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Abstract. Workplace exposure to hazardous and dangerous agents—including chemical,
biological, physical and ergonomic risks—remains a major contributor to occupational illness,
injury and productivity loss worldwide. Effective protection measures depend on a layered
approach: engineering controls, administrative/work-practice controls and personal protective
equipment (PPE). Meta-analyses and systematic reviews (2019-2025) indicate that engineering
and administrative controls significantly reduce exposure compared to reliance on PPE alone.

This review synthesises international evidence, outlines the hierarchical model of control,
evaluates PPE selection and limitations, and offers best practice recommendations for multi-
national manufacturing and production environments. The goal is to inform safety professionals
and industry managers on evidence-based protective strategies that go beyond the worker-only
focus.
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MEPDBI 3AIIUTHI OT OITACHBIX U BPEJJHbBIX ®AKTOPOB HA PABOYEM
MECTE: JJOKA3ATEJbCTBA, CPEJICTBA KOHTPOJISI U TEPEJOBOM OIIBIT

Annomayun. Bo3sOeiicmeéue onacHvlx u 6peoHuIX ¢hakmopos na pabouem mecme,
BKJIroUas xumuueckue, 6u0ﬂozuqe07<ue, qbu3uqec7<ue U d3pecoHoOMU4YeCKUe pucku, ocmaemcst O0OHUM
U3 OCHOBHbIX gbaxmopoe I’lpO(péCCZ/lOHdﬂbelx 3a60ﬂeeaHm7, mpasmamusma U CHUINCEHUA
npoU3800UMeNIbHOCMU mMpyoa 60 8cem mupe. Dp@dexmuenocms mep 3auumsl 3d6UCUN OM
MHO20YPOBHEBO2O nooxooa: UHICEHEPHO-MEXHUUECKO20 KOHMPOJiA,
AOMUHUCMPAMUBHO20/NPAKMUYECKO20 KOHMPOJIS U CPedcms uHousudyaivhou sawumol (CH3).

Memaananuzer u cucmemamuueckue o63opvl (2019-2025 22.) nokasvieaiom, umo
MHJ!C@HepHO'meXHMHQCKMZZ u admuﬂucmpamueﬂbzﬁ KOHmMpPOJb  3HAYUMENbHO  CHUJMdCArm
8030eticmeue no CpagHeHuro ¢ ucnoavzosanuem moavko CHU3. B danHom 00630pe 00600ujeHbl
MeAHCOYHAPOOHble OaHHble, U3N0NHCEHA uepapxuieckas mooeib KoHmpos, oyener vioop CHU3 u
OcpaHudenus, a maxKxce NpeoNoHCeHbl DPEeKOMeHOAyuu no nepeoosou npakmuke Ois
MHO2OHAYUOHATIbHbLX l’lpObB@OOCWl@QHHblx u npous’eodcmeeHHbzx cpe(). Heﬂb — npe()ocmaeumb
cneyuanucmam no 0e30nacHOCmu U PYyKOGOOUMENIM OmMpaciell UHGopmayuio 0 HAYYHO
000CHOBAHHBIX cmpamecusix 3aujumal, eblxod;m;ux 3a pamKu 3awunisvl nojlbKo pa60mHu1<06.

Knroueswlie cnosa: eozoeticmsue Ha pa6oueM mecme, uepapxui KOHmpOJisi onaCHocmeL?,'
cpeocmea UHOUBUOYATILHOU 3auumal; UHIHCEHEPHO-MEXHUYECKULL KOHmMpPOJb,
adMuHucmpamueanI KOHMpPOJib, Memaarnalus.

Introduction

In industrial and production environments, workers are exposed to a complex mix of
hazardous agents—chemicals (dusts, gases, vapours), biological agents (pathogens, bioaerosols),
physical risks (noise, heat, vibration) and ergonomic stresses.
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Protecting workers requires not only identifying these hazards but implementing effective
protection strategies. The “Hierarchy of Controls”—which favours elimination, substitution,
engineering controls, administrative controls and finally PPE—provides the foundational
framework. The National Institute for Occupational Safety and Health (NIOSH) summarises this
approach by stating that elimination and substitution are at the top of the pyramid, and PPE is the
“last line of defence”. Scholars emphasise that PPE, while necessary, is the least effective single
line of defence and must be supplemented by other control layers. For instance, a systematic
review found that individual behavioural training was substantially less effective than
engineering or elimination approaches in preventing occupational accidents.

This review explores protection measures against hazardous agents, examines evidence
for control effectiveness, highlights gaps and offers recommendations for practice.

