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OTPYEHHS NECTULUOAMU SK MPODECIAHE

TA EKOJIOIN4YHO OBYMOBIJIEHE 3AXBOPIOBAHHS:
CYYACHI nigxoau woano AIArHOCTUKH

3A PEKOMEHAALISMU MDKHAPOAHOI
OPTAHI3ALIT NMPALLI (YACTUHA 1)

PE3IOME. Ananiz enidemiono2iunux 00Ci0NCeHb NePeKOHAUB0 3aCiOuYe: 20Chipe OMPYEHH NeCMUyuoamu — ye ceptiosHa 2io-
Oanvha npobaema oxopoHu 300pos's. Tazap auuie HecMePmenbHUX 20CMpPUX BUNAOKI8 OMPYEHHS ReCMUYUOamu, 0cooUso (hepmepia
ma iHWUX NPAYI6HUKIB CIbCbKO20 20CHO0APCmMea CManosums npuoau3Ho 3835 minvlionie eunaokie saxeoprosanua ma 11 000 cmep-
meli Ha piK.

Mema. Y3azanshumu eumozu ma oyinumu 8ionogioHicme 6IMUUSHAHOL cUCIeMU 0id2HOCMUKI MA BUSHAHHS NPOQECIlIHUX | eKon0-
2IYHO 0OYMOBIIEHUX OMPYEHD NECIUYUOAMU U000 MIJNCHAPOOHUX PEKOMEHOAYlL.

Mamepianu ma memoou. Hayxosuii ananiz HopmamugHo-npagogux doxkymenmie Ykpainu i Mixcnapoownoi opeanizayii npayi 3
nUMaHs 0ideHOCMUKU Ma 8CAHOBLEHHS 38 A3KY OMPYEHb, CHPUUUHEHUX BNAUBOM Necmuyuodig, 3 ymosamu npayi. Anarimuunui
021510 HAYKOBUX NYONIKAYIN 3 BUKOPUCMAHHSM pehepamueHux 6a3 Haykosux ibniomex Pub Med, Medline i mexcmosux 6a3 danux
naykosux sudashuyms Pub Med, Central, BMJ group ma inwux VIP-6a3 danux 3a memoro 00CHONCEHHS.

Pesynsmamu. Y cmpyxmypi npoghecitinoi namonoeii ocmannimu pokamu ompyenns cmanogiams menwe 0,2 %, wo cgiouums npo
HeOOCKOHanicmy diaeHocmuKu ma peecmpayii namonoeii. Busieneno icmomui po30isxcHocmi 8 cucmemi 6U3HAHHA NPOQDeCiliHux
ompyens hecmuyuoamu 8 Yxpaini nopigHano 3 pekomenoogaroo Mixchapoouoto opeanizayieio npayi 2022 poky. Ha 6iominy 6io
iHCmpyKyii 00 3acmocysanis nepenixy npogheciunux 3axeopiosanv MixcHapoonoi opeanizayii npayi 6 aHANOIYHUX OOKYMEHMAX
Vkpainu He nHasoOumvcs Xapakmepucmuka Kiacie ma giacmueocmeti NeCmuyuois, iXHill MOKCUKOLOZIYHULL nPOitb, MIHIMATbHA
MPUBANICIb BNAUBY, WO BUKTUKAE NPODeciline 3aX60PI0BANHS MA MPUBATICMb TAMEHMH020 Nepiody. 3asHauene YCKIAOHIOE ekchep-
musy npoghecitinux 3axeoprogans, 00 eKMusizayilo 0ideHo3y, a MaKoxic NPU3BO0UMb 00 BUKPUBTEHHA CIAMUCIMUYHUX NOKA3HUKIG
1000 npoghecilinux OmpyeHb NeCmuyUOamu.

Bucnosku. Cucmema usnanns npoghecitinux ompyens necmuyudamu 8 Yxpaini nompebye adanmayii 00 €8ponelicoKux peKomeH-
oayi i eumoe, pexomerndosanux Misxcnapoonoio opeanizayicio npayi 2022 poxy. Ipusedenns 00 HOpM MidCHAPOOHO20 3aKOHOOAG-
cmea nepenixy npogecitinux 3axeoprosans ma IHCMpPYKYii wooo 3acmocysanis 003601unb YHIQIKyeamu cucmemy OlaeHOCMUKU
20CMpux 1 XPOHIYHUX OMPYEHL NECMUYUOAMU A HANA20OUMY CUCMEMY PeeCmpayii npoQecitinux 3aX60pI08ans HA HANEICHOMY
piei. I[Ipobnema € 0co6auB0 AKMYanbHOIO 3 02NA0Y HA UCOKULL PUSUK OISl NPAYIOIOYUX MA HACETeHHS IHMOKCUKAYITE npu PYUHYBAHH]
NPOMUCTIOBUX 00 €KMig 3 BUPOOHUYMBA, YMUnizayii ma 30epieanHs necmuyuois il iHUWUX XIMIYHUX PeYOUH HA MePUmopii 60EHHUX
0ill 8 Vxpaini.

Kniouosi cnosa: necmuyuou, npogheciiine ompycnus, nepenix npopeciiHux 3axeopiosans.
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PESTICIDE POISONING AS AN OCCUPATIONAL

AND ENVIRONMENTALLY DETERMINED DISEASE:

MODERN APPROACHES TO DIAGNOSIS IN ACCORDANCE WITH THE RECOMMENDATIONS
OF THE INTERNATIONAL LABOUR ORGANIZATION (PART)

RESUME. Analysis of epidemiological studies convincingly shows that acute pesticide poisoning is a serious global public health
problem. The burden of non-fatal acute pesticide poisonings alone, especially among farmers and other agricultural workers,
amounts to approximately 385 million cases of illness and 11,000 deaths annually.

Aim. To summarize the requirements and assess the compliance of the national system for diagnosing and recognizing occupational
and environmentally determined pesticide poisonings with international recommendations.
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Materials and Methods. A scientific analysis of regulatory documents of Ukraine and the International Labour Organization con-
cerning the diagnosis and establishment of the link between pesticide-related poisonings and working conditions. An analytical
review of scientific publications was carried out using abstract databases of scientific libraries (PubMed, Medline) and full-text data-
bases of scientific publishers (PubMed Central, BMJ Group, and other VIP databases) relevant to the research topic.

Results. In the structure of occupational pathology in recent years, poisonings account for less than 0.2 %, which indicates short-
comings in the diagnosis and registration of this pathology. Significant discrepancies were found in the system of recognizing occu-
pational pesticide poisonings in Ukraine compared to the recommendations of the International Labour Organization (2022). Unlike
the ILO guidelines for the use of the list of occupational diseases, the analogous Ukrainian documents do not provide characteristics
of pesticide classes and properties, their toxicological profile, the minimum duration of exposure that can cause an occupational dis-
ease, or the length of the latency period. This complicates the assessment of occupational diseases, objectification of diagnoses, and
leads to distortion of statistical indicators regarding occupational pesticide poisonings.

Conclusions. The system for recognizing occupational pesticide poisonings in Ukraine requires adaptation to the European recom-
mendations and requirements issued by the International Labour Organization in 2022. Aligning the list of occupational diseases and
the guidelines for its application with international legislation will make it possible to unify the system for diagnosing acute and
chronic pesticide poisonings and to establish a proper registration system for occupational diseases. This problem is particularly rel-
evant given the high risk of intoxication for workers and the general population caused by the destruction of industrial facilities for

the production, disposal, and storage of pesticides and other chemicals in areas of combat operations in Ukraine.
Keywords: pesticides, occupational poisoning, list of occupational diseases.

Beryn. Otpyenns nrozeit necTuluaamMu — 1e
cepiio3Ha mpobaemMa rpoMaiCbKoro 310poB's [ 1-
4]. 3a gannmu pobodoi rpymu BeecBiTHROI Opra-
Hizarii oxoponu 3mopos's (BOO3) 1990 p.
IIOPIYHO Maibke OAWH MIJTBHOH HEHABMHUCHHUX
OTPYEHD TECTUIUAAMHU 3 THKKAMHU MPOSBAMH
(bikcyBajaoCh y CBITi, 110 MPHU3BOAMIO A0 MPH-
6muzno 20 000 cmepreii [5].

3HayHa YacTWHA OTPYEHb NECTUIUAAMH B
yCi 4acu peecTpyBasiach y MPOPEeCiiHUX TPy-
nax oci0, mo 3a BUPOOHUYUMHU OOOB’SI3KAMHU
Malli KOHTAaKT 3 MECTHIHIAMH Ha pobodomy
MicIii, 3,Z[C6IJ'IBHIOFO e q)epMepI/I V 3BiTi BOO3
1990 p. momoBizaIOCh, MO KUIBKICTh TOCTPUX
npodeciiiHX OTpy€EHB MECTULINAMHU CTaHOBH-
na 25 MITBHOHIB Ha PIK, MPUIOMY OUIBIIICTH 3
HUX He OyNnu 3apeecTpoBaHl, OCKUIbKU IIO-
CTpaXKIani He 3BEPTAIUCS 32 MEIUIHOIO JIOTIO-
Mororo [2]. [IpoTarom ocTaHHIX ABOX JECSATH-
JITh TPOOJIEMOIO BIUIMBY Ha 37I0POB'S JIIOAUHU
Ta JTOBKULIS MECTUITUIIB TEPEHMaIOThCS BiJIITO-
BiJTHI Mi)KHElpOI[Hi OpTaHH, 1110 MPUHHSITA HU3KY
pe3oiItoLiii Ta mporpam, CpsiMOBAHKX Ha MOZ0-
JIaHHS 3TYOHMX HACIIJKIB BUKOPUCTAHHS IleC-
tunuaiB [6]. He3Bakarouu Ha i 3YCHIIIISL, TI0-
Oa/bHEe BUKOPHCTAHHSI MECTULIMIIIB Hapasi npo-
JIOBXKY€ HEYXHIBHO 3pOCTATH J10 4,1 minbiioHa
TOHH Ha pik y 2017 p., mo maitxe Ha 81 % Oinb-
e, Hixk y 1990 p. [7].

3a ocranHi 30 pOKIB JKOIHHX OHOBJIEHUX
ouiHOK BOO3 11010 rmo6ansHOTO BIUTHBY TEC-
TULUIIB HA 3/[0pOB'S JIOAMHH HE OyIo mpen-
cTaBIeHO. PeleH3oBaHi aBTOPHTETHI IOCTiA-
’KEHHSI BCE Wl MOKJIAJAaoThcsi Ha MOIIUPEHI,
ane 3acrapini ouinku BOO3, rpyHrytouncs Ha
nanux 1980-x pOKlB [8]. Crmix 3a3Ha4UTH, IO B
OLIBIIOCTI JOCIIKCHD YacTo He zm(bepeHuuo-
I0Th HaBMHUCHI Ta HEHAaBMHUCHI OTpyeHHs [9],
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Introduction. Pesticide poisoning in hu-
mans is a serious public health problem [1-4].
According to the World Health Organization
(WHO) working group (1990), nearly one
million unintentional pesticide poisonings
with severe manifestations were recorded
worldwide each year, leading to approxi-
mately 20,000 deaths [5].

A significant proportion of pesticide poi-
sonings have always been reported among
occupational groups who, due to their work
duties, had direct contact with pesticides in
the workplace, mostly farmers. The WHO
report of 1990 stated that the number of
acute occupational pesticide poisonings
reached 25 million per year, with most cases
remaining unregistered because affected
individuals did not seek medical care [2].
Over the past two decades, international
organizations have increasingly addressed
the human health and environmental impacts
of pesticides, adopting a number of resolu-
tions and programs aimed at mitigating their
harmful consequences [6]. Despite these
efforts, global pesticide use has continued to
rise steadily, reaching 4.1 million tons annu-
ally in 2017 — an increase of nearly 81 %
compared to 1990 [7].

Over the last 30 years, no updated WHO
assessments have been presented regarding
the global health impact of pesticides.
Reputable peer-reviewed studies still rely on
widespread but outdated WHO estimates
based on data from the 1980s [8]. It should be
noted that in many studies intentional and
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a00 OTPY€EHHS MECTULIMJIAMH Ta 1HITUMHU XIM14-
HUMH pedoBuHamu [10, 11].

Takok criocTepiraeTbCsl TCHACHINIS 10 OIliH-
KM JIMIIIEC BUTIAQIKIB 31 CMEPTEIIbBHUMH HACI1IKa-
MU, OOXOASYU TOCTPI HECMEPTEIbHI OTPYEHHS
necturaaMu. O4eBHIHO, IO TaKa HEAOCTATHS
yBara Jio roCTpuX OTPY€EHb MECTUIUIaMHU, 0CO0-
JIMBO JI0 TOCTPUX HECMEPTEIBHUX MPOodeciitHuX
OTPY€EHD, MOXKE TIEPEIITKOKATH PO3POOII 3aX0-
B IIOJ0 3amo0IraHHs TaKUM BUIAJKaM SK Ha
HAI[IOHAJIbHOMY, TaK 1 Ha MDKHAPOIHOMY PiBHSX
[12]. Kpim TorO, MIpH 1IbOMY ITHOPYETHCS POJIb,
SKY TakKi OTPYEHHS MOXKYTh BIJITpaBaTu B pO3y-
MiHHI JJOBTOCTPOKOBHX HACIIIKIB JIJIS 37I0POB 1.

Binomo, mo roctpi OTpy€eHHS MECTHIHMIAMU
MOXYTh CTaTW IHIUKATOPaMH EKCIO3HWIIii, a B
MOIAJIBIIIOMY TTPU3BECTH IO XPOHIYHHUX HACTI-
kiB. Kpim Toro, cmig Opatu mo yBaru, mo B
pe3yabTaTi TOCTPOTO OTPYEHHS MECTULUIAMHU
BHUHHUKAIOTh I 1HII HACTIIKH: 3HHUKEHHS SIKOCTI1
JKUTTSI, TIOTIPIICHHS CaMOIIOYYTTSI Ta BTpaTa
Mpare3aaTHOCTI.

3a maunMu HarioHanbHOI cHUCTEMU OAaHUX
CIIA npo orpyenns (United States National
Poison Data System) B kpaiHi IOpigyHO peec-
TpyeThest 77 690 HecMepTenbHUX OTPY€EHB TeC-
tunuaamu [13]. 3rigHo 3 manuMu HartioHas-
HOTO 3BITY MPO HEMIACHI BHUITAIKH, CMEPTiI Ta
camory6cTtBa ypsia [Hail moBigoMIsie, 0 Kiib-
KICTh CMEPTEIbHUX BHUIAIKIB Bij] BUIAIKOBHX
OTPY€Hb MECTHIHMIAMU B KpaiHi CTAaHOBUTH Yy
cepennbomMy 6488 BumaakiBe Ha pik [14]. YV
[TiBgenniii Kopei MakcumanbHa KiJIbKICTh
HEJIETAJIbHUX BUMAJKIB OTPYEHDb MECTUIIUIAMHU
cra"oBuia 209 512 y 2012 p. [15].

