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Definition of industrial safety  

 Safety is the state of being “safe”, the 
condition of being protected against 
physical, social, spiritual, financial, or 
other types or consequences of failure, 
damage, error, accidents, harm or any 
other event which could be considered 
non-desirable.  

 This can take the form of being protected 
from the event or from exposure to 
something that causes health or 
economical losses.  
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What is industrial safety 

Industrial  safety  is  primarily  a 
management  activity  which  is 
concerned with  

 Reducing 

 Controlling 

 Eliminating hazards from the industries 
or industrial units. 
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Significance of Industrial Safety 

   Industrial causes a great loss to both the 
Employer & Employee, that’s it is having 
importance 

 Cost of compensation  

 Cost of medical-aid 

 Cost of training a new worker 

 Cost of the lost time 

 Cost of investigation  

 Cost of supervision & inspections 

 Cost to the Govt. in terms of factory 
inspectors, & public health services 
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Objective 

 To prevent accidents in the plant by reducing 
the hazard to minimum. 

 To eliminate accident caused work stoppage 
and lost production. 

 To achieve lower workmen’s compensation, 
insurance rates and reduce all other direct 
and indirect costs of accidents. 

 To prevent loss of life, permanent disability 
and the loss of income of worker by 
eliminating causes of accidents. 
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Objective 

 To evaluate employee’s morale by 
promoting safe work place and good 
working condition 

 To educate all members of the 
organization in continuous state of 
safety mindless and to make 
supervision competent and intensely 
safety minded 
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Measurement & Records of 

Accidents 
 Two main ratios used to measure 

accidents are  
  Accident Frequency Rate(AFC) 

 Accident Severity Rate(ASR) 

 

AFC = No. of injuries * 10,00,000/ Total no. of man 
hours worked 

 

ASR = no. of man day lost * 10,00,000/Total no. of 
man hours worked 
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Causes of Industrial Accidents 

 Unsafe conditions 

◦ Unsafe conditions 

◦ Work schedules 

◦ Psychological conditions 

◦ Machinery & Equipment 

 Unsafe Acts 

 Miscellaneous Causes 
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Foures of safety 

 Engineering: i.e. safety at the design, 
equipment installation stage. 

 Education: i.e. education of employees in 
safe practices. 

 Enlistment: i.e. it concerns the attitude of 
the employees and management towards 
the programmed and its purpose. This 
necessary arose the interest of employees 
in accident prevention and safety 
consciousness. 

 Encouragement: i.e. to enforce adherence 
to safe rules and practices. 
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Safety Inspection Procedures 

 Safety audit  

 Safety survey 

 Safety inspection 
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Safety audit  

 A  safety  audit  subjects  each  area  of  a  

company’s  activity  to  a systematic  

critical  examination  with  the  object  of  

minimizing loss.  
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Safety survey- 

 A safety survey is a detailed examination 

in depth of a narrower field of activity. 
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Safety inspection- 

 A routine scheduled inspection of a unit 

or department, which may be 

 carried out by someone ( may be a safety 

representative ) from within the unit, 

possibly 

 accompanied by the safety advisor. The 

inspection would check maintenance 

standards, 
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UNIT I INTRODUCTION  

Evolution of modern safety concepts 
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Labor Regulations Begin in England 
 

• 15th century industrial work situations is very 
low 

• 18th century working conditions started 
noticed. From that only law are created for 
labours 
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The First Legislation to Prevent Injury 

• 17th and 18th centuries they found houses of industry 
in which small children, even under five years of age, 
would be trained for apprenticeship with employers. 

• From that it make to create a new law for labours. 

•  In the 19th century most of us affected by the works 

• From that they give awakening to needs for control of 
hazards 

• From that safety program are organized and then they 
follow  
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• At this time injurious effects were no longer dealt with 
simply as an economic problem. (19th century) 

•  A movement had started to determine the cause of 
injuries and effectuate their elimination. (19th century) 

• From that a new movement formed. 

• The rapid development of steam power and its 
application to manufacturing(the core of the Industrial 
Revolution) led to the growth of employment of 
children in city factories rather than in apprenticeship 
systems 
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• In 1784, a serious outbreak of fever in the 
cotton mills near Manchester appears to have 
incited the first governmental action for 
safety. 

• In 1795, the Manchester Board of Health was 
formed. It advised legislation for the 
regulation of the hours and conditions of 
labour in the factories 
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• In 1802, the Health and Morals of Apprentices 
Act was passed, which in effect formed the first 
step toward regulated prevention of injury and 
protection of labour in English factories 

• This law meet a failure because of training the 
labours. Because large number of children are 
employed in the factory. 

• That children are worked in woolen mills without 
any primary education. They are worked for long 
time.  
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• The act did not apply to places employing 
fewer than 20 persons or 3 apprentices 

• Inspector are appointed to enforce safety 
rules and regulation. 

• The suffering and injury to children in the 
English factory system prompted legislative 
intervention in behalf of safety for the first 
time. 
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Genesis and Growth of Safety and 
Health Regulations 

• Many English employers began to hire women 
to operate their new steam-driven machines 

• In 1844, the first English law was passed 
regulating centuries observed in his medical 
practice that specific diseases seemed to work 
hours of adult women to 12 a day 

• The first time, detailed provisions for health 
and safety began to make their appearance in 
the law 
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• Punitive (unsafe)compensation for preventable injuries 
caused by unguarded mining machinery was provided 
in 1842 by the Mines Act 

• In 1843, the mine inspectors made their first report, 
but two years later the record notes that women still 
were employed underground 

• the mines continued, and an organized governmental 
mine safety inspection program was begun in 1850 

• This was followed by the act of 1855 which specified 
seven general safety needs for the inspectors to 
investigate 
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• A series of disastrous iron mine accidents and 
explosions resulted in an extension of the 
English law (Mines Act of 1860).  

• The act of 1872 extended general safety rules, 
improved the method of formulating special 
safety rules, provided for certificated and 
competent management, and increased 
inspection 
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• The act of 1864 first embodied some of the 
results of inquiries of expert medical and sanitary 
observers by requiring ventilation to be applied 
for the removal of injurious gases, dust, and 
other atmospheric impurities originating from 
manufacturing processes 

• the act of 1878 remained almost purely attempts 
to deal more adequately with those trades which 
had an injurious effect on safety and health 
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• 1883 provided that white lead factories should 
not be operated without a certificate of 
conformance with certain requirements 

• 1889, certain procedures were specified for 
cotton cloth factories. Tests of compliance 
with regulations and records were required. 

• 1891, the method of regulating unhealthy or 
dangerous occupations was extended by the 
application of special rules and requirements 
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Inadequacy of Early Work Injury 
Indemnification Process 

•  If the employee wished to secure redress 
from his employer, he could use the courts 

• As a result of this point of view, coupled with 
an accelerating rate of work injuries, cases 
concerning employer's liability became 
increasingly frequent in the courts 

• The injured employee, seeking 
indemnification in the courts to which he was 
entitled under the common law 
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3 laws 

• The defence of contributory negligence provided that the employer was not 

responsible if the cause of accident was contributed to by the employee's 

own negligence. Although the employer may not have been absolved of 

liability, an apportionment of the burden of loss between the employer and 

employee could have been decided. 

• The defence of assumption of risk allowed that an employer was not liable 

for injury caused by an unsafe work condition when the employee knew the 

facts and understood the risks of the employment. Some courts decided that 

when the employee accepted the job and continued it, despite the 

employer's failure to correct its hazards, the employer was relieved of any 

liability. 

• The fellow servant rule provided that an employer was not liable to an 

employee who was injured through the negligence of a fellow employee 
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Fire prevention 
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Fuel

Any combustible material – solid, liquid or gas

Oxygen

The air we breathe is 

about 21% oxygen –

fire needs only 

16% oxygen

Heat

The energy necessary to 

increase the temperature of 

fuel to where sufficient 

vapors are given off for 

ignition to occur

Each of these three elements must be present at 

the same time to have a fire. A fire will burn until 

one or more of the elements is removed.
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There are 4 classes of fire:

Class A
Ordinary combustibles or fibrous material, such as 
wood, paper, cloth, rubber, and some plastics.

Class B
Flammable or combustible liquids such as gasoline, 

kerosene, paint, paint thinners and propane.

Class C
Energized electrical equipment, such as appliances, 
switches, panel boxes and power tools.

Class D
Certain combustible metals, such as magnesium, 

titanium, potassium, and sodium. 
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Class  Ordinary Combustibles:

To Prevent Fires

• Keep storage and working areas free of trash.

• Place oily rags in covered containers.
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Class  Flammable liquids or gases:

 Don’t refuel gasoline-powered equipment in a confined space, 

in the presence of an open flame, or while the equipment is 

hot.

 Keep flammable liquids stored in a tightly closed container and 

away from spark producing sources. 

 Use flammable liquids only in well ventilated areas.
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Class  Electrical Equipment:

 Never install a fuse rated higher than specified for the circuit. 

 Investigate any appliance or electrical equipment that smells 

strange. Unusual odors can be the first sign of a potential fire.

 Utility lights should always have some type of wire guard over 

them. 

www.rejinpaul.com



Class  Flammable metals:

• Knowledge of the properties of the metals and using good 
judgment and common sense will assist you in controlling or 
avoiding potential fires/reactions. 
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• Check the location of fire alarms and know how they work. 

• Learn your building evacuation plan. 

• Know where your two nearest exits are located. 
Learn how doors swing and where stairs lead.

• Make sure nothing blocks fire pulls, extinguishers 
and emergency exits. 

• Learn the sound of your building fire alarm.

• Post emergency numbers (including security 
and first aid) near your telephone.

• Make sure you know what to do if the fire alarm sounds. 
Plan your escape.

Be prepared for a fire emergency
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 Do not assume that anyone else has already called the 
fire department.

 Stay calm and be prepared to answer the operator’s 
questions regarding the emergency.

 EVACUATE !

Dial 911
Emergency Number OR Alternate 

Emergency Number

When you notice a fire:

 Pull the nearest fire alarm “pull station” while exiting the floor.

 If there is no pull station:
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WHEN YOU HEAR THE FIRE ALARM:

 Leave at once, taking direction from
the emergency warden. 

 Do not delay yourself by gathering 
personal items. Your safety always comes first. 

 Before you open any door, feel the door with the back of 
your hand. If the door is cold, slowly open it a crack.  

 If there is no smoke in hallways or stairwells, follow your 
building’s evacuation plan. Get out quickly using 
designated fire exits.
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 Close doors behind you, however do NOT lock the door. Locking 

the door hinders the fire department’s search and rescue efforts.

 The stairway will be your primary escape route. Never, never use 
elevators under any circumstances. 

 Once in the stairway, proceed down to the first floor and out of the 

building. Never go up.

When you hear the fire alarm (continued):
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 Before you open any door, feel the door with the back of your hand. 

If the door is warm to the touch, DO NOT attempt to open the door. 

 Stuff the cracks around doors with towels, rags, clothing or tape, 

and cover vents to keep out smoke. 

 Stay low to the floor, and if possible, cover your mouth and nose 

with a damp cloth or dust mask to help you breathe.

 If there is a phone in the room where 

you are trapped, call the fire department 

to tell them exactly where you are located. 

Do this even if you see fire apparatus 

on the street below.
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 Wait at a window and signal for help. Do not panic or jump!! 

WAIT!

 If possible, open the window at the top

or bottom, but do not break it, you may 

need to close the window if smoke rushes in.

 Be patient. Rescuing all the occupants

of a building can take several hours.

If you are trapped (continued):
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After a fire emergency:

 Once you are out of the building, STAY OUT! 
Do not go back inside for any reason.

 Report to your warden for roll call at your 
designated assembly point.

 Tell the fire department via your warden if you 
know of anyone trapped inside the building.

 Only re-enter if and when the fire department tells 
you it is safe to do so.
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In the event of a fire, 

your personal safety is your 

most important concern.

Remember – you are 

not required to fight a fire.
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 Call the fire department.

 Confirm that the fire is small and is not spreading.

 Confirm you have a safe path to an exit not threatened 
by the fire.

 You know what kind of 
extinguisher is required 
and the correct extinguisher 
is immediately at hand.

BEFORE you consider fighting a fire . . .
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 The fire is spreading beyond the immediate area in 
which it started, or if it is already a large fire.

 The fire could block your escape route.

 You are unsure of the proper operation of the 
extinguisher.

 You doubt that the extinguisher you are holding is 
designed for the type of fire at hand or is large 
enough to fight the fire.

NEVER fight a fire if . . .
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This label shows that this extinguisher 

can be used on ordinary combustibles 

(A) or flammable liquids (B). The 

red slash through the last symbol 

tells you that the extinguisher cannot 

be used on electrical fires (C). 