Protection Measures: Controls and Evidence

The Hierarchy of Controls

Control measures are typically ranked in order of effectiveness:

1. Elimination / Substitution — remove the hazard or replace with a less hazardous
alternative.

2. Engineering Controls — design modifications, isolation, local exhaust ventilation (LEV).

3. Administrative / Work Practice Controls — safe work procedures, training, scheduling,
limiting exposures.

4. Personal Protective Equipment (PPE) — respirators, gloves, hearing protection,
eye/face shields.

5. The evidence emphasises that as you move up the hierarchy (toward
elimination/substitution), the reliability and effectiveness of the controls typically increase
because they require less day-to-day compliance by the worker.

Engineering Controls and Their Impact

Engineering controls are the “workhorse” of effective hazard mitigation in industrial
settings. For example:

A systematic review of occupational safety interventions found that engineering
changes—such as machine guarding, ventilation, process redesign—were more effective in
reducing accidents than training or PPE alone.

One review notes that “engineering controls often provide stable protection” compared to
administrative controls which rely heavily on human behaviour.

In practice, this means in manufacturing contexts where dust, gases or noise are present,
installing proper ventilation, exhausts, enclosure of hazardous processes or substitution of
materials can reduce exposures significantly.

Administrative Controls and Safe Work Practices

Administrative controls complement engineering controls by modifying how and when
work is done. Training, job rotation, restricted access to hazardous zones and hygiene measures
(e.g., hand-washing, surface cleaning) are critical. A broad overview of reviews concluded that
mixed interventions (engineering + administrative) were more effective than either alone.
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However, administrative controls depend heavily on compliance, monitoring and
organisational culture. For example, an observational study of occupational safety interventions
found that organisational-level measures out-performed individual-level training

Personal Protective Equipment (PPE): Selection, Use and Limitations

PPE remains a vital component of the protective strategy but must not be the sole reliance.
Key findings:

A meta-analysis of PPE effectiveness in healthcare settings (COVID-19) found that face
masks significantly reduced infection risk (OR = 0.16; 95% CI: 0.05-0.55) but gloves and gowns
showed limited independent effect.

Another global meta-analysis on occupational accidents found inconsistent association
between PPE use and accident reduction, especially in low-income countries.

A review of PPE impact on physical and mental stress found that prolonged use of PPE
increased physical and psychological burden (stress +20-30 %, anxiety +35 %) among users.

These findings reinforce that PPE alone is insufficient without higher-order controls; also,
PPE introduces its own burdens (comfort, usability, compliance) that must be managed.

Discussion

This expanded review consolidates recent global evidence indicating that workplace
hazard protection requires a comprehensive, multi-layered strategy. Key takeaways:

Engineering controls (elimination/substitution and engineering) consistently demonstrate
higher effectiveness and lower dependence on individual behaviour, making them foundational.

Administrative/work practice controls add important flexibility and adaptability,
especially in process controls and scheduling, but their reliability depends on training, culture
and organisational systems.

PPE, while necessary, should be treated as the final barrier, not the primary defence;
reliance solely on PPE is fragile and less effective, especially when worker compliance or
comfort is compromised.

Emerging research shows that PPE itself may impose additional burdens (stress, heat,
fatigue) that inadvertently affect worker performance and safety. This means PPE programmes
must include ergonomic design, stress management and usability assessments.

A significant gap remains in high-quality longitudinal studies on the health outcomes of
control interventions in industrial contexts globally (especially in low- and middle-income
countries).

Particularly relevant is the adaptation of the hierarchy of controls to new hazard types—
including nanomaterials, climate-driven hazards (e.g., extreme heat) and psychosocial risks—
which may require revisiting the model structure (for example, proposed ‘“Psychosocial
Hierarchy of Controls”).

In practical terms, manufacturing and production industries should ensure their safety
programmes start with hazard elimination/substitution, retrofit engineering controls where
possible, embed administrative systems for safe work practices, and use PPE in a well-structured
programme that addresses usability and compliance.
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Conclusion
Protecting workers from hazardous and dangerous agents in industrial settings demands a

systematic, evidence-based strategy. The hierarchy of controls—oprioritising elimination,
substitution, engineering and administrative controls—provides the roadmap.

Personal protective equipment should be viewed as the final layer, not the primary

defence. Organisations should implement documented hazard assessments, exposure control
plans, and continuous training and monitoring. As industrial contexts evolve and new hazard
types emerge, so too must our protective measures: adopting new technologies, refining work
practices and expanding protective programmes globally will be critical to safeguarding health
and productivity.
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