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Abstract

In the summer season, road construction workers perform physically demanding tasks outdoors, placing them at greater risk for
exertional heat illness conditions. Assessing core temperature (Tcore) is critical as it serves as a key indicator of heat strain and
helps to estimate the risk of heat-related illness. Despite the increased risk of hyperthermia, previous research has not assessed
Tcore in road construction workers in the United States during summer work.

Purpose: To report heat strain and environmental heat stress in a pilot study of road construction workers during work in the
summer.

Methods: Seven male road construction workers in New Mexico were observed performing physically demanding work during a
summer work shift. Environmental heat stress (heat index [HI], dry/wet bulb temperature, and relative humidity), Tcore, and skin
temperature (Tskin) were measured continuously at a single job site throughout the workday. Hydration was assessed pre- and
post-shift via measurements of urine specific gravity (USG) and changes in body weight.

Results: The peak HI recorded throughout the workday was 34.1 °C, corresponding to a “warning” heat risk level according to
the Occupational Safety and Health Administration Heat Safety Tool App. Two of seven (29%) workers reached a peak Tcore of
greater than 38.0 °C, and 4 (57 %) began the work shift dehydrated, indicated by a USG >1.020.

Conclusions: Findings from this pilot study suggest that road construction workers may begin their shifts dehydrated and some
experience moderate hyperthermia while performing physically demanding work in hot environmental conditions.

Key words: climate change; heat iliness; hydration; worker safety.

What's Important About This Paper?

This is the first study to assess heat strain via core temperature in road construction workers during summer work. These
workers can experience heat strain during work, even in moderately hot conditions, likely due to a combination of physically
demanding tasks and hot environmental conditions. Dehydration is a risk factor for heat-related illness, and approximately
half of the participants were found to be dehydrated before and after work.
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Introduction
Road construction workers perform physically

demanding tasks including laying concrete, paving
roads, and operating machinery (Burstyn et al. 2000),
resulting in substantial cardiovascular, musculoskeletal,
and metabolic demands (Meerding et al. 2005; Roja et
al. 2006). Excessive metabolic heat production from
physically demanding tasks can lead to severe hyper-
thermia (Lucas et al. 2014). Additionally, these workers
are exposed to environmental heat stress during warmer
periods of the year (Calvache Ruales et al. 2022), which
include high radiation exposure, air temperature, and/
or humidity (Gao et al. 2018). Furthermore, they need
to wear protective clothing (Baral and Koirala 2022),
impairing heat dissipation (Glitz et al. 2015), and often
work with materials at high temperatures (i.e. hot mix
asphalt). These combined factors increase heat strain
(physiological responses to heat stress) and the risk of
heat-related illness (Ioannou et al. 2021).

Although construction workers are thirteen times
more likely to die from heat-related illnesses com-
pared with workers in other occupations (Gubernot
et al. 2015), heat strain in these workers is not well
understood. To reduce the risk of heat-related illness
in workers, the American Conference of Governmental
Industrial Hygienists (ACGIH) has established
threshold limits, recommending that workers maintain
a core temperature (Tcore) within 1.0 °C of baseline,
or below 38.0 °C (ACGIH 2017). If heat acclimatized,
workers are recommended to stay below 38.5 °C. No
previous research has assessed heat strain experienced
by road construction workers in the summer. This pilot
study aimed to measure heat stress and strain in a
sample of road construction workers repairing a bridge
roadway during the summer.

Methods

Recruitment

The protocol was approved by the University of
New Mexico institutional review board (protocol
#2208012352). The day prior to data collection,
workers were consented and screened for health risks,
physical limitations, and medications that could impair
thermoregulatory responses.

