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Abstract— Humans require energy to perform work and 

produce heat to maintain an internal body temperature of 

around 37 °C. The higher their activity levels the more heat 

that is produced. If too much heat is produced then the body 

will sweat which will cause discomfort. If ‘too little’ heat is 

produced blood will be withdrawn from the hands and feet, 

skin temperature will fall and the person will feel cold and 

uncomfortable. Environmental conditions and clothing 

required for comfort will therefore directly depend upon 

metabolic heat production. Many jobs require working in hot 

environments, both outdoors and indoors. Working in the 

heat and doing physical work can affect the body’s cooling 

system. If the body is unable to cool itself, a worker can 

experience heat stress. If heat stress is not recognized and 

treated in the early stages, more serious and even fatal 

conditions may quickly develop. Workers who are required 

to work in hot conditions must be adequately prepared to deal 

with heat stress. Outdoor work activity often increases during 

the hot summer months, particularly in construction, roofing, 

forestry, forest fire fighting, and road construction. Indoor 

work activities in hot environments exposed workers to heat 

year rounds. These include working in pulp and paper 

manufacturing, industrial laundries, bakeries; steel 

manufacturing and fabricating, boiler rooms and working 

near in cement kilns.  Workers exposed to hot environments 

must be trained to prevent heat stress and to recognize early 

symptoms of heat stress in themselves and co-workers. Heat 

stress can result in range of problems from skin rashes to 

light-headedness to convulsion and unconsciousness. Early 

symptoms of heat stress – such as excessive fatigue, lethargy, 

irritability, lack of co-ordination, and altered judgment – can 

result in serious accidents. Unless treated promptly, these 

symptoms can rapidly develop into serious conditions, 

including convulsions and unconsciousness. 
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I. INTRODUCTION 

Heat Stress is net heat load to which worker may be exposed 

from combined contributions of metabolic heat, environment 

factor and clothing requirements. Heat stress occurs when 

the body’s means of controlling its internal temperature 

starts to fail.  

 The body reacts to heat by increasing the blood flow 

to the skin’s surface and by sweating. This cools the body as 

heat is carried to the surface from within by the increased 

blood flow and sweat evaporates. Heat can also be lost by 

radiation and convection from the body’s surface. 

Environmental heat is more than just temperature. Four 

factors contribute to heat stress in workers: 

1) Air temperature. 

2) Humidity. High relative humidity makes it difficult for 

the body to cool itself through sweating. 

3) Radiant heat from sunlight or artificial heat sources such 

as furnaces. 

4) Air movement. In most situations, wind helps workers 

cool off. 

 
Fig. 1: Biophysical aspects of thermoregulation during the 

heat stress. 

A. Thermal Equilibrium 
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B. Heat-related disorders  

1) Heat Strokes: 

 
a) Symptoms: 

Chills, Restlessness, irritability  

b) Signs:  

Euphoria, red face, disorientation, hot dry skin, erratic 

behavior, collapse, shivering, unconsciousness, convulsions, 

 

c) Causes:  

Excessive exposure, Subnormal tolerance, and/or 

drug/alcohol abuse. 

d) First Aid:  

Cool immediately, transport to hospital and check 

temperature. 

e) Prevention:  

Determination of heat stress exposure, maintaining a healthy 

lifestyle, and acclimation. 

2) Heat Exhaustion:  

 
a) Symptoms: 

Fatigue, weakness, blurred vision, dizziness and headache. 

b) Signs:  

High pulse rate, profuse sweating, low blood pressure, 

insecure gait, pale face, collapse, body temperature normal to 

slightly increased. 

c) Causes:  

Dehydration, distribution of blood to the periphery, low level 

of acclimation, and low level of fitness. 

d) First Aid:  

Lie down flat on back in a cool environment, drink water and 

loosen clothing. 

e) Prevention:  

Drink water & fluids frequently, add salt to food, acclimation. 

3) Dehydration: 

 
a) Symptoms: 

No early symptoms, fatigue/weakness, and dry mouth. 

b) Signs:  

Loss of work Capacity, increased response time. 

c) Causes:  

Excessive loss of fluids caused by sweating, vomiting or 

diarrhea, or alcohol consumption. 

d) First Aid:  

Fluid and salt replacement. 

e) Prevention: 

Drink water & fluids frequently, add salt to food. 