Multi-Class Ratings

New Style of Labeling

Old Style of Labeling

Be advised that most fire 

extinguishers will function for 

less than 40 seconds.

Many extinguishers available today can be used on different types 

of fires and will be labeled with more than one designator, e.g. A-B, 

B-C, or A-B-C. 
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10 Tips on How and When 
to Use a Fire Extinguisher

Most fires start small. Except for explosions, 

fires can usually be brought under control if they 

are attacked correctly with the right type and size 

of extinguisher within the first 2 minutes!

A fire extinguisher should be "listed and 

labeled" by an independent testing laboratory. The 

higher the rating number on an A or B extinguisher, 

the more fire it can put out. Be careful, high-rated 

units are often heavier models. Make sure you can 

hold and operate the model you are using.

1

2
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The operator must know how to use the 

extinguisher quickly without taking time to 

read directions during an emergency. 

Remember that the extinguishers need care 

and must be recharged after every use. 

3

4

Before attempting to fight a small 

fire, be sure everyone is out of the area. 

Ensure someone has called the fire 

department.

If the fire starts to spread or threatens 

your escape path, get out immediately!
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IF YOU FIGHT A FIRE, REMEMBER THE WORD

P A S S

PULL . . . AIM . . . SQUEEZE . . . SWEEP

AIM... low, pointing the 

extinguisher nozzle (or it's horn 

or hose) at the base of the fire. 

PULL... the pin. Some extinguishers 

require releasing a lock latch, pressing a 

puncture lever or other motion.

5

6
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Read and follow the directions on your 

extinguisher. If you have the slightest doubt 

about whether or not to fight a fire – DON’T! 

Get out and close the door behind you. 

SQUEEZE... the handle. This 

releases the extinguishing agent.

7

8

9

SWEEP... from side to side at the base

of the fire until it appears to be out. Watch the 

fire area in case fire breaks out again, and 

repeat use of extinguisher if necessary. 
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Mechanical hazards 

• The more common sources of mechanical 
hazards  

unguarded shafting                    shaft ends 
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                          belt drive    
  

 

 

 

• gear trains             projections on rotating parts 
• Shafts, Couplings, and Pulleys 
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• chain and sprocket drives 

 

Typical Nip Point Hazards 
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The basic requirements for a 
mechanical guard are 

 
•  It must be sturdy (strongly)to prevent damage 

to the guard from external sources or 
interference with the operation of the 
machine. 

• It must permit required maintenance 
operations without necessitating excessive 
labour for dismantling and reassembling the 
guard, or else there will be a tendency to omit 
its installation. 
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• If must be properly mounted. 

• no detachable parts, which if removed and 
not replaced would reduce its guarding 
effectiveness. 

• It should be easy to inspect, and a periodic 
check up program 

 

www.rejinpaul.com



Enclosures and Barrier Type Guards 
for Transmission Apparatus 

 
• isolate the points of hazard by safely enclosing 

them or by screening them off so that workers 
cannot come into dangerous proximity 

• moving parts are considered a hazard if they 
are within lateral reach, 7 feet or less above 
the floor level 

• Standard  frame work are formed 1910.219 
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Above 7 feet height 

• Metal pipe, 1,1/ 2 inch inside diameter. 

• Angle iron, 1,1/ 2 x 1 / 8 inches. 

• Metal construction of equivalent strength 
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lighter construction 

• Metal pipe, 3 / 4 -inch inside diameter. 

• Angle iron, 1 x 1 x 1 / 8 inches. 

• Metal construction of equivalent strength 
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The fill-in material, to be secured to the 
framework, OSHA(Occupational Safety 
and Health Administration) 1910.219(0) 

• By tack welding at 4-inch intervals. 
• By the use of rivets or nuts and bolts at 5-inch 

intervals or less. 
• In the case of mesh filler, by weaving through 

perforations in the frame. 
• By bending around a rod frame when gauge No. 

14, 3 / 4 -inch mesh or heavier is used 
• Sheet metal, expanded metal, or wire mesh may 

be installed as panels, roll-edged or bound with 
metal edging, gauge No. 24 
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Power Presses 
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The guarding power presses may be 
grouped into two classifications 

• 1. The providing of a device or operating 
method that will guard the press operator 
from the normally inherent hazards at the 
point of operation during the production 
process. 

• 2. Protecting against hazards (usually at the 
point of operation) that are not directly 
associated with the production of the object 
on which the press is working. 
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Types of Materials and Their Applications 
for Enclosure and Barrier 
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BOILERS AND PRESSURE VESSELS 
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• Pressure vessels are generally classified as either 
fired or unfired. 

•  A pressure vessel in which steam is generated by 
the application of heat resulting from the burning 
of solid, liquid, or gaseous fuels is classed as a 
fired steam boiler. 

•  Unfired pressure vessels in which steam is 
generated, such as evaporators or heat 
exchangers and certain process equipment in the 
chemical and petroleum industries, are classed as 
unfired steam boilers 
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• American Society of Mechanical 
Engineers(ASME) Construct code 
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Gauge Glass and Water Columns 

 

www.rejinpaul.com



• Pressure gauges and other recording instruments 
are necessary aids in maintaining the safe 
operation of boilers.  

• They should be installed so that they will not 
vibrate and will be protected from moisture, 
corrosion, or damage by traffic. 

• Automatic and safety controls should be checked 
at the start of each work shift; and when any 
defects are found, the boilers should not be 
operated until repairs have been made.  

Instruments and Controls 
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Blow down Valves 
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Blow down Valves 

• These valves are appropriate for use with air 
compressors. 

• They are used to help in the removal of slug and 
unwanted materials after cleaning the pipes. 

• Blow down valves are found on the water 
feeders. 

• They are also used to lower water cut-offs. 

• They can control the concentration of solids in 
the boiler. 
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Furnace Explosions 

• Oil-and gas-fired boilers should be provided 
with automatic fuel shut-off devices which will 
operate if the flame is extinguished 

• Fuel piping and valves should be installed so 
that it is possible to shut off the fuel supply 
from a location that is remote from the boiler 
room in case of an explosion there. 
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Hold-Off Systems 
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Hold-Off Systems 

• Hold-off tags which state "Do not operate“ 

• Valve and switch locks, with the key retained 
by the supervisor  

• Lists of valves and equipment which should be 
tagged or locked for specific jobs. 

• A logbook in which the date, apparatus, 
reason for unavailability, and the personnel 
involved are recorded 
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Unfired Pressure Vessels 

• ASME  construct Rules for Construction of Unfired 
Pressure Vessels 

• When the temperature reaches a previously determined 
unsafe degree, the metal in the plug melts and the 
pressure is allowed to discharge through the opened 
orifice 

• Although the use of rupture discs is an effective means 
for protecting pressure vessels against the possibility of 
explosive release of accumulated internal pressures, 
once they relieve they do not reset, as safety valves do, 
after the pressure has reduced to the allowable 
maximum 
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• The hydrostatic test, i.e., the application of 
hydraulic pressure to determine the ability of 
the vessel to hold pressure 

• where a test is performed to determine the 
ultimate bursting pressure, the vessel will be 
tested to five times or more the design 
working pressure 

 

www.rejinpaul.com



Precautions indicator for hydrostatic 
testing 

• First is the need for assuring that the air in the 
container is removed 

• The second is the use of rupture discs, 
particularly if the test pressure is high 

• Third is the need for a protected test area 
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•  Inspections 

– Inspections of unfired pressure vessels, both 

internally and externally, are necessary 

– The interval between inspections is usually 

dependent upon the service conditions for which 

the vessel is employed 

•  Training Operators 

• post written instructions concerning the operation  

• Access doors and closures for pressure vessels should 

not be opened until it has been positively determined by 

the operator that the pressure has been entirely relieved 
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• Vents.  

– Vents are necessary for relieving the internal 
pressure before opening vessels which are under 
pressure.  

– It is important that vent pipes have a sufficiently 
large diameter in order to discharge the excess 
pressure 

– The use of shut-off valves in the vent pipe should 
be prohibited, but a safety relief valve is often 
installed at the end discharging to the atmosphere 

–  when there is a possibility that dirt or freezing 
might ordinarily clog the pipe orifice.  
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Electrical Exposure 
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Electric Shock  

• As little as 0.05 ampere may cause a fatal 
shock.  

• Dry skin offers a certain amount of protection 
since it has a resistance of from 100,000 to 
600,000 ohms. 

•  Wet skin, however, is much less resistant to 
the flow of electricity, having a resistance of 
approximately 1,000 ohms  
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Guarding Live Electrical Elements  

•  At an elevation 8 feet or higher above the floor  

• In a locked enclosure or room which can be 
entered only by qualified persons.  

• On a balcony, platform or gallery arranged and at 
a height so that persons who are not qualified 
will not trespass(allowed) upon it. 

• If the equipment is operating at 600 volts or less; 
it may be guarded by a rail, posted with danger 
signs.    
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• Grounding 

• Ground Fault Interrupters 

– a supersensitive, rapid-action power switch that in 
a few milliseconds disconnects the circuit when it 
detects that current is leaking to ground 

• Storage Batteries 
• storage batteries are charged should be ventilated to 

remove explosive gas concentrations 

• the National Electrical Safety Code  
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                   UNIT II CHEMICAL HAZARDS 
    

Chemical exposure – Toxic materials – Ionizing 

Radiation and Non-ionizing Radiation - 

Industrial Hygiene – Industrial Toxicology.  
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CHEMICAL EXPOSURE 
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• In the modern society's benefits are 
contributions, at least to some extent 

• Chemistry has been associated also with some 
of the world's most monstrous disasters 

• The mutagenic consequence from use of the 
drug Thalidomide and the Bhopal catastrophe 
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• Chemicals generally are reactive, some more than 
others. 

• They can be combined at times creating new 
materials that have new properties 

• where the chemical safety philosophy and control 
programs should be most readily developed and 
carried out 

• chemical safety leadership starts with the 
producing companies and in general it may be 
said to be found there 
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• In large plants there usually will be one or more 
process safety specialists 

• Each of these specialists may be assigned to as 
many as eight operating units, depending on the 
plant's complexity 

• The engineering design teams doing safety 
analyses of all new or modified processes, as well 
as carrying out incident analyses and plant 
surveys 

• specialists normally would be supported by 
"plant process safety engineers" 
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Plant Operations 

• The hazards associated with the possible 
system failures 

• Cocks and Rogers on proposed a rubric for 
supplying information "during all phases of a 
Project." show in the Table structures the 
categories of desired information, the data to 
be obtained for each category, and the 
knowledge sought for chemical operation start 
ups and revisions. 

www.rejinpaul.com



• Safety effectiveness, particularly in situations 
where the hazard potential is high, is 
optimized generally by conference reviews 
with informed, challenging, inquisitive, 
production- and safety-oriented personnel 

• Emergency shutdown devices (ESDs), which 
automatically and safely close down 
equipment that could cause injury or death if 
unsafe limits are reached, are installed 
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Chemical Hazards Emphases 

• Every member of senior management 
doubtless is concerned about any possible 
source of injury to personnel or the public 

• the day-to-day decision making that takes 
place in business, judgments are based on 
evaluations that seem wise 

• the immediacy of issues that involve safety 
usually is determined by how the possible 
effects of an exposure are perceived 
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• Toxicity studies may be considered the first 
order of interest since they relate to the well-
being of people 
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• Combustion: Is the material self-extinguishing or does it burn 
freely? 

 

• Spontaneous combustion: Will the dust ignite spontaneously if 
exposed to a high temperature for a prolonged period? 

  

• Auto ignition: The same as for spontaneous ignition, but at what 
temperature will ignition occur? 

  

• Explosion pressures: In this case the dust is exploded (in a 
laboratory bomb)and the resulting pressure is measured for two 
conditions 

(a) unvented and 

(b) for a specific ratio of vent area to bomb volume.  
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• Dust collections may occur inadvertently on 

roof beams and the plant equipment in dusty 

operations. 

•  The condition creates a hazard since the dust 

may be disturbed or shaken down by some 

force on the building 

• the possibility of an ignition source must be 

considered to be present always 
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• Large volumes of dusts are often collected in 

"bag houses," which efficiently remove the 

product. 

•  They too require consideration in determining 

fire and explosion hazards 
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Toxic materials  
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• Toxic materials are substances that may cause harm to 
an individual if it enters the body.  

• Toxic materials may enter the body in different ways. 

•  These ways are called the route of exposure. 

•  The most common route of exposure is through 
inhalation (breathing it into the lungs).  

• Another common route of entry is through skin contact.  

• Some materials can easily pass through unprotected 
skin and enter the body.  

• Ingestion is another, less common, route of exposure in 
the workplace.  
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Some other important points for 
storage of toxic materials include  

• Keep the amount of toxic material in storage as 
small as possible.  

