
 
 

UNIVERSITI PUTRA MALAYSIA 

 
 

 

 
 
 
 
 
 

NURUL ATIKAH BINTI CHE HASAN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FPSK(m) 2015 47 

ASSOCIATION BETWEEN EXTREME HEAT EXPOSURE AND ACUTE 
PHYSIOLOGICAL CHANGE AMONG STEEL MILL WORKERS IN 

TERENGGANU, MALAYSIA 



© C
OPYRIG

HT U
PM 

 

ASSOCIATION BETWEEN EXTREME HEAT EXPOSURE AND ACUTE 
PHYSIOLOGICAL CHANGE AMONG STEEL MILL WORKERS IN    

TERENGGANU, MALAYSIA 
 
 
 
 
 
 
 
 
 
 

By  

NURUL ATIKAH BINTI CHE HASAN 

 

 

 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 
Fullfiment of the Requirements for the Degree of Master of Science 

 
 

April 2015 



© C
OPYRIG

HT U
PM

COPYRIGHT 

All material contained within the thesis, including without limitation text, logos, icons, 
photographs and all other artwork, is copyright material of Universiti Putra Malaysia 
unless otherwise stated. Use may be made of any material contained within the thesis for 
non-commercial purposes from the copyright holder. Commercial use of material may 
only be made with the express, prior, written permission of Universiti Putra Malaysia.  

Copyright © Universiti Putra Malaysia 

 



© C
OPYRIG

HT U
PM

i 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the degree of Master of Science 
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By  
 

NURUL ATIKAH BINTI CHE HASAN 
 

April 2015 
 
 

Chair   : Assoc. Prof. Shamsul Bahri Mohd Tamrin, PhD 
Faculty: Medicine and Health Science 
 
 
A heat stress problem is one of the physical hazards that encountered tropical countries 
such as Malaysia. Most of steel mill workers were exposed to hot working condition in 
a different work process. The aim of present study was to identify the predicting 
factors of Acute Health Score (AHS). About 220 confirmed male workers were 
participating in this study. The WBGT index during work varied from 27.6°C to 
36.2°C. All of the work stations monitored had temperatures regularly exceeded the 
Threshold Limit Values (TLV) of heat stress recommended by ACGIH. The most 
common acute health effect among the workers included heat fatigue (96.8%), 
lethargic (90%), dizziness (82.3%), heat cramp (58.6%), unstable movement (48.2%), 
and heat rashes (44.5%). The respondents were classified in a heavy metabolic 
workload based on their work task analysis. The physiological changes shows the 
significant differences of body core temperature (p<0.001), systolic blood pressure 
(p<0.05) and heart rate (p<0.05) before the shift starts, 2 hour of shift and at the end of 
the shift. The results from the study shows there was no significant correlation between 
WBGT Index and physiological changes of body core temperature (r=-0.23, p=0.34), 
systolic blood pressure (r=0.09, p=0.71), diastolic blood pressure (r=0.17, p=0.5) and 
heart rate (r=0.23, p=0.36). The results from the study also shows there was no 
significant correlation between WBGT Index and acute health score (r=-0.5, 
p=0.86).The regression analysis suggested sweating (p<0.05), age (p<0.05), duration of 
heat exposure (hours) (p<0.001) and rating of perceived exertion (RPE) (p<0.001) are 
the predictors factors of acute health score (AHS). The finding in this study concluded 
that steel mill plant considered as a hot workplace area since most of their workplaces 
were exceed the acceptable temperatures, 28.2°C according to (ACGIH) Threshold 
Limit Value (TLV).  The high prevalence of acute health symptoms among the steel 
mill workers were heat fatigue, lethargic, dizziness, heat rashes, heat cramp and 
unstable movement.  

