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Due to a tropical region and hot workplace environment, workers at steel mills in East 

Java, Indonesia has high susceptibility to heat stress exposure. The study aims to 

determine heat stress affecting factors and heat stress-related symptoms that workers can 

experience due to the exposure to workload and hot environment at steel mill. The total 

respondents involved in data collection were 119 operators exposed to hot workplace in 

three different mill locations, i.e., Surabaya, Sidoarjo, and Gresik, East Java, Indonesia. 

The study consists of two phases, in which Phase 1 was the cross-sectional study and 

data collection via observation and questionnaires distribution to estimate variables of 

heart stress, of individual risk factors, acute health score symptoms, environmental 

factors (WBGTin, relative humidity, clothing and metabolic workload) and physiological 

changes (body core temperature, heart rate, and blood pressure), and workers’ thermal 

perception. All the data were analyzed to establish the correlation between heat stress 

factors and heat stress-related symptoms. In Phase 2 as qualitative research, it compared 

the output of heat stress related symptoms with the in-depth interview with some expert 

and informants selected from the sample mills. The study results found that the heat stress 

related symptoms the workers most experienced during working were profuse sweating; 

fatigue; fainting; dizziness; seizures; heat rash and heat stroke. The results show that 

respondents from Steel Mill B experienced more symptoms of health problems than the 

other two mills. Most workers in three mills experienced severe thirst and excessive 

sweating due to hot environment. In three mills, lowest humidex value of 41, while the 

highest of 52.1, and the average humidity of 58.03%, and the lowest temperature was at 

Steel Mill C (28.54oC). On the other hand, the highest temperature was at Steel Mill B 

(47.92 oC). The physiological changes, such as body core temperature, heart rate, and 

blood pressure were the highest during working and the lowest after working. The 

variables WBGT, relative humidity, blood pressure diastolic, body core temperature and 

heart rate are predictors or determinants of heat related symptoms with a coefficient of 

determination of 61.4%., while 38.6% is explained by other variables that are not used 

in the model. WBGT positively affects the heat stress related symptoms, humidity, 

positively, affects the heat stress related symptoms but non-significant effect on heat 
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stress related symptoms. Systolic, positively affects but non-significant effect on heat 

stress related symptoms, while diastolic, negatively, affects the heat stress-related 

symptoms but non-significant effect, body core temperature positively and significantly 

affects heat stress-related symptoms. Heat rate positively and significantly affects the 

heat stress related symptoms. Based on the principal component analysis (PCA) result, 

there are three variables that have a strong correlation (> 0.5) with factor 1, namely 

WBGT, relative humidity and body core temperature. The three variables are then 

grouped into factor 1; Factor 2. Two variables have a strong correlation with factor 2, 

namely blood pressure systolic and diastolic. The two variables are then grouped into 

factor 2. The qualitative data was gathered from 15 informants (5 informants per 

company) through in-depth interview, where blood pressure was perceived in association 

with heart rate. There were 15 informants who familiar with the terminology of blood 

pressure in association with heart rate. This finding is in line with the quantitative results, 

that heat related symptoms predictive index have positive relationship to heat stress 

symptoms. This finding is in line with the quantitative results, that room temperature 

(WBGT and body core temperature) positively affect heat related symptoms predictive 

index, blood pressure (heart rate), room temperature (WBGT – body rate) have 

relationship to heat stress- related symptoms. There were significant differences 

(significance value 0.00 < 0.05) in the WBGT index of the three mills. Based on the 

Tukey test results, there was a significant difference in the Humidex index only between 

Steel Mill B and Steel Mill C (Sig 0.035 <0.05). There are significant differences in the 

AHS index between the three mills, except between Steel Mill B and Steel Mill C (Sig 

0.857 > 0.05). There were significant differences in the thermal comfort perception 

between the three mills, except between Steel Mill A and Steel Mill C (Sig 0.753 > 0.05). 

There were significant physiological changes (significance value 0.000 < 0.05) from the 

three mills were only found in the variable of body core temperature. The comparison 

test results revealed that there were significant differences in workload (significance 

value 0.048 <0.05) from the three mills. The physiological factor (body core temperature 

and heart rate) and environmental factor (Wet Bulb Global Temperature – Room 

Temperature) positively and significantly proven as predictor of heat stress-related 

symptoms prediction model. It was confirmed by qualitative data as being perceived by 

the respondents. 
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Disebabkan kawasan tropika dan persekitaran tempat kerja yang panas, pekerja di kilang 

keluli di Jawa Timur, Indonesia mempunyai kerentanan yang tinggi terhadap 

pendedahan tekanan haba. Kajian ini bertujuan untuk menentukan faktor yang 

mempengaruhi tekanan haba dan gejala berkaitan tekanan haba yang boleh dialami 

pekerja akibat pendedahan kepada beban kerja dan persekitaran panas di kilang keluli. 

Jumlah responden ialah 119 operator yang terdedah kepada tempat kerja panas di tiga 

lokasi kilang berbeza, iaitu, Surabaya, Sidoarjo, dan Gresik, Jawa Timur, Indonesia. 

Kajian ini terdiri daripada dua fasa, Fasa 1 kajian keratan rentas dan pengumpulan data 

melalui pemerhatian dan pengedaran soal selidik untuk menganggar pembolehubah 

tekanan jantung, faktor risiko individu, gejala skor kesihatan akut, faktor persekitaran 

(WBGTin, kelembapan relatif, pakaian dan beban kerja metabolik) dan perubahan 

fisiologi (suhu teras badan, kadar denyutan jantung, dan tekanan darah), dan persepsi 

haba pekerja. Semua data dianalisis untuk mencari korelasi antara faktor tekanan haba 

dan gejala berkaitan tekanan haba. Fasa 2 merupakan penyelidikan kualitatif yang 

membandingkan keluaran simptom berkaitan tekanan haba dengan temu bual mendalam 

dengan beberapa pakar dan informan yang dipilih daripada kilang sampel. Keputusan 

kajian mendapati bahawa gejala berkaitan tekanan haba yang paling dialami oleh pekerja 

semasa bekerja ialah peluh berlebih; keletihan; pengsan; pening; sawan; ruam haba dan 

strok haba. Keputusan menunjukkan bahawa responden dari Kilang Keluli B mengalami 

lebih banyak gejala masalah kesihatan berbanding dua kilang yang lain. Kebanyakan 

pekerja di tiga kilang mengalami dahaga yang teruk dan berpeluh berlebihan akibat 

persekitaran yang panas. Dalam tiga kilang, nilai humidex terendah 41, manakala 

tertinggi 52.1, dan purata kelembapan 58.03%, dan suhu terendah adalah pada Kilang 

Keluli C (28.54oC). Sebaliknya, suhu tertinggi ialah di Kilang Keluli B (47.92 oC). 

Perubahan fisiologi, seperti suhu teras badan, kadar denyutan jantung, dan tekanan darah 

adalah yang paling tinggi semasa bekerja dan yang paling rendah selepas bekerja. 

Pembolehubah WBGT, kelembapan relatif, tekanan darah diastolik, suhu teras badan 

dan kadar denyutan jantung adalah peramal atau penentu simptom berkaitan haba 
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dengan pekali penentuan 61.4%., manakala 38.6% dijelaskan oleh pembolehubah lain 

yang tidak digunakan dalam model. WBGT memberi kesan positif kepada simptom 

berkaitan tekanan haba, kelembapan, secara positif, memberi kesan kepada simptom 

berkaitan tekanan haba tetapi kesan tidak ketara terhadap simptom berkaitan tekanan 

haba. Sistolik, memberi kesan positif tetapi kesan tidak ketara terhadap gejala berkaitan 

tekanan haba, manakala diastolik, secara negatif, memberi kesan kepada gejala berkaitan 

tekanan haba tetapi kesan tidak ketara, suhu teras badan secara positif dan ketara 

memberi kesan kepada gejala berkaitan tekanan haba. Kadar haba secara positif dan 

ketara mempengaruhi gejala berkaitan tekanan haba. Berdasarkan keputusan analisis 

komponen utama (PCA), terdapat tiga pembolehubah yang mempunyai korelasi kuat (> 

0.5) dengan faktor 1 iaitu WBGT, kelembapan relatif dan suhu teras badan. Ketiga-tiga 

pembolehubah tersebut kemudiannya dikumpulkan ke dalam faktor 1; Faktor 2. Dua 

pembolehubah mempunyai perkaitan yang kuat dengan faktor 2 iaitu tekanan darah 

sistolik dan diastolik. Kedua-dua pembolehubah tersebut kemudiannya dikelompokkan 

ke dalam faktor 2. Data kualitatif dikumpulkan daripada 15 informan (5 informan setiap 

syarikat) melalui temu bual mendalam, di mana tekanan darah dilihat berkait dengan 

kadar denyutan jantung. Terdapat 15 orang informan yang biasa dengan istilah tekanan 

darah berkaitan dengan kadar denyutan jantung. Dapatan ini adalah selaras dengan 

keputusan kuantitatif, bahawa indeks ramalan gejala berkaitan haba mempunyai 

hubungan positif dengan gejala tekanan haba. Dapatan ini selaras dengan keputusan 

kuantitatif, bahawa suhu bilik (WBGT dan suhu teras badan) memberi kesan positif 

terhadap simptom berkaitan haba indeks ramalan, tekanan darah (denyut jantung), suhu 

bilik (WBGT – kadar badan) mempunyai hubungan dengan tekanan haba. gejala. 