4) Heat Syncope: 

 
a) Symptoms: 

Blurred vision, fainting, and normal temperature. 

b) Signs:  

Brief fainting or near fainting behavior. 

c) Causes:  

Pooling of blood in the legs and skin from prolonged static 

posture and heat exposure. 

d) First Aid:  

Lie on back in a cool environment and drink water. 

e) Prevention: 

Flex leg muscles several times before moving and stand or sit 

up slowly. 
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5) Heat Cramps: 

 
a) Symptoms: 

Painful muscle cramps, especially in abdominal or fatigued 

muscles. 

b) Signs:  

Incapacitating pain in muscles. 

c) Causes:  

Electrolyte imbalance caused by prolonged sweating without 

adequate fluid and salt intake. 

d) First Aid:  

Rest in cool environment, drink salted water (0.5% Salt 

solution) and massage the muscle.  

e) Prevention: 

If hard physical work is part of the job, workers should add 

extra salt to their food. 

6) Heat Rashes: 

 
a) Symptoms: 

Itching skin and reduced sweating. 

b) Signs:  

Skin eruptions. 

c) Causes:  

Prolonged uninterrupted sweating and/or inadequate hygiene 

practices. 

d) First Aid:  

Keep the skin clean and dry and reduce heat exposure. 

e) Prevention: 

Keep the skin clean and periodically allow the skin to dry. 

C. Protection from heat stress 

1) Drink plenty of fluids: 

 
Remember  

Thirst is not a good indicator for water replenishment, so, 

drink small quantities as frequently as possible. 

2) Wear a cooling vest: 

 
Remember  

Sometimes, additional cooling is required, so, use a cooling 

vest to cool down your body’s core temperature 

3) Provide Shaded areas: 

 
Remember  

To protect worker from exposure to direct sun-light, provide 

shaded areas using sun shades or scaffolding structures. 
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4) Choose the right foods: 

 
Remember  

Monitor your body for signs and symptoms of heat stress 

disorders, you may need to adjust the amount of salt in your 

food. Try not to have a large meal before working in the heat 

as it will affect your body’s metabolism process. 

D. Acclimatization: 

Acclimatization is a gradual physiological adaptation that 

improves an individual’s ability to tolerate heat stress. 

Acclimatization usually takes several days with gradual 

build-up to expected heat loads, workloads and duration of 

the job. If a person has not been working in a hot area, the 

same level of performance should not be expected as that of 

a person who has become acclimatized to the heat. Generally, 

it takes about a week to become 90 per cent acclimatized to 

high heat levels. This is done by starting at a reduced pace on 

the first day and gradually increasing the amount of work and 

duration of exposure in the hot area each day the first week. 

Consideration should be given to workers returning from 

rotation, for example from offshore duty. If the worker has 

been away for several days in a significantly cooler area 

and/or has experienced a less strenuous work or exercise 

setting, an acclimatization schedule should be implemented if 

possible. Some acclimatization is lost after being on vacation 

for several weeks or returning from an extended illness. 

 

E. Activity (% of full work assignment) 

 

 
Experienced employees 

 
New employees 

Day 1 50 % 20 % 

Day 2 60 % 40 % 

Day 3 80 % 60 % 

Day 4 100 % 80 % 

Day 5 --- 100 % 

F. Heat Stress Prevention & control Plan 

If worker is exposed to environmental conditions that could 

case heat disorders, the employer must implement the below 

controls to reduce the heat exposure: 

1) Engineering controls 

Engineering controls are the most effective and preferred 

means to reduce excessive heat exposure. The following are 

some examples of engineering controls: 

1) Reduce worker activity through automation or 

mechanization. 

2) Cover or insulate hot surfaces to reduce radiant heat. 

3) Shield workers from radiant heat. 

4) Provide air conditioning or increased ventilation to 

remove hot air. 

5) Provide fans for spot cooling 

6) Reduce the humidity using air conditioning and 

dehumidifiers, or reduce the sources of moisture (for 

example, open water baths, drains, leaky steam 

valves). 

2) Administrative controls 

If engineering controls are not practicable – which is often the 

case when work is done outdoors during the summer months 

– administrative controls must be considered. The following 

are some common administrative controls used to reduce the 

risk of heat stress 

G. Action plan for heat stress control 

The person directly supervising an activity shall monitor his 

employees for signs and symptoms of heat stress 

(hyperthermia). Employees should be instructed to monitor 

their coworkers for signs and symptoms. The SHEM (Safety, 

Health, Environment and management) checklist form of 

Heat Stress Workplace Inspection Checklist may be used to 

document the inspection. 

 The activity supervisor shall provide adequate 

liquids to replenish lost water and electrolytes through 

sweating. Replacement fluids should not be limited to water 

and, when possible, commercial electrolyte replacement 

fluids or mixes should be provided. 

 Employees should be encouraged to drink more than 

the amount required to satisfy their thirst, because thirst is not 

an accurate indicator of adequate electrolyte and water 

replacement. 

 Four work regimens have been established to 

provide adequate rest periods for cooling down based on 

physiological factors (metabolic rates, demand and body 
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weight) and environmental factors (Wet, Bulb, Globe 

Temperature (WBGT). 

