
 

 
                                                                  

 
Prepared by 

Mr P.M.Subramanian, Guest Lecturer, FTS Department 
 

COURSE: INDUSTRIAL SAFETY ENGINEERING 
 

UNIT 3 WORKING CONDITIONS 
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Introduction: 
The working conditions combine active on-site plant management with regulatory compliance 
documentation.  
 
Key Aspects of Working Conditions 

1. Work Environment: Floor vs. Desk 

●​ 80% On-Site Presence: You will spend most of your shift on the shop floor, construction 
site, or chemical plant conducting inspections, hazard identification, and risk 
assessments. 

●​ 20% Documentation: Office time is spent filing Incident/Accident Reports, maintaining 
Permit to Work (PTW) logs, and preparing for external safety audits under the 
Factories Act, 1948. 

2. Work Hours & Shift Patterns 

●​ Rotational Shifts: Manufacturing, process plants, and refineries operate 24/7, so 
entry-level safety supervisors work morning, evening, and night shifts. 

●​ Overtime & Emergencies: High workload during plant shutdowns, machinery 
overhauls, or emergency safety stand-downs. 

3. Physical & Environmental Exposure 

●​ PPE Requirements: mandatory wear of personal protective equipment (helmet, steel-toe 
safety shoes, high-visibility vest, earplugs, and respirators). 

●​ Demanding Environments: Continuous walking, climbing high scaffolding or 
platforms, and exposure to high heat, noise, dust, or chemical fumes depending on the 
industry. 

Core Daily Responsibilities 

●​ Toolbox Talks (TBT): Conducting 10–15 minute daily safety briefings for plant workers 
and contract labor before work begins. 

●​ Hazard Identification (HIRA): Identifying unsafe acts and conditions on the floor and 
enforcing corrective measures. 

●​ Safety Audits: Inspecting fire suppression systems, emergency exits, machine guards, 
and electrical panels. 
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Ventilation: Ventilation is the process of supplying fresh outdoor air to an enclosed space while 
continuously removing stale, hot, contaminated, or humid air. 
 
In industrial safety engineering, effective ventilation prevents the buildup of toxic gases, dust, 
heat, and airborne pathogens, maintaining a healthy working environment. 
 

 
Principles of good ventilation: 
Adequate Fresh Air Rate (Air Changes Per Hour - ACH): The volume of fresh air supplied 
must match the occupancy and activity level. For general industrial workplaces, 6 to 12 air 
changes per hour are standard. 
Proper Air Movement and Velocity: Air velocity should be maintained between 0.15 m/s and 
0.5 m/s. Velocities below 0.15 m/s cause stagnation, while velocities above 1.5 m/s create 
uncomfortable drafts. 
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Purity of Air Intake: Fresh air inlets must be placed away from pollution sources such as 
chimneys, vehicle exhausts, sewer vents, or chemical storage yards. 
Effective Air Distribution (Cross-Ventilation): Air inlets and outlets should be positioned on 
opposite sides of a room to allow air to sweep across the entire working area without leaving 
"dead spaces." 
Utilization of Thermal Buoyancy (Stack Effect): Warm air and fumes expand, become less 
dense, and naturally rise. Fresh air inlets should be placed lower, and exhaust openings near the 
ceiling or ridge line. 
Contaminant Source Control (Capture at Source): Hazardous contaminants (like welding 
fumes or dust) should be captured at their point of generation using Local Exhaust Ventilation 
(LEV) before they mix with general room air. 
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Key Components to Label in Exams: 

●​ Hood: Captures contaminants at the source. 
●​ Ducting: Transports contaminated air safely. 
●​ Air Cleaner (Cyclone/Baghouse): Filters dust and pollutants. 
●​ Fan: Creates suction pressure. 
●​ Discharge Stack: Releases clean air high into the atmosphere. 

Types of Industrial Ventilation 

Ventilation Type Operating Principle Common Application 

Natural 
Ventilation 

Driven by wind force and 
thermal buoyancy. 

Storage godowns, 
high-ceiling workshops, 
assembly sheds. 

General / Dilution 
Ventilation 

Uses fans to mix fresh air 
with indoor air to lower 
contaminant levels. 

Assembly lines, warehouses, 
light manufacturing. 
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Local Exhaust 
Ventilation (LEV) 

Pulls pollutants directly from 
the source before workers 
inhale them. 

Welding bays, spray painting 
booths, chemical labs. 

 
 
 
 
Purpose of Ventilation  
1. Oxygen Supply & Removal of Carbon Dioxide 

●​ Purpose: Humans consume oxygen and exhale $CO_2$. In closed factory spaces, lack of 
fresh air causes drowsiness, fatigue, reduced alertness, and headaches among workers. 

●​ Safety Benefit: Fresh air ventilation ensures optimal oxygen levels (around 20.9%) to 
keep workers active and alert. 

2. Removal and Dilution of Toxic Contaminants 
●​ Purpose: Industrial operations produce harmful dusts, fumes, toxic vapors, and solvent 

mists (e.g., from welding, grinding, or chemical processes). 
●​ Safety Benefit: Ventilation extracts these airborne hazards at the source or dilutes their 

concentration below the Threshold Limit Value (TLV) / Permissible Exposure Limit 
(PEL). 

3. Thermal Comfort and Heat Control 
●​ Purpose: Heavy machinery, furnaces, boilers, and high ambient temperatures generate 

extreme radiant heat. 
●​ Safety Benefit: Proper air circulation carries away metabolic and process heat, 

preventing heat exhaustion, heat stroke, and excessive sweating. 