Terdapat perbezaan yang signifikan (nilai keertian 0.00 < 0.05) dalam indeks WBGT 

bagi tiga kilang. Berdasarkan keputusan ujian Tukey, terdapat perbezaan yang signifikan 

dalam indeks Humidex sahaja antara Kilang Keluli B dan Kilang Keluli C (Sig 

0.035<0.05). Terdapat perbezaan yang ketara dalam indeks AHS antara ketiga-tiga 

kilang, kecuali antara Kilang Keluli B dan Kilang Keluli C (Sig 0.857>0.05). Terdapat 

perbezaan yang ketara dalam persepsi keselesaan terma antara ketiga-tiga kilang, kecuali 

antara Kilang Keluli A dan Kilang Keluli C (Sig 0.753>0.05). Terdapat perubahan 

fisiologi yang ketara (nilai keertian 0.000 < 0.05) daripada ketiga-tiga kilang tersebut 

hanya terdapat dalam pembolehubah suhu teras badan. Hasil ujian perbandingan 

menunjukkan terdapat perbezaan yang signifikan dalam beban kerja (nilai keertian 

0.048<0.05) daripada ketiga-tiga kilang. Faktor fisiologi (suhu teras badan dan kadar 

denyutan jantung) dan faktor persekitaran (Suhu Global Mentol Basah – Suhu Bilik) 

terbukti secara positif dan ketara sebagai peramal model ramalan simptom berkaitan 

tekanan haba. Ia disahkan oleh data kualitatif seperti yang dirasakan oleh responden. 

 

 

Kata kunci: iklim tropika, tempat kerja kilang keluli, gejala berkaitan tekanan haba. 
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CHAPTER 1 

1 INTRODUCTION 

Chapter 1 briefly presents the research background and the problems that arise from the 

current background. Afterward, the chapter also discusses the objectives that this study 

aims, hypothesis development, conceptual framework of the study, as well as scope and 

the study limitation.  

1.1 Research Background 

Industrialization in economic development in low-income and middle-income tropical 

countries where heat stress is a concern may lead people to perform heavy labor for long 

periods of time in hot and humid circumstances, especially those in low socioeconomic 

position (Lemke & Kjellstrom, 2012). As a result, workers are subjected to extreme heat, 

increasing their risk of heat-related disease and occupational harm (Tawatsupa et al., 

2010). In addition, the effect of global warming indicated with the increase in average 

global temperature aggravate the condition, particularly in tropical regions where the 

climate is constantly hot and humid. Given the situation, most of the population in these 

regions are susceptible to the risk of heat stress. 

In addition, there are some types of industries that involve extremely hot/high 

temperature in their processes during manufacturing goods or services. Workers and 

operators working in these types of industries are susceptible to heat stress-related health 

risks due to prolonged exposure to heat hazard so called heat stress. Heat stress is a 

health-related hazard which is commonly found in workplace both at outdoor and indoor 

environment. In the long term, the heat stress that originates from both external and 

internal factors, might lead to fatigue and stress in the body. Meanwhile, internal factors 

determining the heat stress level will impose the human, which comprises temperature 

of core body, natural heat tolerance, acclimatization, and metabolism produced heat of 

the body. All these aspects depend on the workload of the workers as the external factors 

that may include the ambient temperature, radiant temperature, velocity of air (air 

movement) (Kjellstrom et al., 2009a), and air humidity. Extremely hot workplace 

reduces workers productivity, increases the accident risks to the workers, and the risk of 

heat-related disorders (Hassan et al., 2017). When humans undergo high heat stress 

index, they can experience heat stress, leading to a condition where they fail to survive 

due to being too warm and unable to self-cool properly. Overexposure to high heat stress 

index can lead to severe dehydration and even death (Lemke & Kjellstrom, 2012) or 

increase in early mortality (Kovats & Hajat, 2008). Heat hazard constitutes physical 

hazard, leading to the workplace health problem and one of the vital and common 

problems in workplace related to occupational health issues, the condition in which 

human experiences inappropriate thermal state which can impact the worker’s health and 

productivities (Krishnamurthy et al., 2017). 
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1.1.1 Amplification of heat stress in tropical regions 

The adverse effect of heat stress is amplified in tropical countries due to higher 

temperature, higher humidity than those of their counterparts in subtropical countries. 

According to climate and weather.com, the average temperature in Indonesia is around 

30 oC, while the average humidity is about 85% as the most humid that occurs in January 

and 71% in September and on average annual percentage humidity of 80%. In contrast, 

subtropical countries, for instance, Germany, has the lowest temperature of 0 oC during 

winter and maximum temperature in July or August of 23 – 26 oC, with the humidity 

value of 75 – 85%. Given the high temperature and high air humidity in tropical 

environment, the workers working at industries without proper cooling and air 

movement in these regions are exposed to higher heat-related occupational health related 

problems, in particular for low and middle income countries in the world 

(Krishnamurthy et al., 2017). Apart from high temperature, higher humidity leading to 

higher probability to heat stress is well recognized in previous studies. The study’s 

results proved elevated value of humidity with temperature according to the Clausius-

Clapeyron relationship escalate summer heat stress in the tropical region (Zhang  et al., 

2021). Therefore, workers who deal with heavy physical loads are susceptible to several 

heat stress-related problems, such as life-threatening ‘severe hyperpyrexia, in which the 

core body temperature exceeds 40.6oC. To avoid these symptoms, they need to take 

frequent break to allow their bodies to cool down the body core temperature to prevent 

heat stress. Yet, it is not possible in industrial perspective since the method could reduce 

their work productivities.  

Furthermore, the risk of heat stress exposure in the region already hot workplace and hot 

climate, such as in tropical regions is also amplified by the current global warming effect. 

The global effect becomes the concerns of growing tropical population, with the extreme 

heat it may cause to tropical climate (Zhang et al., 2021). The prevalence of heat stress 

will ultimately threat public occupational health and work productivity (Ismail et al., 

2020).  

The effect of environmental factors, such as no air movement, high indoor and outdoor 

temperature, high humidity, as well as the elevated average temperature due to global 

warming simultaneously increase the likelihood of workers with heavy workload to the 

risk of heat stress. Individual factors, such as metabolic rate, age, gender, 

acclimatization, clothing, human perception, should be taken into consideration when 

determining heat stress (Ismail et al., 2020). 

In addition, workload must also be taken into account when determining heat stress. 

Workload linearly correlated to heat stress which results in heat strain an individual can 

experience. Heavy workload, together with heat environment simultaneously and 

adversely impacts workers’ health and reduces work productivity (Krishnamurthy et al., 

2017). Furthermore, there is strong correlation of WBGT value with workers 

productivity based on the study results conducted using cross sectional method. This 

study took samples of agricultural workers using linear mixed effects models. It revealed 

that the increase in value of WBGT would result in a decrease in workers’ productivity 

(Fahed et al., 2018). 
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During performing heavy physical activities, human’s physiological factors change. 

Muscular exercise can increase metabolism by up to 15 times the basal rate. Through 

this condition, the body excretes sweat, and experiences fluid loss. The water intake 

requirement depends on the type of activities, exercise intensity, duration, heat 

acclimatization, and environmental factors. Also, working in hot environment requires 

reduction of sodium intake from food or drinking. It is also evidence, due to higher 

susceptibility people in tropical regions, they are required to increase protein intake by 

5 – 10 grams on daily basis compared to those in subtropical area. It is evidenced from 

some studies that increasing vitamin C consumption can help reduce heat stress during 

acclimatization. Meanwhile, fat-soluble vitamins, such as A, D, and E, are considered 

sufficient as long as the intake is according to 1989 RDAs recommendation (Needs et 

al., 1993). 

1.1.2 Heat stress-related risks at steel processing industries 

As one of tropical countries with high temperature and humidity, Indonesia’ workplaces 

are riskier to heat stress incidence. Some previous studies have revealed certain 

workplaces that are more susceptible to heat stress, such as urban and coastal areas 

(Setiawati et al., 2022), construction projects (Lestari, 2019), furnace as heat source at 

workplace (Arianto & Dewi, 2019), airport apron (Syafitri, 2021). In addition, workers 

working at the oil and gas industry, shipyards, wearing protective clothing and works in 

a hot, high humidity environment and does heavy physical work is the worker most at 

risk of heat stress, mining industries, glass factories and rubber factories, metal smelting 

factories, workers in boiler rooms are also susceptible to heat stress 

(www.safetysignindonesia.id). 

Steel processing mill is one of types of industries that deals with extremely high 

temperature during its operation to manufacture steel, cast steel, etc. These types of 

industry are characterized with hot environment where the workers are directly exposed 

since the association of high temperature up to 1700°C. The steel mills consist of several 

processing types, such as raw material, forming, refining, melting, tapping, and casting. 

