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ABSTRACT

Past studies have shown that workers laboring in dangerously hot climates have the
potential to experience detrimental effects to both their health and productivity. In the time of
climate change, increasing global temperatures exacerbate this relationship and threaten the
welfare of thousands of lower and middle-income workers in tropical developing countries. In
collaboration with Thammasat University in Thailand and in contribution to the “High
Occupational Temperature: Health and Productivity Suppression” (HOTHAPS) international
study, our goal was to evaluate and compare how natural and artificial heat in Pathumthani and
Samutprakan provinces affect agricultural and industrial workers using observations, interviews,
and Wet Bulb Globe Temperature data. The analysis of our data showed that agricultural
workers feel the effects of heat more than industrial workers due to their direct exposure to the
natural environment, lack of amenities, and lack of regulated working time. This analysis served
as the focus of our recommendations to the workers, foreman/owners, researchers, and
influential health and environmental organizations.



EXECUTIVE SUMMARY

Heat causes thousands of fatalities each year worldwide, but, in countries with tropical
climates, high temperatures that persist for extended periods of time are common and often
overlooked as potentially dangerous. Thailand is no exception; elevated temperatures frequently
go unnoticed and little research has been done to study how heat affects health in this tropical
country. The Faculty of Public Health at Thammasat University, representing Thailand, is
contributing to the “High Occupational Temperature: Health and Productivity Suppression”
(HOTHAPS) international study. Our study contributed to Thammasat University’s work as they
continued their research for HOTHAPS. The project extended the topic of evaluating and
comparing the climate conditions caused by two different sources of heat in Pathumthani and
Samutprakan provinces. As a result, the study showed how heat impacts the occupational health
of agricultural and industrial workers.

Introduction

Pathumthani contributes to Thailand’s economically invaluable rice production. Most
agricultural workers in this province have below-average educations that provide them with few
career opportunities, relatively low incomes, less than adequate living environments, and a
financial obligation to their family. These workers cultivate rice, a staple food and source of
profit in Thailand, throughout the year in either rain-fed or irrigated paddies. The entire
cultivation process takes a total of four months, during which time workers labor outdoors for
extended periods in the heat. Due to this demanding process and the susceptibility of the workers
to the climate, agricultural workers may be more vulnerable to contracting heat-related illnesses.

Samutprakan is an industrial and fishing province where most residents typically have
above-average educations and adequate living conditions. There are thirty-one certified steel and
iron companies in Thailand that produce and export steel, including Siam Steel Syndicate Co.
(Limited) throughout the province. In a factory that manufactures steel rods using a variety of
machinery and furnaces, heat generated artificially can bring temperatures up to 65 degrees
Celsius. Industrial workers labor in high temperatures for eight hour shifts, only feeling relief
during short breaks. The two sites differ in their sources of heat - outdoor environmental and
indoor artificial - which sets the stage for a comparative study exploring the relationship between
heat exposure, health, and productivity.

Prolonged exposure to heat threatens the human body’s thermoregulatory system, a
multi-organ system with the sole purpose of heating and cooling the body. In order to maintain a
homeostatic core temperature of 37 (x0.6) degrees Celsius, the complex system controls heat
exchange between the environment and the body (Constance & Shandro, 2011). Heat stress, any
kind of discomfort or physiological strain related to heat exposure, occurs once the body
becomes overwhelmed by both environmental heat, natural or artificial, and metabolic heat,
created internally by the body. Exposure to high temperatures, humidity, and direct sun leads to
dehydration and subsequent malfunctioning of the thermoregulatory system. Prolonged exposure
to dangerously hot climates can lead to heat-related illnesses such as exhaustion, collapse, rash,
cramps, and stroke.

The persistently hot, humid, and sunny climate of Thailand is ideal for a study about the
physical workload and heat stress of laborers. Data support an overall increase in temperatures in
this tropical country over the last century with projections of higher temperatures that will persist



for longer periods of time. Major organizations and continuous research have recognized climate
change and its resulting natural phenomena as a serious threat to human livelihood. As one of the
most vulnerable countries to climate change because of its long coastline and susceptibility to
flooding, heat, and drought, Thailand’s culture, economy, and quality of life will undoubtedly be
affected by the increasing global climate.

In 2008, the World Health Organization began the HOTHAPS international study to
promote awareness and research of occupational health and heat exposure. Their goal was to
determine if workers are affected by heat exposure, which occupational sites are at higher risk
for heat-related illnesses, and how global climate change is contributing to the effects of heat on
health. In 2009, the Faculty of Public Health at Thammasat University conducted a pilot study to
represent Thailand in HOTHAPS research. However, the study did not measure health and was
not able to determine a direct relationship between heat and adverse health effects, showing a
need for additional research on the relationship between heat and occupational health.

We hope our work will influence further investigation of this topic as well as contribute
relevant information to Thammasat University, the HOTHAPS international study, and the
WHO. Our data and observations expose the potential threat of climate change and the need for
prevention methods for heat related illnesses for low and middle-income workers in Thailand
and other countries.

Methodology

The goal of this project was to consider the impacts of heat on the occupational health of
agricultural and industrial workers, in Pathumthani and Samutprakan province respectively, to
understand if climate change is causing or has the potential to cause increased heat stress on
vulnerable workers. To achieve this goal we completed the following objectives:

1. Observed the micro-climate, typical environmental working conditions, and amenities
in outdoor rice paddies and an indoor steel factory.

2. Collected health statistics from a voluntary sample of workers through a series of
interviews.

3. Submitted data to Thammasat University for the international HOTHAPS study. The
study will use this data to draw conclusions regarding the relationship between
health and climate change; these results will be published at a later date.

4. Analyzed the data we collected in order to draw conclusions and make conjectures on
how changing ambient conditions and heat exposure are affecting the health of
agricultural and industrial workers.

5. Conducted a comparative analysis between agricultural and industrial workers to
determine who seems more affected by heat and, consequently, climate change.

In order to complete the objectives of our study, we collected data at several rice paddies
in Lard Lum Kaew district in Pathumthani province and at Siam Steel Indicate Co. (Limited), an
industrial factory in Muang district in Samutprakan province. We assessed both sites on arrival,
noting working environment, amenities, accessibility, and heat conditions. To determine the
climate conditions in both locations, we used a Wet Bulb Globe Temperature (WBGT) meter
provided by Thammasat University to measure indoor and outdoor climate data. The WBGT heat
index is calculated from the readings of three thermometers and responds to all four elements of



the thermal environment that impact climate: radiant heat, air temperature, wind speed, and
humidity. The meter recorded data every thirty minutes for ten days both in the rice paddies and
steel factory.

We collected health statistics using a heart rate monitor, supplied by Thammasat, in the
form of a chest strap and watch. Three consenting workers in both the rice paddies and steel
factory wore the chest strap underneath their clothes and watches on their wrists. While this was
recorded hourly, body temperature of the same workers was taken using a glass mercury
thermometer and recorded at the beginning and end of workdays. These data were recorded in
diary notes, which also included the time each worker began and ended work, the duration of
their breaks, as well as the type of work they performed. Next, we observed and recorded the
cooling actions taken by each worker and how much water they drank within that hour.
However, due to publishing protocol, we do not have access to the diary note data.

Next, we sought willing interview participants including workers, factory foremen, and
rice paddy owners. We gave workers an information sheet to explain the project and our purpose
and a consent form to grant us permission to interview them and use their disclosed information.
There were two sets of interviews; we used the first set with the agricultural and industrial
workers while the second set aimed to question the owners of the rice paddies and the shift
foreman of the steel factory, varying only with regards to productivity and estimates of future
economic loss. The questionnaire included questions pertaining to heat exposure, impacts of heat
on health and productivity, and heat reduction approaches. The analyses of our collected data led
us to make the following conjectures.

Conjectures

In both the agricultural and industrial settings, workers are exposed to temperatures at which
they can experience heat-related illnesses.

According to the WBGT data Thammasat University collected, heat indices in both
settings indicated that workers are vulnerable to heat-related illnesses. In the rice paddies, the
maximum heat index was 46.8 degrees Celsius; in the steel factory, workers were exposed to
heat indices as high as 46.6 degrees Celsius. Not all workers in the rice paddies and even fewer
workers in the steel factory admitted to experiencing adverse health effects due to heat.
According to the intensity of these heat indices, both steel workers and rice paddy workers,
without the proper protection, are likely to experience heat-related illnesses such as sunstroke,
muscle cramps, and heat exhaustion because they are laboring in dangerously hot environments.

Agricultural workers experience the detrimental effects of heat more than industrial workers.
The workers in the rice paddies reported that their health and productivity has been
altered negatively as a result of the intense heat. Workers have long shifts, averaging 7 hours,
without a set manufacturing quota. They have no way to escape from the heat due to lack of
amenities. This intense labor and lack of preventative tools adds to the intensity of the heat and
makes it difficult to maintain good health and productivity. During the interview process, there
were multiple complaints of minor health issues and several accounts of heat-related deaths.
Workers also noted a decrease in productivity. If the weather is too intense, workers take more
breaks or work less to avoid over-exerting themselves. Steel workers, on the other hand, do not
feel that the heat strongly affects their health or productivity. From the interviews, we learned
about half of the steel workers reported heat stress problems, but none of the problems were



worse than rash. Although the temperatures in the workplace are higher than those in the rice
paddies, the consistent climate allows the workers’ bodies to acclimatize to their working
environments.

There are gaps in the understanding of heat stress and prevention methods.

From the interviews, it is apparent that workers vulnerable to heat-related illnesses either
showed no interest in or were unaware of the consequences of prolonged heat exposure.
However, only in the agricultural setting did workers’ lack of knowledge about heat-related
ilinesses prove to be detrimental to their health. While many wear hats to protect their skin from
the sun and use medicinal herbs as treatment, most workers take minimal breaks and do not
hydrate themselves properly. In the steel factory, however, heat-related illnesses were less
frequent. Though only 50% of the industrial workers know the symptoms of heat stress, all
workers follow the factory policies regarding heat stress precautions. Steel workers are also
taught safety practices and have a more regulated schedule to prevent such illnesses. Unlike the
agricultural workers, industrial workers have thermometers within the workplace in order to
track their heat exposure.

Agricultural and industrial workers have both become acclimatized and therefore do not readily
experience heat-related illnesses.

The consistent outdoor climate of the agricultural setting leads workers to adapt to their
surroundings quickly compared to a laborer experiencing a hot climate for short periods of time.
Outdoor laborers often get heat-related illnesses when they first begin working in the incessant
heat, but their bodies become progressively more adjusted and the risk for short-term illness
decreases. Industrial workers, who labor for short periods of time and take frequent breaks in
cool areas, do not need their bodies to acclimate to the same degree as agricultural workers.
Similar to rice paddy farmers, steel workers experience some health effects early in their careers
but slowly “adapt to their environment,” as described by one industrial worker (Interview 12,
January 24, 2012). Prolonged exposure to dangerous climates has proven to be an effective
defense against health risks. However, in the presence of an increasing global climate, the
potential for adequate acclimatization decreases and development of heat-related illness
increases.

Recommendations

The analysis of our data showed that agricultural workers feel the effects of heat more
than industrial workers due to their direct exposure to the natural environment, lack of amenities,
and lack of regulated working time. Agricultural workers will be more susceptible to the
worsening climate conditions due to climate change; thus our recommendations are more
directed to the agricultural sector. Our recommendations for workers, foremen, owners, and
future researchers propose increased availability of amenities for the workers, education on heat
stress prevention, and a change in policy that would lead to prevention of heat stress.

Recommendations for Owners/Foreman
e In order to prevent and dissipate heat stress and the resulting symptoms, we suggest rice
paddy owners provide the appropriate amenities to their workers including an outdoor
thermometer, a cool or shady place to rest, and a clean source of drinking water.



e« We recommend that owners of rice paddies and foremen of the steel factory educate
workers on heat stress and the symptoms that occur in order to promote awareness,
prevention, and safe work behavior.

e To ensure proper acclimatization and healthy work practices, we advise owners to
maintain occupational health standards and policies developed by leading agencies in the
field.

Recommendations for Individual Workers
e We believe it would be beneficial if workers learn about heat stress, symptoms, and
prevention methods in order to avoid the development and consequences of heat-related
illnesses.
e We recommend that both agricultural and industrial workers adhere to all safety policies
implemented by their employers.
o Workers are advised to continue wearing protective clothing while working.

Recommendations for Researchers and Influential Health and Environmental
Organizations
o Future researchers would benefit from collecting objective health statistics pertaining to
occupational heat stress.
e We recommend that qualified health and environmental organizations implement
prevention methods for heat stress.

Prevention, Education, and Awareness Tools

e Website to publically display Thammasat University’s contribution to HOTHAPS, our
final report including findings and recommendations, photos, deliverable material, and
contact information for further research and information. The website can be found at
www.heatisthesilentkiller.weebly.com.

e A short awareness video including interview testimonials from agricultural and industrial
workers and narration describing the effects of heat on these individuals and how climate
change makes this a more urgent concern. This can also be found on the website.

e Two awareness posters (see Appendix J) written in Thai, the first illustrating the
temperature ranges at which certain heat-related illnesses can be experienced by workers
and the second reminding workers to stay hydrated and suggests they drink the
recommended three liters of water per day.
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CHAPTER 1: INTRODUCTION

Heat causes thousands of fatalities each year worldwide, earning the nickname the “silent
killer.” Due to lack of acclimatization, heat and its dangers often receive more attention in
countries with temperate climates. Yet, in countries with tropical climates, high temperatures that
persist for extended periods of time are common and often overlooked as potentially dangerous.
Statistics on heat-related illnesses and mortalities in tropical countries are not readily available,
and there is little publicity concerning ways to avoid heat-related illnesses. Thailand is no
exception; elevated temperatures frequently go unnoticed and limited research has been done to
study how heat affects health in this tropical country. This lack of knowledge concerning heat-
related health effects is an alarming concern for workers who labor in environments with high
heat exposure.

Thailand’s economy is highly dependent on the agricultural and industrial sectors, which
creates a wide availability of jobs that require workers to labor in hot and humid environments.
Workers who face these types of working conditions are ultimately more susceptible to heat-
related illnesses (University of Maryland Medical Center, 2010). In the agricultural sector,
laborers work in an outdoor environment where they are directly exposed to the sun. Almost half
of the labor force in Thailand is employed in agricultural jobs and face these conditions, but not
necessarily out of choice. Faced with the obligation to provide for their families, these workers
have few other career options due to their limited education (Central Intelligence Agency, 2012).
In the industrial sector, the majority of the work is indoors, where workers are exposed to man-
made heat produced by industrial machines. Industrial workers are generally required to be better
educated than the average Thai, and as a result have various career options. The dangerous and
hot conditions of industrial jobs result in higher pay that entices workers to pursue industrial
careers.