4. Prevention of Fire and Explosion Hazards 
●​ Purpose: Volatile Organic Compounds (VOCs), flammable gases, and explosive dusts 

(e.g., coal, flour, wood dust) can ignite if allowed to accumulate. 
●​ Safety Benefit: Ventilation keeps flammable gas concentrations safely below their 

Lower Explosive Limit (LEL). 

5. Humidity Control & Moisture Removal 
●​ Purpose: High relative humidity causes discomfort, slip hazards on floors due to 

condensation, and mold growth. 
●​ Safety Benefit: Keeps humidity within comfortable working limits (40%–60% RH) and 

protects materials from corrosion. 
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6. Protection of Machinery & Equipment 
●​ Purpose: Airborne dust and corrosive chemical vapors settle on electrical panels, PLC 

drives, and mechanical bearings. 
●​ Safety Benefit: Clean air ventilation extends equipment operational lifespan and prevents 

electrical short circuits. 
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Hazard / 
Parameter 

Cause / Source How Ventilation Solves It 

Toxic Gases / 
Fumes 

Welding, chemical 
mixing, solvent painting 

Extracts at source (LEV) or dilutes 
with fresh air 

Explosive 
Vapors 

Fuel tanks, chemical 
storage 

Keeps vapor concentration below 
Lower Explosive Limit (LEL) 
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Process Heat Furnaces, motors, 
sunlight on metal roofs 

Removes warm air through roof 
vents or exhaust fans 

Stale Air (CO2) Human respiration in 
crowded rooms 

Supplies oxygen-rich fresh air per 
ACH standards 

 
Physiological and Comfort Level Types: 
 
1. Physiological Ventilation (Health & Hazard Control) 

Definition & Primary Purpose 
Physiological ventilation is designed to protect human life, health, and metabolic function. Its 
primary objective is to maintain indoor air quality above the mandatory legal standards (such as 
the Factories Act, 1948) by supplying oxygen and capturing or diluting airborne hazardous 
contaminants before they enter a worker's breathing zone. 

 

 
 
Key Functions 

●​ Supplies Metabolic Oxygen: Replaces consumed oxygen to prevent hypoxia, fatigue, 
and asphyxiation. 

●​ Captures Toxic Pollutants: Extracts harmful chemical fumes, solvent vapors, welding 
mists, and hazardous dusts. 

●​ Prevents Explosive Atmospheres: Keeps concentration of flammable gases strictly 
below their Lower Explosive Limit (LEL). 

●​ Dilutes $CO_2$ & Toxins: Maintains chemical exposure levels below Permissible 
Exposure Limits (PEL) and Threshold Limit Values (TLV). 
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System Used 
●​ Local Exhaust Ventilation (LEV): Uses capture hoods, ductwork, fans, and filter stacks 

positioned directly over the hazard source. 
●​ General Mechanical Exhaust: Used in hazardous chemical storage rooms or battery 

charging rooms. 

2. Comfort Ventilation (Thermal & Ergonomic Well-Being) 

Definition & Primary Purpose 
Comfort ventilation is designed to create a thermally comfortable, pleasant, and productive 
work environment. It focuses on temperature, humidity, and gentle air movement rather than 
high-toxicity chemical control. 

 
                          
Key Functions 

●​ Removes Excess Radiant Heat: Dissipates body heat and machinery process heat to 
prevent heat stress, cramps, or stroke. 

●​ Controls Relative Humidity (RH): Keeps humidity in the comfortable range of 40% to 
60% to facilitate sweat evaporation without excessive dry skin. 

●​ Provides Perceived Freshness: Maintains air velocity between 0.15 m/s and 0.5 m/s so 
workers feel a cooling breeze without disruptive drafts. 

●​ Removes Odors: Eliminates unpleasant body odors, stale air, and non-toxic nuisance 
smells in crowded workspaces. 

System Used 
●​ HVAC Systems: Heating, Ventilation, and Air-Conditioning systems. 
●​ Evaporative Coolers & Axial Exhaust Fans: Common in large assembly sheds and 

high-ceiling factory bays. 
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Feature Physiological Ventilation Comfort Ventilation 

Primary Focus Worker Safety & Health (Life 
preservation) 

Worker Comfort & 
Productivity 

Target Hazards Toxic gases, chemical fumes, 
silica dust, asphyxiants 

High temperature, humidity, 
body heat, stale air 

Primary System 
Type 

Local Exhaust Ventilation 
(LEV) 

HVAC systems, General 
Dilution, Air Coolers 

Air Velocity 
Required 

Higher velocity at hood (e.g., 
$0.5 - 2.5\text{ m/s}$) to 
capture heavy fumes 

Gentle velocity ($0.15 - 
0.5\text{ m/s}$) to avoid 
draft discomfort 

Compliance 
Requirement 

Strictly mandatory under 
environmental & factory safety 
acts 

Recommended for 
ergonomic standards and 
labor welfare 

Typical Location Welding shops, electroplating 
tanks, chemical labs, spray 
painting 

Assembly lines, control 
rooms, industrial offices, 
packaging bays 
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Local and Exhaust Ventilation: 
 
In Industrial Safety Engineering, mechanical ventilation is broadly divided into Exhaust 
Ventilation (General/Dilution) and Local Exhaust Ventilation (LEV). 

Understanding the difference between extracting air from an entire room versus capturing 
contaminants directly at their source is a fundamental topic for State Board diploma 
examinations (MSBTE, DOTE, etc.). 

1. What is General Exhaust Ventilation? 

General (Dilution) Exhaust Ventilation involves placing exhaust fans on walls or ceilings to 
pull contaminated or hot air out of an entire room while allowing fresh air to enter from windows 
or louvers. 

