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 Background: Occupational heat stress is a one of the major issues in tropical countries 

such as Malaysia which affects workers’ health and performance. In palm oil mill, most 

of the work processes involves high temperatures which can lead to a progression of 

symptoms on the body and resulting in heat rashes, heat exhaustion, dehydration, heat 

syncope, heat cramps and heat stroke. Objective: The purpose of this study is to 
determine the prevalence of heat related illness in palm oil mill workers who are under 

heat stress. Results: The range of WBGTin results in the palm oil mill’ work section 

was between 30.0°C to 35.7°C. The boiler section is the highest value of WBCTin 
which is 35.7°C.  Heat exhaustion (84.2%) is the highest prevalence of heat related 

illness reported, followed by dehydration (76.8%), heat cramps (58.9%), heat rashes 

(36.8%), heat syncope (27.4%) and heat stroke (5.3%). Above 70% of all workers in 
every section at palm oil mills have experienced heat related illness when exposed to 

high temperature. Conclusion: All work sections studied in the palm oil mill exceeded 

the temperature of 28.5°C (TLV ACGIH, 2000). The high prevalence of heat related 
illness among workers are heat exhaustion, dehydration, and heat cramps. 
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INTRODUCTION 

 

 Heat stress is defined as combination of heat load in individual and environmental factors imposed on 

workers’ bodies which give effect to workers’ performance, safety and health [1]. Heat stress has been identified 

as one of the major hazard in manufacturing industry [2]. However, it is still the most neglected occupational 

hazard in tropical countries [3]. 

 Exposure to extreme heat stress level can overwhelm the body’s coping mechanisms leading to a serious 

condition such as heat stroke, heat exhaustion, heat cramps, heat rashes, and heat syncope or possibly fatal [4]. 

Most of the research that were done on heat stress among workers in different workplace show that, there is 

significant correlation between high environmental temperature and  negative impact on workers’ performance, 

attitude and satisfaction level [5]. 

 In Malaysia industry, palm oil industry is the largest contributors of the economy which currently 

contributes around 39 % of world palm oil production and 44% of world exports [6]. However, it also 

contributes hazards to the workers in the palm oil mill. Heat stress naturally occurring due to the hot climate 

especially for the workers who involved in work close to furnaces. Palm oil mill is the one such work 

environment, where workers are exposed continuously to the high temperature during 8 hours shift.  Radiant or 

convection heat gains by human body can lead to heat disorders [7]. 

 

MATERIALS & METHODS 

 

Description of the process: 

 The palm oil involves variety of process in order to produce the end product that is crude oil (Figure 1). The 

first step in palm oil production is harvesting the palm fruit bunches. Then, the sterilization process uses heat to 

partially cook the fruit. This process is used to stops enzymatic reactions that lead to oxidation and disrupts the 

cells in the mesocarp, allowing for easier oil extraction where the process involve 120°C-140°C at 40 psi. Next, 

the digestion process crushes the fruit before extraction and warms the pulp to maximize oil yield. This process 



172                                                                      Karmegam, K. et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 171-176 

also involve a high temperature where it is commonly used a steam heated with 80°C-90°C. The pulp is then 

pressed, which bursts the oil-containing cells, releasing the palm oil. Next, the oil is heated and filtered to 

remove impurities. The clarifying tank is used in this process to drives excess moisture out of the oil through 

heating to reduce the moisture content from 0.25% to 0.15%. Once the oil has been checked for appropriate 

moisture and fat content, it is ready to be stored and sold. 

 

 
 

Fig. 1: Process Flow of the Crude Palm Oil Production. 

 

Study Location and Population: 

 This is cross sectional study design was conducted in three palm oil mills which was in Palm Oil Mill 

Serting Hilir at Negeri Sembilan, Palm Oil Mill Trolak at Perak and Palm Oil Mill Sungai Tengi at Selangor. 

Ninety five employees who were exposed to heat were selected as respondents. Seven such work sections have 

been identified contribute to high temperature to the workers were loading RAMP, sterilizer, kernel plant, press 

station, oil room, boiler and workshop.   