Keywords: heat stress, acute health score, physiological changes, steel mill  
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PERHUBUNGAN ANTARA PENDEDAHAN HABA EKSTRIM DAN 
PERUBAHAN AKUT FISIOLOGIKAL DI KALANGAN PEKERJA  

KILANG BESI KELULI DI TERENGGANU, MALAYSIA  
 
 

Oleh  
 

NURUL ATIKAH BINTI CHE HASAN 
 

April 2015  
 
 

Pengerusi: Professor Madya Shamsul Bahri Mohd Tamrin, PhD 
Fakulti     : Perubatan dan Sains Kesihatan   
 
 
Masalah tegasan haba merupakan salah satu daripada bahaya fizikal yang dihadapi 
oleh Negara tropika seperti Malaysia. Kebanyakan pekerja kilang besi dan keluli 
terdedah kepada kepada keadaan panas yang ekstrim dalam proses kerja yang berbeza. 
Tujuan kajian ini adalah untuk mengenalpasti faktor-faktor yang menyumbang kepada 
skor kesan akut kesihatan (AHS). Kira-kira 220 pekerja lelaki mengambil bahagian 
dalam kajian ini. Hasil kajian mendapati indeks dalaman WBGT semasa kerja berada 
dalam kadar 27.6°C hingga 36.2°C. kesemua stesen mempunyai nilai WBGT index 
melebihi nilai ambang had (TLV) yang disyorkan oleh ACGIH. Kesan kesihatan akut 
paling ketara termasuklah keletihan haba (96.8%), lesu (90%), pening (82.3%) 
kekejangan haba (58.6%), pergerakan yang tidak stabil (48.2%) dan juga ruam haba 
(44.5%). Responden telah dikelaskan dalam beban kerja yang sangat berat berdasarkan 
beban kerja mereka. Hasil kajian menunjukkan perbezaan yang signifikan terhadap 
perubahan fisiologikal suhu badan teras (p<0.001), tekanan darah sistolik (p<0.05) dan 
degupan jantung (p<0.05) sebelum shif bermula, 2 jam selepas shift bermula dan 
selepas tamat syif. Hasil kajian juga mendapati tiada perkaitan yang signifikan antara 
Indeks WBGT dan perubahan fisiologikal suhu badan teras (r=-0.23, p=0.34), tekanan 
darah sistolik (r=0.09, p=0.71), tekanan darah diastolic (r=0.17, p=0.5) dan degupan 
jantung (r=0.23, p=0.36). Hasil kajian juga mendapati terdapat Indeks WBGT tidak 
mempunyai perkaitan dengan skor akut kesihatan (r=-0.5, p=0.86). Analisis regresi 
mendapati umur (p<0.05), berpeluh (p<0.05), tempoh terdedah kepada haba panas 
(jam) (p<0.001) dan rating pengerahan tenaga (RPE) (p<0.001) merupakan faktor-
faktor yang menyumbang kepada skor akut kesihatan. Hasil kajian ini merumuskan 
bahawa kilang besi dan keluli dianggap sebagai kawasan tempat kerja yang panas 
kerana kebanyakan stesyen kerja mereka melebihi suhu yang telah ditetapkan oleh 
ACGIH (28.2°C). Gejala Kesihatan akut yang di kalangan pekerja yang dicatatkan 
adalah termasuk keletihan haba, lesu, pening, ruam haba, kekejangan haba dan 
pergerakan tidak stabil.  
Kata kunci: tegasan haba, skor akut kesihatan, perubahan fisiologi, kilang besi keluli 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Introduction  
 

Occupational heat exposure threatens the health of workers not only when heat illness 
occurs but also impairs the productivity and worker’s performance as well. It is 

involved hot and humid climatic conditions, heavy physical workloads or protective 
clothing that creates a potentially dangerous thermal load for a worker (Lucas et al., 
2014).  
 
Heat is a form of energy. It can be generated either endogenous or exogenous process 
(Simon, 1994). Heat stress from safety and health point of view is physical hazards 
which can cause health effect direct or indirect into certain industrial workers. Workers 
are potentially exposed to heat will facing heat stress symptoms if they are not properly 
protected.  
 
