
Contents lists available at ScienceDirect

Applied Ergonomics

journal homepage: www.elsevier.com/locate/apergo

The impact of perceived heat stress symptoms on work-related tasks and
social factors: A cross-sectional survey of Australia's Monsoonal North
Sarah Cartera,∗,1, Emma Fielde,f, Elspeth Oppermannd, Matt Brearleyb,c,d
a Charles Darwin University, Darwin, NT, 0909, Australia
bNational Critical Care and Trauma Response Centre, Level 8 Royal Darwin Hospital, Rocklands Drive, Tiwi, 0810, NT, Australia
c Thermal Hyperformance, PO Box 1356, Howard Springs, 0835, NT, Australia
dNorthern Institute, Charles Darwin University, Darwin, NT, 0909, Australia
eMenzies School of Health Research, Level 1, 147 Wharf Street, Spring Hill, 4000, QLD, Australia
fAustralian National University, National Centre for Epidemiology and Population Health, 62 Mills Road, Acton Australian Capital Territory, 2601, Australia

A R T I C L E I N F O

Keywords:
Heat related illness
Northern Australia
Thermoregulation
Workplace health and safety

A B S T R A C T

Heat poses a significant occupational hazard for labour-intensive workers in hot and humid environments.
Therefore, this study measured the prevalence of heat-stress symptoms and impact of heat exposure on labour-
intensive industries within the Monsoonal North region of Australia. A cohort of 179 workers completed a
questionnaire evaluating environmental exposure, chronic (recurring) and/or severe (synonymous with heat
stroke) symptoms of heat stress, and impact within work and home settings. Workers reported both chronic
(79%) and severe (47%) heat stress symptoms, with increased likelihood of chronic symptoms when exposed to
heat sources (OR 1.5–1.8, p=0.002–0.023) and decreased likelihood of both chronic and severe symptoms
when exposed to air-conditioning (Chronic: OR 0.5, p= <0.001, Severe: OR 0.7, p=0.019). Negative impacts
of heat exposure were reported for both work and home environments (30–60% respectively), highlighting the
need for mitigation strategies to reduce occupational heat stress in the Monsoonal North.

1. Introduction

Based on the Köppen climate model (Stern et al., 2000), the most
Northern regions of Australia encompass both tropical and equatorial
zones, experiencing annual dry (May to September) and wet seasons (Oc-
tober to April). Averaged minimum and maximum ambient temperatures
of 16 °C–33 °C during the dry season are coupled with low humidity (57-
35% relative humidity, respectively), in contrast the wet season experi-
ences frequent monsoonal activity, elevated peak humidity (>76% re-
lative humidity) with similar ambient temperatures of 22 °C–33 °C
(Australian Bureau of Meteorology, 2017). The interim period, colloquially
termed the ‘build-up’ in reference to the daily accumulation of heat and
environmental moisture results in ambient temperatures of 23 °C–36 °C
with increasing humidity (66-40% relative humidity, respectively) and
frequency of warm days (Australian Bureau of Meteorology, 2017),
deemed the harshest period for thermoregulation (McDermott et al., 2017).
Overall, Australia is expected to experience increased mean, max-

imum and minimum temperatures of 0.6–1.3 °C by 2030 (Steffen et al.,

2017). Such increases would translate to a greater frequency of days
warmer than 35 °C. For example, Darwin, a key population centre and
industrial hub of Northern Australia, may endure 43 days above 35 °C
by 2030, and 265 days greater than 35 °C by 2090. The latter projection
being approximately 20 times the current mean 12 days greater than
35 °C (Commonwealth Scientific and Industrial Research Organisation
and Bureau of Meteorology, 2015). Additionally, regional thermal
mapping (imaging) and analysis of meteorological data (2006–2016)
raised concern due to low wind speeds (3.4–4.1m/second) with high
ambient temperatures and relative humidity (Santamouris et al., 2017).
Prolonged physical work in hot and humid environments increases

