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The article presents a comparative legal and regulatory analysis of the framework
governing the use of collective protective equipment (CPE) for workers of the
chemical industry exposed to chemical factors in the Republic of Kazakhstan, the
European Union, the Federal Republic of Germany, and the United States. The
relevance of the study stems from the elevated occupational risks associated with
chemical production, which are conditioned by the toxicity, fire and explosion
hazards of the substances involved, as well as by the substantial social and economic
losses caused by occupational injuries and diseases.

The purpose of the present research is to conduct a comparative regulatory
and legal analysis of the role of collective protective equipment in preventing
occupational risks arising from exposure to chemical factors, drawing on the
approaches adopted in the European Union, the Federal Republic of Germany, the
United States, and the Republic of Kazakhstan.

The findings demonstrate that all of the systems examined are oriented toward
preventing exposure to hazardous substances through risk management, yet the
extent to which CPE is integrated into design and operation differs considerably.
In the EU and Germany, protective measures are embedded at the design stage on
the basis of a mandatory risk assessment carried out prior to the commencement of
activity, with priority given to engineering and collective solutions. In the United
States, the standards prescribe detailed requirements for specific technological
processes, mandating hazard analysis and the deployment of engineering barriers.
Kazakhstan is currently transitioning from a compensation-based model to a risk-
oriented one, although the linkage between risk assessment, engineering design, and
digital monitoring remains insufficiently developed.

The discussion highlights the need to reinforce the priority of CPE within the
hierarchy of protective measures, to expand the use of automated control and
intelligent monitoring systems, and to elaborate criteria for selecting CPE according
to the type of chemical factor, the technological process, and the level of exposure.

The conclusions provide the grounds for recommendations to improve
Kazakhstan’s legislation: the technical regulations should be supplemented with
requirements concerning containment, ventilation, gas analysis, automation, and
emergency systems, and the results of risk assessment should be integrated into
the design and modernization of production facilities. It is proposed to shift from
the formal availability of protective equipment to the assessment of its actual
effectiveness against specific chemical risks, in line with modern international
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standards ISO 45001 and ISO 31000.

Keywords: chemical factors, chemical production, collective protective equipment, occupational risk, risk-
oriented approach, harmful and hazardous production factors, occupational safety and health.
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Maxkana Kazakcran PecmyOnmkaceiana, Eypomansik omakra, [epmanmsga skone AKI-ta xumus eHepkocioi
KYMBICIIBUIAPEIH XUMHSIIBIK (haKTOPIapAbIH 9CEpiHEH KOPFay/IblH YKbIMIBIK Kopray KypanaapsiH (¥KK) konga-
HyAbl HOPMAaTHUBTIK-KYKBIKTBIK PETTEYIl CalbICTRIPMAIIBl TajayFa apHaJFaH. 3epTTEYIiH ©3€KTLIIr XUMISIIBIK,
OHJIpicTeT 3aTTapAbIH YIBUTBIFBI, OPT JKOHE JKapbUIbIC KayiNTimiriMeH 0aiIaHbICTHI JKOFaphl KOCiON ToyeKemaep-
MeEH, COHAaN-aK OHJIIPICTIK jKapaKaTTaHy MEH KOCINTIK aypyiapAaH OONaTHIH eJeyi dJIEyMETTIK JKOHE IKOHOMH-
KaJIbIK IIBIFBIHAAPMEH aiKbIHIaIa bl

Ocpsl 3epTTeynid Makcathl — Eyponansik ofakTeid, [epmanus deneparuprik Pecnyonukaceiabid, AKII-ThiH
xoHe Kazakcran PecrnyOnuKachIHBIH TOCUIIEPIH €CKepe OTHIPHII, XUMHSIBIK (DakTopiapablH ocepiHeH 0oaThiH
KOCiOM ToyeKeNnaepiH al/blH allylarbl YXKbIMIBIK KOPFay KypajJapblHbIH POJliHe CaJbICThIPMalbl HOPMATHBTIK-
KYKBIKTBIK TaJJlay KYprisy OoibIn TaObUIaabl.

Hotwkenep 6apibIK KapacThIPBUIBINT OTHIPFAH JKYHEIepAiH KayinTi 3aTTap/blH 9CepiH ToyeKenaepal oackapy
apKbUIbI ajJbIH alyFa OarbITTayFaHbIH Kepcereni, anaiina ¥ KK-HblH jxobanay MeH maiimanaHyra KipikTipiry
nepesxeci aptypii. EO-na sxone ['epManmsina KOpraHbIII mapaapsl xkolanay caTbhIChIH/IA iC-opeKeT OacTanraHra
JIeliH MIHIETTI Tayekenaepi Oaranay Heri3iH/Ie KalaHa bl, HH)KEHEPIIiK )KoHe YKbIMIBIK HIeIIimMaepre 0achIMIbIK
oepineni. AKIl-ta ctangapTTap HaKThl TEXHOJOTHSUIBIK MPOIECTEPre KOMBIUIATHIH TajlanTap/ibl erKel-TerKeii
Oenriner, KayinTepai TaJaay bl )koHe HHKEHEPITIK TOCKaybUIIapIbl KOJIaHy bl Tajan ereai. Kaszakcran eTemaik
MOJIEJIBJICH ToyeKel-0ar/apiiaHFaH MOJIEJIbIe KOIlly CaThICHIHAA, Oipak Toyekeiepai OaranaynblH obanaymMeH
MKOHE IUQPIBIK MOHUTOPHHITICH OaliIaHBICHI 9711 KETKUIIKTI JaMbIMaraH.

