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The current study aimed at comparing the correlation coefficients between wet-bulb globe temperature (WBGT) and a num-
ber of parameters, including the discomfort index (DI), modified discomfort index (MDI), predicted mean vote (PMV),
predicted percentage of dissatisfaction (PPD), predicted heat strain (PHS), physiological strain index (PSI) and physiolog-
ical strain index heart rate (PSIhr). In total, 30 workers of a pelletizing factory participated in this study. Environmental
parameters and workers’ physiological parameters were measured in 10 working stations. The results showed that effective
WBGT (WBGTeff) strongly correlates with DI, MDI, PMV, PPD, PHS, PSI and PSIhr. WBGTeff had the highest correlation
coefficients with PMV, MDI, PHS and PSIhr. Based on the obtained results, it was concluded that heat stress exceeded the
standard limit for a number of indices in some of the working stations. Thus, some controlling measures should be taken to
reduce heat stress in these stations.
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1. Introduction
As a common phenomenon, many workers nowadays are
exposed to hot working environments [1–4]. Exposure to
heat and heat stress will have negative effects on indi-
viduals’ health and will reduce their cognitive function
and efficiency [5]. Because of human physiological limi-
tations, exposure to excessive heat affects workers’ perfor-
mance and may threaten their health, leading to negative
consequences like thermal fatigue, thermal cramp, heat
stroke and heat rash [6,7]. Exposure to excessive heat also
increases the amount of sweating [8], raises the likeli-
hood of making work-related mistakes and accidents, and
reduces the quality of duties performed by individuals.
It is therefore crucial to pay close attention to workers
who are exposed to heat [9]. Exposure to heat in Québec
killed nine workers from 1983 to 2003 [10]. Heat stress,
which is an interesting and complicated issue, is a natural
stressor (unlike many other chemical and physical factors
in the workplace) [11]. Human beings are warm-blooded
living creatures that are capable of suitable adaptation
while being exposed to heat [12]. Belding [13] argued that
humans appropriately adapt themselves to heat, thus they
can be classified as tropical creatures. In the past century,
several indices were introduced to measure and/or predict
thermal stress in hot environments [9]. There are nowa-
days over 60 known indices, with each of them having
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their own advantages and drawbacks [14]. When it comes
to evaluating heat-related stress, three universal standards
have been presented: (a) Standard No. ISO 7243:2017 [15]
is used to monitor and control environments; (b) Standard
No. ISO 7933:2004 [16] is utilized to assess the amount of
heat exchange between the worker and the environment;
(c) Standard No. ISO 9886:2004 [17] is exploited to moni-
tor deep body temperature, skin temperature, heart rate and
sweating. As a thermal stress index, the wet-bulb globe
temperature (WBGT) is one of the simplest and most suit-
able procedures for assessing heat in various environments
[18]. It is, however, relatively sensitive to air velocity.
In addition, d’Ambrosio Alfano et al. [19] have recently
reported some other flaws for this index.

Thermal comfort is defined as an individual’s satisfac-
tion with the thermal conditions in the workplace [20].
Some indices have been introduced to estimate thermal
comfort, with all of them reporting a number which indi-
cates the degree of dissatisfaction [21]. Some of these
thermal comfort indices are the discomfort index (DI),
modified discomfort index (MDI), predicted mean vote
(PMV) and predicted percentage of dissatisfaction (PPD).

The DI, which was proposed by Thom [22], is calcu-
lated by the use of two environmental parameters, namely
dry temperature and wet temperature. Sohar [23] modified
this index in 1962. The MDI is the result of 80 years of

© 2018 Central Institute for Labour Protection – National Research Institute (CIOP-PIB)

http://crossmark.crossref.org/dialog/?doi=10.1080/10803548.2018.1475957&domain=pdf
http://orcid.org/0000-0002-9569-8821
mailto:r.hemmatjo@yahoo.com


