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Abstract

The nature of most construction activities exposes workers to health and safety risks associ-
ated with extreme hot weather conditions especially within developing countries in the global
south. Considering the magnitude of health and safety risks associated with extreme heat
exposure and the prevailing safety culture, and attitude among workers that impede adapta-
tion to safe work practices under extreme heat conditions, it is imperative that serious atten-
tion is given to workplace climate change impact on construction workers. The current study
provides empirical evidence on safety awareness and practices among Nigerian construc-
tion workers, those often exposed to extreme hot weather conditions. A structured question-
naire was used to elicit data from 576 respondents using random sampling technique and
the data was analysed using descriptive and inferential statistical tools. As part of the study
outcome, 57.3% of the respondents raised concerns regarding the non-availability of pota-
ble water source on sites, which directly impacts their level of fluid intake while working in
extreme heat conditions. To improve safety and enhance productivity, construction organi-
sations need to prioritise workers’ safety through the implementation of sustainable adaptive
strategies that include the development of early warning systems related to heat stress at
work, development of tailored intervention and adaptive measures and enhancement of
heat stress awareness among workers. The study provides evidence on the impact of heat
stress among construction workers and the need to improve safety awareness and mitiga-
tion against climate change driven extreme heat conditions especially among workers in
tropical countries.

Introduction

Ambient temperature increases associated with climate change has the potential to increase
the frequency of occupational hazards especially among outdoor workers [1-3]. The
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construction industry is a high-risk sector experiencing an exponential increase in workplace
health and safety concerns due to the impact of global warming, especially in the developing
countries [4-6]. With climate change, occurrence of extreme events like heat waves increases
the frequency of adverse health effects and such changes in the climate due to variability in
direct and indirect factors will pose safety and health challenges especially among outdoor
workers [7,8].

Notwithstanding the growing body of research and development in the areas of public
health and environmental dynamics of climate change, there exists a need to place closer atten-
tion to risks related to heat exposure, other workplace associated hazards and opportunities
related to climate change adaptation, especially among outdoor workers in the global south
[9,10]. Outdoor workers (in construction, agriculture, forestry, mining, municipal work, etc.)
are often directly exposed to the effects of heat exposure at much higher rate, which in the
long-term results in increased prevalence and severity of associated occupational health haz-
ards, and possible development of new hazards [7,8,11-13]. Relatedly, the magnitude of health
risks among workers exposed to extreme work environments include skin cancer, chronic kid-
ney disease, high blood pressure, heat stroke, influenza, psychosis and possibly, neurosis. The
probability of these health effects will likely increase with the added duration of exposure to
excessive heat at work [12-14]. In this regard, the World Health Organization has emphasised
the need to take decisive action aimed at addressing health impacts associated with climate
change [15]. In addition, the United Nations Sustainable Development Goals (SDGs 3 and 8)
advocate organisations to establish values around decent work and the promotion of work-
place safety and workers’ welfare across industries [16]. Recently, as part of the fundamental
principles and rights at work by the International Labour Organisation (ILO), member states
were tasked with committing to a safe and healthy working environment. At a continental
level, the strategic framework for achieving wide-ranging and sustainable economic progress
and development in Africa, “Agenda 2063-The Africa we want”, itemised key priority expanses
that include decent work as part of its 50 years’ development strategy [17,18]. These efforts,
among others, have pushed hazardous industries, such as the construction sector, to adopt
counter safety measures, such as the development of Construction Hazards Prevention
through Design (CHPtD) where engineers and architects explicitly consider safety of construc-
tion projects at the design phase [19]. In furtherance, high-risk industries are experiencing a
drive towards the vision of zero workplace accidents through the promotion of safe work and
attainment of safety excellence especially in developed countries [20]. These measures, if prop-
erly incorporated into workplace safety practices, will aid climate change adaptation and pro-
motion of workers’ wellbeing, reduce the chance of heat-related morbidity occurrences and
consequences.