●​ Working Principle: It does not stop contaminants from spreading; instead, it dilutes the 
concentration of airborne pollutants by mixing them with clean air. 

●​ When to Use: Suitable for low-toxicity pollutants, widely dispersed heat, or light smoke 
(e.g., assembly lines, general warehouses, parking garages). 

2. What is Local Exhaust Ventilation (LEV)? 

Local Exhaust Ventilation (LEV) is an engineering control system designed to capture toxic 
airborne contaminants directly at the point of generation before they can reach the worker's 
breathing zone or spread into the room. 
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5 Core Components of an LEV System 

When asked to explain LEV in diploma exams, you must describe these five essential 
components in sequence: 

1.​ Hood (Enclosure / Capture Zone): Positioned as close to the source as possible to 
capture dust, fumes, or gases before they disperse into the air. 

2.​ Ductwork (Piping): Smooth, enclosed pipes that carry the captured contaminated air 
from the hood to the air cleaning unit. 

3.​ Air Cleaner (Filter / Scrubber): Removes pollutants from the airstream (e.g., Cyclone 
Separators, Baghouse Filters, or Wet Scrubbers) to protect the environment. 

4.​ Fan / Air Mover: Creates negative suction pressure to draw contaminated air through the 
hood and push it through the ducting. 

5.​ Exhaust Stack (Chimney): Discharges the cleaned air high into the atmosphere away 
from building air intakes. 

Line Sketch for LEV System 
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Comparison  

Parameter General Exhaust 
Ventilation 

Local Exhaust Ventilation 
(LEV) 

Point of Capture Whole room / general 
atmosphere 

Directly at the hazard source 

Toxicity Level Low-toxicity dust/heat only High-toxicity fumes, silica 
dust, chemical vapors 

Air Volume 
Required 

High air volume needed 
(higher power cost) 

Low air volume needed 
(focused suction) 

Worker 
Protection 

Partial (contaminant passes 
through breathing zone) 

High (prevents contaminant 
from reaching breathing zone) 

Typical 
Applications 

Bakeries, storage bays, 
general assembly 

Welding booths, grinding 
stations, chemical dipping 
tanks 

 
Hood and Duct Design: 
 

In a Local Exhaust Ventilation (LEV) system, the Hood and the Duct network form the 
front-end capture and transport mechanism. 

●​ The Hood collects or captures airborne contaminants at or near the source of generation. 
●​ The Ductwork safely transports the contaminated air from the hood to the air cleaner, 

fan, and exhaust stack without letting dust settle inside the piping. 
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1. Hood Design Principles 

Types of Hoods 
1.​ Enclosing Hood: Completely surrounds the contaminant source with small opening(s) 

for worker access (e.g., laboratory fume hoods, abrasive blasting cabinets). This is the 
most effective and energy-efficient hood type. 

2.​ Receiving Hood: Positioned directly in the trajectory of a moving contaminant stream 
produced by thermal buoyancy or mechanical motion (e.g., canopy hood over a furnace, 
grinding wheel hood). 

3.​ Capturing (Exterior) Hood: Located adjacent to the hazard source without enclosing it, 
pulling air inward to draw in fumes (e.g., flexible welding suction arms, side-draft slot 
hoods on electroplating tanks). 

Key Rules for Good Hood Design 
●​ Enclose as much as possible: Smaller open face area requires lower air volume (Q), 

reducing fan size and operating cost. 
●​ Minimize distance to source: Capture velocity drops rapidly as distance increases 

according to the inverse square relationship: 

 
Use Flanges: Adding a flat flange around the hood opening blocks useless air from behind the 
hood, increasing frontal capture efficiency by up to 25%. 
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Provide Uniform Air Flow: Taper the neck transition angle (typically 45° to 60°) where the 
hood joins the duct to prevent turbulence and dead zones 

 
 
2. Duct Design Principles 

Key Rules for Good Duct Design 
1.​ Maintain Minimum Transport Velocity: Air velocity inside the duct must remain high 

enough to prevent dust, fumes, or mists from settling on the bottom of the duct floor and 
clogging the line. 

○​ Gases, Vapors, and Mists: 5 - 10 m/s 
○​ Fine Dust (Wood, Grain, Flour): 15 - 20 m/s 
○​ Heavy or Metal Dust (Lead, Grinding): 20 - 25  m/s 

2.​ Use Round Ducts Over Rectangular Ducts: 
○​ Round pipes provide uniform velocity distribution, lower friction resistance, 

higher structural strength, and eliminate sharp internal corners where dust 
accumulates. 

3.​ Avoid Sharp Bends and 90° T-Junctions: 
○​ Use long-radius elbows where the centerline radius is at least 1.5 to 2 times the 

duct diameter (R/D >= 1.5). 
○​ Connect branch ducts into main ducts at entry angles between 30° and 45°, never 

at 90°. 
4.​ Smooth Internal Surfaces & Inspection Hatches: 

○​ Keep duct interiors free of inward-projecting screws, burrs, or rough welds. 
○​ Provide cleanout/inspection doors near bends and branch entry points for regular 

maintenance. 
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Quick Comparison  

Design Aspect Hood Design Duct Design 

Primary Function Capture hazardous 
pollutants at the point of 
origin 

Transport air safely without 
particle settling or friction losses 

Critical Design 
Parameter 

Capture Velocity (0.25 - 
2.5 m/s} 

Transport Velocity (10 - 25 
m/s}) 

Ideal Shape / 
Geometry 

Flanged canopy, tapered 
funnel, or enclosure 

Smooth, round galvanized iron 
(GI) or mild steel (MS) seamless 
pipe 

Common Causes 
of Failure 

Hood placed too far from 
source, lack of flanges 

Low transport velocity (dust 
settling), sharp 90° elbows, leaky 
joints 

 

Air Conditioning: 

In Industrial Safety Engineering, Industrial Air Conditioning is the process of simultaneously 
controlling air temperature, relative humidity, air purity, and air distribution within a workplace 
to maintain safe, healthy, and efficient working conditions. 

