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lthough the development of technology
is rapid in most sectors of working life
the world over, construction work is still

labour-intensive. In the developing world, most
construction workers perform high-risk work in
return for low income. The hazards associated with
this work include accident hazards, physical haz-
ards, chemical hazards, biological hazards, poor
ergonomics, and psychosocial problems.

During the period of fast economic growth in
Thailand (1993–1997), there was much construc-
tion of high-rise buildings, tunnels and highways.
Many reports of serious occupational accidents
came from construction sites. The number of
workers who died in falls from high places rose to
more than 700 in the year 1996. Also reported
were very high numbers of cuts and injuries caused
by sharp instruments, musculoskeletal problems,
exposure to noise and vibration, chemical-induced
dermatitis, insects bites, etc.

Food sanitation and housing problems are
challenging issues at most construction sites. Out-
breaks of food poisoning are a particular concern.
Stress and family problems caused by shift work
are another concern among construction work-
ers. Some parents need to bring their children with them from place to place, thereby preventing the
children from getting a school education. Poor access to health care is another constraint that worsens the
situation.

Employers, supervisors, engineers, ergonomists, occupational health physicians, hygienists and other
health and safety professionals should work together to improve the design of jobs and work stations that
have unsafe qualities or have caused injury. Appropriate initial training in the components of an effective
system should be organized, and basic ergonomic methodologies should be provided.

Enforcement of the law should be taken into account when worksites neglecting good health and
safety practices are inspected. Back-up support from political decision-makers is still needed in order to
achieve a good system of sanitation, education and health care that would improve construction workers’
quality of life.

Construction workers build the houses, schools, offices, hospitals, and roads – as well as a lot more –
that mean better lives for the people of the world. Let us learn to do more for them in return.

Wilawan Juengprasert, M.D., M.Sc.
Senior Medical Supervisor
Office of Health Inspector General
Ministry of Public Health
Nonthaburi, Thailand 11000
E-mail: wilawan@health3.moph.go.th

Health and safety
in construction work
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The size of the problem
The construction industry has tradi-
tionally been considered as a hazardous
occupation, due to the high incidence
of occupational accidents and, above all,
of fatal injuries, as is shown in the fol-
lowing examples of data from some
countries with statistics on the issue.

In the United States (US), in 2001,
the construction sector employed 7.1%
(9,581,000 workers) of the country
work force. Nevertheless, it accounts for
9.7% of all occupational injuries and
20.7% of the fatalities (1,2).

In France, in 2000, construction
employed 5.6% (1,215,000 workers) of
the total paid employment, but it ac-
counted for 19% of all occupational
injuries and 26% of the fatalities (2,3).

In Spain, in 2001, the construction
sector employed 11.6% (1,850,200
workers) of the total work force. How-

ever it accounted for 26.4% of all work-
related injuries and 26.1% of the fatal-
ities (2,4).

In Japan, in 2000, construction em-
ployed 10% (5,690,000 workers) of the
total work force, but it accounted for
25.1% of all occupational accidents and
38.7% of the fatalities (2,5).

In analysing the above data it is easy
to see the significant contribution of the
construction industry to employment
creation. Another common feature is
the high proportion of the work-relat-
ed accidents of a particular country that
occurs in the construction sector, which
makes construction safety a compelling
issue. However, the most striking aspect
of the above data is the enormous pro-
portion of the occupational fatalities of
a particular country that occurs in the
construction sector, which makes con-
struction safety one of the highest pri-

orities for national policies and pro-
grammes in the field of occupational
safety and health (see Figure 1).

Figure 2 shows the fatality rates in
the construction industry in a number
of countries1. When reading this infor-
mation we should bear in mind the dif-
ficulties of comparing construction ac-
cident data2, and the limitations of this
kind of benchmarking.

In any case, these statistical data
show that, after decades of continuous
decline, the rate of fatal accidents in the
construction industry, in most of the
industrialized countries, is now stabi-
lized at below 20 fatalities for every
100,000 workers.

The case of developing countries is
different. Their situation is far from
being uniform. Some developing coun-
tries have already brought down their
fatality rates in the sector below the level

Safety and health
in construction work

Alberto López-Valcárcel, ILO

1 Panama and South Korea (1998); France and Japan (1999); Argentina and Brazil (2000); and US (2001)
2 First, because of the different ways statistical date are collected (countries in which it is compulsory to report accidents at work in order to qualify for treatment under
worker’s compensation schemes record almost all accidents; but in most countries that is not the case). Second, because definitions of occupational accidents (even fatalities)
differ from country to country. And, third, because construction accident rates tend to rise during boom conditions, and to decline when the industry goes into recession.
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of 40 (per 100,000). Yet, in most of the
developing countries these rates are be-
lieved to be still well above this level.

The number of fatal occupational
accidents in construction all over the
world is not easy to quantify, as infor-
mation on this issue is not available for
most countries. Nevertheless, the ILO
estimates that at least 60,000 fatalities3

occur at construction sites, around the
world, every year. This means that one
fatal accident occurs every ten minutes,
in the sector. That also means that
around 17% of all fatalities at work (1
in every 6) are construction fatalities
(see Figure 3).

Figure 4 shows the trend in occu-
pational fatalities, in the construction
industry, for a number of countries. As
we can see in the case of Japan and in
the European Union (EU), the number
of fatalities has decreased; while in the
case of the US, there was a slight in-
crease in the construction workforce.
While in Japan, the sharp fall in the
number of fatalities corresponds this
number. In the US, this slight increase
in the number of fatalities corresponds
with just a slight decrease in the number
of construction workers.

There are also other trends, like the
case of Spain, where employment in the
construction industry has increased
steadily over the past six years while, at
the same time, the construction fatali-
ty rates have fallen sharply.

Statistical data also reveal that the
likelihood of a construction worker suf-
fering a fatal injury at work is still sev-
eral times higher than that of an aver-
age worker, all economic sectors con-
sidered4. As we can also see, this differ-
ence is even more acute in the case of
the most industrialized countries.
Therefore, it is not surprising that, for
many of these countries, the driving
force behind construction safety is in
fact the ambition to convert the con-
struction industry into an activity which
is not more dangerous than any other.

3 In 2003 we have updated our estimates to 60,000
fatalities, from the previous estimate of 55,000
(2001).
4 In fact, it is 2.6 times higher in Argentina, 2.8
times higher in Spain, 3 times higher in South
Korea, 3.4 times higher in France, 3.5 times higher
in the US and 3.8 times higher in Japan.

Figure 1. Employment and occupational accidents in construction as a
percentage of all economic activities.

Figure 2. Fatality rates in construction industry. Different countries.
Number of fatalities per 100,000 workers.

Figure 3. Global ILO estimates of fatal occupational injuries, 2003.

Figure 4. Construction industry. Different countries.
Trends in number of fatal injuries.
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Historically, occupational safety and
health programmes in construction
have been focussed on the area of safe-
ty, i.e. on the prevention of accidents.
This is not surprising because of the
immediate visibility of the effects of
accidents (injuries and material dam-
ages) as compared to diseases whose
consequences appear only after a peri-
od of time. The problem lies in that the
health of workers may be affected many
years after being exposed to a certain
agent or contaminant at the workplace.
Thus, reliable statistical data on occu-
pational diseases, especially in the case
of a workforce as mobile and sporadic
as construction, are difficult to obtain.

Nevertheless, the true dimension of
work-related diseases is starting to be-
come clearer. For instance, in the Unit-
ed Kingdom it is estimated that about
1 in 20 workers currently or recently
working in construction has suffered
from a work-related musculoskeletal
disorder. Moreover, construction work-
ers in the United Kingdom are twice as
likely to suffer from work-related dis-
eases than workers in other industries
(6).

In France, on the other hand, 20%
of diseases recognised by the workers’
compensation system as work-related
diseases occur in the construction sec-
tor (7).

Planning and co-ordination:
two imperatives for
construction safety
The risks construction workers face are
largely the result of poor planning. Thus
a well-organized construction site is
generally a safe site and, in a broader
sense, a well-managed site (well
planned, organized, supervised and
controlled) is also a safe site.

Organizing construction work al-
ways requires planning. Each of the
construction work units (excavation,
structure, roof, etc.), each operation
(storage and supply of materials, dump-
ing rubble, etc.), and so on, should be
planned ahead of time. In addition, the
worker’s safety and productivity and the
quality of the work can only be guar-
anteed if there are sufficient skilled
workers, and appropriate tools and
equipment, at a given time.

There are many factors that inter-
fere with proper planning in the con-
struction industry: the diversity of tasks,

the variety of construction projects, in-
sufficient time between bidding and in-
itiating the work, ill-defined projects or
changes in the projects, or unforeseen
changes in the weather. Even so, basic
safety planning can always be done, thus
eliminating the causes of many poten-
tial accidents.

One of the best ways to approach
planning for construction safety is to
write down the measures for risk pre-
vention that have been decided for a
particular site. That is the purpose of
the safety project.

The safety project establishes, de-
fines, quantifies and budgets for the pre-
ventive measures (collective protection,
signalling, personal protective equip-
ment, training, first aid), and the wel-
fare facilities (drinking water, sanitary
facilities, washing facilities, changing
rooms), that are planned for a particu-
lar construction site.