Tankptay KOpFaHBIII Iapanapbl uepapxusicbiana ¥ KK-HBIH OacBIMABIFBIH KYIICHUTY, aBTOMATTaHIBIPEUIFaH
OakpLIay XKyienepi MeH UHTEIUIEKTYallIbl MOHUTOPHHITI KOJIAHYAbI KEHEUTY, COHIai-aK XUMHSLIBIK (haKTOPIbIH
TYpPiHE, TEXHOJOTHSUIBIK, MPOIIECKE KIHE dcep eTy JeHreiine OainansicTel ¥KK Tanmnay kpurepuiinepin a3ipiey
KaKETTUIIH aHBIKTalIbI.

KopbIThIHIBIIap Ka3aKCTaHABIK 3aHHAMAHBI KETIIAIPY OOMBIHINA YCHIHBIMIAPIB! HETI3eH Ii: TepMeTH3aIHsIFa,
KEJIeTyTre, ra3abl TalIayFa, aBTOMATTaHIBIPYFa XKOHE aBapHsIIbIK JKyieaepre KOWbUIAThIH TajlanTapMeH HopMa-
TUBTEPIi TOINBIKTEIPY, COHNAli-aK ToyeKenaep i Oaranay HOTIKeIepiH oHaipicTep i xobaayFa >KoHe )KaHFBIPTYFa
KipikTipy. KopraHbIm KypanmgapslHBIH (QOpPMaibIsl TYpAe OOTyBIHAH HAKTHl XHMUSUIBIK TOyeKenep Ke3iHzae
OJTapAbIH

HAKTHI THIMAUIITIH Oaramayra keuryai ycerabuiansl, 0y [SO 45001 xone ISO 31000 xamsIkapasiblK CTaHOApT-

TapbIHA COMKEC KeJe/i.

Tyidin ce3nep: XUMUSIIBIK (aKTOpiIap, XMMHUSIIBIK OHIIPIC, YKBIMIBIK KOPFay Kypaiaapbl, KociOu Toyeked,
TOyeKeIre OaraapiaHFaH TOCLI, 3USH/IBI XKOHE KayilTi OHIIpicTiK (hakTopiaap, eHOSKTI Kopray.

CPEJICTBA KOJJIEKTUBHOM 3AIIUTHI B CUCTEME YITPABJIEHUSI
MMPO®ECCHUOHAJBHBIMUA PUCKAMM: CPABHUTEJIBHBIN AHAJIN3 IIOJXO10B
KA3AXCTAHA, EC, TEPMAHUMU U CIIIA
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Crarbs OCBsIIEHA CPABHUTEIFHOMY aHAJIM3y HOPMATUBHO-IIPABOBOTO PEryIUPOBAHUS IPUMEHEHHS CPEICTB KOJI-
nextuBHOM 3amuThl (CK3) paboTHUKOB XMMUUYECKOH MTPOMBILIIIEHHOCTH OT BO3JIEHCTBHS XMMHUUECKUX (haKTOPOB
B PecniyOnnke Kazaxcran, EBpomneiickom coroze, I'epmannu n CIIA. AkTyaiapHOCTB McCieI0BaHUs 00YyCIIOBICHA
BBICOKMMH PO eCCHOHAIBHBIMU PUCKAMHU B XMMHUYECKOM IIPOU3BO/ICTBE, CBI3aHHBIMHU C TOKCUYHOCTBIO, TIOXKapo-
U B3PBIBOOMACHOCTBIO BELECTB, a TAKXKE 3HAYUTEIbHBIMU COLIMATIBHBIMU 1 Y KOHOMHUECKUMU MOTEPSIMU OT IIPOU3-
BOJICTBEHHOTO TpaBMaru3Ma 1 npod3adoseBanuii.

Llenbro HACTOSAIIEr0 MCCIENOBAHMS SIBISETCS NMPOBEACHUE CPABHUTEIBHOTO HOPMAaTUBHO-IPABOBOTO aHAIH3a
POJH CPeNCTB KOMJIEKTUBHOM 3aIUTHI B MPEAYNPEKACHIH NPO(eCcCHOHAIBHBIX PHCKOB, 00YCIIOBICHHBIX BO3JICH-
CTBHEM XHMHUYECKHX (DaKTOpOB, ¢ yueToM noxxonoB EBpormeiickoro coroza, @eneparusnoii Pecnydmuku ['epma-
nun, CHIA n PecyOnuku Kazaxcran.