3a JaHUMH €migeMIONIOTIYHUX JIOCIIKCHb,
MOIIMPEHICTh HEHaBMUCHUX TOCTPUX OTPYEHD
nectummaamu (HI'OIT) Bapiroe Bim 0,05 % y
CILA no 84 % y bypkina-®aco. CTabiibHO BHCO-
Ki TTOKa3HHUKH posnoBciomkeHocti HI'OIT 3apeec-
tpoBaHi B [liBnenniii Ta IliBmerHo-CXimHii A3ii,
NepeBaKHO B jiamazoni 54-65 %. Bucoki mokas-
HUKHU TaKOXK PeeCTpyroThest B Adpuini — Bix 21 %
y Kor-n'IByapi o 84 % y bypkina-®aco. 3a oris-
KaMH JIOCTITHHUKIB Y KpaiHax, 110 PO3BUBAIOTHCS,
3a3HaYCHUI TOKa3HUK 3HAYHO BHIIHIA MTOPIBHSIHO
3 PO3BUHYTUMHU KpaiHamu [13, 15, 16]. Y Maunaii-
31i ipoeciiitHi OTPYEHHS IECTUIIMIAMU PEECTPY-
10Thcs B 6,7 % CUTBCHKOTOCTIONAPCHKUX TPAIliB-
HUKIB Ha piK, y [lIpi-Jlanmi nei nmokasHuk cTaHo-
BUTE 2,7 %. 3a maHuMH eIigeMIOJOTTYHUX
JOCIIJKCHb TPU EKCTPAIOJIALI] 3a3HAYEHUX
MOKA3HUKIB Ha KpaiHu, 110 PO3BUBAIOTHCSI, TIOKa3-
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unintentional poisonings [9], or poisonings
caused by pesticides versus other chemicals
[10, 11], are often not differentiated.

There is also a tendency to consider only
fatal cases, overlooking acute non-fatal pesti-
cide poisonings. Clearly, such insufficient
attention to acute pesticide poisonings, espe-
cially non-fatal occupational ones, may hin-
der the development of preventive measures
both nationally and internationally, as these
poisonings can have long-term health conse-
quences [12].

It is well established that acute pesticide
poisonings can serve as indicators of expo-
sure and may subsequently lead to chronic
health outcomes. In addition, acute pesticide
poisoning results in other consequences, such
as reduced quality of life, worsening of well-
being, and loss of work capacity.

According to the United States National
Poison Data System, 77,690 non-fatal pesti-
cide poisonings are recorded annually in the
U.S. [13]. The National Report on Accidents,
Deaths, and Suicides of India indicates that
accidental pesticide poisonings cause an
average of 6,488 deaths per year [14]. In
South Korea, the maximum number of non-
lethal pesticide poisoning cases reached
209,512 in 2012 [15].

Epidemiological studies show that the
prevalence of unintentional acute pesticide
poisoning (UAPP) ranges from 0.05 % in the
U.S. to 84 % in Burkina Faso. Consistently
high UAPP rates are reported in South and
Southeast Asia, typically within the 54—65 %
range. High rates are also noted in Africa
ranging from 21 % in Coéte d'Ivoire to 84 %
in Burkina Faso. Researchers estimate that in
developing countries this figure is signifi-
cantly higher compared to developed nations
[13, 15, 16]. In Malaysia, occupational pesti-
cide poisonings are registered in 6.7 % of
agricultural workers per year, while in Sri
Lanka the figure is 2.7 %. When extrapolated
to developing countries, the estimated num-
ber of pesticide poisonings is about 25 mil-
lion cases annually [8, 17].

For Ukraine, the issue of occupational pes-
ticide poisoning is extremely pressing.
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HUK OTPY€HHs MECTHIMIAMU CTAaHOBUTH MpHU-
OmM3HO 25 MIUTBHOHIB BHIAIKIB Ha pik [8, 17].

s Ykpaiau npobiema npO(beCH/IHI/Ix oTpy-
€Hb [IECTHIHIAMH — HA/I3BUYAIHO aKTyallbHA. Y
rpynl pH3KKY cepen npoeciifiHX KOHTUHTEH-
TiB, 3BHYANHO, IEpPEBAXAIOThH (bepMepH vy
CTPYKTYPi npoq)ecu/mm rmarojiorii OCTaHHIMH
pOKaMH TakKi OTPYEHHS CTAaHOBIATH MEHIIE
0,2 %, 1110 CBIAYUTH TIPO HEAOCKOHAIY CHCTEMY
JIarHOCTUKU Ta peectpamii marosorii [18-20].
Takox pU3MK EKCHO3WINi HACEJICHHS MeCTHUITHU-
JamMH B YKpaiHi BUHUKAE 4epe3 pyHHaIliio Mmpo-
MUCJIOBOI Ta CLIbCHKOTOCIOMApChKoi iH(ppac-
TPYKTypH (BUPOOHWYMX, CKIAACHKUX TPUMI-
IICHb, TOB’SI3aHUX 3 BHUPOOHHUIITBOM, 3aCTOCY-
BaHHSM Ta 30epiraHHsIM MECTHUITNIIB) BHACIIIIOK
OomOapmyBaHb Ta arak APOHIB 3 OOKY pOCIiii-
cpKkoi ¢enepamii. Ile mpu3BomuTH MO0 TOTparn-
JITHHS TICCTHUIHIIB, 1HITUX XIMIYHUX PEUYOBHH B
arMoc(epHe TIOBITPS 1 CTBOPIOE BUCOKI PU3UKH
JUTsL 310poB’s 3aranbHOi momynsmii [21]. YV
JAHOMY BHIIQJIKy OTPY€EHHS TIECTHIIMAMH MOXKE
pPO3MIANATUCH SK EKOJOTIYHO 0O0yMOBJICHE
3aXBOPIOBAaHHS. 3TiHO 3 CYYaCHUMU YSIBIICHHSI-
MU HiI[XO,Z[I/I JI0 J1arHOCTHKH, BU3HAYEHHS €TiO-
JIOTi, meBaHH;{ Ta MpodiTaKTUKK TIpodeciii-
HUX 1 €EKOJIOTTYHO o6yMOBneHI/IX 3aXBOPIOBAHD €
CIUTBHUM 711 IpOoeCiiHUX 1 €KOJIOTIYHO 00Y-
MOBJICHIX 3aXBOPIOBAHb Ta 0a3yroThCsl HAa TIPU-
HITUITL Hpe3yMHu11 €T10JIOTTYHOIO YMHHHKA.

VY 3B’s13Ky 3 IporiecaMu BCTYIy YKpaiHu /10
€Bporeiickkoro Cor3y cucTemMa BU3HAHHS,
peectpartii, 065Ky podeciifHIX 3aXBOPIOBAaHb
Ta MOB’sI3aHa 3 HEIO 3aKOHOJAB4Ya 1 METOAUYHA
0a3a MarOTh OyTH aIalITOBAHUMH JI0 Mi>KHAPO/I-
HUX BUMOT Ta peKoMeHpaamii [22].

Mera. Y3araabHUTH MDKHAPOIHHMA JTOCBIM 3
MUTaHb JIaTHOCTHKH, peecTpallii Ta mpodigak-
TUKH OTPYEHBb TECTUIIMIAMH B YMOBaX BHPOO-
HHIITBA, HOpiBHHTI/I 31 CUCTEMOIO I1arHOCTHUKH
Ta peecTparii B YKpa1H1 Ta HaJlaTH PEKOMEH/1a-
il oo aganralii BITYM3HAHUX ITOJI0KEHD 10
BHUMOT €BPOTICHCHKOTO 3aKOHOIaBCTBA.

Marepiaaun Ta Meroau. AHaNITHYHUN
OIJIs]] HAyKOBHUX MyOIiKaIliii 3 BUKOPUCTAHHIM
pedeparuBHMX 0a3 HaykoBUX 0i0IioTeK
PubMed, Medline i TexcToBMX 0a3 IaHHX
HaykoBuX BumaBHHITB PubMed, Central, BMJ
group Ta iHmux VIP-6a3. IIpoananizoBaHo
OCHOBHI 3aKOHOJIaBUi JOKYMEHTH YKpaiHU Ta
MOII, mo pernamMeHTyTh MPOIEC BU3HAHHS
npodeCiiHNX 3aXBOPIOBaHb. BuKopucTaHO
METOJI CUCTEMHOTO Ta KOHTCHT-aHai3Yy.
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Farmers, as expected, constitute the main risk
group among professional cohorts. In recent
years, such poisonings account for less than
0.2 % in the structure of occupational pathol-
ogy. That is an indication of an imperfect
diagnostic and reporting system [18-20].
Furthermore, the risk of population exposure
to pesticides in Ukraine is heightened by the
destruction of industrial and agricultural
infrastructure (production facilities, ware-
houses related to the manufacture, use, and
storage of pesticides) as a result of bombings
and drone attacks by the Russian Federation.
This leads to the release of pesticides and
other chemicals into the atmosphere, creating
serious health risks [21]. In this context, pes-
ticide poisoning can be regarded as an envi-
ronmentally determined disease. According
to modern concepts, approaches to the diag-
nosis, determination of etiology, treatment,
and prevention of occupational and environ-
mentally determined diseases are common
for both categories and are based on the prin-
ciple of presumption of the etiological factor.

In light of Ukraine’s accession processes
to the European Union, the system for recog-
nizing, recording, and reporting occupational
diseases, along with the related legislative
and methodological framework, must be
adapted to international requirements and
recommendations [22].

Aim. To summarize international experi-
ence regarding the diagnosis, registration,
and prevention of occupational pesticide poi-
sonings, to compare it with the system of
diagnosis and registration in Ukraine, and to
provide recommendations for aligning
national regulations with the requirements of
European legislation.

Materials and Methods. An analytical
review of scientific publications was carried
out using abstract databases of scientific
libraries (PubMed, Medline) and full-text
databases of scientific publishers (PubMed
Central, BMJ Group, and other VIP databas-
es) relevant to the research topic. The main
legislative documents of Ukraine and the
International Labour Organization (ILO) reg-
ulating the process of recognizing occupation-
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PesyabraTn. Ha 307-i1 cecii AamiHicT-
paTuBHOI panaun MiXHapoaHOI opraHizamii
npami (MOII) y 6epesni 2010 p. Oyno nepe-
mistHyTO [lepenik nmpodeciiiHux 3aXxBOPIOBAHb
(II13), 3aTBepaKEeHUI HApPaJO0K EKCIEPTIB 3
nepersay I3 27-30 ot 2009 p. y
Kenesi. Lleli HOBHI TOKYMEHT HAa3UBAETHCS
«Ilepenix mpodeciiinux 3axBoproBaHb MOII
(nepermstaytuit 2010 p.)» [23]. YV 2022 p.
MPEJICTABICHO KEPIBHUITBO 3 JA1arHOCTUKHU Ta
npopIaKTUKH TPOoQeciiiHuX 3aXBOPIOBAHb
MOII, ne BU3HAYEHI OCHOBHI MPUHIIUIHA CHC-
TEMHU J1arHOCTUKHU, €KCIEPTU3H Ta NpodijIak-
TUKKW Tpodeciiinux 3axBoproBanb. MOII
3aKiIMKana KpaiHu €BponM J0€AHATUCH [0
BUMOT 3a3HAYE€HOT0 KEPIBHUIITBA B MUTAHHIX
BU3HAHHS NPOQEeCIMHUX 3aXBOPIOBAHbD.

TepMiH «MECTUIIUIN» BHU3HAYAE IIUPOKUMA
(GYHKIIIOHANBHUHN KJIaC XIMIYHUX CHOJYK a0o
CyMIiIIIeH, sIK1 CTelialbHO BUTOTOBIISIOTHCS Ta
BUKOPUCTOBYIOTHCS ISl 3HUILEHHS a00 KOH-
Tpomo HeGaXKaHUX OPraHi3MiB. IX BHOCATEH y
HABKOJIMIIHE CEepeOBHUIIE, 11100 nocArTH Oio-
JIOT1YHUX IIUJIEH, TOMYy MUIBHOHH TIpaIliBHUKIB
pI3HOTO BIKY B YChOMY CBITI HiJAIOThCS
iXHPOMY BIUIMBOBI, OCOOJMBO IIiJ Yac 3acTo-
CYBaHHS B CLJIBCHKOMY TOCIIOJApPCTBI Ta JUIS
pO3B’si3aHHST TPOOJIEM TPOMAJCHKOrO 3/0-
poB's. Uepes oOMexeHy BUOIPKOBICTh TOKCHY-
HOi nii Ha OpraHi3M-MillIeHb, HE MOXKHA
BUKJIIOYaTH MOYKJIUBICTh TOKCUYHHUX €(EKTIB y
MPaIiBHUKIB, SIKI 3a3HAIOTH BIUIMBY MECTUIIM-
JIiB, a TAKOXX HACEJICHHs B LIJIOMY. [HCEKTH-
uuau, repoinuan, (QyHTIUAN, HEMaTOIH/IH,
POIESHTHULIM/IM Ta 1HILI MpenapaTy — e NecTu-
MU, SIKI BUKJIMKAIOTh HAaWO1IbIIIE 3aHEIIOKO-
€HHS 3 TOYKU 30py MPOPECiiHOro Ta eKOJIOr Y-
HOTO 3/10poB'a. YacTo TepMiHu «3acid 3aXucty
pociiiH» ab0 «arpoxiMikar» He TUIbKU B1IHO-
CATBHCS JI0 OJIHIET 3 MOXJIMBUX C(ep 3acTocy-
BaHHs (HANpPUKIAJ, CUIBCHKE TOCIOIAPCTBO),
aje ¥ BU3HAYAIOTh IIUPIIMKA KJIac CHOJYK,
KU BKIIFOUA€ TOOpHBA Ta 1HIII TPOAYKTH, 110
BUKOPUCTOBYIOTHCS JUIsl CHPUSIHHS POCTY pOC-
TuH. Y IIbOMY KOHTEKCTI TE€PMIH «IECTHIIHU-
JIW», X04a 1HOJII HOTO BBAXKAIOTh 3aCTaAPLINM, €
BUIIPABIAHUM, /1K€ ICHYIOTb 1HIII Ki1acudika-
ii, 3acHOBaHl Ha IIJIBOBHMX IIKIJTHUKAX a0o
opraHi3mMax, a TakoXK Ha OCHOBI CIOCOOIB [ii.
Kpim Toro, Benmuka KiIbKICTh HAIlOHAJIBHHX
3aKOHOJIABCTB 1 MIXHAPOJHHUX 1HCTUTYIIIN
TaKOX Ha3MBaIOTh L0 IPYIY XIMIYHHUX CHOIYK
«nectauugaMmy [24].
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al diseases were analyzed. Methods of systems
analysis and content analysis were applied.

Results. At the 307th Session of the
Governing Body of the International Labour
Organization (ILO) in March 2010, the List of
Occupational Diseases (LOD), approved by
the Meeting of Experts on the Revision of the
LOD (October 27-30, 2009, Geneva), was
reviewed. This new document is titled “ILO
List of Occupational Diseases (Revised
2010)” [23]. In 2022, the ILO issued guide-
lines on the diagnosis and prevention of occu-
pational diseases, which outlined the key prin-
ciples of diagnosis, assessment, and preven-
tion systems. The ILO called on European
countries to align with the requirements of this
guidance in matters of recognizing occupa-
tional diseases.