the net heat load to which an individual is exposed, otherwise known as
heat stress. Heat stress is well-known to impact upon acute health status
and may manifest in a range of heat-related illnesses. Mild symptoms
include skin rashes (Donoghue and Sinclair, 2000), muscular cramps
(Donoghue et al., 2000), headaches, nausea, dizziness, weakness, and
fatigue (Glazer, 2005). Whereas confusion, irrational behaviour, low
coordination, fainting, vomiting, convulsions, and loss of consciousness
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(Shapiro and Seidman, 1990) are considered severe symptoms. The
traditional theory asserts heat stroke is synonymous with an elevated
core body temperature (> 40 °C), however, heat stroke can occur with
core body temperatures below 40 °C. For instance, with prolonged re-
duction in blood flow to the splanchnic region from the increased re-
quirement for blood flow to dissipate heat at the skin surface, hypoxia
and cellular death occur at the intestinal barrier leading to increased
risk of sepsis through translocation of bacteria into systemic circulation
(Hall et al., 1999; Lambert et al., 2002).
Although thermoregulatory research from Northern Australia field

settings is limited, monitoring of miners (Brake and Bates, 2001;
Donoghue et al., 2000; Hunt, Parker and Stewart, 2013), electrical
utility workers (Brearley et al., 2015), emergency responders (Brearley,
2016; Brearley et al., 2013; Brearley et al., 2011), and soldiers (Cotter
et al., 2000) within this region has identified the substantial physiolo-
gical impost of working in hot and humid conditions in Northern
Australia. Moreover, research within this region is emerging on the
social factors affecting worker safety, productivity and health (Jia et al.,
2016; Oppermann et al., 2017). As heat may exacerbate pre-existing
mental health issues, suicide rates, and violence (Anderson, 2016;
Hansen et al., 2008), the wellbeing of workers within Northern Aus-
tralia represents a current issue for industries with economic ramifi-
cations (Zander et al., 2015).
Additionally, exposure to the Monsoonal North's climate may also

limit physical (Nybo, 2008; Snook and Ciriello, 1974) and cognitive
capacity (Bandelow et al., 2010; Patterson et al., 1997; Taylor et al.,
2015) required to conduct work. This is an important consideration for
industries of Northern Australia including agriculture, mining, oil and
gas, and construction. Climatic impacts on worker health and pro-
ductivity would likely impact regional and national prosperity, given
the substantial contributions these industries deliver to the Australian
economy (Jay and Brotherhood, 2016; Hanna et al., 2011). Yet, re-
search examining physiological responses to working in hot and humid
conditions are almost exclusively focused on acute exposure, commonly
seen in one singular event or over a short period of abnormally hot
weather. As a result, less is known of the heat stress endured by oc-
cupational groups exposed to consecutive days on a regular schedule of
work in the Monsoonal North. Recent literature examining whole-body
heat loss in the second day of work in young and older men found
decreased whole-body heat loss in older men (Notley et al., 2018a,b).
Whilst promising, further research is still required to separate the
combined stressors of fluid depletion, exposure to heat sources and
physical work as potential stressors and longer periods of work to re-
plicate the workforce are required. Therefore, this research sought to
expand upon previous work within a limited cohort (Brearley,
Harrington, Field, Oppermann, & Lee, Unpublished Results) due to
anecdotal and descriptive accounts of heat-related illness within
workers in the Monsoonal North (Oppermann et al., 2017). Further, to
verify the prevalence of heat stress symptoms within environmental
conditions conducive to heat illness and the resultant effects in the
work and home environments.