The co-ordination of prevention
among different enterprises that partic-
ipate in a construction project is another
fundamental aspect of health and safe-
ty in this industry. It is common to find
several enterprises carrying out their
work at the same time at the same site,
in such a way that workers from one of
these enterprises are exposed to risks
generated by the others. At the same
time, prevention and protection meas-
ures adopted by one enterprise could
affect workers from other enterprises at
the same construction site. Sometimes
problems also arise when none of the
enterprises takes the responsibility for
controlling the risks that another con-
tractor may have left behind on leaving
the site.

The need for a specific
approach
Construction work involves a series of
occupational risks, such as work at
heights (use of scaffolding, gangways
and ladders; work on roofs); excavation
work (use of explosives, earthmoving
machines); lifting of materials (use of
cranes, hoists), and so on, which are
specific to the sector.

A specific approach to occupation-
al safety and health in the construction
industry is also required as a result of
the temporary character of its workplac-
es. A temporary workplace implies tem-
porary welfare facilities, temporary site
utilities (lighting, electricity), tempo-

rary collective protection (fencing, shor-
ing, guards-rails, scaffolding, safety
nets), and so on. Continuous change
of work sites also calls for a specific ap-
proach to occupational safety and
health management (OSH) at the con-
struction site, where planning, co-or-
dination and budgeting become ex-
tremely important.

Some countries already implement
policies and programmes on OSH di-
rected at and specifically designed for
the construction sector. This particular
treatment of OSH in construction gen-
erally includes specific regulations, tech-
nical standards, advisory and inspection
services, publications and information
services for the construction sector.
However, this is not the case in most
countries, where action at the national
level on OSH matters hardly differs by
economic sector and where specific pro-
grammes on OSH often do not exist
for the construction industry.

ILO criteria
The ILO has always recognized the
need for specific treatment of the oc-
cupational safety and health issue in the
construction industry and, in 1937,
adopted the Convention No. 62, Safe-
ty Provisions for the Building Industry,
which was the second ILO convention
on occupational safety and health, spe-
cifically addressed to a particular sector
of economic activity.

At present, Convention No. 62 has
30 ratifications.

In 1988, the ILO adopted a new
standard on this subject, Convention
No. 167, Safety and Health in Con-
struction after considering that the
former Convention No. 62 was no
longer appropriate for regulating risks
in this important sector of economic
activity (8).

One of the new issues Convention
No. 167 included is the need for plan-
ning and co-ordination of safety and
health at the sites, specifying that when
several companies undertake activities
simultaneously at one construction site:
(a) the principal contractor shall be re-
sponsible for co-ordinating safety and
health measures and for ensuring com-
pliance with such measures and, (b)
each employer remains responsible for
the application of the prescribed meas-
ures in respect to the workers placed
under his authority. Convention No.
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167, furthermore, establishes that those
concerned with the design and planning
of a construction project shall take into
account the safety and health of the
construction workers.

To date, Convention No. 167 has
been ratified by 19 countries.

In 1992, a new ILO Code of Prac-
tice, Safety and Health in Construction
was approved. Again, in this code, ref-
erence is made to the planning and co-
ordination issue and furthermore, some
additional responsibilities of designers
and clients are also pointed out, among
which the following are worth high-
lighting (9):

In the absence of a principal con-
tractor, a competent person or body
should be nominated at the site with
the authority and means necessary to
ensure co-ordination and compliance
with safety and health measures.

Those concerned with the design
and planning of a construction project
should integrate the safety and health
of the construction workers into the
design and planning process. They
should also take into account the safe-
ty problems related to subsequent
maintenance when it involves special
hazards.

The clients should: (a) co-ordinate
or nominate a competent person to co-
ordinate all safety and health activities
during the construction projects; (b)
inform all contractors on the project of
special risks to safety and health that
the clients are or should be aware of;
and (c) require those submitting ten-
ders to make provision for the cost of
safety and health measures during the
construction process.

The growing interest in
management systems.
The ILO/OSH 2001
Management in the construction indus-
try involved in fact two different kinds
of management: the management of the
project or site, and the management of
the company or organization.

During the past decade, we have
seen how the centre of attention in the
management of OSH in the construc-
tion industry has moved from the
project level to the company level; and
towards a more dynamic and systemat-
ic approach, in line with quality and en-
vironment standards.

The basic idea behind this new ap-
proach, the Occupational Safety and
Health Management Systems (OSH-
MS), is that of the continuous improve-
ment in OSH performance. In this
sense, OSH management in the con-
struction company should not only be
considered as a means for the observa-
tion of relevant legal obligations, but it
should also aim at achieving the best
OSH performance.

It was in this context, that the ILO
recently adopted its ILO Guidelines on
occupational safety and health manage-
ment systems (ILO/OSH 2001), at a
tripartite meeting of experts that took
place in Geneva in April 2001 (10).

These new ILO Guidelines provide
an international model, compatible
with other management system stand-
ards and guides. They are not legally
binding and are not intended to replace
national laws, regulations and accept-
ed standards. They reflect ILO values,
such as tripartism and also the relevant
ILO international Conventions on oc-
cupational safety and health. Their ap-
plication does not require certification,
but it does not exclude certification as
a means of recognition of good prac-
tice if this is the wish of the country
implementing the Guidelines.

One important aspect of the ILO
Guidelines is the requirement for a na-
tional framework for OSH Manage-
ment System. In particular, it calls for
the establishment of a national policy
on OSH Management Systems and the
development of National Guidelines
and Tailored Guidelines (to address spe-
cific conditions and needs of the com-
panies or groups of companies) as well
as the mechanisms for supporting the
implementation of OSH-MS. This is
one of the unique features of the ILO
Guidelines, which makes it distinct
from the ISO type of approach, such as
OHSAS 18000.

A final remark
Although occupational safety and
health should be, above all, considered
as a worker’s right, it should not over-
shadow the fact that prevention of oc-
cupational accidents is also a means for
construction companies to become
more competitive.

The decisive step towards the inclu-
sion of safety and health in the construc-

tion work will only be taken when all
the parties involved in the process
(workers, employers, designers, clients)
become aware that the imperatives of
occupational safety and health on the
one hand, and of economic efficiency
on the other, are not only non-contra-
dictory but convergent.
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he construction indus-
try has been identified
as one of the most haz-

ardous industries in both in-
dustrialized and industrializing
countries. There is little doubt
that China has seen a dramatic
increase in output and employ-
ment in the construction in-
dustry in the past 30 years. In
the year 2002, the output of
the construction industry was
around USD 100 billion. Numerous
studies have shown that construction
output is growing particularly rapidly,
often exceeding the overall economic
growth rate. The industry employed
more than 36 million people, more
than doubling its share of the total
workforce from 2.3 per cent to 5.2 per
cent. The construction industry plays a
major role in combating the high levels
of unemployment and in absorbing sur-
plus labour from the rural areas.

The main occupational
health problems
Construction workers move through
various stages and operations, during
which the operations and the process
steps change continuously. The chal-
lenge to the occupational health pro-
fessional in characterizing exposures in
this ever-changing environment is enor-
mous, requiring consistent data collec-
tion methods on numerous sites under
a variety of environmental conditions.

It has been found that construction
workers are exposed to many harmful
substances, such as unpleasant dust,
fumes from burning processes, gases
from combustion processes and geolog-
ical formations, and large numbers of
toxic chemicals. There are also biologi-

cal and physical hazards, particularly
from noise but also from heat, vibra-
tion, inflammable materials, and com-
pressed air. These are real hazards, but
much of the excess morbidity is thought
to be work-related rather than directly
occupational and must be exacerbated
by the stresses inherent in site work: low
pay, long hours, poor hygienic condi-
tions, poor quality of food and water,
and the abuses that an all-male work-
force living away from home seems to
indulge in, such as heavy smoking, al-
cohol consumption, and sexual-psycho-
logical issues, including even sexually-
transmitted diseases.

Many studies have shown that ex-
posure to high levels of noise is wide-
spread in the construction industry. The
extensive use of heavy equipment and
hand tools within small, sometimes
enclosed, areas produces personal expo-
sure to noise. The enclosed nature of
tunnels and cut and cover areas increas-
es the problem, because sound rever-
berates off the concrete walls and ceil-
ings. Hearing loss due to noise expo-
sure is a prevalent occupational disease
in China.

Particulates at the worksite are gen-
erally viewed as a “nuisance” in spite of
the fact that particulates at construc-

tion sites often contain con-
crete and therefore crystalline
silica. The levels of respirable
crystalline silica found in nu-
merous studies illustrate that
the potential for significant
exposure still exists.

Much of the construction
work is done during the sum-
mer months. This means that
most workers experience expo-
sure to heat, inducing perspi-

ration.
Lifting and handling heavy objects

are very common in the construction
industry. In some surveys, 30% and
37% of construction sites affirmed that
their daily workshifts included repeat-
ed lifting and handling by muscle force
alone. Moreover, repetitive hand/arm
movements have become even more
common, owing to the constant expan-
sion of various tasks. Postures causing
pain or fatigue are indicated by many
employees. The occurrence of this type
of complaint has increased since the late
1980s, probably due to improper ap-
plication of ergonomic principles and
organization of work. These factors have
caused musculoskeletal disorders
among construction workers.

In some stages, workers in the con-
struction industry may be exposed to
several important occupational carcin-
ogens, including radon gas, chromium
(VI) compounds, and hardwood dust
particles.