2 S. Zare et al.

modification on thermal indices and is calculated by tak-
ing dry temperature and wet temperature into account [24].
The PMV and PPD have also been introduced to report
thermal comfort. The PMV, presented by Fanger in 1970
[25], is the most appropriate index for determining thermal
comfort in environments with medium heat. The follow-
ing six factors are taken into consideration in calculating
this index: metabolism, clothing, environmental tempera-
ture, air velocity, relative humidity and average radiation
temperature. The PPD was formulated based on the PMV
and is used to assess the average heat sensation of a large
group of people [26]. In order to avoid complication in
using meteorological data and applying instruments inap-
propriately for calculating the effective WGBT (WBGTeff),
a modern thermal stress index, like predicted heat strain
(PHS), can be utilized [27]. PHS, which is a rational index,
is based on balanced body heat and sweat rate required to
maintain a stable central temperature [28]. In hot environ-
ments, the human body has a response known as strain,
which can be measured through physiological parameters
[29]. Moran et al. [30] introduced the physiological strain
index (PSI) to assess heat stress. It is the best known exper-
imental index and measures physiological strain based on
deep temperature and heart rate. A modified version of this
index is the physiological strain index heart rate (PSIhr),
which is calculated by comparing variations in heart rate
in working and resting conditions [31].

Pelletizing is an important industry in which workers
are required to be exposed to a lot of heat sources in the
working stations. Few studies have compared various ther-
mal stress indices in such settings. The present study was
designed to fill this lacuna in the literature by:

• determining environmental parameters of the work-
place;

• assessing workers’ physiological parameters;
• calculating WBGTeff, DI, MDI, PMV, PPD, PHS,

PSI and PSIhr;
• measuring the correlation between WBGTeff and

environmental/physiological parameters;
• measuring the correlation between WBGTeff and

thermal indices including DI, MDI, PMV, PPD,
PHS, PSI and PSIhr.

2. Materials and methods
2.1. Research design
The present study, which adopted a cross-sectional,
descriptive-analytical design, was carried out in the
summer of 2016. The participants came from a pelletiz-
ing factory located in the southeast of Iran. Environmental
parameters of the workplace and participants’ physiolog-
ical parameters were measured in different stations along
the furnace, with measurements being conducted on differ-
ent days. Furthermore, based on workers’ medical records,
the selected participants were completely healthy and did

not use any drugs. They were also non-smokers and were
not infected by cardiovascular diseases.

2.2. Participants
The selected participants worked at the furnace of the
pelletizing factory. The mean ± SD of their age, work-
ing experience and body mass index respectively was
4.05 ± 31.75 years, 31 ± 7 years and 25.26 ± 2.15. Fur-
thermore, in line with Standard No. ISO 8996:2004 [32],
the participants’ metabolic rate was set at 90–140 W/m2.

2.3. Sampling procedure
In order to study physiological parameters, random sam-
pling was adopted for selecting participants:

N = (Z(1 − (α/2)) + Z(1 − β))2

((1/2)ln((1 + r)/(1 − r)))2 + 3

N = (1.96 + 1.28)2

(0.69)2 + 3 = 25, (1)

where Z = Z value; α = type 1 error; β = type 2 error;
r = correlation coefficient; N = sample size. According to
Equation (1), 25 workers should be selected. However, in
order to enhance the validity and reliability of the study, 30
participants were chosen.

2.4. Measuring environmental parameters
In order to measure environmental parameters including
dry temperature, natural wet temperature, radiation tem-
perature, relative humidity and dew point, a calibrated
WBGTeff meter (model Casella-1232342; Casella, UK)
was used. On the other hand, a Kipp and Zonen solar
radiometer (model SR11-TR; Hukseflux, The Netherlands)
and a thermo anemometer (model VT 50; Kimo, Canada)
were respectively used to assess solar radiation and air
velocity.

2.5. Measuring physiological parameters
Physiological parameters (i.e., heart rate and deep tem-
perature) were measured in two phases through calibrated
devices in line with Standard No. ISO 9886:2004 [17]. In
the first phase, the workers rested for 30 h. Then, after
20 and 30 min, their physiological parameters including
deep temperature (as indicated by tumble curtain tempera-
ture) and heart rate were assessed, followed by calculating
the mean score of these two measurements. In the second
phase, after 40 and 60 min of work in their corresponding
stations, workers’ physiological parameters were assessed
and the mean scores of these two measurements were cal-
culated. Heart rate was assessed using a Polar Sports Clock
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(model V800; Polar, Finland) and tumble curtain tempera-
ture was measured using a tympanic thermometer (model
FT 78; Beurer, Germany).