2. Material and methods

2.1. Study population

Labour-intensive workers within the Monsoonal north regions of
Australia (depicted as the tropical region in Fig. 1) were invited to
participate in a cross-sectional questionnaire hosted by SurveyMonkey
(San Mateo, CA, USA) via email and workplace presentations. The
questionnaire related to the October to December period of 2016
(build-up season), assessing heat exposure in the work environment,
negative impacts, and symptoms of heat exposure. Parameters for in-
clusion involved outdoor exposure more than some of the time, direct
sunlight more than some of the time and air-conditioning less than most
of the time. This study was approved by Charles Darwin University

Human Research Ethics Committee with no personal identifiers re-
corded within or before the survey. Electronic informed consent was
provided by participants prior to survey commencement and data were
collected between January-March 2017.

2.2. Questionnaire design

Survey questions were adapted from Brearley et al. (Unpublished
Results), incorporating elements from previous work by Hunt (2011),
and Xiang et al. (2016). Initial questions addressed demographics in-
cluding age, gender, home and work locations, occupation and industry.
Work conditions were assessed based on their exposure to the outdoors,
direct sunlight, hot surfaces and air-conditioning (all, most, half, some, or
none of the time, respectively). Workplace attire was selected by workers
from a list of separate clothing items commonly utilised within the in-
cluded industries and occupations (long/short pants and shirt, coveralls,
jacket, vests, boots, hats, protective equipment: gloves, hard hat, aprons).
Negative impacts of heat exposure were assessed based on bi-weekly
frequency (daily, weekly, fortnightly, rarely, never).
Workers reported perceived symptoms from heat exposure which

were classified as either mild to moderate (feeling hot, heavy sweating,
thirst, fatigue, headache, irritable, clammy skin, rash, loss of con-
centration, muscle cramps, muscle weakness, dizziness) or severe
(confusion, irrational behaviour, low coordination, loss of conscious-
ness, convulsions, fainting, vomiting). From symptom frequency and
severity, two definitions were drawn for chronic and severe heat stress
cases based on clinical case definitions of heat illness (heat exhaustion
and heat stroke). Chronic was defined as workers reporting daily or
weekly frequency of symptoms synonymous with heat exhaustion in-
cluding feeling hot, heavy sweating, thirst, fatigue, headache, irritable,
clammy skin, rash, loss of concentration, muscle cramps, muscle
weakness, and dizziness. Severe cases were defined by any report of
confusion, irrational behaviour, low coordination, loss of conscious-
ness, convulsions, fainting, or vomiting.

2.3. Statistical analysis

Data were exported from SurveyMonkey, analyses were performed in
STATA 14.2 and STATA 15 (StataCorp, Texas, USA). Categorical vari-
ables were summarised by counts and percentages rounded to whole
numbers. Logistic regression (univariate) was performed for the fol-
lowing outcomes: chronic heat stress cases, severe heat stress cases and
exposure to conditions. Odds ratios (OR) were estimated for each model
with 95% confidence intervals (CI). Where collinearity was found with
each level of frequency, data were treated as binary for the analysis.

3. Results

3.1. Demographic characteristics

A total of 222 workers commenced the electronic survey, however,
only 183 completed all responses, resulting in a total of 140–179 re-
sponses to each question. Of the 183 respondents, 143 (80%) were
male, and the majority were 40 years or younger (77%). Ninety-three
respondents (53%) worked within the Northern Territory, 48 (27%) in
Queensland and 36 (20%) in Western Australia. Workers lived in their
current location under 1 year (7%), between 1 and 5 years (20%), be-
tween 5 and 10 years (41%) and over 10 years (32%). While work shift
length varied from less than six to greater than 12 h, most participants
(76%) worked shifts between six to 8 h. A further 35 workers (20%)
reported working 10–12 h, and 8 (4%) over 12 h. All respondents an-
swered a question regarding workplace attire worn at work. The ma-
jority of workers reported wearing boots (92%), long pants (76%) and
long sleeve shirts whilst at work (73%), however, no associations were
observed between heat stress symptoms and variations in clothing en-
sembles.
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3.2. Heat stress symptoms

Chronic heat stress symptoms were reported by 142 (79%) re-
spondents and severe heat stress symptoms were reported by 84 (47%)
as depicted in Table 1.

