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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Ensuring the life and health of employees, especially in
the construction, mining, and manufacturing sectors, is a priority task of the state.
The fundamental principles of occupational safety are enshrined in legislation
and are based on ratified conventions and agreements of the International Labour
Organization. Particular importance is given to accounting for geological and
technical factors (soil instability, landslides, underground operations, seismic
activity, erosion, etc.) that affect workplace safety. Objective. To develop and
substantiate a risk-oriented approach to occupational health and safety management,
taking into account geological and technical factors, as well as to form a universal
risk management algorithm applicable to enterprises across various industries.
Methods. The methodological basis of the study is a risk management system that
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includes the identification, assessment, and control of occupational hazards. The
international standard ISO 45001 was used as the regulatory framework, focusing
on comprehensive risk management, including geological and technical aspects.
Results and Conclusions. The article presents an overview of new sections of
the ISO 45001 standard aimed at transitioning from the principle of acceptable
risk to practical mechanisms for preventing and mitigating the consequences of
occupational and geological hazards. A generalized risk management algorithm
applicable to construction, mining, and infrastructure enterprises has been
developed. In addition, a system for monitoring, measurement, and analysis of
occupational safety performance indicators, taking into account geological and
technical factors, has been proposed. The research results were implemented at
“Golden Camel Group LTD” LLP with the achievement of ISO 45001 certification.
The application of a risk-oriented approach based on ISO 45001 improves the
effectiveness of occupational health and safety systems, reduces the level of
occupational risks and injuries, and ensures the sustainable operation of enterprises
under the influence of geological and technical factors.

Keywords: occupational health and safety management system, ISO 45001,
occupational diseases, occupational injuries, geological and technical risks, risk
management, identification
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AnHOTanusl. Ozexminici. KocIMOpBIH KBI3METKEpJICPIHIH oMipi MeH
JIEHCAYIIBIFBIH CaKTay, ocipece KYPBUIbIC, Tay-KeH JKOHE OHIEY ©HEepKocioi
cajanapblHIa, MEMIIEKeTTiH O0achlM MiHIETTEpiHiH Oipi OONBIT TaOBLIAIBI.
EnOexti KopraynblH HETi3Ti Karujarrapbl 3aHHaMaja OekiTimir, XasbIKapabIK
eHOeK YHBIMBIHBIH paTH(QUKaUUsUIaHFaH KOHBEHIMsIapbl MEH KeniciMepiHe
Herizaeneni. EHOGK KayilCi3airiHe acep eTeTiH IeOJOrHsUIBIK HKOHE TeXHHUKAJIBIK
(dakropiapabl (TOMBIPAKTHIH TYPAKCHI3ABIFbI, KOIIKIHAEP, KEPACThI )KYMBICTAPHI,
CeCMUKAIBIK OCICEHAUTIK, dpO3Usi XoHE T.0.) €CKepy epeKIlle MaHbI3Fa He.
Maxcamoi. TeONnOTHIIBIK XKOHE TEXHUKAIBIK (DakTOpiapisl €CKepe OTBIPBHII,
eHOeKTI KOpFay MEH Kayilci3airin Oackapyaa Toyekenre OarmapiaHfaH TOCLIIl
o3ipiey KOHE Heri3zey, COHJai-aK opTypii cajanap KOCINOpBIHAApHI YIIiH
Toyekennepai OackapydblH omOeOan alrOpUTMIH KaJBIITACTBIPY. Odicmepi.
3epTTeyiiH SiCHAMaJIbIK HEri3iH KociOM KayinTep/i aHbIKTay, Oarajay >KoHE
Oackapy TIpoIleCTepiH KAMTHTBIH TOoyeKemnepai Oackapy ’Kyheci Kypanisl.
HopmaruBTik 6a3a peTiHze reoJOTHSsUIBIK JKOHE TEXHUKAIBIK acHeKTiaepai Koca
anFaHza, ToyeKeaepai kemen i backapyra oarbrrtanrad [SO 45001 xanbikapaibiK
CTaHAAPTHl KONJAHBULBL. Homuoicenepi men KopwimblHObLIapbl. Makanana
ISO 45001 craHgapThiHBIH pYKCaT €TUICTIH TOyeKeJ KaFujaThblHAH KociOu
JKOHE T€OJIOTHMSUIBIK KayilnTepiiH CajJapblH aJJiblH ajly HeMece TOMEHICTYIIH
MIPaKTUKAIBIK MEXaHU3MJICpiHEe KOITyre OaFbITTalFaH jKaHa OelliMIepiHe IOy
x)acanraH. Kypeuibic, Tay-KeH koHe HHPPaKYPBUIBIM caiallapbl KOCITOPBIHIaphIHA
KOJJlaHyFa OOJaThlH TOyeKelJepai OacKapydblH JKaIMbUIAHFAH aJTOPUTMI
azipisieH1i. COHBIMEH KaTap, TeOJIOTHUSIIBIK JKOHE TEXHUKAIBIK (DaKTOpIap sl ecKepe
OTBIPBIT, €HOCKTI KOPFay CallaChlHAAFbl KbI3MET KOPCETKIIITEPiH MOHUTOPUHTTEY,
eJIIICY JKOHE Talifay JKyHheci yChIHbUIIABL 3eprrey HoTmkeaepi «Golden Camel
Group LTD» XKIIC kocimopuberaaa enrizimin, [ISO 45001 coitkecTik cepTuUKATHI
anerHAbl. [SO 45001 craHmapThl Heri3iHAETi Toyekenre OarmapiiaHFaH TOCUIIL
KOJIJaHy €HOEKTI KOpFay XYHeCiHIH THIMILTITIH apTTHIPYIbl, KciOU ToyeKkenaep
MEH OHJIIPICTIK KapakaTTaHy JCHIEHiH TOMEHJETYII, COHJal-aK T'eOJOTHSIIBIK
YKOHE TEXHUKAJIBIK (PaKTOPJIap/IbIH dcepi KarJaiibIH/Ia KOCITOPBIHIAP IbIH TYPAKThI
JKYMBIC iCTeyiH KaMTaMachl3 €Te/l.