• Inspect storage areas and containers regularly for 
any deficiencies, including leaking or damaged 
containers, expired shelf-life or poor 
housekeeping. Correct all deficiencies as soon as 
possible.  

• Ensure that containers are tightly closed when not 
in use and when empty. Keep empty containers in 
a separate storage area. Empty containers may 
contain hazardous toxic residue keep closed  

www.rejinpaul.com



• Store containers at a convenient height for handling, 
below eye level if possible. High shelving (shelf) 
increases the risk of dropping containers and the 
severity of damage, injury and/or exposure if a fall 
occurs.  

 

• Store material within the temperature range 
recommended by the chemical manufacturer/supplier.  

 

• To contain spills or leaks, the toxic material containers 
should be stored in trays made of compatible materials. 
For larger containers such as drums or barrels, provide 
dikes around the storage area and sills or ramps at door 
openings. Storage tanks are above ground and 
surrounded with a dike capable of holding entire 
contents.  
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Recommendations apply for safe 

chemical storage 

• Ensure that the storage area is well-ventilated and 
out of direct sunlight.  

• Store toxics separately, away from processing and 
handling areas, eating areas and protective 
equipment storage.  

• Separate storage reduces the amount of damage 
and/or injury caused in case of fires, spills or 
leaks. 

•  If totally separate storage is not possible, use 
physical separation to keep toxics away from 
incompatible materials.  
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• The storage area should be fire-resistant and 
constructed from non-combustible materials.  

 

• Ensure that emergency eyewash/shower 
stations are readily available nearby and are 
tested regularly.  

 

• Ensure that suitable fire extinguishers and spill 
clean-up equipment are available.  
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IONIZING RADIATION AND NON-IONIZING 
RADIATION  
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THE GENESIS(opening) OF ATOMIC 
POWER DEVELOPMENT  

• Henri Becquerel, in 1896, noted the 
radioactivity of uranium that atomic power 
became a possibility and the effects of 
overexposure to a radioactive source could be 
observed  

• Pierre and Marie Curie analyzed uranium ore 
in search of other sources of radiation and 
found two, the previously unknown elements 
polonium and radium.  
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• In 1905 Albert Einstein reported his famous 
equation which stated that if mass is converted to 
energy, the energy is equal to the mass times the 
speed of light (186,300 miles per second) squared 

• when converted to energy, in one hour would 
yield 13.4 billion horsepower 

• Otto Hahn and Fritz Strassman first produced the 
fission of uranium atoms, they found that atoms 
break in two and that in this fission a tremendous 
release of energy is produced, followed by an 
increase of neutrons capable of producing further 
fission 
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• The first experiment in a controlled chain 
reaction was conducted at the University of 
Chicago in 1942. 

• World War II then was in progress, and 
nuclear research was directed to the 
application of this tremendous energy source 
in the production of atomic weapons 
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THE EARLY RECOGNITION OF 
RADIATION HAZARDS 

• The atomic bombing of Hiroshima and Nagasaki 
demonstrated the biological effects of ionizing 
radiation in a most impressive way. 

•  However, reports of radiation injury had been 
recorded as far back as 1896, the year Becquerel 
reported the radioactivity of uranium. 

• Within about six months of the discovery of X 
rays (toward the middle of 1896), experimenters 
already were beginning to notice the harmful 
effects of these rays on the skin  
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• 1920s, radiologists representing Great Britain 
and the United States recommended 
protective measures for use with respect to X 
rays and radium, but the problem was of 
concern only to the scientists and technicians 
of that period. 

• X rays or handling radioactive materials, 
except for the relatively few employees 
engaged in the extraction of radioactive 
materials and in industries using them  

• The use of radiation can be beneficial 
physically, within limits as applied in medical 
diagnosis and therapy. 
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IONIZING RADIATION 

• When the atom is in a stable or unexcited state, the 
electrons move in orbits at a certain distance from the 
nucleus. 

• When the atom absorbs energy in its orbital area, the 
orbital distance of the electrons is increased, and the 
atom is said to be excited or in an unstable state  

• The atom absorbs or emits energy in a certain amount, 
called a quantum (or a photon), during such a 
transition.  

• In each atom several transitions are possible within a 
fixed energy-level scheme.  
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• Radiation is emitted from either the atom's 
unstable nucleus or its unstable orbital area 
and is divide into two general types:  

  1 particulate radiation  

  2 electromagnetic radiation . 
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Particulate radiation 

• the motion of small particles which have mass 
and (in most cases) electric charge and which 
transfer energy from one point to another.  

• These tiny portions of matter behave 
somewhat like a billiard ball. 

• Particles that change their velocity also 
change in energy (by changing energies, 
particles will also change in mass). 
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• They receive energy when any force accelerates 
them. 

•  They release energy when any force or atomic 
constituent impedes their motion. 

•  Particles, by transferring energy to atoms, cause 
ionization, light, and heat 

• Particulate radiation, on the other hand, always 
moves with a speed less than light.  

• The energy of a photon depends upon the 
frequency of the electromagnetic radiation 
associated with it.  
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Electromagnetic radiation  

• Electromagnetic radiation consists of varying 
electric and magnetic fields, operating at right 
angles to each other  

• electromagnetic radiation is said to consist of 
small bundles of energy called photons or 
quanta  

• The energy of a photon depends upon the 
frequency of the electromagnetic radiation 
associated  
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Units of Ionizing Radiation 
Measurement  

• The most widely accepted units are the roentgen, 
rep, rad, and rem  

• The roentgen is a measure of ionization in air due 
to X or gamma radiation. 

• The rep is a measure of radiation in human 
tissue.  

• The rad measures the energy absorbed by 
radiation in any material.  

• The rem relates the different radiation's 
effectiveness in producing biological damage to 
the quantity of radiation  
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Radiation Dose  

1. A dose of 1 roentgen due to X or gamma 
radiation.  

2. A dose of 1 rad due to X, gamma, or beta 
radiation.  

3. A dose of 0.1 rad due to neutrons or high-
energy protons.  

4. A dose of 0.05 rad due to particles heavier 
than protons and with sufficient energy to 
reach the lens of the eye.  
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• For example, 10,000 roentgens may be 
applied safely to a small part of the body in 
radiation therapy; but only 500 roentgens, 
one twentieth of this, if applied to the entire 
body, would be lethal in about 50 percent of 
the cases  
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• The alpha particle is a stable, rapidly moving 
unit of two protons and two neutrons 
propelled from a disintegrating nucleus. 

•  Its composition is the same as the nucleus of 
a helium atom.  

• As the fast-moving alpha particle slows down 
in its passage through matter, it acquires two 
electrons and becomes a helium atom  
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• Alpha particles with an energy level of 6 
million electron volts will travel approximately 
only 2 inches in air  

• In solid materials the range is reduced to 
several thousandths of an inch.  

• If the skin's protective layer were to be 
penetrated by an alpha particle, the energy of 
the particle would have to be about 7.5 
million electron volts  

• For this reason, alpha radiation is considered 
to present a hazard 20 times greater than that 
of beta or gamma radiation.  
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• The neutron has a mass about the same as the 
proton but has no electrical charge.  

• Therefore it does not ionize directly but 
causes ionization by secondary means.  

• Ions formed are the result of other types of 
radiations emitted during interactions 
between neutrons and atomic nuclei  

• Slow neutrons react with many body 
elements, hydrogen being the most common  

• The emission of high-energy gamma radiation 
is the result of an interaction with a hydrogen 
nucleus  
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• Other slow neutron interactions result in the 
production of ion-producing beta particles.  

• Fast neutrons, in the body, may produce 
protons which have a relatively high specific 
ionization. 

• Experiments indicate that fast neutrons are 
four to five times more lethal to tissue than is 
X radiation.  
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X radiation  

• The emission occurring when high-speed electrons are 
directed at a metal target and slowed down by the 
attraction of positive nuclei in the atoms of the target  

 

Gamma radiation  

• It is typically electromagnetic, having very short 
wavelengths and very high frequencies.  

• This radiation normally occurs when a radioactive 
nucleus progresses toward a less excited state.  

• Example, radioactive radium passing through many 
transitional intermediary stages to finally reach stable 
lead.  
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• Cosmic radiation  

– hazard to the human body primarily during flights 

high in space  

– originate high in the atmosphere above the earth, 

when high energy, heavy nuclei  

– These heavy nuclei are termed primary cosmic 

radiation 

– Few primary particles reach the earth's surface, 

since the atmosphere acts like a protective shield  

– The primary particle either loses its energy by 

ionization and excitation, orbit strikes atmospheric 

nuclei and promotes secondary cosmic radiation.   
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Biological Effects and Assumptions  

• The body generally responds to cell damage in 
the same way, regardless of the cause, and so 
the symptoms of radiation injury generally 
approximate those of a variety of other 
illnesses  
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RADIATION PROTECTION  

1. Industrial research irradiated tools or parts to measure the wear of  

 cutting tools, pistons, wire-drawing dies.  

2. Radiology to replace X rays in checking steel castings, welded joints.  

3. Gauging to measure and control the thickness of steel, paint, paper,  

 rubber, and other processed products.  

4. Tracers to follow fluid flow in process lines, transfer of printing ink.  

5. Ionizers to eliminate static electricity in textile and paper lines.  

6. Polymerization to speed or initiate chemical reactions by catalytic  

 action.  

7. Radiation low-intensity light sources for exit signs, storage bins,  

 traffic lane markers.  
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The ANSI Standard Radiation Symbol  
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ALARA  

• The "as low as reasonably achievable" 
(ALARA) concept is intended "to reduce 
occupational exposures as far below the 
specified limits as is reasonably achievable by 
means of good radiation protection planning 
and practice  

• The principle of ALARA is an extension of an 
original recommendation by the National 
Committee on Radiation Protection (NCRP),  
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• It is generally considered that two fundamental 
requirements, for maintaining occupational radiation 
exposures as low as they can be achieved within reason, 
are management commitment and vigilance by the 
radiation safety officer and staff.  

• For example, investigations conducted at the Lawrence 
Livermore National Laboratory indicate that all cancers 
related to bomb fallout at Hiroshima were produced by 
gamma rays, since no significant neutron radiation was 
found to be present.  
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INSTRUMENTS FOR RADIATION DETECTION 
AND  

MEASUREMENT  
• The selection of survey instruments for radiation 

detection and measurement is made from a group 
of many kinds of survey devices, each designed to 
monitor a particular type and energy level of 
radiation.  

 

• Safety specialists should be aware, however, that 
alpha particles are the most difficult type of 
radiation to detect because their range is short 
(less than 5 inches in air) and they are easily 
absorbed  
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• Alpha monitoring devices usually are 

proportional counters, ionization chambers, 

and scintillation detectors  

• These devices are equipped with very thin 

windows so that the alpha particles are not 

absorbed before they are detected.  

• The measurement of beta and gamma radiation 

normally is accomplished by the use of devices 

employing an ionization chamber or Geiger-

Miiller tube.  
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• In cases where beta and alpha radiations are mixed, 

the proportional counter is useful for distinguishing 

between the two types and various beta energy levels 

  

• The radiation-measuring devices employed for health 

protection are designed for one of three measurement 

purposes 

(1) determination of contamination,  

(2) determination of dosage, and  

(3) determination of dosage rate.  
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• For example, devices used for detecting gamma radiation may not be 

sensitive to beta. 

• Devices for measuring radiation for the protection of health include the 

following:  

• Crystal Dosimeters  

• Dosimeters  

• Film badges  

• Ionization Chambers  

• The Geiger-Muller Counter (Geiger Counter)  

• Proportional Counters  

• The Scintillation Counter  

• Personnel-Monitoring Devices  
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Crystal Dosimeters  

• These are detection instruments utilizing the 
property of certain crystals (i.e., silver chloride, 
potassium bromide, thallium bromide) to absorb a 
part of the radiation energy to which they are 
exposed, in an amount proportional to the dosage. 

•  The dosage is evaluated by placing the crystal in 
an electrical circuit and exposing it to a controlled 
light source, that has the effect of releasing the 
stored energy in the form of a measurable, brief 
flow of electrical current.  
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Dosimeters.  

• This term includes several types of dose-
measuring devices. 

•  It may refer to ionization chambers (described 
below), which are of a pocket size and 
equipped with a meter which measures the 
changes in electrical potential caused by the 
ionization effect. 

•  The meter is calibrated to give the 
measurement directly in roentgens.  
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Film badges  

• The use of film badges employs the effect that 
radiant energy has on exposed photographic-
type film emulsions, permitting a quantitative 
estimate of the radiation energy to which they 
have been exposed by comparing the exposed 
film with a calibration film.  

• Sliver bromide is used hear 
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• For example, if the hands are the most 
frequently exposed part, a finger-ring type 
badge should be used.  