While improving workers’ safety related to extreme heat exposure is deemed urgent and
necessary considering the magnitude of associated risks, the prevailing culture and attitude of
construction workers in the global south has been highlighted as likely to impede prompt
awareness and adaptation to good working practices [8]. Studies have opined that the likeli-
hood and magnitude of the occurrence of risks on the job site exponentially declines when
there is increased awareness on the risks involved, and continuous efforts are made towards
ensuring safety [21]. Relatedly, studies have earlier identified the general lack of effort from
both workers and their employers in the Nigerian Construction Industry (NCI) to achieve
these goals [22-24]. Furthermore, low levels of safety related attitude and behaviour amongst
construction workers in the country often impede their ability to recognise key health and
safety hazards on the jobsite [25]. This, according to a recent study [24] is an indicator of
employers’ poor commitment to a positive safety climate in the work environment. In addi-
tion, architectural practitioners in the NCI recently rated focusing on health and safety issues
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as the least among 45 Key Performance Indicators for project success [26]. As such, there is the
need for the development of resilient approaches towards managing safety challenges among
Nigerian construction workers [27], especially due to the persistent changing dynamics in the
work environment which pose novel and unprecedented challenges.

Attainment of positive safety climate could only be achieved through active stakeholder
engagements which will help provide insights on the current level of awareness, and extent of
unsafe work practices that present further safety challenges in unfavourable work conditions.
Hence, the present study aims to provide empirical evidence on the knowledge, awareness,
and extent of safety practices among Nigerian construction workers often exposed to extreme
hot weather conditions. This is achieved by assessing workplace practices, perceptions and
safety practices to mitigate against extreme heat at work. Findings of the study will provide the
foundation for the development of an early warning system that could help in curbing immi-
nent health and safety challenges among construction workers especially in global south coun-
tries like Nigeria in the era of anthropogenic climate change.

Climate change and risk of extreme weather in Nigeria

With a population of over 200 million and covering an area of 923,769 sq. km (356,669 sq. mi),
Nigeria is regarded as one of the fastest growing populations in the world [28]. The terrain in
the country is largely characterised by lowlands in the southern regions, rising plateaus and
hills in the central regions and levelled plains in the northern region. In general, the country is
characterised by a typical monsoon climate [29].

Over decades, several studies have provided insights into the mechanisms and perception
of climate change in west Africa [30,31]. A rise in average air surface temperature of between
1-2°C has been predicted to occur by the year 2050, which is indicative of an incremental rise
in terrestrial surface temperature in the country [32]. In addition, the modelled potential
impact of climate change on atmospheric conditions in Nigeria, with increasing temperatures
over all ecological zones across the country, indicates an increase in intensity of extreme events
coupled with differing levels of climate change driven variations across the heterogenous cli-
matic regions of the country [33,34]. Vulnerability and variability analysis demonstrate that
the northern region experiences higher degrees of vulnerability to climate change and variabil-
ity in atmospheric conditions than the southern region [35]. Evidence from longitudinal stud-
ies also show a consistent surge in temperature, variability in rainfall, rise in sea level and
flooding, drought and desertification, land degradation, and frequent occurrence of extreme
weather conditions [5,36,37]. Observed temperature increases in Nigeria have been slightly
faster in the last decade, resulting in variable recorded temperature range across the country
especially between June and November of each year [38].

Nigeria’s future climate projections reveal a significant increase in temperature over all its
ecological zones [31,39]. This is worrisome as continuous variations in the physical variables
of the environment such as temperature, humidity and air pressure have been shown to be
mostly responsible for the swift proliferation of health and safety challenges, especially among
outdoor workers [5]. Climate change has been associated with decrease in the ozone layer at
the stratospheric level, which in turn affects the Ultra-Violet (UV) radiation level at the earth’s
surface, posing significant health and safety risks such as adverse eye effects, skin cancer, and
possibly immune dysfunction to exposed workers [3,40-42]. In extreme hot working condi-
tions, high temperatures as seen in Nigeria often promote dehydration amongst exposed work-
ers, leading to multiplicity of health hazards to the heart and lungs, such as chronic obstructive
pulmonary disease, asthma, coronary heart disease, and diabetes [43]. Excess heat has also
been reported to influence thought processes and productivity, largely because the brain,
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heart, and lungs are all sensitive to heat stress and malfunctioning is probable when overly
exposed [44-46].

