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OCCUPATIONAL SAFETY AND HEALTH OF CONSTRUCTION 

WORKERS WORKING IN EXTREME TEMPERATURES 
Ana Vukadinovic 1, Jasmina Radosavljevic2, 

 

Abstract: In the construction industry, workers are exposed to a dynamic environment and the effects of 

external climatic parameters when working outdoors or indoors. Such effects can cause heat stress in 

construction workers and indirectly lead to a variety of occupational injuries or health issues, such as diminished 

physical and cognitive ability. The most prominent external factors for heat stress include air temperature, 

intensity of radiant heat, air humidity, and wind speed and direction. This paper reviewed the guidelines for 

determining heat stress of construction workers and identifying potential health issues and occupational injuries. 

In addition, the paper discussed the recommendations and preventive measures against the negative effects of 

heat stress and possible injuries. 
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BEZBEDNOST I ZDRAVLJE NA RADU GRAĐEVINSKIH RADNIKA 

PRI EKSTREMNIM TEMPERATURAMA 

Rezime: U građevinskoj industriji, pri obavljanjanju poslova izvođenja građevinskih radova na otvorenom ili u 

zatvorenom prostoru, radnici su izloženi dinamičkom okruženju i uticaju spoljašnjih klimatskih parametara. Ti 

uticaji mogu da dovedu do toplotnog stresa kod građevinskih radnika pri čemu mogu nastati mnogobrojne 

povrede na radu ili značajni zdravstveni efekti kao što su oslabljene fizičke i mentalne sposobnosti. Najznačajniji 

spoljašnji faktori koji mogu dovesti do toplotnog stresa su temperatura vazduha, intenzitet sunčevog zračenja, 

vlažnost vazduha i brzina i pravac vetra. U radu su date smernica za određivanje toplotnog stresa radnika na 

gradilištu, identifikacija mogućih zdravstvenih problema i povreda na radu. Takođe su date i preventivne mere 

radi smanjenja negativnih efekata toplotnog stresa kod radnika i sprečavanja mogućih povreda. 

 

Ključne reči: bezbednost i zdravlje na radu, građevinarstvo, toplotni stres, ekstremne temperature. 

1. INTRODUCTION 

 When performing outdoor work tasks, construction site workers are exposed to a 

changing work environment, which could lead to heat stress [1]. In places where temperatures 

at construction sites can exceed 36°C during the summer, workers work in unfavorable 

conditions, which may affect their health as well as their productivity [2]. Mortality rate 

analysis in the United States for the period between 2000 and 2010 has revealed that 

construction industry ranks second among other industries in terms of heat stress risk [3]. 

 Human body is sensitive to environmental temperature change. The average human 

body temperature is 37°C, and when external temperature changes, the body works to 

maintain a constant temperature [4]. At higher air temperatures, the human organism releases 

excess heat through perspiration. If air humidity is high and hinders perspiration, the body 

might overheat and thus be subject to a number of health problems [4]. Studies have shown a 

significant decrease in work ability of workers when the construction site temperature exceeds 

32.2°C in humid climates and when it exceeds 33°C in dry and warm climates [5]. Health 

issues due to high temperatures include fatigue, exhaustion, heat cramps, and even 

hyperthermia [2]. A study conducted in Japan on construction sites during the summer 

revealed that, out of 115 surveyed workers, 63.7% exhibited dehydration symptoms, 42.2% 
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felt rapid onsets of fatigue, 13.2% experienced headaches, and 11.8% suffered from vertigo 

[6]. Work on construction sites at extreme air temperatures, especially with increased 

humidity, requires special occupational safety and health measures.  

2. HEAT STRESS 

 According to the Serbian Guidelines for Safe and Healthy Outdoor Work at High 

Temperatures, heat stress is defined as an employee’s reaction (physical or physiological) to 

the surrounding workplace temperature [2]. Rowlinson et al. define heat stress as the “heat 

load imposed on the human body, including environmental heat, metabolic heat and the 

thermal effect of clothing” [7].  

2.1. Relation of heat stress and high temperatures 

 During outdoor work at construction sites, especially during the summer, the heat 

stress that can be caused by extreme heat poses a physical hazard [8]. The risk of heat stress at 

high temperatures increases with the increase in air humidity, but also when workers perform 

strenuous physical work and bear the load of personal protective equipment. According to a 

study conducted in Chine in 2011, 17% of construction site workers were exposed to some 

form of heat stress [5]. 