2.6. Measuring heat stress indices
2.6.1. Wet-bulb globe temperature
The WBGT, commonly used to assess heat stress, was
developed by the US navy [33]. According to Standard
No. ISO 7243:2017 [34,35], WBGTeff is calculated based
on measurements of natural wet temperature, radiation
temperature and dry temperature. If the environment is het-
erogeneous and the heat load varies in different heights, it
is necessary to measure WBGTeff at three heights: ankle,
abdomen and heart [35]. The amount of metabolism for
each occupation is calculated according to Standard No.
ISO 8996:2004 [32]. Then, the weighted average time for
the amount of metabolism for all responsibilities of each
occupation is calculated.

2.6.2. Discomfort index
The DI was introduced by Thom in 1959 [22]. It is calcu-
lated based on two environmental parameters, namely dry
temperature (Ta) and wet temperature (Tw) [2].

2.6.3. Modified discomfort index
Moran et al. [33] proposed the MDI in 1999. This index is
calculated using wet temperature (Tw) and dry temperature
(Ta).

2.6.4. Predicted mean vote
The PMV, which was suggested by Fanger in 1970 [25,29],
is one of the main temperature-physiological indices which
is frequently used in both urban and regional planning
studies as well as meteorological research projects. This
index is used to predict the collective perception of a group
of individuals positioned in the same environmental con-
dition. Six factors (i.e., dry temperature, mean radiation
temperature, relative humidity, wind speed, metabolic rate
and clothing insulation) are used to calculate the PMV. The
value of this index is reported on a 7-point scale that ranges
from −3 to +3, with 0 being the ideal value indicating
neutral thermal perception. Ray Man version 1.2 is used
to calculate the PMV.

2.6.5. Predicted percentage dissatisfied
The PPD predicts the percentage of the people who
felt more than slightly warm or slightly cold (i.e., the
percentage of the people who were inclined to complain
about the environment). Using the 7-point scale of thermal
sensation (−3 to +3) postulated by Fanger [25], all those
who responded ±2 and ±3 were declared uncomfortable.
Conversely, those who responded ±1 and 0 were declared

comfortable. The percentages of subjects who responded
±2 and ±3 were determined for each class of PMV; that
variable has been called the PPD.

2.6.6. Predicted heat strain
The PHS model can be considered a rational model,
because it calculates heat exchange between the human
body and environment [36]. The PHS index is based on
the thermal balance equation which uses measured envi-
ronmental parameters in a series of equations to predict the
body response to the heat stress as a rise in core tempera-
ture. In this study, Malchaire Analysis version 2.4.12 was
utilized to calculate PHS.

2.6.7. Physiological strain index
The PSI, which was introduced by Moran et al. [30], con-
siders deep body temperature (T) and heart rate (HR) in the
resting and working conditions. PSI values vary from 0 to
10, with 0 indicating lack of strain and 10 demonstrating
the highest level of thermal strain.

2.6.8. Physiological strain index heart rate
The PSIhr is calculated by considering variations of heart
rate in the working and resting conditions. The PSIhr
ranges from 0 to 5, with 0 indicating lack of strain and 5
demonstrating the maximum level of thermal strain [14].

2.7. Statistical analysis
The collected data were analyzed by SPSS version 20 using
statistical tests such as the Pearson correlation coefficient
and linear regression.

2.8. Ethical considerations
Ethical approval was obtained from the Ethics Com-
mittee of Kerman University of Medical Sciences (ID:
IR.KMU.REC.1395.43). All participants signed a consent
form.