Adaptive strategies for climate change mediated extreme conditions

Evidently, a persistent increase in global warming due to climate change poses thermal dis-
comfort that endangers the health and safety of workers exposed on their respective jobsites
[47]. Earlier studies have found a strong correlation between thermal comfort and workers’
productivity, advocating a need for adaptive measures and sustainable practices that would
allow the mitigation of such environmentally induced losses in workers’ productivity when
exposed to extreme conditions [48]. In a study that focused on farmers working in extreme
weather conditions, demographic background of workers played an integral role in their abil-
ity to adopt efficient adaptive strategies to curb the imminent challenges of their work environ-
ments under excessive heat conditions [49]. Studies have also found that education level,
experience, awareness, and access to relevant information significantly influenced the utilisa-
tion of adaptive strategies to climate change [7,50]. In this regard, few studies have also pointed
out the need to integrate climate change adaptation through increased awareness and knowl-
edge, which would set the precedence towards equipping workers exposed to extreme climatic
conditions with necessary skills and information to enhance their adaptation [49,51]. How-
ever, failure of disseminating adequate and timely information through mainstream media
sources and academia that raises community awareness towards climate change impact in
Nigeria has resulted in very low level of awareness and adaptation across different sectors of
the economy, including the construction industry [52]. This lack of knowledge and awareness
on climate change impacts amongst workers definitively necessitate the development of early
warning systems and adaptation strategies targeting climate change mediated extreme envi-
ronmental conditions [35,53].

Methodology
Ethics statement

Ethics approval was granted by the Committee on Use of Human Subjects for Research,
Ahmadu Bello University, Zaria, Nigeria [ABUCUHSR/2021/28]. The research and subse-
quent treatment of obtained data was performed in accordance with the principles stated in
the Declaration of Helsinki. Prior to data collection, all participants were briefed on the study
rationale and verbal consent was obtained. For each participant, this was documented with a
date note in their respondent survey sheet as a confirmation of when the consent was discussed
and agreed upon.

Study design

A quantitative research approach was adopted for the study, using a structured questionnaire
to elicit data from construction workers in Nigeria. The questionnaire was categorised into
three sections (Sections A, B and C). Section A asked questions regarding the safety back-
ground of the respondents, which entails their distinct demography, prior safety training, and
the nature of their work environments. Section B was designed to ascertain the knowledge and
awareness levels of construction workers regarding health and safety risks in extreme work
conditions. Lastly, Section C was designed to provide insights into the prevalent practices and
adaptive strategies adopted by construction workers when working in extreme work
environments.
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The survey was carried out from 1** March to 31* July 2022 among frontline construction
workers across the geopolitical zones in Nigeria which coincided with the dry hot season expe-
rienced in most parts of the country. To achieve the required sample size of 385 based on fish-
er’s formula [24], a deliberate contact and sensitisation approach was adopted among the
target population and completion of the survey was made voluntary without the use of any
form of incentive to encourage participation among the target population. A random sampling
technique was adopted, which involved distributing the questionnaires to construction work-
ers stationed in projects within different geopolitical zones of the country using approaches
that included face to face distribution and use of social media platforms to raise awareness
around the study, and solicit participation. Sequel to the successful completion of the exercise,
a total of 576 responses were derived from the study population. Data derived from the survey
was analysed using descriptive statistical methods, and the results are presented as frequency
and percentage. In addition, a one-way analysis of variance (ANOVA) was performed to ascer-
tain variances across the means of workers’ responses to injuries and health risks of working in
extreme heat conditions. The statistical significance for the ANOVA was defined at 95% with
p < .05. Statistical Package for Social Sciences (SPSS) ver. 28.0.1.0. software (IBM SPSS Statis-
tics for Windows, IBM Corp., Armonk, By, USA) was used for the data analysis. Results from
the analysis conducted are presented in the subsequent sections.

Analysis and results
Background of respondents and work environment

Table 1 provides background context to the study findings with descriptions of the study
demographic, safety training, and work environment of the respondents. Overall, the demog-
raphy of the respondents presents a reflection of work force typology within the Nigerian con-
struction sector. Male respondents constituted the majority (79.2%) with only 20.8%
respondents belonging to the female gender. With regards to the age of the respondents, there
was a balanced spread across legal working age brackets, with most of the respondents falling
within the age range of 26-30 (37.5%) while 28.1% fall within 31-40 years of age. 12.5% of the
respondents identified themselves as between the age of 18-25 while those within the age
range between 41 to 50 and those over 50 constituted 15.6% and 6.3% respectively.