Unlike residential comfort cooling, industrial air conditioning directly protects workers from heat 
stress, prevents machinery overheating, controls chemical volatility, and reduces workplace 
accident rates. 
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4 Core Control Parameters for Working Conditions 

To provide safe working conditions under industrial safety regulations, an air conditioning 
system continuously regulates four physical parameters: 

1.​ Temperature Control: Maintains dry-bulb temperature between $20^\circ\text{C}$ and 
$25^\circ\text{C}$. High temperatures cause worker fatigue, slower reaction times, heat 
exhaustion, and heat stroke, directly increasing machine-operator accident rates. 

2.​ Humidity Control: Keeps relative humidity (RH) within $40\%$ to $60\%$. High 
humidity hampers body sweat evaporation (causing heat discomfort and slippery floors), 
while very low humidity ($<30\%$) causes skin/eye irritation and dangerous static 
electricity spark buildup in flammable zones. 

3.​ Air Purity (Filtration): Uses pre-filters and HEPA filters to remove airborne dust, 
chemical fumes, and biological pathogens before recirculating air into the breathing zone. 

4.​ Air Velocity & Movement: Delivers air at a gentle velocity of $0.15\text{ m/s}$ to 
$0.50\text{ m/s}$ across the floor to ensure constant freshness without causing 
uncomfortable drafts or blowing light materials around. 
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Impact of Air Conditioning on Industrial Safety 

●​ Accident Reduction: When ambient shop-floor temperature rises above 30 deg{C}, 
worker error rates increase by over 30%. Maintaining controlled temperatures preserves 
mental alertness and physical coordination. 

●​ Control Room & SCADA Safety: Keeps sensitive electronic panels, PLCs, and server 
rooms cool and dust-free to prevent thermal shutdowns and electrical fires. 

●​ Chemical Stability: Maintains uniform ambient temperatures in chemical storage bays to 
prevent volatile solvent evaporation, container pressurization, or runaway exotherms. 
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Recommended Environmental Standards for Diploma Exams 

Parameter Recommended 
Standard 

Health & Safety Hazard if Outside 
Limits 

Dry Bulb 
Temperature 

20 deg {C} - 25 deg  Heat exhaustion, dehydration, high 
operator error rates (>30 deg C) 

Relative 
Humidity (RH) 

40% - 60% Condensation & slip hazards (>70%) 
or static spark ignition risk (<30%) 

Air Movement 
Velocity 

0.15  m/s - 0.5 m/s Stagnant stale air (<0.1 m/s) or draft 
discomfort (>1.5 m/s) 

Fresh Air 
Supply Rate 

15 - 30 CFM/person Carbon dioxide (CO2) accumulation, 
drowsiness, sick building syndrome 

 

Air Conditioning Applications:  

In Industrial Safety Engineering, air conditioning applications go far beyond comfort cooling. 
In factory environments, specialized Air Conditioning (HVAC) systems are applied as 
engineered safety controls to maintain stable thermal, chemical, and environmental working 
conditions. 

Under safety statutes like the Indian Factories Act, 1948, proper air conditioning application 
directly prevents heat stress illnesses, reduces cognitive operator errors, protects sensitive 
process electronics, and eliminates fire/explosion risks in hazardous locations. 

4 Major Industrial Applications of Air Conditioning 
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1. Control Rooms & SCADA Stations (Plant Operation Safety) 
●​ Application: Continuous cooling and precision air filtering for central control rooms, 

DCS/PLC panel rooms, and sub-stations. 
●​ Why It Matters for Safety: Overheated electronic cards or PLC racks cause sudden 

process trips, false alarms, or total loss of emergency shutdown controls. 
●​ Working Condition Standard: Temperature maintained strictly at 21deg C + or - 1 deg 

C} and Relative Humidity at 45% - 55% to prevent static buildup or condensation on 
circuit boards. 

2. Hazardous Chemical Storage & Battery Rooms (Fire & Explosion Control) 
●​ Application: Temperature-controlled, flame-proof, non-recirculating air conditioning in 

chemical warehouses, solvent stores, and lead-acid battery rooms. 
●​ Why It Matters for Safety: Volatile Organic Compounds (VOCs) and solvents boil or 

volatilize rapidly at higher ambient temperatures, reaching their Lower Explosive Limit 
(LEL). 

●​ Working Condition Standard: Keeps room temperature below chemical 
auto-ignition/flash points (typically <25 deg C) with 100% fresh air intake 
(once-through systems) to avoid hazardous gas buildup. 

3. High-Heat Operations (Foundries, Glass, & Steel Plants) 
●​ Application: Spot-cooling and positive-pressure conditioned crane cabs or control 

pulpits surrounded by furnaces. 
●​ Why It Matters for Safety: Prevents life-threatening heat stroke, heat exhaustion, and 

severe dehydration for workers operating near molten metal. 
●​ Working Condition Standard: Supplies cool air (22 deg {C} - 24 deg {C} ) directly to 

the operator's breathing zone while keeping toxic furnace gases out using positive room 
pressure. 