Data collection

Seven workers were studied during a single workday at
a jobsite in New Mexico in July 2023. Pre-shift urine
was collected to assess hydration status via urine specific
gravity (USG) using a test strip and urine analyzer (Model
120, Medline Industries, Northfield, IL). Body weight
was measured with clothing due to limited private space.
A skin temperature (Tskin) sensor (model DS1921H,
Embedded Data Systems, KY) was applied to the chest,
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and a Tcore pill (BodyCap, e-Celsius, Caen, France) was
ingested by participants. Workers then performed their
usual work routines for ~8.5 h. Environmental conditions
(heat index [HI], wet and dry bulb temperature, and rela-
tive humidity [RH]) were continuously recorded (Kestrel
4400 Heat Stress Tracker, Nielsen-Kellerman, Boothwyn,
PA) in the primary work area. Due to a device malfunc-
tion, solar radiation was not collected and wet bulb globe
temperature was not calculated. Post-shift urine was col-
lected to remeasure USG, and body weight was measured
to determine percent change, a marker of changes in body
water (American College of Sports Medicine et al. 2007).

Data analyses

Environmental conditions and T core were recorded every
minute and subsequently averaged over 5-min periods.
Tskin was recorded and analyzed for every minute. Peak
values were reported as the highest value. Data for HI
were categorized using the Occupational Safety and
Health Administration (OSHA) Heat Safety Tool App,
using classifications of “Warning” (26.7 to 34.9 °C HI)
and “Danger” (235.0 °C HI) (OSHA 2022), indicating
risk of heat-related illness. A heat gradient for HI was
created using data averaged over 30-min intervals. Data
cleaning for the variables above was completed via
graphing and visual inspection. The first hour of Tcore
data, and any point that changed >0.5 °C from the pre-
vious time point were removed due to the T core pill being
located in the stomach where beverage ingestion affected
accurate Tcore. Observation by researchers categorized
effort in accordance with ACGIH criteria (rest, light,
moderate, heavy, and very heavy work) (ACGIH 2017).
Data are presented throughout as mean = SD.

Results

Seven males completed this observational study (Table 1).
The specific job was renewing a bridge on an inter-
state highway and involved building forms, pouring/
forming concrete, cleaning the worksite, and operating
machinery. Researchers observed primarily “heavy”
work (laying rebar, pouring concrete) before lunch, with
“moderate” work (cleaning and organizing) during the
afternoon (ACGIH 2017). During lunch (~30 min long,
4 h into the shift), some workers went to cars and shaded
areas to rest. Short breaks of ~10 min were noted around
hours 2 and 6, where workers prioritized hydrating with
freely available water. All workers were engaged in out-
door activities with limited shade access. Peak HI reached
34.1 °C, with an average of 28.1 = 3.7°, both within the
“warning” risk category. Based on averages shown in
Fig. 1A, 6.0 of the 8.5 working hours (~71%) were in
the “warning” risk category. Peak dry bulb temperature
was 36.5 °C (average: 30.0 = 4.1 °C) while peak wet
bulb temperature was 22.2 °C (average: 15.3 = 1.1 °C).
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Table 1. Road construction participant characteristics (n = 7).
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Variables Mean = SD Range (min to max)
Age (y) 39+ 14 23 to 57
Height (cm) 169 = 6 161 to 179
Weight (kg) 86.1+25.4 65.3 to 140.6
BMI (kg/m?) 30+9 22 t0 49
Systolic BP (mm Hg) 130 = 8 120 to 138
Diastolic BP (mm Hg) 83 =3 80 to 90

Note: BMI, body mass index; BP, blood pressure; max, maximum; min, minimum.

RH peaked at 50.4% during the first hour, but decreased
throughout the day (average: 24.4 = 8.3%).

Two workers (29%) reached a Tcore >38.0 °C (Fig.
1B), while none surpassed 38.5 °C. Heat gradients for
Tcore and Tskin throughout the workday are shown in
Fig. 1C and E. Average Tcore was highest prior to lunch
(Fig. 1D), when workers were finishing pouring concrete.
Tskin increased continuously throughout the day (Fig.
1F), and peak values were 36.71 = 0.62 °C. Hydration
measured via USG slightly increased from pre- (1.020 =
0.01) to post-shift (1.024 = 0.01). Notably, 4 workers
(57%) began work in a dehydrated state (USG >1.020)
(Cheuvront et al. 2010). Four workers were also de-
hydrated post-shift, 3 of which were the same individ-
uals as pre-shift. Both workers who surpassed a Tcore
of 38.0 °C were adequately hydrated pre-shift and one
was dehydrated post-shift. There was a percent body
weight loss of 0.9 = 1.0%, but no workers lost >2.0%
(American College of Sports Medicine et al. 2007).

