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This advisory aims to inform and educate employers on the statutory requirements, common contraventions
as well as best practices involved in the metalworking industry as an ongoing effort to reduce accidents.

Metalworking industry has the highest incidence of fatal industrial accidents within the general factories
group. It constitutes 30% of fatal industrial accidents in general factories group for the period of 2002 –
2005. Further analysis of non-fatal industrial accidents revealed that there were 91 cases that resulted in
permanent disabilities in the metalworking industry for the period 2002-2005.

A disciplined observation of the key requirements for the metalworking industry will facilitate better working
conditions and reduce any incidence of industrial accidents. The key requirements have been specifically
spelt out below, identifying the Dos(   ) and Don’ts (  ) for a clear understanding and implementation of it.

Key Requirements for the Metalworking Industry

Technical Advisory For Metalworking Industry
Understanding the Hazards of Metalworking Industry

Photo electric sensors are used when fixed enclosure guards
are not practical. They stop the machine when one’s  hand
enters the danger zone.

Machine Safety
Ensure that machines are installed with the proper
devices that safeguard the safety of the operators.

Two-hand control devices require simultaneous action of
both hands of the operator on the switch buttons during
operation, making it impossible for the operator to move his
hands away from the controls to the danger  zone before
the machine has completed its closing cycle.

The usage of manual handling devices such as tongs and
push sticks should also be encouraged.

Machine Safety
(Material Handling Devices)
Ensure usage of proper material handling devices
at all times when operating a machine.

The emergency button should be mushroom headed
and red in colour for ease of recognition and reach.

National OSH PROGRAMME-BASED ENGAGEMENT (ProBE)

Machine Safety (Emergency Stop)
It is important to know where the emergency
button is so that the machine can be switched
off in an emergency.



Machine Safety (Fixed Guards)
Ensure that all safety guards are properly installed before operating a machine.

Fixed guard for cutter of sitting machine
Exposed

Guard for shearing zone. Fingers have  access to the shearing zone.

Electrical Safety
Ensure regular checking and maintenance of machineries and wiring by qualified personnel or supervisor.

Machineries shall be subjected to regular
maintenance

Electrical wiring needs to be checked by
supervisor to ensure proper insulation and
needs to be enclosed in proper ducts

Workers shall  check the electrical wire for
damage before they start work

Electrical installations shall be inspected
by Licensed Electrical Worker before first
use, followed by regular checks once every
year

-

-

-

-

-

-

-

Exposed wires of an electric circuit;

One wire of the electric circuit and the ground; or

When a metallic part of an equipment  is made
‘live’ by coming into contact with a bare energised
wire
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Machine Safety (Metal Guillotine Machine)
Ensure that all safety guards are properly installed before operating a machine.

An electric shock can happen when a person
comes into contact with:



3Building a safer workplace together

1. Identification of Hazards

  Dangers from Machinery:
  -  Entanglement with the machinery
  -  Rotating, reciprocating, transverse actions
  -  Crushing, cutting, severing actions
  -  Trapped between machine and the material
  -  In-running nip points
  -  Punching, shearing, bending actions
  -  Contact with the material in motion
  -  Struck by ejected part of machine or material

 Non-Mechanical Hazards:
  -  Slips, trips, falls, falling or moving objects
  -  Handling and lifting
  -  Electricity; shocks or burns
  -  Chemicals; toxic, corrosive, flammable, irritant, explosive
  -  Noise and vibration
  -  Temperature
  -  Inhalation of fume, mist or dust

 Examples of Dangers from Machinery:

  -  Rotating, reciprocating, transverse actions

  -  Cutting, severing actions

  -  In-running nip points

2. Elimination of Hazards
Hazards can and should be eliminated by simply implementing
the following:
  -  Modifying the process
  -  Automating the production or handling process to
     remove human-machine interface
  -  Controlling the process from a remote safe position

3. Mitigation of Hazards
Another form of prevention is to proactively mitigate the
potential hazards by simply:
  -  Changing the process materials for a less hazardous
     one
  -  Reducing the operating limits of speed, temperature,
     pressure, etc

4. Provide Control of Residual Hazards
Control of residual hazards can also be provided after the
elimination/mitigation of hazards by selecting appropriate
safeguards. In doing so, one may:

  •  Consider:
-  Operating methods and system of work for the 
   equipment
-  Proximity of operator/personnel to hazardous 
   area/point
-  Need for access for cleaning, maintenance, adjustment,
   troubleshooting, etc
-  Stopping time/operating cycle of machine
-  Severity of injury/ill-health resulting from the residual
   hazard

•   Install suitable safeguards to address the above and other
relevant factors

•   Develop safe work procedures for operators/maintenance
•   Communicate and provide training on the safe work

procedures

Implement Risk Assessment Procedures
Implementation of regular risk assessment of the machineries, the environment and the work processes to eliminate
the potential mechanical and non-mechanical hazards, is important for the metalworking industry. Such practices act
as a precaution to reduce industrial accidents.  The following are examples of potential dangers from machineries and
hazardous situations to look out for.