Agricultural and industrial workers are exposed to two different types of extreme heat:
heat produced by environmental climate conditions and heat that is a byproduct of man-made
machinery. Despite the different types of heat generated in each work setting, if and to what
degree workers are affected by the high temperatures remains unclear. It is difficult to determine
if either type of heat has a greater effect on the health of workers. There is a lack of research
regarding the intensity level of heat exposure and the kinds of amenities available to help the

workers alleviate heat stress. This information, along with additional research on health statistics,
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is necessary to determine if the workers have acclimated to their working conditions and the high
temperatures they regularly endure.

Research on how workers in Thailand are affected by heat is of increasing concern due to
the impacts of climate change. There are substantial data that support an overall increase in
temperatures in Thailand over the last century and, according to the Intergovernmental Panel on
Climate Change (IPCC), climate change will continue to cause higher temperatures that last for
longer periods of time (Thai Meteorological Department, n.d.; Bernstein et al., 2007). This rise in
temperatures and change in the seasonal climate has the potential to affect the lives of many
Thais, especially workers that labor in hot environments.

In 2008, Dr. Tord Kjellstrom of Australian National University and the World Health
Organization (WHO) began the “High Occupational Temperature: Health and Productivity
Suppression” (HOTHAPS) international program to explore how workers “are affected by, or
adapt to, heat exposure while working and how global heating during climate change may
increase such effects” (Kjellstrom, Gabrysch, Lemke, & Dear, 2009). The program also aimed to
determine which occupational site is at higher risk for heat-related illnesses: outdoor work sites
that are exposed to naturally produced heat or indoor work sites that experience the intensity of
heat produced by the industry. Thailand was one of the countries that initially received funding
from the WHO and began researching for HOTHAPS. The program was halted in 2009 due to
lack of funding; however, Thammasat University requested necessary funding from the Office of
Higher Education Commission in Thailand to continue the research.

Between September and October of 2009, the Faculty of Public Health at Thammasat
University, representing Thailand, began contributing to the HOTHAPS international program
by conducting a pilot study in the Pathumthani and Ayutthaya provinces (Tawatsupa, Lim,
Kjellstrom, Seubsman, & Sleigh, 2010). The university collected heat exposure data in one
agricultural setting and in several industrial settings, and the results indicated that all workers in
the study face prolonged exposure to dangerously high temperatures that make them vulnerable
to heat-related illnesses. The team, however, did not collect any data regarding the workers’
health, and instead only showed the possibility of a worker developing heat-related illnesses due
to the climate conditions. As a result, the team was not able to determine a direct relationship
between heat and adverse health effects, showing a need for additional research on the

relationship between heat and occupational health.



Our project extended Thammasat University’s work as they continued their research for
the international WHO study. The goal was to evaluate and compare how the climate conditions
in Pathumthani and Samutprakan provinces have impacted the occupational health of agricultural
and industrial workers. To accomplish this goal, we observed the climate and working conditions
of each site and used interviews to collect statistics on the health of workers in several rice
paddies and one steel factory. We analyzed the data we collected to draw conclusions and
compare how high temperatures are affecting the health of rice paddy and steel factory workers.
With these findings, we hope to influence further investigation of this topic as well as contribute
relevant information to Thammasat University, the HOTHAPS international study, and the
WHO. Furthermore, our data collection and observations expose the potential threat of climate
change and the need for prevention methods for heat related illnesses for low and middle-income
workers in Thailand and other countries.



CHAPTER 2: LITERATURE REVIEW

This chapter reviews the background of our study and the literature referring to the health
of rice paddy workers in Pathumthani province and steel workers in Samutprakan province,
Thailand. First, we provide a brief overview of the country and province demographics. Next, we
describe the statistics and procedures involved with rice cultivation and steel milling.
Descriptions of the health effects of heat, evidence of climate change, and details of the
HOTHAPS program are then presented. Finally, these data are supported by pertinent case
studies.

2.1 Pathumthani and Samutprakan Province Description

Thailand is primarily a rural developing nation populated by 67 million people. Of this
population 40% are of working age (15-39 years) with 21% of the population comprising the
young (0-14 years) and 39% comprising the older (40+ years). Life expectancy in Thailand is
approximately 74 years old with an increasing elderly population and decreasing population
growth, death rate, and infant mortality (U.S. Census Bureau, 2011). Approximately half of
Thailand still remains underdeveloped compared to the western world. Figure 1 (below) uses
education, employment, income, housing, community life, and infrastructure to calculate the top
twenty achieved human development level per province in Thailand (United Nations
Development Project, 2007). The human development of Thailand reflects the quality of life of

the inhabitants of the country without taking into account per capita wealth.
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As can be seen in Figure 1, Pathumthani (top green circle) and Samutprakan (bottom
yellow circle) are considered “very high” on the human achievement index. In Pathumthani, 14%
of the 495,000 employed residents work in the agricultural industry (United Nations Economic
and Social Commission for Asia and Pacific, 2000). Most workers have a below-average
education, relatively low incomes, and less than adequate living environments because of their
dependence on agriculture for their livelihood and lack of career flexibility. Even with high
human achievement, according to a 2006 study by the United Nations, a “deterioration of the
natural environment” along with unequal development of the province has put a strain on nearly
half of the agricultural populations, causing persistent poverty.

Samutprakan is an industrial and fishing province due to its proximity to the Gulf of
Thailand. Most residents are industrial workers who, in general, are aware of the dangers of heat
stress but continue to work in these occupations nonetheless. They typically have above average
educations, which allow them to choose which profession to pursue (United Nations
Development Project, 2007). Due to the large number of workers, the presence of heat stress
factors, rapport with Thammasat University, as well as close proximity to Bangkok, these
locations were chosen as the areas of study.

2.2 Economic Dependence on Rice Cultivation

Agriculture makes up 12% of the gross domestic product or the market value of all
products made in Thailand (U.S. Department of State, 2011). Thailand is the largest exporter and
fifth largest cultivator of rice in the world, where more than half of all arable land is dedicated to
rice cultivation (International Rice Research Institute, n.d.). Rice also supports the people by
providing jobs, income, and food, making it an irreplaceable asset to Thai culture, livelihood,
and economy (Sintunawa & et al., 2009).

In Pathumthani, rice is the most abundant crop. Figure 2 shows rice production in all of
Thailand’s provinces. A larger circle indicates more planted area in hectares while the color
gradient indicates total rice yield. Pathumthani harvests approximately 91,000 hectares of rice
per year and produces approximately 424,000 metric tons per year. In comparison to other
provinces, Pathumthani produces an average rice yield on relatively few hectares (International

Rice Research Institute, n.d.).



Log

-

THA_Pathum Thani =

d area (Ha)

Harveasta

Figure 2: Pathumthani 2008 Rice Production (International Rice Research Institute, n.d.)

Throughout Thailand, native long-grain Jasmine and Pathumthani rice is cultivated in
either rain-fed or irrigated paddies (rice fields). The three types of paddies include upland fields
or open fields on mountain-sides and sloped hills, lowland fields enclosed with a small layer of
standing water, and deep water fields completely flooded with water (Van Nguyen, 2006).
Depending on the type of paddy and distance to a water source, rice can be planted na bi, a
unique Thai term that refers to planting that occurs once a year during the monsoon season or na
prang, multi-seasonal planting occurring two or three times a year. In Pathumthani, rain-fed,
deep water, na prang rice paddies are most abundant (Khush, 1997).

Two methods of planting are employed within Thailand. In the northeast, agricultural
workers traditionally plant by hand whereas in the central areas, such as Pathumthani, workers
broadcast seeds by dispersing them mechanically. The entire rice planting process takes four
months total. Figure 3 below illustrates the whole process. First, workers prepare the fields and
create elevated travel paths and depressed irrigation tracks. To prepare and increase absorbed

moisture of the rice seed, workers immerse them in water in a covered bucket for one night. The



broadcasting process begins after pumping water from the field to prevent seeds from rotting.
Workers spray diluted chemical herbicides designed to control weeds. Once rice plants begin to
sprout, workers flood the field again and spray pesticides to ward off insects, fertilizer to
maximize growth, and vermicides to kill worms commonly found in paddies. While waiting for
the rice to grow, workers continuously tend to the fields, injecting hormones to increase growing

speed and spraying chemical controls until the harvesting process begins.

WEEK 1
Field Preperation

Till, flood/drain, level
Create irrigation tracks and
travel paths

WEEK 1-2
WEEK 16 -
Preperation of Seed

Harvest
Seed immersed in water overnight

WEEK 2

WEEK 11-15 Seed Broadcasting
Tend to crop, manage Spray seeds with
field, inject hormones mechanical seed

blower

WEEK 10
Spray Vermicides

WEEK 4 AND 5

Spray Pesticides + Fertilizer ‘

WEEK9

Spray Pesticides + Herbicides
Flood fields again

Figure 3: Rice Cultivation Diagram for Four Month Na Prang Cycle

Workers in the rice paddies are exposed to the natural environment leaving them
vulnerable to changing temperature, humidity, and radiation from the sun. The environmental
conditions can also affect the maturation of the rice, changing the frequency and severity to the
farmers® work. Due to the nature of agricultural work, susceptibility of the workers to the



climate, and the demand to cultivate rice, agricultural workers may have a higher chance of

contracting heat-related illnesses.

2.3 Steel Industry and Production

While Thailand is a major steel exporter, steel is also in high domestic demand because
of the large industrial sector, including construction, throughout the country. In 2011, steel
comprised 1.5% of Thailand’s GDP (Statistics and Reports, 2010). As a whole, Thailand
consumes approximately two million metric tons of steel and iron each year. About 70% of that
product is imported while 30% is made locally. About 400,000 metric tons are exported
worldwide. There are thirty-one certified steel and iron companies in Thailand, including the
study site Siam Steel Syndicate Co. (Limited) in Samutprakan province.

The billet manufacturing process, occurring at our study site, begins with the preparation

and transport of scrap metal to the Electric Arc Furnace (EAF) (see Figure 4, below).
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Figure 4: Temperatures of Major Machines in the Steel Making Process
(Modified after Siam Steel Syndicate and Co. [Limited], 2008)

The scrap is melted, catalyzed by oxygen, and mixed with carbon to ensure proper
quality. The molten metal is poured by ladle into the Continuous Casting Machine, where it is
molded, straightened, and cut into billets. Next, the billets are molded into bars in the rolling
mill. First, billets are reheated in the Billet Reheating Furnace to 1100 degrees Celsius. The soft

metal is stretched and cut in a series of mills. Once the size and quality of metal bars meet the
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required standards, it is hardened and strengthened by the Thermo Mechanical Treatment (TMT)
Machine. Finally, the steel bars are cooled, cut to standardized lengths, stored, and distributed.

In the steel factory, temperatures can reach up to 65 degrees Celsius and metal can be
heated to 1800 degrees Celsius. Although the workers are not exposed to solar radiation, the heat
produced in the factory can reach dangerous temperatures in a concentrated area. The steel
factory is also exposed to the external climate because of its open layout and limited enclosed
spaces. Thus, external heat as well as the heat generated by the machines can impact industrial

workers’ health.

2.4 Heat-Related Health Effects

The human body contains a thermoregulatory system with the sole purpose of heating
and cooling the body. In order to maintain a core temperature of 37 (£0.6) degrees Celsius, the
multi-organ system must allow heat exchange between the environment and the body through
four methods (Constance & Shandro, 2011). First, increasing blood flow cools the body but
pressure from solar radiation in hot climates inhibits this process. Heat can also be transferred
between two contacting surfaces by conduction or between a surface and a gas or liquid by
convection. These methods work best if the body is submerged in water (Keim et al., 2002).
Lastly, the most efficient mode of cooling, especially during environmental heat stress, is
evaporation.

Perspiration, occurring when glands secrete sweat in an attempt to cool the body,
evaporates from the skin causing approximately 580 kilocalories of heat per liter of sweat to be
lost (Weiner, 1945). An average person exercising in a hot climate can lose 2 to 3 liters of sweat
per hour, which roughly equates to half a pound. The majority of heat loss occurs at the head and
upper body. Perspiration that drips from the body without evaporating does not contribute to
cooling; therefore, keeping these areas exposed in hot climates is essential for successful
thermoregulation. However, exposure becomes increasingly less effective as humidity rises. The
body’s capacity for heat dissipation is affected by two sources. Metabolic endogenous heat
increases during physical activity whereas exogenous heat increases during exposure to a hot
environment (Constance & Shandro, 2011). Heat stress occurs if the heat and temperature
produced by these two heat sources exceeds the ability of the thermoregulatory system. Heat

stress is therefore defined as any kind of discomfort or physiological strain related to heat
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exposure. Athletes and laborers in hot climates constitute most of the victims of heat-related
illnesses due to their elevated production of endogenous heat and their exposure to exogenous
heat (Bouchama & Knochel, 2002).

Heat-related illnesses occur once the core body temperature rises past the point where
heat dissipating mechanisms can operate. Failure to maintain the homeostatic temperature of 37
degrees Celsius leads to minor and severe illnesses such as fatigue, exhaustion, cramps, collapse,
rashes, and stroke. Some people may experience nausea, irritability, heavy sweating, and
decreased urine output (US Dept. of Labor, 2011). The most dangerous consequence, heat
exhaustion, occurs once the body’s salt and water stores deplete due to excess sweating. General
symptoms include thirst, weakness, discomfort, anxiety, dizziness, fainting, and headache
(Bouchama & Knochel, 2002). Heat collapse or fainting occurs when the body tries to control
the internal temperature by dilating the blood vessels. As a result, blood pools in the lower
extremities, primarily in the legs. The relatively stagnant blood will not return back to the heart
to be pumped into the brain, causing a lack of oxygen, dizziness, and eventually fainting
(Chawsithiwong, 2008). A person is recommended to sit or lie down on breaks because of this
risk of collapse.