Tyiiin ce3mep: eHOek Kayimcizmirin 6ackapy xyieci, ISO 45001, kocimTik
aypynap, OHIIPICTIK KapakKaTTaHy, T'eOJOTHSIIBIK-TEXHUKAIBIK TJyeKeIep,
ToyeKenepi 6ackapy, colikecTeHAIpy
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AnHOTanmuA. Axmyarsnocms. ObOecrniedeHHe O€30MACHOCTH, COXPAaHEHHUE
KU3HW W 3I0pOBbS PAOOTHUKOB TPEANPHUATHH, OCOOCHHO B CTPOHUTEIHHOM,
rOpHOAOOBIBaIOINICH U 00padaThIBAOIIEH MPOMBINUICHHOCTH, SIBJSICTCS OJHOU
W3 MPUOPHUTETHBIX 33J1ad TOCYIapCTBEHHON MOJIUTHKHU B 0OJACTH OXPaHbBI TPyAa.
OcHoOBOIIOJIATAMOINNE TTPUHIIMITBI OXPAHbI TPyJa 3aKPEIICHbl B HAIIMOHAJIBHOM
3aKOHOJIATEICTBE W MEKIYHApPOJAHBIX HOPMATHBHBIX JOKYMEHTaX, BKJIFOUAs
patuduIHpOBaHHBIC KOHBEHIIMH MeXTyHapoaHO# opranm3aiuu Tpyaa. Ocolyro
3HAYMMOCTB MTPUOOPETACT yUET TeOJIOTHYSCKUX U TEXHUYECKUX (PAKTOPOB, TAKUX
KaK HeCTaOWIIFHOCTh TPYHTOB, OIIOJI3HEBBIE MPOIECCHI, YCIOBHUSA TPOBENCHUS
MOJI3EMHBIX paboT, CcelicMUYecKass aKTUBHOCTh M 3PO3UOHHBIC IIPOIIECCHI,
OKa3bIBAIOIINX HEMOCPEICTBEHHOE BIMSHNE Ha 0€301IaCHOCTH MTPOU3BOJACTBEHHOM
nesTenbHOCTH. [[ens. Pa3zpabotath M 000CHOBATh PHUCK-OPHUEHTHPOBAHHBIN
MOJXOJl K YIPABICHUIO OXpPAaHOW Tpyda C Y4YETOM TEOJIOTHYSCKHX U
TeXHUYECKNX (PaKTOpOB, a Takxke c(hOopMHpPOBATH YHHUBEPCATHHBIA aITOPUTM
UICHTH(UKAIIMY ONACHOCTEW, OLGHKH U YNpaBieHHs MPO(eCcCHOHATbHBIMU
PUCKaMU ISl MPEINPUATAN PAa3IMYHBIX OTpaciiell MPOMBITINIEHHOCTH. Memoodsi.
MeToI0I0rHYeCKy0 OCHOBY UCCIICIOBaHHUS COCTABIISIET PUCK-OPUEHTUPOBAHHBIN
MOJIXOJ, TPEIyCMaTPUBAIOIINN IOCIIEOBATEIPHOE BBISBICHHE ONMACHOCTEH,
OLICHKY MpPO(eCCHOHANBHBIX PHUCKOB M pa3pabOTKy MEpONPHUATHH 10 HUX
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CHIDKeHHMIO. B KadecTBe HOPMAaTHMBHO-METOAMYECKOH OCHOBBI HCIOJIB30BaH
MeXayHapomrabld ctapgapt ISO 45001, ycranmaBnuBaromuii TpeOOBaHUA K
cHCTEME MEHEIKMEHTa OXpaHbl 370pOBbs H oOecreueHus 0e30MacHOCTH TPya.
Ocoboe BHUMaHHME YAEICHO HHTEIPALMM TCOJIOTMYECKUX U TEXHHYECKHX
¢dakTOpoB B mpolecchl HACHTU(UKAIMHM ONACHOCTEH, OIIGHKH PHCKOB,
MOHHUTOPHHI'Aa M KOHTPOJII HPOM3BOACTBEHHOW Oe30macHOCTH. Pe3ynvmamuyl
u 6v1600bl. llpoBeneH aHan3 TMONOXKEHHH MexayHaponHoro crtanaapra ISO
45001, nampaBieHHBIX Ha MpenyNpeXkaAeHHE MPOU3BOACTBEHHBIX ONACHOCTEH,
CHWKEHHE INPO(PECCHOHAIBHBIX PHUCKOB U COBEPLICHCTBOBAHUE CHUCTEMBbI
yhpaBiieHUs] OXpaHoi Tpyaa. PazpaboTaH oOOOLICHHBIH alrOpUTM YHpaBICHUS
npoeCCHOHAIBHBIMUA PUCKAMHM C YYETOM TI€OJIOTHUYECKMX U TEXHHYECKHX
($akTOpOB, KOTOPBIM MOXET MPHUMEHSIThCS HA NPEANPHITUSX CTPOUTEIHHOH,
ropHojoObIBatomed u MHPpPacTpyKTypHOW oTpacieid. I[lpemnokena cucrema
MOHHUTOPHMHTA, M3MEPEHHs W aHalu3a IOoKas3arejedl B 00NacTH OXpaHbl Tpyna,
npeaycMaTpuBaomas ydeT creuu(UYecKuX NPOU3BOICTBEHHBIX ONACHOCTEH,
00yCIJIOBJICHHBIX T€0JIOTMYECKUMH YCIOBUAMU U TEXHUYECKUMH OCOOEHHOCTSIMU
MIPOM3BOJCTBEHHBIX IpoleccoB. [IpencraBieHHbIe MOIXOAbI HCIIOIb30BaHbl MPU
COBEpIICHCTBOBAHUH CUCTEMBI MeHeKMeHTa oxpanbl Tpyna B TOO «Golden Camel
Group LTD», nonyuuBiiem ceprudukar coorBercTBust TpedoBanusm [SO 45001.
[Ipumenenne puCK-OpHEHTUPOBAHHOTO MOAXO/a Ha OCHOBE JAHHOTO CTaHJapTa
CIOCOOCTBYET TIOBBIMICHUIO dS(PPEKTUBHOCTH YIIpaBICHUS OXPAaHOU Tpyaa,
CHIDKEHHIO PO ecCHOHATBHBIX PUCKOB U TIPEAYIPEKICHHIO TIPOU3BOACTBEHHOTO
TpaBMaTHU3Ma, a TAK)KE CO3AAHUIO YCIOBUH AJ1s1 yCTOMYNBOTO (hyHKIIMOHUPOBAHNUS
MPEeNNPUATHIH, 1€ATeTbHOCTh KOTOPBIX CBsI3aHa C BO3/IEWCTBUEM I'€0JIOTHYECKUX U
TEXHUYECKHX (aKTOPOB.