Reciprocating
action of machine
creating pinch point
at fixed object

Chain and sprocket Rotating bar stock at
end of screw machine

Rotating shaft and
pulleys with
projectng key and
set screw

Rotating coupling with
projecting bolt heads

Transverse motion
of belt and rotating
pulley

Rotating screw
conveyor

Rotating pulley with
spokes and projecting
burr on face of pulley

Milling machine Abrasive wheel Drill

Band saw Engine Lathe Circular saw

Conveyor terminal Gear train

Belt and pulley Pressure rolls
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Examples of Suitable Safeguards to Address Residual Hazards
Installation of safeguards helps reduce the risk of potential hazards and is a vital step that shall be taken once the risk has
been identified

Fixed Guard Enclosure Guard

Interlocking Guard Automatic / Semi Automatic Guard (2 Hand Operation)

Personal Protective Equipment (PPE)
Protecting the individual is another precaution that shall be taken to reduce industrial accidents.

Protection Against Sharp Metal Objects
Wear appropriate PPE eg: safety glasses, gloves and shoes to protect against sharp metal objects
when working in a metalworking workshop.

Safety glasses (to protect
against foreign bodies getting
into the eyes) and ear plugs

Safety footwear (against sharp,
dropping objects)

Case Study
Worker’s forearm amputated by 200-ton power
press

The incident:
A worker was operating a 200-ton power press
machine, when a jammed metal piece brought it to a
sudden halt. The worker then attempted to remove
the metal piece. Whilst doing so, the machine was
suddenly activated, amputating the worker’s right
forearm.

Investigations revealed:
Investigation revealed that the worker had failed to
press the emergency button to cut off the power  supply
before removing the machine guarding.

Lessons Learned:
-  the company had failed to implement safe work
   procedures
-  the victim had used an unsafe method of clearing
   jams from the power press

Systemic failures:
Lack of safety policy, hazard analysis, safe work
practices and safety training.
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Obstructed path and view

Material Handling Safety
The lifting supervisor and crane operator must work together to ensure that stacks of goods or fellow workers
do not block the path of the lifted materials.

Workers can be struck by moving objects lifted by the overhead travelling crane if they are in the travelling
path of the crane. The collapse of stacked materials or structures due to an impact from objects being lifted
by the crane can also pose a ‘crushing hazard’ to workers working in the vicinity.

Maintenance Safety
Lock-out and tag-out procedures are important safe work practices carried out to prevent any part of the
machinery or equipment from being inadvertently activated and causing injury to persons carrying out
maintenance or repair work at the machine.

Maintaining proper procedures for the restoration of machinery and equipment back to their operational
mode after maintenance or repair work has been completed is equally important.

Do fit testing before wearing the PPEs and use the correct
method of wearing them

Protection Against Exposure to Chemicals
Wear appropriate PPE e.g. face shield, chemical resistant gloves and safety shoes to protect against exposure
to chemicals when working in a metalworking workshop.

Chemical resistant
gloves (prevent
absorption of solvents
through skin contact)

Face shield (against
chemical contact)

Nuisance dust masks which do not
provide respiratory protection.

Do not wear the wrong
PPEs to protect against
workplace hazards
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Proper Ventilation

Effective and Suitable Ventilation
Ensure that effective and suitable ventilation is provided for work processes liable to give off injurious gases,
vapours or other impurities.

Protection from Inhalation of Air Contaminants
Ensure that effective and appropriate measures are taken to prevent accumulation of air contaminants and
to protect workers from inhaling them.

Regular Hygiene Monitoring
Ensure that the atmosphere of the workplace is tested for toxic substances used at sufficient intervals.
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The metalworking industry uses many types of chemicals
such as the trichloroethylene (TCE), perchloroethylene (PCE)
and methylene chloride (MC), used for degreasing; nickel
and chrome compounds for electroplating; acids and alkalis
for pickling, anodising and galvanising; resin adhesives and
solvent-based paints for coating. Many of these chemicals
are toxic, some are corrosive and others are flammable.