Discussion

To our knowledge, this is the first study to document
Tcore during hot summer conditions in road construc-
tion workers. This study offers novel insight into heat
strain, finding that nearly 1/3 of workers reached a
peak Tcore exceeding the 38.0 °C threshold recom-
mended for non-heat acclimatized workers, (ACGIH
2017) while none surpassed the threshold for acclima-
tized workers (38.5 °C). Although we did not assess
acclimatization status, we assume workers were heat
acclimatized based on their history of daily outdoor
work throughout the summer. Thus, even workers who
surpassed 38.0 °C were likely not at high risk for heat-
related illness. The sensation of heat and initiation of
thermoregulatory responses are induced by changes in
Tskin, (Romanovsky 2014) which we observed to in-
crease linearly throughout the workday.

Due to a combination of hot environmental con-
ditions and high workload, the construction industry
has the second highest risk of heat-related death, with
a yearly fatality rate of 1.1 per 1 000 000 workers

(Gubernot et al. 2015). In this study, ~71% of the
workday was in the “warning” risk category for risk
of heat-related illness (OSHA 2022). The worksite was
in the southwest United States, an area with high solar
radiation and low humidity. Reaching a dry bulb tem-
perature of 36.5 °C, the heat stress in this study was
lower than other Southwest locations, such as Phoenix
which is regularly greater than 43 °C during summer
(Chow et al. 2012). Lack of radiation measurement
likely underestimated heat stress, as direct sunlight in-
creases heat stress and reduces work capacity (Foster et
al. 2022; OSHA n.d.). Tcore closely mirrored work in-
tensity, plateauing during the latter half of the day des-
pite increasingly hot environmental conditions. Similar
findings have been shown by McKenna et al. (2023)
who demonstrated that Brazilian sugarcane cutters ex-
perienced an abrupt rise in Tcore at the beginning of
work, followed by a plateau. High work intensity is
a risk factor for hyperthermia and heat-related illness
(Park et al. 2017). Work-to-rest schedules are often im-
plemented to decrease metabolic heat production and
mitigate the risk of heat-related illness (Jacklitsch et al.
2016). It was unclear if rest periods were intentionally
planned every 2 h, or whether physically demanding
tasks were purposefully distributed during the cooler
parts of the day.

Dehydration increases the risk of heat-related illness
by altering thermoregulation and increasing cardiovas-
cular strain (Périard et al. 2021). Our findings suggest
that road construction workers may report for work
somewhat dehydrated, without dehydrating much fur-
ther during the workday. It seems that the access to
water and ad libitum drinking were sufficient to main-
tain hydration, suggesting that water should be easily
accessible, and workers should be encouraged to hy-
drate adequately before starting work.

As a pilot study, a limitation was the small sample
size. Additionally, body weight measurements being
conducted with clothing on may have underesti-
mated change in body weight due to the absorption
of sweat by clothing. Behavior patterns by workers
may have also changed knowing they were monitored,
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Fig. 1. (A) Heat gradient of HI reported as the 30-min average for each variable. (B) Individual peak core temperature is reported as
individual data and mean + SD, with a dashed line at the recommended threshold for non-heat acclimatized workers. (C) Heat gradient
of core temperature, throughout the work shift for all participants, and (D) average core temperature (black line) £ SD (gray shaded
area) throughout a work shift. (E) Heat gradient of skin temperature, throughout the work shift for all participants, and (F) average

skin temperature (black line) £ SD (gray shaded area) throughout a work shift (N = 7). Figure was created using GraphPad Prism 9.4
(GraphPad Software Inc., La Jolla, CA, USA).

potentially impacting findings. Future research on a Conclusions
larger scale and a wider variety of workers is war-
ranted to further quantify work-related heat strain,
explore cooling strategies, and evaluate risk factors
for heat-related illness such as age, metabolic rate, and
heat acclimatization.

Our preliminary results demonstrate that some road
construction workers experience moderate heat
strain during summer work in a hot environment.
Additionally, we found that around half of the workers
began their workday in a dehydrated state, indicating
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that hydration advice may be necessary to improve
worker safety in the heat.
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