Electrolyte imbalance from profuse sweating causes painful muscle spasms or heat
cramps. If a laborer or athlete fails to drink water regularly through strenuous activity, the salt
content in the body becomes too high. Conversely, drinking too much water will dilute the
body’s fluid without replacing the lost salt content (Chawsithiwong, 2008). Those exerting
energy in hot climates must remain aware of their intake of electrolytes and beverages especially
at the end of a workday or workout because tired muscles are more susceptible to cramping.
Dehydration is easily recognized this way because insufficient water intake increases the
concentration of urine which will translate to a darker color. A strict re-hydrating schedule every
15 to 20 minutes and checking the color of your urine regularly is highly recommended by the
Occupational Safety and Health Administration (Occupational Safety and Health Administration,
2011).

The most common heat-related illness in hot work environments is malaria rubra, also
known as heat rash or “prickly heat.” When sweat does not evaporate, skin ducts become
clogged and inflamed, causing a painful rash characterized by red papules. This rash can form

pustules if the skin becomes infected with the common bacteria staphylococci (Constance &
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Shandro, 2011). Heat rash is likely to occur where clothing is most restrictive. By exposing areas
with the most active sweat glands, bathing regularly, and resting in cool places, heat rash may be
successfully prevented (Chawsithiwong, 2008).

Heat stroke may occur once the core body temperature reaches 40 degree Celsius. Central
nervous system abnormalities such as delirium, convulsions, or coma are possible (Bouchama &
Knochel, 2002). Other symptoms may include confusion, irrational behavior, loss of
consciousness, hot, dry skin, or profuse sweating (U.S. Department of Labor, 2011). Classic heat
stroke is caused by environmental heat. Exertional heat stroke is caused by strenuous physical
activity when the rate of heat loss is less than the rate of heat being produced metabolically
(Bouchama & Knochel, 2002). Heat stroke can lead to multi-organ dysfunction syndrome and, if
ignored, death.

Those predisposed to heat-related illnesses should take extra precautions in order to
prevent the thermoregulatory system from being overwhelmed. Laborers exposed to these
conditions include those in declining health: people 65 years of age or older, overweight
individuals, or heart disease patients. Medications such as blood pressure pills or antihistamines
can also increase a person’s risk to heat-related illnesses (Center for Disease Control and
Prevention, 2011). High temperature, humidity, and direct sun exposure are the normal
conditions for heat stroke and heat exhaustion. Other dangerous environments include those with
indoor exposure to radiant sources and limited air movement. Low fluid consumption and lack of
acclimatization also increases the chance heat-related illnesses (U.S. Department of Labor,
2011).

In addition to the illnesses and conditions mentioned, changes in climate that result in
consistently higher temperatures have been linked to mosquito-borne, rodent-borne, waterborne,
infectious, and noninfectious diseases such as West Nile Virus, Dengue Fever, encephalitis,
malaria, and cholera. Similarly, chronic organ failure and other long-term diseases are suspected
to be linked to chronic dehydration and other heat-related illnesses. Unfortunately, the risk of
chronic dehydration may be an underestimated consequence because little research has been
done to connect these health problems. Though our study looked at dehydration and heat stress,
we did not have enough relevant and long-term data to make conclusions about chronic illnesses,

even if they are expected to be instigated by heat and climate change.
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The persistently hot, humid, and sunny climate of Thailand is ideal for a study about the
physical workload and heat stress of laborers. A short study done in Thailand by Rangsit
University in 2002 sought to increase awareness in the workplace and suggest prevention
methods for laborers. Their results suggested that high physiological strain coupled with hot
thermal conditions could result in negative consequences for health, safety, well-being, and
productivity. Immediate measures were recommended in excessively hot and humid locations to
reduce physiological strain by using improved technology and setting up work/rest regimens
(Yoopat et al., 2002).

In the United States, a report entitled Criteria Document for Occupational Exposure to
Hot Environments (1972) was published by the National Institute of Occupational Safety and
Health (NIOSH). More recently, the EPA developed a step-by-step plan for the prevention of
heat-related illnesses. Though the reports were developed decades ago, both have been used as
conventional standards for occupational safety and health around the world. The two documents
agreed upon implementing work/rest regimens, instructing workers and supervisors to recognize
symptoms, monitoring and reducing environmental heat at the job site, rescheduling tasks so that
the most energy-dependent is done during the coolest part of the day, and researching cooling
garments (U.S. Environmental Protection Agency [EPA], 1993). The two agencies suggested
that workers be exposed to the environment gradually until their bodies acclimate and are able to
function normally within the new climate.

A study completed by L.C. Senay, et al. discovered the different steps of acclimatization
and is widely accepted as the standard for understanding one’s tolerance to heat. When the body
is first exposed to hot surroundings, heat transfer from the body to the environment is deficient
because the thermoregulatory system is unable to cool the body as fast as it heats. Evaporation
rates increase in order to relieve the core temperature. The increased evaporation and expansion
of plasma volume in the blood acclimatize the body and causes the core temperature to stabilize
(Senay et al., 1976). This study found that those who are gradually exposed to a new, hotter
environment are likely to develop a tolerance to the climate and perform more efficiently with
less health risks. Acclimatization can cause the thermoregulatory system to become more
sensitive and start employing heat dissipating mechanisms earlier so as to stabilize the core

temperature before it escalates too high. This method, though seemingly effective, is incredibly
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dangerous and might contribute to long-term health effects. In part, our study will evaluate the

accuracy of this claim.

2.5 Impacts of Climate Change

An increase in greenhouse gases including carbon dioxide, methane, and nitrous oxide
has accumulated in Earth’s atmosphere. This gas layer allows the heat from the sun into the
atmosphere, but prevents it from leaving as infrared radiation. Over time, the heat builds up and
changes the global climate. First officially recognized by the United Nations in 1979, climate
change is now defined by the U.S. Environmental Protection Agency (EPA) as any measurably
significant change in climate, including temperature and precipitation, over time (U.S.
Environmental Protection Agency [EPA], 2011). The link between climate change, natural
phenomena, and most significantly, human livelihoods, has been recognized by major
organizations, including the World Meteorological Organization (WMO), the United Nations
Environment Programme (UNEP), and the International Panel on Climate Change (IPCC).
Nearly all the world’s scientific agencies that accept climate change are in agreement that
climate change is occurring largely because of human activity.

Since the age of industry, human actions have been implicated in the bulk of greenhouses
gases. Specifically, the burning of fossil fuels, industrial emissions, deforestation, and
unsustainable land use practices has exponentially increased emissions. In 1990, the IPCC began
publishing assessment reports that introduced climate change as an important world-wide trend
that must be recognized among all countries (Intergovernmental Panel on Climate Change
[IPCC], n.d.). According to the IPCC, the Earth will experience more frequent hot days and heat
waves, heavy precipitation and drought, increased cyclone activity, and extremely high sea levels
(Bernstein et al., 2007).

The twentieth century was the hottest on record and, this century, global average
temperature is expected to rise 3 degrees Celsius. In Thailand, the annual mean temperatures
have increased approximately 0.75 degrees Celsius over 58 years, as shown in Figure 5 below

(Thai Meteorological Department, n.d.).
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Figure 5: 1951-2009 Annual Mean Temperatures for Thailand
(Thai Meteorological Department, n.d.)

Similarly, the minimum and maximum temperatures for the country have been increasing
since 1951. Unfortunately, Thailand is one of the most vulnerable countries to climate change
because of its long coastline and susceptibility to flooding, heat, and drought. To date, the
country has already experienced these conditions that have damaged many major cities and
villages and injured thousands. From these data, climate change is evident in Thailand and
accepted as an occurring phenomenon that will continue in the future. Quality of life is being
threatened because of air pollution, malnutrition, heat stress, vector-transmitted infectious
diseases, and other accompanying effects of climate change. Undoubtedly, Thai culture,
livelihood, and economy are being affected as well.

A current hypothesis suggests that people living in hotter climates can survive and adapt
to increasing temperatures better than people living in colder temperatures. However, if the
temperature increases too quickly, adaptation will not occur and morbidity and mortality will
increase (Sintunawa et al., 2009). This hypothesis reiterates the lack of data pertaining to
tropically hot countries and climate change. It also indicates the need for further research about
the health effects that increasing temperatures have on workers.
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2.6 High Occupational Temperature: Health and Productivity Suppression
(HOTHAPS)

The “High Occupational Temperature: Health and Productivity Suppression” or
HOTHAPS program was begun by the World Health Organization in 2008 to promote
worldwide awareness that heat exposure affects occupational health in particular. The Faculty of
Public Health at Thammasat University in Thailand, initially received research funding to collect
data in low and middle income locations. Two months later, HOTHAPS was halted due to
limited funds. In 2010, Thammasat University requested funding from the Office of Higher
Education Commission in Thailand to continue the program.

HOTHAPS not only analyzes the effects of heat exposure on worldwide occupational
health and productivity but also forecasts the trends regarding climate change and suggests the
possible impacts that climate change could have on humans. The report explores preventative
measures, some of which were developed into suggested guidelines. In 2011, HOTHAPS began
focusing on field studies to gain insight on the working environments in different countries. The
field studies have also led to preventative occupational health programs. Recently, gathering data
about health and productivity has been the main focus. All of the results will be published in
2013, including reports to the IPCC to provide advice on prevention methods for heat exposure.

The main objective of the HOTHAPS program is to conduct a scientific analysis to
determine the effects of climate change on human health. To do this, the program is divided into
five sections to illuminate the relationship between increasing temperature and health in hot
climate countries, by gathering heat, health, and prevention data. Part one of the HOTHAPS
program considers pilot studies in small populations to determine whether the study is worth
repeating on a larger population. Part two focuses on heat monitoring by using the WBGT meter.
Part three focuses on the occupational heat impacts. Questionnaires were to collect first-hand
accounts about working conditions, health, productivity, and current prevention methods.
Productivity, specifically for the HOTHAPS program, measures the ability to produce a specific
quantity of quality goods or services in a timely manner. Productivity is influenced by worker
efficiency and can be improved by either increasing the output or decreasing the input. Overall,
productivity depends on working conditions and climate and is an important statistic because it

indicates the overall income of a business and is used to determine the health of employees. The
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growth of productivity in Thailand will improve living standards by increasing personal income,
making it a driving force in this study.

The fourth part focuses on the health impacts, work capacity, and prevention by
quantifying measurements of productivity and heat exposure levels. These measurements are
based on the total time and amount of sunlight each worker is exposed to, as well as heart rate
measurements. The final part of this study assesses local climate change by considering the
relationship between heat and health as well as demography, work capacity, and the well-being
of workers. Thus, statistical data on local climates is combined with climate change forecast

models to predict the impacts of heat on and productivity of working populations.

2.7 Related Case Studies

The results of recent case studies show that there is an abundance of workers who labor
in hot environments but do not have access to the proper amenities to protect themselves from
heat stress. In 2010, a research team conducted a study in India by interviewing industrial
workers at ten different work sites (Balakrishnan et al., 2010). The goal of the study was to learn
how the workers perceived their exposure to heat. While there was a large variation among the
workers’ responses, it became apparent that they did not have access to sufficient amenities that
could relieve their exposure to heat. Other case studies have shown that agricultural workers in
particular usually do not have access to amenities as well. A study that took place in 2009
examined the working conditions and heat exposure of sugarcane workers in Costa Rica (Crowe,
de Joode, & Wesseling, 2009). Sugarcane workers can be divided into two categories: field
workers and mill workers. Similar to our project, the field workers labor outdoors and are
exposed to naturally produced heat, while the mill workers are exposed to man-made heat
produced by sugarcane-processing machines in the mill. The researchers found that the mill
workers were most often exposed to harsher climate conditions, but the field workers had fewer
amenities to alleviate heat stress.

A study conducted in a Nicaraguan sugarcane farm in 2009 studied current heat stress
prevention methods in order to improve how workers rehydrate themselves (Cortez, 2009). The
study revealed that the workers were exposed to extremely high temperatures, but a new

rehydration system that increased water intake improved their productivity. This change in
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productivity could indicate the possibility that heat does have short-term impacts on health, but
more research is needed to make a strong case for this hypothesis.

The results of recent case studies still conclude that the effects of heat exposure in an
occupational setting are undefined and require further research. Despite varied reports of health
effects, it is certain that amenities available to workers are poor at best and new preventative
methods need to be explored and used. Studies have also indicated that in light of increasing
global temperatures, the effects of heat will likely increase, which augments the need for further
research into health effects and preventative methods for heat stress.

The Thai Cohort Study and the Thammasat University pilot study recently collected
valuable data on Thai workers, rice paddies, and industrial sites that were relevant to our study.
Both studies focused on the impacts of heat stress on health and productivity levels, but
recognized the need for more research relevant to the relationship between climate and health.

Here we outline some of the key findings that pertained to our project.

2.7.1 Thai Cohort Study

In 2005, the Sukhothai Thammathirat Open University (STOU) began collecting data in
Thailand for a large-scale study aimed to evaluate the effects of heat stress on physical and
psychological health in an occupational setting (Langkulsen, Vichit-Vadakan, & Taptagaporn,
2010). The university recognized that few previous studies had examined the relationship
between heat stress and health problems in at-risk tropical, developing countries. Survey
responses from 40,913 full-time Thai workers were analyzed based on explanatory variables that
contribute to the degree at which heat stress affects health, such as age, gender, occupation, job
location, education level, income range, pre-existing illnesses, diet and physical activity, and
additional workplace dangers. The questions included identification of high temperature
experiences, the rate of frequency of these experiences, and evaluation of overall heath and
psychological well-being. Psychological health was assessed in terms of anxiety, excessive
fidgeting, or lack of motivation.

The study also accounted for factors unrelated to heat that might cause adverse health
effects by assessing workers who did not experience other workplace hazards. This restriction of
data ensured that heat stress symptoms were linked to temperature only. A statistical ratio

analyzed the relationship between the above-mentioned variables and health and was then
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adjusted to prevent the ratio from being influenced and skewed by other factors. In other words,
the ratio represented the correlation between a single variable and health impacts as accurately as
possible.

Figure 6, below, shows that the highest percent of respondents with poor health were
individuals who were frequently exposed to hot temperatures at work. As age increased, women
were more affected by heat stress while men showed a decrease in heat-related health problems.
The most significant result of this case study was a strong correlation between reports of heat
stress and signs of poor physical and psychological health. This relationship, evident with both
those who did and did not have other work hazards, shows that occupational health problems

cannot be strictly explained by non-thermal hazards in the workplace.
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Figure 6: Prevalence of “Poor Overall Health” by Age and Gender
(Tawatsupa, Lim, Kjellstrom, Seubsman & Sleigh, 2010)

The strengths of this case study include the large number of participants, varied
demographic distribution, and the amount of data compiled for more accurate analysis. The
survey was well detailed and provided many analyses on the effects of demographic factors and
other health hazards. However, for the comparative purposes of our project, the weaknesses are
that the data does not accurately reflect the education level of the average Thai. The participants
of this study are university students and are better educated than the average Thai. Therefore, this
data is more likely to represent a steel worker who is required to complete a certain number of
years of education than a rice paddy worker who typically receives below-average education.