• .The records of dosimeter readings and film 
badge measurements should be kept carefully 
for medical and insurance purposes.  
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Ionization Chambers  

• The ionization chamber is essentially two 
electrically conducting plates—one connected to 
the positive (+) pole of a battery, the other 
connected to the negative (-) pole  

• Thus one plate (the anode) is charged positively, 
while the other (the cathode) is charged 
negatively  

• A quantitative change in the charge on each 
plate, resulting in the measurable flow of an 
electric current.  
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• The many radiation-measuring instruments of 
the ionization chamber type behave 
somewhat differently, according to the 
magnitude of this voltage.  
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The Geiger-Muller Counter (Geiger 
Counter).  

• It is usually composed of a cylinder of a gas 
with a wire running lengthwise down the 
center axis of the cylinder  

• The center wire is positively charged. 
Ionization radiation entering the tube 
produces ions in the gas. 

•  The lightweight negative ions are attracted 
rapidly toward the center wire, while the 
heavier positive ions travel along the tube wall  
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• The striking of the ions on the plates sends a 
small electric pulse along the circuit joining 
the two plates.  

• When this pulse is fed into an amplifier, the 
amplified signal can be used to produce a click 
in a loudspeaker or earphones to operate a 
mechanical counter or to register on a meter 

• What type of radiation is not identify  
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Proportional Counters  
• The proportional counter is basically like the Geiger 

counter, but it has the characteristic of producing a 
pulse which is proportional to the number of ions 
produced in the gas by the original ionizing radiation.  

• Methane 10% and organ 90% gas are filled 

• Tungsten filament in the centre  

• These counters have the ability to distinguish between 
radiations having different energies and are useful, 
therefore, in detecting and measuring alpha rays. 

•  They may be designed, in fact, to count alpha particles 
when both beta and gamma radiation are also present in 
the chamber, and are considered more satisfactory 
detectors of neutrons than the Geiger counters  
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The Scintillation Counter  

• This counter utilizes the property certain 
materials have of emitting scintillations (flashes 
of light) when struck by radiant energy.  

• Television picture tubes are examples of this 
phenomonen.  

• In the scintillation counter a device called a 
photomultiplier tube is employed.  

• It made from single crystal.(it transparent light) 

• Crystal power should be high 
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• Cesium iodide gamma ray 

• Zinc sulphide heavy particles 

• Organic phosphors are used for detection of 
gamma ray 

• Xenon heavy particles 

• Thallium Activated sodium iodide (its spoil 
due to moisture) 
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Personnel-Monitoring Devices 

• In as much as a person exposed to an excess 
dose of radiation can be injured without 
realizing it, various monitoring devices are 
used to signal the presence of radiation.  

• These monitoring systems have become a 
basic part of radiation protection programs 
and include instruments to warn when 
permissible levels are exceeded for the 
individual and to measure exposure levels  
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• Personnel monitoring is accomplished by two 
types of instruments:  

1. those that are read directly and  

2. those that require supplemental processes or 
readings and are a measure of exposure levels 
over a period of time.  

• Examples of direct reading instruments are the 
chemical dosimeter, pocket ionization chambers, 
and the hand-and-foot counter. 

•  Instruments that require supplemental processes 
or readings are the film badge and the glass 
dosimeter.  

www.rejinpaul.com



IONIZING RADIATION CONTROLS  

• Medical Support  
• Monitoring Record Keeping  
 1. Daily contamination counts recorded at entrances to restricted 

areas.  
 2. Daily accumulated exposures recorded on pocket devices.  
 3. Weekly or semimonthly accumulated exposures recorded on film  
 badges.  
 4. No routine exposures that are monitored by such special devices 

as finger rings, and neutron-sensitive film badges.  
 5. Exposure records for employees working under special work 

permits.  
 6. Visitors' exposure records  
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• Controlling Radiation Exposure  

1. The magnitude of the radiant energy.  

2. The type of radiation.  

3. The half-life of the radioactive source.  

4. The quantity of radioactive material taken in 
by the body, and the rate of elimination.  

5. The selectivity of the radioactive substance 
for sites in the body.  
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• In general, there are three considerations in 
controlling exposure to radiation hazards  

1.The rate of exposure usually expressed in terms of 
milliroentgens per hour  

2. The distance from the radiation source radiation 
intensity decreases  inversely as the square of the 
distance 

3. Shielding—the attenuation or blocking of 
radiation by shielding material, depending for 
effectiveness upon the physical properties of the 
barrier material and the characteristics of the 
radiation.  
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Controlling Radioisotope Hazards  

• Safety specialists should, if possible, observe the 
preliminary radiation surveys and any design 
changes in shielding, ventilation, and so on which 
may occur during and shortly after installation. 

• They should know who is the user of the 
radioactive material, i.e., know who is the 
responsible person in charge of the activity and 
the number of workers under their supervision, 
and make certain that they have been thoroughly 
trained in the recommended techniques for safe 
handling of the radioisotope  
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External Radiation Hazards.  

• The safety specialist should obtain the answers to 
the following questions: 

•  If exposure records are kept, what and where are 
they? 

•  What is the monitoring system and equipment to 
be used?  

• How frequently are monitoring surveys to be 
made?  

• Are any controls established regarding admission 
to restricted areas?  
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Internal Radiation Hazards  

• The following are some of the points to note in a new 
installation:  

• How are contaminated pieces of equipment to be cleaned? 
•  Where does radioisotope-contaminated wash water go?  
• How is waste radioactive material disposed of?  
• Are liquid wastes put into a distinct hot sink?  
• Is the flow from this sink suitably directed to a large sewer, 

or will some future plumbing repair disclose concentrated 
accumulations? 

• Are the exhaust ducts from hoods in working and storage 
areas of such construction so that radioactive dusts do not 
collect on ledges?  
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The safety specialist should  
1. Program the instruction of new personnel in safe working practices 

and counsel the teachers (preferably the employees' supervisor) in 
the methods and information required for training the employees 
appropriately.  

2. Counsel and measure operational procedures so that radiation 
exposure of each worker is kept to a minimum.  

3. Determine that personnel-monitoring devices are used.  
4. Keep exposure records where indicated.  
5. Conduct radiation surveys, leakage tests, and air and water sampling 

where required; and keep records on these surveys as directed in 
the initial program.  

6. Follow up to see that suitable warning signs and devices are in place 
and operating as required.  

7. Determine that shielding, storage containers, and handling 
equipment are maintained properly.  

8. Maintain up-to-date operating instructions for any radiation 
equipment  
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TRANSPORTING RADIOACTIVE 
MATERIALS  

1. Examining the shipping container, as a first step, 
whether it is broken, leaking, or otherwise 
defective 

2. Monitoring of the container while the shield is in 
place.  

3. Taking at least two smears (or wipes) from the 
outer surface for later evaluation.  

4. Opening the shipment container to remove the 
invoice enclosed and monitoring the unshielded 
principal container holding the radioactivesource.  
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Storage of Radioactive Materials 

• In most instances, radioactive materials will not 
be stored by a commercial enterprise. 

•  It can be assumed that where radioactive 
materials are a principal part of the service or 
manufactured product with which a business is 
concerned, a health physics staff will be available 
to establish correct storage procedures. 

•  The safety program manager, however, should be 
aware that such professional advice would be 
sought in such instances 
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Waste and Spillage(Leakage) 

• Procedures for disposing of radioactive wastes 
are dependent on the half-life and radiation 
intensity of the materials concerned. 

• Substances possessing short half-lives may be 
kept in a controlled area until their activity has 
decayed to the point where there longer is a 
hazardous exposure 
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• In order to reduce the hazard of spills, 
quantities of radioactive solutions should be 
drawn in amounts no greater than those 
which are immediately required. 
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NONIONIZING RADIATION 

• The areas of the electromagnetic spectrum 
associated with nonionizing radiation are 
microwave, infrared, visible light, ultraviolet, 
and laser radiation 
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Visible Spectrum 

• The visible part of the electromagnetic spectrum is from 400 to 800 
nanometres. The major occupational concern with visible light 
pertains to the amount of illumination in the workplace 

• There are three primary kinds of light measurement: 

1. incident, reflected, and transmitted light. Incident light refers to 
that light which strikes the work surface. 

2. It is measured in foot-candles.  

3. Reflected light refers to that light which bounces off surfaces. 

4. This measurement is performed to determine reflected glare and 
the amount of light reflected onto work surface by walls and 
ceiling.  

5. Transmitted light penetrates a transparent or translucent material. 
Measurements are made to determine the efficiency of lamp 
diffusers, which help prevent direct glare, or personal protective 
equipment. 
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• There are two sources of visible light:  

(1) incandescent, or hot body, which includes high-
intensity lamps, spotlights and projector bulbs, 
and welding arcs, and  

(2) gas discharge such as neon tubes, fluorescent 
tubes, flash tubes and plasma torch sources.  

The two items should be considered.  

1. First, the natural eye response to high intensity 
light  

2. secondly, maximal constriction of the pupil, 
which had been labelled colloquially as blinding 
light  
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Ultraviolet Spectrum. 

• The ultraviolet (UV) spectrum ranges from 4 to 
400 nanometers and is further divided into 
three subcategories: vacuum UV, far UV, and 
near UV. 

• Ultraviolet radiation is not visible to the 
human eye and is produced naturally by the 
sun and artificially by electrical arcs. 
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• Personnel usually can be easily protected from 
UV radiation exposure by 

 (1)shielding the sources of radiation;  

(2) use of proper goggles or eye shields; and  

(3) use of protective clothing;  

(4) special purposes, use of absorbing or 
reflecting skin creams. 
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Microwave Radiation. 

• Microwaves are defined as electromagnetic 
radiation in the 100 megahertz (MHz) to 
300,000 MHz range. 

•  Microwaves are utilized as heating sources 
and are associated, for example, with 
microwave ovens, dryers for paper food 
products 
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• The primary hazard of microwave energy is 
associated with the thermal effects which are 
produced in the body's exposed tissues, although 
some investigators have reported non-thermal 
effects.  

• The basic principles of control for microwave 
radiation include restricting entry to areas where 
exposures are likely to exceed recommended 
levels, reducing the length of time of exposure, 
shielding and enclosing microwave sources, and 
reorienting antennae or other microwave 
emitting devices to minimize human exposure 
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Infrared Radiation 

• The infrared (IR) spectrum lies in the spectral 
region of 800 nanometers (0.8 micrometers) to 
400 micrometers and is further subdivided into 
the near-infrared region and far-infrared. 

• Protection from IR radiation is provided by the 
use of protective eyewear and face shields. 

• Their recommended levels apply to exposures for 
an eight-hour workday and require knowledge of 
the spectral radiance and the total irradiance of 
the source, as measured at the position of the 
eye of the worker. 
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Lasers. 

• Lasers involve the infrared, visible, and ultraviolet 
regions of the spectrum and concentrate a large 
amount of energy in a small cross-sectional area 

• Potential biological effects from exposure to 
lasers are due to the interactions of the 
ultraviolet, visible light, and infrared energies, but 
because of the high power density and the short 
pulse characteristics of the radiation, different 
and more catastrophic effects on human tissue 
can occur 
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• This topic is concerned with hazards that largely 
are unseen by the unaided eye. 

•  They are responsible for the organic injuries 
which, if arising out of and in the course of 
employment, are commonly called occupational 
diseases 

• Until the enactment of the Occupational Safety 
and Health Act (OSHA), work injuries and work 
diseases were regarded more or less as separate 
problems. 

• Work injuries occurred suddenly and their agent 
(i.e., the machine, work surface, tool, and so on, 
most closely associated with the injury) usually 
was readily evident 
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• These long-term exposures may eventually 
lead to a chronic disease that is usually 
irreversible 

• An example is the class of occupational 
diseases known as pneumoconioses (diseases 
of the lungs), which are produced by the long-
term inhalation of respirable particles of dust 
such as silica 
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• Short-term or acute exposures usually refer to 
high exposures to a toxic substance over a short 
period of time, resulting in an acute effect that is 
an illness from which the individual usually 
recovers without a permanent effect. 

• The role of the modern day industrial hygienist 
has changed dramatically over the years, 
stimulated by the passage of the Occupational 
Safety and Health Act in 1970 and the increased 
emphasis, especially since 1976, on industrial 
health. 

•  In addition, public awareness and union 
involvement has contributed to the expansion 
and growth of the field. 
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• American Industrial Hygiene Association 
(AIHA) as "that science and art devoted to the 
anticipation, recognition, evaluation, and 
control of those environmental factors or 
stresses arising in or from the workplace 
which may cause sickness, impaired health 
and well-being, or significant discomfort and 
inefficiency among workers or among citizens 
of the community 
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• The U.S. Labor Department's Bureau of Labor Statistics 
reported 126,100 cases of occupational illnesses in 
1981, compared to 130,200 in 1980. 