4. Cleanrooms (Pharmaceuticals, Electronics, & Food Processing) 
●​ Application: Precision air conditioning integrated with High-Efficiency Particulate Air 

(HEPA) filters and laminar airflow. 
●​ Why It Matters for Safety: Protects workers from fine active pharmaceutical dusts 

while preventing product contamination. 
●​ Working Condition Standard: Maintains positive/negative air pressure differentials 

between adjacent rooms to control pollutant migration. 
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Summary  

Industrial 
Location 

Primary Safety 
Hazard Solved 

A/C 
Application 
Type 

Target Parameters 

DCS / SCADA 
Control Room 

Automation 
failure, panel 
short circuits 

Precision Air 
Conditioning 
(PAC)  

Furnace / 
Crane Cabins 

Heat stroke, heat 
exhaustion, 
blackout 

Spot Air 
Conditioning  

Solvent & 
Chemical 
Store 

Vapors reaching 
LEL, 
fires/explosions 

Once-through 
(100% Fresh 
Air) A/C  

Pharma 
Cleanrooms 

Toxic dust 
inhalation, 
contamination 

HEPA-Filtere
d HVAC 
System  
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Purpose of lighting : 
 

In Industrial Safety Engineering, industrial lighting is the deliberate application of natural or 
artificial illumination to create a safe, clear, and efficient visual environment. 

Under Section 17 of the Indian Factories Act, 1948, factory management is legally required to 
provide sufficient and suitable lighting in every part of a factory where workers are present. 
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5 Main Purposes of Lighting for Working Conditions 

1. Prevention of Industrial Accidents 

●​ Purpose: Poor lighting creates deep shadows, conceals floor hazards (like oil spills or 
open drains), and makes moving machine parts invisible. 

●​ Safety Impact: Proper illumination ensures workers clearly see pinch points, overhead 
crane loads, sharp edges, and emergency stop controls, preventing trips, slips, and 
crushed limbs. 

2. Elimination of Glare and Eye Strain 

●​ Purpose: Glare is excessive brightness that causes visual discomfort or temporary 
blindness. 

●​ Safety Impact: Eliminating direct glare (unshielded lamps) and reflected glare (polished 
metal surfaces) prevents visual fatigue, headaches, and dangerous momentary loss of 
sight while operating machinery. 

3. Prevention of Stroboscopic Effect 

●​ Purpose: Fluorescent discharge lamps on single-phase AC power can flicker at power 
frequencies, making rotating shafts or lathe chucks appear stationary or moving slowly. 

●​ Safety Impact: Proper multi-phase lighting wiring ensures moving parts are accurately 
perceived as moving, preventing severe contact injuries. 

4. Reduction of Worker Fatigue & Boosting Productivity 

●​ Purpose: Working in dim or harsh environments forces the eyes to work harder, causing 
rapid mental and physical fatigue. 

●​ Safety Impact: Optimal illumination maintains alertness, improves working posture 
(workers don't need to lean close to dangerous machinery), and reduces manufacturing 
defect rates. 

5. Safe Evacuation during Emergencies 

●​ Purpose: Industrial setups require reliable emergency and escape route lighting. 
●​ Safety Impact: Battery-backed egress lighting guides personnel safely toward 

emergency exits during sudden blackout or fire emergencies. 
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Recommended Illumination Levels (Lux) under Indian Standards (IS 3646) 

Work Area / Process Recommended 
Illumination (Lux) 

Safety Purpose 

Passageways, Corridors, & 
Exit Ways 

50 – 100 Lux Prevents tripping and 
allows safe movement 

Heavy Machining, 
Assembly, Warehouses 

150 – 300 Lux Ensures general hazard 
visibility 

Fine Machining, Painting, 
Inspection Bays 

500 – 1000 Lux Enables precise detail 
recognition without eye 
strain 

Emergency Safety Egress 
Lighting 

Minimum 10 Lux Enables safe building 
evacuation during power 
failure 

 
Advantages of Good Illumination: 
 
In Industrial Safety Engineering, good illumination refers to providing sufficient, uniform, and 
glare-free lighting across a workplace to ensure maximum visibility without causing visual 
strain. 

Under Section 17 of the Indian Factories Act, 1948 and IS 3646 (Code of Practice for 
Interior Illumination), maintaining adequate lux levels directly improves working conditions, 
operational safety, and overall productivity. 
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6 Main Advantages of Good Illumination 

1. Significant Reduction in Workplace Accidents 
●​ Mechanism: Adequate lighting highlights floor hazards like oil leaks, loose cables, 

unguarded nip points, and uneven gangways. 
●​ Safety Result: Prevents common shop-floor incidents such as slips, trips, falls, and 

pinch-point limb injuries. 

2. Elimination of Eye Strain, Fatigue, and Postural Stress 
●​ Mechanism: Dim or flickering light forces eyes to constantly adjust and strain, causing 

severe headaches and physical exhaustion. 
●​ Safety Result: Workers do not need to lean awkwardly close to moving machine parts or 

hazardous tools, preserving ergonomic posture and high mental alertness. 

3. Prevention of Optical Hazards (Glare & Stroboscopic Effect) 
●​ Mechanism: Shielded luminaires prevent direct glare, while 3-phase staggered wiring 

eliminates the stroboscopic effect (where fast-rotating machinery like lathe chucks or 
saw blades appear stationary). 

●​ Safety Result: Eliminates temporary blindness and deceptive machine motion illusions 
that cause severe contact amputations. 

4. Higher Product Quality and Lower Rejection Rates 
●​ Mechanism: High illumination levels ($500 - 1000\text{ Lux}$) in assembly and 

inspection bays allow precise visual inspection. 