Pesticides represent a broad functional class
of chemical compounds or mixtures that are
specifically produced and used to eliminate or
control unwanted organisms. They are intro-
duced into the environment to achieve biolog-
ical objectives, which means that millions of
workers of various ages worldwide are
exposed to them, particularly in agriculture
and in addressing public health issues. Due to
their limited selectivity of toxic action on tar-
get organisms, the possibility of toxic effects
in workers exposed to pesticides, as well as in
the general population, cannot be excluded.
Insecticides, herbicides, fungicides, nemati-
cides, rodenticides, and other preparations are
the pesticides of greatest concern for occupa-
tional and environmental health. The terms
“plant protection product” or “agrochemical”
often refer not only to one potential area of
application (e.g., agriculture), but also to a
broader class of compounds, including fertiliz-
ers and other products that promote plant
growth. In this context, the term “pesticides,”
although sometimes considered outdated,
remains justified, since there are other classifi-
cations based on target pests or organisms, as
well as mechanisms of action. Moreover, a
large number of national legislations and inter-
national institutions also continue to use the
term “pesticides” for this group of chemical
compounds [24].
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3 QyHKI[IOHATEHOT TOYKH 30pY, MECTHLNIHN
MOXXHA K1acH(iKyBaTH Ha Pi3HI KaTeropii:
AKapULUAN, aTbriliad, aHTH(ITaHTH, aBilH-
U, OaKTepUIUAM, PEMeNeHTH Ui MTaxiB,
XEMOCTEPWISHTH, (QyHTIIUAN, TPOTPYHHUKH,
repOiuaN, aTpakTaHTH KOMax, pEMeNeHTH
KOMax, IHCEeKTHUIIMIU, PETICIICHTH IJIs CCaBLiB,
JIe31HCEKTaHTH TapyBaHHS, MOJIOCKOLHIIH,
HEMATOLMN, AKTHBATOPH Ta PETyIATOPH
POCTY POCIHH, POACHTHIMIN, CHHEPIiCTH,
Bipyuuau Ta inmi. Ili ocHOBHI KaTeropii
MOXHa JO0AaTKOBO KJacu(]iKyBaTH 3a iHIIUMU
KPUTEPIsIMU, TaKUMH SIK OCHOBHI (PyHKIIiO-
HaJbHI TPYTH, MPUCYTHI B MOJICKYJTi (HAITPHK-
nan, ¢eHokcu-repOinuan) ado crenudivudi
MeXaHi3MH nii (Hampukian, iHridiTopu are-
THIXOJiHecTepa3u). Kimac OiomecTuumis
BKJIIOYA€ CIIONYKH, OJCpXaHi 3 MPHUPOIHHUX
JUKEpes1, TAKHX K TBAPMHH, POCIHHH, OaKTe-
pii Ta neski miHepanu [25].

Oxpemi mecTHIHUIN MOXKHa ineHTH(diKyBa-
TH 3a JIOTIOMOTOIO0 BJIACHUX TOPTOBHX MapoK
abo OpeHIiB, fKi 3a3BUYail 3MIHIOIOTHCS 3
JacoM 1 3aJIe)KHO BiJl KpaiHu. J{iroui pedoBUHH
MECTULUIIB 1eHTU(DIKYIOTBCS 32 XIMIYHHM
CKJIaJIOM 3T1JTHO 3 OMHUCOBOIO CHCTEMATUYHOIO
HOMEHKJIaTypor0 MIiXKHApOTHOTO COI03Y TEO-
petuyHoi Ta mpukiagHoi Xximii (IUPAC —
International Union of Pure and Applied
Chemistry) Ta Chemical Abstract Service
(CAS). 3 meTor0 moj107aHHS TPYIHOIIIB 17CH-
Tu(diKamii UIsl TOPTiBIi, PEeCTparii, 3aKOHO-
JTAaBCTBAa Ta BHKOPUCTAHHS B HAyKOBUX, TEX-
HIYHUX 1 MOMYJSIpHUX myOmikamisax, Mix-
HapoaHA opraxizaiis 3i crannapruzarii (ISO)
MPUCBOIOE KOXKHOMY TMECTUIUIY KOPOTKY,
XapaKTepHYy HETAaTeHTOBaHY Ta 3arajbHONPHIi-
HATY Ha3BYy [26].

[lecTnuuay — 1e ckJIaAHi Mpemnapary, Lo
3a3BUYail MICTATh OAHY a00 JBI PEUOBHHH,
MpU3HAYEH1 /ISl 3HUIICHHS IIIbOBUX OpPraHi3-
MiB (TOOTO aKTMBHHX IHTPEMIE€HTIB), Ta iHII
pEUOBUHU, 1MO30aBICHI CHEIU(IYHOI TOKCHY-
HOI aKTUBHOCTI, 5IKi JOAAIOTHCA 3 METOIO MPH-
CTOCYBaHHS KiHIIEBOTO MPOAYKTY 10 OakaHUX
notped (ToOTOo momomixHI pedoBuHH). [0
JOTIOMDKHUX PEYOBUH HaJIeKaTh POZYMHHUKH,
eMyJIbraTopH, MOBEPXHEBO aAKTHBHI PEYOBHHH,
KOHCEpBaHTH, OAapBHUKH Ta PEYOBHMHHU, IO
BUKIIMKaIOTh OntoBoTy. [IpHucyTHICTH momo-
MDKHUX PEYOBHH MOXKe TpaHchopmyBaTH 6i0-
JOCTYITHICTh aKTHBHOI PEUYOBUHH, a TaKOXK, il
TOKCUYHICTh 3a MEBHUX yMOB. ICHye Kimbka
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From a functional perspective, pesticides
can be classified into various categories: acari-
cides, algicides, antifeedants, avicides, bacte-
ricides, bird repellents, chemosterilants, fungi-
cides, seed treatments, herbicides, insect
attractants, insect repellents, insecticides,
mammal repellents, mating disrupters, mollus-
cicides, nematicides, plant growth activators
and regulators, rodenticides, synergists, viru-
cides, and others. These main categories can
be further classified according to other criteria,
such as the principal functional groups present
in the molecule (e.g., phenoxy herbicides) or
specific mechanisms of action (e.g., acetyl-
cholinesterase inhibitors). The class of biopes-
ticides includes compounds derived from nat-
ural sources such as animals, plants, bacteria,
and certain minerals [25].

Individual pesticides can be identified by
their trade names or brands, which usually
change over time and depending on the coun-
try. The active substances of pesticides are
identified by their chemical composition
according to the descriptive systematic
nomenclature of the International Union of
Pure and Applied Chemistry (IUPAC) and the
Chemical Abstract Service (CAS). To over-
come difficulties in identification for trade,
registration, legislation, and use in scientific,
technical, and popular publications, the
International Organization for Standardization
(ISO) assigns each pesticide a short, distinc-
tive, nonproprietary, and universally recog-
nized name [26].

Pesticides are complex formulations that
usually contain one or two substances intend-
ed to eliminate target organisms (the active
ingredients), along with other substances lack-
ing specific toxic activity, which are added to
tailor the final product to intended uses (the
so-called auxiliary substances). The auxiliary
substances include solvents, emulsifiers, sur-
face-active agents, preservatives, dyes, and
emetics. The presence of such auxiliary sub-
stances can alter the bioavailability of the
active ingredient and, under certain condi-
tions, its toxicity. Several unofficial databases
exist regarding pesticide properties, covering
approved substances, those considered obso-
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HeoQimiitHMX 0a3 JaHUX MI0JI0 BIACTUBOCTEH

MEeCTUIIU/IIB, SIKI BKJIFOUAIOTh JI03BOJIEHI pPEeUo-

BHUHHU, @ TaKOXX PEUOBMHU, IO BBAXKAIOTHCA

3acTapiiuMu abo 3a00pOHEHHMH, HOBI pedo-

BHHH, a TaKOX CHOJYKH Ta CyMIIl, 1110 BUKO-

PHUCTOBYIOTBCS SIK KO-(popMyistHTH [12].
Xapaxkmepucmuka npogheciitnoi
eKkcno3uuii
[lecTUMaM BUKOPUCTOBYIOTHCS MEPEBaXK-

HO B HaCTYIHUX cdepax:

— Y CUIbCBKOMY TOCIOAAPCTBI JUIsl 3aXUCTY
XapuOBUX KYJBTYp Ta MPOMHCIOBUX TOBa-
pPiB CUIBCHKOTOCIIOIAPCHKOTO TOXOMKECHHS
(Harpukiaa, HaTypajdbHUX BOJIOKOH, JAepe-
BUHHU) Bl IICYBaHHS IUIICHABOIO, KOMaxa-
Mu, Oyp'sHaMU Ta 1HIIMMH OpTraHi3MaMu,
AKI MOXYTh 3HU3UTH BpOXXKalHICTH abo
MOTIPIIUTU SIKICTh MPOIYKLIi Ha BCIX €Ta-
nax ii BupoOHuurea [27-30];

—y cdepi OXOpPOHU 30POB'sl, HATPUKIIA, TS
60poThOM 3 KOMaxaMu a0 aJis Ae3iHpeKIli
NpUMIIIEHb Ta OONaAHAHHS JIIKapeHb; Yy
TPOIIYHUX 1 CyOTPOMIYHUX perioHax — s
Npo(UIAKTUKKA TPAHCMICUBHHUX 3aXBOPIO-
BaHb, 1110 MOJISITaE€ B MEpioauyHIi 00poOii
BHYTPIILIHIX CTIH 1 MOBEPXOHb OY/IMHKIB, a
TaKO>X MOCKITHUX CITOK. BUKOPHCTOBYIOTB-
Csl MECTULUAMN AJis BUPIUICHHS 3aBJIaHb y
chepl TPOMAJCHKOTO 370POB'sl — 1€ AC31H-
CEKIis JIITaKiB, Ha MapUIpPyTax 3 TPOMIYHUX
KpaiH B paiilOHH, /1€ TPAHCMICHBHI XBOPOOH
HE € CHASCMIYHHUMU, 3 METOI0 3aro0IiraHHS
Mirpatii NepeHOCHUKIB XBOpOO Ha BEJIMKI
BijcTaHi [31];

— npu 00poOLIl KOPITYCIB Cy/I€H aHTUBEreTa-
TUBHUMHU 3ac00aMU 3 MOJBIHHOIO METOIO:
3ano0iranHg HeOakaHiM Mirpamnii Mop-
CHKHX OPraHi3MiB MK OKEaHaMH Ta MiBKY-
JISIMH, a TAKOXK JJIsl 3ar00IraHHs HaJAMIPHO-
My J000BOMY OINOpY CydaM BHAaCIIJI0K
301IbIICHHS IPUPOIHOT BereTawii MOpChKOl
POCIIMHHOCTI;

— Y MDKHApOJHIM TOPriBii [jsi oOpoOKu
TOBApIB 1 MEPEBI3HUKIB (KOPaOIIiB, BAHTAXK-
HUX KOHTEWHEPIB, IEPEB'STHUX TIIOHIB,
AIIUKIB TOIIO) JUIS 3aXUCTY KpaiH-IMIIOpTe-
piB BiJ 3apakeHHs Mapa3uTamu (3a3BUuait
TPOIMIYHUMU), TAKUMHU SIK KOMAaxH, >KyKH,
IUTICHSIBA TOIIIO;

— J1J151 3aXUCTY Oy/Ib-SKOTO BUIY MarepialiB 1
POCIHH BiJl 010JIOTTYHOT Aerpajaliii 3 BUKO-
puctanHaMm (apd Ta mnpenapariB s
00poOKH J1IepEeBUHH, a TaKOXK Y BHUPOOHHII-
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lete or banned, newly developed substances,

as well as compounds and mixtures used as co-

formulants [12].

Characteristics of occupational

exposure

Pesticides are primarily used in the follow-
ing sectors:

— agriculture — for protecting food crops and
industrial agricultural products (e.g., natu-
ral fibers, timber) from spoilage caused by
mold, insects, weeds, and other organisms
that may reduce yield or quality at all stages
of production [27-30];

— healthcare sector — for example, for insect
control or for disinfecting hospital facilities
and equipment; in tropical and subtropical
regions, for the prevention of vector-borne
diseases, which involves periodic treatment
of interior walls and surfaces of buildings,
as well as mosquito nets; pesticides are also
used to address public health tasks, such as
aircraft disinsection on routes from tropical
countries to regions where vector-borne
diseases are not endemic, in order to pre-
vent the long-distance migration of disease
carriers [31];

— ship treatment — use of antifouling agents
on ship hulls for a dual purpose: to prevent
the unwanted migration of marine organ-
isms between oceans and hemispheres, and
to reduce hull resistance caused by exces-
sive marine vegetation;

— international trade — for treating goods and
carriers (ships, shipping containers, wooden
pallets, crates, etc.) to protect importing
countries from infestations by pests, typi-
cally tropical insects, beetles, or mold;

— material protection — to prevent biological
degradation of materials and plants using
paints or wood treatments, and in paper pro-
duction, leather tanning, and boat manufac-
turing and maintenance.

Several categories of workers may be
exposed to pesticides. It is extremely impor-
tant to identify, for each category, the specific
classes of products used, the circumstances,
the routes of exposure, and the corresponding
levels of exposure. In the international litera-
ture, the term “exposure scenario” refers to the
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TBIi manepy, ayOJIeHH1 HIKipI/I BUPOOHUIITBI

Ta o6cnyr013yBaHH1 4OBHIB [32].

JlexiibKa KaTeropin HpaHIBHI/IKIB MOXYTh
3a3HaBaTH BIUIMBY MeCTHIHAIB. Hana3BuuaiiHo
BAXJIMBUM € BHU3HAYEHHS IS KOXKHOI 3 HUX
cnenuiyHUX KJIaciB BUKOPUCTOBYBAHUX TIPO-
TyKTiB, OOCTaBHH, NIJISAXIB €KCTO3UIIIT Ta BiJl-
MOBITHUX PIBHIB BIUIUBY. 3 METOIO BU3HAYCH-
Hi Tpo(deciiHOTO PHU3UKY BHBYAIOTH KOM-
TIEKC YMOB BUKOPHCTAHHS MECTUIIUIB, IKAMN
B IHO3EMHIil JliTeparypi 3a3BUYail Ha3UBAETh-
Csl «CIeHapieM BIUTUBY». [l BHU3HAUCHHS
IHTEHCHUBHOCTI €KCIIO3HIII1 3a3BHUYail po3paxo-
BYIOTBCSl 3arajbHi PiBHI BIUITMBY IECTHIIHIIB
0e3 CyBOpOi MPHUB'SI3KK 10 KOHKPETHOTO TIPO-
aykry [23].

Cepez[ KOHTAKTYIOUHX 3 MECTHINIAMH TIpa-
HIBHI/IKIB MOYKHA BUIUIMNTH TakKi TPyIu: Mpo-
MUCJIOBI MPAIiBHUKH, 10 3aiiMalOThCsl BUPOO-
HUIITBOM 1 pO3POOKOI0 KOMEPITIHHUX TIECTUITHU-
JliB; TIPaIliBHUKH, SIKi 3aCTOCOBYIOTh MECTHUIIHU-
I B CiJ'IBCLKOMy TOCIIO/IapCTBI Ta B npouecax
yr[paBJ'IlHH}I MUTAHHAMH  OXOPOHH 3Z[0pOBH
CIHBCBKOFOCHOI[apCI)KI MpaImiBHUKH, SKi 0e3-
MOCEPEIHBO 3aIydeHi 0 poliT Ha 06p06ne-
HUX MECTHLIHUIAMH IOJIIX; HpOMI/ICJ'IOBl npa-
I[IBHUKH, 1110 BUKOPUCTOBYIOTh MaTepiain abo
TMPORYKTH, 06p06neH1 MECTHLMIAMH; HEIpo-
MUCJIOBI HpaHIBHI/IKI/I aKi mepeOyBalTh Y
3aKPHUTHUX TPUMIIIEHHSIX, 00pOOICHUX MECTH-
nuaaMu ad0 MaHIMYJIIOITh MPeIMeTaMu, 10
Oy HUMH 0OpOOJIEH.