• The reduction was encouraging, but the figures did not 
include cancer and other chronic diseases because of 
the problems of detection and recognition 

• Protection from exposure to toxic substances in the 
workplace is provided for in provisions of the 
Occupational Safety and Health Act of 1970. 

•  The concern of the act is to ensure safe and healthful 
working conditions for working men and women. 
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• National Institute for Occupational Safety and 
Health (NIOSH) is authorized to make 
inspections, question employers and 
employees, and make contractual 
arrangements with public and private 
organizations for these studies.  

• Unlike OSHA, however, NIOSH is not 
empowered to take legal action when it finds 
hazardous exposure in workplaces. 

•  OSHA and NIOSH are authorized to cooperate 
in these studies and to disseminate their 
findings to all affected parties 
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www.rejinpaul.com



• The word toxicology is derived from the Greek 
word for the poison that arrows were dipped 
in.  

• Toxicology is the science that deals with the 
poisonous or toxic properties of substances.  

• A toxic effect can be defined as any noxious 
effect on the body, reversible or irreversible; 
any chemically induced tumor, any mutagenic 
effect, or death as a result of contact with a 
substance via the respiratory tract, skin, eye, 
mouth, or any other route  
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• Toxic effects are undesirable disturbances of 
physiological function caused by poisons  

• It is a physiological property that defines the 
capacity of a chemical to do harm or produce 
injury to a living organism by other than 
mechanical means  

• They may not injure the organ through which 
they enter the body.  

• They may trigger an immediate bodily 
response or a response years later.  
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• Industrial poisons may enter the body by 
ingestion (swallowing), inhalation, or 
absorption through the skin.  

• primary consideration in the control of 
industrial health hazards is the workroom air.  

• Occupational Safety and Health Act, limits 
have been established for the air 
contaminants most frequently found in work 
environments  

• Threshold Limit Values," published by the 
American Conference of Governmental 
Industrial Hygienists  
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• Standards of Acceptable Concentrations of Toxic 
Dusts and Gases," issued by the American 
National Standards Institute  

• In the case of some materials a greater 
concentration of exposure than the limit value 
specified in the regulations for an 8-hour shift in a 
40-hour week  

• exposure to a contaminant may not exceed the 
limit value specified for it  

• Air contaminant values are useful as a guide for 
determining conditions that may be hazardous 
and may demand improved control measures.  

www.rejinpaul.com



• Acute and Chronic Poisoning  

• The Acute poisoning from a single exposure to 
a heavy concentration of a toxic substance.  

• The Chronic Poisoning is the result of 
repeated exposures to smaller concentrations 

• For example, exposure to a concentration of 
10 parts per million of carbon tetrachloride for 
repeated prolonged periods may cause serious 
physiological damage; this would be a chronic 
poisoning 
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Industrial Health Hazards 
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• Chemical materials often will sell their products 
under trade names that do not indicate the 
chemical constituents of the compounds. 

• Request for information on the compounding 
formulas of proprietary industrial chemicals often 
produces a negative response from the supplier, 
who will wish, understandably, to protect the 
secrecy of the formulation. 

• Federal legislation has been proposed that would 
require chemical suppliers to provide users with 
material handling data sheets listing all of the 
chemical components of a product and their 
related toxicity 
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• It specifies that employers and employees have 

the right and need to know the properties and 

the nature of the hazards in substances that 

may be used in the work-place 

• The requirement also calls for furnishing each 

worker with such in-formation and providing 

the employee with training covering the 

hazards involved. 
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• The Forms of Atmospheric Contaminants 

Substances appear in the air in many physical 

forms which are gen-erally defined by the 

industrial health engineer as follows: 

– Dusts. 

– Fumes. 

– Gases. 

– Mists. 

– Smoke. 

– Vapors. 
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Dusts 

•  Solid particles generated by handling, 

crushing, grinding, rapid impact, detonation, 

and decrepitating of organic or inorganic 

materials such as rock, ore, metal, coal, wood 

grain, and so on.  

• Dusts do not tend to flocculate except under 

electrostatic forces; they do not diffuse in air 

but settle under the influence of gravity 
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• Fumes. Solid particles generated by condensation from the gaseous state, 
generally after volatilization from molten metals, and so on, and often 
accompanied by a chemical reaction such as oxidation. Fumes flocculate 
and sometimes coalesce.  

 

• Gases. Normally formless fluids which occupy the space of an enclo-sure 
and which can be changed to the liquid or solid state only by the combined 
effect of increased pressure and decreased temperatures. Gases diffuse.  

 

• Mists. Suspended liquid droplets generated by condensation from the 
gaseous to the liquid state or by breaking up a liquid into a dispersed state, 
such as by splashing, foaming, and atomizing.  

 

• Smoke. Carbon or soot particles less than 0.1 micron in size resulting from 
the incomplete combustion of carbonaceous materials such as coal, oil, tar, 
and tobacco. 

 

• Vapors. The gaseous form of substances that are normally in the solid or 
liquid state and can be changed to these states either by increasing the 
pressure or decreasing the temperature alone. Vapors diffuse.  
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Chemical Mixtures 
• Frequently one compound is mixed with others to produce a 

more desirable product, i.e., decrease its flammability or 
toxicity, or increase its solvent power. 

 

•  If one compound is less volatile than the balance of the 
mixture, the more volatile chemical will evaporate more 
rapidly and thus change the composition of the mixture and 
eventually alter its properties as well.  

 

• For example, trichloroethylene 5A micron is equivalent to 
one millionth of a meter or about one twenty-five 
thousandth of an inch. is often mixed with other solvents to 
de-crease the health hazard of trichloroethylene or to 
decrease the fire hazard of more flammable solvents 
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•  If the flammable solvent is more volatile than 

trichloroethylene, its vapours may be flammable even 

if the liquid mixture is not. When it has evaporated, 

the liquid remaining may be mostly tri-

chloroethylene, and its vapours will have the toxicity 

of trichloroethylene.  
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Detection and Sampling 

• Although the presence of a number of industrial atmospheric contaminants may be 
indicated by the senses of smell and vision, these senses are by no means so refined 
that they will detect harmful concentrations or distinguish a toxic substance, which 
may be masked by the presence of an innocuous compound 

 

•  The qualitative and quantitative measurement of a work atmosphere's contaminants 
generally is the job of an industrial hygiene engineer.. 

 

• Frequently, it is necessary to take air samples at a particular place and time.  

 

• Samples must be taken with a purpose.  

 

• For example, it must be decided whether the sample is to be representative of the 
workroom air, the site of the worker, or the source of the contaminant; it must also 
be decided what time the samples should be taken in order to obtain conditions 
representative of the problem.  
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Environmental Control 
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• Health hazards in industry warranting engineering 
control may consist of atmospheric contaminants 
(vapors, gases, dusts, fumes, mists, and smokes), 
noise, radiant energy other than heat, unsanitary 
conditions, and high or low temperature and 
humidity conditions. 

•  From the point of view of application of 
information, the first three groups (atmospheric 
contaminants, noise, and radiant energy) require 
discussion, for the controls for each are not 
obvious; and, although highly technical, some 
understanding of the factors involved may be 
provided. 
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Atmospheric Contamination 

1. Substitution, for hazardous compounds, of less toxic 
materials. 

2. Process or operation revision. 
3. Segregation of hazardous processes. 
4. Enclosing of hazardous operations. 
5. Local exhaust ventilation. 
6. Design, alteration, maintenance, and housekeeping of 

buildings and equipment. 
7. General ventilation. 
8. Use of special methods, such as "wetting" for dust control. 
9. Personal protective equipment.  
10. Education. 
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• Substitution, for hazardous compounds, of -less 
toxic materials 

• It is a primary, simple, and effective control method that 
should be used whenever practicable. 

•  Limitations in its application occur, however, because 
of performance specification usually established for 
work or process materials 

• a hazardous compound can be replaced by a safe 
material, the possibility of a considerable expenditure 
for the installation of engineering control methods can 
be eliminated 

• substitution is not practical, effective control can still be 
achieved, since it is generally possible to provide safe 
conditions for the use of any hazardous material 
through correct engineering applications 
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• Process or operation revision 

• operations changes may be indicated as a 
control measure. 

•  This may encompass the revision of the 
operating conditions  

• They may include the substitution of a 
different method  
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• Segregation of hazardous processes 

• where operations produce a concentration of 
air contaminants in excess of the maximum 
allowable but under operating conditions that 
require the exposure of only a small number 
of workers 

• To protect only the relatively few exposed 
workers with personal protective equipment. 
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• Enclosing of hazardous operations 

• generally is to isolate from the breathing area 
of the workers any toxic concentration of a 

contaminant 

• Make them to use appropriate personal 
protective equipment for few workers 

• It will act as a positive means of protection 
close to the source of contamination 

• Example: gyratory  screen 
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• Local exhaust ventilation. 

• It is the most prominent method of controlling the 
workroom air.  

• Its function is to remove the contaminant or heavily 
contaminated air from a place as close to the point of 
operation as possible.  

• This is accomplished by using a mechanical means 
(usually a centrifugal fan) to cause the air at the point 
of operation in the process to flow sufficiently, for 
carrying the contaminated air into an air intake (exhaust 
hood) that is located as closely as possible to, or 
around, the source of the contamination.  

• The contaminated air may then be drawn through a 
system of piping or ducts to a collector, where it is 
cleaned, and delivered to the outside through the 
discharge end of the centrifugal exhauster 
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•  Design, alteration, maintenance, and housekeeping of 
buildings and equipment. 

•  it a important considerations in the reduction of industrial 
health hazards.  

• For example, simple, but valuable, controls may be rather 
easily accomplished by locating the place at which the 
operators must work so that the action of any fan, blower, or 
exhaust system will not draw contaminated air through their 
breathing zone;  

• operations around hot processes might be arranged so that 
the workers can perform their responsibilities while 
standing to one side of the hot places rather than above 
them;  

• The relocation of equipment controls or the extension of 
handles on operating equipment so that the employees may 
stand cleany escaping contaminant may also be practical 
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• The value of industrial neatness is twofold 

• First, it has a beneficial effect on employees. 

•  It seems to be true in industry that employees 
tend to reduce their efforts for job neatness in 
a somewhat greater proportion than 
management's apparent interest.  

• Second, good health conditions are losely 
related to plant cleanliness. 
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• As an example, consider one plant that had been 
unpainted for a decade, was equipped with 
minimum-grade illumination, and was staffed by 
a management that did not appear interested in 
the requirements for neat, orderly arrange 

• They actually were interested, though, in 
maintaining good housekeeping conditions; but it 
was almost impossible to keep the employees 
continuously aware of the desirability for working 
neatly. 

• In addition, an elementary but important health 
problem existed for many of the workers in 
connection with chewing tobacco 
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• Good housekeeping provisions would 
ordinarily include the liberal use of water for 
removal of spilled liquids in all wet process 
areas.  

• Prompt cleaning of floors prevents spillage 
from drying out and dispersing in the air as a 
dust. 
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• General ventilation. 

• It differs from local exhaust ventilation by not 
preventing the contaminant from escaping 
into the workroom air 

• Its purpose is to dilute the contaminated 
atmosphere by supplying sufficient clean air 
while removing the objectionable air. 

•  The circulation system would be designed to 
keep the concentration of contaminant from 
building up to a dangerous level.  
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• Use of special methods, such as "wetting" for 
dust control. 

• Wetting dust with water or other liquids was 
an early method for con trolling dustiness. 

•  Its effectiveness is dependent upon the 
resistance of the dust to wetting and the 
correct disposal of the wetted dust before the 
wetting agent evaporates and the dust is again 
dispersed into the workroom air 

 

www.rejinpaul.com



• Personal protective equipment.  

• particularly respiratory protective devices, has 
an important role in the control of industrial 
health hazards. 

•  They should be considered as as 
upplementary measure used to augment any 
of the preceding methods when conditions 
indicate 
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• Education. 

• the employees must always be considered a 
fundamental and inescapable element of any 
control program 

• The industrial hygiene success depends upon the 
employee's attitude. 

• The education and training of employees is a 
ceaseless(without gap) job of presenting 
information and reminders. 

• OSHA now requires all businesses employing ten 
people to keep information on hazardous 
chemicals (under its "right to know" provisions) 
and requires that affected workers be trained in 
the proper handling of the substances. 