Occupational injuries and
accidents
The construction industry has been
identified as one of the most hazardous
industries in China, and occupational
accidents involving falls have been iden-

Challenges and strategies
of occupational health and safety in the

construction industry in China

Zhao-lin XIA, Guo-liang LU, You-xin LIANG, P.R. China

T

Construction site in Jiangsu Province, P.R. China.
(Photo by Seppo Olkkonen)



9 Asian-Pacific Newslett on Occup Health and Safety 2004;11:8–9

tified as the most common cause of fa-
tal injury in the industry. The construc-
tion industry consistently ranks as one
of the leading industries with regard to
the occurrence of occupational fatali-
ties. In the year 2002, construction
work had the highest number of fatal
work injuries to date, with over 1,948
accidents leading to 2,042 deaths.
Compared with the figures for the year
2001, these represented increases of
16.4% and 24%. In all, 80% of all fa-
tal occupational injuries are attributa-
ble to six causes: motor vehicle inci-
dents, machine-related incidents, being
struck by falling objects, collapse of
structures, falls, and electrocution. Of
these accident types, falls (47.2%), col-
lapse of structures (19%), being struck
by falling objects (8.8%), electrocutions
(9%), and machine-related incidents
(6%) were found to be the leading caus-
es of death. Injuries resulting from fall-
ing are usually classified as occurring
from an elevated work surface (e.g. lad-
ders, scaffolds, roofs, buildings, stairs,
vehicles, etc.) or from the same level.
The magnitude of these fatal occupa-
tional injuries resulting from falling is
a major public health concern.

Reasons
The reasons for the high accident rate
in construction work are not difficult
to ascertain. The industry is splintered,
and this can daunt the most experienced
of managers, including health and safety
managers. Construction is labour-in-
tensive, and the workforce tends to be
itinerant, unskilled, foreign, and, above
all, subcontracted. In addition, their
work environment changes frequently.
Construction site workers operate mov-
ing machinery and vehicles, work un-
derground or at elevated levels, and use
sharp tools and heavy equipment.

There are also technical reasons why
construction is dangerous. The work
inevitably leads to the break-up of new
groups; there is much movement hori-
zontally and vertically. Because of the
short duration of most projects, the
learning curve is steep or, more com-
monly, non-existent.

Many of the construction workers
come from outside urban areas. Their
educational level is relatively low and
their notions of health and safety are
less than adequate. Furthermore, most
of them usually receive little training
before beginning on the job, especially

in some small companies. This is also a
major cause of the high accident rate in
the local construction field.

Yet another main reason is that the
existing legislation does not address all
of the problems. The legislation does
not provide a sufficient prescriptive
umbrella that defines accountabilities,
supplemented by succinct regulations
and industry-led codes of practice or
guidelines.

The last important reason is inade-
quate management and organization.
For example, even though this country
has some safety and health legislation,
compliance and enforcement are some-
times lacking or minimal. This situa-
tion needs to be rectified.

Strategies
To improve construction workers’ oc-
cupational health and safety, many
things need to be done. First, although
China has its Construction Act, clear-
er, more complete, and more practica-
ble safety standards, regulations, and
legislation should be formulated for the
construction industry in different re-
gions. Workers’ pre-employment and
periodical safety education should be
guaranteed. In addition, the implemen-
tation and enforcement should be un-
derlined and enhanced in the whole
industry.

The prevention of occupational in-
juries in the construction industry is
feasible given a commitment by both
employers and employees to the imple-
mentation of site-specific preventive
strategies. The strategies need to be
adapted over time because the physical
environment of a construction project
changes rapidly. During all stages of a
construction project – from excavation
of the site, through structural steel
work, to final site cleanup – each job
presents physical hazards that can be
contained. In the planning phases, con-
tractors can be required to have safety
programmes, including a safety super-
visor who is on site at all times and who
has access to prior injury data on simi-
lar sites, job hazard analyses, and po-
tential approaches to hazard control.
Expenditures for such items as addition-
al training for new employees or perim-
eter guarding could be included in the
overall cost estimation of the project.

The second major area is occupa-
tional health promotion. It is necessary
to reduce exposures and hazards, and

to educate workers with regard to the
health hazards of these agents. In addi-
tion, an active, preplanning hazard as-
sessment and intervention programme
for a multi-employer construction en-
vironment needs to be developed. Fur-
ther education for management and
workers, helping them to fulfill their
responsibilities concerning health, is
also important. The numerous benefits
of occupational health promotion ini-
tiatives include economic benefits to the
employer, reduced staff turnover, im-
proved productivity, reduced absentee-
ism, and an improved corporate image.

Third is to promote the use of per-
sonal protective equipment in construc-
tion work. The literature indicates that
most occupational injuries could be
prevented, or at least their severity
would have been reduced, through the
use of proper personal protective equip-
ment, such as helmets, lifelines and lan-
yards, employee training to prevent
falls, and the implementation and en-
forcement by management of measures
to prevent falls and apply other preven-
tive measures at the worksite.

Last, in connection with the con-
sultation approach, it is important to
develop and promote a good, blame-
free monitoring or surveillance system
that includes the reporting of accidents,
so as to provide information to be used
for improvements.
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Construction industry in
Japan
The construction industry in Japan ac-
counts for over 20% of work-related
deaths and injuries requiring an absence
of 4 days or more. The number of oc-
cupational fatalities in the construction
industry amounted to 607 in 2002,
36.6% of total deaths resulting from
occupational accidents. Of new cases
compensated for due to occupational
diseases, the industry accounts for 15%
of the total reported cases. Thus the
construction industry requires special
efforts to prevent occupational acci-
dents and diseases, while, as in many
other countries, its worksites are regard-
ed as comprising many demanding jobs
known as 3-D (dirty, dangerous and
difficult) jobs.

The high incidence of occupational
accidents and diseases in the construc-
tion industry is attributed not only to
hazardous conditions of work but also
to difficulties in organizing effective
preventive programmes. Increasing at-
tention is drawn to changing hazard-
ous operations dealing with heavy ma-
terials, elevated workplaces and a vari-
ety of chemicals. The Ministry of
Health, Labour and Welfare is promot-
ing preventive programmes focusing on
hazardous jobs in the construction in-
dustry, and control measures of acci-
dents have improved especially in large
construction companies in Japan. Spe-
cial efforts have been made for the pre-
vention of accidents, in particular for
spreading construction methods of set-
ting up safe scaffolds prior to building.
This has led to significant reduction of
accidents involving falls. The Ministry

of Health, Labour and Welfare estab-
lished in 1996 the guidelines on safer
construction methods and has provid-
ed subsidies to small construction en-
terprises. The construction industry
groups and trade unions have accepted
the guidelines and have contributed to
the dissemination of the improved scaf-
folding methods. However, falling ac-
cidents accounted for 41.8% of work-
related fatalities in the construction in-
dustry in 2001. The prevention of fall-
ing accidents is still important, especial-
ly in small enterprises.

In the aspects of preventing work-
related diseases, the situation is more
serious. Construction workers were ex-
posed to high concentrations of dust,
including asbestos dust, during the pe-
riod of rapid economic growth in Ja-
pan, particularly in the 1960s and
1970s. The numbers of pneumoconio-

sis, lung cancer and mesothelioma vic-
tims have since increased and are ex-
pected to continue to rise. This has ne-
cessitated increased attention to such
diseases in the construction industry.

The next target should be intensi-
fied actions for micro enterprises and
small enterprises, including the self-em-
ployed workers, and for the prevention
of occupational diseases.

The high rates of small enterprises
and self-employed workers are another
important feature of the construction
industry. In the construction industry
in Japan, 70% of workers are employed
in micro enterprises and small enterpris-
es, while about 12% of workers are self-
employed (1). The workforce structure
in the construction industry is unique;
as shown in Fig. 1, the majority work
in enterprises employing less than 30
workers. It should be noted that larger

Asbestos-related diseases
among construction workers

in Japan
Yuji Natori, Toshio Hirano, Mari Shimazu, Naoki Toyama, Japan
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enterprises employing 100 or more
workers, and accounting for 0.5% of
total construction businesses, also rely
heavily on contracted micro enterpris-
es and small businesses. Since the In-
dustrial Safety and Health Law does not
cover employers, including those self-
employed, a notable proportion of con-
struction workers falls outside the scope
of strict regulations, such as regulations
for 47 organic solvents requiring a lo-
cal exhaust system and periodic health
examinations, definitions of 23 kinds
of dusty work, etc. The self-employed
workers are outside the scope of work-
men’s compensation schemes and are
covered merely through a voluntary
insurance scheme for the self-employed
workers and small businesses.

It is therefore important to obtain a
clearer picture of the often underreport-
ed occupational accidents and diseases
in the construction industry, and to dis-
cuss types of preventive programmes
that can address problems in micro en-
terprises and small enterprises and
among the self-employed workers.

