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ABSTRACT

Introduction: Heat stress is a critical problem in hot industries, especially in incredibly hot climates. It can
greatly impair the work process and put the health of workers at risk. This study aims to investigate the
applicability of the WBGT index in determining the allowable working time in very hot weather conditions
in one of the steel industries in Ahvaz.

Material and Methods: This study was conducted in different sectors of a steel industry in Ahwaz. The
physiological parameters of sixty workers working in different parts of the industry were evaluated.
Environmental variables and the Wet-Bulb globe temperature (WBGT) Index were also simultaneously
measured during work shifts. The acceptable work time was calculated based on the reserve heart rate
(RHR) and the WBGT index.

Results: The heat stress index among all occupational groups, based on the WBGT index, was incredibly
high and surpassed the recommended level (P<0.05). The statistical test results also indicated a significant
difference between the two indices in predicting the adequate work time at different work stations (P
<0.05).

Conclusion: The current study results revealed that using the WBGT index for assessing and managing the

risk of heat exposure in a hot climate may not have sufficient reliability and performance. Consequently,
it is recommended to use optimal indices based on environmental and physiological assessments in a hot

TUMS

climate in order to monitor and control the heat stress associated with heat exposure.
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1. INTRODUCTION

Working in hot-dry environments can increase
the thermal load on the body with adverse
consequences ranging from impaired physical
and mental performance to serious heat illness
[1]. Heat stress due to the hot climate in some
heavy industries, such as glass manufacturing,
steel casting, brick making, and bakeries, is
amplified for those involved in operations close to
the heating sources, especially ovens. Despite the
wide usage and applicability of the WBGT index,
it has limitations, making its function only as a
screening tool for thermal conditions. For example,
the effectiveness of the WBGT index is limited in
extremely hot and humid conditions. Therefore,
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a more detailed analysis of accurate heat-related
physiological responses is strongly recommended
for these conditions [2]. In order to take every
preventive strategy to protect workers against heat
stress, it is important to choose a suitable index
that accurately explains environmental parameters
to physiological responses. This study intended to
investigate the applicability of the WBGT index in
determining the allowable working time in very hot
weather conditions in one of the steel industries in
Ahvaz.

2. MATERIAL AND METHODS

This research was a descriptive-analytical study
conducted in different parts of a steel industry
in Ahwaz. The physiological parameters of sixty
workers from different parts of the industry
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Table 1. Mean (SD) of measured physiological parameters and environmental indicators in different parts of the steel industry

different parts

Variables Descaling

Natural wet temperature (°C) 26(65 %)
Globe temperature (°C) 51(1.2%)
Relative humidity (%) 31 (6.2%)
Wet-bulb globe te:nperature (WBGT) 29/6(2.4)

(°C)
WBGT-TLV (°C) 28

Metabolic rate (W) 347(23)

Relative heart rate index (RHR%) 26.2(6.5)

Maximum acceptable work time (h) 8.2(3.3)

were evaluated. The workers' heart rates were
continuously monitored and recorded during work
shifts. The heart rates

(HR) were recorded by a Polar Team Pro ® heart
rate monitor (Polar Electro, Kemple, Finland). The
thermal environment of the work was determined
by applying the standard ISO 7243, measured
based on the combination of two environmental
parameters: wet-bulb temperature (Twn), globe
temperature (Tg).In this study, we used calibrated
WBGT meter (MK427 JY model, Casella
Company) to measure the globe temperature, wet
natural temperature. Reserve heart rate (RHR)
is a reliable indicator of physical workload [3]. In
the study, RHR was calculated using Eq. (1). If the
value of this index was more than 33% indicating
an increase in physical workload and fatigue [4].

_ HR work —HR rest

HR=——— — " x
(HRmax — HR rest)

RHR: Reserve heart rate

HRwork: Heart rate during work

HRrest: Heart rate during rest

The assessment of the MAWD can be performed
on the base of the RHR to prevent excessive
fatiguel5. The MAWD can be estimated using Eq.2

MAWT= 26.12e-4.81(RHR)

MAWT: Maximum acceptable work time

RHR: Reserve Heart Rate (Eq.1)

3. RESULTS AND DISCUSSION

The highest WBGT index value was estimated in
casting with an average of 32° C (Table 1). Based on
the WBGT index, among all occupational groups, it
was significantly determined to be higher than the
recommended level (P<0.05). The reference table in
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Disch
Casting Rolled steel S
furnace
29(65%) 27(1.1%) 27(.8%)
58(1.8%) 55(2.7%) 53 (3.2%)
28(1.2%) 35(6.2%) 22 (4.5%)
(1) 32 31.7(.5) 31(1.2)
25.9 28 28
475(31) 337 (28) 371(19)
34.5(7.4) 25.2(8) 24.6 (8.5)
5.8(3)" 8(1.7) 8(1.6)

the ACGIH guidelines suggests that working under
such conditions increases heat strain risk, leading
to acute health implications, such as dehydration,
heat cramps, heat exhaustion, and heatstroke [5]. At
the global level, our findings are consistent with the
level of summer heat exposure reported in different
industrial sectors, such as bakeries, steel, glass, the
construction industry in other studies in tropical
and subtropical countries. A combination of heat
gained from the surrounding work environment
and heating sources (especially ovens) may be
one of the main reasons the WBGT value exceeds
the TLV during work. Our results have indicated
that equivalent WBGT index values under- or
overestimate thermal load in certain conditions.
The WBGT-based TLV has a high sensitivity for
detecting unsustainable heat exposure but relatively
low specificity [7]. Thus, the WBGT index may
have resulted in the overestimation of heat stress in
this study. Although the extreme values of WBGT
compared to TLV, physiological responses such
as RHR% and metabolic rate were estimated at a
moderate level. Based on the measured WBGT
index, the proposed work time for the scale breaker
was determined as 4 hours and for the other parts,
it was set at 2 hours, while based on the RHR index,
the maximum acceptable work time for the casting
section was 5 hours and for other parts it was
predicted as 8 hours. The results of the statistical test
also indicated that there was a significant difference
between the two indices in predicting the acceptable
work time at different work stations (P <0.05) (Table
2). The practice of self-pacing by workers through the
reduction of their metabolic rate to a safety margin
has been identified as a protective response to heat
exposure in the workplaces. Not accounting for self-

615



https://jhsw.tums.ac.ir/article-1-6577-fa.html

D. Afshari et al. / Applicability of WBGT index in determining

Index Discharge furnace
RHR% *8
WBGT 2

D e 0.000<

pacing could have resulted in an overestimation of
the risk [7]. Bate et al. believed that in case of the
supply of body fluids and self-pacing in tropical
climate conditions, workers can work in summer
without serious physiological consequences. They
concluded that the use of WBGT values in tropical
conditions was not precise and reliable; therefore,
the thermal work limit index was suggested for
evaluating the heat stress. It is believed that the
combined application of the environmental and
physiological measurements is a useful tool for
better evaluating the heat stress and strain in the
hot-dry climate.

4. CONCLUSIONS
The results revealed that using the WBGT
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Rolled steel ~ Casting  Descaling
*8 *5.8 *8.2
2 2 4
0.000< 0.000< 0.000<

index for assessing and managing the heat
exposure risk in a hot climate can be insufficient
reliability. Based on the results of environmental
and physiological monitoring of this study and
the limitations of the use of the WBGT index,
especially in a hot climate, it is recommended
to use appropriate models following the climate
conditions of the area to predict the heat stress
and strain.
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