Pe3ynbraThl MOKa3bIBAIOT, YTO BCE pacCMaTpUBAEMble CHCTEMbl OPHEHTHPOBAHBI HA MPEAYNPEXKICHAE BO3ICH-
CTBHS OIIACHBIX BEIECTB Yepe3 YIpaBJICHHE PHCKaMH, ofHako creneHb uHTerpannu CK3 B mpoexktupoBaHue u
skcTyaranuio paziandaercs. B EC u ['epManun 3ammTHBIE MEpBI 3aKIaIbIBAIOTCS HA ATAIE IPOSKTUPOBAHMS Ha
OCHOBE 00513aTeJIbHOI OLIEHKH PUCKOB JI0 Havasa JESITENbHOCTH, IPHOPUTET OTAAETCS HHKCHEPHBIM 1 KOJICKTUB-
HbeM pemieHnsM. B CIIA cranmapTsl AeTann3upyoT TpeOoBaHUs K KOHKPETHBIM TEXHOJIOTHYECKHM ITPOIIECCaM,
TpeOys aHaIN3a OMTaCHOCTEH M MPUMEHEHNS MH)KEHEPHBIX 0apbepoB. KazaxcTan HaxonuTcs Ha 3Tarne nepexona ot
KOMIIEHCAIIMOHHOH K PHCK-OPHEHTHPOBAHHOIN MOJEIIH, HO CBSI3b OIIEHKHU PHCKOB C IIPOEKTHPOBAHNEM U IIU(YPOBBIM
MOHHUTOPHHIOM €I HETOCTATOYHO Pa3BUTA.

OOcyXIeHne BRISIBIIIET HEOOXOMUMOCTh yernenus npuopurera CK3 B nepapXuu 3alIMTHRIX Mep, paCIIHPEHUS
MIPUMEHEHHS aBTOMATH3UPOBAHHBIX CHCTEM KOHTPOJIS U MHTEIJUIEKTYaIbHOTO MOHUTOPHHTA, a TaKkKe pa3paboTku
kputepues Beibopa CK3 B 3aBHCHMOCTH OT BHJa XUMHUYECKOTO (aKTopa, TEXHOIOTHYECKOTO Ipolecca U ypoBHS
IKCIIO3HULIUH.

Be1BobI 000CHOBBIBAIOT PEKOMEHALNH 110 COBEPLICHCTBOBAHHUIO Ka3aXCTAHCKOTO 3aKOHOJATENbCTBA: JOMOI-
HUTh HOPMaTHBBI TPeOOBaHUAMHU K T€PMETU3AIMU, BEHTUISLIH, ra30aHaINTHKE, aBTOMATHU3allM1 U aBapUHHBIM
cucTeMaM, a TaK)Ke MHTEIPUPOBAaTh Pe3yibTaTbl OLIEHKH PUCKOB B MPOEKTUPOBAHHE M MOAECPHMU3ALUIO MPOU3-
BoJCTB. [Ipemnaraercs nepeiitu ot GopManbHOTO HATMYKS CPECTB 3aIINTHI K OIIEHKe MX (akTniyeckoi adpdexTus-
HOCTHU NPU KOHKPETHBIX XUMHUECKHUX PHUCKaX, YTO COOTBETCTBYET COBPEMEHHBIM MEXIyHAPOAHBIM CTaHIApTaM
ISO 45001 u ISO
31000.

KioueBble ciioBa: xumuueckne (hakTopbl, XUMHYECKOE ITPOU3BOJICTBO, CPECTBA KOJUIEKTUBHOM 3aIlIUTHI, IIPO-
(eccHOHANBHBIN PUCK, PUCK-OPHEHTHPOBAHHBINA MOJXOM, BPEJHBIE M ONACHBIE IPOU3BOACTBEHHBIE (HAKTOPHI,
OXpaHa Tpyza.

Introduction. Under the current conditions of normal operating conditions and as a consequence
chemical-industry development, ensuring safe working of loss of equipment tightness, malfunctions of
conditions has become one of the central directions technological systems, or emergencies.

of occupational safety and industrial safety. Chemical For this reason, the protection of chemical-

industry workers must rest not only on the use
of personal protective equipment (PPE), but above
all on preventing and containing the hazard directly
at its source through engineering and collective
protective measures. Such measures include sealing

production is characterized by the use of toxic,
flammable, explosive, corrosive, and other substances
capable of exerting both acute and chronic effects on
workers’ health [1, 2]. Particular danger is posed by
emergency releases of toxic substances, leaks of gases
and vapours, the formation of hazardous concentrations

of process equipment, automation of processes, local

of chemical agents, and the dispersion of toxic clouds. o o
and emergency ventilation systems, monitoring of gas

Exposure to chemical factors may occur both under
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contamination, automatic shut-off of reagent supply,
and systems for containing and neutralizing emissions
[3, 4]. Their use simultaneously reduces the exposure
of a group of workers to chemical factors and lessens
the dependence of the level of protection on individual
behaviour and on the correct use of PPE.

CPE and PPE
complementary elements of the protection system. PPE

thereby function as mutually

is used to protect workers against residual risk, in
particular during repair, technological, and emergency
work. Nevertheless, where technical capability exists
to eliminate or contain the hazard, the question arises
of the legal priority of collective protective measures.
In international practice, this principle is implemented
through the hierarchy of occupational risk controls,
which prescribes the preferential use of measures aimed
at eliminating the hazard or reducing its impact at the
source [5-7].