Assessment of the educational qualifications of the respondents as a reflection of their liter-
acy level showed that 34% have acquired a university degree, 27.1% a diploma, 22.9% a pri-
mary school certificate, and 16% a trade certificate from an accredited skills acquisition
programme. In addition, 23.6% of the respondents were categorised as career employees, hav-
ing work experience spanning between 1-5 years. 33% of the study participants had between
6-10 years’ work experience within the construction sector, while 3.5% had over 3 decades of
work experience. Overall, majority of the respondents (constituting 54.9%) were trained con-
struction professionals that included Architects, Builders, Civil Engineers etc., while 45.1%
were trained tradesmen such as Masons, Electricians, Carpenters etc. (Table 1).

Assessment of work environment and exposure to extreme weather condition

Table 2 highlights the prevalent condition of the construction work environment the respondents
have been involved in. Majority of the respondents (47.2%) were exposed to the tropical monsoon
climatic condition synonymous with the North Central part of the country while 28.5% were
often exposed to the variable savannah climate in the Northwest region. In addition, 21.2% of the
respondents were exposed to the extreme and variable desert Sahel savannah climatic condition
associated with the Northeast region of the country. With regards to the type of work environ-
ment the respondents were often engaged in and exposed to; 59.4% reported working completely
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Table 1. Demographic background of the study population.

Gender Frequency Percent
Male 456 79.2
Female 120 20.8
Total 576 100

Age
18-25 72 12.5
26-30 216 37.5
31-40 162 28.1
41-50 90 15.6
Above 51 36 6.3
Total 576 100

Educational Qualification

Primary School 132 229

Trade Certificate 92 16

University degree (BSc/MSc/PhD/etc.) 196 34

Others (Accredited Diploma or 156 27.1
College Certificate)

Total 576 100

Years of Experience

0-5 years 136 23.6
6-10 years 190 33
11-20 years 166 28.8
21-30 years 64 11.1
Above 30 years 20 3.5
Total 576 100

https://doi.org/10.1371/journal.pcim.0000380.t001

outdoors, while 6.9% said their daily work activity was mainly undertaken indoors. Relatedly,
25% affirmed to working around a heat source (i.e., welding and cutting torches or hot asphalt),
and within this group, 29.1% were seldom around the heat source, 58.3% were often around the
heat source, while only 12.5% were always around the heat source.

Considering the direct relationship between time spent working in an extreme environ-
ment and the increased likelihood of health and safety risks, results from the survey revealed
that 54.5% construction workers were mostly engaged in average of 8hr work shifts, while
33.3% said they work evening schedules. However, despite the long work hours in an extreme
environment, 41.3% of the respondents reported not using recommended clothing or Personal
Protective Equipment (PPE) in the workplace, which further exposes them to the risks of heat
stress (Table 2). The participants mostly took their lunch breaks at the peak heat period
(between 1-3 pm) and due to lack of enough staff facilities, most stated they took rests beneath
any available sheds or shaded structures around the work site.

Knowledge and awareness of health and safety risks associated with work
extreme conditions

Fig 1 presents the sources of information that the respondents mostly relied upon in making
safety decisions during work under excessive heat conditions. The result reveals significant
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Table 2. Climatic condition of work environment within the study population.

Geographical location in Nigeria Frequency Percent
North Central 272 47.2
Northeast 122 21.2
Northwest 164 28.5
Southeast 14 2.4
Southwest 4 0.7
Total 576 100

Type of work environment

Completely outdoors 342 59.4
Mainly outdoors 116 20.1
Completely indoors 60 10.4
Mainly indoors 40 6.9

Total 558 96.9

Work around heat source?

Yes 144 25.0
No 432 75.0
Total 576 100
If yes, how frequent do you work around heat source?
Seldom 42 29.1
Often 84 58.3
Always 18 12.5
Total 144 100
Usual work schedule
Day Shift 314 54.5
Evening Shift 192 33.3
Split shift 20 3.5
Irregular shift/on-call 20 3.5
Rotating shifts 30 5.2
Total 576 100

Extent of PPE use to reduce exposure

Never 238 41.3
Seldom 192 333
Often 78 13.5
Always 68 11.8
Total 576 100

https://doi.org/10.1371/journal.pcim.0000380.t002

deficit in the respondents’ awareness of health and safety risks associated with work under
extreme weather. Unfortunately, 40% of the respondents reported having no source of infor-
mation regarding safety risks in extreme work environments. These respondents rely on their
local knowledge of the weather rather than seeking information to help them cope with work
during extreme heat. Friends and families were found to be another source of such informa-
tion amongst some respondents (19%). Other sources of information reported amongst the
workers included workplace directives (17%), colleagues (14%), social media platforms (8%),
and radio and television (2%).
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B Social Media
Radio & TV
B Friends and families
m Colleagues
m Workplace