KuarueBble cjoBa: cucreMa MEHEHKMEHTa oxXxpaHbl Tpyma, ISO 45001,
npodeccruoHalbHbIe 3a00JIeBaHMs, MPOU3BOACTBEHHBIH TpPaBMaTu3M, TIe0JIOTO-
TEXHUYECKHE PUCKH, YIIPABICHUE PUCKAMH, HICHTU(UKALIHS

Introduction. With the emergence of labour as a fundamental way of human
life and conscious human activity, aimed at satisfying its needs and society, the
question of ensuring safe and comfortable working conditions, as for the main
resource of any industrial production, arose. The stages of industrialisation
went hand in hand with the struggle of wage earners for their rights to safe and
decent working conditions, which culminated in the creation of the International
Labour Organization (ILO), which united the efforts of many countries in the joint
development of criteria for an industrial society and the legislative enshrinement
of workers' rights in the field of occupational safety and health at work. The
review of existing approaches and concepts has shown that first of all it was
necessary to create at the state level national systems of labour protection, which
are based on the implementation of the requirements of ILO Conventions, through
their ratification in the countries that are members of this organization, as well as
bringing their legislation in line with international norms and rules (Bekyashev,
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2019; Jasmien, 2008; ILO Conventions; International Labour Organization, 2018).

Kazakhstan, as a full member of the ILO, which joined it as an independent
state in 1993, is on the way to improving its legislative and regulatory framework,
taking into account the recommendations of this organisation, one of which
includes the introduction of proven and internationally accepted occupational
health and safety management systems, regulating the requirements of ISO
international standards, the development of which was initiated by the ILO, based
on a systematic approach to health and safety management at any enterprise, taking
into account the recommendations of the ILO (Takala et all., 2014; Jakovleski et
all., 2019; Anner and Caraway, 2010).

However, despite the efforts of the ILO, several international organisations
in the field of occupational safety and health, the latest statistics, which they
periodically compile, have shown that approximately 2.78 million workers
die each year as a result of occupational accidents and diseases, and of these,
2.4 million deaths are disease related, i.e. 86% are deaths due to occupational
diseases rather than occupational injuries (Piper and Foley, 2021; International
Labour Organization; International Labour Organization. (n.d.).). One of the ways
to improve this situation was the introduction of the British standard OHSAS
18001, which increased the involvement of top management in improving the
effectiveness of occupational health and safety, as well as the degree of training
and interaction of employees, which reduced the number of accidents and incidents
in the workplace, but the issues of occupational health and hygiene have not been
fully addressed. This was the decisive factor in the emergence of ISO 45001,
developed by an international team of researchers and leading experts in the field
of occupational health and safety at the request of the ILO, the implementation
of which allows to improve the reduction of injuries and occupational diseases
of workers in enterprises through a risk-oriented approach to safety processes,
both in the workplace and related occupational diseases (Center for Humanitarian
Technologies, 2006-2023; OHSAS 18001-2007; World Health Organization,
2018; Beiseev et all., 2018; Sansyzbayeva et al., 2020; Razakova et al., 2020).
The new ISO 45001 standard focuses not only on risks but also on opportunities
for the company, both internally and in its interactions with other companies and
organisations in the course of its trading market activities.

