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UNIT 4 PERSONAL PROTECTION

Personal Protective Equipments : Concepts of personal protective equipment-
types- selection of PPE- invisible protective barriers- procurement, storage,

Inspection & Standards : Inspection and testing- quality- standards- ergonomic

considerations in personal Protective equipment design.
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PERSONAL PROTECTION - INTRODUCTION

Last Line of Defense: Acts as the final barrier of protection when engineering controls,

administrative measures, and safe work practices cannot completely eliminate workplace
hazards.

Hazard-Specific Selection: PPE must be precisely matched to specific industrial risks—
such as hard hats and safety boots for impact/falling objects, chemical-resistant suits for
hazardous liquid handling, and face shields for welding.

Respiratory and Hearing Protection: Critical for high-hazard industrial environments,
requiring respirators (dust masks, SCBA) to prevent inhalation of toxic fumes/dust and
earplugs/muffs to guard against industrial noise-induced hearing loss.

Personal Protection Systems Prepared by Mr PM Subramanian



PERSONAL PROTECTION - INTRODUCTION

PERSONAL PROTECTIVE EQUIPMENT (PPE) IN INDUSTRIAL SAFETY ENGINEERING
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KEY PRINCIPLES OF INDUSTRIAL PPE MANAGEMENT

1. Hazard Assessment 2. Proper Selection 3. Correct Fit & Use 4. Maintenance & Inspection 5. Training
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PERSONAL PROTECTION - INTRODUCTION

Mandatory Standards and Certification: Equipment must comply with national and
international safety standards (such as BIS, OSHA. or EN standards) to ensure structural

strength, material integrity, and proven protection levels.

Proper Maintenance and Inspection: Requires routine pre-use inspections, correct
cleaning, proper storage, and timely replacement of damaged gear to maintain

operational reliability during daily operations or emergency responses.
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Personal Protective Equipments

Definition: Specialized clothing or gear worn by workers to minimize exposure to hazards
that cause serious workplace injuries and ilinesses.

Head & Face Protection: Hard hats protect against falling objects and electrical shocks,

while safety glasses, goggles, and face shields guard against flying debris, chemical
splashes, and intense light radiation.

Respiratory & Hearing Protection: Respirators (such as dust masks, chemical cartridge
respirators, or self-contained breathing apparatuses) protect against airborne toxins,
dust, and fumes; earplugs and earmuffs prevent noise-induced hearing loss in high-
decibel areas.
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COMPREHENSIVE INDUSTRIAL PPE ECOSYSTEM: SYSTEMS & MANAGEMENT.
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Personal Protective Equipments

Hand & Foot Protection: Gloves protect against cuts, chemicals, burns, and electrical
risks, while steel-toe safety boots protect feet from heavy falling objects, crushing
hazards, and slippery surfaces.

Body Protection: High-visibility vests, chemical suits, aprons, and flame-resistant (FR)
coveralls shield the body from thermal, chemical, or physical hazards.
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Concepts of Personal Protective Equipment

Here are the important concepts regarding Personal Protective Equipment (PPE) in industrial
safety engineering:

Q

Hierarchy of Hazard Control (Last Line of Defense): PPE is intentionally positioned at the
bottom of the safety control hierarchy. It is only deployed when engineering controls (like
ventilation or machine guards), administrative controls, and safe work practices cannot
completely eliminate or isolate workplace hazards.

Hazard-5Specific Engineering Design: Equipment must be structurally engineered and
selected based on precise industrial risk analysis—such as impact-resistant composite toe
caps for heavy machinery zones, cut-resistant Kevlar for sharp maternal handling, and
chemical-permeation barriers for hazardous liquid processing.

Ergonomics and Physiological Compatibility: Modern industrial safety engineering
demands that PPE does not introduce secondary hazards (such as restricted vision,
excessive thermal heat stress, or hindered mobility) which could compromise worker

performance or safety.
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Concepts of Personal Protective Equipment

COMPREHENSIVE INDUSTRIAL PPE ECUSYSTEM ADVANCED CONCEPTS & MANAGEMENT
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Concepts of Personal Protective Equipment

Compliance with Regulatory Standards: All deployed gear must conform strictly to

recognized national and international safety frameworks (such as BIS standards in India,
OSHA, or EN standards) to guarantee proven material integrity, energy absorption, and
filtration performance.

Full-Lifecycle Management Ecosystem: Effective PPE deployment requires a structured
administrative and technical program encompassing rigorous hazard assessments,
proper sizing/fit-testing, pre-use inspections, scheduled maintenance, and mandatory
employee safety training.
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Personal Protective Equipment Types

1. Head Protection

-

Hard Hats / Safety Helmets: Designed to protect against impact from falling objects,
overhead hazards, and accidental electrical contact.

Components: Includes an outer shell and an internal suspension system to absorb shock.
some advanced models integrate sensors, headlamps, and communication devices.

2. Eye and Face Protection

-

safety Glasses: Standard protection against flying debris, dust, and low-impact particles.
Often feature anti-fog and UV-protective coatings.

