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he scientific assessment of climate change as presented in the Fourth Assessment Report
(AR4) of the Intergovernmental Panel on Climate Change (IPCC) has come up with far
reaching conclusions and robust findings that are of great relevance worldwide. Firstly,
it was concluded that “Warming of the climate system is unequivocal, as is now evident
from observations of increases in global average air and ocean temperatures, widespread melting
of snow and ice and rising global average sea level”. It was also found that most of the observed in-
crease in global average temperatures since the mid 20th century is very likely due to the observed
increase in anthropogenic greenhouse gas concentrations. When we use a term “very likely” in
this context it represents a probability of 90% or more. The increase in temperature and impacts
of climate change have been observed on the basis of past data and information across the globe.

Based on past observations and projections for the future, some important findings have been
provided in the AR4, which need urgent attention and action to meet this growing challenge across
the globe. For instance, in the case of Africa, between 75 to 250 million people are projected to be
exposed to increased water stress due to climate change by 2020. Also, by the same year in some
countries of Africa yields from rainfed agriculture could be reduced by 50%. Agricultural produc-
tion, including access to food in many African countries is projected to be severely compromised.
This would further adversely affect food security and exacerbate malnutrition. In Australia and New
Zealand, for instance, by 2020 significant loss of biodiversity is projected to grow in some ecologi-
cally rich sites including the Great Barrier Reef and Queensland Wet Tropics and by 2030 production
from agriculture and forestry is projected to decline over much of Southern and Eastern Australia.

Continued greenhouse gas (GHGs) emission at or above current rates would cause further
warming and induce many changes in the global climate systems during the 21st century that would
very likely be larger than those observed in the 20th century. For the next two decades a warming
of about 0.2 °C per decade is projected for a range of emissions scenarios. As it happens, even if
the concentration of all GHGs were to be kept constant at the year 2000 levels, a further warming
of about 0.1 °C per decade would be expected. Beyond that, temperature projections depend in-
creasingly on specific emissions scenarios.

Climate change can also result in abrupt or irreversible impacts. For instance, partial loss of
ice sheets on polar land and or the thermal expansion of sea water over very long time scales could
imply metres of sea level rise, major changes in the coastlines and inundation of low lying areas,
with greatest effects in river deltas and low lying islands. It was also concluded that 20-30% of the
species assessed so far are likely to be at increased risk of extinction if increase in global average
warming exceeds 1.5-2.5 °C relative to temperatures that existed at the end of the last century. Al-
tered frequencies and intensities of extreme weather, together with sea level rise, are expected to
have mostly adverse effects on natural and human systems. Some systems, sectors and regions are
likely to be especially affected by climate change. For instance, in the dry tropics and in the areas
dependent on snow and ice melt, agriculture in low latitude regions and human health in areas with
low adaptive capacity are particularly vulnerable. These regions include the Arctic, Africa, small
islands and Asian and African mega-deltas. Within other regions including even those with high
incomes, some people, areas and activities can be particularly at risk.

Overall, the impacts of climate change in the developing countries of the world need careful con-
sideration, because resilience and capacity of societies in several developing countries to cope with
projected impacts of climate change are limited. This is a subject which needs to be addressed both
at the global, as well as the local level, and creating knowledge and awareness on this issue would
be of great value not only for sensitizing policy makers but also the public at large, particularly the
younger generations whose future would be impacted by various dimensions of climate change.
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Effect of climate change on food safety and
the health of agricultural workers

Shashi Sareen, Arika Nagata

FAO Regional Office for Asia and the Pacific

Introduction

The problems of food safety are complex and
systemic, often extending from the production
environment to the end consumer. Food safety
issues would normally relate to aspects, such
as residues and contaminants (pesticide resi-
dues, veterinary drug residues, heavy metals,
toxins, cleaning chemicals, food additives, and
adulterants), pathogens and spoilage micro-
organisms, zoonotic diseases, GMO issues, ir-
radiation issues, physical contaminants (glass

or metallic pieces, grit, vermin fecal matter
or body parts), persistent organic pollutants,
such as dioxins, food allergens, labelling and
claims (incorrect or past “best before” date).
The concerns for food safety are felt and
expressed, not only by the consumers world-
wide who have become conscious of safe food
and are discerning in their preference for high-
quality products, but also by the governments,
who have recognized their role in protecting
the health and safety of their populations by
imposing stringent requirements relating to
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pesticide residues, contaminants, microbio-
logical parameters, pests, disease as well as
various aspects of hygiene controls.

Shift from end-product inspection and
testing to building safety as well as quality
throughout the food chain, namely the food
chain approach has been defined by FAO as
“recognition that the responsibility for the
supply of food that is safe, healthy and nutri-
tious is shared along the entire food chain -
by all involved with production, processing,
trade and consumption”. This approach covers



various stakeholders involved from primary
production to final consumption to include
farmers, slaughterhouses, processors, trans-
porters, distributors (wholesale and retail),
consumers, and where the role of government
is that of an enabler.

Multiple factors are considered to contrib-
ute to the occurrence of food safety hazards,
one of which is climate change. In this paper,
the potential impacts of climate change on
food safety at various stages of the food chain
are reviewed. It also discusses the implications
of climate change on the health of agricultur-
al workers, and some points to be considered
for minimizing the impact of climate change.

Effects of climate change on food
safety

There are many pathways through which cli-
mate related factors may impact food safe-
ty. Those include changes in temperature and
precipitation patterns, increased frequency
and intensity of extreme weather events, and
changes in the transport pathways of complex
contamination (Tarado et al., 2010).

Changes in temperature and precipitation
patterns: Changes in temperature and precipi-
tation patterns may provide ideal conditions
for the proliferation of pests and diseases that
affect plants and animals, or further create
conditions for the emergence of new ones,
which affect directly the quality, quantity and
availability of food (FAO et al., 2009). There
is evidence that climate change is altering the
distribution, incidence and intensity of plant
and animal pests and diseases as well as inva-
sive and alien species (FAO, 2010). The prolif-
eration of plant and animal pests and diseases
due to climate change may lead to increased
use of pesticides and veterinary drugs, which
may result in higher levels of pesticide residues
in crops as well as veterinary drug residues in
animal-based food products.

Extreme weather event and changes in the
transportation pathways of complex contami-
nation: Increase in the frequency and inten-
sity of extreme weather events such as floods,
droughts and other similar natural disasters is
considered one of the anticipated effects of cli-
mate change. Heavy rainfall and flooding can
potentially increase the transmission of water-
borne diseases such as typhoid, cholera, dysen-
tery, hepatitis A, etc. as contaminants are spread
by run-off and flood waters. While water-borne
diseases are associated with the ingestion of
contaminated water, food-borne transmission
can also occur through the use of contaminat-
ed water for food preparation, or from con-
sumption of molluscan shellfish (FAQO, 2008a).
Water and food-borne diseases, with diarrhea,
may lead to nutritional deficiencies through de-
creased food intake and malabsorption.

Effects of climate change on the
health of agricultural workers

Agricultural workers are susceptible to vector-
and waterborne diseases as they have direct
contact with plants, animals, soils and water,
and there is a growing concern about the ef-
fects of climate change on the outbreaks of
these diseases. Also, climate change is likely to
increase the health risk of agricultural work-
ers due to increased exposure to pesticides.

Water and food-borne diseases: Agricul-
tural workers are vulnerable to water-borne
disease as they have direct contact with water,
and often use recycled wastewater for irriga-
tion, which may facilitate the transmission of
diseases. Water- and food-borne diseases, with
diarrhea, may lead to nutritional deficiencies,
and result in the reduction of productivity of
agricultural workers.

Also, climate
change is likely to
increase the health
risk of agricultural
workers due to
increased exposure
to pesticides.

Vector-borne and zoonotic diseases: Both
temperature and surface water have influences
on the insect vectors of vector-borne disease.
Of particular importance are vector mosquito
species, which spread malaria and other vi-
ral diseases such as dengue (WHO, 2011b).
Warmer temperatures enhance vector breed-
ing and standing water caused by heavy rain-
fall or overflow of rivers can act as breeding
sites, and enhance the potential for human
exposure to diseases (WHO, 2011a). Agricul-
tural workers, especially those who practise
irrigation, are exposed to health risks associ-
ated with vector-borne diseases. For example,
in paddy fields, irrigation systems and peri-
domestic environments facilitate breeding of
vectors of malaria, lymphatic filariasis, Japa-
nese encephalitis and dengue, and increase
the risk of their transmission (WHO, 2011c).

Other hazards are also inherent in animal
handling and contact with dangerous biologi-
cal agents, and give rise to allergies, respirato-
ry disorders, zoonotic infections and parasit-
ic diseases (ILO/FAQ, 2010). Climate change
may drive the emergence and spread of dis-

eases in livestock and the transfer of pathogens
from animals to humans. Impacts of climate
specific to zoonotic diseases, such as avian in-
fluenza include increase in the susceptibility
of animals to disease, increase in the range or
abundance of vectors or animal reservoirs, and
prolonging the transmission cycles of vectors
(FAO, 2008a).

Pesticides exposure: Agricultural workers
are exposed to pesticides in many different situ-
ations, such as mixing, loading, spraying, trans-
porting, storing, spillage and disposal (WHO,
2001). Health effects of using pesticides can
be acute, delayed or chronic. But exposure to
pesticides constitutes one of the major occupa-
tional risks causing poisoning and death and in
certain cases allergies and work-related cancer
among agricultural workers (ILO, 2011). In-
creasing use of pesticides would imply greater
risks. In addition, their families may also be
exposed to pesticides due to the misuse of con-
tainers for food or water storage, the diversion
of chemically-treated seeds for human con-
sumption, and the contamination of ground
water with chemical wastes (FAO/ILO, 2010).
It is recommended that workers protect them-
selves adequately against contamination when
using pesticides. However, protective clothing
may not necessarily be worn in hot and hu-
mid conditions (FAO, 1990). Climate change
is likely to increase the use of pesticides or use
of newer pesticides, which may negatively af-
fect the health of agricultural workers.

Conclusion

Although there is still uncertainty about the
implications of climate change, being prepared
for climate change and implementing the ad-
equate risk management strategies and meas-
ures at various stages of primary production,
storage, transportation and processing would
help mitigate the impact of climate changes
on both food safety as well as health of agri-
cultural workers.
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The outside and inside heat during the hot season in areas like this in New Delhi can reach ex-

treme levels.