3.3. Worker industry and occupations

The majority of respondents were employed in public administra-
tion and safety (28%), and electricity, water and waste services (24%)
industries. With the majority of workers within subsequent occupations
populated by tradespersons and related workers (46%) and farming,
gardening and landscape workers (22%). A negative association was
demonstrated between public administration and safety workers with
chronic heat stress cases (OR 0.4, p=0.037). Similarly, the subsequent

occupation of government and emergency workers saw a strong nega-
tive association between chronic heat stress cases (OR 0.8,
p=<0.001). Whilst tradespersons and related workers had strong
associations and increased odds for both chronic (OR 3.1, p=0.012)
and severe (OR 1.8, p=0.043) heat stress cases (Table 2). Managers or
supervisors, representing 21% of respondents, reported decreased odds
of experiencing severe heat stress symptoms (OR 0.3, p= 0.005).

3.4. Workplace conditions

Respondents had exposure to outdoor conditions (59%) and direct
sunlight (50%) most or all of the time, respectively (Fig. 2). Exposure to
hot surfaces was reported for all respondents (86%) with 30% exposed
most or all of the time. Air-conditioning was available for most re-
spondents (71%), however, only 14% had exposure most of the time.

Fig. 1. Australian climatic zones (Adapted from Commonwealth Scientific and Industrial Research Organisation and Bureau of Meteorology, 2016).

Table 1
Workers perceived heat stress symptoms.

Symptoms n Daily Weekly Fortnightly Rarely Never

Mild to Moderate Feeling Hot 175 102 (58.3) 29 (16.6) 16 (9.1) 20 (11.4) 8 (4.6)
Heavy sweating 176 95 (54.0) 37 (21.0) 13 (7.4) 18 (10.2) 13 (7.4)
Thirst 174 106 (60.9) 25 (14.4) 10 (5.7) 29 (16.7) 4 (2.3)
Fatigue 178 19 (10.7) 44 (24.7) 36 (20.2) 56 (31.5) 23 (12.9)
Headache 173 7 (4.0) 29 (16.8) 39 (22.5) 70 (40.5) 28 (16.2)
Irritability 172 6 (3.5) 30 (17.4) 17 (9.9) 57 (33.1) 62 (36.0)
Clammy skin 174 18 (10.3) 14 (8.0) 7 (4.0) 38 (21.8) 97 (55.7)
Rash 171 11 (6.4) 12 (7.0) 19 (11.1) 55 (32.2) 74 (43.3)
Concentration loss 172 12 (7.0) 17 (9.9) 19 (11.0) 55 (32.0) 69 (40.1)
Muscle cramps 172 4 (2.3) 20 (11.6) 17 (9.9) 71 (41.3) 60 (34.9)
Muscle weakness 171 3 (1.8) 13 (7.6) 16 (9.4) 66 (38.6) 73 (42.7)
Dizziness 171 4 (2.3) 7 (4.1) 12 (7.0) 59 (34.5) 89 (52.0)
Nausea 171 1 (0.6) 7 (4.1) 13 (7.6) 53 (31.0) 97 (56.7)
Blurred vision 170 0 (0.0) 6 (3.5) 6 (3.5) 35 (20.6) 123 (72.4)

Severe Confusion 172 6 (3.5) 6 (3.5) 7 (4.1) 37 (21.5) 116 (67.4)
Irrational behaviour 171 5 (2.9) 5 (2.9) 5 (2.9) 36 (21.1) 120 (70.2)
Low coordination 172 2 (1.2) 5 (2.9) 5 (2.9) 25 (14.5) 135 (78.5)
Loss of consciousness 171 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.2) 169 (98.8)
Convulsions 172 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.2) 170 (98.8)
Fainting 170 0 (0.0) 0 (0.0) 1 (0.6) 17 (10.0) 152 (89.4)
Vomiting 171 0 (0.0) 0 (0.0) 0 (0.0) 32 (18.7) 139 (81.3)