In this operation, the combination of chemical substances, electrical current is used to 

heat scrap irons to make molten steel. The operating temperature in this process may 

reach up to 1700 °C. Meanwhile, in this smill, the heat is source from a furnace The 

molten steel is then poured into the ladle called as a tapping process requiring extreme 

temperature of around 1800°C (Hasan et al., 2014).  

Previous studies reported that steel mills were associated with heat stress during the 

operation, consisting of hot rolling area, casting platforms and close furnace's area since 

the processes requires extremely high temperature (Parameswarappa & Narayana, 

2017). In steel making factories, the primary source of radiant heat comes from the 

furnace. 

Due to hot environment, workers performing activities at steel making/processing mills 

or industries are most likely to encounter heat stress exposure. This health hazard at the 

workplace is well-known since there have been multitude of studies investigating the 

health risk associated with thermal hazard. For instance, the study conducted by (Chen 
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et al., 2003), investigating workplace at the electric arc melting area and continuous 

casting area in a steel plant. They evaluated the workers’ physiological response to 

different levels of heat stress. They found that the WBGT value of the workplace for 

both working areas range from 25.4 – 28.7oC to 30.0 – 33.2oC. Based on their study, 

they revealed that workers exposed to heat workplace environment are inclined to 

experience heat strains, as indicated by changes in physiological strains, such as 

subjective fatigue, working heart rate, increase in body core temperature, eye strain, 

should stiff, feeling thirsty, and waist pain. 

Furthermore, heat exposure in steel mills is also evaluated in the study carried out by 

(Fahed et al., 2018). They studied the effect of extremely hot environment causing 

discomfort and limit the performance of the workers at iron and steel mills. This study 

assessed the effect of workload on the workers using the method of wet bulb globe 

temperature (WBGT), heat stress index (HIS), and the physiological strain (PSI) index 

in Turkey. In their study, several dependent factors, such as physiological changes, such 

as heartbeat and core body temperatures, as well as workers productivity were assessed. 

Based on their finding, they could predict the occurrence of heat stress within the 

workplace to the workers.  

More specifically, study on steel industries in tropical settings was conducted by 

(Krishnamurthy et al., 2017) in Southern India with high ambient temperature. Their 

study found that thermally stressful environments could create well-recognized risks of 

illnesses related to heat stress and at the same time decreased the workers’ productivity. 

They used the method of cross-sectional study using WBGT, dehydration level, urine 

specific gravity, and its color. Based on their findings, 90% WBGT measurements 

exceeded than recommended threshold limit values, which is 27.2 – 41.7oC. In addition, 

blooming-mill/coke-oven, with the value of 67.6oC globe temperature, which is very 

high, was attributed to heavy and moderate workloads and radiational heat. There were 

prevalent heat-related health problems related to heat environment among the laborers. 

It included fatigue, excessive sweating, and tiredness, accounting for 50% of the 

respondents. Moreover, decreased productivity was significantly found in the workers 

directly exposed to heat workplace compared to those with indirect heat exposures.  

Based on several previous studies above, it is important to investigate the characteristics 

of hot workplace environment at steel processing steel mills in Indonesia. 

In Indonesia, steel industries are one of 10 priority industries in the National Industrial 

Development Master Plan (RIPIN), which classified into three main divisions, i.e., 

mainstay industries, supporting industries and upstream industry. The National 

Industrial Development Master Plan (RIPIN) was prepared as an implementation of the 

mandate of Article 8 paragraph 1, Law no. 3, year 2014, and become a guideline for the 

government and industry players in planning and industrial development to achieve the 

objectives of the industrialization implementation. These ten priority industries require 

basic capital in the form of natural resources, human resources, as well as technology, 

innovation, and creativity. Specifically, steel and steel-based industries contribute to 

gross national product (GNP) around 0.207% for overall basis in 2020  (Suherman & 

Saleh, 2018). 
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The industrial development in the future is also requires prerequisites in the form of 

adequate infrastructure and financing, supported by policies and regulations. Even 

though workers involved in the metal industries account only for 6%, this type of 

industry is regarded as vital for the country’s development. The number of manpower 

by type of industry can be seen in Figure 1.1 below, depicting the workforce of different 

industries in Indonesia for the year of 2011. 

 

Figure 1.1 : Number of workforces by industries in Indonesia (BPS, 2021) 

 

 

Previously, the most prominent and well-known steel mill in Indonesia was PT Krakatau 

Steel, located in the Province of West Java. It is one of state-owned companies 

processing steel for industrial purposes and construction works established in 1970.  

 
Figure 1.2 : Number of workforces in six largest provinces in Indonesia August 

2021 (BPS, 2021) 
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On the other hand, East Java is one of the industrialized provinces in Indonesia, other 

than West Java, and DKI Jakarta, where factories, mills are located and based. The 

province of East Java is potential province as the investment destination as the province 

is well-established infrastructure, strategic geographical location, and accessible seaport 

for sea transport. Given such a position, East Java has numerous integrated industrial 

estates. Currently, there are officially registered industrial estate in this province, such 

as Surabaya Industrial Estate Rungkut (SIER), Gresik Industrial Estate, Ngoro Industrial 

Park, Maspion Industrial Estate, and Mojokerto Industrial Park, and others. Thus, the 

province has vital role and position in national economic development. Based on the 

data (Ministry of Industries and Trade Affairs, 2022), there are at least 52 steel 

processing factories and mills companies. Most the steel processing mills are located in 

three regencies, i.e., Gresik, Surabaya, and Sidoarjo, where the industrial 

estates/complexes are located.  

1.1.3 Risk of heat stress measurement 

Heat effects measurement is classified into two categories, i.e., heat strain and heat 

stress. Whereas the terminology stress refers to external forces, such as environment, the 

term ‘strain’ is referred to as an object or individual’s responses to the cause of the 

stresses (Lemke & Kjellstrom, 2012). Due to the significantly adverse effects of heat 

stress on human health, various endeavors have been made to control, measure, and 

mitigate the effects.  Determining the heat stress index is important whether workers are 

working outside or inside buildings. When a human is exposed to heat stress, he/she will 

respond to it by releasing fluid through his skin via evaporation to maintain a cool 

temperature. The heat stress index is defined as the combination of the amount of 

evaporation or perspiration an average person or individual requires in relation to his/her 

maximum ability of perspiration or evaporation. 

There are several methods to mitigate, control, and measure, quantify the workplace heat 

strain and heat stress in workplaces, i.e., the deployment of heat stress and heat strain 

index. The use of models and heat stress index and models to estimate the quantification 

of both heat strain and heat stress can help reduce mortality and morbidity in various 

applications. For instance, broad fields of applications, such as industries, sports, 

military, and leisure activities, have drastically reduced morbidity and mortality due to 

heat stress by the utilization of models and heat stress indices. The development of over 

160 various climatic stress indices has existed for the past more than 70 years, some of 

which, more than 100 ones are dealing with heat stress indices (Havenith & Fiala, 2016). 

Although several methods in quantifying heat stress and heat strain exist, WBGT or wet-

bulb globe temperature is primarily one of the widespread uses in occupational health 

applications. Among all the direct indices or empirical indices Goldman has reviewed, 

only WBGT has prevalent use for managing workplace-related heat-stress. Furthermore, 

the method is then used for formal applications in industries in the European and ISO 

standard, ISO 7243 related to hot environments, and the method to estimate heat stress 

on working objects, based on the WBGT-index (wet bulb globe temperature) (Havenith 

& Fiala, 2016). This method is based on an apparent type of temperature deployed to 

estimate humidity effect, wind (air velocity), temperature, and the radiation of visible 



© C
OPYRIG

HT U
PM

 

7 

and infrared light, particularly sunlight exposure to humans. The method is widespread 

and common for athletes, industrial hygienists, and the military for appropriate exposure 

levels to high temperatures. Owing to its worldwide popularity in use, it becomes the 

world standard of ISO 7243 given that it is suitable for widespread use. The world 

standard is globally accepted to control heat-related hazards in the occupational 

environment based on WBGT-index since it provides a simple assessment and control 

(Parkes et al., 2019). 

1.1.4 Studies on heat stress in Indonesia 

As one of the countries lie in tropical regions in Southeast Asia, population in Indonesia 

are susceptible to hot environment exposure. Therefore, research on the heat stress on 

its impact is critical to prevent and mitigate its adverse effect. to date, there have been 

conducted several previous studies investigating heat stress in the country. For instance, 

a study conducted by (Setiawati et al., 2021) analyzed the effect of climate change that 

cause great impact on the urban population, such as increased frequency and magnitude 

of heat waves. In their study, a projection of the current and future heat stress index 

spatial variability was established for three large cities in Indonesia i.e., Surabaya, 

Medan, and Denpasar, under the scenario of climate and land-cover change. 

Furthermore, they quantified the projection using the Universal Thermal Climate Index 

(UTCI) for two periods. 

Furthermore, another study on heat stress was also carried out by (Ramsay et al., 2021). 