Goggles: Provide a tighter seal around the eyes to protect against chemical splashes, fine
dust, and vapors.

Face Shields: Offer full-face protection against chemical splashes, heavy flying objects,
and intense heat or light (e.qg., during welding or grinding).
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Personal Protective Equipment Types

COMPREHENSIVE HEAD, EYE, & FACE PROTECTION GUIDE
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Personal Protective Equipment Types

3. Hearing Protection

o

Earplugs: Inserted into the ear canal to block noise; available in various materials and
designs, including banded and corded options.

Earmuffs: Worn over the outer ear to form a seal; often provide higher levels of noise
reduction and can be integrated with communication systems.

Purpose: To prevent noise-induced hearing loss in high-decibel industrial erwironments.

4. Respiratory Protection

o

Air-Purifying Respirators (APRs): Use filters or cartridges to remove contaminants from
the air before it is inhaled (e.g., N95 masks, half-mask and full-face respirators).

Powered Air-Purifying Respirators (PAPR): Use a battery-powered blower to pull air
through filters, providing a constant flow of clean air to a hood or mask, reducing user
fatigue.

Supplied-Air Respirators (SAR): Provide clean air from an independent source (e.g., an
airline or self-contained breathing apparatus - SCBA) for environments with immediately

dangerous to life and health (IDLH) conditions.
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Personal Protective Equipment Types

COMPREHENSIVE HEARING & RESPIRATORY PROTECTION GUIDE
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Personal Protective Equipment Types

5. Torso Protection

.

High-Visibility Vests and Clothing: Ensure workers are easily seen by others and
equipment operators in busy or low-light environments.

Protective Coveralls / Jackets: Shield the body from various hazards, including heat,
flame (e.g., Aramid shells), chemicals, and general soiling.

Integrated Systems: Modern gear may include integrated GPS trackers, man-down
alarms, and gas detection sensors.

6. Hand Protection

o

Cut-Resistant Gloves: Made with materials like Kevlar or high-performance polyethylene
(HPPE) to protect against cuts and lacerations from sharp objects.

Chemical-Resistant Gloves: Made from rubber, nitrile, or necprene to protect against
corrosive or toxic substances, oils, and solvents.

Impact-Resistant Gloves: Feature padded or reinforced areas, often made of

thermoplastic rubber (TPR), to protect knuckles and fingers from crushing or impact
Injuries.
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Personal Protective Equipment Types

COMPREHENSIVE TORSO & HAND PROTECTION GUIDE
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Personal Protective Equipment Types

/. Foot Protection

-

-

Safety Boots: Essential for protecting feet from crushing injuries, punctures, and slps.

Key Features:

¢  Composite or Steel Toe Caps: For impact resistance against heavy objects.

¢  Puncture-Resistant Midsoles: To prevent sharp objects from penetrating the sole.
¢  Metatarsal Guards: To protect the upper foot and instep.

¢ Dual-Density Outsoles: For improved grip and slip resistance.
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Personal Protective Equipment Types

7. Foot Protection
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Selection of PPE

Here are the important points regarding the selection of Personal Protective Equipment (PPE) in
industrial safety engineernng:

¢  Comprehensive Workplace Hazard Assessment: Conduct a thorough evaluation of the
work environment to identify physical, chemical, biological, electrical, and mechanical
hazards before choosing any equipment.

¢  Exhaustion of Higher-Level Controls: Ensure that PPE is selected only when engineering
controls, administrative measures, and safe work practices are insufficient to completely
eliminate or control workplace risks.

¢  Exact Hazard Matching: Match the protective gear precisely to the specific risk
parameters—such as choosing specific chemical-permeation resistance for liquid acids or

exact Noise Reduction Ratings (NRR) for high-decibel acoustic zones.
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Selection of PPE

KEY PRINCIPLES OF PPE SELECTION IN INDUSTRIAL SAFETY ENGINEERING
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Selection of PPE

¢  Regulatory and Standards Compliance: Select equipment that strictly conforms to

recognized national and international quality frameworks, such as Bureau of Indian
Standards (BIS) specifications or OSHA/ANSI guidelines.

¢  Ergonomics and User Compatibility: Prioritize equipment that fits comfortably.
accommodates individual worker sizing, and avoids introducing secondary constraints

like restricted vision, excess weight, or thermal stress.
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Selection of PPE

KEY PRINCIPLES OF PPE SELECTION
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Invisible Protective Barriers

In iIndustrial safety engineering, invisible protective barriers refer to microscopic, optical,

chemical, or electronic technologies integrated into PPE that protect workers from hazards
invisible to the naked eye (such as radiation, chemical molecules, fine aerosols, and sound
waves).

Here are the important points regarding these barriers:

¢ UV and Infrared Optical Filters: Integrated microscopic treatments in safety glasses and
welding face shields that block invisible ultraviolet (e.qg., UV400) and infrared radiation,
preventing photokeratitis (welder's flash) and retinal damage.