 

Sampling Methodology: 

 The environmental temperature was measured by using QUESTemp°34 Thermal Environment Monitor 

manufactured by QUEST Technologies, USA which calculate Wet Bulb Globe Temperature (WBGT) to assess 

heat stress and relative humidity(%). This instruments used for measurement is comply with the standard 

American Conference of Governmental Industrial Hygienist (ACGIH). Measurement of Wet Bulb Globe Indoor 
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Temperature (WBGTin) and metabolic workload were done at seven work sections in the palm oil mill; 

sterilizer area, loading RAMP, boiler, press station, oil room, kernel plant and workshop which it was fixed at 

1.1 meter by using tripod. This instrument is placed near the heat source and workers in the particular area for 

eight hours. The WBGTin was calculated under condition without direct sunlight and in the shade area as the 

following equation [8]: 

WBGTin = 0.7 Tnwb + 0.3Tg                                                              (1) 

 Where: WBGTin  = Wet Bulb Globe Indoor Temperature 

 Tnwb= Wet-Bulb Temperature 

 Tg= Globe Temperature 

 A Self-constructed questionnaire was also used in this study where need to fill by the respondents which 

consists of four parts; socio demographic, occupational information, lifestyle information, and employment 

health complaints when exposed to heat (heat related illness). In the same time, workers’ weight and height were 

measured to calculate Body Mass Index (BMI).  

 

Data Analysis: 

 All the data gathered from questionnaire and measurement will be analyzed by using IBM SPSS (Statistical 

Package for the Social Sciences) version 22. Descriptive analysis and univariate was used to determine the 

frequency in percentage, median, mean, interquartile range, standard deviation and standard error of socio 

demographic data, occupational data, and lifestyle as well as health complaints (heat related illness) data. One 

Way ANOVA was carried out to determine the mean differences of WBGTin between work sections.  

 

Results: 

Socio demographic of the respondents: 

 All of the respondents in this study are Malaysian, Malay and male in the age group range 23-55 years old. 

Among the 95 respondents, majority of them were below 29 (30%) and above 48 (30%) years old. Most of them 

(83.2%) had complete education until secondary school. Half of the respondents had a normal Body Mass Index 

(BMI) range 18.5-24.9 kg/m
2
. Majority of the respondents have been working for 1-12 years (65.3%). The detail 

background information of the respondents are presented in Table 1. 

 

Heat Stress Index (WBGTin) and metabolic workload at each work section in palm oil mills: 

 Table 2 present Heat Stress Index value (WBGTin) for every work section in palm oil mills. The range of 

WBGTin results between 30.0°C to 35.7°C.  It shows that all work sections were exceeded the Threshold Limit 

Value (TLV) by ACGIH which 28.5°C for moderate metabolic workload level and 75% work, 25% rest 

regimen. A one-way ANOVA (Table 3) was used to test the differences of WBGTin among seven work sections 

in palm oil mills. There was no significant differences between WBGTin in seven work sections, F(6, 14) = 

1.413, p = 0.277.  

 
Table 1: Socio demographic of the workers who participated in the study (n=95). 

Variables Frequency 

n 

Percentage 

% 

Age group (years) 

≤ 29 
30-38 

39-47 
≥ 48 

 

30 
12 

23 
30 

 

31.6 
12.6 

24.2 
31.6 

Education 

Not in school 

Primary school 
Secondary school 

Higher education 

 

2 

9 
79 

5 

 

2.1 

9.5 
83.2 

5.3 

Body Mass Index 
Underweight (<18.5) 

Normal         (18.5-24.9) 

Overweight  (25-29.9) 
Obese           (>30) 

 
5 

49 

32 
9 

 
5.3 

51.6 

33.7 
9.5 

Duration of employment (years) 

1-12 

13-24 
≥ 25 

 

62 

19 
14 

 

65.3 

20.0 
14.7 

 

Table 2: Exposure profile for heat stress at various work sections. 

Work section Metabolic workload WBGTin (°C) 

Loading RAMP Moderate 30.67 ± 0.55* 

Sterilizer Moderate 30.73 ± 2.25* 

Press Station Moderate 33.93 ± 4.47* 
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Oil Room Moderate 32.17 ± 3.73* 

Kernel Plant Moderate 30.00 ± 0.66* 

Boiler Moderate 35.67 ± 4.36* 

Workshop Moderate 30.77 ± 2.44* 

* WBGTin is above the standard ACGIH, Threshold Limit Value (TLV) = 28.5°C 

 

Table 3: One Way ANOVA between work sections. 

Work section Df F Sig. 

