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 Background: 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 effect of heat stress has been 
identified pose an effect to physiological, health problem and also performance. 

Objective: The aim of present study was to evaluate the socio demographic factors, 

environmental factors and physiological factors that contribute to heat stress. Results: 
The WBGTin indoor during work varied from 26.5°C to 30.6°C. Six out of eight work 

stations monitored had temperatures regularly exceeded the Threshold Limit Values 

(TLV). The result also indicate that there was no significant different of systolic blood 
pressure among the respondents (p>0.05). Changes in heart rate significantly indicate 

the heat strain among the respondents (P<0.001). The regression analysis suggested 

monthly income (p<0.001), air velocity (P<0.05), shift work (p<0.001), metabolic rate 
(p<0.05) and heart rate (p<0.01) were the factors that can contribute to heat stress. 

Conclusion: The steel mill plant was considered as a hot workplace area since most of 

their workplaces were exceed the acceptable temperatures, 28.0°C according to 
American Conference of Governmental Industrial Hygienist (ACGIH) Threshold Limit 

Value (TLV). 
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INTRODUCTION 

 

 The workers who are exposed to prolonged extreme heat in the workplace may be at risk of heat stress. 

Heat stress is defined as heat load imposed on the workers and consist of environmental heat load and metabolic 

heat load. There are four climatic factors of environmental heat load such as air temperature, humidity, wind 

speed as well as mean radiant temperature. The metabolic heat load of heat stress are generated within’s the 

workers body during performing their work task [15]. 

 Operations in the steel mill industry may expose workers to a wide range of hazards or workplace activities 

or conditions that could cause incidents, injury, death, ill health or diseases [11]. Steel mill plant is one of work 

environment where the workers are exposure to high temperature for continuously eight hours work shift. They 

are exposed to a high heat exposure during the various processes such as extraction, tapping, burning a scrap, 

casting and molten steel production such as shown in Figure 1.  

 Wet Bulb Globe Temperature (WBGT) index is the common heat stress indices widely used which contain 

important environmental factors such as dry bulb, natural wet bulb and globe temperature [5]. WBGT index also 

recommended adjusted exposure criteria for the contributions of work demand by measuring the metabolic work 

load of the workers.   

 Heat related disorder range from mild such as heat exhaustion and heat cramp to severe heat related 

condition, heat stroke Health effect of heat related such as fatigue, lethargy, dizziness, heat rashes, unstable 

movement, and heat collapse contribute to the excessive heat exposure of the workers [16].  

 Heat strain is the series of physiological responses to heat stress. Increase of body core temperature in heat 

stress condition is associated with development of heat related illness [12]. Body temperature has a tendency to 

rise up when the heat produced by muscular work heats the deep body tissue [17]. The physiological response of 

heart rate is elevated when the heat strain is assessed during the exposures of heat stress [14]. The blood 

increases to the skin and dissipate heat imposed by the body in order to copes with increasing of cardiac output, 
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and resulting of elevated of heart rate [6]. In the hot environment the skin vessel dilate, the blood flow increases 

in the skin, the skin temperature increases and then the heat radiation increases from the skin. The dilation of 

skin vessels simultaneously leads the decrease of blood pressure [18].  

 The objective of the study is to determine the predictor factors that contribute to heat stress for steel mill 

workers based on socio-demographic, occupational information, Wet Bulb Globe Temperature (WBGT) index, 

acute health symptoms and physiological changes. 

 

MATERIAL AND METHOD 

 

Description of process: 

 Steel mill plant consist of various type of processes from raw material, forming, refining, melting, tapping, 

and casting  as shown n figure 1. These operations put the workers engaged with the hot environment. The 

electrical current is combined with the chemical substances to heat scrap for molten steel production. During the 

operation, the temperature is very high up to 1700 °C at that area. Furnace is source of radiant heat. The molten 

steel then poured into the ladle called as a tapping process that requires a high temperature also, around 1800°C. 

The ladle is then transported to ladle furnace where more carbon, manganese, silicon are added to improve the 

chemical composition and temperature. The temperature should be maintained at 1800°C. The chemical 

composition and temperature of the liquid steel is standardized by foaming with nitrogen gas. Then the molten 

steel iron then is delivered to a continuous casting machine for the production of billets. Reheating the billets 

required the temperature rose to 1200°C. The whole process involved is summarized in the flow chart in Figure 

1.  

 

Study Location: 

 A cross sectional study on heat stress was conducted in a steel mill plant in Terengganu. A total two-

hundred and twenty two confirm male workers were selected as respondents. Eight work units have been 

identified that contribute high heat temperatures to the workers which were electric arc furnace, ladle furnace, 

ladle handling, continuous casting (MC5 and concast), crane operation, fabrication and refractory workshop. 