The frequent heat stress problems are prevalent in the iron, steel, glass and ceramic 
manufacturing industry, construction, aluminum, rubber, foundries, coke ovens and 
mining (Andrew, 2011; Chan and Yam, 2012, Kishor, Ashok and Sanjay et al., 2012 
and Tawatsupa et al., 2012). It is well known that prolonged exposure to excessively 
heat exposure is a serious hazard to health of an individual. They are may be at risk of 
heat stress.  
 
International Labor Organization, 2005 has listed heat stress is one of the most 
common cause of physical hazards in the iron steel industry together with noise, 
vibration and ionizing and non-ionizing radiation. Steel mill plant is the type of 
environment where the workers are exposed to high temperature for continuously 
during shift hour. They are exposed to a high heat exposure during the various 
processes such as extraction, tapping, burning a scrap, casting, charging and molten 
steel production.  
 
There are many causal factors reported that can contribute to heat stress. These include 
age, weight, degree of physical fitness, acclimatization, metabolism, alcohol or drug 
intake, medical condition as well as clothing worn (Stellman, 1998; Bernard and Cross, 
1999; Logan and Bernard, 1999 and Ramphal, 2000). The climatic factors of 
environmental heat load that can affect heat stress are air temperature, humidity, wind 
speed as well as mean radiant temperature. Apart from that, environmental factors that 
can contribute to heat stress are low convection currents, high humidity, low 
evaporative loss, and high insulation levels around the body (Ramphal, 2000).  
 
The physical changes of the workers include increased heart rate, sweating, an 
imbalance of water and salt level in the body and changes in skin blood flow. Studies 
on workers experiencing heat stress and physiological strain in aluminum smelter 
shows that recovery heart rate is the indication of physiological strain (Logan and 
Bernard, 1999). 
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Many studies have investigated heat stress and its effects on workers. As reported by 
Chen et al., (2003), the workers who are continuously exposed to heat condition 
resulted in the fatigue related health symptoms. Exposure to prolonged hot condition 
also resulted in cognitive reduction and unsafe behavior (Enander, 1989; Hancock and 
Vasmatzidis, 1998).  Working with heat also can affect the workers mentally mental 
and physical of the workers. Prolonged heat stress may lead to loss of body fluid or 
hypohydration which resulted on performance, especially endurance (Rodahl, 2003).  
 
Heat strain is the physiological response of the body to an increase in heat storage in 
the deep tissue (Brake and Bates, 2002). Heat strain is refers to the acute (short term) 
and chronic (long-term) consequences of exposure to environmental heat stress on 
worker’s physical and mental state. The rise of heat strain level can lead to a variety of 

heat related illnesses.    
 
Physiological strain evoked during initial exposures to hot climates reduces the 
reserves of physical capacity and may cause a health hazard in the case of strenuous 
muscular work. Heat stress that result from heat strain usually are marked by 
increasing of body temperature, heart rate and sweating (Logan and Bernard, 1999). 
 
Body core temperature is the most obvious indicators for the physiological response in 
the body. According to Havenith and Middendorp (1990), body core temperature, heart 
rate and body heat storage are the three most interesting variables that can be related to 
heat strain prediction. Change in body core temperature is a basic physiological 
measure of heat strain. Core body temperature that exceeds it optimal temperature of 
37°C when heat exchange with the environment by convection and evaporation are not 
enough to dissipate the heat produced within the body (John, 1999).  
 
The effect of this physical hazard varies from acute health problems, decreased 
efficiency, increased fatigue, and has triggered more accident rates (Enviniosh, 2013). 
Physical work under hot conditions can be very stressful and impairs the health and 
efficiency of the workers. For gainful work involving sustained and repeated effort, a 
reasonable temperature must be maintained in each work room.  
 
Heat related disorder range from mild such as heat exhaustion and heat cramp to severe 
heat related condition like heat stroke. Heat related health effects  such  as  fatigue,  
lethargy,  dizziness,  heat  rashes,  unstable  movement,  and  heat  collapse contribute 
to the excessive heat exposure of the workers (OSHA, 1999; Noordin and Hashim, 
2009). 
 