The continuing globalisation of the world economy, the acceleration of scientific
and technological progress, the implementation of the results of which is no longer
years, but months and even days, the threat of infectious diseases of global scale,
such as the COVID-19 pandemic, has led to the emergence of new professions,
restrictive requirements in terms of social distance between people, and therefore
new workplaces in terms of working conditions. All these challenges should be
taken into account in the formation of the management system of labour protection
and occupational health at enterprises and companies of our country and introduce
new management systems, primarily in the field of occupational health.

At the same time, occupational hazards in industrial enterprises may be
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influenced not only by direct technological factors but also by external and site-
related conditions affecting the stability and technical condition of production
infrastructure. In particular, seismic effects, ground instability, differential
settlement, deformation of foundations and structural elements, and deterioration
of'engineering systems may act as initiating or aggravating factors for technological
hazards. Their influence can result in changes in equipment stability, vibration
characteristics, alignment of technological units, integrity of pipelines and
storage facilities, and consequently in changes in the probability and severity of
occupational incidents.

Therefore, geological and technical factors should be considered not as isolated
hazards replacing the conventional classification of hazardous and harmful
production factors, but as factors capable of initiating or aggravating physical,
mechanical, chemical, thermal and other occupational hazards. Such an approach
makes it possible to establish a causal relationship between the condition of the
industrial site and infrastructure, technological disturbances, exposure of workers
and the resulting occupational risk (Alsheriyev et al., 2025).

Since, as a national standard in the Republic of Kazakhstan ISO 45001 was
adopted only in 2019 and the practical experience of its implementation has
just begun, the purpose of our research was to develop methodological and
methodological approaches to its implementation in the form of recommendations
and techniques that allow step by step to build a systemic management in the field
of labour protection and safety to reduce the risks of occupational hazards and
negative factors affecting the health of workers with the application of international
norms and rules in practice.

The objective of this study is therefore to develop recommendations for hazard
identification and occupational risk analysis that integrate geological and technical
factors into an ISO 45001-based occupational health and safety management
system. The proposed approach is intended to complement the conventional
assessment of hazardous and harmful production factors by considering geological
and technical conditions as potential initiating or aggravating factors.

Materials and Methods. As an object of research the current management
systems of labour protection and safety of food industry enterprises of Turkestan
region and Shymkent city are chosen. As the subject of research - methods and
means of management of ISO 45001 standard, application of which allows to
reduce the risks of industrial injuries and occupational diseases.

For the purposes of the present study, the research object is considered as a
production system consisting of technological processes, workers, equipment,
buildings, foundations and engineering infrastructure. In addition to direct
workplace hazards, the assessment framework includes geological and technical
conditions that may affect the safe functioning of these components.

The geological and technical component of the assessment is understood as
a set of external and structural conditions capable of affecting the stability and
technical state of an industrial facility. These include potential seismic effects,
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ground instability and differential settlement, deformation of foundations and
structural elements, displacement or misalignment of technological equipment,
and deterioration or failure of engineering systems.

The proposed methodology distinguishes between a direct occupational hazard
and a geological or technical initiating factor. A geological or technical factor does
not necessarily cause an occupational incident directly; instead, it may change the
technical or technological condition of the production system and thereby increase
the probability or severity of an existing hazard.

The stage of transition of the existing labour protection management system to
the personnel health and safety management system starts with the classification of
hazardous and harmful production factors (HHPF) depending on the type of work
and workplace. Classification is carried out in accordance with GOST 12.0.003.
«SSBT. Hazardous and harmful production factors. Classification». Depending
on the nature of their impact on the worker, hazardous and harmful production
factors are classified into the following groups - physical, chemical; biological,
psychophysiologicale. On the example of the technological scheme of oil and fats
production in Table 1, the characteristics of each group depending on the work
performed and the possible consequences for the health of the worker are given
(Beiseyev et all., 2019).

To integrate the geological and technical component into the existing
classification, the assessment was supplemented by an initiating-factor level. The
resulting analytical sequence was defined as follows: geological and technical
condition — technical or technological disturbance — hazardous event — worker
exposure — consequence — occupational risk.

Table 1. List of hazardous and harmful production factors at workplaces by type of work in the
production of vegetable oils.