Categorical variables summarised as frequency (percentage of respondents).
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Workers spent more time exposed to outdoor conditions (42%), direct
sunlight (29%) and hot surfaces (22%) than managers most or all of the
time. Conversely, workers spent less time exposed to air-conditioning in
comparison to managers who reported 32% more exposure to air-con-
ditioning.
Based upon industry, workers from agriculture, forestry and fishing,

electricity, water and waste service, and public administration and
safety reported the highest exposure to outdoor conditions all or most
of the time (62–88%). Electricity, water and waste service workers also
reported the highest exposure to direct sunlight, (all or most of the
time) followed by agriculture, forestry and fishing and construction,
mining, oil and gas (53–72%). Nine agriculture, forestry and fishing
workers and 13 construction, mining, oil and gas workers reported no
access to air-conditioning during work hours (29–38%). Government
and emergency workers were exposed to more direct sunlight and
outdoor conditions all or most of the time (73–85%), whilst trade-
spersons and related workers were exposed to direct sunlight and out-
door conditions all or most of the time (56–76%).
Table 3 shows the odds of a worker suffering from chronic heat

stress was strongly associated with increased exposure to outdoor
conditions (OR 1.7, p=0.002), hot surfaces (OR 1.6, p=0.009) and
direct sunlight (OR 1.5, p=0.023). The odds of a worker suffering
severe heat stress symptoms were only increased by exposure to hot
surfaces (OR 1.4, p=0.009).
Fig. 3 demonstrates the effect of heat sources on the frequency of

chronic heat stress cases, with outdoor exposure exhibiting the most

dramatic change. In contrast, Fig. 4 demonstrates hot surface exposure
is greater for severe heat stress cases than both outdoor exposure and
direct sunlight exposure.
Fig. 5 demonstrates the effect of air-conditioning with a clear drop in the

frequency of both chronic and severe heat stress symptoms (Odds ratio).

3.5. Negative impacts of heat

Both, the speed of task completion and motivation to complete task
were the most negatively affected work factors on a daily or weekly
basis (Table 4). Least affected were workers ability to understand a task,
and their quality of work. Workers reported sport, sleep and appetite
were negatively affected by heat on a daily or weekly basis (27–34%),
whilst 25% of workers reported a negative impact of heat on

Table 2
Regression analysis of heat stress cases for industry and occupation.

Variable Chronic cases Severe cases

OR (95% CI) p value OR (95% CI) p value

Industry Public administration and safety 0.4 (0.2–0.9) 0.037 0.7 (0.4–1.5) 0.394
Electricity, water and waste 3.3 (0.7–15.0) 0.110 1.5 (0.6–3.5) 0.329
Construction 1.0 (0.5–2.4) 0.898 0.7 (0.4–1.5) 0.465
Agriculture, forestry and fishing 3.2 (0.5–14.3) 0.127 1.2 (0.5–2.7) 0.746
Other 0.7 (0.3–1.7) 0.439 1.3 (0.6–2.7) 0.566

Occupation Tradespersons and related 3.1 (1.3–7.6) 0.012 1.8 (1.0–3.5) 0.043
Farming, gardening & landscape 2.1 (0.7–6.4) 0.187 0.7 (0.3–1.5) 0.339
Government & emergency 0.8 (0.1–0.3) < 0.001 1.0 (0.4–2.5) 0.926
Labourers and related 9.5 (0.3–3.6) 0.942 1.1 (0.4–3.4) 0.810
Other 0.3 (0.1–1.4) 0.134 2.7 (0.7–11.1) 0.147

Odds ratio (95% Confidence interval) .

Fig. 2. Exposure to conditions within work environment.

Table 3
Regression analysis of heat stress cases and exposure.