Increased workplace heat exposure due to climate change:

a potential threat

to occupational health,
worker productivity and local
economic development in
Asia and the Pacific region

Tord Kjellstrom, Australia

Bruno Lemke, Olivia Hyat, New Zealand

The climate change challenges to
occupational health and safety

Global climate change is predicted to in-
crease world average temperature by about
2-4°C during this century depending on the
extent to which greenhouse gas emissions
are controlled (1). People working in hot
environments are already at risk of health
effects of heat and climate change will add
to the risks. Populations in large cities expe-
rience additional heat exposures due to the
“urban heat island effect” (2) making densely
built up urban areas several degrees warmer
than the surrounding countryside (3).
Daily heat exposure will become an in-
creasing problem due to climate change, par-
ticularly for people working in jobs that can-
not be, or are not, cooled by air conditioning
or other technical methods (4). The current
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hazards of excessive heat exposure at work in
Asia have been referred to, for instance, in
recent reports in the Asian-Pacific Newslet-
ter on Occupational Health and Safety (5, 6).

Protective measures include shading, fans
and cooling systems, but these may not be suf-
ficient or possible to apply in certain jobs. In
those situations the most effective protective
method is a reduction of internal heat produc-
tion by, for example, taking more and longer
rest periods during those work hours with
excessive heat exposure. However, these rest
periods reduce hourly productivity and possi-
bly the daily economic output of the workers.

Ongoing global climate change and fu-
ture projections are usually only described in
terms of temperature changes (1). Heat expo-
sure of relevance to human health and physi-
ology is dependent on temperature, humid-
ity, wind-speed and heat radiation. The Wet



Bulb Globe Temperature (WBGT) is an oc-
cupational heat exposure indicator that in-
corporates these four factors (7). The main
international standard that advises on pre-
ventive approaches for high workplace heat
exposures uses WBGT (8). It also takes into
account clothing and work intensity (meta-
bolic rate), the other two factors that affect
heat stress impacts on working people (7).
Other heat stress indicators have been devel-
oped in different countries (7) and these will
be referred to in an accompanying article in
this newsletter (9).

This report presents preliminary analy-
sis of occupational heat hazards in Asia and
the Pacific. We show that for workplaces in
tropical low and middle-income countries in
this region occupational heat stress problems
are already apparent during long periods each
year. While our underlying methods are still
being developed by our research team, we can
already give examples of how our new meth-
ods for occupational heat risk assessment
quantify the effects of climate change at the
local level. The details of the methods are in
the process of being published, and the prin-
ciples behind the methods were already pub-
lished (10, 11). The results are of importance
for the next IPCC assessment of the impacts
of climate change on human health and well-
being. The development of these methods is
part of the international Hothaps programme
(High Occupational Temperature Health and
Productivity Suppression) briefly introduced
in an item in this newsletter (12). Further de-
tails about the development and use of WBGT
are presented in Lemke et al. (9).

Physiological heat stress as an
occupational hazard

The physical exchange of heat between the hu-
man body and the surrounding air is essential
for health, because if the air is hotter than the
body (usually at 37 °C), heat will be added to
the body. Strong heat radiation that reaches
the skin (e.g. via sun rays or from hot equip-
ment) also adds heat to the body, depend-
ing on clothing or shading facilities. However,
evaporation of sweat is a very effective way of
transferring heat away from the body (7), and
this is the mechanism for maintaining body
heat balance in very hot, dry environments.
Heat stress indicators incorporate humidity
and wind speed as well as temperature. The
rate of sweat evaporation is reduced with in-
creasing humidity, and air movement over the
skin greatly facilitates evaporation (providing
the humidity is not greater than 80%). These
modes of cooling need to be carefully consid-
ered when interpreting health risks and pro-
ductivity because the internal heat created by
muscular work (7) needs to be dissipated to

Table 1. Health effects and related negative impacts of excessive heat exposure at work

Effect

Evidence

References (examples)

Death from heat stroke

South African mine workers;
USA agricultural workers; etc.

Wyndham, 1965 (15), 1969
16); MMWR, 2008 (17)

Specific serious heat
stroke symptoms;
heat exhaustion

Many hot workplaces around
the world

Parsons, 2003 (7); Zhao et
al., 2009 (18)

Clinical damage of organs

Heart overload and kidney da-
mage; US military, El Salvador
sugar workers

Parsons, 2003 (7); Schrier et
al.,, 1967 (19); Garcia-Traba-
nino, et al., 2005 (20); Kjell-
strom et al., 2010 (21)

Injuries due to accidents

Increased accidents in heat

Ramsey et al., 1983 (22)

Mood/behaviour/mental
health

Heat exhaustion

Wyndham, 1969 (16); Kjell-
strom, 2009b (23); Berry et
al., 2010 (24)

Work capacity and eco-
nomic loss

Low work capacity; global
impact of lowered producti-
vity, low and middle income

Nag and Nag, 1992 (25);
Kjellstrom et al., 2009a (10);
Kjellstrom et al., 2009¢ (26)

countries

maintain a safe core body temperature of 38
°C or less (10).

In order to quantify heat exposure and
heat stress the key input variables need to be
measured or estimated and recorded: air tem-
perature, humidity, air movement over skin
(wind speed) and heat radiation (13). The ac-
tual heat stress on a person’s body is also deter-
mined by clothing and work intensity, which
should also be estimated (13). With these in-
put data any of the heat stress indices proposed
over the years (7) can be calculated.

Occupational heat stress can cause several
negative health and well-being outcomes as
listed in Table 1. Quantitative exposure-re-
sponse relationships are available for some of
these heat effects, but the evidence is limited.
The concern for health impacts of increasing
occupational heat stress is starting to be docu-
mented (14) and two series of papers in 2009
and 2010 in the journal Global Health Action
dealt with this issue. However, more research
is required, particularly in hot tropical coun-
tries. (website: http://www.globalhealthaction.
net/index.php/gha)

In order to quantify the heat stress and re-
lated health risks, the WBGT index was based
on physiological models and developed after
detailed studies by US military ergonomists in
the 1950s (27, 28). The International Stand-
ards Organization (ISO) uses WBGT to rec-
ommend maximum hourly limits for work in
hot environments (8) in order to ensure that
average core body temperature of most work-
ers is not higher than 38 °C.

Acclimatization to heat allows for 3-4 °C
higher WBGT exposures according to the ISO
(8) standard, but even acclimatized humans
have an upper limit for the heat exposure that
can be tolerated within different time dura-

tions. Even in acclimatised individuals, if the
heat generated (by work) is greater than the
heat lost via natural mechanisms (especially
the evaporation of sweat) then core body tem-
perature will rise. Acclimatization studies of
South African gold miners (16) strongly em-
phasized the limits of acclimatization and rec-
ommended heat protection programmes for
all working people exposed to heat and high
humidity. Table 2 presents the recorded health
risks at different heat exposure levels in South
African mines.

Fundamental to the risks associated with
heat exposure is the epidemiological (statis-
tical) distributions of individual variability of
sensitivity to heat stress on a particular day.
This is determined by age, sex, nutritional sta-
tus, and other factors (such as illness). Apart
from the studies by Wyndham (16) in South
Africa, there are few studies of this type avail-
able based on large groups of people in their
usual work situation.

Balance between heat-induced health
risks at work and worker productivity

It is important to note that the direct heat ex-
posure situation for working people involves
a “tension” between health risk protection (via
neural feedback or advice by other people)
and maintenance of worker productivity (Fig-
ure 1). Depending on the physical intensity of
the work, a heat exposure threshold is set to
prevent the core body temperature from ris-
ing too high.

If this threshold is exceeded then preven-
tive measures (e.g. reduction in work inten-
sity) need to be put in place to prevent core
body temperature from continuously rising
(Figure 1, top graph). The most likely preven-
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tive action, if cooling of the workplace cannot
be applied, is a reduction of work intensity or
increased rest periods, both of which reduce
hourly productivity (Figure 1, bottom graph).

Interventions to reduce impacts of
heat exposure

This brings us to the issue of protective poli-
cies and actions that can be taken to reduce
heat exposure or heat effects. These actions are
often labeled as “adaptation”, and while very
relevant even now, these protective actions
will become even more relevant in the future
with climate change.

Heat exposure can be reduced by shading
workers from direct sunlight or strong heat ra-
diation from industrial equipment. It is also
possible to use cooling fans or focused cool air
flow, if air conditioning of a whole worksite is
not possible. Actual hourly heat exposure can
also be reduced by management procedures
that limit work during the hottest part of the
day, or the hottest part of the year. The Span-
ish tradition of “siesta” is a feature of such heat
reduction. In Venice the glass workers have a
tradition of taking August (the hottest month)
asa holiday. In India, construction workers in
some companies are given long breaks (like a
siesta) during the hot afternoons of the hot

Table 2. Relationship between Effective Temperature (ET, similar to WBGT in this situation)
and heat stroke incidence among acclimatized workers in South African gold mines, 1956-1961

(Wyndham, 1965 (15); 1969 (16)).

(Wyndham reports heat exposure data as Tw, ET and WBGT in different publications, and it
is not clear how these have been recalculated, if they have)

ET, °F ET, °C Number of

workers

Annualrisk of non-fa- | Annual risk of fa-
tal heat stroke/milli- | tal heat stroke/

on workers million workers

<80 <267 371,318

1.6 0

80-83.9 26.7-28.7 177,960

6.7 0

84-87.9 28.8-31.0 178,536

49 17

88-90.9 311-32.6 89,113

139 36

91-92.9 32.7-33.7 15,507

320 14

93 + 33.8 + 1,800

889 666

Health risk
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When WBGT goes up and a
worker does not reduce phy-
sical labour output, the risk
of serious health risk (e.g.
heat stroke) goes up.

Although, long term, the pro-
ductivity would also go down
(e.g. worker gets too sick to
work), the clinical health risk
is the main issue.

Productivity

s =

s
= =~

Pigdysihty (%
P

If WBGT goes up and the
worker reduces physical la-
bour in accordance with oc-
cupational health standards
to reduce heat strain, or as
an outcome of “self-pacing”
in order to reduce clinical
health risk, productivity will
go down substantially.

Any remaining health risk
will stay relatively low, but
will still increase in the most
sensitive workers.

Figure 1. The competing situation between health protection and maintenance of worker pro-
ductivity. Conceptual dose-response relationships between the impact of heat exposure on
clinical occupational health risk and worker productivity.
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season (referred to in 4). All of these seasonal
adaptations for reducing work activities dur-
ing the hottest periods will make less daylight
hours available for work, and in a modern
economic environment they reduce poten-
tial productivity.

Clothing, especially protective clothing
can also impact on the ability of the body to
cool down and while specifically designed
clothing is being developed, this may not be
affordable for the workers or the workplace.

If heat stress becomes so high as to affect
human physiology and begin to produce clini-
cal symptoms then action must be taken. The
main action is a reduction in the heat gen-
erated by muscle action, which means lower
work intensity and/or more rest periods. Mov-
ing the person to a cooler area (if available)
and cooling of the person’s body may be an
essential preventive action. This could mean
cooling part of the body (e.g. putting arms into
cool water) or, in extreme cases, whole body
immersion into cool water. The water should
not be too cold, in order to avoid rapid vaso-
constriction in the skin that would reduce the
cooling effect on the core of the body.