B None

Fig 1.
https://doi.org/10.1371/journal.pcim.0000380.9001

Construction employees are always at greater risk of death, injuries, illnesses, and reduced
productivity because of extreme heat exposure at work. Despite this level of risk, 25% of the
respondents said they found the nature of their job to be very much physically demanding,
while another 26.4% reported their work as moderately demanding (Table 3). The majority of
the respondents; 67.9% and 61.8% have either been injured or witnessed a workplace injury of
a co-worker caused either by diminished thinking; dizziness; sweaty, slippery hands; slowed
response time; muscle fatigue and cramp; and/or blocked vision. In addition, 64.6% of the
respondents reported to have experienced a heat-related illness such as heat rash, hyperther-
mia etc. due to exposure to extreme working conditions (Table 3).

In order to compare the means between the participants’ responses towards injuries and
health risks associated with extreme heat conditions, a one-way analysis of variance (ANOVA)
was performed and the results are displayed in Table 4. There was a significant effect observed
regarding the age, work experience and the derived source of safety information on extreme
heat related responses. However, the respondents’ type of work environment seemed to have
the least effect on extreme heat related adaptations and responses. Participants’ age and the
source of safety information were found to be positively influencing their responses to extreme
heat adaptation (all p-values <0.001 and relatively higher F values, Table 4) with higher effect
sizes. The same applies to the years of experience on the job (High F-values and low p-values).
However, their type of work environment categorised as completely outdoors, mainly out-
doors, completely indoors and mainly indoors did not seem to have an overall significant effect
on their perception towards health risks associated with extreme heat conditions.

Extreme weather safety adaptation strategy and awareness

Table 5 highlights the strategies often adopted by construction workers exposed to extreme
work conditions. Based on the responses, 42% reported not being aware of any work safety
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Table 3. Injuries and health risks in extreme working conditions.

Frequency Percent

Is your work physically demanding?

Not at all 280 48.6

Moderate 152 26.4

Very much 144 25

Total 576 100
Had injury while in extreme working conditions?

Yes 391 67.9

No 185 32.1

Total 576 100

Witnessed injury to another person/colleague during extreme heat working conditions?

Yes 356 61.8
No 220 38.2
Total 576 100

Experienced illness due to exposure to extreme working condition (heat rashes, heat stroke etc.)?

Yes 372 64.6
No 204 354
Total 576 100

https://doi.org/10.1371/journal.pcim.0000380.t003

policy with regards to extreme conditions in their respective workplaces. Amongst the 58% of
the respondents that could ascertain the availability of such a policy, only 24% responded in
the affirmative with 34% reporting the absolute lack of such policy in their workplace. Such
disregard for employees’ safety and health was seen to affect the productivity of workers, with
72.6% reporting working off-pace when faced with such work conditions (Table 5). The lack
of organizational concern with regards to the health and safety adaptation strategies promoted

among workers exposed to extreme heat at work observed is particularly worrisome.

Table 4. One-way ANOVA measured across participant’s responses to injuries and health risks associated with working under extreme heat conditions.

H1* H2* H3* H4* H5*

Age F (4,571) = 12.137 F (4, 571) = 6.696 F (4,571) = 8.305 F (4,571) = 12.214 F (4,571) = 11.868
p <0.001* p <0.001* p <0.001* p <0.001* p <0.001*
2=.078 2=.045 2=.056 2=.079 2=.077

Type of Work Environment F (3, 554) = 8.618 F (3,554) = 1.771 F (3, 554) = 0.989 F (3, 554) = 3.185 F (3, 554) = 7.998
p <0.001* p=0.152 p=0.397 p=0.024* p <0.001*
2=.045 2=.010 2 =.005 2=.017 2=.042

Years of Experience F (5, 570) = 5.690 F (5,570) = 7.718 F (5, 570) = 9.844 F (5, 570) = 2.311 F (5, 570) = 5.480
p <0.001* p <0.001* p <0.001* p=0.043* p <0.001*
2=.048 2=.063 2=.081 2 =.020 2 =.046

Source of Safety Information F (5, 562) = 8.267 F (5, 562) = 13.057 F (5, 562) = 6.048 F (5,562) = 8.872 F (5, 562) = 7.852
p <0.001* p <0.001* p <0.001* p <0.001* p <0.001*

2 =.069 2=.104 2=.051 2=.073 2 =.065

Partial Eta Squared (2) = effect size

*p < 0.05.

