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Abstract

Excessive heat exposure is among the health and safety hazards that have adverse effects on the mine workers. The very nature of
the underground climate makes it a convenient avenue for heat generation and accumulation from several heat sources including
autocompression, equipment, and heat from strata. This study investigated the effects of clothing insulation and acclimation on
the thermal comfort of mine workers who are exposed to heat in underground working environments. Several clothing ensembles
have been considered to analyze the effect of the thermal resistance of clothing on the thermal comfort of workers. To investigate
the impact of the clothing insulation, the thermal comfort limit of an underground miner was calculated in the form of maximum
allowable exposure time for an 8-h shift. Parametric analyses were subsequently performed using an already developed thermal
comfort model using MATLAB software. The results demonstrate that clothing insulation has a significant effect on the thermal
comfort of mine workers. Increase in the clothing insulation decreases the maximum allowable exposure time of mine workers.
This is especially true for the new and non-acclimated workers. Since acclimatized workers can tolerate a higher level of the
dehydration and are capable of losing more water by sweat per shift, the maximum allowable exposure time for the acclimated
workers are higher than non-acclimated workers. These analyses have shown that acclimated workers can have more continuous
work per shift compared with non-acclimated workers. For example, in an environmental condition with clothing that a non-
acclimated worker cannot work more than 5 h, an acclimated worker can work a full 8-h shift.

Keywords Acclimation - Clothing insulation - Heat exposure - Thermal comfort

1 Introduction

The mining industry has a workforce with varying levels of
fitness, which makes it relevant to plan and protect those at
the lower level threshold of fitness. Due to the nature of the
job, mine workers are exposed to harsh environmental con-
ditions that can result in occupational safety and health haz-
ards. Among these hazards are heat exposure that has sig-
nificant short-term and long-term effects on the health and
safety of the workers. Furthermore, excessive heat exposure
will negatively affect the performance of mine workers and
the overall productivity of the mine [1]. The consequences
of heat exposure include heat-related illnesses, fatigue and
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fainting, loss of concentration, performance reduction, and
production loss [2].

Along with climate change, various sources impact the
total heat load in a mine site [3—5]. In underground mines,
the majority of the heat comes from different sources such
as geothermal gradient, equipment, auto-compression,
groundwater, and blasting [6]. On the surface, however, the
majority of heat is in the form of solar energy.

The severity of heat on a mine worker depends on the
duration and level of exposure, and the response of an indi-
vidual to heat stress. The response of an individual is influ-
enced by different factors such as age, gender, fitness, life-
style, experiences, past medical history, and more [7].

The Mine Safety and Health Administration (MSHA) has a
catalog of heat-related incidents in US mines. Figure 1 repre-
sents the number of heat-related incidents in US mines be-
tween 2000 and 2017 reported by MSHA. Over 600 incidents
are reported in US surface and underground mines, which are
considerable. Figure 2 shows the number of heat-related inci-
dents in different sections of mining. Considering the trend of
future mines to be located underground, and for the necessity
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Fig. 1 Number of heat-related incidents in US mines between 2000 and 2017 (Adopted from MSHA)

of mining deeper and deeper deposits, US underground mines
are more susceptible to this problem in the future [8, 9].

MSHA published data reveals that worker’s experience is an
essential factor in the number of heat-related incidents recorded.
There is a reverse proportion between the number of incidents
and the worker’s job experience. The more experience the work-
force, the less heat-related incidents are reported. This is support-
ed by the 67% of the heat-related incidents reported for workers
with less than 5-year experience. The number of incidents de-
creases to 15% in the group of workers with job experiences
between 5 and 10 years (Fig. 3). Also worth noting is the fact
that most of the incidents occurred in the summer (i.e., 74% of
the total of heat-related incidents). Figure 4 reports the effect of
seasonal swings on heat-related incidents.

Total heat stress is defined as the net of the body-generated
heat (metabolic heat), plus the heat derived from the environment
(environmental heat), minus the heat loss from the body to the
environment [10]. Environmental and metabolic heat stress will

Fig. 2 Number of heat-related
incidents in different subunits of
US mines between 2000 and 2017
(Adopted from MSHA)
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result in heat strain or physiological responses in order to reject
the stored heat from the body back to the environment so that the
constant core body temperature is maintained [10]. At some level
of heat stress, the body mechanism is not able to keep the core
temperature at the required level. Consequently, the risk of heat-
related illnesses and other health and safety hazards rises [10].
The level of heat stress can be controlled by environmental fac-
tors (i.e., air temperature, air velocity, relative humidity, and ra-
diant temperature) and also physiological factors (i.e., metabolic
rate and clothing isolation) [2, 11-14].