Xapaxmepucmuka

MOKCUKON02I4H020 npoginto

MexaHi3MH BIUIMBY MECTHIUAIB Ha TaK
3BaHI HeOaKaHI OpPraHi3MH, y JICSKUX BHITAI-
Kax Ti X cami, 1[0 MOXKYTh BUKJIMKATH TOKCHY-
Hi epexTH B JrONEH, SKi MiAMa0ThCS BIUIHBY.
[Tpu 11bOMY BaXKITUBY POJIb BiJIITPAIOTh SIK JO3H
EKCIO3MIIil, TaK 1 YyTJAUBICTh JIFOAUHU JI0 1Hi-
miarii 610XIMIYHOTO MeXaHi3My B MillleHi il
aKTUBHOI PEYOBMHU. 3arayom, Oinbima 0ioxi-
MiYHa CEJIEKTHBHICTH MECTHUIIMIIB, 1 K HACJII-
JIOK, MEHIIIAa TOKCHUYHICTh IS HELIIbOBHUX
BUJIIB MOKe OyTH TOCSATHYTA, SKIIO OpTaHi3M-
MIIIeHb (iTOTCHETHYHO BiI[OKpCMJ'IGHI/If/i Bi,Z[
iHmmx. Tomy, B TpWHIMII, rep61u1/m1/1 K1
,Z[IIOTL 3a paxyHOK 010XIMIYHUX MeEXaHI3MIiB,
0 BiJICYTHI y TBapHH (HAPUKIIAI, (bOTOCI/IH-
TE€3), € 3HAYHO MCHII TOKCUYHUMHM JUIS JTFOTU-
HU, HDK Ti, IO XapakKTEPHU3YIOThCSA OiIBII
3araJbHUMH MEXaHi3MaMH, TaKUMH K TOpPY-
IICHHS OKHUCITIOBAJIBHOTO (POCHOpUITIOBAHHS
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purpose of assessing occupational risk as well
as the combination of conditions under which
pesticides are used. To determine the intensity
of exposure, general pesticide exposure levels
are usually calculated without strict reference
to a specific product [23].

Among workers exposed to pesticides, the
following groups can be distinguished: indus-
trial workers involved in the production and
development of commercial pesticides; work-
ers who apply pesticides in agriculture or in
public health management activities; agricul-
tural workers directly engaged in tasks on
pesticide-treated fields; industrial workers
handling materials or products treated with
pesticides; and non-industrial workers who
are present in enclosed spaces treated with
pesticides or who handle items that have been
treated.

Toxicological profile

characteristics

The mechanisms by which pesticides act on
so-called undesirable organisms, in some
cases, are the same as those that can cause
toxic effects in humans exposed to them. In
this, both the level of exposure and individual
human susceptibility to the initiation of a bio-
chemical mechanism at the target site of the
active substance play an important role. In
general, greater biochemical selectivity of pes-
ticides, and as a consequence, less toxicity for
non-target species, can be achieved if the tar-
get organism is phylogenetically separated
from others. Therefore, in principle, herbicides
that act due to biochemical mechanisms absent
in animals (for example, photosynthesis) are
significantly less toxic for humans than those
characterized by more general mechanisms,
such as disruption of oxidative phosphoryla-
tion or inhibition of acetylcholinesterase
(AChE) activity. In some cases, for example,
when pesticides are pro-drugs of the actual
toxic molecule, the level of selective toxicity
can be achieved using the absence of the acti-
vating biotransformation pathway in non-tar-
get species. This applies, for example, to
thion-phosphate esters, the conversion of
which into the corresponding (oxo0)-phos-
phates is catalyzed by a sulfur-oxidizing
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a00 MPUTHIYEHHS AKTUBHOCTI alleTHJIXOJIIHEC-

tepa3u (AXE). V neskux BUIagKax, HaIlpHUK-

Ja/1, KOJIM NECTULUIN € pro-drugs BIacHe TOK-

CHUYHOI MOJIEKYJIH, PIBHSI CEJIEKTUBHOI TOKCHY-

HOCTI MOXKHa JOCSITTH, BUKOPUCTOBYIOUU Bij-

CYTHICTh aKTHUBYIOUOTO LLISXY OiloTpaHcdop-

Manii B HemuiboBuX BUAIB. lle cTocyerbcs,

Hanpukiaj, TiopochaTHux edipiB, NEPeTBO-

PEHHS SAKUX y BIIMOBIAHI OkcoocdaTru Kara-

J3y€eTbes CylbQypOKCUIHUM (HEPMEHTOM, 1110

I00pe eKCIPEeCY€eThCsl B KOMax Ha BIMIHY Bij

ccaBIliB. 3 1i€1 MPUYMHU THCEKTUIIUIH, TaKI SIK

MaJlaTiOH, € Ha0araTo TOKCHYHIIIUMH I

KOMax, HUK AJis JitoAei. 3 1Hmoro 00Ky, Taki

CIOJIYKHU SIK POJAEHTHUIIMIM, HABIAKH, MPU3HA-

YeHl /I 3HUILEHHS TEIJIOKPOBHUX OpraHi3-

MIB, TOMY XapaKTE€pPU3YyIOThCsl HaJA3BUYAIHOIO

TOKCHYHICTIO /IS roaunu [33, 34].
OCHOBHMMH XIMIYHHMH KJIaCaMH I1€CTHIIN-

JIB, K1 € HeOe3MEUHUMHM, 3aBAIOTh IIKOJIU

3I0pPOB'I0 TPAIIBHUKIB, HA CHOTOJIHI BU3HAYe-

Hi: KapOamatu (1HCEKTHIIUMIM), KOHAa30JIH

(pyHrinuan), noxiaHi KyMapuHy (pOAEHTHUIIH-

1), nutiokapbamatyl (pyHriuan), HIKOTHHO-

inHl crnonyku (IHCEKTULUAM), XJIOpPOpraHidH1

crioyyku (pi3He 3acTocyBaHHs), pocdopopra-

HIYHI CMOJIYKHM (IHCEKTUIUIU Ta TrepOiuan),

NOX1AH1 (PEHOKCUKHUCIOT (repOiuuau), miperT-

poinu (IHCEeKTULIMM) Ta YETBEPTUHHI aMOHIE-

Bl criontyku (repOinuan) [35].

Jlo HaiO1IBIN BIIOMUX MEXaHI3MIB TOKCHY-
HOT JIii 1IHCEKTULIUIIB, TepOIUIiB, PyHTIIUIIB
Ta POICHTUIINAIB Hajexarh [36, 37]:

— BIUIMB Ha aKCOHAJIbHY HEPBOBY IPOBiJ-
HICTh (quxyopaudenintpuxioperand — /1T
(Hapasi 3a00pOHEHHUI) Ta MIPETPOIAN);

— BIUIMB Ha CHUHANTU4HYy mniepenady (¢ocdo-
poprasiuti edipu, kapbamarn);

— BIUIMB Ha CHUCTEMY MITOXOHJIPIAJIbHOTO U~
XaHHS: MapakBar 1 rekcaxjaopOeH30i (BUKO-
pHUCTaHHs 000X, SIK MPaBUIIO, OOMEKEHE);

— BIUIMB Ha 010CHHTE3 CTEPOiliB (KOHA30IbHI
GbyHrinuan);

— MOPYIIEHHS 3rOpTaHHs KPoBi (KyMapuHOBI
POIEHTHULIUIN ).

Inmi mexanizsmMu OlonmaHoi fii, Takl SK
BTpy4aHHs y (OTOCHHTE3 a00 G10CHMHTE3 KJIi-
TUHHOI CTIHKH, II0 BHUKOPHUCTOBYIOTHCS IPHU
po3pobii repOinuaiB abo BTpydyaHHs B Oio-
CUHTE3 XITUHY (BUKOPUCTOBYETHCS MpPU PO3-
poOIIl aKapHUIM/IIB) BIJICYTHI B TEIJIOKPOBHUX
TBapuH, M0 TMEPEIIKOKaE MeXaHi3MaMm,
MOB'I3aHUM 3 TOKCUYHICTIO B JIFOACH.
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enzyme that is well expressed in insects as
opposed to mammals. For this reason, insecti-
cides such as malathion are much more toxic
for insects than for humans. On the other hand,
such compounds as rodenticides, on the con-
trary, are intended for the elimination of
warm-blooded organisms, and therefore are
characterized by extremely high toxicity for

humans [33, 34].

The main chemical classes of pesticides
currently recognized as hazardous and harmful
to workers’ health include: carbamates (insec-
ticides), conazoles (fungicides), coumarin
derivatives (rodenticides), dithiocarbamates
(fungicides), nicotinoid compounds (insecti-
cides), organochlorine compounds (various
applications), organophosphorus compounds
(insecticides and herbicides), phenoxy acid
derivatives (herbicides), pyrethroids (insecti-
cides), and quaternary ammonium compounds
(herbicides) [35].

The most well-known mechanisms of the
toxic action of insecticides, herbicides, fungi-
cides, and rodenticides include [36, 37]:

— influence on axonal nerve conduction
(dichlorodiphenyltrichloroethane — DDT
(currently banned) and pyrethroids);

— influence on synaptic transmission (organo-
phosphorus esters, carbamates);

— influence on the system of mitochondrial
respiration: paraquat and hexachloroben-
zene (the use of both is generally restricted);

— influence on the biosynthesis of steroids
(conazole fungicides);

— disturbance of blood coagulation (coumarin
rodenticides).

Other mechanisms of biocidal action, such
as interference in photosynthesis or in the
biosynthesis of the cell wall, which are used in
the development of herbicides, or interference
in the biosynthesis of chitin (used in the devel-
opment of acaricides), are absent in warm-
blooded animals, which prevents mechanisms
associated with toxicity in humans.

Diseases caused by pesticides are mostly
acute and arise as a result of direct contact
with the compound via inhalation, through the
skin or mucous membranes, or, much more
rarely under occupational conditions, per os
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3axBOpIOBaHHS, CIPUYMHEHI IMECTULUIA-
MU, 37eO1IBIIOT0 € TOCTPUMH Ta BUHUKAIOTh
BHACJNIIJOK MPSIMOTO KOHTAKTy 31 CIIOIYKOIO
LTAXOM BIMXAHHS, 9ePes WIKIPY 9 CIIH30BI
a0o0, Habararo piamie y BUpoOOHUINX yMOBax —
per os [32]. OcHOBHUME OpFaHaMI/I-MIHJeHHMI/I
IpU I[bOMY € IIKipa, O4i, CIU30B1 0OOJIOHKHU
TUXATbHUX HUIAXIB, TpaBHI/Iﬁ armapar 1 HepBo-
Ba crucreMa. [leski po3naan MOXYTh CHPUYH-
HUTH JIOBTOTPHBAIT HACTIJKH, 30KpeMa jiere-
HeBuil (i6po3 micis OTPYEHHS T1apaKBaTOM
a00 JaTeHTHY MONiHEeHpONarito, 1HAYKOBaHY
dochopopraniuHUMH pEeYOBHHAMHU. 3aJu-
IIAFOTHCS HE JI0 KIiHII 3’ SICOBAaHUMH XPOHIYHI
HACJIIIKHM BIUTMBY MECTULINIIB, OCKITbKY HasIB-
Hi JaHi PO MIHPOKHH CIICKTP edeKTiB, CIpH-
YMHCHUX DI3HUMH CIIONYKaMH, BKIIOYAI0uH
TOKCHYHICTh JUIsl MIEYIHKH Ta HUPOK, a TAKOXK
XPOHIYHHUI BIUIMB Ha LIKIPY, IMyHHY, JUXaJb-
Hy Ta CHIOKPHHHY CHCTEMH, KpOB, mepude-
pUYHY Ta UEHTpajJbHy HEPBOBY CHUCTEMY
(BKJTHOYAIOYH MOPYIICHHs moBexinkn). Iloxo
KaHIIEPOTCHHOTO BILTHBY € Baromi AOKa3H
PU3HKY PO3BHUTKY PaKy BiJ BIUIUBY MHII SKOB-
MICHHUX MECTULUAIB, SKi 3a00pOHEH] Maibke B
ychoMy CBITI [23].

[MI13 B VYkpaini 3arBepmkenuii I[locra-
HOBOolO KabGiHery MiHicTpiB VYkpaiHu BiA
08.11.2000 p. Ne 1662 i € OCHOBHUM JTOKYMEH-
TOM, SIKHIM CJIiJl KepyBaTHUCsI TPU BCTAHOBJICHHI
z[iarHo:*.y npodeciitHoro 3axBOprOBaHHS, HOTO
3B’A3Ky 3 PODOTOIO, IO BHKOHYETHCSH, abo
npoeci€ero, BUPIMICHHI MHTaHb CKCICPTH3H
MPAIE3aTHOCTI, MEAUYHOT Ta TPYAOBOI peadi-
miTamii, a TaKoXK BIIIIKOAYBAHHS BIACHHKOM
HiANPUEMCTBA, YCTAHOBH YM Oprasizamii abo
YIOBHOBKEHHUM HHUM OPTaHOM ILIKOAM, 3aIlo-
JiSTHOT TMPaIliBHUKOBI BHACIIIOK YIIKOMKEHHS
HOro 370poB's, MOB'SI3aHOTO 3 BUKOHAHHSAM
TPYmOBUX 000B'sI3KiB [38].

Hakazom MO3 Vkpainu Ne 374/68/338 Bin
29.12.2000 p. «IIpo 3aTBepmxenns [HcTpyKiii
PO 3aCTOCYBaHHs TEpeNiKy MTpodeciiitHuX
3aXBOPIOBaHb (31 3MiHAMHU, BHECEHUMH 3T1AHO
3 Hakazom MiHicTepcTBa OXOPOHU 310POB'st Ne
2911/99/738 Bim 29.12.2021 p.)» 3aTBepaKEHO
IHCTPYKIIIIO [0 3aCTOCYBaHHS 3a3HA4YE€HOTO
[Tepeniky [39].

Y BiTtH/ISH}IHOMy [I13 oTpyeHHS nEeCTULIH-
JlaMi BHECEHI 110 pos3ainy 1 «3axBopioBaHHs,
10 BHUKAIOTH IMiJ{ BIUINBOM XiMIiYHHX (haKToO-
piB». Cepen Ho3070TiUHHX (OPM OKpEMO
BUIIJICHI:
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[32]. The main target organs in this case are
the skin, eyes, respiratory tract mucous mem-
branes, digestive system, and nervous system.
Some disorders can cause long-term conse-
quences, such as pulmonary fibrosis following
paraquat poisoning or latent polyneuropathy
induced by organophosphorus compounds.
The chronic effects of pesticide exposure
remain not fully understood, as available data
indicate a wide spectrum of effects caused by
different compounds, including hepatotoxicity
and nephrotoxicity, as well as chronic effects
on the skin, immune, respiratory, and
endocrine systems, blood, peripheral and cen-
tral nervous systems (including behavioral dis-
turbances). Regarding carcinogenic effects,
there is substantial evidence of an increased
risk of cancer from exposure to arsenic-con-
taining pesticides, which are banned in almost
all countries [23].

The LOD in Ukraine, approved by the
Resolution of the Cabinet of Ministers of
Ukraine dated 08.11.2000, No. 1662, is the
main document to be used when establishing a
diagnosis of an occupational disease. It must be
linked to the work performed or the profession
when addressing issues of work capacity
assessment, medical and labor rehabilitation,
as well as compensation by the owner of the
enterprise, institution, or organization, or by an
authorized body, for damage caused to the
employee as a result of harm to their health
associated with the performance of their labor
duties [38].

By the Order of the Ministry of Health of
Ukraine No. 374/68/338 dated 29.12.2000,
“On approval of the Instruction on the applica-
tion of the list of occupational diseases” (as
amended by the Order of the Ministry of
Health No. 2911/99/738 of 29.12.2021), the
instruction for the application of the said List
was approved [39].