 

www.rejinpaul.com



 

 

 

 

Industrial Noise  
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• noise has been recognized as a significant 
industrial health problem, although it had been 
related to hearing damage and variances in 
human behaviour much earlier 

• no doubt that some occupational noises, and to 
some extent, everyday noises, can cause 
temporary and perhaps permanent hearing loss 

• The problem of noise and hearing damage, as an 
industrial health hazard, is brought to an 
annoying degree of perplexity because of many 
accompanying complexities, plus the threat of 
workers' compensation claims filled for 
occupational loss of hearing 
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Some of the complicating variables are 
the following 

• Aging 

• Temporary losses 

• Related effects of noise frequency and 
intensity 

• Other variables 
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• Aging 

– It appears that among older people a great degree of 
deafness may be the sole result of advancing years, for 
often there is no definite history of exposure to unusual 
occupational noise 

•  Temporary losses  

measured hearing losses associated with noisy 
environments may be improved following removal from 
the sources of the noise 

recovery may continue for as long as six months to a 
year and is the reason why most hearing-loss 
compensation awards are not made until the worker's 
hearing has been evaluated six months after he or she has 
been away from the noisy occupation 
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• Related effects of noise frequency and intensity 

– The noise frequency and intensity must be 

considered to understand fully the character of a 

noise.  

– The identification of a noise merely in terms of its 

sound level will not necessarily indicate the 

possible damaging effects of the noise 

• Other variables  

• Consideration also must be given the fact that 

individual susceptibility to hearing loss due to 

noise varies. 

•  Also, the noise situation in the shop may well vary 

over the years as processes are changed and 

machines replaced 
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• Criteria for Hearing Damage 

• In the United States, noise regulations are 
administered by OSHA as well as the 
Environmental Protection Agency (EPA), the 
Department of Transportation (DOT), and 
other agencies. 
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Noise Measuring Instruments 
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– A sound-level meter is the device used most 

commonly to measure sound pressure.  

– Measuring equipment is chosen according to the 

type of noise  involved 

– The sound level meter consists of a microphone, 

an amplifier and an indicating meter. 

–  The meter responds to noise in the audible 

frequency range of about 20 to 20,000 Hz. 

–  A sound-survey meter may have a single 

weighting network, but many have filters that may 

be switched into the circuit so as to cut out or 

attenuate certain frequency ranges 
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• The C-weighted network yields a relatively flat 
response over the entire frequency range (similar 
to that of the human ear at relatively high sound 
pressure levels). 

• An octave band analyzer has a series of 
electronic filters, each tuned to a specific 
frequency that allows one octave to pass through 

• By switching to the selected octaves, the 
frequency characteristics of noise can be learned.  

• The instrument is used with the sound level 
meter. 
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• Dosimeters are small sound pressure 
instruments that activate, when noise exceeds 
a predetermined level, and record the 
exposure time.  

• Effects of Noise on the Auditory System 
– There are two types of hearing loss caused by 

noise 

– One is acoustic trauma that consists of 
instantaneous damage to the ear from a sharply 
rising wave front, such as occurs in an explosion, 
and may produce rupture of the ear drum, 
dislodgement of the middle ear ossicles and injury 
to the inner ear's organ of Corti. 
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• The second type, noise induced hearing loss, 
is more common.  

• It results from long-term exposure to intense 
sound.  

• The effect usually occurs slowly.  

• Its severity depends on the intensity, 
frequency, and duration of noise exposure. 

• Pain is not experienced even though sensory 
cells are being damaged; 
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• Exposure to intense noise creates a temporary 
threshold shift (TSS) first.  

• This is greatest from 1 to 24 hours after the 
exposure and improves gradually if the noise 
has not been too loud or has not been too 
long.  

• Repeated exposures, however, usually 
produce a permanent threshold shift(PTS). 

• Some recovery may proceed for as long as one 
week approximately  
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• Hearing impairment due to intense sound 
exposures usually affects a hearing range 
around 4,000 Hz.  

• As the exposure continues, the frequency 
range and magnitude of the loss increase. 

•  The hearing loss generally is not a loss of 
hearing acuity but rather a loss of clarity 
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• Infrasound and Ultrasound 

– Infrasounds (20 Hz) and ultrasounds (above 
20,000 Hz) are not within the human hearing 
range.  

– There are no reports that sound, at these 
frequencies, is deleterious to the human ear 
unless it occurs at extraordinarily high intensities. 

– Infrasound's have been alleged to cause 
headaches, fatigue, nausea, and blood pressure 
changes but these effects are difficult to 
substantiate. 
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The Control of Noise 
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• The objective when considering its control 
cannot be simply the reduction of every sound 
down to a minimum level. 

• It is necessary to consider control procedures 
primarily in situations where hazard is 
involved 

• The danger may arise from the possible effects 
of noise upon hearing, its interference with 
communications and warning signals, or 
perhaps its distractive effect on the attention 
of the worker 
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The noise problem is usually divided into three 
components 

 (1) the source of noise,  

 (2) the route(s) travelled by the sound, and 

 (3) the exposed 
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• The OSHA Safety and Health Standards require that employers administer 

a continuing, effective hearing conservation program whenever employee 

noise exposures equal or exceed an eight-hour time-weighted average 

sound level of 85 decibels on the A-scale 

 

• Control techniques proceed from data gathered about the sound pressure 

levels, the frequency spectrum, and duration of the exposure. 

 

•  Frequency is an especially important characteristic since it affects control 

designs.  

 

• Direction may be important also if the sound comes from a definite location  

• Control may be accomplished by mechanical or environmental revision of 

the noisy operation or its location, or it may be that the control can be 

managed by shielding the worker's ears through the use of ear 

 

• Although considerable progress has been made in controlling noise, 

protecting workers from loud-impulse noises—for example, those produced 

by punch presses, drop hammers, explosions, and gunfire remains a 

difficult problem 
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• The time span is only a few milliseconds and is 
too short to enable the intraaural (middle ear) 
muscles to contract and protect the cochlea 
(inner ear) from damage due to 
overstimulation by loud sounds 
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• Monitoring. 

• Monitoring must be repeated whenever a 
change in the production process, equipment, 
or controls increases noise exposure enough 
to require new hearing protectors or brings 
additional employees to or above the action 
level.  

• Employees must be informed of monitoring 
results, and they or their representatives have 
the right to observe any noise measurements 
conducted pursuant to this requirement. 
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• Audiometric Testing. 

• Annual audiograms are required for comparison against 
baseline audiograms to determine if an employee has 
lost enough hearing ability to trigger follow-up 
procedures  

• An (standard threshold shift)STS has occurred if an 
average shift in either ear of 10 db or more at 
frequencies of 2,000, 3,000, or 4,000 hertz(Hz) is 
recorded. 

• Training must be provided at least annually for 
employees 

• It must include the effects of noise; the purpose, 
advantages and disadvantages, and amount of noise 
reduction of various types of hearing protectors; the 
selection, fitting, and care of protectors; and the 
purpose and procedures for audiometric testing 
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• Recordkeeping 

– Noise exposure measurement records must be 
kept for two years and audiometric test results for 
the duration of a worker's employment.  

– They must include the worker's name and job 
classification and his or her most recent noise 
exposure measurement, the date and the 
examiner's name, the date of acoustic or 
exhaustive calibration, and measurements of 
background sound pressure levels in audiometric 
test rooms. 
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• Hearing Protectors 

(1) make hearing protectors available to all workers 
exposed at or above the action level 

(2) provide protectors capable of reducing noise 
levels to at least a time weighted average of 90 db 
for everyone and 85 db for employees who have 
experienced a significant threshold shift;  

(3) pay for the protectors; 

(4) offer a choice of protectors from a variety of 
suitable types;  

(5) Ensure the proper use of protectors by 
employees.  
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VIBRATION 
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• One topic that is closely associated with noise, 
but frequently overlooked as a potential 
occupational health hazard, is vibration 

• In many industrial operations, workers come 
into bodily contact every day with intense, 
quite forceful physical vibrations 

• standing on vibrating platforms, sitting inside 
vibrating vehicles, working with vibrating tools 
or machinery. 
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• Vibration is considered periodic if the oscillation 
around a position of equilibrium repeats itself 
exactly at regular intervals. The simplest form of 
periodic vibration is called harmonic motion 

• Harmonic motion is a function of time and can be 
represented by a sinusoidal curve.  

• The motion can be characterized at any time by 

(1) displacement from the equilibrium position;  

(2) velocity, or rate of change of displacement; and 

(3) acceleration, or rate of change of velocity. 
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• Random vibrations frequently occur in nature. 

• They are motions in which the vibrating bodies 
undergo cycles of irregular motion that never 
repeat themselves exactly 

• Whole-body vibration is an exposure in which the 
whole body mass is subjected to mechanical 
vibrations, such as vibration from a tractor seat, 
or any other heavy mobile equipment 

• Segmental vibration is an exposure in which only 
a part of the body is in direct contact with the 
vibrating medium, and the bulk of the body rests 
on a stationary platform 
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• Research in the United States has shown that for 
whole-body vibration, a seated person is least 
able to tolerate frequencies between 
approximately 3 to 14 Hz.  

• It is possible to apply externally generated 
vibrations to the human body at certain 
frequencies and in such a manner that the body 
resonates with the vibrating sources. 

• These studies have indicated that such 
wholebody resonances occur in the frequency 
range of 3 to 6 Hz and 10 to 14 Hz. 

• It has also been shown that resonant effects in 
some body subsystems occur as a result of 
exposure to whole-body vibration. 
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• Physiological effects include evidence of a slight 
acceleration in the rate of oxygen consumption, 
pulmonary ventilation, and cardiac output. 

• There is evidence of abnormal tendon reflexes 
and an impairment in the ability to regulate the 
body posture, possibly by actions through both 
the vestibular and spinal reflex pathways. 

• Alterations in the  electrical activity of the brain 
have been recorded, and there has been 
evidence of effects of visual acuity and 
performance at various levels of motor activity 
during exposure to whole-body vibration 
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• Industrial workers are usually exposed to 
vibrations for 40 hours per week for periods 
up to 40 years.  

• These kinds of exposures cannot be compared 
to the military aerospace findings 
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Personal Protection 
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• Although the primary approach in any safety effort is 
the correction of the physical environment so that 
unwanted events cannot occur. 

 

• it is sometimes necessary for economic or other 
expeditious reasons to safeguard personnel by 
equipping them individually with specialized personal 
protective equip-ment. 

 

• For example, in a machine shop it would be desirable to 
remove all sources of causes of flying particles so that 
the possibility of eye injuries would be reduced to zero 
or, at worst, to a very insignificant degree. 
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• It may be necessary, therefore, to protect the eyes 
of the shop personnel through their use of proper 
eye protection equipment. 

•  In other instances, it is practically impossible to 
devise a safe working procedure that can assure 
there will be no chance of avoidable injury. 

• For example, in construction work there is the 
possibility of a hand tool, rivet, or similarly 
relatively heavy object's falling from an elevated 
level and striking the head of a person working 
below.  

• It is necessary, therefore, that construction 
workers wear protective headgear 
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• This results in substituting per-sonal protective 

devices in place of safety engineering methods 

to correct the hazardous environment.  

 

• The experienced safety engineer will find 

frequent instances, for example, where shops 

may be using toxic solvents in sufficiently 

large quantities to make it feasible to install an 

exhaust system but where, instead, the 

employees are equipped with respirators as the 

control measure 
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• Employees will frequently resist the 

discomfort of wearing personal protective 

devices.  

 

• Consequently, the equipment may be tampered 

with by wearers who, while attempting to 

obtain a more satisfactory adjustment, are apt 

to impair the effectiveness of the device 
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• EYE PROTECTION 

• FACE AND EYE PROTECTION 

• FINGER, HAND AND ARM PROTECTION 

• FOOT AND LEG PROTECTION 

• NOISE SAFEGUARDS 

• RESPIRATORY PROTECTION EQUIPMENT  

• SAFETY BELTS FOR INDUSTRIAL OPERATION   
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EYE PROTECTION 

•  Specific equipment for protection against the 
possibility of the eye's being struck by hard, small 
objects; exposed to irritant vapors; splashed by 
liquid irritants; and irritated from exposure to 
radiant energy, such as the ultraviolet rays 
produced by the striking of an electrical arc in 
electric welding operations, is available 

• In general, protective eye equipment should fit 
comfortably and offer a maximum amount of 
protection to the eye in accordance with the 
recommendations of the American National 
Standards Institute. 
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• For example, protection against flying particles 
would require that the eye equipment fit 
closely around the eye socket, but ventilation 
holes are provided in appropriate places to 
keep the goggles from steaming. 

 

• The method of arranging for the ventilation of 
the goggles will vary; in one case a wire mesh 
covering is used in place of a glass lens 
because of its increased capacity for 
ventilation 
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FACE PROTECTION 
• In some operations it is necessary to choose protection that 

will cover the entire face, and in certain instances  

• it is required that the face protection be sufficiently heavy so 

that the eyes will be safeguarded from the hazard of relatively 

heavy flying particles.  

• In most instances the protective material is a plastic.  

• Specifications should require that the plastic be nonflammable 

and that its surfaces should be relatively resistant to being 

scratched during normal usage. 