¢  Electrostatic Filter Media: Advanced microfiber layers within respirators that utilize
permanent electrostatic charges to attract and trap microscopic, invisible airborne

particulates, dust, and toxic fumes efficiently without restricting airflow.
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Invisible Protective Barriers

INVISIBILE PROTECTIVE BARRIERS IN PERSONAL PROTECTIVE EQUIPMENT (PPE)
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Invisible Protective Barriers

Molecular Chemical Permeation Barriers: Specialized polymer, nitrile, or laminated film
layers in chemical-resistant gloves and suits that act at a molecular level to prevent
hazardous liquid and gas molecules from permeating the material.

Anti-Fog Thin-Film Coatings: Invisible chemical layers applied to eye protection lenses
that prevent moisture condensation and fogging, ensuring continuous visual clarity in
humid or thermally fluctuating industrial environments.

Active Noise Cancellation (ANC) Acoustic Barriers: Electronic circuitry in advanced
hearing protection that detects ambient noise and generates destructive counter-phase
sound waves to neutralize hazardous, invisible acoustic pressure waves.
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that prevent moisture condensation and fogging, ensuring
continuous visual clarity in humid or thermally fluctuating
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Procurement relevant to Personal Protective Equipments

Inventory Management Systems: Utilizing digital dashboards to track PPE stock levels,

automate reordering processes, and maintain logs for equipment inspection.

suppher Certification: Ensuring that all procured safety gear vendors ho
accreditations and certifications to guarantee product reliability and qua

d proper
ity compliance.

standards Compliance Validation: Verifying that every batch of purchased equipment

strictly conforms to mandated safety frameworks, such as BIS specifications or

OSHAANSI guidelines.

Cost-Benefit and Lifespan Analysis: Balancing upfront procurement expenses against
the durability, maintenance requirements, and replacement frequencies of industrial

protective gear.
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Procurement relevant to Personal Protective Equipments

KEY PRINCIPLES OF PPE PROCUREMENT
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Procurement relevant to Personal Protective Equipments

Training and Certification Modules: Implementing structured educational programs to

instruct workers on the correct usage, fitting, and limitations of their PPE, backed by
verifiable compliance certification.

Maintenance and Inspection Protocols: Establishing rigorous routines, such as 'fit tests’
and peer-reviewed buddy checks, to inspect equipment integrity and verify operational
readiness before high-risk deployment.

Emergency Response Integration: Linking active PPE inventory and telemetry tracking

systems directly to plant emergency controls to automatically alert the control room
during sudden incidents.
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Procurement relevant to Personal Protective Equipments

COMPREHENSIVE PPE MANAGEMENT PROTOCOLS
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H f ARR CERTIFIED = limitations of their PPE, backed by verifiable
PPE |:| LIMITATIONS 2 R :
@ UNDERSTOOD compliance certification.

| A

2. Maintenance and Inspection Protocols

Establishing rigorous routines, such as "fit tests”
@ and peer-reviewed buddy checks, to inspect
equipment integrity and verify operational

RIGOROUS  readiness before high-risk deployment.

MY 8

STATION === [FIT TEST ROUTINES
3. Emergency Response Integration PPE INVENTORY & PLANT EMERGENCY - . .
- o abbeld 1 bl Linking active PPE inventory and telemetry
P [ i tracking systems directly to plant emergency
é A EHOE @® - =0 controls to automatically alert the control room
CONTROL LOOM LINED TELEMETRY L] during sudden incidents.

L%

Source: <|MAGE»:
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Storage - Personal Protective Equipment

Storage protocols for Personal Protective Equipment (PPE) require structured environmental
control and inventory management to prevent material degradation and ensure operational

readiness.

¢  Environmental Controls: Store PPE in clean, dry, and well-ventilated areas protected from
direct sunlight, extreme temperatures, excessive humidity, and corrosive chemical vapors.

¢ Material Preservation: Keep items like rubber, elastomeric respirators, and polymer-
coated suits away from ozone sources, heat, and oils to prevent cracking, hardening, or
loss of chemical resistance.

¢  Accessibility and Organization: Arrange gear by category and sizing in designated
lockers or racks to ensure rapid deployment during routine work or emergency responses

while avoiding physical distortion or crushing.
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Storage - Personal Protective Equipment

PPE STORAGE PROTOCOLS

1. Environmental Controls

@ CLEAMN i Store PPE in clean, dry, and well-ventilated

FA ORY t areas protected from direct sunlight, extreme
. — temperatures, excessive humidity, and

i _ PROTECTED FROM EXTREME EXCESSIVE CORROSIVE corrosive chemical vapors.

A ""'EL”E"T“EE# DIRECT SUNLIGHT ~ TEMPERATURES  HUMIDITY  CHEMICAL VAPORS 2

2. Material Preservation

ELASTOMERIC
RUBEBER RESPIRATORS

POLYMER-
COATED SUITS

AWAY FROM
OZONE SOURCES

fw | & ®®

RESISTANCE

| LOSS OF CHEMICAL |

)

Keep items like rubber, elastomeric respirators,
and polymer-coated suits away from ozone
sources, heat, and oils to prevent cracking,
hardening, or loss of chemical resistance.