Workers must therefore be educated on the various effects
of exposure to them. They include:

-  Exposure to solvent vapours which can irritate the eyes
    and respiratory system, and depress  the central nervous
    system
-  Exposure to organic solvents can cause dermatitis or
   skin diseases
-  Exposure to excessive TCE, PCE and MC vapours can
   cause liver damage
-  Exposure to metals and their compounds can result in
  metal poisoning.
-  Exposure to acids and alkalis can cause skin burns while
   flammable solvents can cause fire and explosion.

Information on the hazards of chemicals and their
precautionary measures can be found in Material Safety
Data Sheets provided by chemical suppliers. With this
information easily available, appropriate measures must
therefore be taken to ensure the safe use of chemicals, and
to safeguard the safety and health of employees.

Chemical Hazard Control

Reducing exposure to degreasing solvent through substitution
and enclosure with local exhaust ventilation.

The Incident:
The factory was using a perchloroethylene (PCE) and
methylene chloride (MC) – based solvent for degreasing.
Workers were exposed to the solvent vapours during loading
of the greasy metal parts into the degreasing machine and
the unloading of the cleaned metal parts. The air monitoring
results indicated significant exposure to PCE and MC vapours.

Measures Taken:
The company substituted the PCE and MC-based solvent
with a less hazardous degreasing solvent -Actrel 3356L. A
new automatic ultrasonic degreasing machine with vacuum
dry and solvent distillation was installed. Workers no longer
had to load and unload the metal parts and were therefore
not exposed to TCE and PCE any more.

Industrial Dermatitis

Chemicals like cutting oils and solvents can also cause
dermatitis.

The Incident:
The metalworking industry uses cutting oils and coolants in
metal cutting, milling, drilling and grinding. Workers are
exposed to these cutting fluids by direct skin contact with
the liquid or the sprayed mists generated during machining.
Dermatitis may occur following contact with the fluids.

Safety Measures:
Preventive measures include selection of harmless or less
harmful chemicals, use of enclosed systems with local exhaust
ventilation, protective shields and protective appliances such
as aprons and impervious gloves.

Eczema due to solvents

Folliculitis (pimple formation) due
to oils

Dermatitis due to
coolants

Chemical Hazards
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Hearing Conservation Program (HCP)

Another form of common hazard in the metalworking industry
is prolonged exposure to excessive noise causing noise-
induced hearing loss. To prevent it, you may use the following
guide to determine if your workplace needs a HCP:

Your workplace will most likely need a HCP:
  •  When the worker is exposed to excessive noise as
     specified in the Factories (Noise) Regulations
  •  When the noise levels in your workplace is an equivalent
     noise level (Leq) of 85dBA or more for an 8-hr work day.

Components of a Hearing Conservation
Program

  •  Identification of work areas and machines with a noise
     hazard potential

  •  Regular monitoring of noise levels
      and maintaining of records on noise
      assessments (applicable to factories
     where 10 or more workers are
     exposed to excessive noise).

  •  Implementation of noise control measures where feasible.

  •  Annual audiometric tests for the detection of early hearing
     impairment.

  • Training and education of workers on the importance
     and necessity of using hearing protectors.

  •  Provision of hearing protectors to workers and ensuring
     their usage.

Noise-Induced Deafness

The Incident:
A 55 year old production worker who worked in a metal
fabrication plant for more than 20 years was constantly
exposed to noise from the grinding, knocking and banging
of metal pieces. He was also exposed to noise from the
surrounding noisy machines. He only began using ear
protectors over the last 1-2 years. Although he had difficulty
hearing conversations, he thought it was part of his aging
process. He was diagnosed with severe deafness on his first
hearing test. His audiogram showed typical picture of noise-
induced deafness.  The noise dosimetry on him showed his
noise exposure was TWA: 90-93 dBA, (> PEL of 85 dBA).

Lessons Learned:
-  Occupational disease symptoms often surface much 

       later
-  Medical surveillance programme is important to detect

       early disease and prevent further deterioration
-  Wearing of hearing protectors should be a consistent

       practice

Workers in the metal working industry are exposed to loud
noise from power presses, circular saws, boring or drilling
machines, and pneumatic tools. Prolonged exposure to
excessive noise will lead to noise-induced deafness, which
is irreversible. Control or preventive measures include the
use of automated machines, enclosures for power presses,
silencers for pneumatic machines, and personal protective
equipment.

Noise Hazard
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The stamping machines were totally enclosed with sound
absorption materials on the inner walls.