No Types of | Hazardous and harmful | Geological and technical Possible
work factors initiating/aggravating consequences
factors
1 Cleaning of | Vibration; excessive Possible equipment Nervous system,
seeds noise; falling objects; | displacement or increased | vision and hearing
1.1 moving machinery; vibration resulting from disorders; fractures,
inadequate lighting; deformation or differential | bruises and cuts
cutting parts; electric settlement of the supporting
shock; dust foundation
2 | Moisture Electric shock; high Loss of equipment stability | Burns; contusions;
conditioning | surface temperature; or misalignment caused by | fractures; crushing
of seeds falling from height; foundation deformation or | injuries
moving equipment; technical deterioration of
noise supporting structures
3 Crushing of | Vibration; noise; Increased vibration or Fractures, bruises,
seeds falling objects; moving | equipment misalignment cuts; nervous system,
machinery; inadequate |associated with differential | vision and hearing
lighting; cutting parts; | settlement or deformation | disorders
electric shock; dust of the equipment foundation
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4 | Separation of

Noise; vibration;

Changes in equipment

Contusions, fractures,

electric shock

fractions moving machinery; position or stability caused | crush injuries;
falling from height; by structural deformation or | respiratory and eye
dust ground movement disorders
5 | Kernel Moving machinery; Misalignment of rotating Contusions, fractures,
grinding noise; vibration; equipment caused by crush injuries;

deformation or settlement
of supporting structures

nervous system,
vision and hearing
disorders

6 Extraction
with organic

Hexane and petrol
vapours; electric shock;

Damage or displacement
of pipelines, tanks or

Chemical exposure;
burns; respiratory and

vibration; electric
shock

solvents high temperature; equipment resulting from | cardiovascular effects;
moving machinery; structural deformation or fractures
noise; vibration seismic effects
7-8 | Distillation Solvent vapours; high | Potential displacement Chemical exposure;
operations temperatures; noise; or deformation of burns; injuries;

technological units and
pipelines under seismic or
structural influences

disruption of
technological
processes

9 | Cleaning and

Solvent vapours;

Ground or structural

Chemical exposure;

temperature; noise;
vibration; electric
shock; slippery floor

refining high temperatures; deformation potentially burns; injuries;
moving equipment; affecting pipelines, leakage and
overpressure; slippery | equipment connections and | technological
surfaces supporting elements disturbance
10 | Oil drying High surface Equipment instability or Burns; contusions;

misalignment caused by
deformation of foundations
or supporting structures

hearing disorders;
falls

11 | Oil cooling
and storage

Noise; vibration;
electric shock; slippery
surfaces

Potential seismic
displacement or structural
deformation of storage and
supporting systems

Bruises, fractures;
equipment damage;
loss of containment

The geological and technical factors presented in the additional column are
considered potential initiating or aggravating scenarios for risk assessment rather
than documented accident events at the investigated enterprise. Their purpose is
to establish a methodological connection between external/site conditions and the
occupational hazards already identified in the technological processes.

The listed sources generate the following significant harmful and hazardous
production factors: risk of occupational injuries when servicing the second tier of
augers and elevators from a suspended platform mounted on a monorail at a height
of 3 metres (height of steps 30 cm, angle of elevation of the metal ladder 60°),
as well as the risk of falls on the floor slippery from spilled oil. Flow of cold air
in winter and overheated air in summer into the shops due to the lack of airlocks
(according to the project) at the entrances to the shops of the enterprise. High air
temperature in the working zone at 27% of workplaces due to insufficient thermal
insulation of equipment (fryers, washing machine, extractor, distiller, steam
pipes), contributes to increased perspiration, which in mustard oil production
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causes numerous complaints of various skin manifestations, especially in places
of increased perspiration. Very high concentrations of dust as a result of leaky
equipment, lack of mechanisation of cleaning processes for powder spilled on
the floor. High concentrations of petrol vapours due to leaking equipment and
sweating. Work in forced uncomfortable posture, physical dynamic stresses during
cleaning and washing of equipment (roasters, presses, sieves), in conditions of
high concentrations of grain dust and heating microclimate. Uncomfortable form
of labour at the filling stage - as a consequence of imperfect design of automatic
machines and conveyors. Ergonomic inadequate working positions, prolonged
standing posture becomes a fact of overloading the musculoskeletal apparatus,
limbs and blood stagnation in the pelvic organs.

From the perspective of the integrated approach, the above direct hazards
may also be influenced by changes in the technical condition or stability of the
production system. For example, an increase in equipment vibration may be
aggravated by foundation deformation or misalignment; damage or displacement
of pipelines may increase the probability of chemical exposure; and structural
deformation may increase the probability of falling objects or loss of equipment
stability.

Identification of the main sources of harmful production conditions of the
enterprise employees, forms risks, by types of hazards existing for them:

Type of hazard: Chemical. Exposure: Plant dust, vapours and gases. Inhalation, skin
penetration, contact with liquid or semi-liquid substances (petrol, benzene), powders
(bleach). Types of risks: diseases - silicosis, bronchitis, skin allergies, neurological
disorders among workers in contact with organic solvents - benzyl, benzene.

Type of hazard: Physical (environmental exposure). Effects on the body:
Noises, increased and decreased ambient temperature, radiation, vibration,
barometric pressure. Risk types: Hearing loss or hearing loss, vibration sickness,
hypothermia, frostbite, heat stroke, ionising radiation, visual impairment or
eye injury, decompression sickness, inert gas poisoning, aseptic bone necrosis,
sprained tendons, carpal tunnel syndrome, lower back pain, falls.

Type of hazard: Biological. Exposure: Infectious microorganisms, toxic
substances of biological origin and animal bites. Risk types: Histoplasmosis,
infectious lung diseases, influenza, tuberculosis, malaria, yellow fever, sand
sickness, skin rashes, allergies, diseases associated with animal bites, insect bites
(Baghaei Naeini and Badri, 2024).