The data could not prove a cause and effect relationship between heat stress and physical and
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psychological problems. There was no data on the chronological order of the reported heat stress
and health problems, and as a result, heat stress could not be identified as the preceding influence
that caused the health problems. Furthermore, the health and environment observations are

objective because the factors were not directly measured by the project team.

2.7.2 Thammasat University Pilot Study

Between September and October of 2009, the Faculty of Public Health at Thammasat
University conducted a HOTHAPS pilot study in the Pathumthani and Ayutthaya provinces to
investigate the possible health and productivity impacts of climate change (Tawatsupa, Lim,
Kjellstrom, Seubsman, & Sleigh, 2010). The goal of the study was to compare heat exposure in
industries where heat is a byproduct of production and occupations where heat occurs naturally.
For this reason, data was collected at a pottery factory, power plant, knife factory, construction
site, and a vegetable field. The Faculty calculated heat exposure indices and surveyed workers in
order to record perceived changes in productivity due to high temperatures. The Wet Bulb Globe
Temperature (WBGT), relative humidity (RH), and temperature were collected during the 6:00
AM to 6:00 PM workday for five consecutive days. The WBGT is a heat exposure index that
combines air temperature, humidity, wind speed, and solar radiation and expresses it as a single
number in degrees Celsius. Similarly, the heat index combines humidity and temperature into
one number expressed in degrees Celsius. These measurements account for several
environmental factors besides temperature, which makes them useful in analyzing the health risk
of heat exposure. The team used the heat index chart in Table 1 (below) to evaluate how
dangerously hot each occupational setting was. The chart describes which heat-related illnesses

workers are vulnerable to when the index falls within a certain range.
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Table 1: Possible Heat Disorders at Specific Ranges of Temperatures
(Modified after Langkulsen et al., 2010)

Category Heat Index Possible heat disorders for people in high risk groups

Extreme Danger 130°F + (54°C or higher) Heat stroke or sunstroke likely.

Danger 105-129°F (41-54°C) Sunstroke, muscle cramps, and/or heat exhaustion likely.
Heatstroke possible with prolonged exposure and/or physical activity.
Extreme Caution 90-105°F (32-41°C) Sunstroke, muscle cramps, and/or heat exhaustion possible with
prolonged exposure and/or physical activity.
Caution 80-90°F (27-32°C) Fatigue possible with prolonged exposure and/or physical activity.

The results of the study indicate that the workers in each setting face prolonged exposure
to dangerously high temperatures. The outdoor WBGT measurement was highest at the
agricultural site, and four out of the five work sites had ranges of heat indices that lie in the
‘Extreme Caution’ category. Furthermore, measurements were taken in the rainy season when
temperatures are typically lower, implying that workers face much higher temperatures during
the summer season. This pilot study illuminates the possibility that workers are susceptible to
heat-related illnesses. However, it is difficult to determine how and if heat directly harms the
workers’ health because this study did not collect any data on the previous or present health
statuses of the workers.

The Thai Cohort Study and the Thammasat University pilot study collected valuable data
that adds to relevant research we used to develop our study. Though these two studies provided a
good backdrop for our fieldwork, we realized a more systematic methodology would be
advantageous to our study. Thus, we collected environmental data as well as health statistics on

workers.

2.8 Summary

Previous studies have shown that heat could be a factor in occupational health; however,
there is not enough definitive data to come to that conclusion. This gap in the research gave us
an opportunity to explore further testing and sampling. We gathered sufficient data about
occupational health in two provinces to support this hypothesis as well as compare the effects of

indoor and outdoor climate conditions.
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CHAPTER 3: METHODOLOGY

The goal of this project was to consider the impacts of heat on the occupational health of
agricultural and industrial workers, in Pathumthani and Samutprakan provinces, respectively, in
order to understand if climate change is causing (or has the potential to cause) increased heat

stress on vulnerable workers. To achieve this goal we completed the following objectives:

1. Observed the micro-climate, typical environmental working conditions, and amenities
in outdoor rice paddies and an indoor steel factory

2. Collected health statistics from a voluntary sample of workers through a series of
interviews

3. Submitted data to Thammasat University for the international HOTHAPS study. The
study will use this data to draw conclusions regarding the relationship between
health and climate change; these results will be published at a later date

4. Analyzed the data we collected in order to draw conclusions and make generalizations
on how changing ambient conditions and heat exposure are affecting the health of
agricultural and industrial workers

5. Conducted a comparative analysis between agricultural and industrial workers to
determine who seems more affected by heat and, consequently, climate change

We observed and recorded the health and heat measurements of agricultural and
industrial workers. Our observations and data were detailed in the diary notes, a chart created by
Thammasat University to record field data. Please refer to Appendix A for an example of the
diary note chart. We also recorded interviews with workers and other stakeholders. To illustrate
the steps taken to evaluate the effects of climate change on workers, Figure 7 is provided below.
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Figure 7: Methodology Flow Chart for Evaluation of Climate Change and Health Affects

3.1 Site Assessment

In order to complete the objectives of our study in the agricultural sector, Dr. Uma
Langkulsen of Thammasat University chose the Lard Lum Kaew district in Pathumthani
province due to accessibility by local transportation, level of safety, and the large number of
paddies and workers that accurately represent the typical Thai rice paddy. To collect data in the
industrial sector, the university chose a steel factory in Muang district in Samutprakan province
based on size, level of safety, and the large number of workers that represent a typical Thai steel
factory.

When we arrived on site, we met the principal field researchers Piriya Tipkongka and
Sukrit Tangto. They taught us how to read the instruments and record data. They also helped us
develop a good rapport with the workers in order to increase participation. At both sites, we

sought willing participants, including workers, factory foremen, and rice paddy owners. By
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studying their schedule and provisions, we agreed upon the most convenient time and location

for interviews.

3.2 Measurements

Gathering quantitative data gave us exact measurements in the field. Empirical evidence
is especially useful in supporting a hypothesis because the data not only avoids bias possible in
observations but is also easy to analyze and present. Our measurements by scientific instruments

formed part of our understanding of the environmental conditions and general health of workers.

3.2.1 Environmental Measurements

To determine the climate conditions in both locations, we used Wet Bulb Globe
Temperature (WBGT) to measure indoor and outdoor climate data. The WBGT heat index is
calculated from the readings of three thermometers. The globe temperature responds to
environmental heat load. The natural wet bulb responds to the rate of evaporation, which is
affected by humidity and wind. The dry bulb responds to normal air temperature. The combined
thermometer readings proved to be the most useful index because it responds to all four elements
of the thermal environment that impact climate: radiant heat, air temperature, wind speed, and
humidity. Although the WBGT does not measure heat stress on individuals (only the
environmental conditions), it does give a measurement for relative humidity and air temperature,
used as measurements in the heat index, which can be used to approximate heat stress on a
person (Budd, 2007). More importantly, we were able to compare our calculations to the WBGT
threshold limit values established by the American Conference of Governmental Industrial
Hygienists (ACGIH, 1992). Thammasat provided the QuestTemp 34 meters, shown below in
Figure 8, and set the instruments in a location that represented average ambient temperature. The
meter recorded data every thirty minutes for ten days both in the rice paddies and steel factory.
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Figure 8: Wet Bulb Globe Temperature Meter

3.2.2 Health Measurements

We collected health statistics by using instruments to record heart rate and body
temperature. Heart rate, the number of heart beats per minute, is often used by individuals and
medical professionals to determine the degree to which the body is exerting itself. Strenuous
activity generates a need for oxygen that is fulfilled by the cardiovascular system. The heart will
pump blood faster through the lungs and to the muscles as work intensity increases, making the
measurement the prototype for determining effort. Studies have also shown that monitoring heart
rate can help track one’s health (Zhang & Zhang, 2008). We used a heart rate monitor, supplied
by Thammasat, in the form of a chest strap and watch. Three consenting workers in both the rice
paddies and steel factory wore the chest strap underneath their clothes and watches on their
wrists. Though this monitor can be cumbersome for the workers, the equipment is fairly
inexpensive and accessible compared to newer models. In the rice paddies, we followed the same
three workers around the province and walked into the field in order to avoid disrupting the
worker’s activity. For the steel workers, heart rate was taken hourly preceding the workers break.
We recorded heart rate in the diary notes hourly so that we could determine the most strenuous

part of the day and compare this information to our climate data.
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Because heat-related illnesses occur at specific internal temperatures, we recorded body
temperature in the diary notes for comparison to potential health risks. We measured body
temperature at the beginning and end of workdays by using a glass mercury thermometer
provided by our sponsor. Although the newer digital thermometer works fast, is easy to read, and
is easily sanitized, the measurements are not as accurate as the traditional mercury thermometer.
The mercury thermometer used was difficult to read, but its affordability and accuracy made it

the ideal instrument.

3.3 Observations

We observed and recorded the daily activities of three agricultural and three industrial
workers in diary notes. These observations made by team members, taken every hour, obtained
real information regarding workers’ physical response to the heat and actions to dissipate heat
stress. Diary notes were not dependent on workers’ answers, making the data more accurate
without requiring more information and time from the workers. For the diary notes, we gathered
general information about each worker and the site. The time each worker began and ended
work, the duration of their breaks, as well as the type of work was noted. Next, we observed and
recorded the cooling actions taken by each worker, including using a fan or air-conditioning, and
how much drinking water they consumed within that hour. We needed to estimate productivity
by approximating the area they farmed or the amount of steel they produced per hour. However,
measuring productivity is a difficult and unstandardized process; therefore, the Thammasat staff

took these measurements.

3.4 Questionnaire/Interview

Before each interview, we gave the workers information sheets and consent forms. The
information sheet explained the project and clarified our purpose. By signing the consent form,
participants showed willingness to participate and granted us permission to use their disclosed
information. Please refer to Appendix B for an example of the consent form. There were two sets
of interviews; we gave the first set to agricultural and industrial workers while the second set
aimed to question the owners of the rice paddies and the shift foreman of the steel factory. The
questionnaire is based on the HOTHAPS survey, and includes questions about the type of work,

heat exposure at work, impacts of heat on health, impacts on productivity and work activities,
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heat reduction approaches, and effect of heat during non-working hours. The two forms of
interviews varied only with regard to productivity and estimates of future economic loss. Please
refer to Appendices B through E for examples of survey excerpts in Thai and English.

Benefits of conducting the interviews included the ability to record their responses and
note the participants’ body language and tone of voice. The interviews contained both fixed-
response and open-ended questions. Fixed-response questions allowed for easy analysis and
reliability but constrained the respondents’ answers. Responses to open-ended questions are
more detailed but harder to analyze (Knight, 2002). By employing both question formats, we
acquired more specific information. It is important to be sensitive to workers’ culture in order to
minimize their discomfort so they do not feel pressured to answer with a bias (Seidman, 2006).
We accomplished this by using our Thai partners to converse with them and help us understand
the cultural norms that we should follow when interviewing.

Upon first arrival to the rice paddies in Lard Lum Kaew district, Pathumthani, our team
introduced ourselves to agricultural workers to build rapport. At the steel factory in
Samutprakan, the workers were informed of the company’s participation in the study. We were
introduced to the site by touring the steel refining process and the interviewees daily work
routine. At both sites, consent forms and information sheets were distributed to each interviewee.
The interview was timed to finish approximately in 15 minutes but tended to last longer due to
some volunteered anecdotes by participants about their experiences with heat and health.
Sessions were also video recorded for translation, reference, and presentation of our results. Not
all workers understood the meaning of all the questions; therefore, if they could not give an
answer, we needed to note down the reasons. Upon completion, we gave out small gifts to those
who participated in the rice paddies as incentives to and appreciation of their participation.
However, we did not provide gifts at the steel factory because the company was participating as
a whole, not just volunteering individuals. Submitting data to Thammasat University completed

the data collection process.
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CHAPTER 4: FINDINGS AND ANALYSIS

In this chapter, we provide our observations from both the agricultural and industrial
settings. We include data on heat, health, and productivity, the three major components of our
study. Due to publication sensitivity and our agreement with Thammasat University, we do not
have access to complete diary notes and limited access to WBGT data. Nevertheless, our
findings and analyses are still informed by these data in addition to interviews, observations, and
anecdotal material. While we are restricted from presenting specific numbers, we can make
predictions and general conclusions about occupational health as it is affected by heat. Finally,
we include four analytical conjectures regarding the differences between the two sites and the

relationship of heat on health and productivity.

4.1 Site Description by Sector

Based on our site visits and simple observations, we will first describe the physical and
structural findings of the two kinds of sites we assessed. This includes evaluations of shade,
water, and other amenities. We also recorded ambient temperature and behaviors of workers,

including preventative measures that were taken to mitigate heat stress.

Agricultural Rice Paddies

For three days, we followed a group of agricultural workers, paddy to paddy, in the
Rahang district of Pathumthani province. During the day, workers endured temperatures that
ranged from 20 to 43 degrees Celsius as they sowed seeds, sprayed herbicides and vermicides,
and tended rice. On the first day, it was relatively cool and windy in the morning, but by
afternoon, the sun was intense and temperatures were high. The next two days were equally hot
but less windy, providing limited relief. At the first paddy, about six workers broadcasted seeds
onto the mud field with a 60 pound mechanical seed blower seen in Figure 9.
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Figure 9: Rice Paddy Worker (left) Wearing a Mechanical Seed Blower,
Preparing to Broadcast Seed (right)

Along one side of the paddy, there was an irrigation system composed of a series of
basins, seen below in Figure 10. One of the basins was a source of water for the workers, which
they used to cool off while cleaning themselves and their clothes during the day. At this site, a
small covered hut was provided to the workers as a source of shade.

r S

Figure 10: First Rice Paddy Site with Irrigation Basins in the Early Morning

During mid-afternoon, we moved to another rice paddy where five workers were
spraying diluted chemical herbicides on the small, dry shoots using the same seed blowing
machine and technique. This process is depicted in Figure 11.
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Figure 11: Rice Paddy Workers Spraying Herbicides and Pesticides on Second Site

We remained at the third site for two days. This paddy had been planted previously,
flooded again (as shown below in Figure 12), and was being sprayed with vermicides. Similar to
the previous paddies, this site had irrigation basins and a common area in the shade to rest and
cool off. This paddy also provided workers with a hammock and table. Workers used the
bathroom in the paddy owner’s house located at the edge of the paddy. At all sites, workers were
not required to wear specific protective clothing; however, like site two, most opted to walk
barefoot and wear long sleeve shirts, hats with face coverings, and shorts. Additionally,
agricultural workers drank their own water or used the communal water bucket on the rare
occasion they took breaks. Most workers chose not to break frequently for water because they

would have to stop working and leave the paddy.