Asbestos-related diseases
and the construction
industry
Of about 8,000 new cases of occupa-
tional diseases yearly reported in Japan,
the construction industry accounts for
15%. Among 1,157 cases reported from
the industry as requiring an absence of
4 days or more in 2001, 638 were dis-
eases due to occupational injuries, 115
due to physical agents, 27 due to work
forms, 4 due to hypoxia, 47 due to
chemical substances, and 313 were due
to pneumoconiosis and complications.
Cases due to injuries included 450 cas-
es of lower back pain. Most cases caused
by physical agents were due to abnor-
mal temperatures. While these figures
related to cases with an absence of 4
days or more and that were compen-
sated for, respiratory diseases and low-
er back pain were clearly the two prom-
inent occupational diseases among con-
struction workers. Construction work-
ers have further suffered from many
occupational injuries, including spinal
injuries, finger cuts, and fractures, as
well as from vibration disorders, hear-
ing loss, cardiovascular diseases, organ-
ic solvent poisoning and others. As for
occupational respiratory diseases, dust
and asbestos have been the leading caus-
es.

In the use of asbestos in industry,
the current phase is recognized as a de-
celerating period that started around
1990 at about 300,000 metric tons/year
and in recent years has retreated to be-
low 100,000 metric tons/year. Note-
worthy events during this phase were
the prohibition of crocidolite and
amosite in 1995, the amendment of the
Prevention of Air Pollution Law in
1997 to prohibit scattering of asbestos
during abolition, and the inclusion of
asbestos in 2000 in the designated list
of Pollutant Release and Transfer Reg-
ister (PRTR). This drastic decrease is
expected to continue under pressures
toward a total ban. The government has
announced a ban in principle on the
use of asbestos as construction material
after October 2004. It is essential now
to strengthen the monitoring of expo-
sure to asbestos in various construction
sites and to improve detection of and
care for people with asbestos exposure.

The implications of asbestos expo-
sure among construction workers in
Japan are yet to be studied. Concerns
are growing that the past and still con-
tinuing exposures to asbestos among
these workers must be addressed by
comprehensive programmes. A break-
down of special medical examinations
in 2001 revealed that of 21,184 work-
ers who underwent special health ex-
aminations due to asbestos at 2,155 es-
tablishments, 186 or 0.9% were found
to require medical advice. In compari-
son, the number of workers with posi-

tive findings through such examinations
in 1991–2000 amounted to 2,652 or
1.0% among a total of 258,451 work-
ers examined.

As shown in Table 1, a recent study
on the prevalence of mesothelioma in
Japan during the period 1995–2001
identified a steady increase in deaths
among males, reaching 50% and a 60%
increase in deaths due to mesothelio-
ma of the pleura (2). Thus the public
was struck by the predicted number of
deaths among males during 2000–
2029, which range from 28,700 to
58,000. These findings contrast with a
noteworthy increase in the compensa-
tion status since the early 1990s in lung
cancer and mesothelioma caused by
exposure to asbestos, as shown in Table
2. Since 1992, people who have con-
tracted lung cancer and mesothelioma
due to asbestos have been compensat-
ed at a rate of approximately 20 to 40
cases per year.

The cumulative use of asbestos in
buildings has been widespread. In ad-
dition to construction workers already
exposed to asbestos during construction
work, workers engaged in maintenance,
renovation and demolition of buildings
will be at an increasing risk in the years
to come. It is clear that, even after the
total ban of asbestos, prevention of both
exposure to and diseases caused by as-
bestos will continue to be a high prior-
ity in the society as a whole.

Figure 1. Structure of the workforce in manufacturing and construction in Japan.
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Table 2. Compensation status of occupational cancer caused by exposure to asbestos.

Year Lung Mesothe- Year Lung Mesothe-
cancer lioma cancer lioma

1975 8 0 1989 9 10
1976 2 0 1990 10 6
1977 0 0 1991 10 8
1978 3 1 1992 9 14
1979 5 0 1993 11 10
1980 1 0 1994 9 12
1981 2 0 1995 10 13
1982 7 0 1996 15 12
1983 4 0 1997 12 10
1984 3 4 1998 23 19
1985 7 4 1999 17 25
1986 5 9 (2000) (18) (34)
1987 8 2 (2001) (21) (33)
1988 7 3 (2002) (22) (55)

Table 1. Deaths due to mesothelioma in Japan since 1995 (Takahashi et al., 2002).

Year Total Pleura Peritoneum Others Total
Men Women Men Women Men Women Men Women

1995 356 144 201  74  35  16 120  54 500
1996 420 156 283  75  23  22 114  59 576
1997 451 146 281  74  31  17 139  55 597
1998 429 141 283  78  39  23 107  40 570
1999 489 158 319  85  27  21 143  52 647
2000 537 173 367  89  30  24 140  60 710
2001 574 198 414 116  35  26 125  56 772

Activities of local
occupational health teams
A trend is growing in Japan to establish
local occupational health teams to pro-
vide occupational health services for
small and medium-sized enterprises.
The services include technical advice
about the planning and implementa-
tion of occupational health pro-
grammes, assessment of exposures to
various occupational risks, health sur-
veillance and counselling for workers,
and education and training. It has gen-
erally been difficult to address occupa-
tional health issues of construction
workers, primarily because of the lack
of both local resources and initiative.
The increasing awareness of work-relat-
ed risks and the recent progress in guid-
ance to smaller enterprises about vol-
untary safety and health management
systems have led to various attempts by
such local teams, which usually cover
the construction industry as part of
their services.

Recent models include construction
industry programmes of such teams, in
cooperation with employers’ and work-
ers’ organizations. An example is our
cooperation with the Tokyo Joint As-
sociation of General Federation of Con-
struction Workers’ Union, which is an
organization of 150,000 construction
workers in Tokyo. This trade union
mainly organizes self-employed work-
ers and small businesses working at
small construction sites for wooden
buildings or at large construction sites
as subcontractors. A comprehensive oc-
cupational safety and health programme
has been launched with the objectives
of preventing occupational accidents
and diseases, early detection of relevant
diseases, assistance in compensation
claims by victims, and training in pre-
ventive measures, in particular for the
self-employed workers and small busi-
nesses. The trade union, the Construc-
tion National Health Insurance Asso-
ciation affiliated with the trade union,
the Himawari Clinic and the Tokyo
Occupational Safety and Health Cent-
er started a joint programme in 1996.

Initial activities included joint sur-
veys of construction sites and health sur-
veillance of construction workers. For
example, to detect occupational respi-
ratory diseases, we have annually

Table 3.  The results of pneumoconiosis screening in 2000–2002.

Year Total 0/1 Rate of 1/0 Rate of
0/1 1/0

2000 6514 859 13.2 33 0.5
2001 6763 916 13.5 60 0.9
2002 7138 954 13.4 53 0.7

Table 4. Effects of education on recognition and practices among workers at dusty
worksites.
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checked about 6,000 chest X-ray films
of construction workers against the Jap-
anese Standard Pneumoconiosis Films
by the Ministry of Health, Labour and
Welfare. As a result, we found that
workers with 0/1 small opacities and
pleural plaques accounted for 13%, and
those with 1/0 small opacities account-
ed for 0.6% (Table 3).

In 2000, we started educational pro-
grammes about the prevention of oc-
cupational respiratory diseases. For
members with abnormal chest X-ray
findings, we conducted workshops
about the prevention of occupational
respiratory diseases and the improve-
ment of working conditions. The work-
shops were held 20 times per year from
2002. We used newly designed teach-
ing materials comprising photographs
and video clips of various jobs, as well
as instructions about the measurement
of total dust and asbestos concentra-
tions.

The workshops have proven effec-
tive for construction workers in enhanc-
ing the recognition of risk due to dust
and asbestos, and in changing work
practices at dusty job sites. A promi-
nent example is shown in Table 4.
Workers adopted a local exhaust system
and personal protection in cutting a dry
wall, and a drastic reduction in dust
concentrations during work resulted
(Fig. 2).

Cooperation with the
health insurance association
These activities have led to compensa-
tion by the Workers’ Accident Compen-
sation Insurance Law. Compensation
claims were presented from 1998 for
pneumoconiosis cases with X-ray find-
ings corresponding to 1/0 profusion or
above according to the Pneumoconio-
sis Law. Workers with Category I find-

ings accounted for 14, those with Cat-
egory II findings 36, and those with
Category III findings 10, with one
worker with Category IV findings.
Nineteen workers were treated for sec-
ondary bronchitis.

In the meantime, the Construction
National Health Insurance Association
nominated two of the authors as advi-
sory physicians and another as an advi-
sory public health nurse. From 2000,
we examined the medical fees docu-
ments from various hospitals of patients
with malignant mesothelioma and lung
cancer or lung fibrosis and interstitial
pneumonia with a view to identifying
cases of occupational disease. Then the
public health nurse and the person in
charge of the branch of the Construc-
tion National Health Insurance Asso-
ciation visited the victims’ homes to
assist them and learn about their past
jobs. If necessary, we visited the physi-
cians of the hospitals for operated and
autopsied lung specimens and exam-
ined asbestos bodies of their lungs (3).
As a result of these activities, one case
of malignant mesothelioma and seven
patients with lung cancer were accord-
ed compensation for occupational dis-
eases. These activities also led to the
establishment of a society for asbestos
victims in construction (4).