In the domestic LOD, pesticide poisonings
are included in Section 1: “Diseases arising
under the influence of chemical factors.”
Among the nosological forms, the following
are separately distinguished:

— toxic anemia (ICD-10 D60-D64), toxic
hepatitis (K71) (acute (K71.2) caused by
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— tokcuuHa aHemiss (MKX-10 D60-64), Tok-
cuunuid rematut (K71) (roctpuit (K71.2)
BiJl BIUIMBY NECTUIUAIB (XJIOPOPraHIYHUX
Ta IHIIUX CIIONYK);

— xponiunuii nepcuctyrounii (K71.3), xpo-
HiyHuil aktuBHui (K71.5) Bin BruuBy nec-
TULUAIB (XJIOPOPraHIYHUX Ta IHIIMX CIO-
JyK) TenaTur;

— YPXKCHHs TCUIHKH 3 PO3BUTKOM (iOpo3y
ta 1upo3y (K71.7) Big BIIMBY necTULUIIB
(xnopopraﬂquHx Ta IHIIUX CIONYK);

— TOKCUYHI ypaXeHHsI HEPBOBOI CUCTEMH BiJ
BILJIUBY ME€CTULIU/IIB:

— nonineBpomnaris (G62);

— HeBpo3zonoaioHi ctanu (F48) );

— enuedanonaris (G92)

Sk 1 A7 1HIIMX 3aXBOPIOBaHb, Y JIOKYMEHTI
BIJICYyTHE OIMCAHHS BJIACTUBOCTEH OKpEMHUX
BUJIB MNECTHUIHAIB, IXHIM TOKCHKOJOTTYHHUUI
npodisib, MiHIMaldbHA TPUBAIICTh BIUIUBY, 3a
SIKOT MOXK€ PO3BUHYTHUCH TIpoeciiiHe OTpyeH-
HSl, TPUBAIICTh JJATEHTHOTO MEPIOAY, a TaKOXK
3aX0AM TMPO(UIAKTHKY, 110 YCKIIAJHIOE EKC-
nepTusy Hpoq)ecmHHx 3aXBOPIOBaHb Ta 00’ €K-
TUBI3ALIO J[1arHO3Y.

MOII mnpomnoHye BKIIOYUTH 10 HEPEIIKY
rocTpux npoeciiiHux 3aXBOPIOBaHb, CIPUYH-
HeHux necruuugamu (T60), nactynHi Gopmu
MaToJIOT1i: TOCTpe NOJPAa3HEHHS CIU30BUX
000JIOHOK (3amajieHHsl AUXaJIbHHUX LUISXIB)
(J68), anepriyHuii KOHTAKTHUH JE€pMaTUT
(L23), omiku Ta YHIKOXKEHHS 30BHIIIHBOI
noBepxHi Tua (T20-T25), omiku Ta ymkon-
YKEHHS quxaibHuX nUisixiB (T27), omiku oka Ta
roro npunarkiB (T26.0-T26.1), XxiMiuH1 ONIKH
NOPOXXHUHU pOTa, TJIOTKU, CTPAaBOXOAY Ta
nuryHka (T28.0-T28.2), kon'tonkrusit (H10.2),
Bupasky poriBku (H16.0), nogpazHioBanbHMIA
koHTakTHUM aepmarut (L24), roctpy npode-
CiifHy acTMy, CHPUYMHEHY MOApPa3HUKAMHU
(J68.3), mHEBMOHIT Ta TOCTpPUN XIMIUHUH
oponxit (J68.0), HaOpsik nereniB (J68.1), cun-
JIPOM PpPEaKTUBHOI AUCOHYHKINT AUXaTbHUX
nusaxiB (RADS — Reactive airways dysfuncti-
on syndrome), 3anajieHHs BEpXHIX TUXaIbHUX
nuisxis (J68.2). Y nanomy omsiai Mu npejcTa-
BUMO YaCTHHY 3 HUX [22, 23].

Kniniuni o3naxu namonozii

TepMiH «rocTpe OTPYEHHS NECTHLIMIAMID
O3Ha4a€e OyJb-AKe YIIKO/PKEHHS 370POB'S MICIIS
KOHTAaKTy 3 HNECTHLMOM, L0 CTaJIOCh MPOTS-
roM 48 To1InH, K1 NepeyBau MOsIB1 KIITHIYHIX
nposiBiB. Lle BU3HauEHHs 3aCTOCOBY€ETHCS SIK J10
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exposure to pesticides (organochlorine and

other compounds));

— chronic persistent hepatitis (K71.3), chron-
ic active hepatitis (K71.5) caused by expo-
sure to pesticides (organochlorine and other
compounds);

— liver damage with development of fibrosis
and cirrhosis (K71.7) caused by exposure to
pesticides (organochlorine and other com-
pounds);

— toxic damage to the nervous system caused
by exposure to pesticides:

— polyneuropathy (G62);

— neurosis-like conditions (F48);

— encephalopathy (G92).

As with other diseases, the document does
not provide a description of the properties of
individual types of pesticides, their toxicolog-
ical profile, the minimum duration of exposure
required for the development of occupational
poisoning, the duration of the latent period, or
preventive measures, which complicates the
issues of occupational disease assessment and
the objectification of the diagnosis.

The ILO proposes including in the list of
acute occupational diseases caused by pesti-
cides (T60) the following pathological forms:
acute irritation of mucous membranes (inflam-
mation of the respiratory tract) (J68), allergic
contact dermatitis (L23), burns and injuries of
the external surface of the body (T20-T25),
burns and injuries of the respiratory tract
(T27), burns of the eye and its appendages
(T26.0-T26.1), chemical burns of the oral cav-
ity, pharynx, esophagus, and stomach (T28.0-
T28.2), conjunctivitis (H10.2), corneal ulcer
(H16.0), irritant contact dermatitis (L24),
acute occupational asthma caused by irritants
(J68.3), pneumonitis and acute chemical bron-
chitis (J68.0), pulmonary edema (J68.1), reac-
tive airways dysfunction syndrome (RADS),
inflammation of the upper respiratory tract
(J68.2). In this review, we will present some of
these forms [22, 23].

Clinical signs of pathology

The term ““acute pesticide poisoning” refers
to any health impairment following contact
with a pesticide, preceded by certain clinical
manifestations. This definition applies both to
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BUIIA/IKiB, MTOB'A3aHUX 3 OMHOPA30BUM BILTUBOM
BHCOKOI KOHIICHTpAIlli MECTUIMIIB, TaK 1 [0
THX, 110 CTaJIMCS BHACTIJJOK 0araropa3zoBoi eKc-
MO3MIIIi CHONYK 3 TPUBAJIUM TIEPiOZOM HaIliB-
posmay. ¥ IHX BUMNajKax 1e00T 3aXBOPIOBAH-
HSI CIIOCTEPITa€eThCs MICIs MOTTMHAHHS «OCTaH-
HBOI» 103U, HEOOXiNHOT Ui JIOCATHEHHS
HABaHTKCHHS Ha OPraHi3M, L0 MEPEBHIYE
MOPOTOBY KOHIICHTPALiI0 Al BHUHUKHEHHS
edexty. BB nectunmmia, 0coOIMBO B CyMi-
111 3 PO3YMHHUKAMH, MOXKE BHKJIUKATH TTOIPa3-
HEHHS CJIM30BUX 000JIOHOK, O4eH Ta LIKipH, 10
B CBOIO Uepry Mo)Ke 30UIBIIMTH TMOTIMHAHHS
HeOE3MEYHO] PEYOBMHM Hepe3 MKipy. Brmis
NECTUIUIIB MOXKE TaKOXK MiJBHIIUTA PUUK
PO3BUTKY atomii Ta acTMu. [0CTpe MpPOKOBTY-
BaHHA (YacTille MOB’si3aHe 3 HaMipamMH caMo-
ryOcTBa) MOXe CIIPUYMHUTH OMIKU T'y0, poTa,
ropia, CTpaBOXo/ay Ta HuTyHkKa [23].

Jy1st GLTBIIIOCTI BUTIA/IKIB TOCTPOTO OTPYEHHS
MEeCTUIUIAMU  XapakTepHi  HecnenudivHi
3arajibHi MPOSBU 1HTOKcHKaIi. [loTparisHHas
PEUYOBHHHU B 04l 3a3BMYAil BUKJIHMKAE MEKy4YHI
Oib, CBITIIOOOSI3HB, TIOAPA3HEHHS Ta BUPA3KH
KOH'IOHKTHBH. [IpM KOHTaKTI TECTHIMIIB 3i
MIKIPOI0 BUHUKAIOTH CUMITTOMHU CEHCHOLTI3aIlii
a00 moapa3HEeHHs, BUKIMKAIOUN TIOUYEPBOHIHHS,
CBepOK, HAOPSK, OLTb 1 YTBOPEHHS ITyXHPIB.
Bayxanas HeGe3neyHUX KOHIEHTpALi MecTu-
OUAIB TPU3BOAUTH TAaKOXK IO CHMIITOMIB
MOZIPa3HEHHSI CIM30BOi OOOJIOHKU JAWXAIbHHUX
NUISXIB Y BUDISAI KalllTIO, BITIYTTS CTHCHEHHS
B TPYASX, 3aJUIIKH, & TAKOX MOXKE CIIPUYNHUTH
BUPA3KH CITM30BOI BEPXHIX JMXATBHAX ILIIXIB
Ta OpOHXIB, 3aIyXy. HpH CKCTIO3HIIT OLTBIII
BHCOKHX KOHIICHTPALLiif CIIOCTEPIra€eThCs Taxirl-
HOE, MOXXE PO3BHHYTHCH XIMIYHO-IHIyKOBaHa
acTMa ab0 CHHIPOM peakTHBHOI AuChyHKIIi
JuxaabHUX HUIIXiB [40]. YV TSOHKKUX BHITaIKaxX
OTPY€EHBb Yepe3 KiTbKa TOAMH a0 JHIB MMiCIS
SKCITO3UIIii MOXKEe BUHHKHYTH HAOpPSK JICTCHIB,
10 XapaKTepU3YETbCSA IIBUIKUM PO3BUTKOM
3aJIMIIKK Y CTaHI CTIOKOIO, TaXiMHOE, TaXiKap/Ii-
€10 Ta TSDKKOIO TITTOKCEMIETO.

VY pasi mpoKOBTYBaHHS MMapakBaTy pOo3BUBa-
IOTHCSl TSDKKI OMIKM CTPAaBOXOAY Ta TPABHOTO
tpakty [37]. IHmn HecmenudivyHi CUMITOMHU
MOXXYTh BKJIOYATH CIMHOTEWY, Aucdariio,
CHJIBHY CIIpary, HyJ0Ty, OJIOBaHHs, KPOBOBU-
JIUBH, Aiapero Ta Oib y )KUBOTI.

OmniHioIOYM PoJib BIJIMBY BHPOOHHYOIO
(akTopa Ha PO3BUTOK IHTOKCHKAIIli, aHAJII3Y-
IOThCSI JIOKa3W BIUIMBY NeCTUIUAY (PiIUHH,
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cases associated with a single exposure to a
high concentration of pesticides and to those
resulting from repeated exposure to com-
pounds with a long half-life. In such cases, the
onset of disease occurs after the absorption of
the “last” dose required to produce a body bur-
den exceeding the threshold concentration for
the effect to occur. Exposure to pesticides,
especially in mixtures with solvents, can cause
irritation of mucous membranes, eyes, and
skin, which in turn may increase the absorp-
tion of the hazardous substance through the
skin. Pesticide exposure can also increase the
risk of developing atopy and asthma. Acute
ingestion (more often associated with suicidal
intent) may cause burns of the lips, mouth,
throat, esophagus, and stomach [23].

For most cases of acute pesticide poisoning,
nonspecific general manifestations of intoxi-
cation are characteristic. Entry of the sub-
stance into the eyes usually causes burning
pain, photophobia, irritation, and conjunctival
ulcers. Contact of pesticides with the skin pro-
duces symptoms of sensitization or irritation,
causing redness, itching, swelling, pain, and
blister formation. Inhalation of hazardous con-
centrations of pesticides also leads to symp-
toms of mucous membrane irritation of the
respiratory tract in the form of coughing, a
feeling of chest tightness, shortness of breath,
and may cause ulceration of the mucous mem-
branes of the upper respiratory tract and
bronchi, as well as suffocation. At higher
exposure concentrations, tachypnea 1is
observed; chemically induced asthma or reac-
tive airways dysfunction syndrome (RADS)
may develop [40]. In severe cases of poison-
ing, several hours or days after exposure, pul-
monary edema may occur, characterized by
rapid onset of dyspnea at rest, tachypnea,
tachycardia, and severe hypoxemia.

In cases of paraquat ingestion, severe burns
of the esophagus and gastrointestinal tract
develop [37]. Other nonspecific symptoms
may include salivation, dysphagia, intense
thirst, nausea, vomiting, hemorrhages, diar-
rhea, and abdominal pain.

When assessing the role of occupational
exposure in the development of intoxication,

39



40

IMPO®ECIMHA TOKCHUKOJIOITS

MUY, aepO30JIt0 a00 Mapu) Ha MPAIFOI0YOro B
yMOBax BHUPOOHUIITBA. 3a PEKOMEHJAIISIMU
MOII miHiManbHa TPUBAIICTH BILTUBY ISl TOC-
TPOrO OTPYEHHS CTAHOBUTH KUIbKA XBHJIWH,
MaKCUMAaJIbHOTO JIaTeHTHOro mepionmy — 48
TOAMH ITICIISA €KCITO3MIIIT OCTaHHBOI 103u [23].
Po3rsineMo ocHOBHI )OpMHU OTPY€HB TEC-
TULUIaMH, BHECEHUMHU JI0 TEpeNiKy mnpode-
ciiinux 3axBoproBanb MOII. OnHuM 3 HUX €
rocTpuii xojinepriuauii kpu3 (T60.0), mo
PO3BUBAETHCS BHACIIIOK BILTUBY (hocdopop-
raHiyHux abo kapOamMaTHHUX CHOJYK. 3aXBO-
pIOBaHHS OOYMOBJICHE NPUTHIYEHHSIM aKTHB-
HocTi AXE B HEpBOBIii cuCTeMI, 3 OAAJIBIIUM
HAKOTIMYEHHSIM AalleTUIIXOJIIHY B MYCKapHHO-
BUX 1 HIKOTUHOBHUX CHHarcax. Y JOCIIIKEeH-
HsX OyJI0 BCTAHOBJIEHO, 1110 CEPUHOBA €cTepa-
3a, OyTHpHIXOIiHecTepa3a e()eKTUBHO 1HT10Y-
I0TbCSl NEeBHUMU (ocopopraHiyHUMU abo
KapOaMaTHUMHU TECTUIUAAMU, a 1HT10yBaHHS
OyTUPWIXOJIHECTEPA3U BBAXKAETHCS UYYTIIH-
BUM O10JIOT1YHUM MAapKEpPOM BIUIUBY IUX
XIMIYHMX pPEYOBHH, Xo4a (pi3ionoriyHa QyH-
K11isi Oy TUPMIIXOJIIHECTepa3u Hapasi HeBlAOMa.
TumnoBi O3HAaKW 1HTIOyBaHHS XOJIIHECTEpPA3H
3a3BMYail BUHUKAIOTh MPU PIBHSAX MPUTHIYEH-
HS, 1110 nepeBUIytoTh 50 %, ane NpurHi4eHHs
AXE Ha 20 % micis BIUIMBY MOXKE BBa)KaTUCh
03HAaKOI0 HaJAMIpHOI excrio3uii [33, 41-43].
OTtpyenHs kapOamaTamu 3a3BHuYail BBaXKa-
€ThCS MEHIII CEpPHO3HUM, HIXK OTpyeHHS (hoc-
GbopopraHiyHUMH PEYOBHHAMHU, OCKUIbKH
npurHiyeHHs: AXE npu npoMy € MEHII 1HTEH-
CHUBHUM 1 KOPOTHUIMM 3a 4acoM, X04ya KJI1HI4HI
MPOSIBU, SIK MPABUIIO, CXOXKI1. 32 YMOBH BYACHO-
ro Ta KOPEKTHOT'O JIIKyBaHHS CUMIITOMU OTpY-
€HHS € OOOPOTHUMH, a 3aXBOPIOBAHHS HE Mae
HACNIJIKIB y MOJAjibIIOMYy. TUM HE MEHI, y
TepMiH Bif 24 10 96 roguH Micis roCTPOro
XOJIIHEPTIYHOTO KPHU3Y MOXKE PO3BUHYTHUCH
npyra ¢asza orpyeHHs (ochopopraHiyHUMU
IHCEKTULINAAMH, TaK 3BaHUU «IIPOMDKHUU
CUHAPOM» — CTaH, 10 MPOSBISAETHCS HEBPOJIO-
IIYHUMU O3HAKaMU y BUMISAII TMOPYILIEHHS
YepernmHO-MO3KOBOi 1HHEpBaIlii M’s31B [44].
JliarHOCTHKa OTPY€EHHS CKIIAJA€ThCS 3 aHa-
713y KJIIHIYHUX MPOSBIB Ta 0COOIMBOCTEN EKC-
no3uuii B ymoBax BUpoOHuuTBa. Ha panHix
CTaJisIX OTPY€EHHS a0 MpH Horo Jierkii Gopmi
JIarHOCTHKA YCKJIaJHEHa TUM, 110 HOro O3Ha-
KM HE € Ccheuu(piuHuMU Ta MpPOSBISIOTHCA
TOJIOBHUM 00JIEM, BTOMOIO, 3allaMOPOYEHHSIM,
TPUBOTOI0, CILTYTAHOIO CBIJIOMICTIO, HYJIOTOIO,
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evidence of pesticide exposure (liquid, dust,
aerosol, or vapor) to the worker under produc-
tion conditions is analyzed. According to ILO
recommendations, the minimum duration of
exposure for acute poisoning is a few minutes,
and the maximum latent period is 48 hours
after exposure to the last dose [23].