Loading RAMP 6 

 

14 

1.413 0.277 

Sterilizer 

Press Station 

Oil Room 

Kernel Plant 

Boiler 

Workshop 

p-value is not significant at p>0.05 

 

Prevalence of heat related illness: 

 The highest prevalence of heat related illness complaints among workers when exposed to the heat was heat 

exhaustion (84.2%) as shown in Table 4. This study also found workers in sterilizer area was give higher 

prevalence of heat related illness compared to other work section as shown in Table 5. 

 
Table 4: Prevalence of heat related illness complaints among workers. 

Heat Related Illness Frequency 
n 

Percentage 
% 

Heat Exhaustion 80 84.2 

Heat Stroke 5 5.3 

Dehydration 73 76.8 

Heat Rashes 35 36.8 

Heat Syncope 26 27.4 

Heat Cramps 56 58.9 

 

Table 5: Prevalence of heat related illness complaints according to work section. 

Work Section Prevalence of Heat Related Illness 
% 

Loading RAMP 83.3 

Sterilizer 100 

Press station 77.8 

Oil room 83.3 

Kernel plant 91.7 

Boiler 94.7 

95.2 Workshop 

 

Discussion: 

 This study had been carried out on ninety five respondents aged between 23 and 55 years old. The 

respondents aged above 55 years old was excluded in this study because skin blood flow and sweating responses 

to heat is lower in individuals over 55 years of age compared to those less than 30 [9,10]. About half of the 

respondents in this study are within the normal Body Mass Index (BMI) where it shows that they have better 

heat tolerance and acclimatization to the heat [11]. This is because obese group usually need to expend more 

energy, thus producing more heat compare to the normal BMI group [12]. Previous research suggests that the 

ability for heat loss is directly related to the composition of body, mass and surface area of an individual [13]. 

The duration of the employees for all workers in the palm oil mills was one year and above. Voltaire et al. 2002 

stated that human body usually take four days to adapt with new environment, but complete acclimatization can 

take up to 3 weeks [14] which the duration of employees is important in the health effect on heat [2].  

 Based on the Table 2, it shows that the mean of the WBGTin for all work section were 30.0°C and above. 

The highest WBGTin value was found in the boiler section (35.67°C) where the process involve 102.6°C at 

299.5 psi. Previous studied concluded that the factory which involved furnace in the process such as boiler can 

be a major contributor to heat stress [3, 15]. From ACGIH standard, 2000, the reference value of WBGT for an 

individual that is acclimatized to heat which performs a moderate work and 75% work; 25% rest for work 

regimen is 28.5°C [16].  Thus, it showed that the mean value of WBGTin for all work section has exceeded the 

TLV set by ACGIH standard where the workers at the work sections studied might get exposed to the heat stress 

due to high temperature.  

 Heat exhaustion (84.2%) is the highest prevalence of heat related illness complaints among the respondents 

when they are exposed to heat followed by dehydration (76.8%). These results are also supported by previous 

finding where heat exhaustion is the most widely happened in the occupational setting where the median WBGT 

value for all observed heat exhaustion cases was 29.8°C [17]. Heat exhaustion also indicated potentially serious 



175                                                                      Karmegam, K. et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 171-176 

health illness which typically present with fatigue, dizziness, headache, nausea, and vomit [18]. For the 

dehydration, Bates and Matthew, 1996 reported that mental performance begins to decrease at 2% dehydration 

which affect physical and cognitive performance of the workers because of unreplaceable water and heat in the 

body [19].  In the present study, prevalence of heat related illness complaints according to work section was 

reported to be above 70% from all work sections. This showed that, majority of the workers in the palm oil mill 

had affected with heat stress due to exposure in high temperature during working hours. 

 

Conclusion: 

 As a conclusion, all work sections studied in the palm oil mill were exceeded 28.5°C (TLV ACGIH, 2000). 

The high prevalence of heat related illness among workers are heat exhaustion, dehydration, and heat cramps. 

Majority of the workers in palm oil mill for each work section had reported high prevalence in heat related 

illness since all the work sections had high level of environmental temperature. 

 

Ethical considerations: 

 This study was funded by Long Term Research Grant Scheme (LRGS) (Vote No: 9305800), Universiti 

Putra Malaysia. 

 

ACKNOWLEDGEMENTS 

 

 We thank the management and the respondents of the palm oil mill workers for their participation in this 

study. 

