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Hazards in the workplace

World at work: The electronics industry

D Koh, G Chan, E Yap

Spotlight on a diverse industry

he electronics industry employs
Tmillions of workers throughout the

world and plays a significant role in
the structure of the world’s economy.
Many multinational electronics indus-
tries retain their capital intensive opera-
tions in home countries, but locate their
labour intensive operations in newly
industrialising countries, because of
the lower cost of labour and attractive
financial and infrastructural incentives
offered. In many developing and newly
industrialising countries, the industry is
a major contributor to employment and
national economic growth.

The electronics industry is diverse
with a wide spectrum of processes. Its
sectors include semiconductor wafer
fabrication, manufacture of printed cir-
cuit boards, the assembly of semicon-
ductor devices and printed circuit
boards, and assembly of the final
electronic products. There are also many
supporting industries that produce
materials and components necessary to
make the final product. These include
those which manufacture metal and
plastic parts, electrical parts such as
storage media for hard disks, precision
motors to run drives, transformers,
switches, liquid crystal displays, and
other electronic components.

In general, the processes in the
electronics industry can be viewed as a
series of work leading to the final
product (table 1):

® Semiconductor wafer fabrication—
marks the beginning of every electro-
nic product where circuits are etched
onto wafers made of silicon.

® Integrated circuit assembly—the pre-
paration and testing of the encapsu-
lated integrated chip.

® Printed circuit board (PrCB) fabrica-
tion—the boards usually made of a
plastic resin compound which is
heated, mixed with a filler material,
Jlaminated with metal, cleaned and
etched, and subsequently shaved and
drilled.

® Printed circuit board (PrCB) assem-
bly—integration of various electronic
components on the PrCBs which
involves “stuffing” of components
into the boards, cleaning, fluxing,
soldering, trimming, and testing.
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® Final product assembly—the assem-
bled PrCB is then incorporated with
various other components to form
the final electronic product.

Each process step uses a peculiar set of
chemicals and machinery, and thus has
specific occupational health and safety
concerns.

The workforce in the electronics
industry is unevenly distributed. There
are by far, more workers in the assembly
processes than in the fabrication pro-
cesses. The gender distribution is also
uneven. Generally, more males work in
the fabrication works, maintenance
related tasks and management, while
females dominate the assembly line
tasks (fig 1). Employees are often
required to perform shiftwork.

Besides controversy and concern of
suspected chemical toxicities at the
electronics workplace causing cancer
and adverse reproductive outcomes,

Table 1 Work processes in the
electronics industry

Semiconductor wafer fabrication
Crystal purification and growth
Wafer preparation

Epitaxy and oxidation
Photolithography

Doping and type conversion
Metallisation, inferconnections and
packaging

Semiconductor assembly

Die separation

Die attach bonding

Wire bonding

Encapsulation

Housing and marking

Testing

Printed circuit board (PrCB) fabrication
Resin bonding

Impregnation

Laminating

Photomasking and etching
Cutting and drilling

Marking and festing

Printed circuit board (PrCB) assembly
Parts preparation

PrCB “stuffing”’

Soldering, fouch-up

Marking and festing

Final product assembly

Parts preparation

Parts assembly

Testing

Housing assembly

Marking and packaging
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there is also the general concern that
the environment has been affected as
well, for huge quantities of hazardous
waste and wastewater from electronics
work would require disposal and reme-
dial treatment.

HAZARDS IN ELECTRONICS
WORK

Chemical hazards

There are numerous chemical hazards in
the semiconductor wafer fabrication
industry. The chemicals may be explo-
sive, toxic, or corrosive. Examples
include gases such as arsine, phosphine,
diborane, ammonia, chlorine; doping
agents containing arsenic; strong acids
such as hydrofluoric and hydrochloric
acids; and numerous solvents.
Fortunately most of the chemicals are
used in enclosed systems. Exposures
may however occur during maintenance
or repair work, or in the event of
accidental leaks or spills.

Chemicals used in the assembly of
electronics equipment are generally less
toxic, but day to day exposures may be
higher, as these chemicals may be used
in non-enclosed or non-automated
situations. Common chemicals include
solvents, cleaning agents (for example,
acids, alkalis), resins (for example,
epoxy resins), soldering material (lead
and tin alloys), and soldering fluxes
(which may contain colophony, or other
chemicals such as amines).

