phine — 0.1 mg/md [34].

Conclusions

Despite the general recognition principles of occupa-
tional diseases in Ukraine and Europe, the recognition
system of occupational diseases and, in particular,
phosphorus poisoning in Ukraine has certain differ-
ences with the European one recommended for use by
the ILO in 2022. First of all, this applies to the list of
occupational diseases and instructions for its use. The
Ukrainian documents do not contain important informa-
tion about the properties of various forms of chemical
compounds, their toxicological profile, the minimum
duration of exposure that causes occupational disease,
the duration of the latent period, as well as preventive
measures. The lack of the possibility of referring to
these legally defined indicators affects the objectivity of
diagnostics, unification of established diagnoses,
which leads to a distortion of statistical indicators of
occupational morbidity in Ukraine.

It should be noted that at the same time, the require-
ments for hygienic working conditions regarding the
exposure of employees to phosphorus and its com-
pounds in Ukraine are more stringent compared to the
recommendations of the ILO.

In connection with the reintegration processes of
Ukraine’s accession to the European Union, the sys-
tem of recognition, registration and monitoring of occu-
pational diseases and the associated legislative and
methodological framework should be adapted to inter-
national requirements and recommendations.
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