Like the former, they studied the effect of heat stress on urban population in Makassar, 

one of large cities in Sulawesi, Indonesia. They measured the thermal environment both 

indoor and outdoor settings employing two metrices, i.e., wet bulb temperature and wet 

bulb globe temperature to quantify the magnitude and frequency of heat stress.  

Previous studies that analyzed specifically the effect of heat stress in workplace setting 

were conducted by (Fajrianti et al., 2017) and (Puspita et al., 2018). In general, the 

former study examined one of tin ore smelting located in Pangkal Pinang, Bangka 

Belitung, and Riau. They found that heat exposure presents in the working area near 

furnace with the extreme temperature of 1300oC. Meanwhile, the latter study took a 

metal processing factory located in Bogor, West Java, Indonesia as the study object. The 

mill processes metal to fabricate ‘gong’ (traditional musical instrument) made of metal 

alloy.  During metal melting process using hot chamber, the mill produces temperature 

around 500oC while the workers repeatedly swing hammer to form the metal. Both 

studies revealed that exposure to extremely high temperature and strenuous work in the 

workplace caused heat stress-related symptoms, such as excessive sweating, 

dehydration, heat stroke, nausea, and dizziness. 

However, to the author best knowledge, there still lacks studies assessing heat stress in 

the workplace of primary steel mill processing that have been conducted in Indonesia. 

The study conducted by (Puspita et al., 2018) is related to metal processing factory. Yet, 

the factory is classified as traditional and home industry that manufacture traditional 

musical instrument for ‘gamelan’ with the maximum temperature of 500oC. A study that 

examines a workplace setting in Indonesia with the temperature is extremely high, such 
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as in steel processing foundries with the temperature of 1800oC is highly required. There 

are still scarce studies investigating heat stress at steel mills workplace in Indonesia. 

Therefore, this study has high novelty in the establishment of predictive model for heat 

stress related symptoms since this aspect is essential for practitioners to mitigate the heat 

stress adverse effect in Indonesian context. 

1.2 Problem statements 

Even though more than 35 indices area globally available to evaluate heat stress 

(Havenith & Fiala, 2016), none of which are regarded as a universal heat stress index. 

There are many literatures that report the research and methods conducted to evaluate 

array of heat indices for heat stress assessment. Although many indices are proposed, 

but none of the indices can be utilized by operators within a tropical region, most notably 

in Indonesia and Malaysia. Theoretically, these indices have adequate quality since it is 

sufficient to be used by specific applications based on experiences in a particular 

industry. However, these existing indices are less suitable to measure the thermal 

comfort experienced from heat stress by the workers within the tropical region. In 

addition, no studies were conducted to generate measurable scale of thermal comfort in 

tropical climate countries (Hassan & Ramli, 2010). 

Besides that, enormous research that were conducted among operators of different 

workplaces demonstrated significant association between high environmental 

temperature and negative impact on operators' performance, attitude, and satisfaction 

level (Lee S.Y. et al, 2005). In other words, frequent exposure to heat within a work 

environment induced physiological and psychological stress, which led to sensitivity, 

irritation, and anxiety. The notable industries that had high exposure to heat stress are 

ceramic plants, steel foundries, rubber product factories, bakeries, and steam tunnels 

(Azlis et al., 2007). 

Furthermore, Threshold Limit Values (TLVs) table as established by the American 

Conference of Governmental Industrial Hygienists (ACGIH) is the underlying 

mechanisms supporting Wet Bulb Globe Temperature (WBGT) index that is commonly 

used to measure heat stress. However, the studies conducted by Goh and Izzah (2007), 

Azlis et al. (2007), and Ainun et al. (2011) found that heat exposure to operators in 

Malaysia exceeded the TLVs (Dayana, 2017). Moreover, the WBGT index is 

characterized that the index considers only the environmental factors without taking into 

account other factors, such as physiological factors only (Habibollah Dehghan et al., 

2015). Thus, it proves the importance of incorporation of other factors than 

environmental factors. 

Furthermore, there still lacks studies on heat stress effect on workers, particularly at steel 

mill workplaces in East Java, Indonesia. Several studies related to heat stress that 

incorporated both environmental factors and physiological changes, as well as metabolic 

rate, workload; clothing factors were conducted at industrial setting and home industrial 

workplace. However, none of the studies aimed to investigate environmental settings 

where workers are exposed to extremely high temperature, around 1800oC.  
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Previous studies on heat stress are mostly focused on the likelihood of occurrence when 

the workplace would encounter heat stress. Generally, they investigated the occurrence 

of heat stress with the presence of heat stress-related symptoms workers might 

experience empirically. For instance, (Fahed et al., 2018) conducted a study on the effect 

of extremely hot environment causing discomfort and limit the performance of the 

workers at iron and steel mills. Another study, conducted by (Krishnamurthy et al., 2017) 

investigated the risks of illnesses related to heat stress using cross-sectional study and 

WBGT, dehydration level, urine specific gravity, and its color. Based on their findings, 

they recommended the threshold limit value of 27.2 – 41.7oC for the workplace. In 

addition, (Chen et al., 2003) evaluated the workers’ physiological response to different 

levels of heat stress. Based on their findings, they concluded that workers exposed to 

heat workplace environment are inclined to experience heat strains, as indicated by the 

presence of heat stress related symptoms. 

In conclusion, the previous studies investigated the effect of heat stress to the 

physiological changes of workers as indicated with symptoms. They also determined the 

maximum limit value of environment and workload in order for the workers not to 

experience heat stress. Several models of prediction of heat stress were established based 

on their study. However, to date, there is still few research investigating the prediction 

model for heat stress-related symptoms a worker might experience beside heat stress 

itself. In addition, among steel mill workplaces in different location, the literatures that 

compare environmental thermal factors, workers’ physiological changes, clothing 

factors, workload, and thermal perception at the steel mills are still scarce. Thus, it finds 

difficult to determine the correlation of those factors to establish predictive heat stress 

index that can estimate heat stress occurrence at workplace. Later, this predictive model 

is not only used to predict the occurrence of heat stress, but it is also expected to suggest 

what types of symptoms a worker might experience based on workplace environmental 

setting. Therefore, based on the elaboration above, the problems that arise from research 

background can be summarized into the following paragraphs: 

 

1) There still lack data regarding factors related to heat stress (environmental 

factors, physiological measurement, acute heat symptoms, workload, and 

human perception) at a steel mill workplace. Meanwhile, these data are 

important to be available for decision makers to mitigate the adverse effect of 

heat stress.  

2) The relationship between heat stress variables (independent variables: 

environmental factors, physiological measurement) and heat related 

symptoms as dependent variable) at a steel mill workplace in East Java, 

Indonesia has not been established. These data are essential for management 

for mitigating heat stress and what actions are to be taken in case the heat 

stress related symptoms are present in their workplace.  

3) Determining heat stress using six independent variables of heat stress need to 

be simplified with reduced three models. In most cases, some data are not 

available. Thus, with the reduction of data to establish predictive model, it 

helps to simplify the management to cope with heat stress in their workplace.  

4) There lacks data related factors affecting heat stress condition, heat stress-

related symptoms at three mills, whether they have significant differences in 
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these factors. These data are considered important to generalize for predictive 

model of heat stress related symptoms. 

5) There still lacks evident that validates the study results with the qualitative 

data obtained from actual workplaces. This aspect is vital to support 

quantitative study.  

6) There still lack evident whether there is difference between predicted model 

of heat stress-related symptoms workers perceived and physiological and 

predictive model. This aspect is significantly important to prove whether the 

predictive model can accurately predict heat stress related symptoms and 

workers’ perception.  

 

 

1.3 Research questions 

Based on background and problem statements, the research questions are stated as 

follows: 

 

1) What are the factors related to heat stress among steel mill workers at three 

mills located in East Java, Indonesia? 

2) Can heat stress-related symptoms be predicted by physiological changes and 

environmental factors among steel mill workers? 

3) If heat stress-related symptoms can be predicted by physiological and 

environmental factors, can the predictive model variables be reduced? 

4) Are there any significant differences on heat stress-related symptoms, 

physiological factors, and environmental factors among steel mill workers in 

three mills? 

5) What is the model of heat stress-related symptoms based on steel mill workers 

perceive that physiological and environmental factors affected their health?  

6) Is there any difference between predicted model of heat stress-related 

symptoms workers perceived and physiological and predictive model? 

 

 

1.4 Objectives of the study 

Based on the issue of study in the problem statements above, the objectives of this study 

are: 

1.4.1 General objective 

The general objective of this research is to development of a heat stress-related 

symptoms prediction model among steel mill workers in located in three different 

regencies in East Java Province, Indonesia. 
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1.4.2 Specific objectives 

The general objectives as mentioned above can be further specified to the specific 

objectives as follows:   

 

1) To determine the factors affecting heat stress among steel mill workers at 

three mills in East Java, Indonesia. 

2) To predict heat stress-related symptoms among steel mill workers based on 

physiological and environmental factors. 

3) To reduce the number of predictive model variables if heat stress-related 

symptoms can be predicted by physiological and environmental factors. 

4) To determine whether there are significant differences on heat stress-related 

symptoms, physiological factors, and environmental factors among steel mill 

workers in three mills. 