Wet  Bulb  Globe  Temperature  (WBGT)  index  is  the  common  heat  stress  indices  
widely  used  which  contains  important environmental  factors  such  as  dry  bulb,  
natural  wet  bulb  and  globe  temperature. WBGT index also recommended adjusted 
exposure criteria for the contributions of work demand by measuring the metabolic 
work load of the workers (Budd, 2008).   
 
To address this issue, the ACGIH have set the guidelines for a safe thermal 
environment. The Threshold Limit Values (TLVs) for work according to WBGT index 
and metabolic work load was established to determine how long the workers can safely 
work or remain in a particular hot environment (ACGIH, 2008). This study is going to 
determine the significant predictor factors of heat stress in steel mill industry.  
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1.2 Problem Statement 
 

Heat stress is considered a major problem among steel mill workers not only in 
Malaysia but also worldwide. Heat stress condition arise in special conditions includes; 
extreme high of temperature and humidity, exposure to high radiant heat, high 
temperature or humidity occur in combination with heavy protective clothing or higher 
work rate (Aziah et al., 2012). The steel industry has local hot spots such as ovens and 
furnaces, which radiate heat. Physical work under such conditions is very stressful and 
impairs the health and efficiency of the workers. 
 
Study done by Chan and Yam, (2012) among construction workers in Hong Kong 
revealed that factors includes drinking habit, age and work duration are the most 
significant predictors of heat stress. The higher prevalence of acute health effect 
problems such as lethargy, muscle cramp, giddiness, headache, nausea and unstable 
movement had been reported among steel plant workers in Selangor (Noordin and 
Hashim, 2006).  
 
Previous researchers also recorded frequently health related disorders in steel mill 
industry workers. Motamedzade and Azari (2006) revealed 23.5% of the exposed 
workers in his study experienced heat related illness in steel factory. Chen et al., 2003 
reported the steel workers experienced the fatigue symptoms. . A study conducted by 
Gomes et al., (2002), found that about 30% of steel foundry workers experienced heat 
cramps. A study conducted by Logan and Bernard (1999), found that workers who 
expose to heat stress in steel plant were subjected to fatigue symptoms and had low 
resting heart rate and low systolic blood pressure as well.  
 
The environmental heat stress and the combination of physical work cause heat strain 
among steel workers. Environmental heat stress increases the sweat rate, core body 
temperature and pulse rate among the employees exposed to heat (Parameswarappa 
and Narayana, 2014). A study done by Dehghan et al., (2012) found that ear canal 
temperature was found to be significant with heat stress.  
 
The main purpose of this study is to investigate the heat stress problem and determine 
the significant factors that can contribute to acute health symptoms of heat stress in 
steel mill industry. The concern of this study is to give some awareness to the exposed 
workers and people outside about the risk of heat stress.  
 
 
1.3 Research Justification 

 
This study is important to improve and support the current database of heat stress 
among those working in extreme heat temperature especially in steel mill industry. It 
has been acknowledge that there are many physical hazards in the steel industry, but 
heat stress related problems and its effects to health and physiological changes has not 
been highlighted. It will also help to recognize the contribution factors of heat stress 
especially in steel mill industry. This study can assist the factory’s administration 

especially the safety and health division to help acquire for base line data. The study 
may improve the safety and health of the workers, as it allows the detection of 
problems at an early stage.  
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Therefore this study will benefit the government sector especially the Department of 
Occupational Safety and Health (DOSH) and Social Security Organization (SOCSO) in 
order to reduce the occupational health hazards in the workplace. In addition, this 
current study also assists the Department of Occupational Safety and Health (DOSH) 
for proposing a new standard of temperature that can be used as a guideline in 
determining the heat stress level in tropical country such as Malaysia. 
 