Variable
Chronic cases Severe cases

OR (95% CI) p value OR (95% CI) p value

Exposure Outdoors 1.7 (1.2–2.5) 0.002 1.3 (0.9–1.7) 0.120
Sunlight 1.5 (1.0–2.1) 0.023 1.1 (0.8–1.5) 0.507
Hot surfaces/
machinery

1.6 (1.1–1.2) 0.009 1.4 (1.0–1.8) 0.009

Air conditioning 0.5 (0.3–0.7) <0.001 0.7 (0.5–0.9) 0.019

Odds ratio (95% Confidence interval).
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relationships with friends and family on a daily, weekly or fortnightly
basis. A total of 30 (17%) workers utilised sick leave for heat-related
issues during the build-up, with 27 of the 30 workers reporting 1–4
days. The overall leave toll was in the range of 63–89 days. Only 15
(9%) workers sought medical treatment for heat-related issues within a
clinic or hospital. Increased odds for chronic and severe heat stress for
all negative impacts both at work and at home.

4. Discussion

4.1. Heat exposure and symptom prevalence

This is the first study to examine a broad cohort of heat-exposed
workers within Australia's Monsoonal North, a region which endures
seasonally hot and humid conditions. Most respondents (79%) experi-
enced chronic heat stress symptoms, while approximately half (47%)
reported severe heat stress symptoms. The results are consistent with
descriptive accounts of occupational heat stress within the region
(Oppermann et al., 2017), validating the prevalence of heat stress
symptoms and the resultant impact on workers perceived productivity
and wellbeing. Moreover, chronic heat stress symptoms were more

likely for workers exposed to outdoor conditions, direct sunlight, and
hot surfaces all or most of the time. Unexpectedly, this study identified
exposure to hot surfaces as the only strong association with severe heat
stress symptoms, whereas previous survey analysis within the Northern
Territory found no association (Brearley et al., Unpublished Results).
Our finding are consistent with literature pertaining to ambient
smelting environments (Fahed et al., 2018; Giahi et al., 2015;
Krishnamurthy et al., 2017). Whilst the association between heat stress
symptoms and hot surfaces is not unique to this investigation, it is in-
tuitive that the combination of compounding heat sources within this
region are conducive to workers suffering heat stress symptoms.
Hot surfaces within the workplace can include asphalt, concrete,

soil, sand, metal, and equipment/machinery. Thus, classifying in-
dustries such as construction, mining, agriculture and utilities as sus-
ceptible to high radiant heat loads. Such risk classification is consistent
with the results of this investigation and the peer-reviewed literature
(Brearley et al., 2015; Donoghue et al., 2000; Hunt, Parker and Stewart,
2014; Peiffer and Abbiss, 2013; Xiang et al., 2014). Further, the find-
ings demonstrate a strong positive association between outdoor ex-
posure with both chronic and severe heat stress symptoms in trade-
spersons and related workers (Brearley et al., Unpublished Results).

Fig. 3. Incidence of chronic heat stress cases and exposure (Odds ratio).

Fig. 4. Incidence of severe heat stress cases and exposure.
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Whereas government, emergency, public administration and safety
workers demonstrated a strong negative association with increased
exposure to outdoor conditions. This demarcation between industries
may be due to transient workplace exposure and access to air-con-
ditioning, which can enhance evaporative cooling and reduce heat
stress symptoms (Hunt, 2011; Shapiro et al., 1982) and may justify the
implementation of mandatory cooling breaks for workers exposed to
multiple heat sources within other industries.

4.2. Negative impacts within workplace settings

Exposure to heat sources within the workplace can have detrimental
effects on workplace productivity. Within this study, all negative impacts
demonstrated a strong association with both chronic and severe heat stress
symptoms. Commonly reported by workers (35% daily or weekly), fatigue
can manifest in reduced physical work capacity and cognitive performance
(Bandelow et al., 2010). Indeed, cognitive impairment is implied, reported
by workers via their inability to focus on tasks, decreased attention to
small details, and decreased ability to understand tasks. Physical fatigue is
inferred by inferior quality of work and speed of task completion, how-
ever, slower speed of task completion could also be evidence of self-pacing