• Welders helmets are special protection against the splashing of 

molten metals and from the radiation produced by the welding 

operation.  
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• Such helmets should be made of materials that will insulate 

against heat and electricity and will not readily burn (metallic 

shields are undesirable for they will heat up as they absorb the 

infrared radiation from the welding operations). 

•  The shields should encompass the face sufficiently far on each 

side so that the ears are protected also.  

• Generally, the helmet's window, for seeing through, is 

designed to accommodate a correct filter lens 

•  Hoods are a type of face and eye protection used in highly 

specialized situations 
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FINGER, HAND, AND ARM 
PROTECTION 

• About one third of the occupational disabling injuries that occur in 
the nation annually involve the fingers, hands, and arms; and their 
cost is almost 20 percent of the total compensation paid in the 
United States 

 

• Because of the apparent vulnerability of the fingers, hands, and 
arms, the use of protective apparel is often required 

 

• Manufacturers offer a wide variety of such equipment to suit many 
specialized occupations, but the most common type is the glove or 
some adaptation of it. 

 

•  The wide use of protective gloves and similar equipment deserves 
consideration of their recommended applications 
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• In general, it should be remembered that gloves are not 

recommended for operators working around rotating 

machinery, because the glove is apt to be caught in the 

spinning parts and pull the worker's hand into the machine.  

 

• Gloves should be carefully selected for specific operations, 

and protection of the product should not be secured at the cost 

of hazard to the employee 

 

• In situations where gloves are used to protect workers' hands 

from chemical solutions, the gloves should be long enough to 

extend well above the wrist, but they should be so designed 

that there is no flaring cuff which might trap any splashes and 

introduce the liquid into the glove 
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• Rubber gloves are generally a practical means of protecting 
the hands from liquid solutions. However, compounds 
derived from petroleum products have a deteriorating effect 
on natural rubber. 

 

• it is therefore necessary to choose gloves manufactured of a 
synthetic rubber 

 

•  Line repairers and others working around energized high-
voltage electrical equipment require the use of specially 
made and tested rubber gloves 

 

• This rubber glove is ordinarily worn under a heavy leather 
outer glove to safeguard it from cuts, abrasions, and wire 
punctures which would reduce its protective value 
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FOOT AND LEG PROTECTION 

• The common foot protection employed in industry is the metal toe box 
safety shoe. Specifications for safety footwear have been recommended 
by the American National Standards Institute 

 

• The standards call for a shoe of sturdy, solid construction with a steel 
toe box flanged at the bottom and resting on the sole of the shoe 

 

• Shoes with metal toe boxes are made for a wide variety of work 
situations. 

•  For example, a department supervisor may select a dressy type of 
safety shoe that would be difficult to differentiate from any other well-
made dress shoe, while such employees as foundry workers can obtain 
special shoes which fit snugly around the upper ankle but may be 
slipped off quickly in order to protect the wearer from the possibility of 
burns from hot metal entering the shoe. 
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Noise safeguards 

• Sounds are heard when variations of sufficient 
magnitude occur in nor-mal atmospheric 
pressure.  

• The variations reach the ear as pressure 
differences and are transmitted by the auditory 
mechanism to the brain, where they are given 
intelligence. 

•  Safeguarding against unwanted sound (noise) 
that exceeds the permissible noise exposure 
levels 
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• There are three general types of ear 
protectors:  

• 1. The ear plug 

• 2. The cushion or doughnut 

• 3 The Helmet 
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The  ear plug 
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Respiratory Protective Equipment 

• Where industrial processes create atmospheric 

contaminants which may be hazardous to the health 

of workers, the first consideration always should be 

the application of engineering measures to control the 

contaminants. 

•  Emergency situations Protective devices should 

give complete respiratory protection with provision 

for safeguarding the wearers against even a 

momentary failure of the device during exposure to 

the dangerous atmosphere. 
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• Nonemergency situations, generally 

involving normal or routine operations 

exposing workers to atmospheres that do not 

have a rapid, dangerous effect upon life or 

health but will produce chronic illness, 

pronounced dis-comfort, or permanent 

physical damage or death after prolonged or 

repeated exposures. 
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• Selection of Respiratory Protective Devices 
1. What is the name of the contaminant to he guarded 

against? 

2. What are its chemical, physical, and toxicological 
properties? 

3. Is it immediately dangerous to life (emergency 
situations) or is it injurious only after prolonged and 
continued exposure (nonemergency situ-ations)? 

4. What are the limiting factors of the jobs being 
performed by personnel (i.e., must workers be free in 
their movements; how long would the device have to 
be worn per day)? 

5. After consideration of all factors, select the type or 
types of respirators that would satisfy 
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Suitability of Respiratory Equipment 
for Various Applications 

1. Chemical cartridge respirators are suitable only in atmospheres that 
are not immediately dangerous to life and that contain a percentage 
of contaminants not exceeding 0.1 percent by volume. These 
respirators should not be used for contaminants  

a. That are extremely poisonous in very small concentrations (e.g., hy-
drogen cyanide).  

b. That are not effectively absorbed chemically (e.g., carbon 
monoxide). 

 c. That are not easily identified by odor (e.g., methyl chloride, 
hydrogen sulfide).  

d. That are irritating to the eyes (e.g., sulfur dioxide). 

  

2. Canister type gas masks should be limited to use in atmospheres that 
are not deficient in oxygen or where the toxic contaminant does not 
exceed 2 percent in concentration (3 percent for ammonia) by 
volume.  

www.rejinpaul.com



www.rejinpaul.com



UNIT IV   

HAZARD ANALYSIS 
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Syllabus 

    System Safety Analysis –Techniques – Fault 
Tree Analysis (FTA), Failure Modes and Effects 
Analysis (FMEA), HAZOP analysis and Risk 
Assessment  
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HAZOP analysis 
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Failure Mode and Effects Analysis                                      

(FMEA) 
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• Product reliability requirements have stimulated the 

formalized safety analysis technique known as failure modes 

and effects analysis  

 

•  This means of analysis identifies the manner in which 

hazardous failures occur and investigates their impact upon 

one another as well as upon other parts of the system 

 

• Through an extrapolation of reliability test data, probabilities 

are assigned to the failure modes 

 

• Although this method ordinarily is concerned with modes in 

which a product might fail 
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• FMEA can be directed also at ways in which 
the components of a system could cause an 
unsafe situation to occur.  

 

• FMEA, like the fault tree and other analytical 
techniques, usually is started with a 
diagrammed model of the system 

 

• But in the case of FMEA each component is 
analyzed individually to determine its failure 
characteristics 
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• The analysis consists of imaginatively constructing 

every conceivable situation that could arise with the 

component, including its designed failure point (life 

expectancy) and its effect on related components 

 

 

• Extremely aggressive, thorough analysis is clearly 

required if reliable, effective results are to be obtained 
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• Compensating provisions identifies what should be done to 
avoid the consequence of the assumed failure.  

 

• Probability of occurrence, as used here, essentially is the 
average elapsed operating time before a failure of the assumed 
type will occur. 

 

• This in safety analyses probability will be an estimated figure 
until more specific data on human error rates are available. 

 

• Mechanical systems, however, can be sampled and tested to 
determine the average time between failures. 

 

•  Such data are familiar to the work of the reliability engineer 
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• Failure classification is a means of distinguishing between 

the possible effects of the assumed failure.  

– Safe 

– Marginal 

–  Critical 

– Catastrophic 

• Safe: Failure will not alter the capability of the system to 

perform its mission, will not damage the system functionally 

or create a system hazard, and will not cause personal injury or 

significant property damage.  
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• Marginal: Failure will affect the capability of the 

system to perform its mission in some degree, but 

without damage to the system or per-sonal injury or 

significant property damage and can be compensated 

by adequate counter measures 

• Critical: Failure will affect the system's mission; 

cause substantial dam-age to the system, personal 

injury, or property damage; and necessitate immediate 

correction for personal and system survival 
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• Catastrophic: Failure will cause severe 
breakdown of the system, re-sulting in its inability 
to perform, and cause one or more fatalities or 
multiple injuries 

• The determination of probability of occurrence is 
an important but difficult evaluation. 

•  A classification method has been prepared for 
degrees of probability expressed in terms of the 
average time between failures  
– Probable 
– Reasonably probable 
– Remote 
– Extremely remote 
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• Probable: One failure in less than 10,000 hours of 
operation.  

• Reasonably probable: One failure in 10,001 to 100,000 
hours of operation.  

• Remote: One failure in 100,001 to 10 million hours of 
operation. 

• Extremely remote: One failure in more than 10 million 
hours of operation 

• Some use may be made of "accident" data although 
these probably will be unreliable.  

• The usual source of much information is testing. 

• When the investigation procedure is controlled and 
statistical techniques employed, the confidence level 
for the test data can be calculated 
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• The common tests appear in two categories: 

– Performance tests 

–  Reliability test 

• Performance tests, designed to check the component's 
performance under use.  

• However, it must be certain that the tests truly simulate 
use conditions, established on the basis of what the 
component will encounter. 

• Reliability test of the component's life under operating 
conditions.  

• The quality of such testing depends on such factors as the 
degree to which human-machine interactions are 
explored, as well as the imaginative posture maintained 
during the test design. 
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WHAT IS FAULT 

TREE ANALYSIS 

(FTA)?
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• Is a systematic method of System Analysis

• Examines System from Top        Down

• Provides graphical symbols for ease of 
understanding

• Incorporates mathematical tools to focus on 
critical areas
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HISTORY
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• FTA was first used by Bell Telephone 
Laboratories in connection with the 
safety analysis of the Minuteman 
missile launch control system in 1962 

• Technique improved by Boeing 
Company

•  Extensively used and extended 
during the Reactor safety study (WASH 
1400)

www.rejinpaul.com



Fault Tree Analysis: a Systematic 
and
Stylized Deductive Process

 An undesired event is defined

 The event is resolved into its immediate causes

 This resolution of events continues until basic causes are 
identified

 A logical diagram called a fault tree is constructed

showing the logical event relationships
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WHY FTA IS 

CARRIED OUT?
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• FTA is a deductive analysis approach for resolving

an undesired event into its causes

• FTA is a backward looking analysis, looking

backward at the causes of a given event

• Specific stepwise logic is used in the process

• Specific logic symbols are used to illustrate the

event relationships

• A logic diagram is constructed showing the event

relationships.
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ELEMENT OF 

FAULT TREE 

ANALYSIS (FTA)

www.rejinpaul.com



• To exhaustively identify the causes of a failure

• To identify weaknesses in a system

• To assess a proposed design for its reliability or

safety

• To identify effects of human errors

• To prioritize contributors to failure

• To identify effective upgrades to a system

• To quantify the failure probability and contributors

• To optimize tests and maintenances
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ROLE OF FTA IN 

SYSTEM ANALYSIS
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• FTA is used to resolve the causes of system failure

• FTA is used to quantify system failure probability

• FTA is used to evaluate potential upgrades to a system

• FTA is used to optimize resources in assuring system

Safety

• FTA is used to resolve causes of an incident

• FTA is used to model system failures in risk

assessments
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FAULT TREE
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• FTA produces a Fault Tree

• The fault tree is the logical model of the relationship of the

undesired event to more basic events.

• The top event of the fault tree is the undesired event.

• The middle events are intermediate events.

• The bottom of the fault tree is the causal basic events or

primary events.

• The logical relationships of the events are shown by

logical symbols or gates.
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BASIC FAULT TREE STRUCTURE
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CONSIDERATION BEFORE DRAWING A FT

Define

Top event

Existing event

Unallowed
event (not 

under 
consideration)

Physical 
bounds of 
process

Equipment 
configuration

Level of 
resolution
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CONSIDERATION BEFORE 
DRAWING A FT

Requirement Description

1. Defining top event • Eg. Damage due to over pressure
• AVOID vague event such as ‘Explosion 

of Reactor’

2. Defining the existing event • What conditions are sure to be present 
when top event occurs?

• Eg. ‘High pressure process’

3. Defining unallowed events that are 
unlikely or are not considered at the 
present

• E.g. Wiring failures, lightning strike, 
tornadoes, hurricanes etc.

4. Defining physical bounds of the process • What components are to be considered 
in the fault tree?

5. Defining equipment configuration. • What valves are open or closed?
• What are the liquid level?
• Is this normal operation state?