Noise reduction of 16dBA and 13dBA were achieved for
the 60 ton press and 40 ton press respectively.

A total enclosure was constructed for the stamping
machine. A noise reduction of 13dBA  was recorded.

A stamping machine used for manufacturing integrated
circuit leadframes generated a noise level of 93dBA.

High-speed automatic stamping machines were used for
making connector pins. The noise generated from the
60 ton press and 40 ton press was 95dBA and 96dBA
respectively.

Noice Control Measures
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Risk Assessment - Schematic
representation of the iterative
process for eliminating
hazards and implementation
safety measures

* The terms and definitions taken from ISO12100-1 : 2003, Figure 2, are reproduced with permission of the International Organisation for
Standardisation, ISO. Copyright remains with ISO.
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Can the limits be
specified again?

Can the risk be reduced by
guards, protective devices?

Risk Reduction

Is the
intended risk

reduction
achieved?

Is the
intended risk

reduction
achieved?

Risk Assessment
Prior to starting work, a risk assessment should be carried out to identify the hazards associated with the work. Assess the
risk of accidents that may occur, take appropriate measures to eliminate the hazards or to reduce the risk, and implement
safe work procedures.

Risk Control Strategy
Where workplace hazards have been identified, consideration for risk control measures should follow the hierarchy below:

1.  Elimination i.e. removal of the hazardous processes or chemicals
2.  Substitution e.g. laser cutting instead of sawing, detergents instead of organic solvents for degreasing
3.  Engineering control e.g. machine guarding, containments or enclosures, local exhaust ventilation
4.  Administrative control e.g. safe work practices, rotation of exposed workers
5.  Personal protection - this should be the last resort or an interim measure.

No



Safe Work Procedures
Safe work procedures should be implemented to control the risks. The safe work procedures must include the safety
precautions to be taken in the event of an emergency. Employees or any other persons at the workplace who may be
exposed to a risk to their safety and health should be informed of the -

•  nature of the risk involved
•  measures to be implemented to control the risk
•  applicable safe work procedures.

Other Safety Measures
•  Employers should ensure that workers are trained and competent to carry out their duties.
•  Designated personal should be trained in first aid.

Useful References
Code of Practices (CPs):

CP 21 : Safeguarding of Mechanical Power Presses

CP 28 : Code of Practice for the construction, care and
safe use of shears

CP 42 : Code of Practice for guarding and safe use of
woodworking machinery

CP 53 : Code of Practice for safe use of industrial robots

CP 74: Code of Practice for selection, use and maintenance
of respiratory protective devices

CP 76: Code of Practice for selection, use, care and
maintenance of hearing protectors

CP 99 : Code of Practice for industrial noise control

The following guidelines are available for download at:
http://www.mom.gov.sg/OSHD/resources/Guides/Guidelines/
index.htm

Guidelines on Risk Assessment

Guidelines on the Implementation of System Management
System for Metalworking Industry

Guidelines on Hearing Conservation Programme

Guidelines on Solvent Degreasing

Guidelines on Prevention and Control of Chemical Hazards

Contact Us
For enquiry, please email us at:
 mom_ oshd@mom.gov.sg

To report unsafe workplaces, please call the OSH hotline
at 6317 1111

To report accidents, dangerous occurrences and
occupational diseases, visit: www.mom.gov.sg/ireport

The CP can be obtained from SPRING Singapore at:

SPRING Singapore
Information Resource Centre
2 Bukit Merah Central
#-04-00 S 159835
Tel: (65) 6279 3920

The Workplace Safety and Health (General Provisions)
Regulations and Workplace Safety and Health (Risk
Management) Regulations are available at:

SNP Corporation (Legal) Ltd
Legal Publication Retail Outlet
1 Kim Seng Promenade #18-01/06
Great World City East Tower S237994
Tel:  (65) 682 69691
Website: http://www.snpcorp.com/webshop

Code of practice for the filling, inspection, testing
and maintenance of containers for the storage
and transport of compressed gases - Seamless
metal containers for gases, excluding dissolved
acetylene."

Safeguarding of Mechanical Power Presses

Code of Practice for the construction, care and
safe use of shears

Code of Practice for guarding and safe use of
woodworking machinery

Code of Practice for safe use of industrial robots

Code of Practice for selection, use and
maintenance of respiratory protective devices

Code of Practice for selection, use, care and
maintenance of hearing protectors

Code of Practice for industrial noise control

CP 12
Part 1 :

CP 21 :

CP 28 :

CP 42 :

CP 53 :

CP 74:

CP 76:

CP 99 :
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