Figure 12: Third Rice Paddy Flooded with Irrigation Tracks
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Our presence at the paddies allowed us to interact with the workers during breaks.
Surrounding the third rice paddy were houses and compounds where owners and workers lived.
Using a sample of convenience, we began interviewing by going door-to-door asking tenants if
they would participate in our study. At first, people were often afraid that we were soliciting;
however, we explained the purpose for our visit, the study, the nature of the questions and their
participation rights, all in Thai. We also presented each agricultural worker with gifts after their
interview as an incentive and a token of our gratitude for supporting our research.

Interviews revealed that agriculture is usually a private family business, but some
workers are employed and paid by product yield. Young men and women are less interested in
becoming agricultural workers, resulting in an aging rice farmer population with workers who
are usually between the ages of 35 and 50. For most workers, rice cultivation is a lifetime job
that usually lasts for about 40 years. Workers have limited education and few opportunities to
change careers. Financial obligation is also a motivating factor. One worker illustrated this when
he said, “I never stop working and I never take a day off because I am needed” both to maintain
the rice paddy and provide for himself and his family (Interview 1, January 10, 2012).
Considering all of these factors, workers endure harsh climate conditions in order to make a

profit and support the family business.

Industrial Steel Factory

The Siam Steel Syndicate Co. (Limited) steel factory in Samutprakan province was the
chosen location to study man-made heat exposure in an indoor environment. Our field study
began with a factory tour of the melting process and production of metal billets in order to
understand the type of work and conditions the workers endure on a daily basis. The second day
on site began with a concluding tour of the factory, including seeing the molding and production

of the final steel bars (Figure 13, below).
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Figure 13: Bundled Steel Bars Waiting for Shipment

The process of melting scrap metal takes between 50 minutes to 2 hours to complete. A
continuous rotation of workers keeps the factory running constantly, with three eight-hour shifts
beginning at 8 a.m. Every one to two weeks, workers are changed to different shifts. Four men,
all under the age of 28, work 50 minute shifts in front of the Electric Arc Furnace (EAF). The
age restriction is needed to prevent illness and injury because the work is difficult and strenuous.
These men added carbon and oxygen to the EAF using long steel hoses to maintain standard
metal quality (seen in Figure 14) while engineers monitored the process in a nearby control room
connected to the air-conditioned break room. The room contained a water basin with clean, cool
water for workers to drink and wash their hands and face. We noticed that breaks were required

after each melting process and when a worker became fatigued or dehydrated.
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Figure 14: Steel Worker Wearing Protective Equipment (left),
Stoking Fire of the Electric Arc Furnace (right)

We used a sample of convenience to begin interviewing the melt shop workers and
engineers. The melt shop contained the EAF, making it the hottest location in the factory, as
temperatures can reach up to 65 degrees Celsius. The sample size was restricted due to the
number of employees working per shift. We explained in Thai the purpose for our visit, the
study, and the nature of the questions as well as their participation rights. This time we did not
present each worker with incentive gifts because it is their obligation to the company to
participate; however, workers could refuse to participate nonetheless.

From the interviews of the steel workers, we learned that every EAF worker is required to
and does wear protective gear (shown in Figure 15 below), including a heat-proof cotton shirt
and pants, gloves, ear plugs, helmet, face mask, and protective eye wear.
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Figure 15: Steel Worker’s Protective Face and Ear Equipment

Most workers have been employed at the factory for an average of two years. All 400
employees at the factory are educated through high school and engineers have received their
Bachelor’s Degree. They receive a constant wage but are dependent on the wage to support
themselves and their families. They work in dangerously hot environments because they have a
guaranteed income and job and know they will receive relief from the heat. Our specific

interview data is presented and analyzed in subsequent sections.

4.2 Data Presentation and Analysis

From the site descriptions, interviews, observations, and heat and health data, we consider
the socio-economic, physical, and health dimensions of our findings. As we evaluated our data,

four important trends emerged that merit discussion.

Indoor Artificial versus Outdoor Natural Heat

We studied heat imposed on the workers from the natural environment in the outdoor
agricultural setting and artificially generated from the machinery in the indoor industrial setting.
We observed the different locations and Thammasat staff recorded data in the diary notes every
hour for three workers each day. For the three days that we were in the rice paddies, the peak
temperature seen during data collection via WBGT monitors was 42 degrees Celsius, and the low

was 21 degrees Celsius. Furthermore, because Thailand is a tropical country located close to the
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equator, the intense solar radiation causes outdoor workers to feel the effects of heat strongly.
Conversely, indoor workers in the steel factory were involved in the melting process, where they
worked in front of a furnace that radiated heat from a core temperature of approximately 2000
degrees Celsius. The peak temperature during the two days on site was 34 degrees Celsius, and
the low was 30 degrees Celsius.

Table 2 (below) presents averages for temperature, relative humidity, and the calculated
heat index values during our days on site. On average, the steel factory was hotter as expected,
which led to a higher heat index. However, the relative humidity was higher in the rice paddies.
Though the industrial workers endured much higher spot temperature values than the agricultural
workers, there is little to no relief from the sun and heat in the rice paddies. Also, the industrial
temperature remains more constant, whereas the agricultural temperature is more varied and
extreme. One rice paddy worker expressed the feelings of many agricultural workers when he
said, “There is a lot of heat everywhere, but I feel like it is getting hotter every year, especially in
the last 3 years” (Interview 2, January 10, 2012). This is similar to most industrial workers who
also feel a difference in temperature, but note it has little effect on them (Interview 14, January
24, 2012). Quantitatively, 85% of agricultural workers and only 54% of industrial workers feel
as though it is getting hotter year to year. Agricultural workers are exposed to environmental

heat, and because they work every day, any difference in temperature is apparent.

Table 2: WBGT Calculated Averages for Agricultural and Industrial Settings

Rice Paddies Steel Factory

Temperature 26.60 °C 32.15°C
Relative Humidity 72 % 68%
Heat Index 29.10 °C 40.32 °C

From our qualitative analysis of the interviews, all 15 agricultural workers who answered
felt that heat during work is a problem, but only 7 out of the 11 industrial workers interviewed
felt this way. To prevent heat stress, typical methods are employed, seen in Figure 16. The
majority of agricultural workers seek shade (about 90%) and drink water (about 65%) to relieve

heat stress. In comparison, all industrial workers primarily seek air-conditioning and take breaks
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to relieve heat stress. These discrepancies can largely be attributed to the availability of

amenities that help combat the effects of heat in the two environments.

Prevention Methods Employed by Workers
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Figure 16: Prevention Methods Used by Agricultural and Industrial Workers

The steel factory workers have access to amenities provided and regulated by the factory,
including the air-conditioned break room, whereas the agricultural workers must alleviate heat
stress themselves. One steel worker described his experience: “I feel the heat in front of the
furnace but | feel better once | get out of that area into the air-conditioning” (Interview 16,
January 25, 2012). Conversely, one agricultural worker stated that he “used to sit under the shade
to get out of the heat, but because of the flood, the trees are gone” (Interview 3, January 11,
2012). As agricultural workers are responsible for their own welfare and have little education on
illness prevention methods, they work in persistently hot conditions that can ultimately lead to
health problems.
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Comparative Incidents of Heat-Related Illnesses

To evaluate how workers are affected by the heat in their employment setting, we asked
if workers knew the symptoms of heat stress and if and how often they experienced these
symptoms, including but not limited to exhaustion, rash, dizziness, and cramps. Through the
personal experience of the workers, these questions allowed for the collection of health statistics,
anecdotes, and opinions about how occupational heat is affecting their health.

Perhaps due to the subjective nature of self-reporting, we discovered a wide variance in
our findings. In the agricultural setting, 16 out of 17 workers admitted to heat illnesses but most
also insisted that they were “strong” and could withstand their working conditions (Interview 7,
January 11, 2012). Whether this declaration of strength and immunity to their working
conditions was a testament to acclimatization or merely a facade is indeterminable. However,
when negative effects of heat were reported, the workers disclosed that they took medication and
alleviated their symptom in other ways. One of the agricultural workers said, “I get nauseated
from the heat and it gives me leg cramps which I use Thai herbs to cure” (Interview 4, January
11, 2012).

During one agricultural interview, an elderly woman explained an extreme case of a heat-
related illness. She recalled an instance during which a middle-aged man who was farming alone
collapsed from heat exhaustion and died in the field. He passed away due to the strength of the
sun and length of time he was left alone without medical attention. As we collected data, it
became obvious that some workers were unaware of warning signs and would not seek shade or
rest until they experienced more dangerous symptoms, such as collapse. When one agricultural
worker was asked what he would do if his friend fainted, he responded, “I would help him to
shade” (Interview 9, January 16, 2012).

Many steel workers (about 50%) made similar claims that they did experience heat
illnesses but were able to manage. Unlike agricultural workers, steel workers replied openly
instead of defensively denying experiencing symptoms. The humility of the steel workers made
their opinions seem more credible than those of the agricultural workers. Also, with the
amenities provided to the workers, it was logical that they reported less illness due to heat.
However, one steel worker disclosed that “every day I get a rash” that is “very itchy” (Interview
13, January 24, 2012). Agricultural workers reported many instances of heat rash, which could

result from the coupling of frequent sweating and wearing cotton clothing.
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For both study sites, the most common ailments reported were profuse sweating and
exhaustion. However, a much larger number was reported from workers in the rice paddies than
those from the steel factory. Agricultural workers also reported frequent accounts of headaches,
dizziness, and moodiness, all of which are symptoms of dehydration. Dehydration, a major
concern, is likely to occur in both the rice paddy and steel factory. In the rice paddy, we noted
that the workers’ intake of water was minimal. According to The Institute of Medicine, the
average man should consume 3 liters of liquid a day. Agricultural workers averaged drinking
1.65 liters per day, a significantly low amount when considering their exhaustive work in a hot
climate. Though industrial workers drank water frequently on breaks, about 63% admitted
having dark-colored urine, a sign of improper hydration. From these presented data and Figure
17 below, we can determine that heat-related illnesses occur more frequently in the agricultural
setting than in the industrial setting.
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Figure 17: Frequency of Heat-Related Ilinesses/Symptoms Experienced by Both Agricultural and
Industrial Workers
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Effects of Heat Stress on Productivity

Heat and climate change impacts agricultural and industrial workers’ productivity
differently. The interview results suggest that the productivity of agricultural workers is
decreasing compared with the steel factory where heat appears to have no effect on productivity.
Agricultural workers were first asked if they think heat is affecting their productivity. One
worker immediately answered, “Absolutely, yes. I think that heat greatly has [an] impact on
productivity” (Interview 2, January 10, 2012). Moreover, agricultural workers provided two
main supporting arguments: heat impairs both worker productivity and crop productivity. First,
as outside temperature increased, efficiency decreased. Workers may avoid overexerting
themselves in the extreme heat by working longer to get the same crop yield. Additionally,
workers tended to avoid working in the heat if temperatures were too extreme. One rice paddy
owner stated that he “sometimes [does] not go to work because of the heat and over time [he has]
lost a profit of 8,000 Baht” (Interview 8, January 11, 2012). Another agricultural worker
remembered that “one time [he] did not go to work because it was too hot” (Interview 3, January
11, 2012). Furthermore, the quality of rice is affected by sunlight because seeds can be damaged
by excessive heat. Higher temperatures make the grains smaller and deplete nutrients. From
these interviews, productivity of agricultural workers seems to be affected by increasing ambient
conditions.

Industrial workers were asked about productivity change indoors due to heat produced
from the EAF and other machinery. One worker explained that he tries to “exceed goals and
quotas,” but noticed his productivity to be the same compared to the rest of the year (Interview
17, January 25, 2012). Out of the 8 workers that responded, 7 denied a change in productivity,
and surprisingly, 1 worker said his productivity increased during the summer. All workers also
noted that steel quality was unaffected as well. According to these interviews, the heat generated
in this industrial setting seemed to have no effect on the productivity of the steel workers.
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4.3 Conjectures

In both the agricultural and industrial settings, workers are exposed to temperatures at which
they can experience heat-related illnesses.

According to the WBGT data Thammasat University collected, heat indices in both
settings indicated that workers are vulnerable to heat-related illnesses. Figure 18 categorizes heat

indices based on the intensity of the heat-related illnesses they can cause.
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Figure 18: Average and Maximum Heat Indices in the Steel Factory and Rice Paddy

In the rice paddies, the average heat index was 29.1 degrees Celsius, which is in the
‘Caution Category’; however, the heat index reached as high as 46.8 degrees Celsius, which is in
the ‘Danger Category.’ In the steel factory, the average heat index was 40.3, but workers were
exposed to heat indices as high as 46.6 degrees Celsius; both the average and the mean are
classified in the ‘Danger Category.” According their respective categories in Figure 18, both steel
workers and rice paddy workers are likely to experience heat-related illnesses such as sunstroke,
muscle cramps, and heat exhaustion. Prolonged exposure with exhaustive physical activity can

lead to the most dangerous heat-related illness, heat stroke. Very few workers in the rice paddies
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and even fewer workers in the steel factory admitted to experiencing adverse health effects due
to heat; however, the heat indices show that the workers are working in environments that are

dangerous enough to cause heat-related illnesses without proper protection.

Agricultural workers experience the detrimental effects of heat more than industrial workers.

The workers in the rice paddies reported that their health and productivity has been
altered negatively as a result of the intense heat. Over the last few years, workers have noticed
climate changes that have resulted in hotter weather. According to our interviews with the
agricultural workers, 86% felt the climate has increased compared to past years. Due to the fact
that this type of agricultural work takes place outdoors, the increase in temperature adds to the
already intense tropical weather that the rice paddy workers must endure. During the interview
process, there were multiple complaints of minor health issues and several accounts of heat-
related deaths. Workers also noted a decrease in productivity; if the weather is too intense,
workers will take more breaks or work less in order to avoid over-exerting themselves. About
57% of workers even reported that they would skip work if the weather was too hot. One worker,
when asked if his productivity was ever affected by the heat, responded, “Yes, by about [100 kg]
of rice per acre” (Interview 1, January 10, 2012). A decrease in productivity threatens the
livelihood of the worker and his/her family. The worker will be forced to work more frequently
in the oppressive climate, risking his health to avoid losing necessary pay. Workers have long
shifts, averaging 7 hours, without a quota and have no way to escape from the heat due to lack of
amenities; this intense labor and lack of preventative tools add to the increasing intensity of the
heat and make it difficult to maintain good health and productivity.