 

REFERENCES 

 

[1] Rasoul, H., Z. Sajad, B.H. Akbar, H. Abdollah and G. Hossin, 2013. Investigation of Heat Stress in 

Workplace for Different Work Groups According to ISO 7243 standard in Mehr Petrochemical Complex, 

Assaluyeh, Iran, 4(2): ISSN 2008-4978. 

[2] Azlis, S.J., D. Zulhilman, S.Y. Mohd, M.B. Faizal and H. Khald, 2007. Heat Stress Investigation on 

Laundry Workers. Faculty of Mechanical Engineering and   Manufacturing, Universiti Tun Hussein Onn 

Malaysia. 

[3] Kishor, P.B., G.L. Ashok, P.Z. Sanjay, K.B. Vaishali, M.K. Gautman, B.T. Subhash and C.G. Vivekanand, 

2012. Heat Stress and its Effect in Glass Factory Workers of Central India. International Journal of 

Engineering Research & Technology (IJERT), 1(8): ISSN: 2278-0181. 

[4] National Institute for Occupational Safety and Health (NIOSH). (2013). Heat Stress. Retrieved October, 

2013 from http://www.cdc.gov/niosh/topics/heatstress/. 

[5] Lee, S.Y., J.L. Brand, 2005. Effect of control over office workspace on perceptions of the work 

environment and work outcomes. Journal of environmental psychology. 2005, 25: 323-333. 

[6] Malaysia Palm Oil Council (MPOC), 2013. Malaysia Palm Oil Industry. Retrieved December 19
th

, 2013 

from http://www.mpoc.org.my/Industry_Overview.aspx. 

[7] Leithend, C.S., A.R. Lind, 1964. Heat Stress and Heat Discharges. Davis Co, Philadelphia, PA. 

[8] Barbara, A.P., J.Q. Patricia, 2002. Fundamental of Industrial Hygiene 5
th

 Edition. Part III: Thermal Stress.  

[9] Ho CW, JL. Beard, PA. Farrell, CT. Minson, WL. Kenny, 1997. Age, fitness, and regional blood flow 

during exercise in the heat. Journal of Applied Physiology, 82(4): 1126-1135. 

[10] Thomas, CM., JH. Pierzga and WL. Kenney, 1999. Aerobic training and cutaneous vasodilation in young 

and older men. Journal of Applied Physiology, 86(5): 1676-1686. 

[11] Donoghue, AM., 2004. Heat illness in the US mining industry, American Journal of Industrial Medicine, 

45(4): 351-356. 

[12] Vroman, NB., ER. Bushkirk and JL. Hodgson, 1983. Cardiac output and skin blood flow in lean and obese 

individuals during exercise in the heat. Journal of Applied Physiology, 33(5): 616-622. 

[13] Anderson, GS., 1999. Human morphology and temperature regulation. International Journal of 

Biometeorology, 43(3): 99-109. 

[14] Voltaire, B., O. Galy, O. Coste, S. Racinais, A. Callis, S. Blonc, C. Hertogh, O. Hue, 2002. Effect of 

fourteen days of acclimatization on athletic performance in tropical climate.  Can J Appl Physiol, 27(6): 

551-562. 

[15] Srivatsa, A., R. Kumar, E. Joseph, A. Kumar, 2000. Heat esposure study in the workplace in the glass 

manufacturing unit in India. Ann Occup Hyg 2000, 44(6): 449-53. 

[16] American Conference of Govermental Industrial Hygienists, 2000. Threshold Limits Values for Chemical 

Substances and Physical Agents and Biological Exposure Indices. American Conference of Govermental 

Industrial Hygienists.  



176                                                                      Karmegam, K. et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 171-176 

[17] Donoghue, A.M., 2004. Heat illness in the U.S. mining industry. American Journal of Industrial Medicine, 

45 (4): 351-356. 

[18] Spain, J.K., C. Liotta, T.M.D. Terrell, M.D.R. Branoff, 2010. Heat-related illness in athletes: Recognition 

and treatment. Athletic Training & Sports Health Care, 2(4): 152-154.  

[19] Bates, G. and B. Matthew, 1996. A New Approach to Measuring Heat Stress in the Workplace. Occ Hyg 

Solutions. Proceedings 15th Annual Conf Aust Inst of Occ Hyg. Perth 30 Nov to 4 Dec. pp: 265-267.  

 