29 



 

●​ Safety Result: Workers quickly identify material cracks, burrs, welding flaws, and 
surface defects before components enter service. 

5. Enhanced Housekeeping (5S) and Psychological Morale 
●​ Mechanism: Brightly lit spaces prevent dirt, metal scrap, and trash from accumulating in 

dark corners. 
●​ Safety Result: Promotes clean housekeeping practices (5S), creates a cheerful working 

atmosphere, and reduces absenteeism. 

6. Safe Emergency Evacuation 
●​ Mechanism: Battery-backed egress illumination maintains continuous lighting during 

sudden main-grid failures or plant fires. 
●​ Safety Result: Prevents panic, trampling, and collisions during emergency evacuations 

along designated pathways. 
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Quick Revision  

Parameter Good Illumination 
Condition 

Poor Illumination Hazard / 
Impact 

Visibility Clear view of pinch points, oil 
spills, and safety guards 

Tripping hazards, 
caught-in-between injuries 

Worker 
Ergonomics 

Comfortable upright working 
posture 

Eye strain, chronic headaches, 
awkward leaning 

Optical Safety Glare-free, accurate speed 
perception of rotating shafts 

Stroboscopic illusions leading 
to severe amputations 
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Work Quality Minimal machining defects 
and swift error detection 

High scrap rates, missed 
hairline cracks 

Plant 
Environment 

Clean, clutter-free (5S 
compliant), high morale 

Accumulation of scrap, dark 
hazardous corners 

 
Glare and Effect: 

Glare is defined as an excessive, uncontrolled brightness or extreme contrast within a worker's 
field of vision that causes visual discomfort, eye fatigue, or temporary loss of visibility. 

Under Section 17(2) of the Indian Factories Act, 1948, factory management is legally required to 
eliminate direct and reflected glare from all working areas. 
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Types of Glare in Industrial Workplaces 

●​ Direct Glare: Caused by high-intensity, unshielded light sources (like bare bulbs or 
halogen floodlights) shining directly into a worker's eyes. 

●​ Reflected (Indirect) Glare: Occurs when intense light bounces off smooth, polished, or 
wet surfaces—such as stainless steel sheets, machine lathe beds, wet floors, or computer 
monitors—into the worker's eyes. 

●​ Discomfort Glare: Causes irritation, eye strain, annoyance, and pain without 
immediately impairing the ability to see objects. 

●​ Disability Glare: Impairs object visibility and reduces visual contrast severely, creating 
temporary "blind spots" that prevent workers from spotting hazards. 

Dangerous Effects of Glare on Working Conditions 

1.​ High Risk of Severe Accidents: 
○​ Momentary Blindness: A machine operator blinded by glare can misjudge the 

position of spinning lathe chucks, press dies, or cutter blades, leading to limb 
amputations or caught-in-between injuries. 

○​ Hidden Hazards: Glare conceals floor spills, uneven gangways, overhead crane 
hooks, and warning signs. 

2.​ Visual Fatigue & Physical Stress: 
○​ Constant exposure forces eye muscles to overwork, causing chronic headaches, 

eye watering, burning sensations, and blurred vision. 
3.​ Ergonomic Posture Problems: 

○​ Workers continuously twist, tilt, or bend their bodies into awkward angles to 
avoid bright light reflections, leading to neck and back pain. 

4.​ Increased Error & Rejection Rates: 
○​ Glare hides fine surface defects, micro-cracks, and dimension errors in precision 

assembly and inspection tasks. 
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Engineering Controls to Eliminate Glare 

●​ Mounting Height: Install overhead lamps high enough (above $45^\circ$ line of sight) 
so light rays do not enter eyes directly. 

●​ Shields & Louvers: Equip light fixtures with deep reflectors, baffles, or frosted diffusers 
to scatter harsh light. 

●​ Surface Matting: Paint factory walls, machine bodies, and workbenches with 
non-glossy, matte-finish paint to absorb reflections. 

●​ Proper Angle Adjustment: Position task lamps behind or to the side of the worker's line 
of sight rather than directly in front. 
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Summary  

Glare Type Source / Cause Effect on 
Working 
Conditions 

Primary Engineering 
Control 

Direct 
Glare 

Bare bulbs, 
unshielded halogen 
fittings 

Temporary 
blindness, eye 
strain, head 
injuries 

Use deep reflectors, 
diffusers, or increase 
mounting height 

Reflected 
Glare 

Polished metal, wet 
floors, glass screens 

Conceals details, 
awkward working 
posture 

Change light angle, 
use matte finishes on 
machine surfaces 

Disability 
Glare 

Intense light contrast 
(e.g., outdoor 
sunlight to dark 
indoor bay) 

Sudden loss of 
visibility, high 
tripping risk 

Install transitional 
lighting grids at 
factory entrances 

 

Work Standard : 

In Industrial Safety Engineering, a Work Standard refers to a benchmark set of legal, technical, 
and operational conditions established to ensure that a task is performed safely, efficiently, and 
without posing long-term health risks to workers. 

Established under statutes like the Indian Factories Act, 1948, Bureau of Indian Standards 
(BIS), and ILO Guidelines, work standards define mandatory limits for environmental 
parameters, ergonomic movements, and standard operating procedures (SOPs). 
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4 Core Pillars of Workplace Standards 

1.​ Environmental Work Standards: Defines permissible physical limits for the shop 
floor—including ambient temperature, relative humidity, air changes per hour (ACH), 
illumination (Lux), and continuous noise exposure (90  dBA max for 8 hours). 

2.​ Ergonomic Work Standards: Governs physical interaction between the worker and the 
machine—such as maximum manual lifting limits (20-25 kg} for adult males under 
standard conditions), workbench heights, reach zones, and posture angles. 