Steel workers, on the other hand, do not feel that the heat strongly affects their health or
productivity. During our interviews, about half of the steel workers reported heat stress
problems, but none were worse than rash. Additionally, steel factory work takes place indoors
and is therefore unaffected by any small changes in climatic temperatures. Although the
temperatures in the workplace are higher than those in the rice paddies, the consistent climate
allows the workers’ bodies to acclimatize to their working environment. The short work shifts in
the factory and the availability of amenities also help the workers escape from the heat and

sustain their health and productivity.
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There are gaps in the understanding of heat stress and prevention methods.

From the interviews, it is apparent that workers vulnerable to heat-related illnesses either
showed no interest in or were unaware of the consequences of prolonged heat exposure. The few
that understood the consequences usually disregarded the potential threats for several reasons. In
the rice paddies, workers are obligated to complete their job as they are paid by yield. Since their
livelihood depends on individual labor, they choose to face the dangers of heat stress in order to
earn more money rather than take more frequent breaks at the expense of their income. One
agricultural worker attested to this behavior during his interview: “I do not have a thermometer
or watch the weather. I just do my job” (Interview 2, January10, 2012). Though some of the rice
paddy workers saw the potential for illness or physical harm, the importance of their financial
obligations outweighed their health. In the steel factory, however, heat-related illnesses were less
frequent. Though only 50% of the industrial workers knew the symptoms of heat stress, all
workers followed the established policies regarding heat and heat stress.

Only in the agricultural setting did workers’ lack of knowledge about heat-related
illnesses prove to be detrimental to their health. One agricultural worker responded that he
“would not know what to do” in order to protect himself from heat stress (Interview 5, January
11, 2012). While many wore hats to protect their skin from the sun and have used medicinal
herbs to treat illnesses, most workers took minimal breaks and did not hydrate themselves
properly. This lack of understanding could result from their lower education level or pressure to
gain a living wage. Industrial workers were educated through high school and received relevant
training, creating a better foundation of knowledge regarding their health. Steel workers were
also taught safety practices, such as the use of first aid kits, and had a more regulated schedule to
prevent such illnesses. Unlike the agricultural workers, industrial workers checked thermometers
within the workplace in order to track their heat exposure. Though rice paddy farmers enjoyed
the freedom of regulating their own schedule, they also forced themselves to perform exhaustive

work for long periods of time without proper training in the area of heat-related health risks.

Agricultural and industrial workers have both become acclimatized and therefore do not readily
experience heat-related illnesses.
The consistent outdoor climate of the agricultural setting leads workers to adapt to their

surroundings quickly compared to a laborer experiencing a hot climate for short periods of time.
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Outdoor laborers often get heat-related illnesses when they first begin working but their bodies
become progressively more adjusted to the continuous heat exposure. This occurs because the
beginning stages of acclimatization should happen in short intervals so as not to overwhelm the
thermoregulatory system. As the human body slowly recognizes the climate, heat dissipating
mechanisms work faster and more efficiently to maintain the core body temperature at a healthy
37 (£0.6) degrees Celsius. The result of working outdoors for long periods of time is that, once
the body acclimatizes, the risk for heat-related illnesses decreases. In both settings, the
thermoregulatory system functions less effectively as the laborers age. Many of the agricultural
workers, who are typically older in age, experienced heat stress more often than the younger
steel factory workers.

Unlike the agricultural setting, working in the indoor steel factory does not require the
same heat tolerance. Industrial workers, who took frequent breaks in areas with cooler climates,
do not need their bodies to acclimatize to the same degree as agricultural workers. Industrial
workers labored in higher temperatures but for shorter periods of time. Similar to rice paddy
farmers, steel factory workers experienced some health effects early in their careers but slowly
“adapt[ed] to their environment,” as described by one industrial worker (Interview 12, January
24, 2012). The short working periods allowed for safer acclimatization; however, the bodies of
industrial workers will not be able to withstand higher temperatures for the same duration as an
agricultural worker, who cannot escape as easily from the heat. Prolonged exposure to dangerous
climates and certain temperatures has proven to be an effectual defense against health risks.
However, in the presence of an increasing global climate, the potential for adequate
acclimatization decreases and development of heat-related illness increases.

From the collected data, we found agricultural workers laboring outdoors and thus
experience the effects of heat more frequently than industrial workers laboring indoors. While
both experience dangerous temperatures that put workers at risk of heat-related illnesses, the lack
of amenities provided prevent agricultural workers from escaping their environment and
allowing their body to rest. Not only do their low education level and lack of career opportunities
limit the workers to a career in agriculture, but these factors also create a lack of awareness of
the potential health threats. The aging population in the agricultural sector also increases the risk
of experiencing heat-related illnesses. Though agricultural workers appear to acclimatize

thoroughly in response to their extended stay in the paddies, the method of building a tolerance
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to the heat will prove to be more difficult as the global temperature continues to increase.
Climate change creates a sense of urgency for laborers in dangerously hot climate with little
protection or awareness of health risks. For this reason, we drafted recommendations in the next
chapter to improve working experience before the global climate threatens the occupational
health of the lower and middle classes beyond salvation.
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CHAPTER 5: RECOMMENDATIONS AND CONCLUSIONS

The analysis of our data showed that agricultural workers feel the effects of heat more
than industrial workers due to their direct exposure to the natural environment, lack of amenities,
and lack of regulated working time. If the current climate conditions persist and worsen due to
climate change, then agricultural workers will be most susceptible to the harsh conditions that it
imposes. Thus, our recommendations are more directed toward the agricultural sector rather than
the industrial sector because industries usually have prevention methods already in use to protect
workers. Our recommendations for workers, foremen, owners, researchers, and health and
environmental organizations propose increased availability of amenities to the workers,
education on heat stress prevention, and a change in policy that would lead to prevention of heat
stress illnesses. These recommendations will be given to Thammasat University Faculty of
Public Health and will ideally be conveyed to the agricultural sector in a form that Thammasat

deems appropriate.

5.1 Recommendations for Owners/Foremen

In order to prevent and dissipate heat stress and the resulting symptoms, we suggest rice
paddy owners provide the following amenities to their workers:

Digital or Mercury Outdoor Thermometer: While the majority of interviewed
agricultural workers check the daily forecast for high and low temperatures and humidity of the
province, they are generally unaware of the current ambient conditions within the field
throughout the day. All workers noted that there is no measurement of heat in the workplace and
they typically remain uninformed about hot weather throughout the day. However, workers need
to be aware of the health dangers at certain temperatures and the risks they are taking if they
continue to work in extremely hot conditions during specific times of day. Therefore, it is
evident from our data that a tool for measuring heat while outdoors is needed. To satisfy this, an
easy to read and accurate thermometer, which measures temperature and humidity, should be
placed in an open area near a resting site. This inexpensive amenity will allow workers to check
temperatures regularly and monitor their heat stress vulnerability throughout the day.

Clean Source of Drinking Water: While agricultural workers believe they are well

hydrated, they only drink about 1.65 liters of water per day, half of the 3 liter recommended daily
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requirement (for the average man with light exercise). Paddy workers, however, are working
moderately to vigorously in extreme heat for approximately six hours per day; they should be
drinking 4 or 5 liters to rehydrate and replenish water lost from sweat. Currently, most workers
provide their own drinking water from home and when that source runs out, they have limited
access to another source. In order to assist in and ensure proper hydration, owners should install
or provide a water source near each paddy. This source of clean drinking water should be safe for
consumption and easily accessible. For example, water spigots connected to public water (if
available), well pumps, or bottled water should be sufficiently supplied each day. Water stations
throughout the field or easier and non-obtrusive ways for workers to carry water on their person
will also be beneficial. An improved and clean drinking water source will prevent dehydration
and other heat stress symptoms.

Cool or Shaded Place to Rest: When workers break during the day, 88% withdraw to a
shaded and cool place to sit and escape from the heat. However, from our observations, there
were few shaded areas with minimal access to cooling mechanisms in the working area, which is
highly important during the peak of the work-day. We recommend that each paddy have
sufficient resting places for every worker, located in the shade and near their water source. For
example, large, sturdy huts or pavilions with a table and chairs could be provided, as illustrated

in Figure 19 below.

Figure 19: Hut in the Middle of a Rice Field (left), Umbrella at the Edge of a Rice Field (right)
(Projects in Asia, 2008)
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Also, the resting place must be in a central location close to where workers are cultivating. If a
building is not plausible, the owner should ensure trees or umbrellas that provide shade
throughout the day (see Figure 19, above). This would be an affordable option to help the

workers avoid constant direct sun and heat exposure.

We recommend that owners of rice paddies and foremen of the steel factory educate
workers on heat stress and the symptoms that occur in order to promote awareness,
prevention, and safe work behavior.

According to our interviews, almost 40% of rice paddy workers and 33% of industrial
workers are unaware of heat stress precautions. Workers and owners need to be aware of the
symptoms; thus, we recommend an educational or awareness program to be used to promote safe
practice against heat during work. The steel factory workers are oriented on heat stress before
beginning work and the prevention policies should be taught and subsequently enforced. Due to
the fact that the rice paddy workers travel from paddy to paddy it would be most beneficial to
educate the owners of the paddies to enforce safe practices within their field. The awareness of
these safe practices could be given in the form of a pamphlet, an affordable means to spreading
awareness. The distributors could give a short information session that covers the materials
within the pamphlet. Pamphlets would include pictures and simple writing that the less educated
workers could easily comprehend that covers material on how to avoid heat stress as well as
recognize symptoms of heat illnesses. Due to illiteracy that mostly occurs in the most susceptible
elderly population, the information session would be most helpful along with encouragement of
those who have learned from the pamphlet to educate their community. Furthermore, educational
material, in the form of a poster, could be placed in areas where workers often visit or take
breaks to continually remind the workers of safe practices against heat (see Appendix J.)

To ensure proper acclimatization and healthy work practices, we advise owners to
maintain the following occupational health standards and policies developed by leading
agencies in the field.

After reviewing standards created by institutes focused on occupational health and safety,
such as OSHA, EPA, and the CDC, all agencies agreed on similar practices to reduce heat stress

in the workplace. The practices are summarized in a document created by NIOSH entitled
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Criteria for a Recommended Standard: Occupational Exposure to Hot Environments. Though the
document’s most recent revisions were published in 1986 and suggestions are not designed for
just agricultural workers, the guidelines are accepted as the standard for maintaining good
occupational health and can be easily adapted for outdoor laborers. Techniques to minimize heat
stress were developed by following a heat balance equation that looks to reduce heat stress by
eliminating factors that can overwhelm the thermoregulatory system. These include metabolic
heat load, environmental heat load, and heat exchange by convection, radiation or evaporation.
Metabolic heat load can be controlled through work practices whereas environmental heat load
can be controlled more mechanically.

To minimize the environmental heat load, NIOSH encourages the use of engineering
controls. Convective heat loss, or heat lost from contact between the skin and air, occurs once the
air temperature is lower than one’s skin temperature. Maximizing this difference in temperatures
is achieved through proper ventilation such as fans in rest areas. Heat gained from a radiant heat
sources can only be decreased by reducing the time spent in close proximity to the source. For
the agricultural workers, however, this radiant heat is transmitted by the sun. In order to decrease
one’s exposure to the sun, the owner of a paddy can provide spaces for workers to relocate to
during breaks or encourage heat-reflective clothing. Finally, evaporated heat loss through
perspiration can be maximized if air speed is increased, air temperature is decreased, and
humidity is decreased. Since evaporation is the most efficient method of cooling, the paddy
owners could install proper forms of ventilation as mentioned above; however this would be
expensive and would not be possible without government assistance. Thus, to maximize
evaporation of sweat, workers need to wear thin clothing that is easily penetrable by the wind.

The NIOSH recommended certain work practices to limit heat exposure time and
temperature in order to decrease both the metabolic and environmental heat loads. Altering the
work-rest regimen to permit more regular resting periods will allow workers to stop working
before they feel extreme heat discomfort. Also, working in intervals can prove to be beneficial
because shorter, more frequent periods of time spent in the heat puts less strain on the body.
Finally, workers are recommended to drink a sufficient amount of water hourly to prevent
dehydration.

A medical examination to determine physical fitness, heat tolerance, and compromising

medical conditions is recommended for workers who have never labored in a dangerously hot
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climate before. After the owner of a paddy fully understands the health of individual workers,
he/she can begin a heat acclimatization program personally designed for each laborer. The
institute recommends that a worker of average health and fitness start with 20% exposure to the
working environment on the first day and a 20% increase each successive day. However, an unfit
individual takes about 50% more time to acclimatize than the physically fit (Revised, 1986).
Taking into account a worker’s health and monitoring their performance during the start of their
employment is essential to proper acclimatization. With hourly hydration from an adequate water
supply and maintenance of one’s electrolyte balance, a worker can healthily gain a tolerance to a
hot climate that will decrease his/her chances of developing heat-related illnesses. By studying
and following these standards created by the NIOSH, an owner of an agricultural work setting

can minimize the risk of heat stress on employed workers.

5.2 Recommendations for Workers

We believe it would be beneficial if workers learn about heat stress, symptoms, and
prevention methods in order to avoid the development and consequences of heat-related
illnesses.

In an attempt to avoid experiencing the impacts of heat exposure, workers should be
aware of the causes and symptoms of heat-related illnesses and appropriate working practices. If
workers understand which temperatures have the ability to cause heat stress, they can monitor
the outdoor thermometer provided at each paddy to avoid working for too long in intense heat.
Workers should also pay close attention to how they feel physically and check themselves

regularly for symptoms that could be signs of heat stress.

We recommend that both agricultural and industrial workers adhere to all safety policies
implemented by their employers.

Even though safety policies might consist of detailed steps and may seem unnecessary, it
is important that each policy is explained carefully and every worker is asked to follow the steps.
Policies may include the work-rest regimen, a drinking regime, and a suggested protective
clothing etiquette. More specifically, workers should not overexert themselves, and if they begin

to feel sick they should take a break in a cool, shady place and drink plenty of water. Most of the
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time the working condition for these workers is very hot climate and therefore forcing

themselves to work under this extreme weather will certainly lead to illness and heat stroke.