Type of hazard: Social (psychophysiological). Impact on the organism: Heavy
production load, stresses of different nature, remoteness from family, conflicts with
superiors, with workers of their shift. Types of risks: Nervous diseases, stressful
breakdowns (Beiseyev et all., 2021).

For integrated assessment, geological and technical factors were additionally
assigned the role of initiating or aggravating conditions. Their influence is
evaluated through the resulting change in the probability and/or severity of the
occupational hazard rather than through a separate risk scale.
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Production risks at the industrial enterprise were assessed using the method
described in ST RK 12.0.002-2016 «System of labour safety standards.
Occupational Safety Management System in Organisations. Guidelines for risk
assessment and managementy», according to which the quantitative risk criterion is
calculated using the following formula:

R =Zf=u P Uz', (1)

where, R - quantitative criterion of risk

U, - quantitative criterion of severity of consequences of risk occurrence

N - number of discrete values of possible damages to health and life of an
employee (of the same type, of the same dimension) or groups uniting them

P. - quantitative criterion of probability of occurrence of risks of possible
damages to health and life of an employee.

The quantitative criterion of the probability of occurrence of risk P,, caused by
the presence of harmful and hazardous production factors of food enterprises, is
ranked in several categories, from ‘minimal’ to ‘critical’ with a description of the
severity of consequences.

When a geological or technical factor is identified as capable of initiating or
aggravating a hazardous event, its potential influence is considered when assigning
the probability category. If the factor may increase the scale of consequences, its
influence is additionally reflected in the severity category.

The cumulative assessment of the probability of risk occurrence is ranked
according to the risk category and the degree of its consequences:

1. Minimal, at 0 <P< 1, the probability of risk occurrence is negligible. It is
virtually impossible to assume that such a factor could occur

2. Low, at 1 < P< 2, the probability of occurrence remains low. This type of
condition occurs on occasion, but the chances for it to occur are low

3. Moderate, with 2 < P< 3 the probability of occurrence is at a medium level.
Conditions for this may actually and unexpectedly occur

4. High, with 3 < P<4 the probability of occurrence is high. The conditions for
this occur fairly regularly and/or within a certain time interval

5. Significant, with 4 < P<'5 the probability of occurrence is very high. The
conditions inevitably occur over a sufficiently long interval of time

6. Unacceptable, with 5 < P< 6 the probability of occurrence is unacceptably
high. The conditions are bound to occur over a sufficiently long period of time

7. Critical, at 6 < P< 7, the probability of occurrence is critical

The quantitative criterion of the severity of the consequences of the risk U,
is derived by the impact of harmful and hazardous production factors on the
employee, damage (harm) caused to the material and production environment and
is ranked by categories from ‘acceptable’ to «catastrophic»:

Severity of the impact of the risk:
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1. Acceptable, at 0 <U< 1 there is little or no risk of health hazard for the
worker, no impact on equipment or work flow for the work environment

2. Minor, at 1 < U< 2 there is a risk of minor injury to the worker, micro-
injuries that heal quickly, for the work environment there is a risk of minor impact
on equipment or work flow

3. Medium, at 2 < U< 3 there is a risk of medium severity injuries, not life-
threatening, with temporary incapacity for work, for the work environment there
is a risk of materially costly repair of the damage

4. Significant, with 3 < U< 4 there is a risk of significant damage requiring
longer term treatment, for the production environment risks of significant material
investment for remedial action

5. Severe, at 4 < U< 5 there is a risk of accident with severe consequences
resulting in permanent disability, for the production environment the risks of
significant impact on equipment with significant material inputs

6. Very severe, at 5 < U< 6 there is a risk of group accidents with severe
consequences and/or fatal accidents, for the production environment there is a risk
of very significant impact on equipment and work stoppages

7. Catastrophic, at 6 < U < 7 there are risks of several fatal accidents, for the
production environment - significant damage to the production environment, work
stoppage.

In the proposed approach, the severity assessment should also account for
secondary consequences that may arise when a geological or technical initiating
factor causes a technological disturbance. For example, structural deformation or
seismic effects may result in equipment displacement, pipeline damage, leakage,
falling objects or interruption of technological processes, which may subsequently
increase the severity of worker exposure.

An important aspect in building a health and safety management system
according to ISO 45001 is the requirement to develop a system of monitoring,
measurement, analysis and evaluation of performance indicators in the field of
occupational health and safety, which primarily include the control and management
of' hazardous and harmful production factors through their quantitative assessment,
allowing to analyse the risks of accidents, incidents and occupational diseases. The
main means of control include various technical means, in particular measuring
instruments (MI) in the field of labour protection.

Within the integrated approach, monitoring should also cover changes in the
technical condition of buildings, foundations, supporting structures, technological
equipment and engineering systems where such changes may affect occupational
risk. This allows geological and technical factors to be incorporated into the
continuous improvement cycle of the occupational health and safety management
system.