6. Defining the level of resolution • Will the analysis consider just a valve or 
will it be necessary to consider the valve
components?
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THE FOUR NECESSARY STEPS TO
BEGIN A FAULT TREE

1. Define the undesired event to be analyzed (the focus

of the FTA)

2. Define the boundary of the system (the scope of the

FTA)

3. Define the basic causal events to be considered (the

resolution of the FTA)

4. Define the initial state of the system
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ILLUSTRATION OF THE STEPS OF 
A FTA
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BASIC EVENTS OF A FAULT 
TREE
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DRAWING A FAULT TREE
1. Place top event at the top of the 

page (in a rectangle box and label as 
top event)

2. Determine the events that contribute 
to the top event.

3. Determine whether these events are 
intermediate or basic.

4. If the events are related in parallel, 
they must be connected by an AND 

gate

5. If these events are related in series, 
they must be connected by an OR 

gate

6. Focus to one of the immediate events

7. Determine the events that contribute to 
this immediate event.

8. Repeat 3-6 for all the intermediate events.

9. Continue developing the fault tree to 
expand any intermediate events until all 

branches have been terminated by basic, 
undeveloped or external events.
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FLAT TIRE Top Event 

OR

Tire 

Failure Road Debris

Worn Tire
Defective 

Tire

A fault tree describing the various events contributing to a flat tire

OR
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BENEFITS OF CONSTRUCTING A 
FAULT TREE

 The fault tree explicitly shows all the different 
relationships that are necessary to result in the top event

 In constructing the fault tree, a thorough understanding is 
obtained of the logic and basic causes leading to the top 
event

 The fault tree is a tangible record of the systematic analysis 
of the logic and basic causes leading to the top event

 The fault tree provides a framework for thorough 
qualitative and quantitative evaluation of the top event
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MINIMAL CUT SETS

Minimal cut set gives the various sets of 
events that could lead to the top event.

Useful for determining the various failure 
modes in which a top event could occur.

The failure probabilities are likely to be 
different among the minimal cut sets.

The higher failure probabilities sets are 
examined carefully to determine for 
requirement for additional safety systems.

The minimal cut sets are determined using 
procedure by Fussell and Vesely (see next 
example) or Boolean Rules
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PUMP FAIL

PUMP A 

FAILS
PUMP B FAILS

Failure of 

Power 

Supply

Pump A 

Mechanica

l Failure

Failure of 

Power 

Supply

Pump B 

Mechanica

l Failure

M
W

M Z

Example problem: Minimal Cut Set
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UNIT V   
SAFETY REGULATIONS 
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Syllabus 

Explosions – Disaster management – catastrophe 

control, hazard control, Safety education and 

training - Factories Act, Safety regulations 

Product safety – case studies 
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5.1 Explosions 
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•  A gas or dust explosion therefore can be described as the 

consequence of a fast combustion of gas/dust mixed with air. 

•  Some of the effects of an explosion are loud noise and 

pressure waves, which can collapse walls and shatter windows 

 

Elements of an explosion 

•  When a flammable gas escapes, or a flammable liquid or 

vapour leaks, or a flammable dust disperses in the working 

environment.  

• When the flammable material is mixed with air, an explosive 

atmosphere can be formed. 

•  If the concentration of material in the mixture is within the 

explosion limits (Lower and Upper) 
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• Lower explosion limit (LEL) – is the minimum 

concentration of flammable gas, flammable liquid 

vapour or dust with air, where an explosion can occur.  

• Upper explosion limit (UEL) – is the maximum 

concentration of flammable gas, flammable liquid 

vapour or dust with air where an explosion can occur. 
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• Although an explosion happens at the blink of an eye, there are 

several phases which happen at that instant: the original shock 

wave blast of the explosion; the flying fragments of the 

exploding container; and, depending on the pressure of the 

blast, parts of walls, roof, floors, doors, windows and ceilings 

could collapse.  

 

• Also, the generated heat may cause secondary fires, burns and 

secondary structural collapse/damage.  

 

• Moreover, shock waves may severely damage gas, water, 

electric and sewer pipes. The effects of an explosion are severe 

and the consequences in human lives and destruction of 

property dramatic. 
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• Typical ignition sources are hot surfaces, 

flames and hot gases, mechanically generated 

sparks (while grinding or cutting), electrical 

sparks, static electricity, etc.  

 

• Other ignition sources are: lightning, 

electromagnetic fields, chemical reactions, etc. 

 

•  Details on the various types of ignition 

sources can be found in the European standard 
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• Relevant European legislation 

• The Council Directive 1999/92/EC, usually referred 

to as ATEX-137, (hereinafter “User ATEX 

Directive”), is the legal basis for the necessary 

measures at the workplace to improve the safety and 

health protection of workers potentially at risk from 

explosive atmospheres. 
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• With a view to preventing and providing 
protection against explosions, the employer shall 
take technical and/or organisational measures 
appropriate to the nature of the operation, in order 
of priority and in accordance with the following 
basic principles:  

● The prevention of the formation of explosive 
atmospheres, or where the nature of the activity 
does not allow that,  

● The avoidance of the ignition of explosive 
atmospheres  

● The mitigation of the detrimental effects of an 
explosion so as to ensure the health and safety of 
workers and other persons at risk 
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Hazardous area classification 

• The EX sign warns workers and other persons 

of an explosion risk at certain areas of the 

workplace due to the presence of flammable 

materials.  

• The flammable material could be in the form 

of liquid vapour, gas or flammable dust 
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For example:  

• Zone 0  

• A place in which an explosive atmosphere 
consisting of a mixture with air of flammable 
substances in the form of gas, vapour or mist is 
present continuously or for long periods or 
frequently.  

• Zone 1  

• A place in which an explosive atmosphere 
consisting of a mixture with air of flammable 
substances in the form of gas, vapour or mist is 
likely to occur in normal operation occasionally 
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5.2 DISASTER MANAGEMENT 

www.rejinpaul.com



• A disaster can be caused through humans or 
nature.  

• Disasters are events that are sometimes 
unpredictable.  

• Government gives legislation, allocates 
possessions and does rational scheduling and 
sustainable development.  

• Disaster management and scheduling is a key 
section of government job.  

• Several disasters like earthquake, landslides, 
volcanic eruptions, fires, flood and cyclones are 
natural hazards that kill thousands of people and 
destroy billions of dollars of habitat and property 
each year 
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The disaster mitigation works mainly address the 
following:  

1. Minimise the potential risks through developing 
disaster early warning strategies,  

2. Prepare and implement developmental plans to give 
resilience to such disasters,  

3. Mobilize possessions including communication and 
tele-medicinal services and To help in rehabilitation and 
post-disaster reduction. 

  

Disaster management on the other hand involves:  

o Pre-disaster scheduling, preparedness, monitoring 
including relief management capability.  

o Prediction and early warning.  

o Damage assessment and relief management 
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• The Importance of Disaster Management 

– Disasters are events that have a vast impact on 

humans and/or the environment.  

– Disasters require government intervention.  

– They are not always unpredictable.  

– Floods take lay in valleys and flood plains, 

droughts in regions with unstable and low rainfall, 

and oil spills happen in shipping lanes.  

– This predictability gives opportunities to plan for, 

prevent and to lessen the impact of disasters 
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• Disasters are inevitable although we do not 
always know when and where they will happen.  

• But their worst effects can be partially or totally 
prevented through preparation, early warning, and 
swift, decisive responses. 

• Disaster management aims to reduce the 
occurrence of disasters and to reduce the impact 
of those that cannot be prevented.  

• The government White paper and Act on Disaster 
Management describe the roles of Local 
Authorities as well as Provincial and National 
government in disaster management 
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• The Role of Municipalities in Disaster 

Management 

– Every municipality necessity has a disaster 

management plan as section of its Integrated 

Development Plans, presently as to the Municipal 

Systems Act.  

– Structure and Mechanism: This plan necessity set 

up the structure and mechanisms for dealing with 

disasters and it necessity expect future disasters. 
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• Protection Services Department: 

– In each municipality, the Protection Services 

department is responsible for Disaster 

Management.  

– The department usually deals with traffic policing, 

fire brigades, law enforcement, and sometimes 

ambulances on an agency foundation for provincial 

government,  

– The role of Disaster Management is to coordinate 

the response to disasters and emergencies, ensuring 

that possessions are applied effectively, whatever it 

may be. 
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• Role of Organisations and Society Workers 

– Here are some of the items development workers 

can advise societies to prepare and trade with 

disasters: Know the emergency numbers. 

–  Keep in mind that all municipalities have 

emergency center; 

– The procedure of emergency management involves 

four phases:  

• Mitigation,  

• Preparedness,  

• Response,  

• Recovery. 
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5.3 CATASTROPHE CONTROL  
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• For property and casualty insurers, 

catastrophes are infrequent events that cause 

severe loss, injury or property damage to a 

large population of exposures  

• While the term is most often associated with 

natural events (e.g., earthquakes, floods or 

hurricanes), it can also be used when there is 

concentrated or widespread damage from man-

made disasters (e.g., fires, explosion, pollution 

or nuclear fallout).  
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• Whether losses arising out of an event are 

defined as a catastrophe depends on the size of 

the loss to the company or to the entire 

industry.  

• Property Claim Services (PCS), a unit of the 

Insurance Services Office, Inc., analyzes 

catastrophes based on their impact on the 

industry as a whole.  

• There are two type of Exposures  

– Non-catastrophe Exposures  

– catastrophe Exposures  
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Non-catastrophe Exposures  

• It is the nature of insurance, however, that 

prices must be set before coverage is sold and 

losses have occurred  

• Future insurance losses must be estimated.  

• In statistical terms two conditions are very 

desirable:  

– predictable frequency of claims over time 

– each exposure experiences loss independently of 

other exposures  
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• Catastrophe Exposures  

• catastrophes are infrequent, producing no losses in most 

years, and large losses in a few years, a clear violation of 

the first condition. 

•  The second condition for non catastrophe exposures was 

independence. 

• Catastrophes cause loss to many exposures at once. 

Significant or high correlation among exposures is a key 

feature of catastrophe risk 
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• The five steps used by insurers to address 

catastrophe  

– Identifying catastrophe risk appetite  

– Measuring catastrophe exposure  

– Pricing for catastrophe exposure  

– Controlling catastrophe exposure  

– Evaluating ability to pay catastrophe losses  
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5.4 HAZARD CONTROL  
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• A hazard control program consists of all steps 

necessary to protect workers from exposure to 

a substance or system 

• The training and the procedures required to 

monitor worker exposure and their health to 

hazards such as chemicals 

• The materials or substance, or other types of 

hazards such as noise and vibration  

• A written workplace hazard control program 

should outline which methods are being used 

to control the exposure and how these controls 

will be monitored for effectiveness.  
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• Choosing a control method may involve 

– Evaluating and selecting temporary and permanent 

controls.  

– Implementing temporary measures until permanent 

(engineering) controls can be put in place.  

– Implementing permanent controls when reasonably 

practicable.  
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• The main ways to control a hazard include 

– Elimination (including substitution) 

– Engineering Controls 

– Administrative Controls 

– Personal Protective Equipment 
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The table below provides some 
examples  
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• The basic types of engineering controls are:  

– Process control.  

–  Enclosure and/or isolation of emission source. 

– Ventilation  
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5.5 SAFETY EDUCATION AND TRAINING  
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• Education and training provides employers, 

managers, supervisors, and workers with: 

– Knowledge and skills needed to do their work 

safely and avoid creating hazards that could place 

themselves or others at risk.  

– Awareness and understanding of workplace 

hazards and how to identify, report, and control 

them.  

– Specialized training, when their work involves 

unique hazards.  
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• Action item 1: Provide program awareness training  

 

• Action Item 2: Train employers, managers and 

supervisors on their roles in the program  

 

• Action item 3: Train workers on their specific roles 

in the safety and health program  

 

• Action item 4: Train workers on hazard identification 

and controls  
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5.6 FACTORIES ACT  
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• There has been rise of large scale factory/ 

industry in India in the later half of nineteenth 

century. 

•  Major Moore, Inspector-in- Chief of the 

Bombay Cotton Department, in his Report in 

1872-73 first of all raised the question for the 

provision of legislation to regulate the working 

condition in factories; the first Factories act 

was enacted in 1881.  

• Since then the act has been amended on many 

occasions 
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1.Working Hours  

2.Health 

3. Safety  

4. Welfare  

5. Penalties 
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5.7 SAFETY REGULATIONS 

PRODUCT SAFETY  
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• The General Product Safety Regulations 

(GPSR) will apply where they go further than 

the existing regulations in terms of the specific 

aspects of safety covered and the extent of the 

obligations on producers. 

•  The GPSR apply to all products intended for 

or likely to be used by consumers (even if not 

intended for them) that are supplied or made 

available; the test would be whether a 

consumer can purchase the product without 

challenge. 
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• The following types of consumer goods would 

fall within the GPSR:  

– children's articles, such as cots, prams, high chairs, 

bunk beds  

–  bicycles  

–  household goods, such as crockery, cooking 

–  DIY (do-it-yourself) tools  

– furniture and soft furnishings  

– clothing  

– candles and other ornaments  

– hobby and art materials  
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• Safe product 

• Producer obligations 

• Enforcement action by the authorities 

• Distributor obligations 

•  Penalties 
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