3. Accessibility and Organization

S M

ARRANGE GEAR BY
CATEGORY AND SIZING

EN EUHE RAPID
DEPLOYMENT

ROUTINE WORK OR
EMERGENCY RESPONSES

u% ™

A'u’ﬂID PHYSICAL
DISTUHTII]H OR CRUSHING

Arrange gear by category and sizing in
designated lockers or racks to ensure rapid
deployment during routine work or emergency
responses while avoiding physical suite
avoiding physical distortion or crushing.
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Disposal - Personal Protective Equipment

Disposal and end-of-life management protocols for Personal Protective Equipment (PPE) are
critical to prevent the reuse of contaminated gear and ensure erwironmental compliance.

o

Decontamination and Sterilization: Implement validated cleaning and sterilization
processes for reusable PPE (like respirators or face shields) to neutralize biological,

chemical, or radiological contaminants before storage or reissue.

Segregation of Contaminated Waste: Establish clearly marked, separate disposal

streams for non-hazardous waste and biohazardous or chemically contaminated PPE,
ensuring compliance with local, state, and federal environmental regulations.

Defacement and Destruction: Physically deface, shred, or incinerate single-use or
expired PPE (such as filtering facepiece respirators, chemical suits, or damaged hard hats)
to render it unusable and prevent scavenging or illicit resale.

Hazardous Waste Manifesting: Track the entire chain of custody for contaminated PPE
designated as hazardous waste, from point of generation to final disposal at a licensed
facility, and maintain detailed disposal records.
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Disposal - Personal Protective Equipment

PPE END-OF-LIFE MANAGEMENT PROTOCOLS

1. Decontamination and Sterilization

Validated Cleaning Process Sterilization Process

Contaminated MEUTRALIZED
biufut[alr:al chemical, — & READY FOR
radiological contai- REISSUE.

Reusable PPE contaminants.

2. Segregation of Contaminated Waste

, BIOHAZARDOUS COMPLIANCE WITH
N SOUE OR CHEMICALLY & LOCAL, STATE, &
—> —> ot CONTAMINATED FEDERAL
PPE. REGULATIONS.

Contaminated PPE Used Used

3' DEfﬂﬂ'EmE“t ﬂ“‘d D I:-tl'ﬂ“ PHYSICAL DEFACEMENT SHREDDING INCINERATION
i LS
— —> GOk
Single-use or expired PPE Hard Clan RENMDERED UNUSABLE.
4. Hazardous Waste Manifesting CHAIN OF CUSTODY T
= ¥ MANIFEST
K 4 ?
17 .
o & T > —
Contaminated PPE = POINT OF TRANSPORT FINAL DISPOSAL | Fei Lﬁ;;r
designatus waste Detailed paperworks GENERATION (LICENSED CARRIER) (LICENSED FACILITY) e

Source: <IMAGE=> - End-of-Life Management Protocals for PPE.

Personal Protection Systems Prepared by Mr PM Subramanian



Inspection & Standards

Engineering, Inspection and Testing of Personal Protective Equipment (PPE) is a core topic
under industrial safety management.

Inspection and testing ensure that safety gear complies with Bureau of Indian Standards (BIS)
requirements and maintains structural integrity before and during usage.

Key Concepts: Inspection vs. Testing

« Inspection: A visual, physical, or tactile examination performed regularly (daily by the
user, periodically by a safety officer) to detect defects, wear, deformation, or chemical
degradation.

« Testing: Standardized laboratory or factory quality-control evaluations (destructive or
non-destructive) performed under statutory Indian Standard (IS) codes to verify
mechanical strength, impact resistance, and barrier efficiency.
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Inspection & Standards

1. Head Protection (Safety Helmets)

« Governing Standard: IS 2925
« Inspection Points:

o Check shell for cracks, gouges, deformation, or discoloration due to UV
degradation.

o Inspect inner suspension harness, cradle straps, and chinstrap for fraying or loose
stitching.

o Ensure the clearance gap between cradle harness and shell is 25 mm to 50 mm (for
impact energy absorption). PDF

« Testing Methods:

o Shock Absorption Test: Drops a 5 kg striker from a set height to ensure transmitted
force does not exceed permissible safety limits.

o Penetration Test: Drops a pointed steel cone to check if it pierces through the shell
and touches the head form.

o Electrical Resistance Test: Checks dielectric insulation against high voltage (up to

10 kV).
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Inspection & Standards

2. Eye and Face Protection (Spectacles, Goggles, Face Shields)

« Governing Standards: IS 5983 (Eye Protectors) & 1S 8521/ 1S 1179 (Welding Shields)
« Inspection Points:

o Inspect lenses for deep scratches, cracks, or pitting which cause optical distortion
and reduce impact strength. pPOF

o Check frame elasticity, side shields, and headband tightness.
« Testing Methods:

o Drop-Ball Impact Test: A steel ball (22 mm diameter, approx. 45 g) is dropped from
a height of 1.3 m onto the lens center to test impact resistance.

o Optical Quality Test: Evaluates refractive power, spherical/astigmatic errors, and
light transmission.
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Inspection & Standards
3. Respiratory Protection (Respirators & SCBA)

« Governing Standards: IS 9623 (Selection & Maintenance) & 1510245 (Breathing Apparatus
Sets)

« Inspection Points:

o Check rubberisilicone facepiece for cracks, stiffness, or loss of flexibility.

o |nspect inhalation/exhalation valves and elastic head straps.

o Verify filter cartridges are within their expiration date and unsealed prior to fitment.
« User Testing (Fit Checking):

o Negative Pressure Check: Block inlet valves with hands, inhale gently—facepiece
should collapse inward slightly and hold suction.

o Positive Pressure Check: Cover exhalation valve and exhale gently—facepiece
should puff outward without air escaping from edges.