3. Results
3.1. Mean and standard deviation of environmental

variables
Table 1 presents the mean and standard deviation values
for the 30 environmental parameters in the 10 working sta-
tions. The highest dry temperature (Ta) and natural wet
temperature (Tnw) were recorded at the beginning of side
layer chute, while the highest WBGTeff was registered in
the station of slide rail checking. Also, the greatest value of
relative humidity (RH) belonged to the disk corridor. Con-
versely, the lowest dry temperature (Ta) and natural wet
temperature (Tnw) were observed in the furnace chamber.
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Table 1. Mean ± SD of environmental variables measured in the 10 working stations.

Measuring station Ta (°C) Tg (°C) Tnw (°C) RH (°C) Dp (°C) SR (w/m2) V (m/s)

Beginning of side layer chute 0.6 ± 43.8 0.8 ± 42.2 1.0 ± 29.1 0.4 ± 31.9 0.4 ± 23.5 0.0 ± 200.0 0.0 ± 1.0
Grate bar supply 0.8 ± 40.1 0.8 ± 42.3 1.2 ± 27.0 0.4 ± 34.7 0.4 ± 21.5 0.0 ± 200.0 0.0 ± 1.0
Burners 0.5 ± 39.5 0.8 ± 41.1 1.2 ± 27.1 0.4 ± 36.7 0.4 ± 22.1 0.0 ± 200.0 0.0 ± 1.0
Slide rail checking 0.8 ± 41.3 0.4 ± 43.8 0.8 ± 27.5 0.0 ± 34.2 0.0 ± 21.7 0.0 ± 200.0 0.0 ± 1.0
Furnace corridor 0.8 ± 39.0 0.8 ± 39.4 0.8 ± 25.2 0.0 ± 31.0 0.0 ± 18.0 0.0 ± 200.0 0.0 ± 1.0
Furnace chamber 0.7 ± 27.3 0.6 ± 27.1 0.4 ± 20.4 0.0 ± 48.6 0.0 ± 15.7 0.0 ± 200.0 0.0 ± 1.0
Disk corridor 0.4 ± 31.5 0.8 ± 31.9 0.8 ± 24.8 0.0 ± 53.3 0.0 ± 21.2 0.0 ± 200.0 0.0 ± 1.0
Rate feeder 0.8 ± 32.3 0.5 ± 33.7 0.8 ± 24.2 0.0 ± 49.2 0.0 ± 20.4 0.0 ± 200.0 0.0 ± 1.0
Mixer 0.7 ± 32.4 0.8 ± 34.2 0.8 ± 25.1 0.0 ± 53.6 0.0 ± 21.9 0.0 ± 200.0 0.0 ± 1.0
Raw pellets alley 0.8 ± 31.3 0.8 ± 33.5 0.8 ± 21.1 0.0 ± 32.9 0.0 ± 14.2 0.0 ± 800.0 2.1 ± 5.2

Note: Dp = dew point; RH = relative humidity; SR = solar radiation; Ta = dry temperature; Tg = radiation temperature;
Tnw = natural wet temperature; V = velocity.

Table 2. Mean ± SD of physiological parameters and workers’ metabolic rate in the 10 working stations
(N = 30).

Measuring station Tw (°C) Tr (°C) HRw (bpm) HRr (bpm) Metabolic rate (W/m2)

Beginning of side layer chute 0.8 ± 38.2 0.4 ± 36.8 0.4 ± 131.3 0.8 ± 83.0 13.8 ± 140.0
Grate bar supply 0.8 ± 37.2 0.8 ± 37.0 0.9 ± 116.0 0.8 ± 74.0 12.1 ± 135.0
Burners 0.8 ± 38.0 0.8 ± 37.1 0.4 ± 120.0 0.4 ± 78.6 21.3 ± 132.5
Slide rail checking 0.8 ± 38.0 0.8 ± 37.0 0.4 ± 121.0 0.4 ± 80.6 19.7 ± 137.5
Furnace corridor 0.8 ± 37.8 0.8 ± 36.9 0.4 ± 109.6 0.4 ± 76.6 24.2 ± 110.0
Furnace chamber 0.8 ± 37.7 0.8 ± 37.0 0.4 ± 88.6 0.82 ± 73.0 8.5 ± 90.0
Disk corridor 0.8 ± 37.8 0.4 ± 37.3 0.4 ± 93.6 0.82 ± 80.0 16.9 ± 110.0
Rate feeder 0.8 ± 37.9 0.8 ± 36.9 0.4 ± 98.6 0.82 ± 71.0 28.1 ± 112.5
Mixer 0.8 ± 38.1 0.8 ± 37.1 0.8 ± 102.0 0.82 ± 82.0 11.6 ± 110.0
Raw pellets alley 0.8 ± 37.9 0.8 ± 37.0 0.8 ± 89.0 0.82 ± 69.0 15.9 ± 102.5