The human organism utilizes two regulation methods to maintain constant body 

temperature: increased peripheral blood flow and perspiration. When environmental air 

temperature increases, the human body resorts to perspiration and subsequent evaporation to 

release excess heat. Likewise, by increasing peripheral blood flow, the body tries to reduce 

brain and heart overheat. This decreases the blood flow in muscles and the brain, which in 

turn leads to fatigue and reduces cognitive abilities. Reduced work ability affects cognition, 

vision, one’s level of caution, etc., which results in an increased number of occupational 

injuries [5]. The presence of heavy personal protective equipment or increased air humidity 

impedes perspiration and reduces the cooling effects. If a worker is under heavy heat stress, 

perspiration will stop, which can lead to serious health damage [8]. Figure 1 showcases 

outdoor construction site work in high external temperature.  

 

 
Figure 1. Construction site work in high temperature [9] 

 

The top factors responsible for heat stress can be divided in two groups [10]: 

 Individual factors (level of physical exertion, age, clothing effects, and metabolic rate) 

 Environmental factors (radiant heat, air temperature, humidity, and air velocity). 

Construction workers who are particularly at risk of exhibiting heat stress at high 

temperatures can be classified into the following groups: 
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 workers who wear heavy protective equipment; 

 workers who take blood pressure medication; 

 workers with chronic diseases or diabetes; 

 workers who suffer from some form of infection or diarrhea; 

 workers who consume alcoholic drinks in the workplace;  

 workers who are overweight or have a reduced physical ability [8]. 

 

The older the workers are, the less tolerant they will be to high temperatures. All other 

things being equal, perspiration in older workers begins later than in younger workers. 

Decrease in perspiration is a consequence of decelerated metabolism, which increases the 

body temperature of older workers [11]. 

2.2. Health issues caused by exposure to high environmental temperature 

 Exposure of construction workers to high environmental temperatures, particularly if 

additional physical and chemical threats are present, could result in a number of health issues. 

Minor health issues include rashes, muscle cramps and spasms, skin irritation, discomfort, and 

dehydration, whereas major health issues include vertigo, weakness, confusion, loss of 

consciousness, convulsions, heart attack, damage to the central nervous system, and even 

death [8].  

 Guidelines for Safe and Healthy Outdoor Work at High Temperatures, published by 

the Serbian Ministry of Labor, specify two health issues in workers: dehydration and heat 

stroke [2]. Additionally, heat rash, heat cramps, and hyperthermia may occur [8], [10]. 

 Heat rash is redness of the skin accompanied by itching caused by heat exposure. In 

such cases, it is necessary to avoid warm or hot environments and to wash the skin with cold 

water [10]. 

 Heat cramps occur due to excessive perspiration that is not compensated with 

electrolytes [8]. They can be identified on the cramped muscles by the palpable thickening 

and by the arm, leg, or abdominal pain. Such cases require rest, as well as light stretching or 

massage of the muscles [8], [10]. 

 Dehydration is the decrease in water quantity in the body, accompanied by the general 

symptoms such as dryness of the mouth, fatigue, lightheadedness, and loss of consciousness. 

First aid involves rehydration using water or electrolytes and placing the dehydrated person in 

a sitting or lying position [2]. 

 Hyperthermia is among the major health issues of workers and the most severe form 

of heat stress. Hyperthermia involves impaired functioning of the thermal regulation systems, 

which leads to critical body temperature increase. The symptoms of hyperthermia include dry, 

red, and warm skin, rectal temperature over 40.5°C, rapid pulse (tachycardia), rapid breathing 

(tachypnea), irrational behavior, confusion, and disorientation. In case any of these symptoms 

is identified, the worker will require immediate medical assistance, and direct assistance can 

be provided by moving the worker to a location without sunlight and wrapping her/his neck, 

armpits, and groin in damp sheets that were submerged in cold water and then wrung [8], 

[10]. 