« Factory/Lab Testing:

o HEPA Filter Efficiency Test: Verifies particle filtration efficiency reaches 99.97%
(maximum 0.03% penetration for 0.3 pm particles). PoF

o Hydrostatic Test: SCBA compressed air cylinders undergo hydrostatic pressure

testing every 3 L%rgoz%?ﬁdtection Systems Prepared by Mr PM Subramanian



Inspection & Standards

4. Fall Protection (Full Body Harness & Lanyards)

« Governing Standard: IS 3521
« Inspection Points:

o Examine load-bearing webbing for cuts, frays, burns, chemical damage, or pulled
stitches.

o Inspect metallic D-rings, snap hooks, and karabiners for rust, cracks, deformation, or
faulty self-locking gates.

o Inspect energy absorber packs—if shock absorber webbing is deployed, the
assembly must be destroyed immediately.

« Testing Methods:

o Static Load Test: Harness webbing must withstand a tensile load of 15 kNN to
22 kIN without failure.

o Dynamic Fall Test: A torso dummy (100 kg) is dropped from a specified height to
ensure peak arresting force stays under 6 kIN.
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Inspection & Standards

5. Hand Protection (Safety Gloves)

« Governing Standards: IS 4770 (Electrical Rubber Gloves) & IS 6994 (General Industrial
Gloves)

« Inspection Points:

o Air Inflation Test (Daily): Roll the cuff of electrical/chemical gloves toward the
fingers to trap air; squeeze to check for micro-pinhole leaks. POF

o Inspect leather gauntlets for seam tearing or excessive oil contamination.
« Testing Methods:

o Dielectric Proof Test (Electrical Gloves): Gloves are submerged in water and

subjected to high test voltages (2.5 kV to 30 kV depending on class) to measure
leakage current.

o Permeation & Breakthrough Test: Measures time taken by hazardous liquids to pass
through chemical glove material at a molecular level. pPDF
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Inspection & Standards
é. Foot Protection (Safety Boots)
« Governing Standard: |5 15298
« Inspection Points:
o Check steel toe cap region for exposed metal or cracks.

o Inspect outer soles for excessive tread wear, cracks, or embedded sharp metal
objects.

» Testing Methods:

o Impact Resistance Test: Drop a weight onto the steel toe-cap with an impact energy
of 200 Joules. Minimum clearance inside cap must remain intact. PDF

o Compression Test: Toe-cap must withstand a crushing force of 15 kIN.

o Puncture Resistance Test: Midsole steel plate must resist nail penetration force up

to 1,100 N.
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Inspection & Standards

Comprehensive PPE Inspection & Testing Matrix

Governing IS Daily / Pre-Use Visual Laboratory & Quality

PPE Catego . . Pass / Fail Criteria
*9°" standard Inspection Testing Methods
- Check shell for
hairline cracks & UV
: + 5 kg Drop striker
fading rPDF
test
Head
Protection
- Verify 25-50 mm No shell contact with
+ Steel cone
IS 2925 cradle clearance , headform; peak force
penetration test
PDF absorbed
(Safety
Helmet)
+ 10 kV Dielectri
« Check chinstrap CIeCC

.. resistance test
elasticity & harness

stitching PDF
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Eye & Face
Protection

(Goggles /
Visors)

Respiratory
Protection

(APRs / 5CBA)

Inspection & Standards

IS5983 /15
8521

IS9623 /15
10245

- Check lenses for

scratch-induced

optical distortion
PDF

- Inspect headband
tension & frame
flexibility

- Check facepiece
rubber flexibility &
exhalation valves

- Perform Positive &
Negative User Seal
Checks

+ Steel drop-ball
impact test (45 g
from13 m) POF

+ Optical
transmission &
refractive error test

+ HEPA filter aerosol
penetration test
PDF

« Hydrostatic
pressure testing on
SCBA air cylinders
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Lens must not shatter,
crack, or cause optical

distortion PDF

99.97% HEPA
efficiency; zero air
leakage during seal
checks PDF



Fall Arrest
Systems

(Full-Body
Harness)

Hand
Protection

(Electrical /
Chemical)

1S 3521

IS4770 /1S
6994

Inspection & Standards

- Inspect webbing for - Static tensile

frays, cut threads, or strength test (15-22

chemical burns

- Check metal D-
rings & snap-hook
locks

« Air Inflation Test:

Roll cuff down to
check for micro-
pinholes PDF

« Inspect seam
stitching & inner
lining

KN)