to minimise elevations in body temperature (Brearley et al., 2017;
Donoghue et al., 2000; Hunt, 2011). Irrespective of origin, an implication
of heat exposure, fatigue and self-pacing within the workplace is a reduced
work capacity and performance (Snook and Ciriello, 1974).
Undoubtedly, feelings of discontentment can arise from unproductive

settings and reduce satisfaction within the working environment.
Workers perceived heat to impact job satisfaction on a daily or weekly
basis, congruent with other studies conducted in hot occupational set-
tings (Dawal and Taha, 2006; Dehghan et al., 2016; Dianat et al., 2016).
Further, a total of 30 workers reported between 63 and 89 days of sick
leave due to heat-related illness, while only 15 workers sought medical
attention. It is unknown whether the remaining 15 workers resolved
their symptoms or persisted through the shift without treatment, the
latter potentially reducing productivity and increasing discontentment.
Overall, the self-reported physical and mental impacts may reduce staff
productivity, job satisfaction and contribute to increased staff turnover in
the Monsoonal North (Zander et al., 2016; Zoellner et al., 2017).

4.3. Negative impacts within home settings

The home setting, particularly in arduous environments, provides a

Fig. 5. Chronic and severe heat stress cases with air-conditioning exposure (Odds ratio).

Table 4
Regression analysis of heat cases and negative impacts.

Variable
Chronic cases Severe cases

OR (95% CI) p value OR (95% CI) p value

Work Environment Speed of task completion 5.8 (2.9–11.8) < 0.001 2.5 (1.5–4.2) < 0.001
Motivation to complete task 4.5 (2.4–8.6) < 0.001 3.2 (1.8–5.3) < 0.001
Job satisfaction 3.2 (1.7–5.9) < 0.001 2.6 (1.6–4.0) < 0.001
Physical work 4.1 (2.1–7.8) < 0.001 2.2 (1.4–3.5) 0.001
Ability to focus on task 2.8 (1.6–5.1) < 0.001 3.2 (2.0–5.3) < 0.001
Attention to small detail 2.8 (1.5–5.2) 0.001 3.7 (2.2–6.2) < 0.001
Quality of work 2.8 (1.5–5.2) 0.001 3.0 (1.8–5.0) < 0.001
Ability to understand task 2.8 (1.4–5.6) 0.004 3.5 (2.1–5.9) < 0.001
Sick leave 0.5 (0.2–1.2) 0.117 4.7 (1.9–11.7) 0.001
Medical treatment 0.5 (0.2–1.5) 0.209 3.5 (1.1–11.5) 0.037

Home Environment Sport 1.7 (1.0–2.7) 0.026 1.8 (1.3–2.7) 0.002
Sleep 3.1 (1.7–5.5) < 0.001 2.6 (1.7–4.1) < 0.001
Appetite 4.7 (2.4–9.1) < 0.001 3.3 (2.1–5.3) < 0.001
Recreational activity 2.5 (1.4–4.2) 0.001 1.8 (1.2–2.8) 0.004
Wellbeing 2.6 (1.4–4.6) 0.001 2.9 (1.8–4.5) < 0.001
Friends and family 2.5 (1.4–4.7) 0.003 2.8 (1.8–4.5) < 0.001

Odds ratio (95% Confidence interval).
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place of solace and respite for workers. The burden of physical labour
within a hot and humid environment potentially extends into periods of
rest, which is demonstrated by workers responses in this study.
Diminished sleep was reported by 29% of workers resulting in tired-
ness, decrements in cognition, and compounding the effects of heat and
sleep loss in proceeding days (Halson, 2014; Killgore, 2010). The im-
plication of sleep deprivation or poor quality of sleep on work is dan-
gerous in physical work places, particularly where the use of heavy
machinery and vehicles are part of the daily work tasks. Most work
places have mandatory stand-down periods between shifts to limit the
dangers of sleep loss and fatigue in an effort to keep workers safe,
however, if sleep is disrupted or lost the assumption that a worker is
well-rested at the beginning of a shift is a potential hazard. Ad-
ditionally, reduced appetite reported by 27% of workers, can increase
dehydration through inadequate nutritional intake and solute depletion
(Maughan et al., 1996), which in turn can further exeracerbate fatigue
and increase the risk of workplace injury.
It is also prudent to consider the impacts of heat extending to per-