Occupational health team members.
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Figure 2. Different exposure levels with/without preventive measures in dry wall cutting.
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Workplace improvement
activities
The next phase of cooperation among
the trade union, the clinic and the cen-
tre evolved in the form of participatory
activities involving workers and man-
agers. We took account of the guide-
lines for occupational safety and health
management systems in the construc-
tion industry established by the Japan
Construction Safety and Health Asso-
ciation (JCSHA). We realized that the
occupational safety and health manage-
ment systems had not been spread to
small businesses yet. In view of the ur-
gent need to prevent asbestos-related
risks, we have been trying to strength-
en grass-roots action that is implement-
ed by workers and managers of small
businesses (5). We referred to the local
experiences in applying the Work Im-
provement in Small Enterprises (WISE)
methodology developed by the ILO as
well as the training materials for Par-
ticipation-Oriented Safety Improve-
ment by Trade-union Initiative (known
as POSITIVE), developed by the Japan
International Labour Foundation and
used in Japan and other Asian coun-
tries (6, 7). We thus tried to apply the
WISE methodology to micro enterpris-
es and small enterprises in the construc-
tion industry. The methodology com-

prises group inspection
by means of a specially
designed checklist,
workshops to learn er-
gonomic principles
through local good ex-
amples, and group
work for implementing
low-cost improve-
ments. The aims of this
activity were: a) to im-
prove the workplace en-
vironment, safety,
health and productivi-
ty in actual construc-
tion sites; b) to support
the voluntary practices
of workers, self-em-
ployed persons and
small businesses, and c)
to spread the training
through the trade union
network. We started the
activity in April 2002.

Firstly, we formed a
committee for work-
place improvement un-
der the trade union’s

executive committee. The members of
the committee were skilled workers,
including carpenters and painters. Most
of them, who work in actual construc-
tion sites, were either from small busi-
nesses or were self-employed. The com-
mittee held training courses that had
the simultaneous aims of identifying
local good examples at the workplaces
visited, collecting photographs of these
good examples, and producing training
materials. In 2002, we held six training
courses.  The committee members took
part in the visits to construction sites,
and in the discussion on how to con-
trol risks – such as those involved in
materials handling and dust exposure
– and how to improve actual condi-
tions. The results of the group discus-
sion, fed back to the visited workplac-
es, encouraged the workers and man-
agers concerned and greatly helped pro-
mote improvement action. We con-
firmed that one important factor facil-
itating immediate improvements was
pointing out good examples and solu-
tions.

In 2003, the committee established
a training package, named “The tool-
box for improving workplaces”, that in-
cluded an action checklist, collected
good examples, and devised presenta-
tion materials for a basic training course.

The improvement activity is now
spreading to 30 affiliated trade unions.

Conclusions
The prevention of asbestos-related dis-
eases among construction workers re-
quires collaborative, well-informed ac-
tion of construction workers and man-
agers. Our experiences show the impor-
tance of voluntary programmes through
local teamwork that combines aware-
ness raising, health surveillance and
participatory action training. On the
basis of these experiences, we can con-
firm that: a) construction workers and
their trade unions can establish volun-
tary preventive activities while playing
a key role in programme activities; b)
medical clinics and non-governmental
organizations can support the activities;
and c) a comprehensive approach fo-
cusing on local achievements is essen-
tial.
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drome (SUNDS) (2,3). The results of
other studies on workload and heat
stress, conducted in India, Indonesia,
Malaysia and in Thailand (4–7), con-
firm the seriousness of these risks. Here
it must be remembered that there is a
fundamental difference between Thai
and Western workers as concerns car-
diac load (5). Several standards and
thresholds, such as the commonly used
Wet Bulb Globe Temperature (WBGT)
Thermal Index (8), cannot be used to
predict reactions to physical strain. The
stress-strain model as described by
Rutenfranz (9) has been used to evalu-
ate the interrelations between job de-
mands (stressors) such as task, organi-
zation and environment, and exposed
individuals’ physiological response
(strain). Furthermore, the model can be
used to solve the problem of interindi-
vidual and intraindividual differences,
which is thought to be very important
(10,11).

This study was carried out as a part
of the research project “Ergonomics
Study of Strenuous Tasks under Tropi-
cal Working Conditions” for the Social
Security Office of the Thai Ministry of
Labor and Welfare (12). The objectives
of this study were to assess physiologi-

Introduction
The decline in construction volumes
subsequent to the South East Asian eco-
nomic crisis of 1997 is now under con-
trol in Thailand, creating an increasing
number of jobs in the country. In 1999
there were 13,612 construction estab-
lishments all over Thailand (64% of
these with less than 200 employees)
employing 522,402 officially registered
construction workers, of whom about
24.5% were women. The gender dis-
tribution was roughly the same for un-
skilled labour (22% female), whereas
only 16% of skilled workers were wom-
en (1).

Besides these official employment
figures, women and children work
many hours in small-house construc-
tion, although no precise figures on
these are available. The family follows
the construction workers (skilled or
unskilled) around the country, living
temporarily in modest to poor condi-
tions on the construction site and mov-
ing to another site when the job is fin-
ished. Their salary is much lower than
the official salaries and they have no
social security status. The working con-
ditions are difficult to keep under con-
trol, and any accidents or diseases that
occur are not registered.

In combination with the adverse
tropical climate, the social conditions
and the physical work may create seri-
ous health risks varying from general
physical fatigue to, for example, cardi-
ac failure, dehydration, sodium chlo-
ride deficiency, heat cramps, heat ex-
haustion, heat syncope and even sud-
den unexpected nocturnal death syn-

Reducing physiological strain in
construction work in Thailand

– AN ERGONOMIC METHOD

Pongjan Yoopat, Thailand

cal strain in construction work and to
consider priorities for preventive inter-
ventions.

Material and methods
Subjects
Forty-three construction workers (Ta-
ble 1), both men and women, partici-
pated in the study and were observed
during their habitual daily activities.

Worksites and work activities
The selected worksite was situated at
the Rangsit University campus and con-
cerned a 10-floor building involving the
classic construction methods of foun-
dation piling, iron binding, carpentry,
scaffolding, bricklaying, concrete mix-
ing, materials fetching, preparations and
transport of materials. The workstations
and subjects were randomly selected at
the construction site, in mutual agree-
ment between the management and
researchers. The working hours during
June and July were about 8 to 10 hours
a day, starting early in the morning to
avoid the hottest periods of the day,
with a one-hour lunch break in the
middle of the period. The average air
temperature varied from 32.0º C to
38.4º C, the peaks appearing during the

Table 1. Characteristics of the participants

Men (N = 21) Women (N = 20)
Age (y)  33  ±  4   30  ±  4
Height (cm) 162  ±  6 153  ±  6
Weight (kg)  59  ±  8  56  ±  9
VO2max (l/min)    2.68  ±  0.55     1.57  ±  0.35
VO2max (ml/kg)    45.4  ±  6.10     28.0  ±  5.00
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afternoon. The relative humidity was
about 60–75% and the radiant temper-
ature sometimes exceeded 45º C, result-
ing in WBGTs ranging from 29.2º C
up to 33.3º C, which requires alternat-
ing work-rest periods during the shift
(ISO 7243). The rest periods took place
in a cooler, shaded area and there was a
permanent supply of drinking water.

The tasks performed were registered
with a chronometer in order to have a
clear picture of the type of work and
the duration of tasks. The results were
expressed as the percentage of the total
observation time, which was, on the
average 95 min in the workshift, vary-
ing from 56 min up to 179 min. The
total observation time was used in the
calculation of intensity-duration aspects
of tasks.

Physiological responses
Heart rate (HR) was recorded by means
of a data-logging system (BHL2000,
Bauman & Haldi) counting every 8
beats and calculated as values per
minute. Changes in activities were re-
corded during the observation and tim-
ing. The absolute heart rate values were
transformed into relative values express-
ing the work intensity in between the
rest level and the maximal work inten-
sity allowable level for 8 hours. The rest-
ing value was obtained after 5 minutes
of sitting at rest. From these values the
percentage of cardiovascular load (%
CVL) was calculated as follows: 100
[(HRwork-HRrest) / (HRmax (8hr) -
HRrest)]. (13). Body temperature in-
crease and weight loss during the regis-
tered period were measured with Ellab

device (CTD thermometer, Denmark,
1985) and weight balance with an ac-
curacy of 100 grams. The Subjective
Workload Index (SWI) questionnaire,
developed by Cergo International, (13),
includes in total eight parameters, six
of which express load (problems involv-
ing fatigue, concentration, risk assess-
ment, complexity, work rhythm and
responsibility) and two of which serve
as compensating factors (interest in the
job and the level of autonomy). For
each factor, the subjects placed him/
herself on an 11-point scale (0–10).
Values of less than 2 do not call for par-
ticular measures, while values of 3 and
up require interventions for improve-
ment. The higher the value, the short-
er the time to implementation of the
intervention.