Global and regional mapping of
occupational heat exposure

Maps have been produced of calculated in-
door WBGT levels in selected global regions:
Australia, South Asia (India and neighbouring
countries), Southern Africa, and the Mexican
Gulfregion (11). Data used for the calculations
are from 0.5 x 0.5 degree (50 x 50 km squares
at the equator) global gridded climate data
for 1960 to 2002 from the Climate Research
Unit (CRU) at the University of East Anglia,
Norwich, UK. In order to calculate potential
impacts of future climate change, we acquired
similar scale global gridded data from five dif-
ferent climate change models recommended
by WHO (the details of the methods will be
presented in the near future in the resulting
WHO report). We could then calculate the
likely monthly WBGT levels in 21 global re-
gions in 1975, 2030 and 2050, and used these
estimates to calculate health and productivity
impacts. Examples of heat exposure maps are
given in the paper by Hyatt et al. (11) and the
article by Lemke et al. (9) in this newsletter.

Impact of climate change on the
occupational heat stress risks to
health and productivity

Using the calculation formulas for indoor
WBGT and the resulting gridded maps of heat
exposure estimates as in Lembke et al. (9), we
are calculating the heat impacts on working
people in different regions of the world (the
WHO-sponsored project to be completed in



Table 3. Results, percentage loss of daylight

work hours per year in the age range 15-64 years; Heavy labor (metabolic rate = 500W), ISO

(1989) risk functions, calculated indoor WBGT exposures in 1975, 2000 and 2050.

Region Major countries | 1975, 2000, 25 years change, | 2050, CRU | 50 years 50 years
included baseline, CRU | CRUreal | Ratio adjusted change, change,
real data data (B) | 2000/1975 model (C) Ratio increasein
(A) % % (A/B) % 2000/2050 | 2050-2000
(C/B) (C-B)%
Asia-Pacific, High In- | Japan, Singapore omn 0.18 1.7 0.77 4.2 0.59
come (AP_HI)
Central Asia (As_C) | Uzbekistan, 0.08 0.12 1.5 0.30 2.5 0.18
Tadjikistan
East Asia (As_E) China 2.03 219 11 342 1.6 1.2
South Asia (As_S) India 14.5 6.4 11 18.0 11 1.6
South-East Asia (As_ | Thailand, 10.2 13.7 1.3 19.1 14 54
SE) Vietnam
Australasia (Au) Australia 0.03 0.03 11 0.09 3.0 0.06
Oceania (Oc) Fiji 3.74 6.28 1.7 9.13 1.5 29

the middle of 2011). Using exposure-response
relationships for heat stroke (examples in Ta-
ble 2), we can estimate the clinical heat ef-
fect risks as the number of affected workers
per million population. These health impacts
will very much depend on the extent to which
workers can reduce their work intensity (as
described in Figure 1).

Our focus has been on the likely reduction
of “work capacity” due to hourly heat expo-
sure during different months (9). As examples
of the outputs from these calculations, Table
3 shows the percentage of daylight hours, (as-
suming twelve daylight hours, which can be
expected in tropical areas) that would be “lost”
due to heat exposure for people working in
physically demanding jobs (metabolic rate =
500W). However, in places with longer day-
light (the days get longer during the summer at
higher latitude) the percentage of “lost hours”
will be less and the possibilities to shift work-
ing hours to cooler parts of the day are greater.

Using this basic calculation approach,
the “lost hours” in Asia-Pacific High Income
Countries, Central Asia and Australasia in
1975 was less than 1% of all daylight hours
and the actual lost hours in 2000, as well as
the lost hours in 2050 based on CRU grid-
ded climate change model estimates, were al-
so less than 1% (Table 3). However, the ratios
between lost hours in 2000 and in 1975 were
greater than 1, indicating increasing work-
place heat exposures due to ongoing climate
change. The ratios between 2050 and 2000 are
even greater (Table 3)

In the other four regions (East Asia, South
Asia, South-East Asia and Oceania), the per-
centage loss of daylight work hours due to
high workplace heat exposures among people
working in physically demanding jobs (met-
abolic rate = 500W) was greater than 2% al-
ready in 1975 and increasing by 2000 (Table
3). South Asia (including India) had the larg-
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Gluing job inside shoe factory, Vietnam. High heat increases breathing rates of workers and in-

creases evaporation of the solvents in the glue so the hourly inhalation of toxic solvents may be

increased due to heat.

est losses in 1975 and 2000, South-East Asia
(including Indochina) may experience the
greatest absolute increase of lost work hours
until 2050 (5.4%), while East Asia (including
China) and Oceania (Pacific islands) may ex-
perience the greatest relative increase of lost
work hours (Ratios = 1.6 and 1.5) (Table 3).
These estimates will be influenced by the
extent to which machinery is used to reduce
physical workload or by management prac-
tices to avoid heavy labour during the hot-
test periods of each day during the year. The
“confidence intervals” of the estimates in Ta-
ble 3 also depend on several other factors that
require further exploration, including the ac-
curacy of estimates for heat exposure levels
in the past and the validity of estimates based
on models of future climate change. They also

include any differences between the gridded
climate data and the actual heat exposures in
indoor workplaces in that grid cell. However,
the estimates in Table 3 give an indication of
the needs for heat exposure prevention poli-
cies and actions at present and in the future
as climate change progresses.

Potential economic development
impacts of increased workplace heat
stress

The potential increasing impact of climate
change on occupational heat exposure, and
related health and productivity risks, is of im-
portance to the economic development of lo-
cal populations and their businesses. If day-
light work hours cannot be used for active
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Construction site in South India. Many people have to work at high physical intensity in both
outdoor and indoor work in construction with risks of heat stroke and impacts on hourly produc-

tivity.

work, hourly and daily productivity will be
reduced. The regional daily work capacity re-
ductions and the resulting annual “losses” of
daylight work hours (Table 3) may cause sig-
nificant impacts on the economic conditions
for individuals, families, enterprises, commu-
nities and regions.

If usual daily farming activities are slowed
down in communities heavily dependent on
human labour for farm production, the to-
tal farming output may be significantly re-
duced. Other daily activities in low income
communities, such as collection of household
water or fire wood, may also be slowed down
by increasing heat exposure, and reduce the
time available for income generating activi-
ties. These types of relationships between lo-
cal seasonal heat exposure and economic out-
puts have not been studied sufficiently using
scientific methods.

If working people are paid for their hourly
production output but their work intensity is

reduced due to heat exposure, their hourly in-
come will be reduced. In order to avoid such
a reduction of income, some working people
will keep up their work intensity and risk get-
ting serious health effects of heat. One example
of such behaviour is the heat stroke mortality
among agricultural workers in the USA (17).
Some workers kept working, even in extreme
heat conditions, in order to maintain their
income, and they ended up with fatal heat
stroke. Many of the affected workers were re-
cent immigrants from Central America whose
primary focus was to earn as much money as
possible to send back to their families. These
clinical effects of heat, going as far as death,
will also reduce the economic performance of
affected sectors of the economy.

Examples of current impacts of hot work
environments related to the outdoor climate
include the need to employ two people to do
one person’s job in car assembly factories dur-
ing the hottest season in South India (4), and
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the extra hours shoe manufacturing workers
in Vietnam have to work in the hottest season
in order to meet daily production targets (4).

A global analysis of the climate change im-
pact on regional productivity was carried out
using approximate regional climate estimates
(26). This is now being followed up with more
detailed analysis using 0.5 x 0.5 degree grid-
ded data as shown by Lembke et al. (9). This
first analysis showed that the changing climate
until the 2050s would reduce the annual work
capacity in all 21 regions and the equivalent
number of working days lost due to heat ex-
posure was estimated at between 0.1 and 19%
for the different regions. South-East Asia and
Central America were the worst affected by
this aspect of climate change. The analysis also
included assumed changes of the distribution
of the regional workforce into manual labour
outdoors, indoors and office type work, each
of which may experience different degrees of
heat exposure.

Past trends in the distribution of labour
into agriculture, industry and services in re-
lation to GDP development were used to es-
timate what the future distribution may be in
the different regions. In most regions these fu-
ture distributions implied that fewer working
people would be exposed to the highest heat
exposures. The impacts on population aver-
age annual work capacity would be lowered by
those labour force distribution changes (26).
Still, the estimated impact of climate change is
areduced annual work capacity in all regions.
For example, in South Asia the resulting work
capacity loss between 1975 and 2050 was es-
timated at 4%.

Clearly these economic impacts will very
much depend on applications of technology
to cool the environment or to reduce heavy
work and so reducing the time working peo-
ple need to spend in extremely hot work envi-
ronments. However, this may not be the best
long-term solution because air-conditioning
and mechanization generally add to the at-
mospheric carbon dioxide load and so en-
hance global warming. It is very likely that
in low-income countries and communities
improvements of these heat related working
conditions will be slower than in high-income
communities. Many poor people in tropical
and sub-tropical countries may therefore be
affected by the Hothaps effects (High Occu-
pational Temperature Health and Productivity
Suppression) (29), while more affluent people
will manage to avoid these effects.

Conclusions

Climate change is already happening and
creating increased heat exposures in outdoor
workplaces and non-cooled indoor work-
places in many tropical and sub-tropical ar-



eas. WBGT is a heat index that brings
together the different climate factors
that influence the human physiologi-
cal impacts of heat. This index was used
to estimate heat exposure in different
parts of the world. With climate change
model estimates one can also make es-
timates for the future. Using an inter-
national occupational health stand-
ard we calculated the likely impact on
“work capacity” and the resulting “lost
work hours” due to heat in the Asia-Pa-
cific region. The calculated losses due
to climate change in large parts of this
region are substantial.

Thus, climate change will make the
heat exposure levels higher in non-
cooled work environments, and the
reduction of productivity and the lo-
cal economic performance may be sub-
stantial. This aspect of climate change
impacts on human health and well-be-
ing has received very little attention un-
til now, and we hope that our research
will encourage WHO, ILO and other
agencies to facilitate more analysis and
research on this topic and develop poli-
cies and actions to protect current and
future generations of working people
from excessive occupational heat ex-
posure.
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Climate change and occupational
health in Thailand

Uma Langkulsen
Thailand

Introduction

Thailand’s weather is becoming in-
creasingly unpredictable. Evidence
of this can be seen in the recent unu-
sually cool temperatures and heavy
rains, with three different seasonal
weather patterns occurring in a sin-
gle day, namely summer weather, win-
ter weather and rainy season weath-
er. On 12 March 2011 westerly winds
brought so much moisture to Thailand
that it rained heavily in numerous ar-
eas of the country including Bangkok.
Subsequently on 15 March 2011 Thai-
land was affected by a cold front that
moved in from China. This caused the
weather to change suddenly, resulting
in rain and a rapid drop in tempera-
tures for several days, with some ar-
eas experiencing temperatures as low
as 10 °C, while the temperatures in
Bangkok were between 18 and 20 °C,
even though it was the beginning of
summer. This extreme weather event
is abnormal and may be a result of cli-
mate change.