It is well known that everyday clothing can provide phys-
iological, physical, and psychological comfort to the wearer in
anatural ambient environment [15, 16]. In hazardous environ-
mental conditions, when the risk of exposure to occupational
hazards is high, specialized protective clothing will be re-
quired in order to provide adequate protection and reduce
the risk of exposure [16]. In addition to protecting workers from
heat exposure, these protective clothing are also designed to
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Fig. 3 Number of heat-related
incidents in US mines for workers
with different job experiences
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protect personnel from chemical and biological agents in the
environments. Ordinary protective clothes include low vapor
permeability over-garment with a respirator, impermeable rubber
gloves, and over-boots. These protective garments are designed
to reduce the interaction of dangerous chemicals with skin and
hazardous agents with the respiratory system of the body [17].
However, protective garments restrict the dry heat exchange and
wet heat flux. Therefore, wearing these clothing will result in
increasing the heat storage in the body, and tolerance time is
decreased compared with wearing the clothing with a configura-
tion that allows a more effective heat exchange [18, 19].
McLellan et al. [17] pointed out that for light and heavy work
rates, use of protective clothes has a considerable negative impact
on heat strain and tolerance time.

The physiological reaction of the human body to the heat
includes acute responses such as heat-related illnesses and adap-
tive responses, which is the adaption of the body to heat expo-
sure. Heat tolerance capacity of the workers specifies the level of
“acceptable” heat stress. Even though there is a wide range of
heat tolerance capabilities among the workers, everyone has heat
stress upper limit beyond which the resultant heat strain can
cause heat illness [20, 21]. Repeated exposure will lead to heat

Fig. 4 Number of heat-related 500
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from MSHA)
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adaptation [10]. For most workers, proper repeated exposure to
elevated heat stress causes physiological adaptations called accli-
mation. During acclimation, the body gradually becomes more
efficient to afford the level of heat exposure. A higher level of
heat stress can be tolerated by acclimated workers before a harm-
ful level of heat strain.

This paper aims to discuss the effects of clothing and ac-
climation on the overall comfort of underground mine
workers. In this paper, a thermal model is used whose input
data are environmental and behavioral parameters. A series of
analysis is performed in order to estimate the impact of accli-
mation and dehydration on the maximum allowable exposure
time per 8 h of a shift for underground mine workers.
Importance of acclimation and hydration is shown based on
the outcomes of thermal comfort modeling.

2 Methods

Human satisfaction of the thermal environment describes
thermal comfort [22]. Essentially, thermal comfort refers
to a condition in which the majority of the individuals
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in an environment feel thermally comfortable. Thermal
comfort measure is based upon the heat exchange be-
tween the human body and its environment. Generally,
comfort refers to the narrow range of body temperature
where the skin moisture is low, and physiological effort
is minimized [22].

Sunkpal, Roghanchi & Kocsis [23] developed a mod-
el in MATLAB for the underground mine, based on the
thermal comfort equation (Eq. 1). Using this equation,
heat storage in the body (S) can be estimated where M
(W/mz) is the metabolic rate; C, R, B, E, and K (W/mz)
are respectively the heat loss due to convection, radia-
tion, respiration, evaporation, and conduction, and W is
the effective mechanical power [24, 25]. For calculating
respiration heat loss, clothing insulation factor does not
have direct influence. In this study, heat loss due to
conduction is not considered [23].

S=M~(C+R+B+E+K+W)=0,(W/m) (1)

In order to find convective heat loss, Eq. (2) should be
utilized where, T, (K) is the external temperature of the cloth-
ing, f; is the clothing factor (associated with the skin surface
available for heat exchange), and 7, (Wm 2 K") is the heat
dissipation coefficient related to the airflow velocity [26, 27].

C= hcfcl(TCI_Ta)v (W/mz) (2)

Radiation heat loss is calculated by Eq. (3), where €y is the
coefficient of skin emissivity, in which the approximate value is
between 0.95 and 0.97, s, (Wm 2 K ) linearized coefficient of
heat exchange by radiation, f; correction term is equal to 0.77 [26,
28].