*H1, H2. H3, H4, H5 -Extreme heat focused questions from the administered questionnaire.

https://doi.org/10.1371/journal.pcim.0000380.t004
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Table 5. Improvement of extreme weather safety adaptation strategy and awareness.

Variables Frequency Percentage
Yes 136 23.6
Don’t know 244 42.4

Yes 418 72.6

Total 576 100

Need to adjust work habits and practices to mitigate risks due to extreme heat exposure?

No 828
Why Not? ]

I do not think I am at risk 9.6

T have not thought about it 76.3
.

N
=~

I drink plenty fluids before starting 4.2

work

I only drink fluids when I am thirsty 43.1

Total 576 100

Is there provision for palatable drinking water on site provided by your organisation?

No 330 57.3

If no, what is your source of drinking water at work?

Cold bottled/sachet (purchased from
vendor/kiosk)

Bottled water (brought from home)

(Continued)
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Table 5. (Continued)

Variables Frequency Percentage

How concerned are you about the risk of extreme weather-related illness at work?

A little concerned 20 3.5

Moderately concerned 94 16.6
Very much concerned 84 14.8
Extremely concerned 370 65.1
Total 568 100

How satisfied are you with the present measures adopted in your workplace to reduce risk of extreme weather
impact?

Strongly dissatisfied 62 10.8
Dissatisfied 254 44.1
Satisfied 118 20.5
Strongly satisfied 142 24.6
Total 576 100

Do you think there is need for more training around working under extreme weather condition?

Yes 418 72.6
No 12 2.1

No (not sure) 146 25.3
Total 576 100

https://doi.org/10.1371/journal.pcim.0000380.t005

Lack of workplace policy on extreme working conditions had a negative influence on the
respondents’ perception about extreme heat exposure at work. 76.3% of the respondents said
they have never thought about the need for such adaptive changes whereas 11.3% were of the
perception that the magnitude of risk they are exposed to is minimal, while 9.2% did not think
they were being exposed to health and safety risks while working in such conditions at all. As
part of adaptation strategy practiced among the respondents during extreme heat conditions,
31.3% reported drinking fluids regularly, while 43.1% of the surveyed group reported taking
fluids less frequently; only when they feel thirsty and dehydrated. Fluid intake while working is
often related to the availability of water sources and workplace personal hygiene facilities at
the work site. However, the lack of provision of potable water sources on site is believed to be
the single dominant impeding reason for worker’s fluid intake. 57.3% of the respondents
affirmed that non- provision of drinking water by the management led them to resort to alter-
native sources that include purchase of sachet/bottled water from vendors (41.8%); others
brought water from home at the start of shift (23%), while some workers sourced from nearby
locations (18.2%) to help keep them hydrated (Table 5).

Based on excessive heat mitigation strategies on site, 65% of the respondents expressed
extreme concern around the current measures aimed at averting workers from experiencing
heat-related illnesses while working on site. According on the prevailing measures as assessed
by the respondents regarding management approach to extreme weather, 72.6% of the respon-
dents agreed on the need for management to prioritise extreme weather adaptation training
and awareness within the organisations (Table 5).

Discussion

Outcome of the study provides further evidence regarding the possible socio-economic impact
arising from increased workplace heat exposure in the construction sector and possibly the
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national economic development as it highlights on heath related productivity loss within the
construction sector. Exposure to higher temperatures with more frequent periods of heat may
result in greater heat stress, potentially leading to more cases of heat-related illnesses such as
heat stroke, heat exhaustion, increased susceptibility to chemical exposure, and fatigue. Previ-
ous research has shown that climate change can contribute to a decrease in the ozone layer at
the stratospheric level and affect UV radiation levels at the surface of the earth. This can cause
outdoor workers to experience more frequent, intense, and longer exposure to UV radiation,
resulting in increased risk of adverse eye effects, skin cancer, possible immune dysfunction,
chronic kidney disease of non-traditional origin (CKDnt) and increased risk to injury [13,40-
42]. To help mitigate these adverse health effects and the increased societal burden it can
bring, there is the need for increased awareness and adaptation strategies regarding extreme
heat exposure, safety and health training, and strengthening positive behavior among the
workers.