Health impact

The increased average temperature of
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the globe, and increasingly frequent
violent natural occurrences have a di-
rect impact on the health and sanita-
tion of the Thai public. Diseases that
come from the consumption of food
and water have a tendency to increase
due to natural disasters. For example
floods, such as those that occurred last
March in the south, may cause water-
borne diseases such as dysentery, di-
arrhoea and cholera. Communicable
diseases that occur in tropical climates
also increase and can take many lives,
especially malaria, which is a disease
transmitted by mosquitoes, since they
breed in warm climates and uncer-
tain seasons. Agricultural output al-
so decreases due to natural disasters,
which could lead to a shortage of food
and thus cause starvation and nutri-
tion deficiency, as well as lowered im-
mune systems, especially among chil-
dren and the elderly. Deaths from heat
stroke were reported during the Thai
marathon in 1987, and from 1990 on-
wards there have been reports of ill-
ness and deaths among conscripted
soldiers that were undergoing severe
military training in the Thai military.
The latest reports showed that a to-

tal of 4, 5, 6, 5 and 8 soldiers died in
2005-2009, respectively. Dr. Pibool Is-
sarapan at the Bureau of Occupational
and Environmental Disease, Ministry
of Public Health reported that from
among the number of people who
were ill or who had died as a result of
the diseases listed under the Interna-
tional Classification of Diseases, Tenth
Revision (ICD-10) between 2007 and
2009, seven people had died from the
effects of heat and light (ICD-10 Cat-
egory T67). Table 1 shows these data
from the Program of National Health
Security.

Occupational health research

The occupational health of workers
in Thailand has been extensively re-
searched in the past, but here we fo-
cus on research concerning heat-relat-
ed illness that was published in 2010.
First is a study conducted by Benja-
wan Tawatsupa et al. (1). Benjawan is
a PhD candidate at the National Cent-
er for Epidemiology and Populations
Health, the Australian National Uni-
versity, Canberra, Australia and is an
academic at the Health Impact Assess-
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ment Division, Department of Health, Min-
istry of Public Health. He conducted a study
on the relationship between self-reported heat
stress and psychological distress, and overall
health status. A total of 40 913 Thai workers
aged 15-66 participated in this study, which
was the first large-scale study in Thailand on
occupational heat stress and adverse health
outcomes. Results showed that occupational
heat stress needs more attention and develop-
ment through occupational health interven-
tions as climate change increases Thailand’s
temperatures.

The second study is conducted by a re-
search team at the Faculty of Public Health,
Thammasat University, Rangsit Campus (2),
on the relationship between climate condi-
tions and health status and productivity in two
main occupational settings. One involves heat
generated by industry, and the other heatina
natural setting among workers in the indus-
trial, agricultural and construction sectors of
the Pathumthani and Ayuthaya Provinces in
five study sites, namely, the Sam Khok pot-
tery industry, the Sam Khok vegetable field,
Ratchasuda construction building, the Wang
Noi power plant, and the Aranyik knife in-
dustry. In this setting, researchers measured
the Wet Bulb Globe Temperature (WBGT)
and used the Heat index (HI) to evaluate the

effect of heat on health. In addition, a ques-
tionnaire was used to interview 21 workers,
which showed that climate conditions in Thai-
land potentially affect both health and pro-
ductivity in occupational settings. This was,
however, merely a pilot study. Nevertheless,
an effort was made to develop further more
detailed research on this public health issue,
by conducting research on the “Situation and
Effects of Climate Change and Heat Expo-
sure among Workers in Thailand” with sup-
port from the Office of the Higher Education
Commission for a period of three years start-
ing from October 2010.

Conclusion

In summary, climate change affects the health
of human beings, especially workers who are
exposed to heat, as it may cause injury and
even loss of life if they are not equipped to face
the said weather conditions. As regards work-
place safety for those working in hot weather
conditions, it is important for state agencies
or private enterprises to set on a systematic
basis a standard to protect workers against ef-
fects that may occur. Protection against dan-
ger from heat at the workplace generally has
three main factors, namely, protection from
and control of the source of the heat, protec-
tion from and control of the source of the heat
in the environment, and protection of oneself.
Therefore, occupational health and safety is
an issue of foremost importance if the gov-
ernment is to develop the country’s economy
and industry.
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Table 1. Morbidity and mortality by ICD-10 category T67, Thailand, 2007-2009

Morbidity

Mortality

T67.0 Heatstroke and sunstroke 94 6 100
T671 Heat syncope 39 1 40
T67.2 Heat cramp 15 0 15
T67.3 Heat exhaustion, anhydrotic 1 0 1
T67.5 Heat exhaustion, unspecified 30 0 30
T67.6 Heat fatigue, transient 33 0 33
T67.7 Heat edema 1 0 1
T67.8 Other effects of heat and light 4 0 4
T67.9 Effect of heat and light, unspecified 8 0 8
Total 225 7 232
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Climate change and health:

Igbal Kabir
Bangladesh

There is now widespread agreement
that current trends in energy use and
population growth will lead to continu-
ing - and more severe - climate change.
A changing climate will inevitably af-
fect the basic requirements for main-
taining health: clean air and water; san-
itation and the environment; food sup-
ply; and adequate shelter. Many diseas-
es and health problems may be exacer-
bated by climate change.

Each year, approximately 1.2 mil-
lion people die from causes attributa-
ble to outdoor urban air pollution, 2.2
million from diarrhoea largely result-
ing from lack of access to clean wa-
ter, sanitation and poor hygiene, and
3.5 million from malnutrition (1). In
both industrialized and developing
countries, approximately 60 000 peo-
ple die in weather-related disasters,
from heat waves to floods and drought
(2). A warmer and more variable cli-
mate threatens to lead to higher lev-
els of some air pollutants, to increase
the transmission of diseases by unclean
water, contaminated food, insect vec-
tors and rodents, to compromise agri-
cultural production in some of the least
developed countries, and to increase
the hazards of extreme weather (3, 4).
Studies in Europe, Latin America and
other regions have shown that expect-
ed future climate scenarios, with in-
creasing maximum temperatures, hu-
midity and extreme events, are like-
ly to cause rising health impacts, es-
pecially for susceptible populations
that have not previously experienced
these hazards (5, 6). WHO estimates
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that the climate change that has oc-
curred since the 1970s is already caus-
ing over 140,000 additional deaths each
year (7), and that these risks are likely
to continue to rise.

In the long run, however, the great-
est health impacts may not be from
acute shocks such as natural disasters
or epidemics, but from the gradual
build-up of pressure on the natural,
economic and social systems that sus-
tain health, and which are already un-
der stress in many parts of the world.
These gradual stresses include reduc-
tions and seasonal changes in the avail-
ability of fresh water, regional drops in
food production, and rising sea levels.
Each of these changes has the poten-
tial to force population displacement
and increase the risks of civil conflict.
Climate change has therefore been de-
scribed as “the biggest global health
threat of the 21st century” (8).

The importance of health has long
been recognized in climate policy. The
United Nations Framework Conven-
tion on Climate Change treaty aims to
avoid the “adverse effects” of climate
change, which it defines as “changes
in the physical environment or biota
resulting from climate change which
have significant deleterious effects on
the composition, resilience or pro-
ductivity of natural and managed eco-
systems or on the operation of socio-
economic systems or on human health
and welfare” (9). Surveys from around
the world show that the general public

places health threats at or near the top
of the list of climate change concerns
(10), and over 90% of the National Ad-
aptation Programmes of Action for cli-
mate change developed by the least de-
veloped countries identify health as a
sector that will suffer adverse impacts
of climate change.

Despite this, the issue is currently
neglected in the climate change mech-
anisms. A recent WHO review con-
cluded that less than 3% of the interna-
tional funding on adaptation to climate
change has been directed to projects
with the specific aim of protecting
health. The joint benefits to health of
climate change mitigation are omit-
ted from almost all of the economic
models that aim to guide decision-
making on the reduction of green-
house gas emission, leading to a bias
against more sustainable and greener
decisions.

A clear understanding of the relation-
ships and sensitivity of health out-
comes and determinants to weather
and climate patterns is essential when
determining the risks that climate
change poses to population health.
These analyses, often referred to as
sensitivity analyses, should describe
current vulnerability at the geographi-
cal scale and level of detail that is most
suitable for decision-makers, taking
into consideration the type and qual-
ity of evidence. In some cases, quan-
titative data are not available or even
needed to describe these relationships.



The burden of the chosen health outcome can
be estimated using expert judgment and de-
scribed in relative terms (e.g. there is a high
burden of endemic malaria in a particular dis-
trict, or there is a medium-level risk of epi-
demic malaria in another).

At a minimum, analyses should be con-
ducted of the relationship(s) between health
data and core weather variables, such as tem-
perature, precipitation, relative humidity, and
extreme weather events and patterns. Health
data are generally available from the Ministry
of Health, and weather data from the nation-
al meteorological and hydrological services.

Bangladesh is already vulnerable to outbreaks
of infectious, water-borne and other types of
diseases (World Bank, 2000). Records show
that the malaria incidences increased from
1,556 in 1971 to 15,375 in 1981, and from
30,282 in 1991 to 42,012 in 2004 (WHO,
2006). Other diseases, such as diarrhoea, dys-
entery, etc., are also on the rise, especially dur-
ing the summer months. It has been predicted
that the combination of higher temperatures
and potential increase in summer precipita-
tion may cause the spread of many infectious
diseases (MoEF, 2005).

Climate change also brings about addi-
tional stresses, such as dehydration, malnu-
trition and heat-related morbidity, especially
among children and the elderly. These prob-
lems are thought to be closely interlinked with
water supply, sanitation and food production.
Climate change has already been linked to
land degradation, freshwater decline, loss of
biodiversity and ecosystem decline, and strat-
ospheric ozone depletion. Changes in the
above factors may have a direct or indirect
impact on human health. Bangladesh is al-
ready burdened by high population, natural
disasters, diminishing and polluted natural re-
sources. The added burden of increased health
problems possibly due to climate change and
climate variability will further retard the coun-
try’s development achievements.

Public health depends on safe drinking
water, sufficient food, secure shelter, and good
social conditions. A changing climate is likely
to affect all of these conditions. The health ef-
fects of a rapidly changing climate are likely
to be overwhelmingly negative, particularly
in the poorest communities.