In order to obtain reliable information when measuring parameters of harmful
and (or) hazardous production factors, the used measuring instruments shall be
verified inaccredited laboratories with the periodicity specified in the documentation
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for this instrument. During the verification of measuring instruments, metrological
characteristics necessary for the use of measuring instruments in accordance with
a specific measurement technique and to ensure that the results are obtained with
an error not exceeding the established standards of accuracy of measurement of
parameters of harmful and (or) hazardous production factors shall be confirmed
(determined). When confirming compliance of a health and safety management
system to ISO 45001, the absence of an SI List, either an SI certificate or an SI
verification certificate, will be recognised as non-compliance with ISO 45001.
In this regard, a methodology was developed for the formation of the ‘Map of
potential risks and preventive actions to reduce the risk of nonconformities to
meet the requirements of the section «Monitoring, Measurement, Analysis and
Evaluation2, the Map is formed in the form of a table, which includes:

— stages of the process of MI verification;

— factors and stakeholders;

— risk description;

— preventive actions.

For the purposes of geological and technical risk monitoring, the Risk Map
can additionally include:

— geological or site-related initiating factor;

— affected structural or technological element;

— possible technological disturbance;

— potential secondary occupational hazard;

— probability/severity change;

— preventive or corrective action.

Results. The results on classification of quantitative risks hazardous and
harmful production factors at the enterprise on manufacture of edible vegetable
oils have allowed to develop a matrix 7x7, convenient enough for calculations and
full reflection of situations connected with an estimation of risks of technological
process, caused by hazardous and harmful production factors of working
environment, which is presented in Table 2.

Table 2. Matrix for calculating quantitative risk criteria.

Quantitative criterion of the Quantitative risk criterion

severity of the consequences of "Gy, antitative criterion for the probability of risk occurrence due

exposure to HHPF, U, to the presence of HHPF, P

P=1 P=2 |P=3| P=4 P=5 1| P=6 P=7

U=7 7 14 | 21 | 28 35 4 49
U=6 6 12 18 24 30 36 42
U=5 5 10 15 20 25 30 35
U=4 4 8 12 16 20 24 28
U=3 3 6 9 12 15 18 21
U=2 2 4 6 8 10 12 14
U=1 1 2 3 4 5 6 7
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The results of the data in Table 2, obtained by matrix evaluation of quantitative
risk criteria, are also ranked into categories according to their significance, as
follows:

I (insignificant) when R< 7,

A (acceptable) when 7 < R<14,

L (low) when 14 < R<21,

M (medium) when 21 < R<28,

S (significant) when 28 < R<35,

H (high) when 35 < R<42,

VH (very high), when 42 < R<49,

Determination and ranking of quantitative risk criteria depending on the type
of hazardous and harmful production factors is carried out by expert assessment
method.

For geological and technical scenarios, expert assessment should consider both
the likelihood of the initiating condition and the ability of the affected infrastructure
or equipment to maintain safe operation. This provides a basis for reassessing the
occupational risk when changes in the site, structures, foundations or equipment
are detected.

The results of the analysis of requirements to measuring instruments in the field
of labour protection allowed to develop a Risk Map of the process «Verification
and repair of measuring instruments in the field of labour protection» to meet the
requirements of the section «Monitoring, measurement, analysis and evaluation»
of ISO 45001, which allows to more fully take into account internal and external
risk factors in the activities of metrological services, determines ways to ensure
sustainability, ability to withstand adverse situations. The result of identification
is a list of risks and opportunities at the stages of MI verification. Monitoring of
risks and preventive actions should be carried out annually in order to identify all
changes that have occurred. This will allow to identify new risks, use previously
unavailable opportunities, develop new activities, optimise existing activities, etc.

In the context of the proposed approach, monitoring should not be limited to
conventional occupational safety indicators. Where relevant to the facility, changes
in the condition of foundations, supporting structures, technological equipment,
pipelines and storage systems should also be considered as early indicators of a
potential increase in occupational risk.

Detected and identified hazardous and harmful production factors at the
enterprise for the production of edible vegetable oils with their quantitative
assessment allowed to build an algorithm for risk management of the health and
safety management system, presented in Figure 1.
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Revised risk management algorithm
of the OHS MS at the enterprise
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Figure 1. Risk management algorithm of the OHS MS at the enterprise.

Discussion. Hazard identification and risk assessment should be applied to all
processes of the enterprise's activities, as it reveals issues of hazard identification
and risk assessment at the level of human impact. No activity can be carried out
without a preliminary risk analysis. The main goal of this procedure is to prevent
incidents of any severity, preserve the health of the company's employees and all
involved persons, build a reasoned evidence base for the allocation of financial
and other resources to maintain and improve the health and safety system. For
case of use of data, separate Risk Registers are created, linked either to the types
of activities carried out or/and to specific work areas and other activities. Risk
Registers have continuous numbering as they are created (Strzatkowski et all.,
2025).

The results of the present study indicate that the Risk Register should also
contain information on potential geological and technical initiating or aggravating
factors where these factors can influence the safety of a particular work process.
Such an approach makes it possible to distinguish between the immediate
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occupational hazard and the conditions that may contribute to its occurrence or
escalation.

Hazard identification and risk analysis should always be a team effort. When a
work safety analysis (WSA) is carried out by a team of specialists from different
specialties, the risk of missing individual stages with potential hazards is reduced.

For integrated assessment, the WSA team should, where necessary, include
not only occupational safety and technological specialists but also personnel
competent in the technical condition of buildings, foundations, equipment and
engineering systems. Such interdisciplinary participation is particularly important
when external or structural conditions may influence the stability of technological
processes.