Let us consider the main forms of pesticide
poisoning included in the ILO list of occupa-
tional diseases. One of them is acute choliner-
gic crisis (T60.0), which develops as a result
of exposure to organophosphorus or carbamate
compounds. The disease is caused by the inhi-
bition of acetylcholinesterase (AChE) activity
in the nervous system, followed by the accu-
mulation of acetylcholine in muscarinic and
nicotinic synapses. Studies have established
that serine esterase, butyrylcholinesterase, is
effectively inhibited by certain organophos-
phorus or carbamate pesticides, and the inhibi-
tion of butyrylcholinesterase is considered a
sensitive biological marker of exposure to
these chemicals, although the physiological
function of butyrylcholinesterase is currently
unknown. Typical signs of cholinesterase inhi-
bition usually occur at inhibition levels
exceeding 50 %, but AChE inhibition of 20 %
after exposure may be considered a sign of
excessive exposure [33, 41-43].

Carbamate poisoning is usually considered
less severe than poisoning with organophos-
phorus compounds, since AChE inhibition in
this case is less intense and shorter in duration,
although the clinical manifestations are gener-
ally similar. With timely and proper treatment,
the symptoms of poisoning are reversible, and
the disease has no further consequences.
Nevertheless, within 24 to 96 hours after acute
cholinergic crisis, a second phase of poisoning
by organophosphorus insecticides may devel-
op, the so-called “intermediate syndrome” — a
condition manifested by neurological signs in
the form of cranial nerve innervation disorders
of the muscles [44].

Diagnosis of poisoning consists of an analy-
sis of clinical manifestations and the specifics
of exposure under production conditions. At
the early stages of poisoning, or in its mild
form, diagnosis is complicated by the fact that
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HITIUBICTIO, CIBO30TEUOI0 Ta HEYITKICTIO
30py, CTHCHCHHAM Yy TPYAiX, CasMaMu B
’KMBOTI, OJIOBaHH:M Ta Jiapeeto. [Ipu momann-
OMY PO3BUTKY OTPYEHHS MPHEXHYIOTHCS
YTPYAHCHE IMXaHHS, OpOHXialbHA TilepceK-
petist, OPOHXOKOHCTPHKLIS, 30Y/UKCHHS, Tpe-
Mop, cynomH, Opaxu- abo Taxikapiis, aput-
Mis, Timo- a0o TinepHampyXeHHs, IIOK,
KoJlamnc, koma. Sk mpaBuio, HOCTpa)KI[aJ'Ii
MMOMHPAIOTh BiJ HAOPSKY JIETCHIB Ta TKKOI
JIUXaIbHOI HEIOCTATHOCTI [45].

[Tpu ¢dizukanbHOMY OOCTEKEHHI YpaKCHUX
3a3BHYail JIarHOCTYIOTHCS THIIOBI O3HAKH
TMPUTHIYCHHS XOMHECTEPasH, SIKi BKIIOYAIOTh!
PeaKIiio 3iHAIb, MiABHIICHE MOTOBHIINICHHS
Ta CIWHOBHUIUICHHS, M'S30Bi (haCIUKYIISIii.
Mio3 € BaKJIMBOIO O3HAKOIO XOJIHEPTidyHOI
TOKCHYHOCTI, ajie¢ MOXe OyTH MICIICBOIO pPeaK-
II€I0 HAa TPSAMUI KOHTAKT 3 MECTUIMIOM, a HE
HACJIIJTKOM CHCTEMHOTO BILJIHBY.

Omnintoroun npodeciiHui BILUTUB TECTUITU-
IiB, OepeTbcs 10 yBaru KOHTaKT y BUPOOHH-
yux ymoBax 3 (ochopopraniunumu abo Kap-
0aMaTHUMU CHOIYKaMH (3 ypaxyBaHHIM MOX-
TUBOCTI abcopOItii yepes mKipy); 3HaYHE MPH-
raiueHHs eputpouuTapHoi AXE abo OyTupui-
XOJliHecTepa3u IUIa3MH KpoBi. MiHiManbHa
TPHUBAIICTh €KCIO3UIIi1, 110 MOXKE CIIPUYHHH-
TH TOCTPE OTPYEHHS, CTAHOBHUTDH KiTbKa XBH-
TuH. MakcuManbHUH JIATSHTHUH Tepios — TPU
nHi 11 pocopopraHiuHUX CHONYK, 24 TOIu-
HU Juig KapOamariB. Ciii 3a3HauuTH, MO Y
BUIIAJIKy OTPYEHHs TiodocharamMu mMmoyaTok
XOJIIHEPriuHO1 KPHU3U MOYKE HACTATH BXKE Uepe3
KiJbKa TOAMH ITCIs €KCITO3UIIl, miciIs MOBHO-
ro MeTabomi3My CIONYyKH A0 ii TOKCHYHOTO
MeTaboJ Ty, a00 KOJIM TMOBUILHO METa0oJ1i30-
BaHa CIIOJIyKa J0CATa€ KPUTHYHOI KOHIIEHTpPA-
1ii B opranizmi [46, 47].

OnHiero 3 HaWMOIMMUPEHIMHUX (OPM 1HTOK-
CUKAIlil TTIeCTUIIUaMH y CBITi € opraHodgoc-
dar-inagykoBana JiaTeHTHa HeHponaris
(O®UIH), knacudikoBana 3a MKX-10 sk
G62.2+T60.0, BimomMa Takox sIK opraHodoc-
daT-iHIyKOBaHA BiATEPMiHOBaHA IOTIHEHPO-
narig. 3aXBOPIOBaHHS BHHUKAa€e 4epe3 BILIUB
Ha opraHi3Mm Tux (ochopopraHiyHUX CHONYK,
K1 3/IaTHI TIaBaTUCS «CTAPiHHION, 1110 MPO-
SBJISIETHCS BTPATOIO OJIHOTO 3 QJKUIBHUX 014-
HUX JIAHITIOTIB MoJeky:. Jlumre aeski dhocdo-
popraniuHi necTUIMaIn, Hanpukiaa docdary,
docthonaru ta pocdopamigrm MOXKYTH CIpH-
yuHUTH po3BuTok ODIIH [48].
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its signs are nonspecific and manifest as
headache, fatigue, dizziness, anxiety, confu-
sion, nausea, sweating, lacrimation and blurred
vision, chest tightness, abdominal cramps,
vomiting, and diarrhea. With further progres-
sion of poisoning, additional symptoms appear:
difficulty breathing, bronchial hypersecretion,
bronchoconstriction, agitation, tremor, convul-
sions, brady- or tachycardia, arrhythmia, hypo-
or hypertension, shock, collapse, and coma. As
a rule, victims die from pulmonary edema and
severe respiratory failure [45].

During physical examination of the affected
individuals, typical signs of cholinesterase
inhibition are usually diagnosed, including:
pupillary reaction, increased sweating and
salivation, and muscle fasciculations. Miosis
is an important sign of cholinergic toxicity, but
it may also be a local reaction to direct contact
with the pesticide rather than the result of sys-
temic exposure.

When assessing occupational exposure to
pesticides, consideration is given to contact in
workplace conditions with organophosphorus
or carbamate compounds (taking into account
the possibility of absorption through the skin);
significant inhibition of erythrocyte AChE or
plasma butyrylcholinesterase. The minimum
duration of exposure capable of causing acute
poisoning is several minutes. The maximum
latent period is three days for organophospho-
rus compounds and 24 hours for carbamates. It
should be noted that in cases of poisoning with
thiophosphates, the onset of cholinergic crisis
may occur within a few hours after exposure,
following complete metabolism of the com-
pound to its toxic metabolite, or when a slowly
metabolized compound reaches a critical con-
centration in the body [46, 47].

One of the most common forms of pesticide
intoxication worldwide is organophosphate-
induced delayed neuropathy (OPIDN), classi-
fied in ICD-10 as G62.2 + T60.0, also known
as organophosphate-induced delayed polyneu-
ropathy. The disease occurs due to exposure to
those organophosphorus compounds capable
of undergoing “aging,” which is manifested by
the loss of one of the alkyl side chains of the
molecules. Only certain organophosphorus
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Ha cporogni 6iomapkepom O®PIJIH Bu3Ha-
YeHe NPUTHIYEHHS Helpomnaris-TapreTHoi
ectepazu (HTE, anrn. Neuropathy target este-
rase — NTE). Braxkaerbcs, 1110 1HTOKCHKAIIIS
BUHUKaE KoM 1HT10yeThest Ounbiie 70 % HTE.
I xoua Ha CHOrOmHI MEXaHI3M IHTOKCHUKAII
JIOCKOHAJIO HE BUBYEHMI, OJJHAK CAM€ «CTapiH-
HSD» ecTepa3d, a He NMPUTHIYEHHs ecTepa3zHoi
aKTUBHOCTI, BBAXAETbCS KIIIOUOBUM E€TaroOM Y
po3Butky O®IJIH. IHTOKCHKAIlS CIPUYMHSIE
3arubenb nepudepruuHuX pyXoBUX HEHPOHIB y
CTOBOYp1 T'OJIOBHOTO Ta CHMHHOTIO MO3KY, IO
NPU3BOAUTH /0 JeiHepBallii 1, SIK HaCHIJIOK,
arpo(ii BIAMOBIAHUX M'SI30BUX BOJOKOH.
O®IJIH po3BUBa€ETHCS BHACIIOK TIAKKOTO
OTPY€EHHS Ta TOCTPOTO XOJIHEPriUHOTO KpPHU3Y.
[Ipy upomMy THIOBI CHUMIOTOMU Ta O3HAKH
O®UIH 3a3Buuaii 3'aBusArorbest uyepe3 20-
25 mHIB michst OMy>KaHHS BiJl TOCTPOTO OTPY€EH-
Hs ¢ocdopopraniyHuMu pedoBuHamu. Cro-
YaTKy BHUHMKAIOTH MepudepruyuHi HEBPOJIOTIYHI
CUMIITOMH, IO B MOJAJIBIIOMY IPOTPECYIOTh, 1
3’ABJISIIOTHCS YPAKEHHS LIEHTPAJIIbHOI HEPBOBOI
CUCTEMH, CUMIITOMH MTPOIOBKYIOTh [TOCHITIOBA-
TUCS TpoTiAroM 3-6 wMicsliB. 3a3BUYail y
NOJAJIBIIOMY CIOCTEPIraeThCs OTy>KaHHSI Malli-
€HTIB, aJIe Jy’K€ YaCTO BOHO OyBa€ HEMOBHUM.
VY OpoMDKKY MK 3aKiHYEHHSIM XOJIIHEPTIYHOI
kpu3u 1 noyarkoM ODUIH moxe 3'sBUTHCS Tak
3BaHUM NPOMDKHHUM cuHApoM [49].

PannimMu kniniyaumu nposisamu ODIIH y
MAII€HTIB € CIACTUYHUHN OUTb y M'sI3aX HIDKHIX
KIHI[IBOK, IIO CYNPOBOKYETHCS UCTAJIbHH-
MU HapecTe3isiMu. 3rofioM NPUETHYETHCS IPO-
rpecytoda ciaaOKICTh HIr 31 3HHXKEHHSM ITTM00-
KX CyXOXWIbHUX peduekciB. IlouarkoBa
MOTOpHa Helpomarisi XapaKTepU3yeThCs
B'SJTUM MapajiueM HUKHIX KIHILIBOK, CIPUYH-
HEHUM YPaKE€HHSIM HUKHIX MOTOPHUX HEHpo-
HIB, SIKa y BOXKHX BHUIIAJKaX MOXKE MOLIUPIO-
BaTUCs TAaKOX Ha BEpPXHI KIHIIBKUA. Bucoka
CTyIaro4a Xo/Jia y XBOpHX IOB's13aHa 3 JBOCTO-
POHHIM «3BUCAHHSIM» CTOI. Y JESKUX BUIA[-
Kax MiClisg OAYy>KaHHS BIJ MJISIBOI Heipormarii
MOX€ BUHUKHYTH CHACTHMUHUN mHapasiy, 110
CBIIYUTh NPO YPAKEHHS BEPXHIX PYXOBUX
HEHWPOHIB CIIMHHOTO MO3KY [48, 49].

3 JIarHOCTUYHUX OOCTEXEHb y BHUMAJKY
TOCTPOr0 OTPYEHHS NMECTULMJIAMHU MPOBOISTH
esiekTpomiorpadiro, 1O AEMOHCTPYE O3HAKU
dacuukymauii abo (GiIOpuIIALii; eneKTpoHe-
porpadito, sika 00’ €KTHBI3Y€ 3HWKEHHS (X J10
MOBHOTO CKacCyBaHHS) HEPBOBOi IMPOBIIHOCTI.
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pesticides, such as phosphates, phosphonates,
and phosphoramides, can cause the develop-
ment of OPIDN [48].

To date, the biomarker of OPIDN has been
identified as inhibition of neuropathy target
esterase (NTE). It is believed that intoxication
occurs when more than 70 % of NTE is inhibit-
ed. Although the mechanism of intoxication has
not yet been fully elucidated, it is “aging” of the
esterase, rather than inhibition of esterase activ-
ity, that is considered the key step in the devel-
opment of OPIDN. Intoxication causes the
death of peripheral motor neurons in the brain-
stem and spinal cord, leading to denervation
and, as a consequence, atrophy of the corre-
sponding muscle fibers. OPIDN develops as a
result of severe poisoning and acute cholinergic
crisis. In this case, the typical symptoms and
signs of OPIDN usually appear 20-25 days after
recovery from acute organophosphorus poison-
ing. Initially, peripheral neurological symptoms
occur, which subsequently progress, followed
by central nervous system involvement; symp-
toms continue to worsen over a period of 3 to 6
months. Recovery of patients is usually
observed thereafter, although very often it is
incomplete. In the interval between the resolu-
tion of the cholinergic crisis and the onset of
OPIDN, the so-called intermediate syndrome
may appear [49].