Increasing frequencies of heat waves: Recent
analyses show that human-induced climate
change significantly increased the likelihood

Table 1. Climate-sensitive health outcomes and particularly vulnerable groups

Climate-sensitive health out-
come
Heat stress

Particularly vulnerable groups

The elderly, those with chronic medical conditions, infants

and children, pregnant women, the urban and rural poor,
outdoor workers

Air pollution

Children, those with pre-existing heart or lung disease,

those with diabetes, athletes, outdoor workers

Extreme weather events

The poor, pregnant women, those with chronic medical

conditions, those with impaired mobility or cognitive con-

straints
Water-borne and food-borne
diseases

The immunocompromised, the elderly, infants; specific
risks for specific consequences (e.g. Campylobacter and

Guillain-Barre syndrome, E. coli O157:H7)

Vector-borne and zoonotic diseases
Malaria

Children, the immunocompromised, pregnancy genetics

(G6PD status), non-immune populations

Dengue
Other

of summer heat waves in Europe in 2003 and
2007. This phenomenon has implications for
Bangladesh, since the elderly and children suf-
fer most from increased temperatures. Even
though there has been no formal study on the
increase of heat waves in Bangladesh, we are
already observing yearly trends of rising tem-
peratures. Health impacts associated with heat
wave are heat stroke, dehydration, and aggra-
vation of cardiovascular diseases among eld-
erly people. It should also be noted that Bang-
ladesh does not have records on health, illness
and death related to heat wave, but general
observations revealed that the prevalence of
diarrhoea increased during spells of extreme
temperature and heat wave, affecting children
in particular.

Variable precipitation patterns: Changes in
precipitation pattern are likely to compromise
the supply of freshwater, thus increasing wa-
ter-borne disease risks . This is also associated
with floods and water-logging that increase
the incidences of diarrhoea and cholera, along
with skin and eye diseases. Agricultural pro-
duction and food security are also directly
linked to precipitation pattern, thereby im-
pacting on the nutritional status of the pop-
ulation.

Malnutrition: Rising temperatures and vari-
able precipitation are likely to cause a decrease
in agricultural production, thus increasing the
risk of malnutrition. Malnutrition further in-
creases the vulnerability to infectious, water-
borne and vector-borne diseases.

Vector-borne diseases: Changes in climate
are likely to lengthen the transmission sea-
sons of important vector-borne diseases and

Infants, the elderly
The poor, children, outdoor workers, others

to alter their geographical range, potentially
bringing them to regions where the popula-
tion lacks immunity or where the public health
infrastructure is not strong. Dengue is already
a regular disease in the major cities of Dhaka
and Chittagong.

Rising sea levels: This increases the risk of
coastal flooding and may necessitate popula-
tion displacement. Rising sea levels may also
cause many health-related problems, such as
cholera, diarrhoea, malnutrition, skin diseas-
es, etc. More than half of the world’s popula-
tion now lives within 60 km of the sea. Some of
the most vulnerable regions are the Nile delta
in Egypt, the Ganges-Brahmaputra delta in
Bangladesh, and many small islands, such as
the Maldives, the Marshall Islands and Tuvalu.

In Bangladesh, millions of people suffer
from diarrhoea, skin diseases, malaria, men-
tal disorders, dengue, etc. A recent study car-
ried out jointly by the Bangladesh Centre for
Advanced Studies (BCAS) and the National
Institute of Preventive and Social Medicine
(NIPSOM) in 2007 indicated that the annu-
al incidence of diarrhoea was 2,841,273 dur-
ing 1988-2005 and that of skin diseases was
2,623,092 during 1998-1996. Other health
problems, such as malnutrition, hyperten-
sion and kala-azar, also affect people in dif-
ferent regions of the country.

Bangladesh faces a very high risk of impacts
from climate change, including impacts on
human health. It is estimated that the lives
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and livelihoods of 36 million people in the
southern coastal regions will be affected by
climate change, including the following: heat
stress from extreme heat events; water-borne
and food-borne diseases (e.g. cholera and oth-
er diarrheal diseases); vector-borne diseases
(e.g. dengue and malaria); respiratory diseases
due to increases in air pollution and aeroaller-
gens; impacts on food supply and water secu-
rity (e.g. malnutrition); and psychosocial con-
cerns from the displacement of populations
through a rise in sea level and after disasters.
The Government of Bangladesh estimated the
additional costs of controlling diseases attrib-
utable to climate change. The total costs were
estimated to be USD 2.8 billion.

Disease Estimatein
USD (miillion)

Diarrhoea 102.94

(3.5 episodes/person/

year

at BDT 50/episode)

Kala-azar 161.76

Filariasis 51.47

Dengue, malaria, 308.82

chikungunya

Chronic obstructive 617.65

pulmonary disease,

NCDs

Injuries, drowning, 602.94

emergency medicine

Malnutrition 735.29

Other diseases and 220.59

events

To prepare for these impacts, the Govern-
ment of Bangladesh is establishing a model
health care delivery service based on the devel-
opment of new community health clinics and
revitalization of primary health care services,
in order to reduce population vulnerabilities.

Some possible measures for Bangladesh to

reduce health impacts from climate change

are given below:

Water-borne diseases are a major public
health problem in Bangladesh. Changes in
climate factors will increase their incidenc-
es. To address these problems and reduce
the possibility of incidences of climate sen-
sitive diseases, some initiatives — including
policy decisions, scientific efforts and broad
research to confirm earlier findings, and in-
stitutional capacity building to handle the
consequences — need to be considered.
Government agencies can initiate climate-
sensitive diseases surveillance separately or
can include a separate component on this
in existing national diseases surveillance
programmes.

The government can develop climate-sensi-
tive disease datasets and vector data based
on geographical distribution, for further
research and prediction purposes.

Health professionals may need to be trained
on climate change and its impacts on hu-
man health, so they are equipped to deal
with future adversities.

The government, in association with NGOs
and research organizations working on cli-
mate change and health issues, can initi-
ate a training programme for health pro-
fessionals.

An awareness programme dealing with the
impacts of climate change on human health
would build the resilience of the community.
Strategies for adapting to the impacts of cli-
mate change on health can be developed,
taking account of all relevant climate factors
and non-climate factors. Climate Change
Cell (CCC) can initiate the development of
such strategies, in association with relevant
government partners and NGOs.

Water supply and sanitation management
can be improved.

Water resources can be protected.
Hygiene practices at both individual and
community levels can be improved.
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World Day for Safety and Health at Work

| —

The International Labour Organization (ILO) celebrates the World Day for Safety and Health at ) OSH

Work on the 28 April to promote the prevention of occupational accidents and diseases globally. It Management

is an awareness-raising campaign intended to focus international attention on emerging trends in System

the field of occupational safety and health and on the magnitude of work-related injuries, diseases ’ A tool for continual
improvement

and fatalities worldwide.
Occupational Safety and Health Management System ’
The 2011 World Day for Safety and Health at Work focused on the implementation of an Occupa- )

tional Safety and Health Management System (OSHMS) as a tool for continual improvement in the
prevention of workplace incidents and accidents. )

WORLD DAY FOR
SAFETY AND HEALTH
AT WORK

28 April 2011 - wwwilo.org/safeday

An OSHMS is a preventive method to implement safety and health measures which consists of ’ ‘
four steps and incorporates the principle of continual improvement. Its principles are based on the f b
PDCA Cycle: PLAN, DO, CHECK, ACT. Its purpose is to establish a comprehensive and structu- .~
red mechanism for joint action of management and workers in the implementation of safety and

health measures. OSHMS can be an effective tool for the management of hazards specific to a given industry,
process or organization.

The ILO has prepared a report, a poster and other promotional materials for the occasion.
Please see: www.ilo.org/safeday

More information can be found: www.ilo.org/safework as well as a video message from Mr Seiji Machida, Director of SafeWork, ILO

Contacts: safeday@ilo.org

t30International Congress 3052 CongLes International
on,@ccupationallHealth e o santéelanlravail
March)1 8252342012 Mars)18ire=23:-X2012

1ICB2011
19th International
Congress of

Biometeorology
Auckland, New Zealand ~
4-8 December 201 tous Derecherche fallafpractiguiel

Theme: Climate and Society

Close of call for abstracts: 29 May 2011
www.icb2011.com

The overall aim of ICB2011is to explore the
links between climate and society. This is
because a central ethos of the interdiscipli-
nary science of Biometeorology is the de-
sire to understand interactions between at-
mospheric processes and living organisms
- plants, animals and humans. Such inter-
actions are fundamental to the well-being
and sustainability of society at a range of
geographical and time scales.
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Clockwise from above left: Welding task in iron works, Ceramic & pottery works in an industrial unit, Powerloom, Breaking stone with a ham-

mer in a stone quarry.

Perceived heat stress and strain of workers

PK Nag, A Nag, P Sekhar, P Shah
India

Introduction

Growing incidences of climatic events, such as
heat waves, droughts, local storms, floods and
cold spells emphatically demonstrate the vul-
nerability of humankind in different geograph-
ical regions (1). According to the World Me-
teorological Organization, as judged by com-
bined global and ocean surface temperature,
June 2010 was the warmest month on record,
with prominent heat in many areas of east-
ern and western Asia. The cities of the Asia-
Pacific have a varying magnitude of ambient
temperature build-up, from 0.21 (Ahmedabad
and New Delhi), through 0.45 (Bangkok) and
0.48 (Osaka) to 0.71 °C (Shanghai) per decade
(2). The Centre for Research on the Epidemiol-
ogy of Disasters (Brussels) recorded that ~90%

of the nearly 208 million people affected by
disasters worldwide in 2010 lived in Asia. As
many as 48 million Asians were also affected
by weather-related events In 2009.

There is a clear risk that Asia-Pacific re-
gions might experience unprecedented en-
vironmental exodus due to extreme climatic
events in the coming years (3). Despite pro-
jection that millions of people in the trop-
ics are expected to experience frequent heat
waves (4), public recognition of the enormity
of this problem in the vast Indian subcontinent
is very much subdued. Workers in informal
occupations, farmers, construction workers,
street venders, rickshaw pullers and others, as
well as both the urban and rural poor dwell-
ing in slums and on pavements, are faced with
the daunting challenges that heat events pose.

18 + Asian-Pacific Newslett on Occup Health and Safety 2011,18:18-20

People with low adaptive capacity and lack of
relief measures are at greater risk of morbid-
ity and mortality in heat wave episodes (5,
6). Work both indoors and outdoors is the
added stress dimension for people which ex-
ceeds climatic stress in naturally occurring
hot climates. This paper covers case studies of
the population exposed to high heat, with the
aim of analysing their behavioural responses
asregards the perception of heat-related stress
and strain.