5) To find out the steel mill workers perception regarding physiological and 

environmental factors affecting their health. 

6) To determine whether there is difference between predicted model of heat 

stress-related symptoms workers perceived and physiological and predictive 

model. 

 

 

1.5 Hypotheses development 

Based on some objectives, some hypotheses are developed in this study as follows: 

 

1) H0: There is no significant relationship between environmental variables, 

physiological changes, workload, clothing factor, and the occurrence of heat 

stress at the steel mill workplace. 

H1: There is a significant relationship between environmental variables 

(WBGTin, RH, and temperature), physiological changes, workload, clothing 

factor, and the occurrence of heat stress at the steel mill workplace. 

2) H0: There is no significant relationship between environmental factors, 

physiological changes with heat stress-related symptoms among steel mill 

workers. 

3) H2: There is significant relationship between environmental factors, 

physiological changes with heat stress-related symptoms among steel mill 

workers. 

4) H3: the number of predictive model variables of heat stress-related symptoms 

which can be predicted by physiological and environmental factors can be 

reduced. 

5) H4: there are significant differences on heat stress-related symptoms, 

physiological factors, and environmental factors among steel mill workers in 

three mills. 
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6) H5: the steel mill workers perception regarding physiological and 

environmental factors affecting their health can be determined.  

7) H6: there is difference between predicted model of heat stress-related 

symptoms workers perceived and physiological and predictive model. 

 
 

1.6 Conceptual framework of the study 

This research defines the relationship between dependent and independent variables 

known to all those operators of steel industries suffer complications from stress in their 

working environment. Heat stress is a physical hazard found to cause thermal discomfort 

among the operators. Figure 1.3 shows the conceptual framework of this study. The 

establishment of heat stress index is based on the dependent variables and thermal 

comfort. The independent variables of this study are divided into three aspects as 

follows: 

 

1. Environmental factors of heat stress (Zare et al., 2018), (Zhang et al., 2021). 

2. Physiological changes/individual factors (Zhang et al., 2021), (Boonruksa et 

al., 2020). 

3. Acute Heat Symptoms Score (AHSS) (Boonruksa et al., 2020), (Flouris et al., 

2018). 

 

 

The regression of independent variables was established and integrated into single value 

of predictive heat stress index in this study to predict the thermal comfort and determine 

the maximum limit workers can withstand without the exposure under heat stress. 

Consequently, the interaction between the perception of thermal comfort, physiological 

changes, and environment are the substantiation based on the assessment in terms of 

environmental, and psychological (Epstein & Moran, 2006); (Simson et al., 2017). The 

interaction vice-versa between perception thermal comfort and physiological changes 

was related to mechanism of the physiological thermal adaptation towards heat exposure 

(Dear & Hwang, 2011). 
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Environmental Factors
• Wet Bulb Global Temperature 

(WBGT)

• Relative Humidity

Individual Factors
• Blood Pressure (Systolic)

• Blood Pressure (Diastolic)

• Body Temperature

• Heart Rate

Predictive Heat-Stress

Heat-Related Symptoms

(Muscle Cramp; Fatigue; Heat Rash; Faint; 

Seizure; Quick Breath; Heavy Sweaty; 

Severe Thirst; Lack of Concentration; 

Dizzy; Nausea; Headache; Moist Skin; 

Dry Skin; Confused; and Lack of 

Consciousness).

Variables:
   Independents

   Dependent

 

Figure 1.3 : Research conceptual framework  

 

 

Furthermore, environmental variables, clothing factors, and workload becames the 

cofounding factors of heat stress-related symptoms since they influence both the 

symptoms and physiological changes, such as blood pressure (systolic and diastolic), 

body core temperature, heart rate. 

1.7 Study justification 

Studies related to heat stress were conducted and published internationally. However, in 

Indonesia particularly, there still lacks specific research that is conducted on heat stress 

index in order to improve thermal comfort and determine maximum limit below which 

workers can withstand. Therefore, research on this field would help reduce the adverse 

effect and impact of heat stress among industrial operators, particularly in hot workplace 

environment. Therefore, the present study aims to investigate the establishment of heat 

stress index in order to determine the maximum limit of thermal environment among the 

operators in Indonesia. The aim of this study is to development and validation of a heat 

stress-related symptoms prediction model among steel mill workers in east java 

Indonesia. In addition, the predictive index obtained in this study will be validated and 

compared with well-established heat stress indices, such as ACGIH TLV and Humidex 

index. As such, the mill management and the operators will be well prepared on effective 

occupational health and safety measures related to heat stress present in their workplace. 

Despite the proposal, a major downfall that need to be stressed is the law and regulation. 

The regulations were supposed to reinforce and increase the awareness among the 

workers. To date, Indonesian government has issued Law No. 36 year 2009 concerning 

workers health, specifically, work activities in industries that can cause a hot workplace 

environment, regulated in the Regulation of the Minister of Manpower and 

Transmigration No. PER. 13/MEN/X/2011. It stipulates that the maximum limit of 



© C
OPYRIG

HT U
PM

 

14 

31.0°C for light workload, 28.0°C for medium workload, and 25.9°C for heavy workload 

with work duration of 8 hours per day and resting duration of 1 hour. This guideline was 

aimed to educate workers on the recognition, estimation, prevention, and treatment of 

heat stress at workplace. However, the guidelines still use the existing WBGT index with 

ACGIH TLVs as underlying references, which led to overestimation of heat stress and 

thermal comfort values. Therefore, our research functions as a preliminary study, 

aspiring to provide important information and guideline, Indonesia. 

1.8 Scope of the study 

The study focuses on assessment of heat stress at workplace in steel mills located in East 

Java Province, Indonesia and determine the heat strain of the workers who are exposed 

to the environment. Later, the output of the study is compared with other previous study 

conducted in other tropical countries, such as Malaysia. Finally, the results of the study 

can be generalized to be reference for heat stress assessment for tropical regions.  

1.9 Thesis organization 

The thesis consists of five chapters, in which, Chapter 1 contains the background of the 

study, the problem statements, objective of the study, hypothesis development, and 

scope of the study. Chapter 2 presents a literature review of the thesis that elaborate 

relevant previous studies in heat stress. In Chapter 3, the thesis explains the research 

methodology, by which research, data collection, analysis, etc. is conducted. Meanwhile, 

Chapter 4 elaborates the results and discussions. Furthermore, Chapter 5 concludes all 

findings from this study and recommendations for future research/studies. 

1.10 Summary 

Chapter 1 explains the process involved in this study, in particular, the background, 

problem statement, research question, objectives, hypotheses development, scope of 

study and organization of the chapters have been set out in chapter one. The following 

chapters are provided to elaborate the process outlined in the first chapter. Furthermore, 

the literature review, concept and theory, methodology, finding and discussions and 

finally the conclusions and recommendations are discussed in subsequent chapters.  

 

 

 

 



© C
OPYRIG

HT U
PM

 

152 

6 REFERENCES 

ACGIH TLVs and BEIs. (2019). Upper Limb Localized Fatigue TLV. In Threshold 

Limit Values and Biological Exposure Indices. 

Ahasan, M. R. (1999). Work related problems in metal handling tasks in Bangladesh: 

obstacles to the development of safety and health measures. Ergonomics, 42, 386–

396. 

Ahmed, H. O., Bindekhain, J. A., Alshuweihi, M. I., Yunis, M. A., & Matar, N. R. 

(2020). Assessment of thermal exposure level among construction workers in 

UAE using WBGT, HSI and TWL indices. Industrial Health, 58(2), 170–181. 

https://doi.org/10.2486/indhealth.2018-0259 

Akerman, A. P., Tipton, M., Minson, C. T., & Cotter, J. D. (2016). Heat stress and 

dehydration in adapting for performance: Good, bad, both, or neither? 

Temperature, 3(3), 412–436. https://doi.org/10.1080/23328940.2016.1216255 

Amabebe, E., Omorodion, S., Ozoene, J., Ugwu, A., & Obika, L. (2013). Sweating and 

thirst perception in premenopausal, perimenopausal and postmenopausal women 

during moderate exercise. Journal of Experimental and Integrative Medicine, 3(4), 

279. https://doi.org/10.5455/jeim.280813.or.087 

Arianto, M. E., & Dewi, D. (2019). Hubungan Antara Lingkungan Kerja Panas Dengan 

Keluhan Heat Related Illnes pada Pekerja Home Industry Tahu di Dukuh Janten, 

Bantul. Jurnal Ilmiah Kesehatan Masyarakat  : Media Komunikasi Komunitas 

Kesehatan Masyarakat, 11(4), 318–324. 

https://jikm.upnvj.ac.id/index.php/home/article/view/39 

Assefa, N., & Yosief, T. (2003). Human Anatomy and Physiology (Lectures Notes). 

Ephti, 428. 