3.​ Procedural Safety Standards (SOPs): Mandates step-by-step Standard Operating 
Procedures, Permit to Work (PTW) protocols, lock-out/tag-out (LOTO) procedures, and 
mandatory Personal Protective Equipment (PPE) compliance. 

4.​ Occupational Hygiene Standards: Sets Permissible Exposure Limits (PEL) and 
Threshold Limit Values (TLV) for chemical dusts, toxic gases, radiation, and biological 
contaminants in the breathing zone. 
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Statutory Work Standards under Indian Laws 

Parameter Statutory / 
Standard Limit 

Governing 
Body / Act 

Safety Purpose 

Noise 
Exposure 

90 dBA} max for 8 
hours/day} 

Factories Act, 
1948 (Schedule 
VI) 

Prevents 
Noise-Induced 
Hearing Loss (NIHL) 

General 
Illumination 

150 - 300\Lux}$ 
(General) / 500Lux} 
(Fine Work) 

IS 3646 / 
Factories Act 
Sec. 17 

Eliminates eye strain, 
glare, and machinery 
pinch-point accidents 

Manual 
Weight Lifting 

20 - 25 kg  max 
(Unassisted) 

Factories Act 
Sec. 34 

Prevents acute lumbar 
spine and muscle 
strain injuries 

Working 
Hours 

9 hours/day} or 48{ 
hours/week} max 

Factories Act 
Sec. 51 & 54 

Prevents physical 
exhaustion and high 
operator error rates 

Space per 
Worker 

Minimum 14.2  m}^3 
work volume per 
worker 

Factories Act 
Sec. 16 

Eliminates severe 
overcrowding and 
ensures smooth air 
movement 

 
 
 
 
 
 
 

38 



 

Key Advantages of Implementing Work Standards 

●​ Reduces Workplace Accidents: Clear SOPs and environmental controls eliminate 
unsafe acts and unsafe conditions on the floor. 

●​ Ensures Legal Compliance: Protects plant management and safety officers from legal 
penalties during factory inspector audits. 

●​ Minimizes Occupational Diseases: Keeps chemical dusts and noise within safe 
exposure bands, preventing long-term illnesses like silicosis and occupational deafness. 

●​ Standardizes Quality & Ergonomics: Minimizes human error and physical fatigue, 
leading to higher product quality and lower scrap rates. 

Requirement for Various Work Standards: 
 

In Industrial Safety Engineering, establishing specific requirements for various work 
standards is essential to ensure that physical working conditions do not endanger worker health, 
cause chronic occupational diseases, or lead to catastrophic accidents. 

In India, these requirements are framed under statutory laws like the Indian Factories Act, 
1948, Bureau of Indian Standards (BIS), and international benchmarks like OSHA and ISO 
45001. 
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Key Requirements for Major Work Standards 

1. Requirements for Physical Working Space (Overcrowding Control) 
●​ Space Standard: Under Section 16 of the Factories Act, 1948, every worker must be 

provided with a minimum work volume of 14.2 { m}^3 in factories built after the Act 
(and 9.9 { m}^3  for older factories). 

●​ Requirement: Excludes height above 4.2 meters when calculating room volume to 
prevent misleading space measurements. 

●​ Safety Purpose: Prevents overcrowding, guarantees free movement during emergencies, 
and ensures adequate fresh air circulation. 

2. Requirements for Illumination Standards (IS 3646) 
●​ General Passageways & Corridors: 50 - 100 
●​ General Manufacturing / Assembly Shops: 150 - 300  Lux 
●​ Fine Machining & Inspection Bays: 500 - 1000  Lux 
●​ Requirement: Must be glare-free, non-flickering (eliminating stroboscopic effect), and 

evenly distributed without harsh shadows. 

3. Requirements for Acoustic (Noise) Standards 
●​ Permissible Noise Exposure: 90 dBA  max for an 8 hour work shift (Factories Act 

Schedule VI). 
●​ Exchange Rate Rule: For every 5 { dBA} increase in sound level, permissible exposure 

time is halved: 
○​ 95 dBA = 4 hours max 
○​ 100 dBA 2 hours max 

●​ Requirement: Hearing conservation programs, silencers on exhausts, soundproof 
enclosures, and mandatory earplugs/earmuffs above 85 dBA. 

4. Requirements for Ergonomic & Manual Material Handling Standards 
●​ Max Weight Limit: 20 - 25  kg  for unassisted individual adult male lifting (Section 34 

of the Factories Act prohibits carrying loads so heavy as to cause injury). 
●​ Work Bench Heights: 

○​ Precision Work: Above elbow height (100 - 110  cm) 
○​ Light Assembly Work: At elbow height (85 - 95 cm) 
○​ Heavy Manual Work: Below elbow height (70 - 80 cm) 

●​ Requirement: Keep primary tools within the primary reach zone (15 - 40 cm}) to 
eliminate spinal twisting and back injuries. 
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Summary  

Work 
Standard 
Category 

Key Statutory 
Requirement 

Primary 
Governing 
Rule / Act 

Main Safety 
Outcome 

Volumetric 
Space  

Section 16, 
Factories Act, 
1948 

Prevents 
overcrowding & 
suffocating working 
conditions 

Illumination 
Level 

 

IS 3646 / 
Section 17, 
Factories Act 

Prevents eye fatigue, 
glare, and machinery 
pinch-point 
accidents 

Noise 
Threshold 

 

Schedule VI, 
Factories Act 

Prevents 
Noise-Induced 
Hearing Loss 
(NIHL) 

Manual 
Lifting 

 

Section 34, 
Factories Act 

Prevents acute 
lumbar spine and 
muscle tears 

Thermal 
Comfort 

 

Section 13, 
Factories Act 

Eliminates heat 
exhaustion, heat 
stroke, and operator 
errors 

 
 
 

42 



 

Housekeeping: 
 

In Industrial Safety Engineering, housekeeping is not merely routine cleaning; it is a planned 
system for controlling the shop-floor environment. Poor housekeeping directly causes up to 50% 
of industrial accidents through slips, trips, falls, blocked emergency routes, and delayed fire 
responses. 