In this connection, particular importance attaches
to the legal and regulatory framework governing
the selection and use of CPE, the definition
of employer obligations, and the establishment
of requirements for monitoring their effectiveness.
Comparing the corresponding approaches allows the
common principles and divergences in the regulation of
collective protection of chemical-industry workers to be
identified.

The purpose of the present study is to carry out
a comparative regulatory and legal analysis of the
role of collective protective equipment in preventing
occupational risks arising from exposure to chemical
factors, with reference to the approaches of the
European Union, the Federal Republic of Germany, the
United States, and the Republic of Kazakhstan.

Materials and methods. The materials of the
study comprised scientific publications, regulatory legal
acts, international standards, technical regulations, and
methodological documents governing the management
of occupational risks and the use of collective
protective equipment for workers exposed to chemical
factors. The scientific literature was analysed on
the basis of publications indexed in the electronic
libraries eLibrary and CyberLeninka, as well as in
the international databases PubMed, Scopus, Web of

Science, MEDLINE, and RSCI.

The regulatory and legal analysis covered the
legislative and normative instruments of the Republic of
Kazakhstan, the European Union, the Federal Republic
of Germany, and the United States that govern the

requirements for preventing and reducing occupational
risks associated with exposure to chemical factors.

The
legal,

study employed methods of comparative

systemic, and structural-functional analysis,
together with the classification of collective protective
equipment, occupational risk assessment, and the review
of technological regulations and design standards for

chemical facilities.

Results and discussion. The analysis of the
regulatory-legal and methodological approaches to the
protection of chemical-industry workers from exposure
to chemical factors indicates that contemporary
occupational safety systems are oriented primarily
toward preventing and reducing occupational risks at
the level of the technological process itself. Under
chemical-production conditions, collective protective
equipment acquires particular importance, since it acts
directly upon the source of hazardous substance release,
prevents such substances from entering the working
area, and simultaneously provides protection for a group
of workers.

The principal measures include sealing of process
equipment, the use of local and general-exchange
ventilation, automatic monitoring of harmful-substance
concentrations in the air, emergency shut-off systems,
and remote control of technological processes.

The results of the comparative analysis of the legal
approaches of the Federal Republic of Germany and
the Republic of Kazakhstan reveal a set of common
directions in ensuring the safety of chemical-industry
workers. Among these are the priority accorded to
preventing exposure to chemical factors, the use
of technical and collective protective measures, the
assessment of occupational risks, the monitoring of
working conditions, and the deployment of automated
monitoring systems. Emphasis is placed on reducing
risk directly at the point where the hazardous factor
arises, which allows collective protective equipment to
be regarded as the principal technical tier for preventing
occupational exposure to chemical substances. Personal
protective equipment supplements this system and is
employed where exposure to a chemical factor cannot be
entirely eliminated by engineering and technical means
[8-10].

The practice of foreign states shows that in the
chemical industry priority is accorded to technical and
collective protective measures aimed at containing the
hazardous factor at the point of its origin. The most
widely used solutions are local exhaust ventilation,
sealing and isolation of technological processes,
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mechanization and automation of operations, and the
treatment of exhausted air.

Experience of the United States. An illustrative
example is provided by Gold Coast Ingredients, Inc.
of California, which specializes in the production
of food flavourings. The U.S. National Institute for
Occupational Safety and Health (NIOSH) conducted
an evaluation of engineering controls used during the
weighing and pouring of chemical substances and
during the mixing of large product batches. A local
exhaust ventilation (LEV) system had been installed
at the enterprise to reduce chemical exposure directly
at the points of release. Ventilated workstations were
employed for operations involving small batches,
whereas fume enclosures were used for large-batch
mixing. The NIOSH study demonstrated a high
effectiveness of these engineering solutions: the capture
efficiency for contaminants amounted to 89-100 per
cent for the ventilated workstations and 96-100 per cent
for the fume enclosures. The American experience thus
demonstrates the feasibility of substantially reducing
occupational exposure to chemical substances through
engineering collective protective equipment before such
substances disperse into the working area [11].

Experience of Germany. In Germany, the experience
of protecting workers engaged in the production and
processing of styrene-based materials, widely used in
the manufacture of polymer and plastic articles, is
particularly instructive. Studies by the Institute for
Occupational Safety and Health of the German Social
Accident Insurance (IFA/DGUV) have shown that
during the production of polymer articles considerable
quantities of styrene vapour may enter the working-zone
air. Under certain production conditions, evaporation
losses could reach several kilograms per shift per
workplace, and the established exposure limit of 86
mg/m* could be exceeded. As a priority measure, the
capture of unavoidable emissions directly at the point
of their formation is envisaged, using local exhaust
ventilation systems and subsequent treatment of the
exhausted air. Particular attention is paid to reducing
the volume of exhausted air while maintaining adequate
capture effectiveness, since an increase in air flow rate
substantially raises the operating costs of purification
systems. The German experience demonstrates a
comprehensive approach in which collective protection
combines source containment, ventilation, and emission
treatment [12].