Table 2.  Physiological strain among construction workers

N CVL Increase Weight loss SWI
(%) Body temp (° C) (%)

Carpenters 10 45.1 ± 16.7 0.44 ± 0.32 1.38 ± 0.97 3.1 ± 0.6
Bricklayers, male 4 54.9 ± 21.6 0.53 ± 0.30 1.42 ± 0.50 3.5 ± 0.9
Bricklayers female 2 64.7 ± 19.6 0.25 ± 0.13 0.80 ± 0.54 2.7 ± 2.3
Materials fetchers, male 5 41.9 ± 17.9 0.53 ± 0.72 1.66 ± 0.50 2.4 ± 0.7
Materials fetchers, female 18 42.9 ± 19.0 0.42 ± 0.25 1.52 ± 0.13 3.0 ± 0.7
Piler, operators, male 4 77.7 ± 24.9 0.45 ± 0.04 3.00 ± 2.05 3.2 ± 0.1
Total 43 50.3± 20.9 0.44 ± 0.37 1.60 ± 1.18 3.0 ± 0.8

CVL = Cardiovascular load
SWI = Subjective Workload Index

Table 3. Cardiovascular response per worker category for each operation

Carpenters Bricklayers Materials fetchers Pilers Total
N 10 4 2 5 18 4 43

men men women men women men

CVLi) ID-CVLii) CVL ID-CVL CVL ID-CVL CVL ID-CVL CVL ID-CVL CVL D-CVL CVL ID-CVL

Digging - - 80.1 6.0 - - 67.9 19.5 58.0 5.3 - - 64.2 5.3
Piling - - - - - - - - - - 96.2 32.3 96.2 1.9
Woodwork 47.9 29.9 76.0 0.1 - - 40.9 0.1 - - - - 47.8 7.4
Assembling 55.0 7.8 61.6 1.5 - - 40.4 3.3 - - - - 52.3 2.4
Iron binding - - - - - - - - 28.7 2.5 -  - 28.7 1.1
Cement work - - 50.8 7.5 76.6 11.5 34.0 1.3 - - - - 54.4 1.5
Materials handling 55.8 1.7 69.7 15.5 77.7 15.5 63.3 9.6 62.9 22.2 90.2 23.6 64.9 14.5
Crane driving - - - - - - 19.6 3.4 - - -  - 19.6 4.1
Not observable - - 22.1 0.6 - - - - 26.2 0.2 - - 24.1 0.2

Productive time (*) 52.9 13.1 60.0 6.3 77.2 1.4 44.4 6.2  43.9 7.5 93.2 27.9 53.6 10.1

Walking 46.7 4.1 51.2 8.7 79.0 7.3 46.3 4.7 47.1 5.4 75.9 16.6 50.8 8.4
Standing/waiting 35.4 2.6 56.8 12.6 51.4 16.5 44.7 4.3 47.9 6.2 71.7 11.6 46.6 6.7
Sitting 29.7 1.2 25.1 2.6 38.9 8.9 20.0 1.0 29.8 6.4 54.8 2.9 32.1 1.6

Non-prod. time (*) 37.3 2.6 44.3 7.9 56.4 10.9 37.0 3.4 41.6 6.0 67.4 10.3 47.1 6.9

TOTAL 45.1 7.8 54.9 7.1 64.7 6.2 41.9 4.8 42.9 6.8 77.7 19.1 50.3 8.5

i) CVL = cardiovascular load, ii) ID-CVL = intensity duration–cardiovascular load

(*)  Productive operations are those which are directly linked to the realization of the construction. Non-productive are operations which are indirectly involved,
including transports without materials, standing and sitting at rest (waiting for materials or new orders).
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Results
General results are presented in Table
2). The results for general workload, ex-
pressed by the CVL, are important and
indicate that the level calling for atten-
tion is reached or exceeded (e.g. among
pilers). Body temperature and weight
loss seem to be under control, with the
work done by pilers presenting the risk
of weight loss. Most of the observations
are confirmed by the subjective ratings,
which call for measures in the medium
and long term.

Critical jobs
From the general results, it can be stat-
ed that all of the jobs studied reach
some critical levels. The list by priori-
ties is: 1) piling workers (machine op-
erators and assistants) – the CVL and
fluid loss through sweat call for inter-
ventions in the short term; 2) bricklay-
ers, both women and men, mainly be-
cause of CVL, and, for men, also the
fluid loss through sweat and the body
temperature are higher than the aver-
age values; 3) materials fetchers, of both
genders, because of fluid loss althrough
sweat though their CVL is lower; and
finally 4) carpenters.

Critical operations
The CVL (%) for each operation is
multiplied by 0.01 of the percentage of
total time and indicated as the ID-CVL,
or the ratio of the intensity duration to
the cadiovascular load. This is summa-
rized in Table 3.

The critical CVL levels are: > 90%
CVL for piling and materials handling
during piling; > 80% CVL for digging
bricklayers; > 75% CVL for cement
work, materials handling and walking
among female bricklayers, woodwork
among male bricklayers, and walking
among pilers; and > 70% while stand-
ing and waiting for pilers. All of these
high levels call for improvement meas-
ures in the short term, irrespective of
the duration of the operations in ques-
tions.

Discussion
It is obvious that the ID-CVL is the
highest for pilers (piling and materials
handling), and improvement measures
are required in the short term. Wood-
work is stressful work for carpenters
(29.9) because of its duration. In gen-

eral, materials handling is a problem for
all occupational groups except carpen-
ters (1.7), who have almost all materi-
als on the spot, and if not, they are
brought by female materials fetchers
(22.1). Furthermore, comparison of the
productive and non-productive times
indicated that the difference between
production and recovery is poor among
male bricklayers (9.3%) and materials
fetchers of both genders (6.0% and
5.5% for male and female materials
fetchers, respectively). The carpenters
reach about 39% recovery and the pil-
ers 38.3%; these are not sufficient but
are more acceptable, although for pil-
ers, the level of CVL is much too high.

An interpretation of the WBGT
(Wet Bulb Globe Temperature), ISO
7432, is possible when classifying work
intensity (light, moderate and heavy).
When comparing the CVL values, light
work can be characterized by CVL val-
ues below 30%, moderate by values of
30–60% and heavy by values above
70%). All categories of the participants’
jobs were found to need reduction of
working time (alternating work-rest
schedules):

Development of preventive
measures
With regard to the participants’ physi-
cal capacity, which was moderate for
male workers and rather poor for fe-
male workers, the cardiovascular load
is too high to allow them to continue
working full-time under the given trop-
ical conditions.

Several possibilities are available to
reduce load:
1. Better work organization of work

for:
• materials handling (a critical op-

eration for almost all involved)
• the non-productive times: walk-

ing distances, waiting times
(standing or sitting) and the peri-
ods of exposure to the sun

2. Shelters to protect against the sun
and electrical fans can increase the
cooling effect of evaporation, and
beverages can help the body keep
its water balance.

3. For piling work, another type of
economic management is advised.
Subcontracting where the work is
paid per pile incites the operators
to go beyond their maximal capaci-
ty.

Conclusions
The method used in this project makes
it possible to arrive at concrete propos-
als for improvement of the workload.
The reactions of individuals are more
likely to be used than rigid rules and
directives, such as an increase of body
temperature or a given environmental
temperature limit. The reactions reflect
the real strain of the exposed workers
and are in concordance with the sub-
jective ratings. It may be expected that
when the workers’ experiences are en-
hanced by health criteria, the operators
and managers will be more willing to
accept improvement measures. Howev-
er, ongoing and sustaining qualified re-
search is needed for formulating evi-
dence-based quidelines.
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- 50–50% for carpenters WBGT = 32.5º C, CVL = 45.1
- 25–75% for male bricklayers WBGT = 31.8º C, CVL = 56.8

for female bricklayers WBGT = 30.9º C, CVL = 60.3
for female materials fetchers WBGT = 31.5º C, CVL = 46.7

- not allowed for male materials fetchers WBGT = 33.3º C, CVL = 48.0
for pilers WBGT = 33.1º C, CVL = 82.0

Many tasks in construction cause physi-
ological strain.
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Background and purpose
The Harmfulness and Hazard Preven-
tion Plan required by law is a risk as-
sessment that acknowledges the dangers
intrinsic to construction sites and in-
volves the formulation of technical
countermeasures. It was introduced
with the amendment of the Occupa-
tional Safety and Health Act enacted
on 13 January 1990. Its main objective
is to devise concrete measures in order
to constrain dangerous factors and to
secure workers’ safety and health. For
this purpose, design drawings are ex-
amined and safety measures, for in-
stance, to prevent accidents, collapse of
structures, electric shock, etc. are ana-
lysed.

Procedure, scope and
history of the Plan
The procedure required for the Harm-
fulness and Hazard Prevention Plan is
as follows:

The construction company submits
its Harmfulness and Hazard Prevention
Plan to the Korea Occupational Safety
and Health Agency (KOSHA) before
work at a building site begins. KOSHA
must examine the plan within 15 days
and must periodically conduct safety
inspections based on the plan submit-
ted by the contractors. The following
five construction project types are re-
quired to submit a Harmfulness and
Hazard Plan:
• Buildings or structures with a height

from the ground exceeding 31 m,
buildings with more than 30,000 m2

in total area, or culture or meeting
facilities (excluding exhibit halls,
zoos and botanical gardens), sales or
business facilities, general hospitals,
lodging facilities, and the construc-
tion, rebuilding and wrecking work
(hereinafter construction) of an un-
derground shopping centre

• The construction of bridges with a
maximum span of 50 m

• Tunnel construction work
• The construction of multipurpose

dams, power generation dams, res-

ervoir dams of 20 million tons, or
local water supply dams; and

• Excavation works more than 10 m
in depth.
The Harmfulness and Hazard Pre-

vention Plan introduced in 1990 was
changed in 1996 in accordance with the
environmental changes that took place
in the construction industry and the
improvement of construction safety
technology. In line with this change, the
contractor turns in a plan after having
consulted with a qualified occupation-
al safety professional. In 1997, self-reg-
ulatory safety management was put into
place in order to stimulate safety aware-
ness at construction sites. A construc-
tion company where the accident rate
fell under a specified rate became enti-
tled to conduct self-regulatory safety
management, which means the compa-
ny itself examines and inspects the safety
management.