Under Section 11 of the Indian Factories Act, 1948, every factory must be kept clean and free 
from effluvia arising from drains or nuisances. 
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Objectives of Industrial Housekeeping Standards 

●​ Elimination of Physical Hazards: Keeps gangways free of scrap, oil spills, and loose 
cables to prevent slips, trips, and falls. 

●​ Fire Prevention: Prevents accumulation of combustible waste such as oily rags, wood 
shavings, and flammable chemical residues. 

●​ Efficient Material Flow: Defines designated zones for raw materials, work-in-progress 
(WIP), and finished goods. 

●​ Hygiene and Health: Ensures proper waste disposal to avoid toxic dust exposure or pest 
infestation. 

The 5S Framework for Housekeeping Standards 

The globally accepted standard for industrial housekeeping is the 5S Methodology: 

5S Term 
(Japanese) 

English 
Equivalent 

Action on Factory 
Floor 

Safety Outcome 

Seiri Sort Remove unwanted 
tools, broken parts, and 
scrap from the work 
area. 

Eliminates clutter and 
frees up floor space. 

Seiton Set in Order Designate a fixed 
location for every tool 
and material ("A place 
for everything"). 

Eliminates searching 
time and dangerous 
placement of heavy 
tools. 

Seiso Shine Clean machines, 
floors, and 
workbenches daily 
while inspecting for 
leaks. 

Early detection of 
oil/coolant leaks 
before they cause 
slips. 
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Seiketsu Standardize Create cleaning 
schedules, color-coded 
floor markings, and 
visual safety rules. 

Ensures uniform 
safety practices across 
shifts. 

Shitsuke Sustain Conduct regular safety 
audits and train 
workers to maintain 
standards discipline. 

Converts 
housekeeping into a 
daily habit. 
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Key Floor Color Marking Standards 

●​ Yellow: Walkways, aisle lines, and traffic paths. 
●​ White: Production areas, equipment zones, and workstation boundaries. 
●​ Red / Red & White: Firefighting equipment, emergency exits, and high-hazard areas. 
●​ Yellow & Black Stripes: Physical hazard zones (low-headroom beams, crane sway 

paths). 

Principles of 5S: 
 
In Industrial Safety Engineering, the 5S Methodology is a structured workplace organization 
framework that directly establishes safe working conditions by removing physical hazards, 
standardizing routines, and preventing shop-floor accidents. 
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The 5 Principles of 5S for Workplace Safety 

1. Seiri (Sort) — Removing Unnecessary Items 

●​ Core Action: Distinguish between needed and unneeded items on the shop floor. 
Remove scrap, obsolete tools, damaged equipment, and excess raw material. 

●​ Red Tag Strategy: Attach a physical "Red Tag" to doubtful or broken items and move 
them to a central Red Tag Holding Area for disposal or repair. 

●​ Safety Outcome: Clears gangways, frees up working space, and eliminates tripping 
hazards. 

2. Seiton (Set in Order) — Systematic Organization 

●​ Core Action: Arrange necessary tools, fixtures, and materials so they are easy to find, 
use, and return ("A place for everything and everything in its place"). 

●​ Tools Used: Shadow boards, marked component bays, and labeled storage racks. 
●​ Safety Outcome: Eliminates dangerous searching, awkward stretching over moving 

machinery, and improper placement of heavy objects. 
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3. Seiso (Shine) — Cleaning as an Inspection Tool 

●​ Core Action: Clean machines, floors, workbenches, and lighting fixtures daily. Cleaning 
double-checks the physical health of machinery. 

●​ Safety Outcome: Identifies oil leaks, hydraulic drips, loose bolts, frayed wiring, and 
crack formations before they cause major machine failures or slip accidents. 

4. Seiketsu (Standardize) — Establishing Uniform Rules 

●​ Core Action: Create standardized checklists, color-coded floor markings, and visual 
controls to maintain the first 3 principles across all shifts. 

●​ Safety Outcome: Prevents degradation of safety conditions and ensures every shift 
follows the same safety procedures. 

5. Shitsuke (Sustain) — Building Self-Discipline 

●​ Core Action: Train workers, conduct regular 5S safety audits, and cultivate 
self-discipline to make safe housekeeping a daily habit. 

●​ Safety Outcome: Shifts safety culture from enforced compliance to self-driven 
responsibility. 
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Quick Summary  

5S Term English Name Safety Focus 
Area 

Exam Key Points 

Seiri Sort Elimination of 
Clutter 

Uses Red Tagging to remove 
scrap and broken tools. 

Seiton Set in Order Ergonomics & 
Material Flow 

Uses Shadow Boards and 
floor markings for immediate 
access. 

Seiso Shine Inspection & Leak 
Detection 

Daily cleaning to spot oil leaks 
and loose components early. 
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Seiketsu Standardize Uniform 
Procedures 

Color coding, standardized 
checklists, and visual cues. 

Shitsuke Sustain Safety Culture & 
Audits 

Regular 5S audits and 
continuous safety training. 

 
------XXX------- 
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