Experience of the European Union (France). A larger-
scale assessment of the use of collective protective
measures was presented by researchers in France on

the basis of the national survey of working conditions
SUMER 2017. The analysis covered 4,196 exposure
situations of workers involving 25 carcinogenic
chemical substances. It was established that in 35.5
per cent of cases collective protection was absent
altogether. General-exchange ventilation was used in
25.5 per cent of situations, local exhaust ventilation in
14.5 per cent, and the most effective source-containment
measure-enclosure of the process-in only 2.3 per cent.
Furthermore, the indicators differed considerably for
individual substances. For example, in exposure to
formaldehyde local exhaust ventilation was applied in
31.8 per cent of situations, whereas for trichloroethylene
the figure was only 3.5 per cent. For wood dust the
indicator amounted to 31.5 per cent, for crystalline silica
to 12.5 per cent, and for diesel exhaust to 7.0 per cent

[13].

The results obtained in France are of fundamental
importance for evaluating the effectiveness of the
occupational risk management system. Notwithstanding
the statutory priority of collective protection, its actual
implementation remains insufficient: only about 35 per
cent of the examined carcinogen-exposure situations
were accompanied by any collective protective
measures at all, whereas in a considerable share of
cases predominantly general-exchange ventilation was
employed, the effectiveness of which for preventing
exposure at the source is limited. The researchers also
established that situations involving substances with
binding occupational exposure limit values (BOELV)
were more often accompanied by source-control
measures: 18 per cent as against 12 per cent for
situations without such a normative value [13-15].

Thus, international experience demonstrates that the
most effective forms of collective protection in the
chemical industry are the isolation and sealing of
the source, local exhaust ventilation, mechanization
and automation of technological operations, and the
treatment of exhausted air. At the same time, the
French data show that the mere existence of a
regulatory requirement establishing the priority of
collective protection does not in itself guarantee its
actual implementation. Accordingly, improvement of
the occupational risk management system must be
oriented not only toward providing workers with PPE,
but above all toward eliminating or containing the
hazard at its source.

At the present stage, the development of collective
protective equipment is driven by the introduction
of digital technologies, automation, and artificial
intelligence. Enterprises make extensive use of
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intelligent monitoring systems for the production
environment, automated complexes for monitoring the
concentration of harmful substances, digital ventilation
control systems, robotic complexes that remove the
human being from the hazardous zone, digital twins
of production processes, and machine-learning-based
systems for predicting emergency situations. Modern
collective protective equipment is becoming part of
a unified digital system for managing occupational
risks, ensuring continuous monitoring of production-
environment parameters and the timely prevention of
hazardous events [16, 17].

The contemporary understanding of collective
protective equipment has taken shape through decades
of development of the international occupational
safety system, which rests on the principle of hazard
prevention.

Atpresent, a particular role in the system of protecting
workers at production sites is played by collective
protective equipment against exposure to chemical
factors, since it should be regarded as the priority and
foundational tier of protection [18, 19].

From a scientific standpoint, collective protective
equipment against exposure to chemical factors
may most appropriately be regarded as a set of
engineering, technical, structural, automated, and
organizational solutions intended to prevent or restrict
the effect of hazardous and harmful production factors

simultaneously on all workers located within the zone
of potential hazard. Such a definition most fully reflects
the contemporary concept of risk-based occupational
safety management, which rests on the prevention of the
emergence of occupational risks.

The diversity of production processes, hazardous
factors, and technologies has led to the emergence of a
variety of approaches to the classification of collective
protective equipment. Neither the scholarly literature,
nor international standards, nor regulatory documents
contain a single universal system of classification;
nevertheless, most researchers identify several principal
classifying features enabling the existing types of
collective protective equipment to be systematized [20,
21].

Within the existing classification of collective
protective equipment by the character of the hazardous
production factor being protected against, chemical
factors-alongside physical, mechanical, and biological
ones-are also included, whose principal purpose is to
prevent or reduce exposure to harmful and hazardous
chemical substances. Collective protective equipment
includes: general-exchange and local ventilation
systems, aspiration installations, gas-purification
facilities, sealed production lines, automated systems
for monitoring the concentration of harmful substances,
equipment for containing emergency releases, systems
for neutralizing toxic compounds, and air purification

complexes (Table 1) [22, 23].

Table 1 - Types of collective protective equipment for chemical production

CPE group

Examples

Purpose

Structural and technological

Sealing of reactors, apparatus, pipelines,
and fittings; leak-tight connections; seal-
less pumps

Prevention of the escape of

substances into the working area

Ventilation

Local exhausts; aspiration enclosures;

Removal or containment of

fume hoods; general-exchange and contaminated air
emergency ventilation
Gas-analytical and | Stationary gas detectors; continuous | Early detection of hazards and
automated monitoring; automatic interlocks prevention of accident escalation
Containment and | Scrubbers, gas-treatment systems, spill | Reduction and containment of the
neutralization collection, neutralization consequences of a release
Fire and explosion | Automatic fire suppression, emergency | Prevention or  limitation of
protection shut-off, explosion-protection systems secondary consequences

Remote control

Automated control, remote valves and
fittings, offsite operator stations

Removal of the worker from the
hazardous zone

For chemical production, the priority of CPE is
determined by the necessity of preventing worker
contact with a chemical agent directly at the point of

its formation or dispersion. CPE makes it possible to
monitor the source of the hazard, prevent the dispersal
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of toxic substances, and simultaneously reduce the risk

of exposure for a group of workers [24-27].