 Heat stroke is a form of hyperthermia caused by direct exposure to sunlight. General 

heat stroke symptoms include weakness, nausea and vomiting, as well as vertigo, fatigue, 

tinnitus, and facial redness. In the most severe cases, workers’ life might be at risk [2]. 
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 There is uncertainty regarding the use of cold water to relieve the symptoms of heat 

stress at high temperatures. To avoid rapid rise of blood pressure, the recommendation is to 

use lukewarm water for gradual cooling of the body or to disperse lukewarm water using a fan 

[12].   

2.3. Relation of heat stress and low temperatures 

 During work performed at low environmental temperatures, the human body tries to 

maintain constant temperature by reducing peripheral blood flow, which in turn decreases the 

temperature of skin surface. The effect is most prominent in the extremities (nose, ears, hands, 

and feet) [8]. In cold conditions, hands and fingers become less sensitive, which can lead to 

serious occupational injuries. The construction workers who are most vulnerable include 

those involved in paving work or working with vibrating machinery [8]. If the body continues 

to release heat and does not become warmer, it can go into a state of hypothermia. The 

construction workers with the highest risk of hypothermia include workers who perform 

difficult tasks that cause fatigue or perspiration or that involve contact with water, workers 

who consume alcohol or take sedatives, and workers who are insufficiently physically 

prepared [8]. 

2.4. Health issues caused by exposure to low environmental temperature 

 Exposure of construction workers to low environmental temperatures can cause 

frostbite, swelling, and hypothermia.  

 Frostbite on the body and particularly on the fingers, ears, and nose can occur in 

workers exposed to low environmental temperature. The symptoms include skin redness, 

similar to burns, and numbness, which can result in loss of skin and even loss of limbs [4]. 

 Swelling occurs after prolonged exposure to low temperatures during contact with 

water. Side-effects include itching, pain, skin loss, and the appearance of sores [4]. 

 Hypothermia is the inability of the body to maintain its temperature at low external 

temperatures. It can lead to hallucinations, drowsiness, irregular heartbeat, loss of 

consciousness, and death.  

3. HEAT STRESS INDEX 

 The combined effects of several different factors causing heat stress, such as air 

temperature, air humidity, and air velocity, can be expressed by a single number using the 

heat stress index [12]. Metabolic rate and clothing effects can also be included in the index or 

the index can be interpreted in relation to them [12]. 

At construction sites, the heat stress level can be estimated using the wet-bulb globe 

temperature (WBGT) index [12]. An occupational safety engineer or other competent persons 

are usually in charge of controlling the WBGT index [4].  

 The following equation is used to calculate the WBGT index for an outdoor work 

environment [4]: 

                                 WBGT = 0.7 NWB+0.2 GT+0.1 DB,                                         (1) 

 

 while the equation for calculating the WBGT index for an indoor work environment is 

[4]: 

WBGT = 0.7 NWB+0.3 GT,                                               (2) 

where: 
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WBGT – wet-bulb globe temperature index; 

NWB – natural wet-bulb temperature; 

DB – dry-bulb temperature; 

GT – globe temperature. 

 

If the activity of an observed worker differs within an observed period, the effective 

metabolic rate (Meff) is then calculated using the following equation [5]: 

 

   ,                                          (3) 

where: 

Meff – effective metabolic rate; 

Mwork – metabolic rate during work; 

Mrest – metabolic rate during rest; 

twork – time spent working; 

trest – time spent resting. 

 

The effective WBGT index is calculated as follows [5]: 

 

                                 (4) 

where: 

WBGTeff – effective wet-bulb globe temperature index;  

WBGTwork – wet-bulb globe temperature index during work; 

WBGTrest – wet-bulb globe temperature index during rest; 

twork – time spent working; 

trest – time spent resting. 

 

3.1. Measurement of parameters for WBGT index calculation 

 The parameters used to determine the heat stress index are measured for a period of 

one hour. If the parameters vary during work performance, the measurement has to be 

performed more than once. The parameters are measured at the height of the abdomen of a 

construction worker [12]. If there is a variation in clothing or work intensity of an observed 

worker within the hour of measurement, then a one-hour time weighted average is calculated. 

The WBGT is determined for typical worker clothing (boiler suit or long sleeve cotton shirt 

and cotton trousers; Icl = 0.6, im = 0.38 (vapor permeability of cotton)). [12]  

Parameters need to be measured using the following equipment: 

 Black globe temperature sensor;  

 Natural wet-bulb temperature sensor;  

 Air temperature sensor [12]. 