Beshir, M. Y., & Ramsey, J. D. (1988). Heat stress indices: A review paper. International 

Journal of Industrial Ergonomics, 3(2), 89–102. https://doi.org/10.1016/0169-

8141(88)90012-1 

Błazejczyk, K., Jendritzky, G., Bröde, P., Fiala, D., Havenith, G., Epstein, Y., Psikuta, 

A., & Kampmann, B. (2013). An introduction to the Universal thermal climate 

index (UTCI). Geographia Polonica, 86(1), 5–10. 

https://doi.org/10.7163/GPol.2013.1 

Boonruksa, P., Maturachon, T., Kongtip, P., & Woskie, S. (2020). Heat stress, 

physiological response, and heat related symptoms among Thai sugarcane 

workers. International Journal of Environmental Research and Public Health, 

17(17), 1–15. https://doi.org/10.3390/ijerph17176363 

Brake, R., & Bates, G. (2002). A valid method for comparing rational and empirical heat 

stress indices. Annals of Occupational Hygiene, 46(2), 165–174. 

https://doi.org/10.1093/annhyg/mef030 



© C
OPYRIG

HT U
PM

 

153 

Chawsithiwong, B. (2008). Occupational thermal exposure. Thai J Environ 

Management, 4, 1–26. 

Chen, M. L., Chen, C. J., Yeh, W. Y., Huang, J. W., & Mao, I. F. (2003). Heat stress 

evaluation and worker fatigue in a steel plant. American Industrial Hygiene 

Association Journal, 64(3), 352–359. 

https://doi.org/10.1080/15428110308984827 

Clements, B., & Casani, J. (2016). Heat Waves. In Disasters and Public Health (Vol. 

77, Issue 6, pp. 24–25). Elsevier B.V. https://doi.org/10.1002/peng.20524 

Crandall, C. G. (2008). Heat stress and baroreflex regulation ofblood pressure. Medicine 

and Science in Sports and Exercise, 40(12), 2063–2070. 

https://doi.org/10.1249/MSS.0b013e318180bc98 

Dehghan, Habibolah, Mortazavi, S. B., Jafari, M. J., & Maracy, M. R. (2012). Evaluation 

of wet bulb globe temperature index for estimation of heat strain in hot/humid 

conditions in the persian gulf. Journal of Research in Medical Sciences, 17(12), 

1108–1113. 

Dehghan, Habibollah, Mortzavi, S. bagher, Jafari, M. javad, & Maracy, M. R. (2015). 

The reliability and validity of questionnaire for preliminary assessment of heat 

stress at workplace. Iranian South Medical Journal, 15(4), 810. 

www.umsha.ac.ir/jrhs%0Ahttp://search.ebscohost.com/login.aspx?direct=true&d

b=edsdoj&AN=edsdoj.ff8bdaf06fb44fa9adf4b66f9f8b67ce&site=eds-live 

Dubé, P. A., Imbeau, D., Dubeau, D., & Auger, I. (2019). Worker heat stress prevention 

and work metabolism estimation: comparing two assessment methods of the heart 

rate thermal component. Ergonomics, 62(8), 1066–1085. 

https://doi.org/10.1080/00140139.2019.1588386 

Epstein, Y., & Moran, D. S. (2006). Thermal comfort and the heat stress indices. In 

Industrial Health (Vol. 44, Issue 3, pp. 388–398). 

https://doi.org/10.2486/indhealth.44.388 

Fahed, A. karim, Ozkaymak, M., & Ahmed, S. (2018). Impacts of heat exposure on 

workers’ health and performance at steel plant in Turkey. Engineering Science and 

Technology, an International Journal, 21(4), 745–752. 

https://doi.org/10.1016/j.jestch.2018.05.005 

Fajrianti, G., Shaluhiyah, Z., & Lestantyo, D. (2017). Pengendalian Heat Stress Pada 

Tenaga Kerja di Bagian Furnace PT. X Pangkalpinang Bangka Belitung. Jurnal 

Promosi Kesehatan Indonesia, 12(2), 150–162. 

Field, R. D., Kim, D., LeGrande, A. N., Worden, J., Kelley, M., & Schmidt, G. A. (2014). 

Evaluating climate model performance in the tropics with retrievals of water 

isotopic composition from Aura TES. Geophysical Research Letters, 41(16), 

6030–6036. https://doi.org/10.1002/2014GL060572 

 



© C
OPYRIG

HT U
PM

 

154 

Flouris, A. D., Dinas, P. C., Ioannou, L. G., Nybo, L., Havenith, G., Kenny, G. P., & 

Kjellstrom, T. (2018). Workers’ health and productivity under occupational heat 

strain: a systematic review and meta-analysis. The Lancet Planetary Health, 2(12), 

e521–e531. https://doi.org/10.1016/S2542-5196(18)30237-7 

Foster, J., Hodder, S. G., Lloyd, A. B., & Havenith, G. (2020). Individual Responses to 

Heat Stress: Implications for Hyperthermia and Physical Work Capacity. Frontiers 

in Physiology, 11(September). https://doi.org/10.3389/fphys.2020.541483 

Greger, R., & Bleich, M. (1996). Normal Values for Physiological Parameters. 

Comprehensive Human Physiology, 2, 2427–2449. https://doi.org/10.1007/978-3-

642-60946-6_127 

Gunnarsen, L., & Santos, A. M. B. (2002). Reduced heat stress in offices in the tropics 

using solar powered drying of the supply air. Indoor Air, 12(4), 252–262. 

https://doi.org/10.1034/j.1600-0668.2002.07115.x 

Habibi, P., Momeni, R., & Dehghan, H. (2016). The Effect of Body Weight on Heat 

Strain Indices in Hot and Dry Climatic Conditions. Jundishapur Journal of Health 

Sciences, 8(2), 1–5. https://doi.org/10.17795/jjhs-34303 

Hajizadeh, R., Golbabaei, F., Dehghan, S. F., Beheshti, M. H., Jafari, S. M., & Taheri, 

F. (2016). Validating the heat stress indices for using in heavy work activities in 

hot and dry climates. Journal of Research in Health Sciences, 16(2), 90–95. 

https://doi.org/10.34172/jrhs162463 

Hajizadeh, R., Golbabaei, F., Jafari, S. F. D. M. H. B. S. M., Taheri, F., Golbabaei, R. 

H. F., Beheshti, S. F. D. M. H., Jafari, S. M., & Taheri, F. (2016). Validating the 

heat stress indices for using in heavy work activities in hot and dry climates. 

Journal of Research in Health Sciences, 16(2), 90–95. 

https://doi.org/10.34172/jrhs162764 

Hartshorn, G. S. (2013). Tropical Forest Ecosystems. In Encyclopedia of Biodiversity: 

Second Edition (Vol. 7, pp. 269–276). https://doi.org/10.1016/B978-0-12-384719-

5.00146-5 

Hasan, N., Tamrin, S., Ismail, S., & Abdullah, A. (2014). The evaluation of heat stress 

on steel mill workers through monitoring of environmental and acute physiological 

changes. Advances in Environmental Biology, 8(15), 177–183. 

Hassan, A. M., Javad, J. M., Abdollah, G., Heidar, T. G., & Soheila, K. (2017). Heat 

Stress level and Physiological Parameters among an Open-Pit Mine Workers in 

Razavi Khorasan, Iran. Annals of Medical and Health Sciences Research, 7, 54–

59. 

Havenith, G., & Fiala, D. (2016). Thermal indices and thermophysiological modeling 

for heat stress. Comprehensive Physiology, 6(1), 255–302. 

https://doi.org/10.1002/cphy.c140051 

 



© C
OPYRIG

HT U
PM

 

155 

Heidari, H., Golbabaei, F., Shamsipour, A., Forushani, A. R., & Gaeini, A. (2018). 

Consistency between sweat rate and wet bulb globe temperature for the assessment 

of heat stress of people working outdoor in arid and semi-arid regions. 

International Journal of Occupational and Environmental Medicine, 9(1), 1–9. 

https://doi.org/10.15171/ijoem.2018.1204 

Hoffman, J. (2002). Physiological Aspects of Sport Training and Performance. Human 

Kinetics. https://books.google.com.my/books?id=NAaqKQwfg-EC 

HSE. (2013). Heat Stress in the Workplace - A Brief Guide. Health and Safety Executive, 

6(13), 1–4. http://www.hse.gov.uk/pubns/indg451.pdf 

Huang, C., Ma, J., & Li, A. (2020). Target levels. Industrial Ventilation Design 

Guidebook: Volume 1 Fundamentals, Second Edition, 227–243. 

https://doi.org/10.1016/B978-0-12-816780-9.00006-X 

Ioannou, L. G., Tsoutsoubi, L., Mantzios, K., & Flouris, A. D. (2019). A free software 

to predict heat strain according to the ISO 7933:2018. Industrial Health, 57(6), 

711–720. https://doi.org/10.2486/indhealth.2018-0216 

Ismail, A. R., Jusoh, N., Asri, M. A. M., Zein, R. M., & Rahman, I. A. (2020). 