Note: HRr = heart rate in the resting condition; HRw = heart rate in the working condition; Tr = deep body
temperature in the resting condition; Tw = deep body temperature in the working condition.

Additionally, the lowest RH value was recorded in the fur-
nace corridor. The mean scores of environmental variables
in various stations were significantly different from each
other (p < 0.001).

3.2. Mean and standard deviation of physiological
parameters and workers’ metabolic rate

Table 2 presents the mean and standard deviation values
for workers’ physiological parameters and metabolic rates
in various working stations. The highest deep body tem-
perature (Tw), heart rate (HRw) and metabolic rate were
observed at the beginning of side layer chute. On the con-
trary, the lowest deep temperature (Tw), heart rate (HRw)
and metabolic rate were recorded in the furnace chamber.

3.3. Mean scores for WBGTeff, DI, MDI, PMV, PPD,
PHS, PSI and PSIhr

According to Table 3, the highest values of WBGTeff,
DI, PMV and PSI were recorded at the beginning of side
layer chute. But the greatest value of PHS was regis-
tered in the slide rail checking, while its lowest value
was observed in the furnace chamber. Moreover, the mean

scores of environmental variables in various stations were
significantly different from each other (p < 0.001).

3.4. The correlation between effective WBGTeff and
environmental/physiological parameters and other
indices

Table 4 presents the correlation coefficients for the relation-
ships between WBGTeff and environmental/physiological
parameters. According to the obtained results, the strongest
correlation belonged to the association between WBGTeff
and natural wet temperature (Tnw) (R = 0.96). In contrast,
WBGTeff had the weakest relationship with deep temper-
ature in the resting condition (Tr) (r = 0.06). It should be
noted that WBGTeff had a high slope coefficient with deep
temperature in the working condition (Tw) (a = 1.3).

The results of Pearson correlation indicated that
WBGTeff had a high correlation with other indices, with
the strongest association being registered with the PMV
(r = 0.95) (Table 4). However, the highest slope coeffi-
cient was recorded for the relationship between WBGTeff
and PSIhr (a = 5.44). It should be noted that the mean
score of WBGTeff was significantly different from those of
other indices (p< 0.001).
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Table 3. Mean ± SD for WBGTeff, DI, MDI, PMV, PPD, PHS, PSI and PSIhr.

Measuring station WBGTeff DI MDI PMV PPD PHS PSI PSIhr

Beginning side
layer chute

0.6 ± 33.2 1.6 ± 34.5 1.2 ± 34.0 0.21 ± 4.7 0.0 ± 100.0 12.4 ± 496.0 0.1 ± 4.8 0.1 ± 2.5