 

Sampling Methodology: 

 The respondents was asked to fill up the structured questionnaire comprising of six sections pertaining to 

background information, occupational information, the prevalence of heat stress related disorders, health 

information and social and lifestyle information. For the same time, the body weight and height were measured 

for BMI calculation as well as body fat percentages. The measurement of environmental temperature was 

performed using the Wet Bulb Globe Temperature (WBGT) meter model QUESTemp°34 Thermal Environment 

Monitor, QUEST Technologies, USA. The WBGT monitor was fixed on a tripod at 3.5 feet (1.1 meter) in stand 

position supported with photographic tripod. The WBGT was placed near the heat source as well as near to the 

worker’s activity. The measurement was taken for eight hours of working shift and the data was recorded 

automatically in data logger. All the measurement of environmental temperature (WBGTin) was measure indoor 

condition since the work stations located inside the plant with no solar loads consumption. The WBGTin 

measured natural wet-bulb temperature (NWB), dry-bulb temperature (DB) and globe temperature (GT). The 

equation as following: 

WBGTin = 0.7(NWB) + 0.3(GT                                                    (1) 

  

 The observed values of WBGT in the steel mill plant practice 75% work and 25% rest in work-rest regimen 

scales according to ACGIH standards. The metabolic workload of the workers were determined by averaging 

metabolic rates for the task and then ranking them either in light, moderate or heavy workload. The light work 

activities were up to 200 kcal/hour, medium work ranged up 200 to 350 kcal/hour and heavy work up to 500 

kcal/hour [2]. Air velocity data was measured by using Velocicalc Multi-Function Ventilation Meter 9565. A 

reading was taken three times in 8 hour total work duration and measurement was obtained in average to get an 

accurate reading. 

 Physiological parameters monitoring were carried out for body core temperature, systolic blood pressure 

and heart rate. The measurement were taken in a three repeated measurement which was before the work shift 

start, two hours of work shift and after end of work shift. Body core temperature was measured using the ear 

thermometer (OMRON MC5, Ear Gentle Temperature), systolic blood pressure was performed using OMRON 

MX5, automatic blood pressure monitor and heart rate was measured by POLAR FT4 heart rate monitor.  

 

Quality Control: 

 The pre-test was conducted before the actual data collection in order to maintain the reliability and validity 

of the questionnaires. About ten percent (10%) of the sample size was used to test the questionnaire to ensure all 

the questions were relevant and easy to understand by the subjects. In addition, every instruments used in the 
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present study was followed the standard operating procedures (SOPs) provided by the manufacturer or supplier 

for quality control. Apart from that, the instruments were calibrated before and after the field sampling in order 

to obtain the accurate results. 

 

 
 

Fig. 1: The Flow Chart of Work Process in Steel Mill Plant. 

 

Data Analysis: 

 All the data were computed and analyzed using SPSS (Statistical Package for Social Science) version 20.0. 

The data was computed in a three level of analysis; univariate, bivariate and multivariate analysis. Univariate 

analysis was used to determine the frequency in percentage, median, interquartile range, arithmetic mean, 

standard deviation and standard error of socio demographic data, occupational data as well as acute health 

symptoms.  

 The ANOVA repeated measures was used to determine the changes of physiological parameter in three 

different times measurement. The Pearson analysis was used to determine the correlation between physiological 

parameters and WBGT index and between acute health symptoms with WBGT index. Multiple linear 

regressions was used to determine the predictor factors that contribute to heat stress such as age, monthly 

income, body fat percentages, BMI, duration of heat exposures, acute health symptoms and WBGT index. All 

data were analyzed with the significant values of p <0.05.  

 

Result: 

Background Information of Respondents: 

 The mean age was 32.84 years (SD: 7.74 years) ranging from 18 to 55 years old and majority of the 

respondents were between 20-40 years old. All of the respondents were Malaysian that had complete at least 

secondary education. About forty percent of the respondents had a normal body mass index (BMI). The 

distribution of body fat percentage shows that approximate 39% of respondents classified in the very high of 

body fat. The mean for length of employment was 10.52 (SD: 7.561). Table 1 illustrates the detail background 

information of the respondents.  

 

Environmental Workplace Measurement: 

 The result of WBGTin ranged from 26.5°C to 30.6°C. The values of WBGTin showing that six out eight of 

the workstations were exceed the threshold limit values (TLVs) for WBGT indices.  Table 2 illustrates the 

distribution of WBGTin in steel mill plant.  The metabolic workload level of the workers in the steel mill plant 

was classified as heavy heavy based on their work task. Table 3 illustrates the distribution of air velocity data in 

each work station.  