Organic solvents constitute a signifi-
cant proportion of the chemicals used in
the electronics industry. Its multiple
applications as degreasers, diluents,
cleansers, and chemical reactants make
it present in almost all processes in
electronics. The types and amounts of
solvents used in the industry tend to
change with the rapidly evolving tech-
nology in the industry. Some of the
solvents used include isopropanol, n-
butyl acetate, Freons, Xylene, acetone,
methanol, methoxy ethanol, petroleum
distillates, trichloroethane, methylene
chloride, tetra-chloroethylene, ethylene
glycol, and methyl ethyl ketone.

The wide spectrum of chemicals used
is a concern, and the possible health
effects wide ranging. They can affect the
skin (irritant and allergic contact der-
matitis), respiratory system (asthma,
irritation), and central nervous system
(neuropyschological impairment). There
is also some controversy that semicon-
ductor workers have a higher incidence
of adverse reproductive outcomes. It is
also believed that a number of chemicals
used are also potentially carcinogenic,
but because the industry is relatively
new, any increased cancer incidence
would only show up years later in
exposed workers. A recent investigation
conducted by the Health and Safety
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Figure 1

Figure 2 Typical attire of a clean room
operator (the r)rotective clothing is to protect the

work materials and final product).

Executive in 1998 at a semiconductor
plant in Scotland suggested that cancer
incidence (especially lung cancer) of its
workers was higher than that of the
general population (McElvenny et al,
2001).

Physical hazards

Physical hazards may be present in
electronics work. Among the hazards
include noise and radiation. Ionising
and non-ionising radiation are used for
testing, quality control, and curing
operations, but these are usually done
as enclosed processes. Noise may be
emitted by machinery such as motors,
cutting equipment, and packaging

The majority of electronics assembly line workers are female.

machines. Low humidity has been
described as a potential problem in
clean room work, giving rise to derma-
tological symptoms.

Repetitive assembly line work or
manual handling may lead to cumula-
tive trauma disorders, backache, and
strains of the musculoskeletal system.
Prolonged visual inspection work, espe-
cially those that require a microscope,
often results in eyestrain. Fortunately,
such repetitive manual assembly line
work and routine inspection tasks are
increasingly being automated, and
fewer workers will be exposed to such
work in future. For the present, mod-
ifications to work tools and changes in
work organisation, such as job rotation
or implementation of appropriate work-
rest pauses, may help.

Work in clean rooms

Much of the production of semiconduc-
tors occurs in dust-free clean rooms.
Clean rooms are also needed for other
electronics work that requires dust free
environments, for example, hard disk
manufacture and storage media produc-
tion. The rooms are required to be free of
dust, and standards are applied accord-
ing to the nature of end-products. High
efficiency particulate absolute filtration
units remove dust and air is recirculated
to minimise further dust exposure.
Workers also wear protective caps/hair-
nets, gowns, facemasks, and boots
(fig 2) to prevent bodily dust from
contaminating the work materials or
products.

One health issue involves recirculated
air. Workers are potentially exposed to
recirculated solvents and other chemical
fumes or vapours. The low humidity in
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clean room environments has been
reported to cause itch and dermatitis.

Other hazards

Biological hazards are not routinely
encountered in  electronics  work.
However, communicable diseases may
be easily spread to other workers.
Contributory factors include the close
proximity of workers in assembly lines,
shared dining and hygiene facilities,
crowded living conditions in factory
dormitories, and possibly malnutrition.
Such incidents largely occur in develop-
ing countries.

Adverse psychosocial factors in elec-
tronics work include the fast and
unvarying pace of work in assembly
lines, the monotonous nature of work,
and rotating shifts.

Outbreaks of mass hysteria have been
described among electronics workers in
developing countries. The affected
workers are usually young females with
a low level of education, often coming
from rural or village backgrounds. They
have problems in adapting to the pace
and nature of assembly line work. Such
workers may also be found to be staying
in dormitories, separated from their
families, and this adds to the stress. In
some countries, female electronics
workers are also associated with risk
behaviours such as amphetamine and
alcohol use, as well as unprotected sex
(Theobald, 2002).

OCCUPATIONAL HEALTH AND
SAFETY MANAGEMENT
An effective occupational health and
safety programme within the electronics
workplace will involve the integration of
specific programmes, for example, those
targeting chemical safety and improved
ergonomics, health surveillance, etc into
a coherent and comprehensive health
and safety management system. In
addition, well informed workers and
an effective surveillance system can
prevent work related diseases and acci-
dents.

In general, the programme will com-
prise the following framework:

® Identification of hazards.

® Implementation of control meth-
ods—the primary consideration
being the complete removal or sub-
stitution with a less hazardous sub-
stance or process. If this is not
feasible, an alternative approach
would be to isolate the hazard using
a combination of interventions, for
example, enclosure, ventilation, and
personal protection.