The Factory and Machinery Act (FMA) 1967 had specified the regulation of high 
temperature in Factory and Machinery (Safety, Health and Welfare) Regulation 1970 
Regulation No 28 (Temperature). This regulation emphasize that in any operation of 
machinery or any process that can contribute to high heat exposure, the inspector will 
require proper provision to reduce the effect thereof on any person employed to such 
extent as he may consider reasonable and practicable.  
 
In addition, the data obtained from this study can be used by the Department of 
Occupational Safety and Health (DOSH) Malaysia in order to plan and implement a 
safe threshold limit value of heat stress in the steel plant organization. Next, this study 
can be used as a guideline for the factory in order to provide a workplace precaution 
for reducing the heat stress level such as administration control and engineering 
control. This effort is needed to fulfill the Department of Occupational Safety and 
Health (DOSH) requirement for reducing the workplace accident rate.  
 
This study is also going to increase the  awareness level among steel workers in term of 
health and safety and remind them how important to have the safe workplace by 
reducing any hazards especially exposure to the heat hazards. Therefore, this study 
aims to determine the effect of heat stress on health effect, physiological effect and 
rating of perceived exertion among the steel mill workers.   
 
 
1.4 Conceptual Framework 
 
Figure 1.1 shows the conceptual framework of the study. Hazards in the steel making 
operation are divided into three main sections which are included biological, chemical, 
physical and also ergonomic. The factors that contributed to the heat stress physical 
hazard are individual factors, occupational and environmental factors. Individual 
factors that contribute to heat stress are acclimatization, age, degree of acclimatization, 
body mass index, percentages of body fat, monthly income and marital status. For the 
occupational factors, the years of employment, duration of heat exposure, rating of 
perceived exertion (RPE), work shift, metabolic workload, work unit and water 
consumption are the contributing factors to heat stress. Environmental factors that are 
related to heat stress are based on the Wet Bulb Globe Temperature (WBGT) index, 
wert bulb temperature, dry bulb temperature, globe temperature, relative humidity and 
air velocity. There are four main effects of heat stress which are heat related disorder, 
physiological strain, performance and productivity (Thomas, 1971; Enander, 1989, 
Noordin and Hashim 2006, and Kjellstrom 2006). Physiological changes that have 
been identified that effects heat stress are as follows; body core temperature, heart rate, 
blood pressure, sweating rate and dehydration. Health effects are divided into two part 
which are acute and chronic health effect. Acute health problems that may occur are 
like heat fatigue, lethargy, dizziness, heat rashes, heat cramp, unstable movement, heat 
collapse and heat stroke.  
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Acute Health 

Score (AHS) 

Individual Factors 
• Age  
• Acclimatization 
• Body Mass Index  
• Percentages of Body Fat  
• Monthly Income 
• Marital Status 

Occupational Factors  
• Years of employment 
• Duration of heat exposure 
• Rating of Perceived 

Exertion 
• Work Shift  
• Metabolic workload  
• Work shift  
• Work unit  
• Water consumption 

Environmental Factors  
• Wet Bulb Globe 

Temperature (WBGT) 
Index 

• Wet bulb temperature 
• Dry bulb temperature 
• Globe temperature 
• Relative humidity  
• Air Velocity  

     Study Variables  

Physiological Changes 
• Body core temperature 
• Blood pressure  
• Heart rate  

Acute Health Disorders 
• Heat fatigue 
• Lethargy 
• Dizziness  
• Heat cramp  
• Heat rashes 
• Unstable movement  
• Heat syncope  
• Heat stroke  

Productivity  

Performance

s

Figure 1.1: Conceptual Framework of the Study 
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1.5 Research Objective 
 

1.5.1 General Objective 
 

To determine the association between heat exposure and acute health score (AHS) 
 
 

1.5.2 Specific Objectives 
 
1. To identify the individual factors, occupational factors and environmental factors 

of the steel mill workers 
 

2. To calculate the acute health score (AHS) of the steel mill workers 
 
3. To compare the physiological changes of body core temperature, blood pressure 

and heart rate before shift, after 2 hour shift and after at the end of shift 
 
4. To determine the correlation between WBGT index and physiological changes of 

body core temperature, blood pressure and heart rate of the steel mill workers  
 
5. To determine the correlation between WBGT index and acute health score (AHS) 

of the steel mill workers 
 
6. To develop the relationship between acute health score (AHS) and predicting 

factors in steel mill plant   
 
 

1.6 Research Hypothesis 
 

1. There is no significant difference in body core temperature, blood pressure, and 
heart rate before shift, after 2 hours shift and at the end of work shift. 
 