 

Scrap Material Electric Arc Furnace Tapping  

Ladle Furnace  Casting   Formation of billet  
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 Table 1: background information of respondents 

Variables 

 

Frequency Percentages (%) 

Age group 

≤20 

21-30 
31-40 

41-50 

≥50 

 

4 

92 
81 

42 

1 

 

1.8 

41.8 
36.8 

19.1 

5 

BMI 

(<18.5) Underweight 

(18.5-24.9)Normal 
(25.0-29.9)Overweight 

(>30)Obese 

 

14 

90 
84 

32 

 

6.4 

40.9 
38.2 

14.5 

Percentage of body fat 

Low 
Normal 

High 

Very high 

 

19 
52 

62 

87 

 

8.6 
23.6 

28.2 

39.5 

Education Level 

Secondary 

Tertiary 

 

160 

60 

 

72.7 

27.3 

Years of employment 
0-10 years 

11-20 years 

21-30 years 

 
138 

53 

29 

 
62.7 

24.1 

13.2 

Types of shift 

Normal 

Shift 

 

48 

172 

 

21.8 

78.2 

N = 220 

 

Table 2: exposure profiles for heat stress distribution in a selected steel mill plant work station. 

Work Unit Metabolic Workload Average WBGTin Values (°C) 

Electric Arc Furnace Heavy 29.1 ± 2.41* 

Ladle Furnace Heavy 26.5 ± 0.80 

Ladle Handling Heavy 30.6 ± 2.54* 

Casting (MC5) Heavy 28.60 ± 1.87* 

Casting (Concast) Heavy 28.4 ± 2.437* 

Crane Operation Heavy 27.4 ± 0.94 

Fabrication Workshop Heavy 28.4 ± 1.07* 

Refractory Workshop Heavy 29.1 ± 1.69* 

*Measured WBGTin is above the recommended ACGIH TLV, WBGT = 28.0°C 

 
Table 3: Exposure profiles for air velocity data in a selected steel mill plant work station . 

Work Unit Average Air Velocity (m/s) 

Electric Arc Furnace 0.26 

Ladle Furnace 2.24 

Ladle Handling 2.57 

Casting (MC5) 2.53 

Casting (Concast) 2.47 

Crane Operation 2.70 

Fabrication Workshop 1.67 

Refractory Workshop 2.70 

 

Heat Related Disorder: 

 The reported of health effect of the respondents were obtained from the questionnaires and medical report 

from the factory clinic. The result shows that there are high prevalence of heat fatigue (96.8%), lethargy (90%), 

dizziness (82.3%), heat rashes (44.5%), muscle cramp (58.6%) and unstable movement (48.2%) among the steel 

mill plant workers as shown in table 4.   

 
Table 4: prevalence of heat related disorder. 

Heat Related Disorder Frequency (n) Percentages (%) 

Heat fatigue 213 96.8 

Lethargic 198 90 

Dizziness 181 82.3 

Heat cramp 129 58.6 

Unstable movement 106 48.2 

Heat rashes 98 44.5 

Heat collapse 44 20 

Heat stroke 8 3.6 
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Table 5: the differences of physiological parameters of body core temperature, systolic and heart rate. 

Physiological parameters Measurement Mean Differences 

± SE 

P value F value 

Body core temperature  

Before shift – 2 hour shift 

Before shift – after end shift 
2 hour shift – after end shift 

 

-0.095 ± 0.034 

-0.008 ± 0.037 
0.086 ± 0.033 

0.138 4.559 

Systolic blood pressure  

Before shift – 2 hour shift 
Before shift – after end shift 

2 hour shift – after end shift 

 

3.473 ± 0.746 
4.886 ± 0.771 

1.414 ± 0.776 

0.775 21.633 

Heart rate  

Before shift – 2 hour shift 
Before shift – after end shift 

2 hour shift – after end shift 

 

-0.450 ± 0.676 
0.632 ± 0.833 

1.082 ± 0.720 

0.001* 1.062 

 *P value is significant at p<0.05 
**P value is significant at p<0.001 

 

Physiological Changes Measurement: 

 The physiological changes of body core temperature, systolic blood pressures and heart rate were measured 

in this study. The mean for body core temperature before work shift was 35.41 ± 0.450°C, after 2 hours of work 

shift was 35.51 ± 0.482°C and 35.42 ± 0.493°C after end of work shift. The result shows that there were no 

significant difference of body core temperature before work shift, after 2 hours of work shift and after end of 

work shift (p>0.05) as shown in table 5.   

 The mean for systolic blood pressure before work shift was 132.78 ± 14.05 mm Hg, after 2 hours of work 

shift was 129.30 ± 13.51 mm Hg and 127.89 ± 13.85 mm Hg after end of work shift. The result shows that there 

were no significant difference of systolic blood pressures before work shift, after 2 hours of work shift and after 

end of work shift (p>0.05). 