+ Dynamic fall test
using a 100 kg
dummy

+ Dielectric proof
test (2.5-30 kV
immersion)

+ Chemical
permeation &
breakthrough test
PDF
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Peak impact force
must stay below 6 kN

PDF

Zero spark arc/current
leakage; no chemical
breakthrough



Inspection & Standards

« 200 Joules impact

drop test POF
- Check steel toe cap

Foot alignment PDF
Protection £ kN Comoression Minimum internal
1515298 _ P clearance intact under
crushing test FPOF ,
+ Inspect outsole 200 J impact
(Safety Boots) tread depth for oil
resistance

+ 1100 N Sole
puncture test
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Quality

In personal protective equipment (PPE), quality refers to the consistency with which gear meets
statutory safety specifications, withstands defined workplace hazards, and fits the worker

ergonomically without failing under stress.

Key Pillars of Quality in PPE
1. Compliance with National Standards (BIS & ISI Mark)

« Bureau of Indian Standards (BIS): The statutory body in India that formulates quality
specifications for PPE.

« |SI Certification Mark: Every piece of mandatory industrial PPE issued in factories must
bear the ISI mark. The mark verifies that the product was manufactured in a certified

facility subjected to regular quality audits. FDF

« Traceability: Quality PPE includes batch numbers, manufacturing dates, and standard
marks stamped directly on the item to ensure full supply-chain traceability. POF
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Quality
2. Quality Parameters for Inspection

Quality inspection evaluates both initial manufacturing integrity and operational reliability
before use.

» Dimensional & Ergonomic Quality:

o Anthropometric Fit: Gear designed according to human body measurements
maximizes user comfort and compliance without impeding movement. rDF

o Clearance & Margins: Helmets must maintain a 25 mm to 50 mm clearance
between the cradle and shell to safely absorb impact forces. rOoF

« Material Quality & Degradation:

o UV & Chemical Resistance: High-Density Polyethylene (HDPE) helmets and rubber
gloves deteriorate under prolonged direct sunlight (UV photodegradation) or ozone

exposure. High quality requires UV-stabilized resins and proper dark storage.
PDF +1

o Optical Quality: Lenses must provide zero optical distortion, preventing visual
fatigue, headache, or misjudgment of workplace hazards. roF
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Quality

3. Standardized Quality Testing Metrics

Standard
PPE Category Code

Safety IS 2925
Helmets

= IS 5983
Protectors

HEPA Filters 1S 9623

Fall Arrest

1S 3521
Systems
Zaiat) 1S 15298
Footwear

Core Quality Test
Metric

Shock Absorption &
Drop Test PDF

Steel Drop-Ball Impact
Test PDF

Aerosol Penetration
Test PODF

Dynamic Fall Arrest
Energy Absorption
PDF

Toe-Cap Impact
Resistance POF

Standard Quality Threshold

Transmits force safely within permissible
mechanical limits without shell puncture.
PDF

45 g steel ball dropped from 1.3 m must
not shatter or crack the lens. PDF

09.97% Efficiency (Maximum allowed
penetration is 0.03% for 0.3 pm particles).
PDF

Peak arresting force transferred to the

human body must stay strictly below 6 kIN.
PDF

Must withstand an impact energy of
200 Joules and 15 kIN compression
without collapsing. PDF
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Standards

Engineering, the topic "Standards and Inspection of Personal Protective Equipment (PPE)"
focuses on compliance with the Bureau of Indian Standards (BIS) and statutory rules under the
Factories Act, 1948 (Tamil Nadu Factories Rules).

Understanding Standards vs. Inspection

« Standards (Indian Standards / IS Codes): Standardized technical specifications
formulated by the Bureau of Indian Standards (BIS) that define design, material quality,
dimensions, and mandatory factory testing procedures. PPE must carry the ISl Mark to
show compliance. PDF

« Inspection: Regular visual and physical checks carried out at the workplace to detect
degradation, wear, or defects before equipment is used. POF
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Standards

Key Indian Standards (IS Codes) & Technical Requirements
1. Head Protection (Safety Helmets)

« Standard: IS 2925 (Specification for Industrial Safety Helmets). poF

« Technical Criteria:

o Clearance gap of 25 mm to 50 mm between harness cradle and shell for shock
absorption. PDF

o Shell materials: High-Density Polyethylene (HDPE), ABS, or Polycarbonate. FODF

» Testing: Drop-striker shock absorption test (5 kg weight), steel cone penetration test,
and 10 kV dielectric insulation test.

« Inspection: Check for hairline surface cracks, faded shell color from UV radiation, and
worn cradle stitching. PODF
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Standards

2. Eye and Face Protection (Spectacles, Goggles, Shields)

Standards: IS 5983 (Eye Protectors), IS 8521 (Industrial Safety Face Shields).