The system was amended in 2003
so that if a fatal accident occurred at a
construction site, the company’s self-
regulatory safety management was sus-
pended and KOSHA conducted an in-
spection. Moreover, to keep abreast of
the boom in construction of large build-
ings, the obligation to submit a Harm-
fulness and Hazard Prevention Plan was
extended to include large construction
sites exceeding a specified total area and
public buildings. The government con-
tinues to make every effort to develop
the system and to generate positive re-
sults.

Achievements and effects
As was mentioned above, the Harmful-
ness and Hazard Prevention Plan in-
volves examinations and inspections.
The performance of examinations and
inspections depends on the governmen-
tal deregulation policy or the econom-
ic trend in the construction industry,
but the numbers performed have been
increasing since the year 2000.
(Figure 1)

Although the construction sites sub-
mitting a Harmfulness and Hazard Pre-
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vention Plan account for only 2–3% of
all construction sites, most of the dan-
gerous construction sites and large con-
struction sites are covered. This means
that a substantial share of construction
sites are examined and inspected.

The Harmfulness and Hazard Pre-
vention Plan has played a leading role
in improving the capacity of self-regu-
latory safety management and in devel-
oping safety technology. As a result, the
accident rate at the sites submitting a
plan is 0.3%; this is about 42% of the
corresponding rate for the entire con-
struction industry, which is 0.72%.
Therefore, it can clearly be demonstrat-
ed that the plan leads to positive results
and is effective. (Figure 2)

The system not only contributes to
the improvement of self-regulatory safe-

Future perspectives
For effective accident prevention at con-
struction sites, a systematic safety man-
agement mechanism needs to be estab-
lished for each stage of planning, de-
sign, construction, maintenance and
management. Especially the formula-
tion of the plan and its examination and
inspection must be subjected to a thor-
ough safety assessment during the plan-
ning stage. In addition, the character-
istics of the building work and the large
numbers of people involved call for sub-
stantial and effective safety manage-
ment.

Even if the Harmfulness and Haz-
ard Prevention Plan is evaluated as car-
rying out the important tasks accorded
to it, safety awareness and the right at-
mosphere are necessary to ensure safe-
ty. (The Plan has had some positive ef-
fects, but more concrete results are
needed, as is a direct impact on safety
management.) In particular, the govern-
ment has to develop an operating sys-
tem to help institutions and construc-
tion companies create an atmosphere
where both employers and employees
are willing to participate in safety man-
agement. To this end, KOSHA intends
to procure advanced technology and to
strengthen its position as the organiza-
tion specialized in accident prevention.
This will be done by intensifying the
key technical capacity of inspectors, by
reinforcing safety management through
R&D, by the application of examina-
tion and inspection technology, and by
promoting positive participation at sites
through company-oriented technical
assistance.

Kim Jin-geal
Director of the Construction
Safety Department
Korea Occupational Safety and
Health Agency (KOSHA)
34-4 Gusan-dong Bupyeong-gu,
Incheon, 403-711, Korea

E-mail: desert@kosha.net

ty management at large construction
sites, but it also stimulates effectiveness
in securing safety management through
a preliminary examination at all stages
of the construction work, thereby re-
ducing and eliminating the dangerous
factors in new and in small or medi-
um-sized construction sites. Therefore,
the Harmfulness and Hazard Plan it-
self has many effects on the motivation
of safety management.

In the actual building process, the
plan provides the people concerned
with motivation for safe construction
sites even though the site lasts for only
a short time. Also, learning from the
work done by inspectors helps construc-
tion workers understand the overall
safety management at the site.

Figure 1.  Examinations and inspections

Figure 2.  Accident rate
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ivilization has been seen as de-
velopment and the consump-
tion of energy – so much so

that, until recently, per capita consump-
tion of a nation was taken as an index
of its technological advancement (1).
Theoretically, with the present rate of
economic development and population
growth in less developed countries
(LDCs), the total world energy con-
sumption would go by >200 billion
thermo coupled activation (TCA).

Table 1 shows that currently indus-
trialized countries (including Eastern
Europe and Russia) use 74% of the glo-
bal energy consumption while they sup-
port only 28% of the world’s popula-
tion. Out of the total energy utilization
on Earth, non-commercial fuels (tradi-
tional fuels: woods, crop residue and
cattle dung) catering for the principal
needs of 2.5 billion people account for
only 6.38% (Table 1). But among
LDCs, the traditional fuels account for

almost 25% of their total energy re-
quirements, being predominantly uti-
lized as the principal cooking fuel by
73% of the population. The rural pop-
ulation of LDCs (>70%) is completely
dependent on traditional fuels for their
domestic cooking. This is because
LDCs are inevitably agriculture-based
and therefore can manage on less ener-
gy than urbanized societies of industri-
alized developed countries. In other
words, almost 52% of the world’s pop-
ulation still eat food cooked on wood
fuel, crop residues or dung cakes (Ta-
ble 2). Further, there are compelling
reasons to assume that people’s depend-
ence on traditional fuels may continue
to increase over the next decade, owing
to population growth, the non-availa-
bility of alternative energy sources that
are economically viable, and the time-
frame required for social adaptation.

The use of traditional fuels in LDCs,
however, presents certain problems and

requires steps for integrated fuel poli-
cies. The major problems caused by tra-
ditional fuel combustion are:
a) ecological imbalance (2)
b) increased atmospheric pollution

load (3); and
c) housewives’ exposures (4, 5).

Ecological imbalance
Among traditional fuels (wood, crop
residue and cattle dung (6) ), wood
alone accounts for 64% and caters for
4.6% of the total global energy require-
ment (Table 1). Alongside other land
clearing requirements for agriculture,
industry and urban expansion, large-
scale deforestation – mainly to acquire
fuel wood to burn for energy – can re-
sult in indirect ecological imbalance. In
the next decade, population growth
alone would result in a 19% increase in
Asia’s fuel requirements, thereby con-
comitantly increasing deforestation and
resulting in a 20% decrease (should

Women using traditional cooking
fuels in developing countries:

Problems and alternatives

Table 1. Global energy consumption and percentage distribution

Commercial Developing Industrialized Global energy
fuels countries (%) countries (%) consumption

(Million TCA)
MODERN FUELS

Petroleum 8.77 33.09 4,270
Coal 8.57 23.53 3,275
Natural gas 1.67 14.71 1,670
Hydro and nuclear 0.59 2.21 285
SUB-TOTAL 19.60 73.54 9,500

TRADITIONAL FUELS
Wood 4.17 0.44 470
Crop residue 1.47 0.05 155
Cattle dung 0.74 - 75
SUB-TOTAL 6.38 0.49 7,00

GRAND TOTAL 25.98 74.03 10,200

TCA = thermo coupled activation

C

H. Venkatakrishna-Bhatt, India
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there be no reforestation) in the sustain-
able yield per capita, while in contrast,
there may be a 25% reduction in fuel
wood use in industrialized countries.
Legislation should set limits in order to
protect ecosystems  against over-exploi-
tation while also prescribing future op-
tions for continued use of forests –
which incidentally are among LCDs’
major assets.

Some “energy plantation” experi-
ments conducted in India have enabled
feasibility analysis concerning the cul-
tivation of plants for their fuel value.
The results suggest that casuarinas,
which as an energy crop have a cyclic
time of 4 years, can yield about 14 X
103 TCA per sq. km. In semi-arid re-
gions, plants with a high water efficien-
cy, such as “tumble weeds” could be
cultivated on a similar energy crop cy-
cle. Such energy plantations may be re-
jected as inadequate eco-disturbances,
because forestry should always preserve
the customary fauna and flora of the
region as seen in virgin forests. There-
fore, energy plantations are out of the

question as a solution to the problem
of eco-conservation, although cultiva-
tion of an energy crop may be an eco-
nomically viable solution for fuel wood.

Household exposure
Cost-benefit analysis of the long-term
or short-term productivity of natural
resources, even at the risk of eco-dis-
turbances, forms only a part of the sto-
ry of fuel use. Another major consider-
ation is the community health problem.
Traditional fuel burning has exposed
about 4.26 million housewives (with a
world population of 3,905 million and
an average family unit of 5 persons) to
excessive smoke conditions since 1976.

Extensive work done in the air pol-
lution unit of the National Institute of
Occupational Health, Ahmedabad, In-
dia (7) enabled projection of this inter-
esting problem, as seen in Table 3. It is
clearly shown here that women work-
ing in the kitchen and using traditional
fuels – wood, cattle dung cakes or even
poor-quality fuels such as coal – are
exposed to dense concentrations of sul-

phur dioxide, suspended particulate
matter, benzo-a-pyrines, oxides of ni-
trogen and carbon-monoxide exceeding
acceptable international norms. This
study revealed a gradual increase in
morbidity among women in relation to
age. More than 18.1% of women us-
ing these cooking fuels suffered from
respiratory complaints; the correspond-
ing figure for women using kerosene
was only 6%.