Experimental Investigation of Workers Physiology under Tropical Climate in 

Construction Industries. Journal of Advanced Research in Fluid Mechanics and 

Thermal Sciences, 78(1), 35–47. https://doi.org/10.37934/ARFMTS.78.1.3547 

Jeppesen, J., Fuglsang-Frederiksen, A., Johansen, P., Christensen, J., Wüstenhagen, S., 

Tankisi, H., Qerama, E., Hess, A., & Beniczky, S. (2019). Seizure detection based 

on heart rate variability using a wearable electrocardiography device. Epilepsia, 

60(10), 2105–2113. https://doi.org/10.1111/epi.16343 

Junglee, N. A., di Felice, U., Dolci, A., Fortes, M. B., Jibani, M. M., Lemmey, A. B., 

Walsh, N. P., & Macdonald, J. H. (2013). Exercising in a hot environment with 

muscle damage: Effects on acute kidney injury biomarkers and kidney function. 

American Journal of Physiology - Renal Physiology, 305(6), 813–821. 

https://doi.org/10.1152/ajprenal.00091.2013 

Kenny, G. P., Gagnon, D., Dorman, L. E., Hardcastle, S. G., & Jay, O. (2010). Heat 

balance and cumulative heat storage during exercise performed in the heat in 

physically active younger and middle-aged men. European Journal of Applied 

Physiology, 109(1), 81–92. https://doi.org/10.1007/s00421-009-1266-4 

Kjellstrom, T., Holmer, I., & Lemke, B. (2009a). Workplace heat stress, health and 

productivity-an increasing challenge for low and middle-income countries during 

climate change. Global Health Action, 2(1), 46–52. 

https://doi.org/10.3402/gha.v2i0.2047 

Kjellstrom, T., Holmer, I., & Lemke, B. (2009b). Workplace heat stress, health and 

productivity-an increasing challenge for low and middle-income countries during 

climate change. Global Health Action, 2(1), 1–6. 

https://doi.org/10.3402/gha.v2i0.2047 



© C
OPYRIG

HT U
PM

 

156 

Kjellstrom, T., Lemke, B., & Otto, M. (2017). Climate conditions, workplace heat and 

occupational health in South-East Asia in the context of climate change. WHO 

South-East Asia Journal of Public Health, 6(2), 15–21. 

https://doi.org/10.4103/2224-3151.213786 

Kok, R., & Claassen, N. (2007). The accuracy of the WBGT heat stress index at low and 

high humidity levels. 12–18. 

Koteswara Rao, K., Lakshmi Kumar, T. V., Kulkarni, A., Ho, C. H., Mahendranath, B., 

Desamsetti, S., Patwardhan, S., Dandi, A. R., Barbosa, H., & Sabade, S. (2020). 

Projections of heat stress and associated work performance over India in response 

to global warming. Scientific Reports, 10(1), 1–14. 

https://doi.org/10.1038/s41598-020-73245-3 

Kovats, R. S., & Hajat, S. (2008). Heat stress and public health: A critical review. Annual 

Review of Public Health, 29, 41–55. 

https://doi.org/10.1146/annurev.publhealth.29.020907.090843 

Krishnamurthy, M., Ramalingam, P., Perumal, K., Kamalakannan, L. P., Chinnadurai, 

J., Shanmugam, R., Srinivasan, K., & Venugopal, V. (2017). Occupational Heat 

Stress Impacts on Health and Productivity in a Steel Industry in Southern India. 

Safety and Health at Work, 8(1), 99–104. 

https://doi.org/10.1016/j.shaw.2016.08.005 

Lazaro, P., & Momayez, M. (2020). Development of a modified predicted heat strain 

model for hot work environments. International Journal of Mining Science and 

Technology, 30(4), 477–481. https://doi.org/10.1016/j.ijmst.2020.05.009 

Lemke, B., & Kjellstrom, T. (2012). Calculating workplace WBGT from meteorological 

data: A tool for climate change assessment. Industrial Health, 50(4), 267–278. 

https://doi.org/10.2486/indhealth.MS1352 

Lestari, N. R. D. (2019). Paparan Tekanan Panas dan Keluhan Heat Stress pada Pekerja 

Di Proyek Pembangunan Gedung Agrotecnopark Universitas Jember. In Digital 

Repository Universitas Jember. 

Leyk, D. (2019). Health Risks and Interventions in Exertional Heat Stress. Deutsches 

Ärzteblatt International, Mc. https://doi.org/10.3238/arztebl.2019.0537 

Masuda, Y. J., Castro, B., Aggraeni, I., Wolff, N. H., Ebi, K., Garg, T., Game, E. T., 

Krenz, J., & Spector, J. (2019). How are healthy, working populations affected by 

increasing temperatures in the tropics? Implications for climate change adaptation 

policies. Global Environmental Change, 56(July 2018), 29–40. 

https://doi.org/10.1016/j.gloenvcha.2019.03.005 

McCubbin, A. J., Allanson, B. A., Caldwell Odgers, J. N., Cort, M. M., Costa, R. J. S., 

Cox, G. R., Crawshay, S. T., Desbrow, B., Freney, E. G., Gaskell, S. K., Hughes, 

D., Irwin, C., Jay, O., Lalor, B. J., Ross, M. L. R., Shaw, G., Périard, J. D., & 

Burke, L. M. (2020). Sports Dietitians Australia position statement: Nutrition for 

exercise in hot environments. International Journal of Sport Nutrition and 



© C
OPYRIG

HT U
PM

 

157 

Exercise Metabolism, 30(1), 83–98. https://doi.org/10.1123/ijsnem.2019-0300 

McNeill, M. B., & Parsons, K. C. (1999). Appropriateness of international heat stress 

standards for use in tropical agricultural environments. Ergonomics, 42(6), 779–

797. https://doi.org/10.1080/001401399185289 

Ministry of Steel, G. (2019). 25 Safety Guidelines for Iron & Steel Sector. Government 

of India, 1–17. https://steel.gov.in/sites/default/files/Framework Document for 

Safety Guidelines.pdf 

Minnett, P. J. (2019). Upper ocean heat and freshwater budgets. Encyclopedia of Ocean 

Sciences, 47–59. https://doi.org/10.1016/B978-0-12-409548-9.11601-X 

Moran, D. S., Pandolf, K. B., Shapiro, Y., Heled, Y., Shani, Y., Mathew, W. T., & 

Gonzalez, R. R. (2001). An environmental stress index (ESI) as a substitute for the 

wet bulb globe temperature (WBGT). Journal of Thermal Biology, 26(4–5), 427–

431. https://doi.org/10.1016/S0306-4565(01)00055-9 

Needs, N., Environments, H., Personnel, M., Operations, F., Marriott, B. M., Isbn, M., 

Pdf, T., Press, N. A., Press, N. A., Academy, N., Academy, N., & Press, N. A. 

(1993). Nutritional Needs in Hot Environments. In Nutritional Needs in Hot 

Environments. https://doi.org/10.17226/2094 

Nerbass, F. B., Pecoits-Filho, R., Clark, W. F., Sontrop, J. M., McIntyre, C. W., & Moist, 

L. (2017). Occupational Heat Stress and Kidney Health: From Farms to Factories. 

Kidney International Reports, 2(6), 998–1008. 

https://doi.org/10.1016/j.ekir.2017.08.012 

Okamoto-Mizuno, K., & Mizuno, K. (2012). Effects of thermal environment on sleep 

and circadian rhythm. Journal of Physiological Anthropology, 31(1), 1–9. 

https://doi.org/10.1186/1880-6805-31-14 

Parameswarappa, S. B., & Narayana, J. (2017). Assessment of Effectiveness of Cool 

Coat in Reducing Heat Strain among Workers in Steel Industry. Indian Journal of 

Occupational and Environmental Medicine, 21(1), 29–35. 

https://doi.org/10.4103/ijoem.IJOEM_70_16 

Park, S., Tuller, S. E., & Jo, M. (2014). Application of Universal Thermal Climate Index 

(UTCI) for microclimatic analysis in urban thermal environments. Landscape and 

Urban Planning, 125, 146–155. 

https://doi.org/10.1016/j.landurbplan.2014.02.014 

Parkes, B., Cronin, J., Dessens, O., & Sultan, B. (2019). Climate change in Africa: costs 

of mitigating heat stress. Climatic Change, 154(3–4), 461–476. 

https://doi.org/10.1007/s10584-019-02405-w 

Parsons, K. (2006). Heat stress standard ISO 7243 and its global application. In 

Industrial Health (Vol. 44, Issue 3, pp. 368–379). 

https://doi.org/10.2486/indhealth.44.368 



© C
OPYRIG

HT U
PM

 

158 

Périard, J. D., Racinais, S., & Sawka, M. N. (2015). Adaptations and mechanisms of 

human heat acclimation: Applications for competitive athletes and sports. 