Workers are advised to continue wearing protective clothing while working.

Proper work clothing and protective equipment is important because it protects from solar
radiation while still allowing adequate air ventilation. Workers should continue to wear a face
and head covering, thin, long sleeve shirts, and thin pants that protect the body from heat during
the day and cold breezes in the morning. Workers should also understand the health benefits to
wearing such clothing. The use of protective clothing is a simple and convenient solution to

prevent the body temperature from escalating high enough to cause illness.

5.3 Recommendations for Researchers and Influential Health and
Environmental Organizations

Future researchers would benefit from collecting objective health statistics pertaining to
occupational heat stress.

We, along with past researchers, have not been able to assertively determine a direct
relationship between high occupational temperatures and adverse health effects which is in part
due to the fact that most of health statistics that have been gathered have been self-reported by
study participants over a short period of time. While this method is useful for collecting a
baseline of data, this process is subjective in nature; participants may withhold information, not
be able to accurately describe ailments, and not be able to correctly estimate when or how many
times they have fallen ill. As a result, researchers have not been able to use collected health
statistics to make a strong case that high temperatures in the occupational setting cause adverse
health effects. For this reason, we hope that future researchers will use health records or monitor
study participants over a long period of time in order to collect health data that is not as

subjective.

We recommend that qualified health and environmental organizations implement
prevention methods for heat stress.
On average, workers who were not aware of proper prevention methods or did not have

access to suitable amenities reported more cases of heat-related health problems than workers
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who knew how to properly protect themselves from heat stress. Additionally, workers who were
not educated on proper prevention methods reported much higher losses in productivity than
workers who knew how to protect themselves. We contacted numerous health and environmental
organizations (see Table 3 below) to explain our study and directly recommended that they
implement prevention methods outlined in this chapter and other established methods and

programs for workers who do not already have access to them.

Table 3: Contacted Qualified Health and Environmental Organizations

Organization Contact Information

Bureau of Occupational and Environmental Disease,

Email- ia. il.
Ministry of Public Health mail: media.envocc@gmail.com

The Office of Environmental Fund Email: envfund@hotmail.co.th

The Ministry of Natural Resources and Environment Email: webmaster@mnre.mail.go.th

Global Environmental Change and Human Health Project Email: sp|n|!@|nweh.unu.e<1.u )
c/o Dr. Lucilla Spini, executive officer
START-SEA Global Change System for Analysis,
Research, and Training - South East Asia Center
National Centre for Epidemiology and Population Health Email: Kjellstromt@yahoo.com

Australian National University (ANU), Canberra, Australia c/o Professor Tord Kjellstrom

Email: START@start.org

Such programs could educate workers, owners, and foremen on heat stress and symptoms
or train workers in mitigation methods (National Agriculture Safety Database, 2003;
Occupational Safety and Health Administration - National Institute for Occupational Safety and
Health, n.d.). These qualified organizations, either governmentally or privately funded, should
not only choose and implement the most efficient prevention methods, but also educate

volunteers to teach workers the correct use and benefits of such methods.

5.4 Prevention, Education, and Awareness Tools

Occupational health and the heat effects due to climate change are becoming more
prominent research fields. Organizations have begun making it their mission to create and
implement prevention methods while educating and aiding individuals and communities in order
to cope with the resulting heat stress. We created three tools to assist researchers and qualified

health and environmental organizations accomplish their goals.
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First, a website was created to publically display Thammasat University’s contribution to
HOTHAPS and our final report, including findings and recommendations, photos, deliverable
material and contact information for further research and information. The website can be found
at www.heatisthesilentkiller.weebly.com. Figure 20 (below) shows the homepage of the website.

| BSAC
@WP[ Heat Impacts on Occupational Health

A Comparison Between Agriculturat and Industrial

Settings in the Time of Climate Change

Abstract

Figure 20: Homepage of Public Website

In order to provide a visual tool that can be distributed and viewed by a wide audience,
including organizations, researchers, owners and foremen, and workers, we made a short
awareness video. The video includes interview testimonials from agricultural and industrial
workers and narration describing the effects heat is having on these individuals and how climate
change is making this an urgent concern. This video is subtitled in English and recognizes
HOTHAPS, Thammasat, and our study. This video can also be found on the website.

Finally, we designed two posters (see Appendix J) written in Thai to be displayed near

work sites and visible to workers. The first poster illustrates the temperature ranges at which
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certain heat-related illnesses can be experienced by workers. The second reminds workers to stay
hydrated and suggests they drink the recommended three liters of water per day. As mentioned
above, rice paddy owners and steel factory foremen should display these posters to encourage
safe work behavior. Similarly, organizations and trained staff can use these or similar material to
educate people on heat stress and the symptoms that occur while promoting awareness and

prevention.

5.5 Conclusion

Over the course of this study, we learned how to carry out an investigation on a real
world problem while crossing cultural barriers. It was not without difficulty, as we faced
differences in language, reluctance of participation by the workers, inaccessibility to data due to
publishing rights, and lack of internet and technology. Working as an international collaboration
of Thai and American students from Chulalongkorn University and Worcester Polytechnic
Institute and experiencing different working styles, there was not a day that we did not face some
challenge. With that said, we were able to overcome these obstacles and experience hands-on
field research that will prepare us for our post-graduate careers. We learned about the life of
agricultural and industrial workers in Thailand and experienced the heat in which they endure
their work. It was astonishing that the workers were able to function in heat that was disabling
for both the Thai and American students. By being able to collect data first hand, we gained
insight to the severity of the problem of heat stress that goes beyond textbooks and numbers.
After this experience, we find it hard to imagine that the concern of heat stress on workers has
not been made a more immediate area of research as the impending threat of climate change
worsens.

We now look at climate change as one of the greatest threats facing the world today. The
onset of greater natural disasters, inexplicable weather anomalies, and quantifiable ozone
depletion is hard to ignore. Though there is significant new research on climate change, studies
are mainly focused on the effects toward the more modernized western world, and oftentimes the
impact on less developed countries is overlooked. However, climate change is resulting in more
dangerous heat levels in tropical areas. Additionally, people, specifically workers, in tropical
climates are exposed more frequently to heat and are thus more susceptible to the effects of

climate change.
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Participating in the HOTHAPS international study, our findings suggest that industrial
and agricultural workers are exposed to climatic conditions at which heat-related illnesses can be
experienced. We found through interviews that although industrial workers are exposed to higher
ambient working conditions, agricultural workers are more at risk for heat stress because of lack
of amenities, education, and protective standards and protocols. At both locations, there are gaps
in workers’ understanding of signs, symptoms, and prevention methods for heat stress. Finally,
we found these workers to be fairly acclimatized to their work environment and do not
frequently experience significant heat-related health effects.

In summary, climate change, heightened by the vulnerability of workers and the tropical
climate, is an immediate threat in Thailand. Since we cannot simply stop climate change,
changes in practice must occur in order to protect Thailand’s workers. We recommend that
education and awareness programs, an increase in amenities for the workers, and safety policies
to preserve workers’ health be introduced into the agricultural sector. Climate change is
happening at an alarming rate. Further research and urgent action is crucial now before
thousands of workers across the globe face conditions that will irrevocably affect their health and
livelihood.
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APPENDIX A: DIARY NOTES

Daily Record
Name (worker) ... Date ... Name {interviewer) ...
Begm Work Time ... Stop Work Time ... ... Typaofwork ...
Weather [ clear sky [ ] cloudy [ ]ttle rain [ ] thunderstorm [ ] storm/lighting
[ Jenel [ ]eold [ ]very cold

Ways to reduce heat (@ shade @ fan &)} air-conditioning @ drink water/mineral water
{cooling actions) ® other

. Ways to

. Brea;ung _t]me reduce heat How much Abm.ﬂ.naj .. Heatt Rate Temperature
Time during work . i . condition Productivity . L o
- {cooling water intake? (times/min) *C)
{minutes) actions) from heat
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APPENDIX B: ABRIEVIATED INTERVIEW FOR PADDY OWNER (THAI)
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9. mamsinwas (WSeamuilsznouns) Tulewneneinunizsseannnnuien stress L
Oty O hily
s Juszneveondndfiaamulons O 15 O lily
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o manage6 ()
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APPENDIX C: ABRIEVIATED INTERVIEW FOR PADDY OWNER(ENGLISH)

Part 1 General Information

AZE i, Years | age OO
Part 2 Work Information
1. Number of workers employed .......... people emp (JOIJOCI
Permanent employees.............. people per (IO
Part-time employees................ people tem (J(JC)
ONET ottt
2. Average length of work................. Hours/day.......ccccccevennnnne. Days/week | hr (U], day ()
Part 3 Heat Exposure During Work
1. Exposure to heat during work is a problem issue (J
O Yes O No
Part 4 Effect from Heat
1. Are you aware of any heat stress problems during the past few years know1 ()
OYes O No
2. If such incident occur during work, will it be reported or how will it be
handled. .......oooiiiiiiiii e
3. Is there anyone around who knows the effect of heat on health O Yes expert (J
O No
I yes, StAte WHO.....oouiiiiiiiiiiiici e
4. Heat stress occurrence ......................... times/year freq ( ()
5. Do you feel the difference in the heat between the past and the present? | feel ()
OYes O No
If 50, state the detailS..........cooiiviiiiiiiiiiiiice e
Part S Effect on Work and Productivity
1. How does hot weather affect work schedule or productivity in each day?
2. If a heat wave occurs (Heat waves are a prolonged period of
abnormally hot weather. The weather is dry with no wind. For example:
an area of 38-41 degrees Celsius with no wind for 3-6 days, the heat
will accumulate into heat waves)
2.1 In 2-3 days, will you have a plan to handle the situation? fow O]
O Yes O No ew
If 50, state the detail.........oooouveiiiiiiiiiiiiie e
2.2 In the next week, will you have a plan to handle the situation?
O Yes O No week ()

If 50, state the detail........cooeeviiiiiiiiiiieeieee e




Part S Effect on Work and Productivity

3. Are there any assessments of the economic loss caused by hot weather | assess ()
O Yes O No
4. Can you evaluate the heat level that reduces the productivity of work level ()
OYes O No
If 80, State the detailS.........coovviiiiiiiiiiii i
Part 6 Prevention from Heat
1. Do you have policy about working under heat policy (]
OYes ONo O Don’tknow
If so, did you follow the policy O Yes O No followl ()
2. Is the policy useful? O Yes O No O Don’t know useful ()
If yes, state the details..........ccveiiieiiieriieiieeeeee e
If no, state the detailS...........cooovviiiieiiiiiiieic e
3. Are you aware of the safety standards of heat and work? aware ()
O Yes O No O Don’tknow
4. Is there a policy that determines the effect of heat on productivity? cutoff ()
O Yes ONo O Don’tknow
5. How do you know that the temperature is too hot to work thres ()
O Weather forecast O Thermometer
6. Is there a policy to reduce heat in workplaceO Yes O No reduce (J
If yes, did you follow it O Yes O No
State the detail..........ccooviviviiiiieieeeecceeeee follow2 ()

7. Is there a measurement for heat in the workplace monitor ()
O Yes O No
8. The workers are informed about hot weather O Yes O No inform ()
9. Are there any policies about stress from heat? O Yes O No stress (J
If so, does the worker follow this policy O Yes O No follow3 ()
10. How do you relieve stress caused by heat (Can choose more than 1

answer) managel ()
O Hire more farmers manage2 ()
O Increase work days, decrease working hours manage3 ()
O Work in the early morning manage4 ()
O Work in intervals manage5 ()
O Take a break during work manage6 ()
O Wear thin clothes manage7 ()
O Air-conditioning manage8 ()
O Ventilation/ use of fan manage9 ()
O Drink water manage10 ()
O Stay in the shade managel1l ()
O Driving instead of walking managel2 ()
O OLhEIS .ottt bbbttt

Time interview ended.........ccccccvverincrincnnenne. time2 (J(J.CJC]
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APPENDIX D: ABRIEVIATED INTERVIEW FOR FARMER (THAI)

aaufi 1 doyaialy

age (I

| 12N T TR G LT F OO OO TTTRTUPRI
Fl
2 MUY e e eeeeeeenns e, ERLY yr LJCJ, mo (LJOJ
3 T TR D e e eeee e eeeeeeneeeeeenneeens FITUY T U e e eeeeeieeeeeeeens Su/danss | hr IO, day ()
4. AUV AD 198 Teeeeeeeneeeeeeeeannens W DD e w. | peri DJO-00O
¥ H ] ° y 2 [ H
5. NuNABMIUGNTIT TIUIUNITU e vreeeeiriee e e e 15 | rai JUO
NUIMHANAATINABRAMIUanT1) AU 190 nlansy kilo CJOIUIC)
q“l G !Vl decscecsccccccccellic TldUeesscesccccesccsse ton DD
1 q‘ % L% Vv o
faun 3 msdudaanuIouvazingu
1. iuddanhanmermaluisnuniiia temp LJ
T <3
O N¥ou O Jouwdanitos O Fouthunaw O Fouwn
2. 1HoUNOUNGA TR O e e e e hotmo (LJLJ
] a 1 o W o I '
3. muasnmsdudaanudouvaziauiulymlugggieou prob (]
Ol O Wy
4. 135 unansenunMs FUREA NN oUYRLIIIUOE 11T e
R ' o a g '
5. gadodiialavazhouluemnaidued 115,
] Y
6. Muhaundosdurasunasoindnasanaiy O 1o O 'l sun ()
: ¢ o sunhr (JC)
BT T TATEY et e e 2 Tua/Tu
§ o g v o °
7. diosiludesduraanudouvaziiianu
1 Aa A d' @ & 9 ]
MU SN AT T U AR I OUBEII 1T et eeeeee e e e e e eeeeeeeeeeeeeeeeeeeeeennns
' y ¥ ' ° ' q 1
8. muduthszriemau Ol O Tyly water (]
v q . v A glass (J
1% TUTATEYTIMIM e D HTDuuneeeeerrrrrnnneeeeeeennnnnns ang
?:’/ A A %‘ A %’ = A A 1 Y 1 H D
9. poassimuaui wegAmhlulSmaidisaneasnudeanisvessnno aval

Ol O hily

65




aauil 4 wansznumagumnaInANNIou

1. duZsnTsandounarie Isnandeuiimuiatuiiedfind know1 CJ

Oty O hily

2. expert ()