Technical Criteria: High-impact polycarbonate lenses that prevent shattering. Welding
shade lenses range from Shade 5 to Shade 14 based on welding current (= 400 A
requires Shade 14). PDF +1

Testing: Drop-ball test using a 22 mm steel ball (45 g) dropped from 1.3 m height to
test impact resistance. PDF

Inspection: Inspect lenses for deep scratches that reduce impact strength and cause
optical distortion. PDF
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Standards

3. Respiratory Protection

« Standards: IS 9623 (Selection, Use, and Maintenance of Respiratory Devices), |1S 9473
(Filtering Half Masks / Dust Masks), 1S 10245 (Breathing Apparatus Sets). PODF

« Technical Criteria: Filter cartridges follow international color-coding (e.g., Black for
organic vapors, White for acid gases). FDF

-
rd
rd

. Testing: HEPA filter aerosol penetration test requiring 99.97% efficiency (max 0.03%
leakage). Hydrostatic pressure testing of SCBA cylinders every 3-5 years. POF

« Inspection (Fit Check): Daily user checks including Positive Pressure Check (exhaling
with valve blocked) and Negative Pressure Check (inhaling with filter blocked). rDF
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Standards

4. Fall Arrest Systems (Safety Harnesses)

Standard: IS 3521 (Industrial Safety Belts and Harnesses). FPDF

Technical Criteria: Full-body harness distributes impact forces across thighs and
shoulders to prevent spinal injury. Energy absorbers limit maximum peak arresting force to

under 6 kKN. pPoF +1

Testing: Static tensile load test (15 kN to 22 kN) and dynamic fall drop test with a
100 kg dummy. FDF

Inspection: Check load-bearing synthetic webbing for cuts, frays, chemical burns, and
ensure D-rings are corrosion-resistant. pPOF

5. Hand Protection (Safety Gloves)

Standards: IS 4770 (Rubber Gloves for Electrical Purposes), IS 6994 (Leather and Cotton
Safety Gloves). PODF

Technical Criteria: Electrical rubber gloves are classified by working voltage rating.
Chemical gloves must prevent liquid permeation (molecular absorption). PDF

Testing: Dielectric proof test (2.5 kV to 30 kV) under water immersion.

Inspection: Air Inflation Test—roll glove cuff inward to trap air and squeeze to detect

microscopic pinhole leaks. PDF
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Standards
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6. Foot Protection (Safety Boots)
« Standard: IS 15298 (Safety, Protective and Occupational Footwear). POF

« Technical Criteria: Built-in steel or composite toe cap to protect against heavy falling
objects and crushing forces. PDF

Testing: Impact resistance test of 200 Joules drop energy, compression force test of
15 kN, and sole puncture resistance test of 1, 100 IN. ror

Inspection: Check steel toe alignment, sole tread wear, and oil-resistant properties. rDF
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Ergonomic Considerations in PPE

In Personal Protective Equipment (PPE) design, Ergonomics deals with designing protective
gear to fit the human body's anatomical, physiological, and psychological capabilities.

If PPE is heavy, restrictive, or ill-fitting, workers experience rapid fatigue, reduced dexterity, and
heat stress, leading them to alter or remove the gear in dangerous environments.

Key Ergonomic Design Parameters

1.

Anthropometry (Body Size Variations): Designing equipment based on body dimensions

(e.g., height, chest circumference, hand breadth) using percentile data (5" to 95
percentile) to accommodate diverse worker populations.

. Weight Distribution & Mass Reduction: Minimizing overall weight and distributing loads

close to the body's center of gravity (e.g., two-piece fall arrest harnesses or lightweight
composite boot toe-caps).

. Range of Motion & Flexibility: Incorporating articulated joints, stretchable fabric panels,

and multi-point harness adjustments to allow unrestricted bending, reaching, and
kneeling.

. Thermal Comfort & Breathability: Incorporating moisture-wicking linings, dynamic

ventilation channels, and breathable membranes to reduce heat strain in warm industrial
conditions.

. Sensory Perception: Maintaining full field of vision (unobstructed peripheral vision), clear

auditory communication, and high tactile sensitivity (pinch/grip strength in gloves).

Personal Protection Systems Prepared by Mr PM Subramanian



Ergonomic Considerations in PPE

Core Principles Across Major PPE Categories

PRIMARY ERGONOMIC PPE DESIGN GOALS

| 1. ANTHROPOMETRY | 2. BIOMECHANICS | 3. THERMOREGULATION
| Fits body size | Minimal muscle | Heat strain reduction

| ranges (5%-95%) | strain & fatigue | & moisture evacuation
I N E——————
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Ergonomic Considerations in PPE

1. Head Protection (Safety Helmets - IS 2925)

« Ergonomic Issue: Uneven mass distribution causes neck muscle strain and headaches.

« Design Solution: Lightweight ABS/Polycarbonate shell with a é-point suspension harness
that distributes weight evenly across the cranium. Includes a adjustable ratchet dial at the
nape for quick fitting.

[ Outer ABS / Polycarbonate Shell ]
/ \
" (25 mm - 58 mm Clearance) \
S !

| [ 6-Point Textile Cradle ] | <-- Even weight distribution

\ /
\---[ Ratchet Adjustment ]--/ <-- Nape fitment for stability
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Ergonomic Considerations in PPE

2. Hand Protection (Industrial Gloves - IS 4770 / IS 6994)

« Ergonomic Issue: Rigid glove material increases the pinch grip force required, causing

rapid hand and forearm fatigue.