Grate bar supply 0.8 ± 31.8 0.4 ± 33.1 0.8 ± 32.5 0.21 ± 4.2 0.0 ± 100.0 15.4 ± 451.0 0.2 ± 3.8 0.0 ± 1.9
Burners 0.4 ± 31.9 0.4 ± 33.1 0.7 ± 32.5 0.05 ± 3.9 0.0 ± 100.0 10.8 ± 425.0 0.2 ± 4.1 0.0 ± 2.0
Slide rail checking 0.8 ± 32.6 0.4 ± 33.7 0.4 ± 32.3 0.4 ± 4.4 0.0 ± 100.0 6.2 ± 548.3 0.0 ± 4.0 0.1 ± 2.0
Furnace corridor 0.6 ± 29.2 1.2 ± 31.7 0.6 ± 30.7 0.09 ± 3.8 0.0 ± 100.0 6.2 ± 358.3 0.2 ± 3.3 0.1 ± 1.5
Furnace chamber 0.8 ± 22.1 4.8 ± 26.6 2.1 ± 25.2 0.00 ± 1.2 0.0 ± 35.0 6.2 ± 118.3 0.4 ± 2.4 0.0 ± 0.8
Disk corridor 0.8 ± 27.0 0.74 ± 28.3 0.8 ± 28.2 0.00 ± 2.3 0.0 ± 88.0 8.8 ± 199.9 0.0 ± 2.3 0.0 ± 0.7
Rate feeder 0.8 ± 27.1 1.1 ± 28.4 0.8 ± 27.8 0.00 ± 2.3 0.0 ± 88.0 8.1 ± 240.0 0.0 ± 3.1 0.1 ± 1.2
Mixer 0.8 ± 27.8 0.6 ± 29.6 0.8 ± 28.5 0.00 ± 2.4 0.0 ± 91.0 8.1 ± 250.0 0.0 ± 3.0 0.1 ± 1.1
Raw pellets alley 0.8 ± 24.6 0.8 ± 27.1 0.8 ± 25.2 0.05 ± 1.9 0.0 ± 72.0 8.1 ± 230.0 0.1 ± 2.8 0.1 ± 0.9

Note: DI = discomfort index; MDI = modified discomfort index; PHS = predicted heat strain; PMV = predicted mean vote;
PPD = predicted percentage dissatisfied; PSI = physiological strain index; PSIhr = physiological strain index heart rate;
WBGTeff = effective wet-bulb globe temperature.

Table 4. Results of Pearson correlation coefficient investigating the relationship between
WBGTeff and environmental/physiological parameters and other indices.

Environmental/physiological parameter Correlation (r) R2 (%) Slope p

Ta 0.9 91.6 0.6 <0.001
Tg 0.9 9.0 0.6 <0.001
Tnw 0.9 92.7 1.2 <0.001
RH 0.5 27.9 – <0.001
Dp 0.7 61.7 0.9 <0.001
SR 0.3 14.8 – 0.036
Tw 0.3 9.7 1.3 0.940
Tr 0.0 0.0 0.3 0.725
HRw 0.9 88.7 0.2 <0.001
HRr 0.6 37.2 0.4 <0.001
DI 0.8 72.6 0.9 <0.001
MDI 0.9 89.7 1.0 <0.001
PMV 0.9 91.1 2.8 <0.001
PPD 0.8 73.1 0.1 <0.001
PHS 0.9 88.6 0.0 <0.001
PSI 0.8 72.7 3.8 <0.001
PSIhr 0.9 84.2 5.4 <0.001

Note: Dp = dew point; DI = discomfort index; HRr = heart rate in the resting condition;
HRw = heart rate in the working condition; MDI = modified discomfort index;
PHS = predicted heat strain; PMV = predicted mean vote; PPD = predicted percentage
dissatisfied; PSI = physiological strain index; PSIhr = physiological strain index heart
rate; RH = relative humidity; SR = solar radiation; Ta = dry temperature;
Tg = radiation temperature; Tnw = natural wet temperature; Tr = deep body temperature
in the resting condition; Tw = deep body temperature in the working condition;
WBGTeff = effective wet-bulb globe temperature.

Figure 1 shows the degree of correlation and regression
line between WBGTeff and other indices including the DI,
MDI, PMV and PPD.

Figure 2 illustrates the amount of correlation and
regression line between WBGTeff and other indices includ-
ing the PHS, PSI and PSIhr.

4. Discussion
This study was conducted among 30 workers in a pelletiz-
ing company in southeast Iran. The aim was comparing
the correlations between WBGTeff and the DI, MDI, PMV,

PPD, PHS, PSI and PSIhr. The results indicated that
WBGTeff has a high correlation with some environmen-
tal parameters including dry temperature (Ta), (r = 0.95),
radiation temperature (Tg) (r = 0.95) and natural wet tem-
perature (Tnw) (r = 0.96). These strong correlations can
be attributed to the parameters that are used to calculate
WBGTeff. Furthermore, WBGTeff had a high correlation
with one of the physiological parameters, namely heart rate
(HRw) (r = 0.94).