In recent years, the concept of integrated collective
protective equipment has been actively developing.

Such systems

automated monitoring, digital platforms for analysing
production risks,
predicting emergencies. Solutions of this kind provide
continuous real-time monitoring of the state of the
production environment and enable timely measures to

combine

engineering

and

prevent hazardous events [28-30].

installations,

intelligent algorithms

The international system of occupational safety

and health rests on a set of fundamental principles

for

enshrined in the international regulatory instruments
of the ILO, the United Nations, and the International
Organization for Standardization, as well as in the
regulatory documents of the European Union and in
the national legislation of the leading industrialized
states. The principal purpose of these principles is to
prevent occupational injuries and occupational diseases
by creating safe working conditions, eliminating

production hazards, and introducing modern systems of

occupational risk management [31-33].

Table 2 - Comparative characterization of the requirements for collective protective equipment in the event
of exposure to chemical factors

Criterion Republic of Kazakhstan European Union / Germany United States
Regulatory Labour Code of the RoK; | Directive 98/24/EC; REACH | OSHA: 29 CFR 1910.119
framework Rules for the Management of | (Regulation (EC) No | (Process Safety Management),
Occupational Risks; sanitary | 1907/2006); in Germany -|29 CFR 1910.1200 (Hazard
rules and norms; technical GefStoffV, TRGS/TRBS. Communication).
regulations.
Protection Priority of eliminating or | Priority of eliminating or | Priority of hazard elimination
priority reducing risk; use of engineering | substituting  the  hazardous | and engineering control; PPE is
and collective means of | chemical agent and of collective used against residual risk.
protection to isolate workers | protective measures ahead of
from the source of hazard. PPE.
Requirements | The employer is obliged to | Sealing and isolation of | For processes falling under
for CPE provide workers with CPE. | processes, local exhaust | 1910.119, information on the
When assessing occupational | ventilation, systems for | process equipment must include
risk, provision is made for | removing contaminated air, | the ventilation system design,
isolating workers from the | automation, and technical means | piping and instrumentation
source of the harmful or | of preventing releases are | diagrams, pressure-relief
hazardous factor by engineering | provided for. In Germany, | systems, emergency  shut-
and/or collective means of | technical measures take priority | off systems, sensors, alarms,
protection. over organizational measures | and interlocks.  Equipment
and PPE. must comply with recognized
engineering practices.
Enforcement | Assessment and management | Risk  assessment by the | OSHA inspections, analysis
mechanism of occupational risks; internal | employer, documentation of | of compliance with the
production control; state control | protective measures, internal | standards, verification of
in the sphere of labour; | production control, and state | process safety —management
verification of the conformity | supervision. In Germany, the | and  hazardous  chemicals
of CPE with regulatory | effectiveness of  technical | documentation, and monitoring
requirements. measures is subject to regular of working conditions.
verification.
Liability for | Administrative liability for | In Germany - administrative | OSHA  imposes  monetary
violations violation of safety | measures, orders to eliminate | penalties for violations
and occupational-health | violations, and the restriction | of occupational safety
requirements; the employer | or discontinuation of hazardous | requirements; enhanced
bears responsibility for failure to | work; in defined cases, criminal | penalties are possible for wilful
ensure safe working conditions liability is possible. and repeated violations.
and the necessary means of
protection.
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The comparison of the regulatory legal acts of the
Republic of Kazakhstan, Germany, the European Union,
and the United States indicates that modern occupational
safety systems addressing exposure to chemical factors
share a common orientation toward preventing the effect
of hazardous substances by means of risk management
and the deployment of necessary collective protective
equipment.

In the European Union, the linkage between the
assessment of chemical exposure risk and the choice
of protective means is enshrined more consistently.
The foundational instrument is Directive 98/24/EC,
which prescribes elimination or reduction to the lowest
possible level of the risk associated with chemical
agents. Priority is given to the substitution of a
hazardous substance by a less hazardous one. Where
substitution is not feasible, the use of technical and
collective protective means is provided for. Accordingly,
the European approach is oriented toward preventing
exposure to chemical substances directly at the source
of hazard, whereas personal protective equipment is
regarded as supplementary protection [34-36].

The German occupational safety system is founded on
the requirements of the Occupational Safety and Health
Act (Arbeitsschutzgesetz), the German Ordinance
on Hazardous Substances (Gefahrstoffverordnung,
GefStoffV), the Technical Rules for Operational Safety
(Technische Regeln fiir Betriebssicherheit, TRBS), and
the activities of the German Social Accident Insurance
(DGUYV). One of the key features of the German
model is the mandatory assessment of occupational
risks, which the employer is obliged to conduct
for every workplace prior to the commencement of
production activity. On the basis of the results of
the occupational risk assessment (ORA), measures are
adopted to eliminate the identified hazards, with priority
given to engineering solutions and collective protective
equipment. This approach has enabled a substantial
reduction in the level of occupational injuries and
occupational morbidity [37-40].