As presented in Table 4, Delhi (8)
hospital records show the trend of se-
vere congestive cardiac failure, with
enlarged hearts and more pulmonary
disturbances among women. It was also
concluded from these data that the
cause of chronic cor pulmonale in wom-
en was damage to the lungs induced by
exposure to smoke from cooking fuel
from an early age onwards, together
with frequent chest infections. Some
data pertaining to African hut dwellers
have revealed similar conditions.

A noteworthy feature is that while
priority is given to finding solution for
various occupational hazards (9), no

Table 3. Pollutant concentrations in domestic smoke given off by different fuels being used in Ahmedabad

Type of fuel Benz (o) pyrine Total suspended particles NO
x
 µg/m3 SO

2 
µg/m3

µg/1000m3 (TSP) µg/m3 B (a) P µg/g TSP

Wood 1,270 7203 188 318 169
(763–1,682) (4,711–11,460) (147.0–19.0) (20–1,827) (23–791)

Cattle dung 8,248 15966 560 144 242
(4,171–13,580) (9,590–20,036) (208.0–743.0) (12 1,350) (29–1,142)

Cattle dung + wood 9,317 21,163 534 326 269
(833–25,653) (9,968–58,577) (705.0–668.0) (14–2,033) (20–1,340)

Coal 4,207 26147 273 220 427
(4,089–10,820) (4,119–48,174) (224.6–321.4) (100–393) (88–1,358)

Table 2. Percentage distribution of population relying principally for cooking needs

Commercial Wood (%) Dung and Total population
fuels (%) crop residue (%) (Million)

India 10 48 43 610
Total urban
Urban non-poor 67 33 low 60
Urban poor low 57 43 70
Rural 4 48 48 480
Developing countries 26 45 28 2,800
Industrialized countries 100 low low 1,105
World 47 32 20 3,905
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attention has been paid to the female
population, who form the largest sin-
gle group with similar exposure and
who have been suffering since the be-
ginning of civilization. Although the
problems of, e.g. malnutrition, general
hygiene, clean water supply and prima-
ry health care have been appreciated,
the inhalation of smoke, aggravating
overall ill health effects, warrants equal
attention (10).

Atmospheric pollution
Besides women’s household exposure,
the environmental impact of tradition-
al fuel burning is another important
problem. Even conservative estimates
indicate that the use of traditional fuels
in LDCs may amount to as much as 3/
4th  of coal utilization. Comparison of
the emission factors for the combustion
of coal with that for fuel wood indi-
cates that, as to pollution from organic
matter, wood is more dangerous than
coal and contributes in the same pro-
portion towards the total atmospheric
pollution load (11). Whereas traditional
fuels may not pose a critical problem
in the global perspective, their contri-
bution is not insignificant for large ur-
ban complexes (12). In India, where
69% of the urban population in gener-
al still depends upon wood and cattle
dung for their cooking needs, the use
of such fuels can alter the air pollution
pattern of a large urban complex (13).

Energy alternatives
All the above problems collectively
project the need for appropriate energy
alternatives in LDCs. Such energy al-
ternatives are not governed only by
technological strains but also by soci-
etal acceptance and political decisions.
The question now is: What energy op-
tions are available for replacing tradi-
tional fuels in LDCs?

The options can be classified into
non-renewable and renewable energy

categories. It is apparent that in LDCs,
by the end of the next decade, there may
be a shortage of easily accessible non-
renewable fossil fuels which can be re-
covered economically. Besides early de-
pletion of non-renewable energy sourc-
es, their replacement of traditional fu-
els in rural areas of LDCs involves many
major drawbacks. They require an ex-
tensive transport network, and as costs
accelerate such energy sources become
less accessible.

Nevertheless, the use of commercial
energy sources in domestic kitchens
does not solve the problems of wom-
en’s household exposure and environ-
mental impacts unless fuel storage and
their usage patterns of fuel use are en-
tirely changed. There are neither major
advantages nor great prospects for large-
scale utilization of non-renewable en-
ergy sources in rural areas of LDCs,
which has stirred an increasing interest
in renewable energy alternatives; e.g.
hydroelectric, solar, geothermal, tidal,
wind, biomass, and biogas energy.

The foremost renewable energy re-
source is hydroelectric power. It has the
potential to meet the energy demand
of 3.95 X 109 metric TCA in LDCs.
But it is unlikely that the full potential
of this source (8.33 X 108 metric TCA
in LDCs) can be harnessed, owing to
various technical problems associated
with hydropower sites. Applications of
fuel use in rural India are a remote pos-
sibility, at least in the near future. The
disadvantages of biomass energy have
been determined earlier. The most
promising renewable energy resource
alternatives for wider applications in
rural areas are solar energy and biogas
(1).

Solar energy options
As regards solar energy, it is easy to make
a case for tropical countries such as In-
dia, where most areas receive 2,500–
3,500 hours of bright sunshine a year.

In India, total solar energy annually
reaching the surface is on the order of
3 X 1015 kWh. But it would simply be
misleading to conclude that the total
energy requirement of a large country
like India can be met by tapping solar
energy incident on a 25 sq. km area.
The biggest snag with large-scale utili-
zation of solar energy is the large land
and material requirement; however, the
relative economic competitiveness of
this renewable source vis-à-vis fossil fu-
els and uranium is changing rapidly.
Some optimistic estimations presented
by economists indicate that the cost of
electricity generation by photovoltaic
cells may drop 20 to 25-fold in the next
decade, while the price of oil or natural
gas may double during the same peri-
od.

Small-scale solar powered applianc-
es – for example, kitchen stoves and hot
water heaters – have been proved to be
economically viable options. At present
in India, more than 40 national organ-
izations are engaged in research and
development programmes on this re-
newable energy source, and Rs 400
million have been allocated for research
and development. In some Indian ru-
ral areas, many solar voltaic pumps and
lighting systems have been installed on
an experimental basis.

Indian government estimates indi-
cate that use of solar-powered water
heaters in industries and hotels alone
would save 20 million tons of coal, 2.5
million tons of oil and 5.4 kWh of elec-
tricity consumption. Recently, many
public sector organizations have been
instructed to use such solar-powered
hot water appliances as a result of feasi-
bility trials.

India is also marketing box-type,
solar-powered domestic cookers, in the
price range of Rs 400 each, and in many
cities their use has proved popular. In
Gujarat State, the Gujarat Energy De-
velopment Agency (GEDA) estimates
that if even half of the food consumed
by a family of five to six people is
cooked on solar-powered cookers, the
saving would be 520 kg of coal per year.
With a million rural families using tra-
ditional fuel in Gujarat State alone, the
annual saving could be a million TCA.
Encouraged by such estimates, GEDA
have decided to opt for large-scale man-
ufacturing of solar-powered cookers.

Solar appliances are undoubtedly
pollution-free and do not pose any

Table 4. Development of cor pulmonale among men and women at Delhi (8)

Age (Years) Men Women Total
<20 - 2 (0.4%) 2 (0.2%)
21–30 10 ( 4%) 87 (17%) 97 (13%)
31–40 44 (18%) 168 (32%) 212 (27%)
41–50 108 (45%) 144 (27%) 252 (32%)
51–60 52 (22%) 87 (17%) 139 (18%)
>60 25 (10%) 39 (7%) 64 (8%)
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health problems to domestic users. Ex-
tensive use  of solar-thermal electric
converters or photovoltaic and solar-
thermal hydrogen systems, however,
could lead to heat imbalance of the ec-
osystem. But as such effects are not cer-
tain, the economic viability of even
large solar-powered systems should be
explored if LDCs are to be able to sur-
vive hikes in fuel prices (Gujarat Ener-
gy Development Authority. Personal
Communication; 2002).

Biogas pits
Another promising energy source, par-
ticularly in rural areas of LDCs, is bi-
ogas pits. Indian experiments done in
the last five years have adequately
proved the economic and technologi-
cal viability of biogas pits in a tropical
climate. India’s first community biogas
plant was established in Andhra Pradesh
in 1976, and now more than 270,000
biogas pits have been commissioned.
Such plants provide gas for cooking and
lighting as well as for running engines
and pump sets and for generating elec-
tricity. For the next five years, the Indi-
an government has provided Rs 500
million for subsidies and supporting
facilities to enable the establishment of
family biogas plants in villages. If such
expansive experiments prove successful,
we can anticipate that at least half of
the Indian rural population shall cook
their food on such biogas stoves.

Many more LDCs besides India
should follow in the footsteps of China
with regard to application of this renew-
able energy source. In China, pits pro-
ducing biogas fulfil 69.5% of the total
estimated rural energy requirement of
320 million TCA. The balance consists
of coal (18.2%) and electricity (7.8%).
There are already more than six mil-
lion such pits in the whole of China,
producing about 700 million cubic
metres of biogas (14).

To sum up, in this article I have at-
tempted to identify the problems asso-
ciated with the use of traditional fuels
for domestic cooking in LDCs and to
present energy resource alternatives.
The total global consumption of tradi-
tional fuels is only 6.9%, yet more than
70% of the female population in de-
veloping countries are at serious health
risk due to excessive exposure to smoke

from domestic stoves that begins in
their childhood or adolescence. If sub-
stantial commitment towards emanci-
pation of women is made in LDCs, then
solar energy and biogas are economi-
cally and technologically viable alterna-
tives of renewable energy sources. The
experience and expertise gained in In-
dia and China are noteworthy land-
marks to combatting the energy crisis.
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