The results further revealed that WBGTeff has a close
connection with the DI, MDI, PMV, PPD, PHS, PSI and
PSIhr. The correlation coefficient between WBGTeff and
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Figure 1. Degree of correlation and regression line between WBGTeff and other indices including (a) DI, (b) MDI, (c) PMV and (d)
PPD.
Note: DI = discomfort index; MDI = modified discomfort index; PMV = predicted mean vote; PPD = predicted percentage
dissatisfied; WBGTeff = effective wet-bulb globe temperature.

DI was 0.85. Epstein and Moran [2] also demonstrated a
strong correlation between WBGTeff and the DI (r = 0.95).
Similarly, Yang and Chan [37] reported a strong relation-
ship between WBGTeff and the DI (r = 0.84) and MDI
(r = 0.79). In the current study, a high correlation was also
detected between WBGTeff and the MDI (r = 0.94).

The findings further showed strong correlations
between WBGTeff and two other thermal comfort indices,
i.e., PMV (r = 0.95) and PPD (r = 0.85). Kwon and Par-
sons [38] have also illustrated that WBGTeff is strongly
connected with the PMV and PPD. Their findings are
similar to our results.

The obtained results indicated that, based on Standard
No. ISO 7243:2017 [35] for an adapted individual (28 °C),
workers who perform their duties in several stations – at
the beginning of side layer chute, under grate bar supply
furnace, burners, slide rail checking and furnace corridor
– are exposed to excessive heat stress, hence appropriate
measures should be taken to reduce this stress (Table 3).

In recent years, some studies have made attempts
to examine the correlation between WBGTeff and some

physiological parameters. For example, Jafari et al. [39]
reported correlation coefficients of 0.85 and 0.56 between
WBGTeff and the PSI and PSIhr, respectively. In the cur-
rent study, higher correlation coefficients were observed
between WBGTeff and the PSI (r = 0.85) and PSIhr
(r = 0.91). Moreover, Golbabaie et al. [40] showed that
the correlation coefficient between WBGTeff and the heart
rate was 0.73. They argued that WBGTeff is an appropri-
ate, applicable index for assessing heat in hot and humid
environments. Also, Monazzam Esmaielpour et al. [41],
who studied heat stress indices among workers, reported
a correlation coefficient of 0.73 between WBGTeff and the
heart rate. In our study, nonetheless, a stronger correla-
tion was detected between WBGTeff and the heart rate
(r = 0.94).

Brake and Bates [42] showed that deep temperature of
people working in industrial and mining sectors increased
during a workshift, exceeding the standard limit (38 °C). In
the current study, it was observed that workers’ deep tem-
perature (Tw) was over the standard limit at the beginning
of side layer chute and mixer.
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Figure 2. Degree of correlation and regression line between WBGTeff and other indices including (a) PHS, (b) PSI and (c) PSIhr.
Note: PHS = predicted heat strain; PSI = physiological strain index; PSIhr = physiological strain index heart rate;
WBGTeff = effective wet-bulb globe temperature.

5. Conclusion
These findings indicate that values of WBGTeff, DI, PMV
and PSI were higher at the beginning of side layer chute.
But the greatest value of the PHS was registered in the
slide rail checking, while its lowest value was observed
in the furnace chamber. Furthermore, the deep body tem-
perature (Tw), heart rate (HRw) and metabolic rate were
higher at the beginning of side layer chute. The results also
showed that WBGTeff had the highest correlation with the
PMV, MDI, PHS and PSIhr. On the other hand, the high-
est slope coefficient was recorded between WBGTeff and
the PSIhr. This shows that the PSIhr has fewer variations
compared to WBGTeff at different rates in various ranges
of ambient conditions. Also, significant differences were
observed between the mean score of WBGTeff with those of
the DI, MDI, PMV, PPD, PHS, PSI and PSIhr (p < 0.050).
Therefore, these findings show that heat stress exceeds the
standard limit in some working stations. Thus, some con-
trolling measures should be taken to reduce heat stress in
these stations.
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