 Breaks should be taken in a cool area. Employees 

should remove impermeable protective garments. Employees 

should not be assigned other tasks during their rest periods. 

Additional manpower may be required to ensure appropriate 

work/rest schedules. Cooling devices may be worn to aid in 

reduction of body temperature. 

II. DEVICE AND PROCEDURE 

A. WBGT Monitoring: 

 
Fig. 2.1: Wet Bulb Globe Temperature device 

 WBGT Monitors take into account multiple factors that 

affect a person’s body temperatures; including radiant 

heat, relative humidity and ambient temperature. 

 WBGT has been shown to provide an accurate measure 

of environmental heat stress. 

 WBGT can be used as a preventive measure during 

exercise in the heat by making activity modifications as 

WBGT rises. 

 When developing guidelines for activity modification 

using WBGT, it is necessary to include work: rest ratios, 

length of activity, hydration breaks, equipment to be 

worn (if applicable), and a level in which activity is 

cancelled. 

 WBGT guidelines must be region (geographic) specific 

since temperatures fluctuate differently by 

regions.  People’s response to exercising in heat may 

vary by the geographic region in which their usual 

exercise sessions take place. 

 WBGT modifications should be fluid, meaning that if the 

conditions get more restrictive during the day or a 

particular practice, modifications should be more 

restrictive. As environmental conditions become milder, 

modifications should be less restrictive. 

B. Wet Bulb Globe Temperature (WBGT) Monitoring:  

A WBGT device is a measurement tool that uses ambient 

temperature, relative humidity, wind, and solar radiation from 

the sun to get a measure that can be used to monitor 

environmental conditions during exercise. Establishing 

WBGT guidelines that dictate modifications in activity 

(work: rest ratios, hydration breaks, equipment worn, length 

of practice) at given WBGT temperatures play a huge factor 

in helping to prevent EHS. 

1) Components: 

As mention above, WBGT utilizes ambient temperature, 

relative humidity, wind, and solar radiation from the sun to 

get a composite value that can be used when monitoring 

environmental conditions during exercise in the heat. The 

equation below uses all of these components to calculate 

WBGT. 

WBGT=0.7TW+0.2TG+0.1TD 

Tw is the wet bulb temperature, which indicates humidity 

Tg is the globe temperature, which indicates radiant heat 

Td is the ambient air (dry) temperature 

a) Handling of WBGT:  

1) Place the device in the work area in a safe location 

approximately 1 meter from the ground 

2) Turn the device on by pressing the On/Off once. 

3) Select “VIEW” by pressing the Enter Key 

4) Press the Down Key until you see “WBGTO”. 

5) Record the reading. 

6) To turn off the device, press the On/Off key for 3 

seconds, release it, and then press it again for 3 

seconds. 

C. Heat Stress Evaluation: 

1) 3m QUESTemp⁰46/44 

 
Fig. 2.2: Configuration of WBGT (Wet Bulb Globe 

Temperature) 

D. Work Regimen: 

Work Regimen implemented in YANSAB plant in Yanbu 

region of Saudi Arabia to control the heat stress among their 

employees.  

 Three work regimens (regimen 1, 2 and 3) have been 

established to provide adequate rest periods for cooling down 

based on physiological factors (metabolic rates, demand and 

body weight) and environmental factors (Wet, Bulb, Globe 

Temperature (WBGT). 

1) Metabolic Rate:  

A conversion of chemical into mechanical and thermal 

energy measures the energetic cost of muscular load and 

gives a numerical index of activity. In particular, in hot 

climates, the high levels of metabolic heat production 

associated with muscular work aggravate heat stress, as large 

amount of heat need to be dissipated, mostly by sweat 

evaporation.  

 The body utilizes oxygen and food to produce 

energy; the rate at which this occurs is termed the metabolic 

rate (M). Most of the energy produced is measurable as heat 
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but some will be used by the body in performing mechanical 

work (W). The metabolic heat production (H) is then 

H = M - W 

2) Classification of activities: 

Each work unit need to identify all activities with potential 

risk exposure to heat stress, and classify them into light, 

moderate, heavy and very heavy activities based on work load 

and expected metabolic rate in order to apply appropriate 

work/rest schedules as per heat stress matrix used for this 

purpose. 

E. Work Regimen Determination: 

 

 

 

III. CONCLUSION 

Exposure to heat is a potential health problem for both 

indoor and outdoor workers. The seriousness of heat stress 

can range from severe thirst to a feeling of weakness and 

exhaustion, or even uncontrolled heat stroke and death if 

don’t take proper precautions through awareness, training 

and prevention. 

 

Employers should reduce workplace heat stress by using 

engineering and administrative (work practice) controls. An 

engineering control could be a change to the design of the 

workplace that reduces exposure to heat. Administrative 

controls are changes to tasks or schedules to reduce heat 

stress. 
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