At the present time, Germany is one of the
world leaders in the use of collective protective
equipment. Automated ventilation systems, noise-
protection screens, protective enclosures for equipment,
local exhausts for harmful substances, interlocking
systems for hazardous mechanisms, and the remote
control of technological processes are widely employed
in industry. Considerable attention is paid to the digital
monitoring of the state of the production environment,
which enables the timely detection of deviations in

safety parameters and the prevention of emergencies
[41].

The American OSHA model is distinguished by a
high degree of specificity with regard to chemically
hazardous technological processes. Standard 29 CFR
1910.119 is aimed at preventing or minimizing the
consequences of catastrophic releases of toxic, highly
reactive, flammable, or explosive chemical substances.
The standard requires the performance of a hazard
analysis intended to identify, evaluate, and control the
hazard. The American model treats CPE as a set of
interrelated engineering barriers directed at preventing
the release of a chemical substance, its dispersion,
and its effect on workers. Requirements pertaining to
the mechanical integrity of equipment, inspections and
tests, incident investigation, emergency planning, and
periodic audits are likewise of no small importance
[42-43].

Analysis of these approaches allows the conclusion
that the principal distinction of the foreign models lies
in the degree to which collective protective equipment
is integrated into the occupational risk management
system. In the European Union and Germany, protective
measures are formulated on the basis of risk assessment
and the application of preventive measures at the design
stage, whereas the American model provides detailed
requirements for a specific technological process and its
engineering systems.

The development of the international system of
occupational risk management exerts a substantial
influence on the improvement of the legislation of
the Republic of Kazakhstan in the field of safety
and occupational health. In recent years, the principles
of risk-based occupational safety management have
the
regulatory framework, providing for the transition

been consistently introduced into national
from a compensatory model of worker protection
to a preventive system for anticipating occupational
risks. This approach is aligned with contemporary
international trends set out in the standards of the
ISO 45001:2018 series, the directives of the European
Union, the recommendations of the International Labour

Organization, and OSHA documents [44].

The foundation of the national regulatory system on
occupational safety issues comprises the Labour Code
of the Republic of Kazakhstan, the Model Regulation
on the Occupational Safety Management System, the
Rules for the Management of Occupational Risks,
and the Concept of Safe Labour of the Republic of
Kazakhstan for 2024-2030. These documents envisage
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the phased modernization of the occupational safety
system on the basis of occupational risk assessment, the
introduction of modern safety-management methods,
and the harmonization of national legislation with
international requirements [45-48].

One of the most significant directions in the
reform of the national occupational safety system is
the introduction of a risk-based approach into the
procedures for evaluating working conditions. Unlike
the traditional model, which was based predominantly
on the classification of harmful production factors, the
modern system envisages a comprehensive assessment
of the probability of hazardous events, the severity of
possible consequences, and the effectiveness of existing
protective measures. This makes it possible to take
managerial decisions on the basis of a quantitative
assessment of occupational risks and to select the most
effective technical means of worker protection [46].

In international practice, priority in the choice of
measures for reducing occupational risks is accorded to
the assessment of occupational risks and to collective
protective equipment. An analogous principle is being
progressively introduced into the legislation of the
Republic of Kazakhstan. The national regulatory
documents establish the employer’s obligation to
take measures to eliminate or minimize the effect
of hazardous factors of the production environment,
using above all engineering solutions, equipment
modernization, automation of technological processes,
ventilation systems, protective enclosures, and other
collective means of protection. Personal protective
equipment is regarded as a supplementary level of safety
in cases where the use of collective means does not
entirely eliminate the occupational risk [47].

It should be noted that, compared with the legislation
of foreign countries, the occupational risk management
system is at a stage of active development. In most
developed countries, occupational risk assessment has
long been an obligatory element of the production
process and has been integrated into corporate
safety management systems. In Kazakhstan, analogous
mechanisms are being actively introduced through the
implementation of the Concept of Safe Labour for
2024-2030, which envisages expanding the coverage of
enterprises by the occupational risk assessment system,
improving the methodology for their quantitative
assessment, and developing digital tools for monitoring
working conditions [46-48].

The digitalization of occupational safety management
processes separate
international practice, intelligent monitoring systems

deserves consideration. In
for the production environment, automated control
of technological processes, digital platforms for

occupational risk management, and artificial-
intelligence technologies have gained wide currency.
In the Republic of Kazakhstan, these directions
have likewise been designated as priorities. The
Concept of Safe Labour provides for the creation
of a national monitoring system in the sphere of
occupational safety, the digitalization of occupational
risk assessment results, the improvement of state-
control mechanisms, and the introduction of modern
information technologies into the occupational safety

management system [49-51].

Notwithstanding the considerable progress made
in improving the legislation, individual elements
of international practice have not yet been fully
implemented. In particular, further development is
required of the mechanisms for integrating the results
of occupational risk assessment into the design
of production facilities, the wider use of digital
hazard-prediction technologies, the elaboration of
unified requirements for selecting collective protective
equipment with regard to the level of occupational risk,
and the more extensive application of the international
standards ISO 45001 and ISO 31000 in the organization
of corporate occupational safety management systems
[52-54].