Due to the nature of the construction environment often involving tedious and physically
demanding work activities and schedules, it was evident that the majority of the respondents
did not see their work as physically demanding which can cause the body to generate excessive
heat, thus presenting them with even greater risks of illnesses associated with extreme heat
exposure [3,54-56]. Despite the perceived extreme nature of the construction environment,
introducing adaptive strategies could significantly mitigate the risks involved, which has the
potential to enable adequate inclusion of female gender in the construction environment [57].
Other demographic factors have been found to affect the safety performance of workers
exposed to extreme work environments. Workers’ age and years of experience were found to
have a strong positive influence on the safety attitude and behaviour of construction workers
[58,59]. This was also demonstrated among the older and experienced participants in the pres-
ent study. In addition, earlier studies have established that young and early career construction
workers often tend to be more adventurous and negligent in the face of health and safety risks
at the workplace as opposed to older and more experienced workers [60].

Relatedly, previous studies assert that prior safety training of the respondents which entails
participation in seminars or workshops should be a key focus, as providing knowledge and
awareness related to the risks of extreme work conditions and associated health and safety haz-
ards at the workplace can help improve workers’ safety performance [10,61]. However, out-
comes from the present study show a significantly low rate of participation in safety training
programs amongst construction workers surveyed, with only 33.2% of the respondents affirm-
ing to have received prior instruction on how to administer first aid to a colleague in the event
of an injury in the workplace. This result is worrisome considering the magnitude of risks
such workers are exposed to while working in extreme heat environments [62]. Considering
that majority of the respondents are located in the northern region of the country, which has
higher degrees of extreme work conditions, and vulnerability to more warming due to persis-
tent climate change [35], there is a need for closer attention to employees’ safety and health in
the face of climate change mediated extreme heat exposure. In addition, exposure to increased
temperature can also result in reduced vigilance creating an increased risk of injury or lapses
in safety [3,63-65]. Furthermore, elevated temperatures can increase levels of air pollution,
including increase of ground-level ozone. Longer exposure to such air pollutants is directly
linked to chronic health effects such as respiratory diseases and allergic reaction, subsequently
leading to reduced work productivity [41,66-68].

While there is no existing set of policies and regulation with regards to workplace heat stress
prevention in Nigeria, the countries national policy on occupational safety and health places
duties on employers to ensure “so far as is reasonably practicable the safety, health and welfare
of all workers”, part of which is the requirement for the provision of relevant information,
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instruction, training and supervision to each employee to help guarantee their safety, health
and wellbeing at work. From the study outcome, it was clearly evident that the construction
companies have challenges complying with the country’s health and safety provision in gen-
eral. In addition, the consequence of an inadequate safety policy aimed at addressing risks
associated with extreme heat condition at work as reported by the respondents was consistent
with other safety accounts in the construction environment in Nigeria [24,69]. In line with this
poor safety policy, there is need for organisations to consider introducing mandatory work-
rest regimes to help workers cope with extreme heat conditions and avert accidents and ill-
nesses related to heat stress, just as majority of the respondents reported experiencing injury to
themselves, or colleagues while working in extreme hot environments. Such polices are advo-
cated by International Labour Organisation (ILO), and are in practice in developed regions of
the world like the Gulf Co-operation Council countries, and needs to be implemented in cli-
mate change sensitive countries like Nigeria as essential adaptive strategies pertaining to cli-
mate change driven increased heat stress [70,71].

The projected increase in the warming of the outdoor working environment is likely to
exacerbate health hazards to workers [5,7,23,56]. Hence, construction sector management
should consider the wellbeing needs of their employees especially the vulnerable groups i.e.,
the ageing work force, young workers, and women etc., who might be more sensitive to the
effects of extreme temperature on their productivity levels in the development of related safety
policy. Earlier studies have also affirmed the direct correlation between these groups and pro-
ductivity as well as risk of injury [72-74] which further demonstrate the need for promotion of
safety culture framework aimed at addressing workplace extreme heat exposure.