Scandinavian Journal of Medicine and Science in Sports, 25(S1), 20–38. 

https://doi.org/10.1111/sms.12408 

Périard, Julien D., Travers, G. J. S., Racinais, S., & Sawka, M. N. (2016). Cardiovascular 

adaptations supporting human exercise-heat acclimation. Autonomic 

Neuroscience: Basic and Clinical, 196, 52–62. 

https://doi.org/10.1016/j.autneu.2016.02.002 

Petrofsky, J. S., Berk, L., Alshammari, F., Lee, H., Hamdan, A., Yim, J. E., Kodawala, 

Y., Patel, D., Nevgi, B., Shetye, G., Moniz, H., Chen, W. T., Alshaharani, M., 

Pathak, K., Neupane, S., Somanaboina, K., Shenoy, S., Cho, S., Dave, B., … Al-

Nakhli, H. (2012). The interrelationship between air temperature and humidity as 

applied locally to the skin: The resultant response on skin temperature and blood 

flow with age differences. Medical Science Monitor, 18(4), 201–208. 

https://doi.org/10.12659/MSM.882619 

Puspita, N., Kurniawidjaja, M., & Hikmat Ramdhan, D. (2018). Health Effect Symptoms 

Due to Heat Stress Among Gong Factory Workers in Bogor, Indonesia. KnE Life 

Sciences, 4(4), 469. https://doi.org/10.18502/kls.v4i4.2308 

Ramphal, L. (2000). Preventing heat stress in the workplace. Welding Journal (Miami, 

Fla), 79(7 SUPPL.), 8–9. 

Ramsay, E. E., Fleming, G. M., Faber, P. A., Barker, S. F., Sweeney, R., Taruc, R. R., 

Chown, S. L., & Duffy, G. A. (2021). Chronic heat stress in tropical urban informal 

settlements. IScience, 24(11). https://doi.org/10.1016/j.isci.2021.103248 

Rowlinson, S., & Jia, Y. A. (2014). Application of the predicted heat strain model in 

development of localized, threshold-based heat stress management guidelines for 

the construction industry. Annals of Occupational Hygiene, 58(3), 326–339. 

https://doi.org/10.1093/annhyg/met070 

Saladin, K. S., Gan, C. A., & Cushman, H. N. (2018). Essentials of Anatomy & 

Physiology (2nd edition). 

Sen, J., & Nag, P. K. (2019). Human susceptibility to outdoor hot environment. Science 

of the Total Environment, 649, 866–875. 

https://doi.org/10.1016/j.scitotenv.2018.08.325 

Setiawati, M. D., Jarzebski, M. P., & Fukushi, K. (2022). Extreme heat vulnerability 

assessment in Indonesia at the provincial level. IOP Conference Series: Earth and 

Environmental Science, 1095(1), 012021. https://doi.org/10.1088/1755-

1315/1095/1/012021 

Setiawati, M. D., Jarzebski, M. P., Gomez-Garcia, M., & Fukushi, K. (2021). 

Accelerating Urban Heating Under Land-Cover and Climate Change Scenarios in 

Indonesia: Application of the Universal Thermal Climate Index. Frontiers in Built 

Environment, 7(May), 1–14. https://doi.org/10.3389/fbuil.2021.622382 



© C
OPYRIG

HT U
PM

 

159 

Siami, L., & Ramadhani, A. (2019). Climatology of Discomfort Index for Decade in 

Bandar Lampung, Indonesia. KnE Social Sciences, 2019(Di), 460–469. 

https://doi.org/10.18502/kss.v3i21.4987 

Simson, R., Kurnitski, J., & Kuusk, K. (2017). Experimental validation of simulation 

and measurement-based overheating assessment approaches for residential 

buildings. Architectural Science Review, 60(3), 192–204. 

https://doi.org/10.1080/00038628.2017.1300130 

Sobolewski, A., Młynarczyk, M., Konarska, M., & Bugajska, J. (2021). The influence 

of air humidity on human heat stress in a hot environment. International Journal 

of Occupational Safety and Ergonomics, 27(1), 226–236. 

https://doi.org/10.1080/10803548.2019.1699728 

Suherman, I., & Saleh, R. (2018). Analisis rantai nilai besi baja di Indonesia. Jurnal 

Teknologi Mineral Dan Batubara, 14(3), 233–252. 

https://doi.org/10.30556/jtmb.vol14.no3.2018.696 

Swash, M., Czesnik, D., & de Carvalho, M. (2019). Muscular cramp: causes and 

management. European Journal of Neurology, 26(2), 214–221. 

https://doi.org/10.1111/ene.13799 

Syafitri, M. N. (2021). Analisis faktor lingkungan, kesehatan dan karakteristik karyawan 

apron di bandara sultan hasanuddin makassar. 1–66. 

Tahbaz, M. (2011). Psychrometric chart as a basis for outdoor thermal analysis TT -. 

International Journal of Architectural Engineering & Urban Planning 

Downloaded, 21(2), 95–109. http://ijaup.iust.ac.ir/article-1-115-en.html 

Tawatsupa, B., Lim, L. L.-Y., Kjellstrom, T., Seubsman, S., Sleigh, A., & Team,  the T. 

C. S. (2010). The association between overall health, psychological distress, and 

occupational heat stress among a large national cohort of 40,913 Thai workers. 

Global Health Action, 3(1), 5034. https://doi.org/10.3402/gha.v3i0.5034 

Tietze, D. C., & Borchers, J. (2014). Exertional Rhabdomyolysis in the Athlete: A 

Clinical Review. Sports Health, 6(4), 336–339. 

https://doi.org/10.1177/1941738114523544 

United Nations, D. programme. (2016). Climate Change and Labour: Impacts of Heat in 

the Workplace. Climate Vulnerable Forum Secretariat, 36. https: 

//www.ilo.org/wcmsp5/groups/public/---ed_emp/---

gjp/documents/publication/wcms_476194.pdf 

Vatani, J., Golbabaei, F., Dehghan, S. F., & Yousefi, A. (2016). Applicability of 

universal thermal climate index (UTCI) in occupational heat stress assessment: A 

case study in brick industries. Industrial Health, 54(1), 14–19. 

https://doi.org/10.2486/indhealth.2015-0069 

Venugopal, V., Latha, P. K., Shanmugam, R., Krishnamoorthy, M., & Johnson, P. 

(2020). Occupational heat stress induced health impacts: A cross-sectional study 



© C
OPYRIG

HT U
PM

 

160 

from South Indian working population. Advances in Climate Change Research, 

11(1), 31–39. https://doi.org/10.1016/j.accre.2020.05.009 

Vivek, S., Karthikeyan, N., & Balan, A. V. (2015). Risk Assessment and Control 

Measures for Cold Rolling Mill in Steel Industry. International Journal of 

Mechanical Engineering and Research, 5(1), 63–71. internal-

pdf://0788013522/Vivek-Risk Assessment and Control Measures for.pdf 

Yamamoto, T., Fujita, M., Oda, Y., Todani, M., Hifumi, T., Kondo, Y., Shimazaki, J., 

Shiraishi, S., Hayashida, K., Yokobori, S., Takauji, S., Wakasugi, M., Nakamura, 

S., Kanda, J., Yagi, M., Moriya, T., Kawahara, T., Tonouchi, M., Yokota, H., … 

Tsuruta, R. (2018). Evaluation of a novel classification of heat-related illnesses: A 

multicentre observational study (heat stroke STUDY 2012). International Journal 

of Environmental Research and Public Health, 15(9). 

https://doi.org/10.3390/ijerph15091962 

Yamazaki, F., & Hamasaki, K. (2003). Heat acclimation increases skin vasodilation and 

sweating but not cardiac baroreflex responses in heat-stressed humans. Journal of 

Applied Physiology, 95(4), 1567–1574. 

https://doi.org/10.1152/japplphysiol.00063.2003 

Yousif, T. A., & Tahir, H. M. M. (2013). Application of Thom’s Thermal Discomfort 

Index in Khartoum State, Sudan. Journal of Forest Products & Industries, 2(5), 

36–38. 

Zare, S., Hasheminejad, N., Shirvan, H. E., Hemmatjo, R., Sarebanzadeh, K., & Ahmadi, 

S. (2018). Comparing Universal Thermal Climate Index (UTCI) with selected 

thermal indices/environmental parameters during 12 months of the year. Weather 

and Climate Extremes, 19(January), 49–57. 

https://doi.org/10.1016/j.wace.2018.01.004 

Zhang, C.-K., Chen, Y., Liang, G. jie, Wang, X. bo, Zheng, X. hui, & Ding, S. tao. 

(2021). Heat strain in chemical protective clothing in hot-humid environment: 

Effects of clothing thermal properties. Journal of Central South University. 

https://doi.org/10.1007/s11771-021-4670-5 

Zhang, Y., Held, I., & Fueglistaler, S. (2021). Projections of tropical heat stress 

constrained by atmospheric dynamics. Nature Geoscience, 14(3), 133–137. 

https://doi.org/10.1038/s41561-021-00695-3 

Zheng, G., Li, K., & Wang, Y. (2019). The effects of high-temperature weather on 

human sleep quality and appetite. International Journal of Environmental 

Research and Public Health, 16(2), 1–13. https://doi.org/10.3390/ijerph16020270 

Zou, Y., Zhao, X., Hou, Y. Y., Liu, T., Wu, Q., Huang, Y. H., & Wang, X. H. (2017). 

Meta-Analysis of Effects of Voluntary Slow Breathing Exercises for Control of 

Heart Rate and Blood Pressure in Patients With Cardiovascular Diseases. 

American Journal of Cardiology, 120(1), 148–153. 

https://doi.org/10.1016/j.amjcard.2017.03.247 