Accordingly, the improvement of Kazakhstan’s
regulation should be directed not only toward expanding
the range of collective protective equipment, but also
toward establishing a mechanism for its mandatory
selection in accordance with the type of chemical
factor, the nature of the technological process, the
level of exposure, and the degree of occupational
risk. Such an approach will make it possible to move
from the essentially formal presence of protective
means to an assessment of their actual effectiveness
and correspondence to the specific chemical risk. For
Kazakhstan, it is expedient to strengthen the linkage
between the results of the assessment of occupational
risks arising from chemical factors and the mandatory
selection of collective protective equipment. At the
same time, regulatory oversight may be supplemented
by criteria for the selection of equipment sealing,
local exhaust ventilation, automation and remote
control, gas-analytical monitoring, interlocks, alarms,
and emergency systems.
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Table 3 - Comparative analysis of approaches to the management of occupational risks and the use of CPE

Comparison European Union / Germany United States Kazakhstan
criterion
Assessment of | Employer’s duty to assess risks | Identification and evaluation of | Gradual introduction of the
occupational risks in relation to work processes hazards. ORA is under way.
and workplaces prior to the
commencement of production
activity.
Priority of protective | Hierarchy of protective | Hierarchy of control: | Risk-based approach
measures measures: elimination of | elimination; substitution; | combining preventive,
the hazard; technical and | engineering measures; | technical, and organizational
organizational measures; PPE. | administrative measures; PPE. measures, CPE, and PPE.

Collective protective
equipment

CPE constitutes an
important part of
technical protection. Protective

Engineering measures take | Provision is made for
priority over administrative | the use of engineering
ones. It is enshrined in | and collective protective

assessment with
engineering design

enclosures, interlocks, isolation, | law that engineering and | measures, including
ventilation, automation, and | work-practice measures must | ventilation, enclosures,
remote control are widely | be the principal means of | automation, and other
employed. reducing exposure to chemical technical solutions.
substances. Protective
enclosures, interlocks,
isolation, ventilation,
automation, and remote control
are used.
Linkage of risk | On the basis of the ORA, the | OSHA recommends | The linkage of occupational

need to introduce engineering

solutions is determined prior

to the commencement of
production activity.

Prevention through Design | risk assessment with the
(PtD), the  design  of | design and modernization of
workplaces, tools, and | production facilities is at a
processes; and, where possible, | stage of further development.
the selection of equipment,
machinery, and materials
providing a high level of safety.

Digital monitoring

Digital and automated systems
are used to monitor the
parameters of the production
environment and technological
processes.

Digital technologies may be | The digitalization of
used for monitoring, data | occupational risk assessment
analysis, and verification of | and of occupational safety
effectiveness. monitoring is designated as a
direction of development.

Overall character of
the system

Predominantly preventive, risk-
based model.

Preventive, risk-based, | Transition from the traditional

founded on the hierarchy of | compensatory model to a risk-

control and on engineering based system.
protection.

The comparative analysis of the approaches to of protection. In Germany, this principle is directly

occupational risk management and the use of collective enshrined in occupational safety legislation, whereas
protective equipment in Germany, Kazakhstan, and the in the United States it is implemented through the
United States indicates that all three systems place OSHA hierarchy of hazard controls. In Kazakhstan,
principal emphasis on the prevention and reduction the occupational risk management system likewise

of occupational risks. At the same time, in Germany envisages the identification and assessment of risks,

and the United States the hierarchy of protective the elaboration of corrective measures, and monitoring

measures is more clearly enshrined, providing for and control, including accounting for the provision

the priority of eliminating and reducing the hazard of workers with collective and personal means of

directly at its source and the use of engineering and protection. Nevertheless, for the further improvement of

collective protective means, while personal protective the Kazakhstani approach it is expedient to strengthen

equipment is regarded as a supplementary, lower tier the priority of engineering and collective measures,
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as well as the linkage of the results of occupational
risk assessment with the design and modernization of
technological processes and with digital monitoring of
the effectiveness of CPE [55-59].

Conclusions. The comparative analysis carried out
has shown that collective protective equipment is the
priority tier of protection for workers in chemical
production, since it makes it possible to act directly upon
the source of chemical hazard, to prevent the dispersion
of harmful substances, and simultaneously to provide
protection for a group of workers.

It has been established that, against a common
orientation toward preventing exposure to hazardous
substances, the key distinction of the foreign models lies
in the depth to which CPE is integrated into the risk
management system. In the EU and Germany, protective
measures are imperatively embedded at the design stage
on the basis of risk assessment, whereas in the United
States the regulation is of a more detailed, process-
oriented character. The Kazakhstani system is formally
close to the international hierarchy of control measures,
but requires reinforcement of the priority of engineering
solutions over administrative measures and personal
protective equipment.

For the improvement of the Kazakhstani occupational
risk management system, it is recommended: to
reinforce the regulatory linkage of risk assessment
procedures
modernization of production facilities; to introduce a

with the stages of the design and

mechanism of mandatory, evidence-based selection of
CPE in accordance with the type of chemical risk, the
specifics of the process, and the level of exposure; and
to supplement the technical regulations with specific
effectiveness criteria for systems of sealing, ventilation,
automation, gas-analytical monitoring, and emergency
response.
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