The early clinical manifestations of OPIDN
in patients are spastic pain in the muscles of
the lower limbs, accompanied by distal pares-
thesia. Subsequently, progressive weakness of
the legs develops, with decreased deep tendon
reflexes. The initial motor neuropathy is char-
acterized by flaccid paralysis of the lower
limbs caused by damage to the lower motor
neurons, which in severe cases may also
extend to the upper limbs. The high-stepping
gait in patients is associated with bilateral foot
drop. In some cases, after recovery from flac-
cid neuropathy, spastic paralysis may occur,
indicating damage to the upper motor neurons
of the spinal cord [48, 49].

Among diagnostic examinations in cases of
acute pesticide poisoning, electromyography
is performed, demonstrating signs of fascicu-
lation or fibrillation; electroneurography,
which objectifies the reduction (up to com-
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[Tpu HpOBe,Z[eHHi Oiormcii M'sI3iB  BUSBJISIOTH
O3HaKW M'A30BOi aTpodii, nepmbepI/IqHHX
HEpBiB — TaK 3BaHy Bannepchr)Ky JIeTeHepalliio
JUCTaJbHUX AaKCOHIB, IO XapaKTepU3y€eThCs
YIIKO/KCHHSIM BJIaCHE aKCOHY 1 Mi€lTiHOBOI
OOOJIOHKH.

[Ipu BupillIEHH] €KCIIEPTHOTO MUTAHHS €TI10-
sorii O®IJIH BaxMBHUM € OLlIHKAa BUPOOHHUYOT
€KCIIO3UIlIl MOCTPaXAaJIOr0o B MHUHYJIOMY,
HasIBHICTh TOCTPOTO OTPYEHHS, CIPUYHMHEHOTO
nuxyodocom, 130erdocom, meramigodocom,
MeBiH(GOCOM, MimapoKCoM, TPUXIOP(POHOM,
TpuXJopHaToM, ¢ocdamimoHoM. 3a peKOMeH-
mamismMu MOIT MakcuMaiabHUIT JTATEHTHUI
Nepiofl 3aXBOPIOBAHHS CTAHOBUTH 1O LIECTH
THKHIB ITCIISI TOCTPOTO OTpy€eHHs [23].

VY HacTymHINA 9acTHHI CTAaTTi OyAyTh Mpe-
CTaBJICHI CyYacHi YSBJICHHs Tpo TpodeciiiHi
IHTOKCHKAIIil, CIPUYMHEH] XJIOPOPTraHIYHUMHU
CHOJYKaMH, Y BHUINIAMI TOCTPUX HEBPOJIOTIU-
HUX €(EeKTiB, TOCTPOrO OTPYEHHS XJIOpode-
HOKCUJHMMH TepOilugaMu, THapakBaToM (3
pPO3MIISIAOM  PO3BUTKY MOMKJIHUBUX CTIHKUX
HACJIJIKIB Y BUTIIsAL (h1OpO3y JIeTeHb), OTPY€EH-
HS TIOXITHUMU KyMapuHy y Gopmi AHTHKOAry-
JAUIMHOTO CUHAPOMY, TOKCHUYHI e]eKTH,
CIOPUYUHEH] NEHTAaXJOP(PEHOIOM, a TaKOX
y3araJlbHeHI Cy4YacHi MIIXOAW OO0 CHUCTEMH
HpO(i)lJ'IaKTI/IKI/I OTPY€EHDb TECTHUIMIAMHU 3T1THO
MDKHAPOAHUX PEKOMEHAALIIH.

BucHoBku

Toctpi Ta XpOHIUHI OTPYEHHS MECTHUIIMAA-
MU B TIPAIiBHUKIB CLIBCHKOTO TOCITOIAPCTBA €
HA/I3BUYAHHO aKTyaJbHOIO MPOOJIEMOI0 MPO-
(eciiiHOT TOKCHKOJIOrIi, OCKUIbKM L Tpymna
3aXBOPIOBaHb 3aJHUINAETHCS «HETOBU3HAHOIOY
B YKpaiHi 3 psay MEIUIHHX 1 COIIaTbHUX MPH-
yuH, a OQiIiiiHI MOKa3HUKU CTATUCTUKH HE
BIJIMOBIAAIOTh (PAaKTUYHOMY PIBHIO 3aXBOPIO-
BaHOCTI. Taka cuTyarlisi BIUIMBAa€ Ha CTPATET1IO
¢dopmyBaHHS MPOGITAKTUYHUX 3aXO0AIB, CIps-
MOBAaHUX Ha TOMEPEPKEHHS OTPYEHb SK Ha
JIep’)KaBHOMY, TaK 1 Ha JIOKaJbHOMY PIBHSX Ta
MPU3BOJIUTH 1O HEHAJEXKHOI opraHizamii
HAJaHHS MEIMYHOI JOTIOMOTH TPAIIOI0YUM,
0COOJIMBO B arpapHOMY CEKTOPI.

B ymoBax BiitHu npobiema HaOyBae 0co0-
JMBOTO 3HAYEHHS y 3B’S3KY 3 PyHHAIEIO MPO-
MHUCJIOBHX 00’€KTiB, IO TOB’si3aHi 3 BUPOO-
HUIITBOM, 3aCTOCYBaHHSM, 30€piraHHsAM TOK-
CUYHUX PEYOBHMH, Ta PU3UKOM BUKHIY iX B
arMoc(epHe MOBITPS B HEOE3MEUHUX KOHIICH-
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plete loss) of nerve conduction. Muscle biopsy
reveals signs of muscle atrophy, while biopsy
of peripheral nerves shows the so-called
Wallerian degeneration of distal axons, char-
acterized by damage to both the axon itself and
the myelin sheath.

When resolving the expert question of the
etiology of OPIDN, it is important to assess
the past occupational exposure of the affected
individual, as well as the presence of acute
poisoning caused by dichlorvos, isofenphos,
methamidophos, = mevinphos,  mipafox,
trichlorfon, trichlornate, or phosphamidon.
According to ILO recommendations, the max-
imum latent period of the disease is up to six
weeks after acute poisoning [23].

In the next part of the article, current con-
cepts of occupational intoxications caused by
organochlorine compounds will be presented,
including acute neurological effects, acute poi-
soning with chlorophenoxy herbicides,
paraquat (with consideration of the possible
development of persistent consequences in the
form of pulmonary fibrosis), poisoning with
coumarin derivatives in the form of anticoagu-
lation syndrome, toxic effects caused by pen-
tachlorophenol, as well as a summary of mod-
ern approaches to the system of pesticide poi-
soning prevention in accordance with interna-
tional recommendations.

Conclusions

Acute and chronic pesticide poisonings
among agricultural workers represent an
extremely urgent issue in occupational toxicol-
ogy, as this group of diseases remains “under-
recognized” in Ukraine for a number of med-
ical and social reasons, and the official statisti-
cal indicators do not correspond to the actual
morbidity rate. Such a situation influences the
strategy for developing preventive measures
aimed at poisoning prevention both at the state
and local levels, and leads to inadequate
organization of medical care for workers,
especially in the agricultural sector.

In the context of war, the problem acquires
special significance due to the destruction of
industrial facilities related to the production,
use, and storage of toxic substances, and the
risk of their release into the atmosphere at haz-
ardous concentrations, when the negative
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Tpalisix, KOJIM HETaTUBHUM BIUIMB CHPUYUHS-
€THCS HE TUIBKHU Ha TIEBH1 MpodeciiiHi TPy, a
HA HACEJICHHS B IIUIOMY. Y TaKWX BHUIAIKaX
HIeTbCsl HE CTUIbKH MPO PU3MK BUHUKHEHHS
npodeciiiHuX 3axXBOPIOBaHb, CKUIBKU €KOJIO-
ri9HO 0OYMOBJICHHUX.

3Bakalouu Ha MiJArOTOBKY YKpaiHH J10 MpH-
€IHaHHA 70 ckiany €Bponeiicbkoro Corosy,
OYEBUTHOIO € HEOOX1IHICTh NEPETIISAY BITUHU3-
usHoro I1I13 ta iHCcTpyKIii A0 HOTO 3acTOCy-
BanHsa Ta agnantamii [locranoBu KabGinery
MinictpiB Ykpainu Bix 08.11.2000 p. Ne 1662
«IIpo 3aTBep/KEeHHS HEpeniky MnpodeciitHux
3axBoproBaHb» Ta Hakazy MO3 VYkpainu Ne
374/68/338 Bim 29.12.2000 p. «IIpo 3arBep-
JOKeHHS [HCTpyKIii mpo 3acTOCyBaHHS Hepeti-
Ky npodeciiHuX 3aXBOPIOBaHb (31 3MiHaMW,
BHeceHMMH 3rigHOo 3 Hakazom MiHicTepcTBa
oxoponu 31mopoB'ss NNe2911/99/738 Bin
29.12.2021 p.)» 10 MDKHApOAHHX HOPM Ta
pexomeHnaniil. OCHOBHUM JOKYMEHTOM, KOH-
TEHT SIKOTO Ma€ OyTHM BUBUEHHH Ta BpaxoBa-
HUHW B aJanTamifHOMy MPOIECi BITYU3HSIHOTO
[I13 10 Mi>KHAPOIHUX BUMOT, O€3MepeyHo, €
1113 Ta iHCTpyKIIisl MIOA0 WOT0 3aCTOCYBaHHS,
3anpononoBana MOII y 2022 p.
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impact affects not only certain occupational
groups but the population as a whole. In such
cases, the issue is less about the risk of occu-
pational diseases and more about environmen-
tally determined conditions.

Given Ukraine’s preparation for accession
to the European Union, the need to revise the
national LOD and its application guidelines is
obvious, as well as the adaptation of the
Resolution of the Cabinet of Ministers of
Ukraine No. 1662 of 08.11.2000 “On approval
of the list of occupational diseases” and the
Order of the Ministry of Health of Ukraine No.
374/68/338 0f 29.12.2000 “On approval of the
Instruction on the application of the list of
occupational diseases” (as amended by the
Order of the Ministry of Health No.
2911/99/738 of 29.12.2021) to international
standards and recommendations. The main
document whose content should be studied
and taken into account in the adaptation
process of the national LOD to international
requirements is, undoubtedly, the LOD and the
instruction on its application proposed by the
ILO in 2022.

Conflict of interest. The authors declare no
conflict of interest.

United Nations Environment Programme,; 2015. Report
No.: SAICM/ICCM.4/15. Available from: hitp://www.saicm.org/
Portals/12/documents/meetings/[CCM4/doc/K1606013\_e.
paf.

7. United Nations General Assembly. Report of the Special
Rapporteur on the right to food. Human Rights Council,
34th session. 2017. Report No.: A/HRC/34/48. Available
from: https://documents-dds-ny.un.org/doc/UNDOC/GEN/
G17/017/85/PDF/G1701785.pdf.

8. Jeyaratnam J. Acute pesticide poisoning: a major global
health problem. World Health Stat Q. 1990,;43:139—44.

9. Dinham B, editor. Communities in peril: global report on
health impacts of pesticide use in agriculture. Penang:
Pesticide Action Network Asia Pacific; 2010. Available
from:  https.//www.pan-germany.org/download/PAN-I
CBM-Global-Report 1006-final. pdf.

10. FAO. Report of the Council of FAO, Hundred and Thirty-
first Session; 2006 Nov 20-25; Rome. Rome: Food and
Agriculture Organisation of the United Nations; 2006.
Available from: https://www.fao.org/4/j8689¢/j8689e.htm.

11. UNEP. Healthy environment, healthy people. Nairobi:
United Nations Environment Programme; 2016. Available
from: https://docs.un.org/en/UNEP/EA.2/INF/S.

12. Boedeker W, Watts M, Clausing P, Marquez E. The global
distribution of acute unintentional pesticide poisoning:
estimations based on a systematic review. BMC Public




MPO®PECIMHA TOKCHUKOJIOTIA

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Health. 2020,;20:1875. DOI: 10.1186/512889-020-09939-0.
Mowry JB, Spyker DA, Cantilena LR, Bailey JE, Ford M.
2012 annual report of the American Association of Poison
Control Centers’ National Poison Data System (NPDS):
30th annual report. Clin Toxicol. 2013,;51(10):949-1229.
DOI: 10.3109/15563650.2013.863906.

National Crime Records Bureau. Accidental deaths & sui-
cides in India 2015. New Delhi: Government of India;
2016. Available from: https.//ncrb.gov.in/.

Lee WJ, Cha ES, Park J, Ko Y, Kim HJ, Kim J. Incidence of
acute occupational pesticide poisoning among male farm-
ers in South Korea. Am J Ind Med. 2012,;55(9):799-807.
DOI: 10.1002/ajim.22024.

Jors E, Neupane D, London L. Pesticide poisonings in low-
and middle-income countries. Environ Health Insights.
2018,12:117863021775087. DOI: 10.1177/11786302177
50876.

Dinham B, editor. Communities in peril: global report on
health impacts of pesticide use in agriculture. Penang:
Pesticide Action Network Asia Pacific; 2010. Available
from:  https://www.pan-germany.org/download/PAN-I1\_
CBMGlobal-Report\_1006-final.pdf.

Hazoprna AM. Ilpogpecitina 3axeoprosarnicmy 8 Vipaini 6
nepiod naudemii COVID-19: enioemionoeiynuii ananis.
Yrp oc mpoon meo mpayi. 2022;18(1):12-21. DOI:
10.33573/ujoh. [Nagorna AM. Occupational morbidity in
Ukraine during the COVID-19 pandemic: epidemiological
analysis. Ukr J Probl Med Prati. 2022;18(1):12-21. DOI:
10.33573/ujoh.].

Hazopna AM. Meduxo-coyianshi i demoepagiuni xapakme-
pucmuku  Qopmyeanns npogheciinoi 3axeopiosanocmi 6
Ykpaini 6 doéoennuii nepiod i 6 uac eocnnozo cmauy. Yxp
arc npobn med npayi. 2022,18(3):171-80. DOI: 10.33573/
ujoh2022.03. [Nagorna AM. Medical-social and demo-
graphic characteristics of the formation of occupational
morbidity in Ukraine in the pre-war period and during
martial law. Ukr zh probl med pratsi. 2022,18(3):171-80.
DOI: 10.33573/ujoh2022.03.].