« Design Solution: Pre-curved finger construction matching the hand's natural resting state,
textured palm coating for enhanced wet/dry grip, and seamless elastic wrists to prevent

pressure points.

RELAXED HAMD POOR GLOVE
(Natural Curve) (Flat/Rigid)

\

y
Minimal strain Requires force
at rest. to bend fingders.
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(Pre-curved Design)

\
)
)
Natural fit;
zero grip fatigue.



Ergonomic Considerations in PPE

3. Respiratory Protection (Facepieces & Respirators - IS 9623)

« Ergonomic Issue: Excessive breathing resistance, facepiece pressure hot-spots, and
fogging of safety eyewear.

« Design Solution: Soft, medical-grade silicone seals that conform to facial contours
without high strap tension, low-resistance exhalation valves, and downwards-directed
airflow channels.

r—~«~ —/—//F/—/ /1
[ Adjustable Head Harness Straps ]

|
I—I—I

| [Inlet] [Exhalation]
.|

I —

<-- Low breathing resistance

| |
| |
| |
| | Soft Silicone Face Seal | <-- Eliminates pressure points
| |
| |
| |
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Ergonomic Considerations in PPE

3. Respiratory Protection (Facepieces & Respirators - IS 9623)

« Ergonomic Issue: Excessive breathing resistance, facepiece pressure hot-spots, and
fogging of safety eyewear.

« Design Solution: Soft, medical-grade silicone seals that conform to facial contours
without high strap tension, low-resistance exhalation valves, and downwards-directed
airflow channels.

r—~«~ —/—//F/—/ /1
[ Adjustable Head Harness Straps ]

|
I—I—I

| [Inlet] [Exhalation]
.|

I —

<-- Low breathing resistance

| |
| |
| |
| | Soft Silicone Face Seal | <-- Eliminates pressure points
| |
| |
| |
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Ergonomic Considerations in PPE

4. Fall Protection (Full Body Harness - IS 3521)

« Ergonomic Issue: Restricted leg movement and dangerous suspension trauma caused by
pressure on femoral arteries following a fall arrest.

« Design Solution: Padded shoulder and thigh straps, sub-pelvic support straps to
distribute load safely across the pelvis, and integrated foot stirrups (suspension trauma
relief straps).

[ D-Ring (Dorsal) ]
/ \
[ Padded Shoulder Straps ] <-- Reduces collarbone pressure

[ Sub-Pelvic Strap ] <-- Transfers load to pelvis
/ \
[ Padded Leg Loops ] <-- Prevents arterial compression
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Ergonomic Considerations in PPE

5. Foot Protection (Safety Boots - IS 15298)

« Ergonomic Issue: Heavy steel toe-caps and rigid soles cause foot fatigue, heel pain, and
awkward gait patterns.

« Design Solution: Composite toe-caps (30% lighter than steel), flexible puncture-resistant
midsole plates, shock-absorbing PU/rubber dual-density outer soles, and ergonomic arch
supports.

[ Padded Ankle Collar ]

F—— [ Composite Toe-Cap ] (38% Lighter than Steel)

— [ Flexible Anti-Puncture Midsole ]

L [ Dual-Density PU Outsole ] (Shock Absorption)
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Ergonomic Considerations in PPE

ERGONOMIC COMSIDERATIONS IN PPE DESIGN
(Bridging Protection & Worker Compliance)

/  Soft Medical-Grade
/ Silicone Face Seal \
(Anatomical Contour)

[Inlet] [Exhalation]
Y Filter Valve

Dual Elastic Head
Harness Straps

--> Lightweight shell reduces neck
--> Dissipates 1mpact force safely

/ --> Distributes mass evenly across

--> Customizable, precilse fitment

IS 9623)

--> Eliminates faceplece pressure pol

--> Low breathing resistance valves

--> Reduces strap tension headache




Ergonomic Considerations in PPE

HAND PROTECTION (Pre-Curved Glove - IS 4778 / IS 6994)
Matural Hand Curve (Resting State) Standard Flat Glove (High Strain)
\ |
) [
/ [
[Ergonomic Pre-Curved Design] [Requires Continuous Force]
» Reduces pinch grip fatigue + Causes forearm muscle strain
« Seamless wrist prevents pressure » Loss of tactile sensitivity

FALL PROTECTION (Full Body Harness - IS
[ Dorsal D-Ring ]
/ \
[ Padded Shoulder Straps ] --> Prevents collarbone digging

| |
[ Sub-Pelvic Webbing ] --> Transfers load safely to pelvis

/ \
[ Padded Thigh Loops ] --> Prevents femoral artery compression
[ Suspension Trauma Relief Stirrups ] --> Relieves pressure after fall arrest
FOOT PROTECTION (Industrial Safety Boot - IS 15298)
--> Prevents friction blisters

--> Reduces fatigue during walking

--» Maintains natural foot arch flex

--> Dampens ground impact energy
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