 

The duration of work or rest is recommended according to the WBGT, as shown in Table 

1.  
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Table 1. Duration of work and rest while performing light, moderate, or heavy work activities on a construction site, 

depending on WBGT [1] 

Work duration with breaks (for 

1h) 

WBGT [°C] by activity 

Light Moderate Heavy 

Non-stop Under 30.0 Under 26.7 Under 25 

45 min work and 15 min break 30.1-30.6 26.08-28.0 25.1-25.9 

30 min work and 30 min break 30.7-31.4 28.1-29.4 26.0-27.9 

15 min work and 45 min break 31.5-32.2 29.5-31.1 28.0-30.0 

Unsupervised work prohibited  Above 32.2 Above 31.1 Above 30 

 

 In addition to the WBGT, heat stress level is also assessed using the indexes Humidex, 

heat stress index (HSI), thermal work limit (TWL), Physiological Strain Index (PSI), PHS 

Model, and others [5], [7]. 

4. PREVENTIVE AND SAFETY MEASURES FOR WORKER PROTECTION AGAINST 

HEAT STRESS 

 When construction workers are exposed to external factors such as radiant heat, 

extremely high or low air temperature, excessive air humidity, and the like, employers have to 

ensure that occupational safety and health measures are being implemented in order to reduce 

worker heat stress [2].  

 Preventive safety and health measures include organizational measures, professional 

training of employees, use of personal protective equipment, and the implementation of 

measures that prevent health issues [2]. 

Work in high temperatures should be organized in such a way that: 

 work during the hottest period of the day (11 am – 2 pm) is avoided;  

 shift work is available; 

 heavy work is performed during the cooler part of the day; 

 workers who perform heavy work are allowed to rest and provided with sufficient 

amounts of water; 

 workers are trained in providing first aid. 

The training of employees for safe and healthy work also involves providing information 

about the health risks of exposure to high or low temperatures. 

During exposure to high temperatures, workers in a construction site should wear summer 

clothing, including baseball caps, head scarves, or brimmed hats, which protect them from 

excessive sunlight exposure. Summer work clothing should be comfortable, of light color, and 

made of natural materials [2]. However, the top should be long-sleeved to prevent cuts, 

bruises, and injuries [1]. Use of personal protective equipment can place additional load on 

workers (4 to 6 kg) and thus accelerate their metabolic rate [1].  

 Proper prevention of health issues of construction workers at high temperatures 

requires that workers [1] [4]:  

 take enough liquids (water or electrolyte drink, minimum 2 liters a day; the 

recommended dose is 4-6 liters a day);  

 take a glass of cold water every 15-20 minutes; 

 avoid alcohol, caffeine, or carbonated drinks; 
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 eat light meals, such as fruits and vegetables, fish and other seafood, as well as low-fat 

food;  

 take breaks in cooled rooms/spaces; 

 adjust their workload and rest to the environmental conditions; 

 recognize early heat stress symptoms (by monitoring their heart rate and temperature);  

 take a break after every hour spent working if their heart rate is over 127 bpm; take a 

break after every 15 minutes spent working if their heart rate is over 145 bpm; and take 

a break after every 4-6 minutes spent working if their heart rate is 150-180 bpm.  

5. CONCLUSION 

Construction industry is characteristic for its work space, as most construction activities 

are performed on outdoor construction sites, where the workers are exposed to radiant heat 

and other climatic factors. The most important individual factors for heat stress are metabolic 

rate and clothing effects. Exposure to high temperatures at a construction site could lead to a 

heat rash, heat cramps, dehydration, and ultimately hyperthermia. Exposure to low 

temperatures at a construction site could result in occupational injuries due to frostbite, 

swelling, and ultimately hypothermia. Construction site heat stress level can be monitored 

using the heat stress index, based on which it is possible to determine the measures for safe 

and healthy work. Employers need to adapt work tasks at the construction site according to 

the workplace temperature conditions in order to prevent workers from experiencing any 

health issues. 

Knowledge about the harmful effects of heat stress can be used to organize work on a 

construction site so as to reduce or mitigate such effects. 
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