2. There is no significant correlation between WBGT index and physiological 
changes of body core temperature, blood pressure and heart rate of the steel mill 
workers  

 
3. There is no significant correlation between WBGT index and acute health score 

(AHS) of the steel mill workers  
 
4. There is no significant relationship between acute health score (AHS) and 

predicting factors.  
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1.7 Definition of Term  
 

1.7.1 Conceptual definition 
 

1. Heat Stress 
 

Heat stress is defined as the sum of the heat generated in the body (metabolic heat) plus 
the heat gained from the environment (environmental heat) minus the heat lost from the 
body to the environment (NIOSH, 1986).  
 
 
2. Wet Bulb Globe Temperature (WBGT) index  

 
WBGT index (WBGTin) is one of the indexes of heat stress that calculates the reading 
of the three thermometers which are natural wet-bulb (NWB), globe bulb (GT) and dry-
bulb (DB) (Budd, 2008).  
 
 
3. Globe temperature (GT)  

 
Globe temperature is measures the combined effect of radiant heat, air temperature 
and wind speed (Budd, 2008). 
 
 

4. Dry bulb temperature (DB) 
 

Dry bulb is the measures of the standard ambient temperature. It is the temperature of 
workplace when a high solar heat load is present.  
 
 
5. Wet Bulb Temperature (NWB) 

 
Wet bulb temperature is measures the amount air of moisture air in the air.  
 
 
6. Body Mass Index (BMI) 

 
Body mass index (BMI) is the value that explained the obesity of an individual without 
showing the body weight (WHO, 2000) 
 
 
7. Percentage of body fat 

 
Percentage of body fat is the value of an individual’s body fat that includes essential 

body fat and storage body fat.  
 
 

8. Body core temperature  
 

The body core temperature is the human body temperature that is measured to obtain an 
instant evaluation of a human’s health.  
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9. Blood pressure 
 

Blood pressure is the pressure of the blood in the circulatory system within the major 
arterial system of the body that is separated into systolic and diastolic determination. 
Systolic blood pressure is the maximum blood pressure during contraction of the 
ventricles and diastolic blood pressure is the minimum blood pressure recorded just 
prior to the next contraction (Walker et al., 1990).  

 
 

10. Heart rate  
 

Heart rate is a value that refers to the speed of heartbeat based on the number of 
contractions of the ventricles (the lower chambers of the heart). 
 
 
11. Air velocity 

 
Air velocity is the value of the distance an air molecule is moving during certain of 
period time.  

 
 
12. Rating of perceived exertion (RPE) 

 
RPE is the measure of physical activity intensity level at work.  
 
 
1.7.2 Operational Definition 
 
1. Heat stress  

 
Heat stress can be determined by measuring four parameters: Globe Temperature, 
Natural Wet Bulb, Relative Humidity and Dry Bulb Temperature as well as collecting 
other information such as workers’ work load and exposure time (Angus, 1968).  

 
 

2. Wet bulb globe temperature (WBGT) Index  
 

WBGT index (WBGTin) is measured by Questemp°34 Thermal Environment Monitor 
and is placed at the workplace that exposed is to heat.  
 