In furtherance, results from the present study reveal a high level of dissatisfaction amongst
construction workers regarding the provision of adaptive measures to curb health and safety
risks in their respective work environments. While there are no national standards that specifi-
cally address extreme weather working conditions in Nigeria, moving forward there is the need
for organisations to consider the adoption of heat stress risk level in wet bulb globe temperature
(WBGT) guidelines [71]. Similarly, the need to take into cognisance local weather conditions
when carrying out risk assessment will ensure workers safety and further demonstrate manage-
ment commitment towards their employees [72,75]. This will enable development of local adap-
tation strategies around the effects of heat stress management among outdoor construction
workers [8,76], and the approaches can enable employees to adapt to their new work patterns.

In cognizance of the imminent risks involved with extreme work conditions [3,49], the sig-
nificant role of increasing workers” knowledge and awareness on the adoption strategies to
mitigate extreme weather impact on their health is a necessity. The role played by employees’
knowledge and awareness on climate change and heat exposure will demonstrate the level of
success that heat exposure policy implementation can have in every organisation [73,77]. On
the contrary, deficit in knowledge and awareness regarding health and safety risks when
exposed to extreme work condition was found amongst construction workers that took part in
the study, and this was partly due to lack of access to relevant information. Results presented
in here showed that the majority of construction workers had no direct source of information
on the potential safety risks of global warming and extreme work environments. Furthermore,
results show the reluctance of most construction workers surveyed towards use of recom-
mended adaptive strategies such as wearing PPEs at work, despite their routine exposure to
extreme work environments. Such outcome underscores the need for contractors and other
stakeholders to ensure adequate sensitisation and close supervision of the construction work-
force to facilitate adoption of safety practices related to work under extreme heat conditions.

It is essential that outdoor workers maintain body fluids while working under extreme heat
to optimise productivity. Results from the study reveal that 57.3% of the respondents’ raised
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concerns regarding the non-availability of palatable water sources on site. This outcome fur-
ther impacts their level of fluid intake and promotes the development of heat-related illnesses,
just as 64.6% of the respondents reported having experienced morbidity associated with heat
exposure in their work place. Earlier studies have revealed that other key factors that limit the
need for fluid intake among construction workers include the lack of onsite toilet facilities as
well as lack of cold-water drinking source on site [78,79]. Dehydration associated with extreme
heat exposure results in reduced work capacity, accelerated fatigue with body fluid loss of
between 1-2% body weight [78], and cognitive performance [80,81] leading to compromise of
worksite existing safety measures and long-term risk of developing CKDnt [12,13,82]. These
important findings associated with workplace heat exposure and associated health risks should
be considered in shaping workplace adaptation and heat management policies across the con-
struction sector [73,82], as heat related diseases are likely to be on the increase due to wide-
spread prevalence of increased heat at work environments [71], and limited provision of shed
and safety at workplaces [83].

In instances where workers’ health is impaired as a result of heat induced stress and the
absence of policies to abate such measure, the consequence is more likely to reduce their pro-
ductivity with further potential impact on the nation’s economy due to loss of earnings espe-
cially in cases of chronic illnesses. Hence, the need for construction organizations to prioritize
safety programs for their workers through the adoption of sustainable adaptive strategies that
include the development of an early warning systems related to heat stress at work, availability
of palatable drinking water, use of PPE, adequate work-rest schedules, periodic seminars, and
up-to-date courses on health and safety practices. Such approaches will strengthen and
improve awareness levels and bring in the provision of health and safety policies at all organi-
zational levels targeting climate change adaptive strategies. In furtherance, there should also be
a conscious synergy between government, construction organizations and worker unions
towards the development and implementation of these initiatives to help safe guard the safety
and health of the workers in this industry.

Conclusion

The climate change effects on the distinct geographical dynamics of Nigeria poses significant
health and safety challenges to outdoor workers often exposed to such extreme heat and harsh
work conditions. While relative efforts have been made in advanced geographical climates
around the globe to curb such challenges through the development of early warning systems,
there has been little or no such efforts in most developing countries like Nigeria. To promote
the goal of SDG 3 (Promotion of healthy living and well-being of employees) and SDG 8
(Decent work and economic growth), the involved stakeholders should pay attention to the
plight of construction workers in Nigeria for better workplace management around the effect
of extreme heat on their productivity as part of workplace culture and policy-making. This
would enable achieving safety targets for organisations, and enhance the drive towards attain-
ing decent work while enhancing workers productivity.
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