For effective work, the group implementing the WSA must necessarily include
responsible persons and work producers, a person responsible for the labor
protection department, an employee who is well versed in the technology and
methodology of performing work, and the associated hazards. If necessary, experts
and / or rare profile specialists.

The value of the base risk is calculated individually for each identified hazard
by multiplying the two values of the Probability (P) of an incident by the severity
of harm to human health (SH). The calculation of the base risk is carried out with
the assumption that no risk management measures exist.

When a geological or technical factor is identified, the base-risk assessment
should consider the possibility that this factor may initiate or aggravate the
identified hazardous event. Thus, the geological or technical factor becomes part
of the causal analysis rather than an isolated additional hazard category.

Depending on the zone to which a certain risk value falls, the need to implement
measures that should ensure the reduction of the risk value to an acceptable level
is determined. The acceptable risk is calculated with the existing and implemented
management measures. The red zone indicates the impossibility of carrying out
work and the search for opportunities to reduce the risk. Acceptable risk - an
assessment of the acceptable risk after the application of control measures is also
carried out using the indicators of consequences and probability. The product of
these two indicators is a measure of the acceptable risk, which is the final result of
the risk analysis stage. A reduction in the risk value is achieved either by reducing
the probability, or the severity of the consequences, or their combined reduction
(Burtan et all., 2025; Bgs et all., 2025).

In geological and technical scenarios, risk reduction may therefore be achieved
through measures directed at the initiating condition itself, through measures
protecting the technological system, or through measures protecting workers
from the resulting hazard. For example, technical inspection and maintenance of
foundations and equipment may reduce the probability of technological failure,
while strengthening structural elements, securing equipment or improving
emergency protection may reduce the potential severity of consequences.

The information provided in the Tolerable Risk column is used to check whether
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the risk is sufficiently controlled. The overall risk assessment, the final step in
the risk assessment process, requires determining whether the identified hazards
are sufficiently controlled. Since the risk analysis step took into account existing
and implemented hazard control measures, the results of the analysis indicate the
residual risk level. The results of this analysis are used in the system to determine
whether the residual risk for each hazard is:

Low - green zone.

Sufficiently controlled - yellow zone.

Unacceptable - red zone.

For the integrated model, residual risk should be reassessed whenever
a significant change occurs in the geological or technical conditions of the
production site or in the technical condition of structures, foundations, equipment
or engineering systems. This is consistent with the risk-oriented principle of
continuous improvement and prevents the Risk Register from becoming a static
document.

This tool is the most evidentiary in the system, as a confirmation of the
implementation of the Top Management Policy on the constant search for
opportunities to manage hazards and reduce risks. The management of the
enterprise, the occupational safety engineer, the heads of structural divisions, the
representatives of employees are obliged to constantly search for new opportunities
to reduce risks, offering best practices and innovations.

Accordingly, the proposed approach expands the conventional occupational
risk assessment model by introducing a causal connection between geological and
technical conditions and the occupational hazards already identified in production
processes. The principal methodological contribution is not the creation of a
separate geological risk scale, but the integration of geological and technical
initiating factors into the existing probability—severity framework.

This approach is particularly important for industrial facilities where the stability
of buildings, foundations, equipment, pipelines and storage systems can affect the
safety of workers. It also provides a basis for transferring the methodology to
other industrial sectors, including construction, mining and infrastructure, while
retaining the same general risk-management logic.

Conclusions. Existing qualitative and especially quantitative methods for
assessing the risks of industrial hazards that can lead to accidents in the workplace
and/or increase the risks of occupational diseases should be selected and applied
by occupational health and safety specialists based on the concept and tools of
risk management when developing and implementing an occupational health and
safety management system to meet the requirements of sections of the international
standard ISO 45001 on identification, risk assessment of adverse situations in
the workplace and to establish (identify) risks and opportunities that must be
responded to by developing preventive actions.

The study demonstrates that the identification and assessment of occupational
hazards can be strengthened by incorporating geological and technical factors as
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potential initiating or aggravating conditions within the existing ISO 45001-based
risk-management framework.

The proposed approach establishes a causal sequence linking geological
and technical conditions with changes in the technical or technological state of
production systems, the occurrence or escalation of occupational hazards, worker
exposure and potential consequences.

Unlike a separate assessment of geological hazards, the proposed methodology
incorporates their influence into the probability and severity parameters of
the resulting occupational risk. This makes it possible to preserve the existing
quantitative risk matrix while extending its applicability to external and structural
factors affecting industrial safety.

The analysis of vegetable-oil production processes demonstrates that
conventional occupational hazards such as vibration, moving machinery, chemical
exposure, high temperature, falling objects and equipment-related hazards can be
considered together with potential geological and technical initiating conditions
such as seismic effects, ground instability, differential settlement and structural or
equipment deformation.

The proposed Risk Map and risk-management algorithm can therefore be used
to identify changes in geological and technical conditions, assess their potential
influence on technological processes and introduce preventive or corrective
measures before such conditions result in occupational incidents.

The methodological approach is not limited to the investigated food-production
processes and may be adapted to other industrial facilities where the condition of
foundations, buildings, technological equipment and engineering infrastructure
can affect occupational safety.

Further application of the approach should involve site-specific geological,
geotechnical, structural and technical data to quantify the influence of individual
initiating factors and to validate the proposed assessment procedure under actual
operating conditions.
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