IIpodanuyx MI, Bacaneyv AB, I'awunosa KIO, Kpaguyx
OIl, Tso30eyvkuii BA. Ananiz ounamixu npogeciinoi
3axeoprosanocmi ma ii Hacniokie 8 VKpaini y nopieHAHHI 3
Kpainamu ceimy. Meo nepcnexmueu. 2023;28(3):137-52.
DOI: 10.26641/2307-0404.2023.3.289217. [Prodanchuk
MG, Basanets AV, Hashynova KY, Kravchuk OP,
Gvozdetsky VA. Analysis of the dynamics of occupational
morbidity and its consequences in Ukraine in comparison
with countries of the world. Med Perspektivy. 2023;28(3):
137-52. DOI: 10.26641/2307-0404.2023.3.289217.].
IIpooanuyx MI, Bacaneyv AB, Kypoine HB. 3axeopiosanns
cucmemu 0peanie OUXaKHs 8i0 GNUEY XIMIUHUX 3aOPYOHIO-
6auig nogimps Ha Mepumopii 60EHHUX Oill. YKp nyibMoHOL
arcypr. 2023,1:49-56. DOI: 10.31215/2306-4927-2023-31-
1-49-56. [Prodanchuk MG, Basanets AV, Kurdil NV.
Respiratory system diseases caused by exposure to chemi-
cal air pollutants in the territory of military operations.
Ukr Pulmonol Zh. 2023;1:49-56. DOI: 10.31215/2306-
4927-2023-31-1-49-56.].

bacaneyv AB, I'sozdeyvkuit BA. Ananiz eimuusnsnoco
nepeniky npogeciiinux 3axeopi6ans y 8i0nogioHocmi 0o
pexomendayiti MOII 2022 poky: inmezpayis 0o e€8poneli-
cbkoeo 3axkonodascmesa. [oexinas ma 300pos’s. 2023,
(4):16-22. DOI: 10.32402/dovkil2023.04.016. [Basanets
AV, Gvozdetsky VA. Analysis of the domestic list of occupa-
tional diseases in accordance with the ILO recommenda-

OCCUPATIONAL TOXICOLOGY

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

VKPATHCBKHU X YPHAJT CYYACHHUX TTPOBJIEM TOKCHUKOJIOTTI /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2025

tions of 2022: integration into European legislation.
Environment and Health. 2023;(4):16-22. DOI: 10.32402/
dovkil2023.04.016.].
International Labour Organization. Guidance notes for
diagnosis and prevention of the diseases in the ILO List of
Occupational Diseases (revised 2010). Geneva: ILO; 2022.
Available from: https://www.ilo.org/sites/default/files/
2024-07/wems\_836362.pdf.
International Labour Organization. ILO encyclopaedia of
occupational health and safety. 4th ed. Available from:
https://iloencyclopaedia.org/.
Brawn I, Chiodini A, Sommaruga C, Colosio C. Pesticides
and other agrochemicals. In: Baxter P, Aw TC, Cockcroft A,
Durrington P, Malcom J, editors. Hunter’s diseases of
occupation. 10th ed. London: Hodder Arnold; 2010. p.
395-420. ISBN: 9780340941669.
World Health Organization. The WHO classification of
pesticides by hazard. Geneva: WHO, 2006. Available from:
https.//iris.who.int/bitstream/handle/10665/332193/97892
40005662-eng.pdyf.
Kasambala DT, Eklo OM. Environmental load of pesticides
used in conventional sugarcane production in Malawi.
Crop Prot. 2018;108:71-7.
Kongtip P, Nankongnab N, Mahaboonpeeti R, Bootsikeaw
S, Batsungnoen K, Hanchenlaksh C, et al. Differences
among Thai agricultural workers’ health, working condi-
tions, and pesticide use by farm type. Ann Work Expo
Health. 2018,62(2):167-81.
Evaristo A, Pedroso DO, Rech NS, Bombardi LM, Silva BF,
Siegloch AE, et al. Pesticides and farmers' health: an
analysis of variables related to management and property.
An Acad Bras Cienc. 2022;94(2)\:e20211335. DOI
10.1590/0001-3765202220211335.

Pengpan R, Kopolrat KY, Srichaijaroonpong S,
Taneepanichskul N, Yasaka P, Kammoolkon R.
Relationship between pesticide exposure factors and health
symptoms among chili farmers in Northeast Thailand. J
Prev Med Public Health. 2024;57(1):73-82. DOI:
10.3961/jpmph.23.353.

Panis C, Kawassaki ACB, Crestani APJ, Pascotto CRP,
Bortoloti DS, Vicentini GE, et al. Evidence on human expo-
sure to pesticides and the occurrence of health hazards in
the Brazilian population: a systematic review. An Acad
Bras Cienc. 2022;7(9):787438. DOI: 10.3389/fpubh.2021.
787438.

Kim KH, Kabir E, Jahan SA. Exposure to pesticides and the
associated human health effects. Sci Total Environ. 2017;
575:525-35.

Taylor P. Chapter 10. Anticholinesterase agents. In:
Goodman & Gilman’s The Pharmacological Basis of
Therapeutics. 12th ed. New York: McGraw Hill; 2011.
European Commission. Information notices on occupation-
al diseases: a guide to diagnosis. Luxembourg: Office for
Official Publications of the European Communities; 2009.
Annex I: Organophosphorous esters. p. 101-3, Carba-
mates. p. 103—4.

Wood A. Compendium of pesticide common names
[Internet]. 2021. Available from: http://www.alanwood.net/
pesticides/index.html.

University of Hertfordshire. Pesticide Properties DataBase
(PPDB) [Internet]. Available from: http://sitem.herts.
ac.uk/aeru/ppdb/en/index.htm.

Gawarammana IB, Buckley NA. Medical management of
paraquat ingestion. Br J Clin Pharmacol. 2011;72(5):745—

45



46

IMPO®ECIMHA TOKCHUKOJIOI'TA

38.

39.

40.

41.

42.

57.DOI: 10.1111/.1365-2125.2011.04026.x.

Kabinem Minicmpie Yxpainu. llocmanoea 6io 8 iucmona-
0a 2000 p. Ne 1662 «IIpo 3ameeposicenns nepenixy npoge-
CIIHUX 3aX60PI0BAHbY (3i 3MIHAMU, BHECEHUMU 32I0HO 3
Iocmanosamu KMY Ne 294 6io 26.04.2017, Ne 394 6io
13.05.2020). Hocmynuo wua: https://zakon.rada.gov.ua/
laws/show/1662-2000. [Cabinet of Ministers of Ukraine.
Resolution of November 8, 2000 No. 1662 “On Approval of
the List of Occupational Diseases” (as amended by
Resolutions of the Cabinet of Ministers of Ukraine No. 294
of April 26, 2017, No. 394 of May 13, 2020). Available at:
hitps://zakon.rada.gov.ua/laws/show/1662-2000.].

MO3 Vpainu. Haxaz Ne 374/68/338 eio 29.12.2000 «Ilpo
3ameepoocenns. Tnempykyii npo 3acmocyeanns nepeniky
npogeciiiHux 3axX60pI08ansby (3i 3MIHAMU, GHECEHUMU 3210-
Ho 3 Haxazom MO3 Ne 2911/99/738 io 29.12.2021).
Hocmynno na: https.//zakon.rada.gov.ua/laws/show/z0068-
01. [Ministry of Health of Ukraine. Order No. 374/68/338
of 29.12.2000 “On approval of the Instructions on the
application of the list of occupational diseases” (as amend-
ed by Order of the Ministry of Health No. 2911/99/738 of
29.12.2021). Available at: https://zakon.rada.gov.ua/
laws/show/z0068-01.].

Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo DL,
Loscalzo J. Chapter 283. Occupational and environmental
lung disease. In: Harrison’s Principles of Internal
Medicine. 20th ed. New York: McGraw Hill; 2018.
Available from: https://accessmedicine.mhmedical.com/
content.aspx?bookid=2129\&sectionid=192031195.

Shi L, Jian T, Tao Y, Li Y, Yu G, Zhao L, et al. Case report:
acute intoxication from phosphine inhalation. Int J Environ
Res Public Health. 2023,;20(6):5021. DOI: 10.3390/
ijerph20065021.

Kaushal J, Khatri M, Arya SK. A treatise on organophos-
phate pesticide pollution: current strategies and advance-
ments in their environmental degradation and elimination.

OCCUPATIONAL TOXICOLOGY

43.

44.

45.

46.

47.

48.

49.

Ecotoxicol Environ Saf. 2021,207:111483. DOI: 10.1016/
Jj.ecoenv.2020.111483.

Sombatsawat E, Siriwong W, Puangthongthub S. Risk fac-
tors, erythrocyte acetylcholinesterase inhibition, and self-
reported symptoms of pesticide intoxication among farmers
in Thailand: a cross-sectional study. Rocz Panstw Zakl
Hig. 2023;74(1):113-20. DOI: 10.32394/rpzh.2023.0249.
Kangkhetkron T, Juntarawijit C. Factors influencing prac-
tice of pesticide use and acute health symptoms among
farmers in Nakhon Sawan, Thailand. Int J Environ Res
Public Health. 2021;18(16):8803. DOI: 10.3390/ ijerph
18168803.

Bradberry SM, Watt BE, Proudfoot AT, Vale JA.
Mechanisms of toxicity, clinical features, and management
of acute chlorophenoxy herbicide poisoning: a review. J
Toxicol Clin Toxicol. 2000;38(2):111-22. DOI: 10.1081/
clt-100100925.

Costa LG. Toxic effects of pesticides. In: Klaassen CD, edi-
tor. Casarett & Doulls Toxicology: The basic science of
poisons. 9th ed. New York: McGraw Hill Education, 2019.
Chapter 22. Available from: https://accesspharmacy.
mhmedical.com/content.aspx?sectionid=53483747\
&bookid=958.

Ruiz-Arias MA, Medina-Diaz IM, Bernal-Hernandez YY,
Agraz-Cibrian JM, Gonzdlez-Arias CA, Barron-Vivanco
BS, et al. Hematological indices as indicators of inflamma-
tion induced by exposure to pesticides. Environ Sci Pollut
Res Int. 2023;30(7):19466-76. DOI: 10.1007/s11356-022-
23509-4.

Jokanovic M, Stukalov PV, Kosanovic M. Organophosphate
induced delayed polyneuropathy. Curr Drug Targets CNS
Neurol Disord. 2002;1(6):593-602. DOI: 10.2174/
1568007023338879.

Lotti M, Moretto A. Organophosphate-induced delayed
polyneuropathy. Toxicol Rev. 2005;24(1):37-49. DOI:
10.2165/00139709-200524010-00003.

BIZIOMOCTI ITPO ABTOPIB / INFORMATION ABOUT THE AUTHORS

Bacaneub Anxkesia BosoguMupiBHa — TOKTOp MEAUYHHUX HAYK, IPOQecop, YWICH-KOPECIOHACHT
HanionansHoi akazemii MequuHUX HayK YKpaiHH, 3aCTYyIHHUK AUPEKTOpa 3 HayKoBoi pobotu Jlep:kaBHOTO

nianpuemMcTBa «HaykoBuil IeHTp MPEBEHTUBHOI TOKCHUKOJIOTIT, Xap4oBOi Ta XiMi4HOI Oe3MeKH iMeHi1

akanemika JI.I. Mensens MinicTepcTBa 0XOpoHH 3I0poB’st Ykpainm». Aapeca: Byn. I'epois O6oponu, 6,
03127, m. KuiB, Ykpaina. Email: a_basanets@meta.ua. ORCID 0000-0002-9229-9761.

Anzhela Basanets — Doctor of Medical Sciences, professor, corresponding Member of the National
Academy of Medical Sciences of Ukraine, Deputy Director for Research of the L.I. Medved’s Research
Centre of Preventive Toxicology, Food and Chemical Safety, Ministry of Health, Ukraine (State
Enterprise). Address: 6 Heroiv Oborony str., 03127, Kyiv, Ukraine. ORCID 0000-0002-9229-9761.

[ponanuyk Muxosaa I'eopriiioBu4 — TOKTOp METUYHUX HAYK, Mpodecop, WieH-KOPECTIOHACHT
HanionansHoOi akazemii MeqUuHUX HayK YKpaiHu, iupektop JlepaBHOro miAnpHeMCTBa
«HaykoBuil IeHTp NpEeBEHTUBHOI TOKCUKOJIOTI1, Xap4oBoi Ta XiMiuHOi Oe3MeKH iMeHi akaaemika

JI.I. MenBens MinictepcTBa 0XOpoHH 3710pOB’sl YKpainm». Anpeca: Byn. [epois O6oponu, 6, 03127,

M. Kuis, Ykpaina. ORCID: 0000-0002-9229-9761.

VKPATHCBKUIA )KYPHAJ CYYACHHX TTPOBJIEM TOKCHUKOJIOITI /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2025




MPO®ECIMHA TOKCHUKOJIOTIA

OCCUPATIONAL TOXICOLOGY

Mykola Prodanchuk — Doctor of Medical Sciences, Professor, Corresponding Member of the National
Academy of Medical Sciences of Ukraine, Director of the L.I. Medved’s Research Centre of Preventive
Toxicology, Food and Chemical Safety, Ministry of Health, Ukraine (State Enterprise).

Address: 6 Heroiv Oborony str., 03127, Kyiv, Ukraine. ORCID: 0000-0002-9229-9761.

Kypnins Haranisi BitaaiiBa — kanaugaT MeqUUHUX HayK, 3aCTYIHHUK TUPEKTOPa 3 KITHIYHUX MUTaHb
HepxaBHoro mianpuemctsa «HaykoBHii IEHTp MPEBEHTUBHOI TOKCHKOJIOTIT, XapuoBol Ta XiMIUHOI Oe3rmeKku
imeni akanemika JI.I. Mensenst MinicTepcTBa OXOPOHH 370POB’ sl YKpaiHU.

Anpeca: Byn. I'epoiB O6oponu, 6, 03127, m. Kuis, Ykpaina. Email: Kurdil nv(@ukr.net.

ORCID: 0000-0001-7726-503X.

Nataliia Kurdil — Candidate of Medical Sciences, Deputy Director for Scientific and Clinical Affairs of
the L.I. Medved’s Research Centre of Preventive Toxicology, Food and Chemical Safety, Ministry of
Health, Ukraine (State Enterprise). Address: 6 Heroiv Oborony str., 03127, Kyiv, Ukraine. Email:

Kurdil nv@ukr.net. ORCID: 0000-0001-7726-503X.

Actpy6 Tersana OnexcanapiBHa — KaHAWAAT MEIUYHUX HAYK, 3aBiqyBay BiAAiNy «[HCTUTYT eKOTiri€HH i
TOKCHKOJIOTiT IECTUIIUIIB 1 arpoxiMikariB» Jlep:kaBHoOro mignpueMcTBa «HaykoBHil IEHTp MPEBEHTHUBHOT
TOKCHKOJIOTI1, XapuoBoi Ta XiMiuHOi Oe3neku iMeHi akajemika JI.I. MenBens MiHicTepcTBa OXOpPOHH 3710-
poB’sa Ykpainm», Byn. I'epois O6oponwu, 6, 03127, m. Kuis, Ykpaina. Email: tatyanayastrub@gmail.com,
ORCID 0000-0002-5084-3773.

Tetyana Yastrub — Candidate of Medical Sciences, Head of the Department "Institute of Eco-Hygiene and
Toxicology of Pesticides and Agrochemicals" of the “L.I. Medved’s Research Centre of Preventive
Toxicology, Food and Chemical Safety of the Ministry of Health, Ukraine” (State Enterprise). Address: 6
Heroiv Oborony str., 03127, Kyiv, Ukraine. Email: tatyanayastrub@gmail.com. ORCID 0000-0002-5084-
3773.

IH®OPMAIIA MTPO BHECOK ABTOPIB /
INFORMATION ON CONTRIBUTION OF EACH AUTHOR
A.B. Bacanens / A. Basanets B ¢ D

M.T. IIponanuyk / M. Prodanchuk A ¢ PG
H.B. Kypains / N. Kurdil B & F

T.O. Slctpy6 / T. Yastrub B & F

A — konyenyist pobomu i ouzaiin, B — nposedenns docniodcensv,; C — ananis, nonepeows nid2omoska;

D — npoepamne 3abesneuenns, cmamucmuunuti ananiz;, E — nanucanna cmammi, F — pedacysanns;
G — ginanvne cxeanenus cmammi.

Cmamms Haoiiuna 0o pedakyii 04 eepecus 2025 p.

The article was received by the editorial office on September 04, 2025.

YKPATHCBKUI KYPHAJI CYYACHUX TIPOBJIEM TOKCUKOJIOTTT /

UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2025

47