The calculation of WBGTin for outdoor conditions with solar load is as following: 

WBGT = 0.7 NWB + 0.2 GT + 0.1 DB                                 (1) 
The calculation of WBGTin for indoor conditions with no solar load is as following: 

WBGT = 0.7 NWB + 0.3 GT                                                (2) 
 
 

3. Globe temperature (GT) 
 

The globe temperature is measured as an indication of the radiant heat exposure from in 
an individual. A sensor is positioned inside a blackened copper sphere and the 
temperature rise is measured. The information will be used in calculating the WBGTin.    
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4. Dry bulb temperature (DB) 
 

Dry bulb temperature is measured by thermometer to indicate the amount of heat in the 
air and is directly proportional to the mean kinetic energy of the air molecules. This 
calculation is used in outdoor WBGT calculation when high solar radiant heat load may 
be present. The series of white plates surrounding the sensor shield it from radiant heat. 
This information will be used in calculating the WBGTin. 
 
 
5. Wet bulb temperature (NWB) 

 
The wet bulb thermometer gives an indication of the effects of humidity on an 
individual. Measurements are taken using a thermometer covered by a moistened 
cotton wick immersed into a reservoir containing distilled water. The information will 
be used in calculating the WBGTin.  

 
 

6. Body Mass Index 
 

Classification of body weight and the height of a person is done using the following 
formula: 

BMI = Weight (kg)

Height m2  
 

The indicators of BMI are: 
 
BMI (< 18.5)  = under weight 
BMI (18.5 – 24.9) = Normal range 
BMI (25.0-29.9)  = over weight 
BMI (30.0-34.9)  = class I obesity 
BMI (35.0-39.9)  = class II obesity 
BMI (≥40.0)   = class III obesity   
 
 
7. Percentages of Body Fat 

 
Percentage of body fat (PBF) is the total body fat divided by the total body mass. It is 
measured by using Body Composition Monitor OMRON HBF 212.  
The indicators of percentages of body fat for male are as following: 
 
PBF (5.0 – 9.9)  = Low  
PBF (10.0 – 19.9) = Normal range 
PBF (20.0 – 24.9) = High 
PBF (25.0 – 50.0) = Very high 
 
 
8. Body core temperature 

 
An ear (tympanic) temperature is measured by using OMRON MC510 Gentle 
Temperature Ear Thermometer in degree Celsius (°C). A normal body temperature for 
human is approximately 98.6°F or 37.0°C. The body temperatures that recorded greater 
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than 37.5°C is considered as in hyperthermia condition which is occurs when body has 
produces or absorb more heat (Kelly, 2006).  
 
 
9. Blood pressure 

  
Blood pressure is measured in millimeters of mercury (mmHg) and the classification 
blood pressure is as following: 

 
 

Table 1.1: The classification of Blood Pressure Level 
 

Category 
Blood Pressure Level (mmHg) 

Systolic Diastolic 
Normal  <120 <80 
Pre-hypertension  120-139 80-89 
Stage 1 hypertension 140-159 90-99 
Stage 2 hypertension ≥160 ≥100 

 
 

10. Heart rate 
 

Heart rate (HR) is defined as the number of heart beats per unit of time, usually per 
minute (bpm). The classification of heart rate in healthy male is as following:  
 
Normal human heart rate   = 60 -110 bpm 
Excessive human heart rate = >110 bpm 
 
 
11. Air velocity  

 
Air velocity is measured using Velocicalc Multi-Function Ventilation Meter 9565 and 
unit in meter per second (ms-1). A reading was taken three times in 8 hour total work 
duration and the average was obtained to get an accurate reading. The reading was 
taken during the start of work, in the middle of work and at the end of the work shift.  
 
 
12. Relative humidity 

 
Relative humidity is expressed in percentages that is calculated by using the following 
equation 
 

=  
Vapor pressure of dewpoint temperature 

Vapor pressure of dry − bulb (air)temperatue 
 X 100  
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13. Rating of Perceived Exertion (RPE) 
 
 

The RPE is measure by using a rating scale from 6 to 20 with every odd number 
anchored by verbal expressions ranging from very-very light at 7 to maximal exertion 
at 20. The workers need to report their exertion during when they are performing their 
work task. 
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