Indoor work environment

Occupational and environmental exposures
are critical determinants of one’s susceptibil-
ity and physiological and behavioural adap-
tations (7, 8). We examined the perception of



heat-related stress and strain of 567 workers
(Indoor environment: iron works and pow-
erloom in informal sectors, and an industri-
al unit of ceramics and pottery), when heat
waves occurred regularly. A heat wave is when
the maximum ambient dry-bulb (DB) tem-
perature is >40 °C, 3 to 4 °C above normal
(Indian Meteorology Department). The DB
temperatures exceeded 40 °C in all observa-
tions of the powerloom environment, 75% in
the iron works, and over 33% in the ceram-
ic and pottery works. The WBGT index was
35.2+1.1 °C in the powerloom environment,
followed by the ceramic and pottery works at
33.8+1.9°C, and the iron works at 31.6+1.5°C.

Based on WHO ICD-10 code Té69, a
checklist enquiry covering heat-related symp-
toms was given to the workers, and their rela-
tive responses were rated. Only the behaviour-
al responses that were found to be statistically
significant in the analysis of variance (p<0.001
t00.05) are shown in Figure 1. Some indicators
such as feeling chills, redness of face, seizures,
sensations of shivering, slurred speech, and
feeling like collapsing/fainting did not mark-
edly manifest in the responses of the work-
ers. Among all indoor occupational groups,
over 80% of the workers reported excessive
sweating and thirst, tachycardia and dryness of
mouth, ~70% reported feeling elevated body
temperature, and half of the workers com-
plained of generalized muscle pain/spasms.
Nearly 33% of the workers reported reduced
urination and itchy skin, however, a higher
number of workers in the powerloom com-
plained of itchy skin, and pink or red bumps.

Outdoor work environment: stone
quarry works

Working in stone quarry works is extremely
arduous. These workers were monitored dur-
ing the summer months (May-June, N=243)
and October-November (N= 158). The DB
temperatures during May-June and October—
November were recorded as 40.3£2.2 °C and
35.4+2.3 °C, with corresponding WBGT val-
ues of 35+2.3 °Cand 33.1+2.2 °C, respectively.
Heat wave conditions prevailed in the region
of the study; the 95th percentile value of DB
the temperature was 42.8 °C. In comparison,
the environmental load during October-No-
vember was substantially less.

Due to repeated exposure to high heatload
and strenuous physical activity, even habitual
workers were subjected to thermal instability.
The workers’ perceptions were an aggregate re-
sponse over time, including peak loads (Fig-
ure 2). Behavioural responses were influenced
by seasonal variation, and a higher number of
workers complained of heat-related symptoms
in the summer months, than in the October-
November period. While excessive sweating

100 -
B Iron works (N=287)
O Ceramics (N=137)
Powerloom (N=143)
o 75 -
@
=<
£ 50
—
=]
==
25

ée - AN <
<y

Figure 1. Perceived stress and strain of workers in indoor work environment during summer
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Figure 2. Perceived stress and strain of workers in outdoor stone quarry work in May-June,

and October-November.

and thirst were reported by a vast majority of
workers during the summer and also in Oc-
tober—November, complaints of mental diso-
rientation, reduced urination, dry skin (no
sweating), elevated body temperature, mus-
cle cramps and other skin responses were dis-
tinctively higher during the summer months.
Redness of face, pink or red bumps as well as
prickly sensations of the skin were high among
the workers, due to possible sunburn. Analy-
sis yielded that ~60% of the workers reported
loss of working capacity, and about 20% were
more vulnerable to heat illnesses during the
summer months, than in October-November.

The behavioural responses of the men
were examined with the premise that inter-
nal thermal stability and behavioural adap-
tations are critical to survive environmental
heat (9, 10). With impending heat wave phe-

nomena in the region, the surveillance data
on the perceptions of workers might provide
indications of vulnerability. However, perceiv-
ing heat-related symptoms of the workers had
limitations, and their indoctrination was re-
quired to establish relationships between the
symptoms and heat exposures.

The physical severity of the work of the
indoor and outdoor occupational groups
could not be equated, although it was noted
that habitual workers were also at a potential
risk of developing heat-related illness in peak
summer exposures. At similar environmental
warmth, the workers in outdoor environments
(stone quarry) faced a much greater risk of
heat illnesses, than those in indoor environ-
ments (iron, ceramic and powerloom). While
only ~8% of indoor workers complained of
dryness of skin or no sweat, nearly 33% of
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the stone quarry workers complained of the
same. Among the indoor groups, powerloom
workers suffered the highest heat stress. The
present sample analysis has shown that large
scale generation of similar data on percep-
tions of heat stress and strain in different oc-
cupational groups may ascertain the relative
vulnerability of people to extreme heat. This,
in turn, might provide information for de-
creasing and managing risks, including early
warnings and response plans to combat heat-
related emergencies.
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Estimating workplace heat exposure using
weather station and climate modelling data:

new tools to estimate
climate change impacts on
occupational health in Asia
and the Pacific region
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Tord Kjellstrom, Australia

Quantifying workplace heat exposure

It is apparent when observing workers in hot
conditions that their productivity goes down
especially when they are required to do high
intensity work (1). The problem is quantify-
ing this observation so it can be linked to cli-
mate change where the temperature is expect-
ed to increase by 2-4 °C by the end of this
century (2).

The most accurate estimation of heat stress
is by physiological models that include as in-
put not only environmental conditions, but
also the individual variables such as body sur-
face area, degree of acclimatization, degree of
hydration and type of clothing worn. The Re-
quired Sweat Rate model (3), the PHS model
(4), and the more recent Fiala model (5) are
representations of such models. These indi-
vidual calculations are important for athletes,
people undertaking exceptionally hot work
(e.g. fire-fighters or workers with impervious
clothing) and people vulnerable to heat stress
(with kidney or heart disease). However they
are not practical for regional studies, epide-
miological studies or future studies (in rela-
tion to climate change). These types of studies
rely on a population distribution of individual
differences and then need to focus on environ-
mental changes that impact on heat stress as
it affects a population.

Irrespective of the individual, the work
they are doing and the clothing that is worn,
the body temperature rises when work is done.
For every kiloJoule of work done muscles gen-
erate about 4 kiloJoule of body heat. Unless
this heat is dissipated it will lead to a rise in
core body temperature which becomes life
threatening once it is over 40 °C (1).

Under normal working conditions this
heat is mainly dissipated by convection, ra-
diation and evaporation of sweat. If the per-
son is immersed in water then conduction
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also becomes important. The environmental
variables that hinder or promote these heat
loss mechanisms are ambient temperature,
humidity along with wind to a localized build
up of water vapour, and radiation from the sun
and surroundings. Many heat stress indicators
have been developed over the last 60 years, but
to be a valid heat stress index it must include
these four environmental variables.

Common (and recent) heat stress indices
that incorporate all these variables include
WBGT, UTCI (6) and CET (7) and for the
tropics the Tropical Summer Index (8). Var-
ying levels of the humidity and temperature
components create different changes to the
heat stress index values, these differences will
be less than individual responses to heat stress,
and most of the heat stress indices have been
tested on a narrow group of individuals. The
one occupational heat stress index that has
been widely tested and adopted in many re-
gions of the world is the Wet Bulb Globe Tem-
perature (WBGT) index (1, 9) so we have cho-
sen to use this index in our studies.

While the WBGT index is an environmen-
tal heat exposure index, it has to link in with
the human response to heat stress in order to
calculate the loss of productivity and the de-
terioration of health due to heat stress. The
ISO (1989) standard (9) completes this link
as it prescribes the recommended extent of
hourly rest periods for specific WBGT values.
The aim is to protect the majority of working
people from clinical health effects of heat by
keeping the core body temperature below 38
°C. Due to individual variation in the sensi-
tivity to heat, some people can work contin-
uously at higher temperature and humidity
levels than others.

This approach of separating the environ-
mental heat exposure and the predicted ef-
fect on a population, offers much flexibility,
because once the WBGT value is known the



ISO standards can be adjusted to take into ac-
count clothing, intensity of work and natural
variations between populations. For example,
if a waterproof barrier (clo = 1.4) is worn in-
stead of light summer clothes (clo = 0.6), the
effect of the heat stress on an individual is 6 °C
higher than the environmental WBGT (1, 9).

Calculating the WBGT heat stress
index

WBGT is formally defined as a combination
of the natural wet bulb temperature (Tnwb,
measured with a wetted thermometer exposed
to the wind and heat radiation at the site), the
black globe temperature (Tg, measured inside
a 150 mm diameter black globe), and the air
temperature (Ta, measured with a “normal”
thermometer shaded from direct heat radia-
tion). The unit is degrees Celsius (°C).

Equation 1 (Parsons 2003): outdoors:
WBGTod = 0.7 Tnwb + 0.2 Tg + 0.1Ta
Equation 2 (Parsons 2003): indoors:
WBGTid = 0.7 Tnwb + 0.3 Tg

These simple equations were developed more
than 50 years ago (10) and have withstood the
test of time as they are still incorporated in the
ISO standards (1, 9).

It is not practical to use special thermom-
eters to measure Tnwb and Tg in epidemio-
logical, regional and historical studies. A new
formula is needed that uses readily available
weather station data on temperature, dew
point, wind speed and solar radiation to work
out WBGT. Such formula have been available
for some time for indoor WBGT (11), but it
has not been till recently that formula have
been developed to calculate outdoor WBGT
from standard meteorological data so making
available a wealth of historical and regional
information on heat stress..

The outdoor formula presented in recent
publications are by Liljegren et al. (12) and
Gaspar and Quintela (13). (We will not re-
produce their rather lengthy formulas here
but they are included in the publications). We
use the Liljegren et al. (12) formulas to calcu-
late WBGT outdoors in the sun. For indoor
WBGT calculations we use the Bernard for-
mula with two assumptions. In the absence
of strong radiation we assume Tg = Ta as the
only radiant source is the surroundings at the
ambient temperature. While indoors the wind
speed is very low, people working at moderate
to high activity generate their own wind which
prevents high humidity accumulation around
the body. We therefore assume for indoor WB-
GT calculations a wind speed of 1m/s. For the
same reason in outdoor calculations we as-
sume a minimum wind speed of 1 m/s. (Tpwb
= psychrometric wet bulb temperature)

Equation 3 This formula for indoors (11) works
for low wind speeds (V) down to 0.3 m/s:
WBGT indoors = 0.67Tpwb + 0.33Ta - 0.048
logl0V(Ta - Tpwb)

Obtaining global climatic data

Our calculations use daily data from many
thousand weather stations that can be down-
loaded for free from a US NOAA (Nation-
al Oceanographic and Atmospheric Admin-
istration) website: (http://www?7.ncdc.noaa.
gov/CDO/dataproduct, scroll down, click on
“Surface Data, Global Summary of the Day”
[GCOS], and then select country, time point,
etc.) (14). Hourly data from the same weather
stations can be purchased on CDs (same web-
site, but scroll to “Surface Data, Hourly Global
summary”). We also used hourly solar radia-
tion data (gridded dataset) from US NASA
(website: http://eosweb.larc.nasa.gov/sse/, the
“Surface meteorology and solar energy” site).