Gluﬁﬁmuﬁﬁﬁﬁmmfﬁmwaﬂswmmmm%’au‘ﬁmm}mﬁﬂﬁﬁumﬂﬁmsﬁuﬁ'ﬁmm%’aum

anull Ol O Wil

il

T TATZY IO 0T ee e e eeeeeeiteee e e e ———————

3. muisnemsvesnnuaisannanuiou O 15 O lily know2 CJ

4. mumelieimsveannzinzeannanueuvmzihaunie b
4.1 domiteluszrnahnm O Nins O o O 1hunae O 1n signl ()
4.2 #nh O s O oy O thunas O wn sign2 (J
4.3 fiugu O hitws O o O thunas O wn sign3 ()
4.4 wiioedh soumas O Mhims O e O 1hunas O wn sign4 [
4.5 wihila duau O hine O os O 1hunas O 1 signs [
4.6 viyania O e O tfos O 1hunare O wn sign6 ()
4.7 wou'liingy O g O sfes O 1hunae O wn sign7 ()
4.8 aau'ld O 'lins O tfos O 1hunare O wn sign8 ()
4.9 3a3eu i O s O 1fes O 1hunars O ann sign9 ()
4.10 1hedswe O e O 1fes O 1hunars O ann sign10 O
4.11 azasn O ims O tlos O 1hunars O ann sign11 ()

5. mmudvesmaAneimsvesnzazsannaNudeuvosi i luggiou freq LJ

................................................................................... ade/il

6. dvoslamizvesiml O fwmdesson O Fmasudy urine (J

7. mudannszauanuieuluefanuiagiudinnuuanarany feel ()

Ol O hily

B T TATEYTALIBON . e vvveeeeeeerrreeeeeeeeree e e e eeerereeeeeeearreeeeeeeenns

8. winnmianniioimsvesnzaisannanuion

MIHAZTITTAMTOIIT e eeereeeiieeeiee et eee e e sare e s aee e b eeeanaeens

9. vwaeiimaduhenanuieu O 15 O hily sick (]

66




v
AA 1T a o

\J 4’ a a o
a3iun 5 wansz‘nmmmnfi]nﬁumimamuazﬂixa‘nﬁmw“lumsmam

1. Tugnggdeumsduiaanuiouvaianuiinasemsiauvesmuedls

2. lurnggieunmsdudannuionvazinauiinam IfSinunandainiu 14

] Y
Tunaazggmisilgndn O wivdiy - O aaas O mudw

quan ()

LB o T o G L T inco (J, nuin (J(J)O)
Transznudesieldvesing O 15 s AU ovv.veeeeeee. STALY
MRe10anad. .o 1O hily

3. Jurngdeumsdudannudouvazinuiinailfqunmuenandaiiviuri idhuga | qual L
zggnswan O iy O aaas O wiudw
TS AT T IAZIDIN . et erieeeeeeeerrriiieeeeeeeerrrrieeeeeeseesnnaaaeeeeeeernranannns
4. Tugrnggdeumsdudaanuienvazinaniinaild szeznarlunmsasnvesiu long (]

O vy O wosas O nindu
5. vuaengasulasiauguinnanuion O 1l O lily rest ()
6. winfimsnonsaiezdaaunnudounaiy (nduauden winwie
amvﬂ%’zaui‘fﬂﬁﬁgﬁuag]fluﬁL?;ﬂE"xqmwﬁqgflujzazzaavuvu oA auild
mTiaudeusinuaseriind limdeud 5y iuiiigamgi 38-41
osrmaidyauds lidauriadenios 3-6 Su lefeuvzazanaunaedunduniuiou
i)

6.1 1usn 2-3 Suthemth mamsinuaseziumuatennsiloatunansznuiivafasn | few O
Ol O lily
B T TATEYTAZIBDON . e vvreeeeeeerieeeeeeeeiree e e e eeerree e e eeerree e e e eeennnees

6.2 Wuszoznannu 1 dland week (]
mamsinuasTiususs oumsleafuransznufieziiady
Ol O Nily
B T TATEYTALIBDOA. e vveeeeeeerrreeeeeeeeireeeeeeeerre e e eeeareeeeeeeaaneee s
daudi 6 wmenstesiumden
1. swdatwTeveniengasdeuferdumaianlugamemadousidse Teni O 19 | useful CJ

O Ny O Ninsw

Y ! =
DT IIAZIDUR. e vvvvrrreeeeeeeeeeeesessnenararrreeeeeeeeeeeeeeessssnsnssseeaeeeeaaeeeeeens

D 1T ATE YT IOZIDUR . ceevveeeerieeeeiree et e et e e are e e e

67




v 4' Y % 4
a3iun 6 uaImamsilesnuanudon

2. wudianuasminluSeanasgiuanulasaselumsiauneiduanuion aware (J
Oly O lily
3. munsnwuiguugiiguiugaiimuanines 1y thres ()
O msnenssiammerma
O msswsguuginmmes luiimes
4. vuiitaannzissoannanuiousdnnls (aouldunni 1 o)
2, o . managel ()
O rinswnudilsznouedwlugaggon g
O wigsurham aas Tuamssiam manage2 [J
O Funuawniiag manage3 [
O wamsmamdiung manage4 (]
O ngainsznnaiiam manages ()
O awladedniidnyazuig heszinennuiou manage6 ()
@ Y Aa A o
O snluesniiinseslSuemea manage7 ()
O fiszyuszveema L:vu vipay y y manage8 ()
O fimssawennzunaii wu anviular/Ahuuuaie
. manage9 ()
O wnavlunsy
3} - manage10 [
O dusaunumsiau
o 51&@1 managell (J
~ managel2 (]
TS ATEYTIALIDIA . ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeree e e e e e e e e e e e e aaeaeas
Y] 4
AUMTFUNIHAIA e time2 (J(J.CJC]

68




APPENDIX E: ABRIEVIATED INTERVIEW FOR FARMER (ENGLISH)

Part 1 General Information

| age DO

Part 2 Work Description

1. TyPe OF WOTK...eoiieeiieeee e e

2. How long have you been

working..................... YEATS.....vveereenrreenne. months

yr (I, mo ()

3. Average working time .............ccccceeueenn. hours/day .................... days/week | hr CJ( ), day ()

4. Your work starts at .............cceeune.ne. o’clock t0....c.eeevveereriennnee o’clock peri (JCJ-CJ0)

5. Total area of rice paddies...........cccoceveereeveennnne. Rai rai (JCJ0)
Productivity ......cccoevevvecveieieiinenne Tons .....cccceeeee.. Kilograms ton (JCJ kilo (D))

Part 3 Heat Exposure During Work

1. You feel that the weather is temp (J

O Nothot O Alittle bithot O Moderately hot O Very hot

2. The hottest MONth 1S .....c.ccvevveviiviieiiiieieieieieeieeeee e hotmo (J()

3. Is heat exposure during work a problem ? prob (]

O Yes O No

4. How does heat exposure affect You ? .........ccecvvevvvieciienieeiienieeieeieeenee,

5. What do YOU WEAT 7.ttt

6. Do you work under heat all day? O Yes O No sun ()

I yes, Iength ....c.ccoovviviiiiiieicicieeeeeeeeee e hours/ day | sunhr ( J()

7. When you are exposed to heat, what do you do to avoid heat?

8. You drink water during work O Yes O No water (]

If yes, how much ..............c..ccoeunene.e. glasses O .......cccvevveeveenrennnn, litres glass (]

9. Everytime you drink water it is sufficient for your body O Yes O No | avai ()

Part 4 Effect from Heat

1. Are you aware of any heat stress problems during the past few years know1 (]

O Yes O No

2. Are there anyone who knows the effect of heat on health O Yes O expert (J

No

I yes, State WHo........ooiiiiiiiiiiiicieceec e

3. Do you know the symptoms of heat stressOYes O No know2 ()

4. Have you ever experienced the symptoms of heat stress during work
4.1 Sweat O Never O A little O Moderately O Much | signl ()
4.2 Exhaustion O Never O A little O Moderately O Much | sign2 (]
4.3 Rash O Never O A little O Moderately O Much | sign3 (J
4.4 Fatigue O Never O A little O Moderately O Much | sign4 (]
4.5 Fainting O Never O A little O Moderately O Much | sign5 ()
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Part 4 Effect from Heat

4.6 Moodyness O Never O A little O Moderately O Much | sign6 (]
4.7 Sleeplessness O Never O A little O Moderately O Much | sign7 ()
4.8 Nausa O Never O A little O Moderately O Much | sign8 ()
4.9 Dizzyness O Never O A little O Moderately O Much | sign9 ()
4.10 Headache O Never O A little O Moderately O Much | sign10 ()
4.11 Cramps O Never O A little O Moderately O Much | sign1l (]

5. How often heat stress occurred during summer? freq ()
................................................................................................. times/ year

6. The color of your urine is O Pale yellow O Dark yellow urine ()

7. Do you feel the difference in heat between the past and present ? feel ()

OYes O No

If yes, please state the details ...........cocceeviieiiiiiiiiiiiiiiieccecee

8. If you are experiencing heat stress, what would you do ?

9. You ever get ill from the heat O Yes O No sick (]

Part 5 Effect on Work and Productivity

1. How does heat exposure effect your work?

2. During summer, heat exposure during work causes productivity to quan ()

O Increases O Decreases O No change
DIELAILS ..
Does it effect incomeO Yes, increases/ decreases by ............... baht O No

inco (J, nuin CJOOJO)

3. Heat exposure during work causes productivity in different season to
O Increases O Decreases O No change
DIELAILS. ...t

qual ()

4. Heat exposure during work affects length of farming
O Longer O Shorter O Same
Dtails (dAYS) ..veeuvieiiiiiieiiieieee e

long (]

5. Have you ever been absent from work due to heat O Yes O No

rest ()

6. If a heat wave occurs (Heat waves are a prolonged period of
abnormally hot weather. The weather is dry with no wind. For example:
an area of 38-41 degrees Celsius with no wind for 3-6 days, the heat
will accumulate into heat waves)

6.1 In the next 2-3 days, will you be preapred to handle the situation

O Yes O No

If S0, state the detail........ccuvviiiiiiiiiiiie e
6.2 Next week, will you be prepared to handle the situation

O Yes O No

If so, state the detail...........ooooviiiiiiiiiiiiiii

few ()

week ()

Part 6 Prevention

1. Do you think that the policy of working under hot weather is useful
O Yes ONo O Don’tknow
If yes, state the details ..........cccueeeviieeiiiiiiiieeiecceeee e

useful ()




Part 6 Prevention

If n0, state the detailS........uuveviiiiiiiiiiieiiee e
2. Are you aware of the safety standards in working with heat ? O Yes aware (J

O No
3. How do you know that the temperature is too hot to work thres ()
O Weather forecast O Thermometer
4. How do you relief stress caused by heat (Can choose more than 1

answer) managel ()
O Hire more farmers manage2 ()
O Increase work days, decrease working hours manage3 ()
O Work in the early morning manage4 ()
O Work in intervals manage5 ()
O Take a break during work manage6 ()
O Wear thin clothes manage7 ()
O Air-conditioning manage8 ()
O Ventilation/ use of fan manage9 ()
O Drink water manage10 (J
O Stay in the shades managel1l ()
O Diriving instead of walking manage12 ()
O OLNET .ttt

Time interview ended..........cceccevireriienennncnne time2 (J(J.C (]
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APPENDIX F: THAI CONSENT FORM
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APPENDIX G: ENGLISH CONSENT FORM

Title of Project:
“Evaluating Occupational Health Effects of Climate Change on Agricultural Workers”

In order to sign the consent form for this research, | received an explanation and
objectives of the research from researcher. Moreover, | realized and had a great understanding of
the hazards or conditions that may result from this research, including those benefits that may
arise from the research. The researcher willingly to answer all question that | may have doubt
until 1 am satisfied and participate in the program voluntarily.

| have the right to terminate participation at any time if | wish. This will be in charged
without losing the right to health care that will be coming in the future.

Researchers are committed to organize the information about me is confidential. Only
the summary form of research can be disclose to the public.

In order to reveal my personal information to any public organization, this could only
happen in the case considered as a very necessary. Also, the personal information will could
only reveal after getting a written permission.

Researchers ensure that there will be no problems related to health issues. If so, all the
medical treatment expenses will be free of charge, and the compensation will be received in
return.

The volunteers are able to contact researchers at Faculty of Public Health, Thammasat
University. The address is 10" fl. Piyachat Building, Klong Neung district, Klong Luang,
Pathumthani Province 12121. The responsibility is considered under control of Associate
Professor Dr. Nuntawan Vijitwatakarn, Dean of Faculty of Public Health, Thammasat
University. Tel ; 02-9869213 to 7449 or 081-6557663

| agree to the research supervisor, audit committee on Human Research Ethics, and
committee on Drug Control to be able to verify medical information of myself. This is conducted
to confirm the clinical data collections. This will be accomplished without infringing the right of
each individual.

[] !have revised all above information, and all information is clearly
understood. | have signed this consent form according to my willingness.

[ 1 Aslamillegible, researchers are willing to read through and clearly
explained the information to me. Thus, | have signed this consent form
according to my willingness.

..................................... Witness e iiiiiiii e Witness
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APPENDIX H: WET BULB GLOBE TEMPERATURE DATA GRAPHS

Wet Bulb Globe Temperature Heat Index for
Agricultural and Industrial Settings
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Relative Humidity (%)
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Wet Bulb Globe Temperature Relative Humidity for
Agricultural and Industrial Settings

=¥ —=@=RICE
1/10/2012
—=0—RICE
1/11/2012
==0-=RICE
1/16/2012
=@—STEEL
1/24/2012
==@==STEEL
1/25/2012

O O O O 0O 0O 0 0000000000000 o0 o oo oo
O N0 DO A AN M TN ONONNO AT NN AN N
™ AN AN NN N

Time (hours)

75




APPENDIX I: INTERVIEW DATA

General Work Information

Averages Agricultural Workers Industrial Workers
Age 45.3 years 30.5 years
Career 25-30 years 1.7 years
Shift length 5-6 hours 8 hours
Working days per week 4 days 6-7 days

Heat Exposure During Work

Agricultural Industrial

Workers Workers
See exposure to heat during work as a problem 100% 64%
Know of a heat stress issue occurring 93% 55%
Know an expert to talk to regarding heat stress 60% 64%
Know symptoms of heat stress 62% 50%
Feel a difference in the heat (past and present) 86% 55%
Missed work because of heat 57% 13%

76



APPENDIX J: INFORMATIONAL POSTERS FOR THE WORKPLACE
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