 The mean for heart rate before work shift was 77.70 ± 13.92 per minute, after 2 hours of work shift was 

78.15 ± 14.44 per minute and 77.06 ± 13.51 per minute after end of work shift. The test of ANOVA Repeated 

Measures results shows a significant difference before work shift, after 2 hours of work shift and after end of 

work shift (p<0.001) of the heart rate. 

Relationship between physiological changes with heat exposure (WBGTin) indicates that there was no 

significant relationship between WBGTin and physiological parameter of body core temperature (r=0.038, 

p=0.577), systolic blood pressure (r=-0.066, p-0.332) and heart rate (r=-0.023, p=0.735).  

 

Predictor Factors of Heat Stress: 

 The result of relationship between heat stress and predictor factors of socio demographic, occupational 

background, heat related disorder, environmental factors and physiological parameters were established by 

using the multiple regressions. The factors are included monthly income, air velocity, metabolic rate as well as 

heart rate.    

 

Discussion: 

 All the respondents were in the age of 18 to 55 years. Older people were excluded because they are at high 

risk of heat stress due to the high consumption of medication, immobility and likely less to sense for heat stress 

efficiently [4]. Forty percent of respondents had a normal Body Mass Index (BMI). A normal BMI contribute to 

the better heat tolerance of the body [10]. The previous study revealed that the increasing of BMI results in 

increasing the energy consumption and thus increase the occurrence of heat disorder [19]. Chung and Pin, 1996 

stated that individual in hot and humid condition is at risk of greater heat illness [8]. More than thirty nine 

percent of the respondents had a very high level of body fat percentages. Previous study suggest that individual 

with high percentages of body fat have a lower heat tolerance and significantly influenced the physiological 

strain of individual reaction to heat [7]. The mean duration of employment in the plant was 10 years and shows 

that the respondents have been worked in the plant for a long duration of time. Chan et al., 2004 found on his 

study that increasing the duration of employment significantly affects the risk of heat stress [1].  

 The study found that the steel mill plant was classified as a hot workplace area (mean WBGT = 28.1°C) as 

more than half of their workplaces had exceed the constant temperature recommended by ACGIH TLV, 28.0°C. 

The ladle handling work station recorded highest WBGTin values. This condition occurs because of the work 

process itself. In the ladle handling as a process, the work task performed such as cleaning the ladle that contain 

molten steel, pushing and pouring  metal into molds, and pre-heat the ladle until it reach the stable temperature 

up to 1800°C. Thus, these work tasks inhibit a continuous hot environment during the operation. Electric Arc 

Furnace also contributed to a high WBGTin. It was found that furnace as a dominant source of a radiant heat.  A 

study in the glass factory concluded that radiant heat was the most significant contribution to the heat stress 
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condition [13]. Previous study by Chen 2003 in a steel plant reported a maximum total weighted average (TWA) 

of eight hours environmental temperature monitoring was 33.2°C [6].  

 The prevalence effect of heat stress in the present study were; heat fatigue (96.8%), lethargy (90%), 

dizziness (82.3%), heat rashes (44.5%), muscle cramp (58.6%) , unstable movement (48.2%), heat collapse 

(20%) and heat stroke (3.6%). Heat fatigue among steel workers as suggested by Chen, 2003 was reported 

increase with the heat exposure levels [6]. Similarly, muscle cramp and unstable movement were reported 

higher among workers that expose to hot environmental temperature in the steel plant [16].   

 The physiological changes measurement interpret that the body temperature was not an indicator of 

physiological strain in among the respondent as their mean body core temperature  is below than 37.5°C (SD = 

0.37). Theoretically, the body temperature will increase when the workers work in a high heat temperature.  A 

body temperature greater than 37.5°C was considered excessive for an eight hours working period of times [3]. 

The study of heat stress and strain in aluminum smelter illustrates that about 95% of the subjects were had 

below than 38°C give the interpretation that body temperature threshold was in a safe level [14].  

 The blood pressure cannot determine any significant effect while working in an extreme hot temperature.  

There was a significant difference for heart rate for three times repeated measurement. From the heart rate data, 

the values were range in between 47 to 140 beats per minute (bpm). An average heart rate for the working 

people should be less than 100bpm. OSHA Technical Manual, 1999 recommended that if the heart rate exceeds 

110 bpm, the next period of work shift should be shorten by one third and the rest period should be maintain [9].  

 

Conclusion: 

 As a conclusion, the finding of this study suggests socio-demographic factors that associated with the 

extreme heat condition on the steel mill workers was monthly income. The prevalence of acute health symptoms 

that contribute to heat stress were heat fatigue, lethargic, dizziness, heat rashes, muscle cramp and unstable 

movement. The subjects who are working in a shift were in risk factor of heat stress. The environmental factor 

that contributes to heat stress was air velocity. Six out of eight work station were identified that had 

temperatures of greater than 28.0°C which exceeding the ACGIH TLV for working in the hot environmental 

condition.  
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