The US NOAA database includes data for

almost every day for a large number of weath-
er stations around the world. The weather sta-
tions with the most detailed data are often
placed at airports and it must be recognized
that this will not be the actual temperatures in
the microclimates where people work. How-
ever, it will give averages and in particular it
will represent changes over time. The NOAA
“Global Summary of the Day” (GSOD) da-
tabase has not been subject to as stringent
quality control as other temperature only da-
tabases. We have compared different climate
data sources and found good agreements in
places where daily data records are over 90%
complete. From this we conclude that in most
places the NOAA data can be used to assess
heat exposure and related risks in localities.

The Population Heat Exposure Profile

To make local heat hazard assessments we de-
veloped the “Population Heat Exposure Pro-
file” (15) using hourly data (Figure 1 shows
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Figure 1. Population Heat Exposure Profile for Chennai, India, 1999, April (the hottest month). Hour-
ly averages (middle curves) and 80% variation ranges (middle curve = mean value, upper and lo-
wer curves = 90 and 10 percentiles) of the actual data for air temperature, dew point (an indicator
of absolute humidity), wind speed, solar radiation, indoor WBGT and outdoor (in the sun) WBGT.
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an example). In Chennai, in April, the tem-
peratures go up to 35 °C (on average for the
whole month), WBGT indoors reaches 29 °C
and WBGT outdoors in the sun reaches 32 °C.
The dew point at 22-25 °C is relatively close to
the air temperature, which indicates that the
relative humidity is high (calculated at 50%
midday and 85% at sunrise), which contrib-
utes to heat stress.

Impact of different levels of heat
exposure on work capacity

Once the heat exposure has been estimated as
WBGT, the international standard for occu-
pational heat exposure (9) is used to estimate
the extent to which rest periods are recom-
mended for each hour. The standard identi-
fies maximum WBGT levels for continuous
work (hourly), 25% rest during a work hour,
50% rest and 75% rest, which can be used to
analyse the reduction of hourly physical “work
capacity” as WBGT increases. In order to cal-
culate the effect on workers, different levels of
work intensity are considered and we assume
that clothing is light and not interfering with
sweat evaporation.

Using the standard gives us an idea of the
risks associated with local heat exposure and
the potential impact on worker productivity
via the percentage of rest time per hour (16).
Figure 2 shows the results for Chennai, In-
dia in 1999.

In February 1999, the afternoon WBGT
outdoors was approximately 29 °C on average
(Figure 2). During the hottest period, if the
international standard advice is followed by a
person doing intense work (metabolic rate =
500W), only 60% of the work capacity is left,
i.e. 40 % of each work hour needs to be used
for rest in order to prevent core body tempera-
ture exceeding 38 °C .

Figure 2 also shows that in April 1999
when the afternoon WBGT outdoors goes to
32 °C, the remaining work capacity is only
10%; in June the results are between those of
February and April. As mentioned earlier, in-
dividual workers with low sensitivity to heat
can work with less rest, but even for them there
is a point at which either rest periods must be
taken or work intensity reduced to avoid clini-
cal effects of heat.

The 3 °C difference of afternoon WBGT
between February and April in Figure 2, is
similar to the WBGT increase that may oc-
cur due to climate change during this cen-
tury. If the work activities and conditions are
the same, such a WBGT change could reduce
the work capacity in February 2100 from 60%
to 10% for people performing very physical-
ly active work tasks (Figure 3), and during
the hotter months little work of this type can
be carried out during daylight hours. These
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Figure 2. Chennai, India, 1999, comparison of WBGT and work capacity (%), for three months
with different heat exposure. (middle curve = mean value, upper and lower curves = 90 and

10 percentiles; work intensity = 500W).

changes are the foundations for the Hothaps
(High Occupational Temperature Health and
Productivity Suppression) research and action
programme (17).

These changes in work capacity are par-
ticularly prominent in work situations where
WBGT is in the range 26-35 °C, as below this
range extra rest periods are not required, and
above this range work capacity is very low.
Already after a few minutes work at WBGT
as high as 35 °C, a worker cannot cope with-
out special protective clothing and air cool-
ing. One example is a study of tobacco manu-
facturing workers in India exposed to a high
heat level (18). They lost 9% of their hourly
production rate for each degree increase of
heat exposure.

Global and regional mapping of
occupational heat exposure

Maps have been produced of calculated in-
door WBGT levels in selected global regions:
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Australia, South Asia (India and neighbouring
countries), Southern Africa, and the Mexican
Gulf region (19). Data used for the calcula-
tions are from 0.5 x 0.5 degree (50 x 50 km
squares at the equator) global gridded climate
data for 1960 to 2002 from the Climate Re-
search Unit (CRU) at the University of East
Anglia, Norwich, UK. Regression lines were
fitted to the data from each month for 1960
to 2002 to calculate a regression average for
2000 and 1975.

Figure 4 presents the monthly average af-
ternoon indoor WBGT levels during three hot
months in another part of the world: South-
East Asia and East Asia. It is clear that heat
exposure in parts of Indochina in particular,
have increased dramatically between 1975 and
2000. If we add 3 °C to the indoor WBGT val-
ues for 2000 (Figure 3), we get heat exposure
levels similar to what may occur later this cen-
tury due to climate change. The area at risk
of extreme heat in Indochina would extend
in size, and large parts of China will be in the




high risk category (Figure 4). Work outdoors
without protection from direct heat radiation
from the sun also adds approximately 3°C to
the WBGT, so the maps at the bottom indicate
how much heat exposure may already occur
for outdoor workers on sunny afternoons in
this part of the world.

Using the calculation formulas for indoor
WBGT and the resulting gridded maps of heat
exposure estimates as in Figure 3, we are pro-
ceeding with calculations of the heat impacts
on occupational health and productivity in
different regions of the world (a WHO-spon-
sored project to be completed in the middle
0f2011). Further information about these im-
pact assessments is provided in the article by
Kjellstrom et al. (20) in this newsletter.
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Progress in the Hothaps program assessing
impacts and prevention of heat effects
on working people in relation to local

climate change

Tord Kjellstrom, Australia
Jon Oyvind Odland, Norway
Maria Nilsson, Sweden

High Occupational Temperature,
Health, and Productivity Suppression
(Hothaps)

The Hothaps programme has been develop-
ing since 2008 (1) and it focuses on impacts
of occupational heat exposure, how these can
be reduced and how climate change may in-
crease the exposures. Hothaps is an important
health issue already now during the hot sea-
sons in many places around the world (par-
ticularly in tropical areas) and it will become
even more important as climate change makes
many of these places hotter and hotter and
hotter. These issues are described in detail in
two articles in this newsletter (2, 3). The basic
occupational health science issues concerning
heat and health are presented in the excellent
book by Parsons (4).

The programme is designed to carry out
research and impact analysis on direct effects
of heat exposure on working people (includ-
ing gender aspects and effects on pregnant
women and on working children). It aims to
quantify the likely increase of exposures and
effects due to climate change in different loca-
tions around the world (focus on Tropical low
and middle-income countries), and to identify
and promote feasible ways to reduce exposures
and effects. Analysis is also carried out of the
broader links between climate change and the
health and productivity of working people in a
variety of geographic settings, including Trop-
ical and Circumpolar (mainly Arctic) areas.

A research and action programme

Hothaps includes studies that:

o Develop improved methods for human heat
exposure assessment

o Measure and model such exposures in dif-
ferent parts of the world

« Test methods to measure effects on health
and human performance (particularly
physical activity and work capacity) due
to heat, including studies of working chil-
dren and pregnant women

Photo by Tord Kjellstrom

Sugar cane cutting by hand. This type of farm work has to be carried out during the hottest part

of the year and work intensity is very high.

Apply such methods in local field studies
of exposures and effects, focusing on work-
places in tropical areas

Quantify the exposure-response relation-
ships for direct heat effects and other work-
place related effects of climate change
Analyse the age-specific and gender specific
impacts of heat exposures, including studies
of pregnant women and working children
Describe occupational health and safety is-
sues influenced by climate change in differ-
ent geographic regions (focusing on Tropi-
cal and Circumpolar areas)

Use climate change modelling carried out
by others to estimate future heat exposures
and impacts on health and human perform-
ance of working people in a variety of loca-
tions (using globally gridded data)
Estimate the “burden of disease” of climate
change related to occupational heat expo-
sure

Estimate the economic consequences of
these Hothaps impacts

Describe the history and local cultural as-
pects of heat impacts on working people
and how negative impacts can be prevented
Link to other bio-meteorological research
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on the biological mechanisms and clinical
consequences of effects of heat exposure.

o Linkto studies of the built environment and
workplace management to reduce excessive
heat exposure in the future.

Only part of this research, analysis and ac-
tion has been started and much work is need-
ed before it can be integrated into future in-
ternational assessments of the impacts of cli-
mate change. At the starting stage methods
descriptions, guidance materials and proposed
research protocols will be made available. Re-
sults of the research will be published as soon
as it is finished, and these publications will
be offered to be used in the next IPCC As-
sessment Report (to be published in 2013 or
2014). Progress reports are also planned for
presentations at selected scientific conferences
in 2011 and 2012.

The programme was initiated as a part
of the Climate Change and Health research
programme at the National Centre for Epi-
demiology and Population Health, Australian
National University (under the leadership of
Professor Tony McMichael). It is now imple-
mented in collaboration particularly with the



University of Tromseg, Norway, and the Umea
University, Sweden. Several other partner re-
search groups are located in low and mid-
dle-income countries, which include India,
Thailand, Nepal, and Vietnam in the Asia-
Pacific region.

New partners welcome

The Hothaps programme provides a proposed
protocol for local field studies and encourages
research and preventive actions at local level.
The papers by Kjellstrom et al. (1, 5) give fur-
ther details about the programme, and the
websites for the participating universities also
provide information. Interested occupational
health scientists and professionals may also
wish to email kjellstromt@yahoo.com.
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Trade union policies on
climate change:
Relation to occupational

health and safety

Adrienne Taylor
New Zealand

A global challenge for trade unions

This article is based on information found
in English on the internet. It gives an over-
view of the actions trade unions are under-
taking on climate change with a particular
focus on climate related occupational health
and safety issues. A key question is wheth-
er any attention is being paid to the effects
of rising temperatures on working people,
particularly on those workers carrying out
heavy labour in tropical countries where
air temperature and humidity are already
high and increasing (1). Worker heat ex-
posure has been a neglected aspect of cli-
mate change and health in all international
reviews to date (2).