sonal relationships, which serve to provide workers life satisfaction and
happiness (Siedlecki et al., 2014). A portion of workers (18%) reported
heat negatively affecting relationships with friends and family, in-
creasing exponentially with symptom severity. Moreover, participation
in recreational sporting and exercise activities, known to increase mental
wellbeing and health (Pate et al., 1995; Warburton et al., 2006), was also
negatively impacted by heat exposure. These findings suggest that some
workers in the Monsoonal North are unlikely to fully recover from
workplace heat exposure on a daily basis, as the impact of the work shift
extends into their personal lives, affecting them physically and mentally.
The repercussions of decreased satisfaction, happiness, health and ac-
tivity status may impact mental health outcomes, demonstrated by the
prevalent homicide, serious assault and suicide rates at times of peak
temperatures and humidity (build-up and wet season) within the Mon-
soonal north (McDermott et al., 2017). Further evidence of the ill effects
of heat on mental health are demonstrated with increased hospital ad-
mission for behavioural and mental health issues during times of peak
temperatures (Hansen et al., 2008) with further associations with sleep
loss and reduced exercise (Tawatsupa et al., 2012).

4.4. Limitations

Whilst this cross-sectional study highlights health and safety concerns
for both worker and employer, inherent limitations should be considered
when reviewing the results. Due to the voluntary nature of this study, non-
response bias may have led to an over-representation of symptomatic
workers. Moreover, descriptive results and regression analysis cannot be
declared causal relationships, as risk and outcomes were measured si-
multaneously, with possible confounding effects. Whilst small sample sizes
from varied job roles may have affected results, grouping within statistical
analysis endeavoured to offset these possible effects.
In contrast with longer-term studies, this research aimed to elicit

smaller timeframes between reported symptoms and exposures, in-
creasing the likelihood that same day or weekly symptoms were oc-
curring and more indicative of heat illness. Moreover, targeting the
‘build up’ season within the Monsoonal North was to capture the
harshest environmental conditions of the year for workers, and there-
fore, most likely to elicit responses of heat illness. However, this ana-
lysis was unable to discern the time of symptoms relative to exposure,
or whether they occurred prior to or after exposure.

5. Conclusions

The purpose of this study was to verify the prevalence of heat stress
symptoms within labour-intensive industries within the Monsoonal
North, demonstrating most workers perceived to be suffering from both
chronic and severe heat stress symptoms. This study identified self-re-
ported productivity, wellbeing and health issues were associated with

occupational heat exposure, specifically increased exposure to heat
sources resulting in more perceived symptoms by workers. It should be
noted that strong associations were found between tradespersons and
related workers, presumably due to their consistent outdoor exposure
and proximity to radiant heat sources such as machinery, vehicles, and
direct sunlight. Such data highlights either inadequacy within current
policy or adherence to said policy within this industry, requiring more
attention to reduce heat stress symptoms in future. For example, workers
exposed to transient workplaces and air-conditioning, such as govern-
ment employees managed to mitigate these potential adverse effects even
within similar occupations. Whilst time in air-conditioning may reduce
the effects of heat exposure, other efforts such as increased air movement
within workplaces which cannot be air-conditioned may be feasible op-
tions for the mitigation of heat stress symptoms via evaporative cooling.
The implications of increased heat exposure on worker productivity,
wellbeing and health are considered requisite for continuous worker
health and safety and to maintain permanency in a transient workforce.
Finally, with the projected temperature increases across Australia, policy
should be aimed at long-term robust heat stress policies specific to oc-
cupations based on their level of exposure to heat sources.
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