® Education of workers.
® Monitoring of environmental levels.

www.occenvmed.com



182

® Monitoring of personal levels by
exposure levels in biological samples
or the surveillance of diseases and
injuries.

Chemical safety

Toxic production chemicals should be
replaced by non-toxic, or less toxic,
alternatives, where possible. An actual
example is the removal of glycol ethers
from the workplace, following a study of
increased miscarriage rate of women
working in silicon wafer manufacturing
rooms in the 1990s. In an industry
where little is known about the long
term health consequences of chemical
exposure and its interaction, automa-
tion and enclosure of its work processes
are important control measures to mini-
mise exposure in general to chemical
exposures.

Engineering controls, education,
and surveillance

The measures to protect workers from
the effects of harmful agents used are
usually directed at maintaining expo-
sure below a certain exposure limit that
research and experience have shown to
produce no adverse health effects. One
of the more significant measures is the
application of ventilation and enclosure
systems, especially within the clean
rooms where ineffective removal of
chemicals and recycling of air could
result in its stagnation and concentra-
tion. It is also important to regularly
assess environmental levels of selected
substances to ensure engineering con-
trols are effective.

To prevent musculoskeletal and repe-
titive strain disorders, redesign of tools
to transfer stress from smaller to larger
joints, improving height relationships of
different work surfaces, and orientation
of work materials are just some of the
ergonomic improvements that can be
considered. Education on safe methods
of manual handling is also important.

Other safety measures might include:
(1) acid resistant and non-slip flooring;
(2) exhaust ventilation in areas where
toxic gases or fumes are given off; (3)
protection of electrical equipment and
material from wet or damp surround-
ings; (4) prohibition of eating, drinking,
and smoking in work areas; (5) eye-
bath and first aid equipment; (6)
protective clothing including gloves,
rubber boots, eye protection, acid resis-
tant garments made available and worn;
and (7) standard procedures for manual
handling, for example, handling of solid
alkalis and dry acids with tongs or
shovels.

Workers employed should be ade-
quately trained for their duties and
should undergo specific regular medical
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examinations to ensure that they are
both fit for the job and free from harm
acquired from the job. At these visits,
they should also be educated about
potential health hazards, recognition of
early health effects, and practice of safe
working techniques.

CONCLUSION

The electronics industry has experienced
enormous global growth over the last
quarter of a century. Like any other
industry, occupational health hazards
are present in electronics work. As the
electronics workforce increases, there is
a need for occupational and environ-
mental medicine practitioners to be
aware of the work processes in this
industry, to recognise possible hazards,
and to implement appropriate control
measures to protect the health of its
employees.

APPENDIX

Please visit the OEM website (www.
occenvmed.com/supplemental) to view
the video clips.

Video clip 1: Assembly line
electronics work

This is a non-clean room environment.
All the workers are females, and the
work involves repetitive movement.

In the first segment, the worker wears
an ‘“‘earthing” wrist strap to remove
static electricity, so as not to damage the
electronics components she is handling.
Nickel is present in the wrist strap, and
it can cause allergic contact dermatitis
among sensitised workers. Nickel aller-
gic contact dermatitis can be avoided by
replacement of the wrist strap with a
nickel free alternative shown in fig 3.
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In the second segment, the worker is
cutting the protruding wires of the
printed circuit board. She should be
wearing appropriate eye protection, to
avoid injury.

Video clip 2: Clean room
operations

A clean room 1is required for any
electronics work where dust particles
may damage work materials or pro-
ducts. High efficiency particulate abso-
lute filtration units remove dust, and air
is recirculated to minimise further dust
exposure. Workers also wear protective
caps/hairnets, gowns, facemasks, and
boots to prevent bodily dust from con-
taminating the work materials or pro-
ducts.

This clean room worker is involved in
the fabrication of storage media for hard
disk drives. The operator is involved in
quality control work, which is repetitive
in nature.

Video clip 3: Control of workplace
hazards

This clean room worker is using a set of
“tongs” for lifting cassettes. The inade-
quate design of the tongs places undue
stress onto the wrist during prolonged
work, and increases the risk of repetitive
stress disorder. Adding a forearm sup-
port, as shown in fig 4, would transfer
the load from the wrist to the arm,
which is stronger.
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Figure 3 Earthing wrist straps—the strap on the left contains nickel (which may cause allergic

dermatitis), while the one on the right does not.
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Figure 4 ‘‘Tongs” for lifting cassettes. Adding a forearm support, as shown in this illustration,
would transfer the load from the wrist to the arm, which is stronger.
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