Given the global nature of climate
change it is not surprising that the most
comprehensive trade union information is
available from international confederations,
particularly the ITUC (International Trade
Union Confederation) and TUAC (Trade
Union Advisory Committee to the OECD).
Another important source of information
is Sustainlabour (3), a trade union organ-
ization specifically established to involve
trade unions in environmental debates.
Additional information has come from the
ILO (International Labour Organisation),
and UNEP (United Nations Environment
Programme).

The training manual “Climate Change,
its Consequences on Employment and Trade
Union Action” (2008) is a major source of
information. This manual was developed
under a project “Strengthening trade un-
ion participation in international environ-
mental processes”, jointly implemented by
UNEP and Sustainlabour (3), in collabora-
tion with the ITUC, the ILO, World Health
Organization (WHO) and the Government
of Spain. This is a very comprehensive docu-
ment designed to enhance understanding of
climate change and related mitigation and

adaptation issues and their consequences
on employment.

Union activities on climate change

Already in 1992 in the Rio Earth Summit’s
Agenda 21 (Chapter 29.1)(4), the impor-
tance of strengthening the role of workers
and their trade unions in sustainable de-
velopment is highlighted: “As their repre-
sentatives, trade unions are vital actors in
facilitating the achievement of sustainable
development in view of their experience in
addressing industrial change, the extremely
high priority they give to protection of the
working environment and the related nat-
ural environment, and their promotion of
socially responsible and economic develop-
ment”. Other recommendations in Chapter
29 include: that the overall objective should
be poverty alleviation and full and sustain-
able employment; the ratification of relevant
ILO conventions, particularly on freedom of
association; the establishment of bipartite
and tripartite mechanisms on safety, health
and sustainable development; the reduction
of occupational accidents, injuries and dis-
eases; increased workers’ education, train-
ing and retraining, particularly in the area
of occupational health and safety and envi-
ronment (Agenda 21) (4).

UNFCC Conferences in Copenhagen
2009, and Cancun 2010

More than 400 trade unionists participated
in activities related to the UNFCC Confer-
ence in Copenhagen, mostly from Europe,
but also from both North and South Amer-
ica, Africa and Asia and Pacific regions. The
World of Work (WOW) pavilion featured
a wide range of events organized by trade
unions from around the world. Themes in-
cluded energy conservation in Japan; green
jobs in India; low carbon industrial policies
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in Europe; women workers and green jobs;
climate justice; sustainable transport poli-
cies in Spain; challenges for the power gen-
eration sector; the role of public services and
many more. More than 1,000 people attended
events in WOW. However, in contrast to the
flexibility and inclusiveness of the UNFCCC
process, trade unions were disappointed by
the massive exclusion of most of civil society
from the UN conference centre for the final
four days of COP15. However, there was sup-
port from many governments for the inclu-
sion of reference to Decent Work and a Just
Transition to Decent Work and quality jobs
for workers all over the world (ITUC article,
Outreach, Special Post COP15 Issue, Stake-
holder Forum)(5, 6).

There were 173 trade unionists participat-
ing in the UNFCC COP16 meeting in Can-
cun. The international trade union movement
shared two major objectives for the Cancun
meeting: to support balanced decisions in-
cluding on emission reductions in developed
countries, finance and adaptation and to en-
sure that key labour issues were included in
these decisions. Governments’ ambitions in
terms of finance and emission reductions by
developed countries remained low. However,
more positive outcomes were a confirmation
by governments to limit the global tempera-
ture increase to below 2 °C and a recognition
in the final text of the linkage between climate
change and social issues, notably employment,
including Just Transition, equity, decent work,
respect for human rights including indigenous
peoples’ rights (ITUC, Trade Unions at the UN
Framework Convention on Climate Change,
UNECC - COP16, 2011) (5).

Priorities identified by unions in
Copenhagen (2009) and Cancun
(2010)

o Adaptation strategies that will reduce vul-
nerability to climate change. Adaption will
require substantial investment in the most
vulnerable sectors (water, health, agricul-
ture, etc.) and is seen to principally pro-
vide local benefits. Workers and workplaces
need proactive and preventive policies to be
putin place regarding adaption and the po-
tential impacts of mitigation policies.

« Sufficient public funding to be allocated by
developed countries to adaptation in devel-
oping countries. Social protection schemes,
the promotion of Decent Work and quality
public services, including health services,
are fundamental.

« Abinding international Agreement stating
the level of emission reductions to be ac-
complished by 2020 by developed countries
in line with the need for keeping tempera-
ture increases below 2 °C, requiring a 25-

40% reduction on the basis of 1990 emis-
sion levels, as well as ambitious and measur-
able actions in major emerging economies.
Unions are still working towards a legally
binding framework following the meetings
in Copenhagen and Cancun, while it is ac-
knowledged that there is still a long way to
go for the UN to agree on such a framework.
Unions are committed to continue work
on a legally binding treaty by the UNFCC
meeting in Durban in 2011.

o Clear acknowledgement of the need to en-
sure social justice in the transition towards
a low-carbon and climate-resilient econo-
my. The ILO’s programme on Decent Work
is a tool for trade unions to help eradicate
poverty and accomplish the UN Millen-
nium Development Goals. Trade unions
are taking leading roles to better integrate
sustainable development with occupational
health and safety for workers under the De-
cent Work agenda.

« Atransformation by the trade union move-
ment itself to find ways and means to edu-
cate its members about climate change so
that they have the knowledge and skills to
actively participate in decision making and
negotiation. This is particularly challenging
for developing country unions.

 Extension of labour rights to the whole
labour force. There are a number of ILO
conventions that are relevant to the climate
change agenda because they have a direct
impact on the climate, e.g. the occupation-
al safety and health conventions, primarily
used to protect human health, but also the
environment. Other ILO standards are in-
directly related to climate change, but are
highly relevant to sustainable development
principles.

Occupational health policy and
climate change

My particular interest was to see whether oc-
cupational health policies are developing to
take account of workers’ exposure to increas-
ing heat due to climate change. Using agricul-
ture as an example, I could not find any pub-
lications that examine the difficulties faced
by workers as temperatures rise. Over 1 bil-
lion people are employed in the agricultural
sector, the second greatest source of employ-
ment worldwide after services. The only pa-
pers available were written about the effects
of heat waves on workers (7).

There is an international standard, ISO
standard (ISO 7243, 1989) that puts strict lim-
its on the levels of exposure to heat that work-
ers should be exposed to. Government agen-
cies such as ACGIH in the USA, have estab-
lished a Threshold Limit Value (TLV) and a
limit to prevent workers’ body temperature
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from exceeding 38.5 °C for acclimitized work-
ers. There are many government guidelines
throughout the world on working in heat that
include provisions for hydration, protection
measures and rest breaks, but very few define
amaximum unsafe heat exposure. Specific un-
ion policies on “Seasonal Heat” could not be
found on the internet. The Transport Work-
ers Union of Australia, Victorian/Tasmanian
Branch has recommended guidelines for when
the temperature goes above 30 °C (8).

There is no direct discussion of the effects
of rising temperatures on productivity.

Conclusions

Trade unions are clearly committed to ad-
dressing the economic, social and environ-
mental issues associated with climate change
in both industrialized and developing nations.
Their participation in the UNFCC process has
been a positive force towards the recognition
of the linkage between climate change and
social issues, particularly employment. Trade
unions are using the Decent Work agenda to
better integrate sustainable development with
occupational health. However, there seems to
be little attention paid to the issue of rising oc-
cupational heat exposure affecting the health
and productivity of working people.
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Participatory approaches to improving
occupational safety and health and preventing
influenza of migrant workers in Thailand

Connor Mcguinness
Tsuyoshi Kawakami

Decent Work Technical Support Team for East,

Southeast Asia and the Pacific
International Labour Organization

Migrant labour is an increasingly integral
part of the Thai and regional economy. The
demand for labour continues to be strong
and will likely increase in both Thailand
and the region. With 2.5-3 million migrant
workers estimated to be living and work-
ing in Thailand already, the implications on
social, economic and political life become
apparent very quickly.

Within the framework of the ILO in-
fluenza project, we are presently conduct-
ing pilot Occupational Safety and Health
(OSH) and Influenza training targeted at
workplaces that utilize migrant labour
(predominantly from Burma/Myanmar),
particularly in the Small and Medium En-
terprise (SME) sector. Our project team
has approached workplaces using migrant
labour and undertaken small-scale tech-
nical pilot training on OSH with a com-
ponent on reducing the risk and spread
of pandemic and seasonal influenza. The
training used a participatory methodology
similar to ILO’s WISE (Work Improvement
in Small Enterprises) programme encour-
aging workers and employers to apply ac-
tion-checklists to jointly identify existing
good practices and practices that could be
improved upon.

From 29-30 November 2010, two tech-
nical training sessions were conducted in
Samut Sakorn Province, which saw mi-
grant workers and their employers partner
up to find practical solutions to improve
Occupational Safety and Health (OSH)
and influenza prevention in the workplace.

The main aim of this training was to
benefit both employers and workers by
identifying cost-effective and practical
methods to reduce the risk of OSH inci-
dence at the workplace level and to also
incorporate best practices and training to
decrease the risk of influenza occurrence
in the workplace and at home.

Workers engaged interactively by per-
forming a checklist of common OSH and
influenza issues and proposing if any ac-
tion was required. Workers were able to

identify existing good practices and areas
that could be improved upon.

The results and demand for this type of
training have been surprising and encour-
aging. In particular the workers engaged
have demonstrated great enthusiasm for
the training and requested that the ILO
return to undertake further training. Simi-
larly employers have found it useful for the
ILO to provide technical advice in a way
that is simple and easy-to-understand. This
type of participatory approach can lead to
greater confidence on behalf of workers in
the workplace. This is essential for indus-
tries facing labour shortages — presently a
common phenomenon in Thailand.

Experiences from this training have
contributed to the (ongoing) development
of a training tool designed specifically for
migrant workers and their employers: the
Work Improvement for Migrant Workers
and their Employers (WIMWE) manual.
It is designed to respond to an immediate
need for the improvement of OSH con-
ditions and influenza preparedness and
awareness of migrant workers and the en-
terprises they work in. When complete
the manual will provide them with prac-
tical, easy-to-implement ideas to improve
their safety, health and working conditions.
These improvements will also contribute to
higher productivity and efficiency at the
workplace and promote active cooperation
between workers and employers.

Up-skilling workplaces through in-
creasing knowledge and good practices in
OSH/Influenza has proven to be a posi-
tive entry point to promote Decent Work.

Connor Mcguinness
Tsuyoshi Kawakami
E-mail: mcguinness@ilo.org

Photos by ILO

Training was carried out in the workers’ dormitory
for their convenience.

Migrant workers identify existing good OSH/influ-
enza practices and areas that could be improved.

Migrant workers at work in a small-scale factory.
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