R= f;~€skhr(Tcl_Tr)7 (W/mz) (3)

Evaporative heat loss is computed by Eq. (4), where w is the
skin wittedness, 4, (Wm > KPa ') is the latent heat transfer
coefficient, £ is the clothing permeability factor for vapor trans-
fer, Py and P, (KPa) are the saturation partial vapor pressure at
the skin temperature and in ambient air, respectively [26, 29].

E = whef oo(Py—Py), (W/m?) (4)

The rate of sweat production is indicated with multiplying
SW by 0.6726, e.g., 1| W/m=1.4868 gh™' m 2 [8, 23]. The
maximum sweat rate production (SW.q) which is the function
of metabolic rate (M in Watt) can be computed by the Egs. (5)
and (6) for non-acclimated and acclimated workers [30].

SWyeq = 2.62 M—148, (g/hr) (Non—acclimated worker)
(5)

SWyeg = 3.27 M—186, (g/hr)  (Acclimated worker)  (6)

@ Springer

Table 1 Thermal comfort model parameters
Parameters Range Constant value
Relative humidity, RH (%) 50-100 80
Mean radiant temperature 040 0-40
(T;=Ty, (°C)
Air velocity, V, (m/s) 04 1.5
Clothing insulation 0-1 0.110, 0.124, 0.140, 0.186
Metabolic rate, M (W/m?) 200-350 200-350

The maximum allowable exposure time (7,.x) is evaluated
in Eq. (7) based on the maximum tolerable dehydration (Dy,ax)
for 1 working day, where SW is the sweat production rate.
This limitation of exposure time is calculated for an average
subject based on maximum water loss (dehydration) of 7.5%
of the body mass, it has to be decreased by 33% in order to
protect 95% of the miner population [23, 30].

Diax
3

T nax = SW

(hr) (7)

Sunkpal et al. [23] assumed that the thermal resistance of the
clothing is constant and equal to 0.093 m? °CW ' and the max-
imum tolerable dehydration (Dy.x) is equal to 3900 Whg/mz.
This model was employed to calculate the maximum allowable
exposure time at different air temperatures, assuming a relative
humidity of 80% and air velocity equal to 1.5 m/s for different
clothing thermal resistances. In this study, the maximum allow-
able exposure time is considered the threshold limit value.
Furthermore, a metabolic rate of 200-350 W/m? was considered
moderate work intensity levels in a fully mechanized under-
ground mine. Radiant temperature was assumed to be equal to
ambient air temperature in underground mines due to strong flow
condition [31]. The highest tolerable values of required sweat
rate suggested by ISO 7933 [32] for acclimated and non-
acclimated workers were used. The highest tolerable values of
required sweat rate suggested by ISO 7933 (2004) [32] for accli-
mated and non-acclimated workers were used.

Table 1 displays thermal comfort model parameters and
Table 2 demonstrates the clothing categories and their relevant

Table 2
[10D)

Insulation value for typical clothing ensembles (adopted from

Clothing ensemble Iy

m*®CW '  Clo

Underpants, coveralls, socks, shoes 0.110 0.7
Underpants, shirts, coveralls, socks, shoes 0.124 0.8
Underpants, shirts, pants, smock, socks, shoes 0.140 0.9
Long underwear shirts and bottoms, heavy jacket,  0.186 12

pants, socks, shoes
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Table 3 Maximum dehydration used in the model (adopted from ISO
33D

Criteria Non-acclimated  Acclimated

Warning Danger Warning Danger

Maximum dehydration per shift, 2600 3250 3900 5200

Dy (Whg/m?®)

insulation values adapted from [10]. The TLV is evaluated
based on the maximum dehydration (D). Based on ISO
7933 [33], the level of risk for acclimated and non-
acclimated workers was categorized to danger and warning
(alarm) levels. The warning level is when there is no risk
related to the worker’s activities, and they are in good health,
and the danger level is when the workers could be already at
risk. This study considered four levels of dehydration as dem-
onstrated in Table 3 to estimate the maximum allowable ex-
posure time of the workers.

3 Results

3.1 The Effect of Clothing Insulation on the Thermal
Comfort of Miners

Several scenarios were studied to identify the effect of the
thermal resistance of clothing on the thermal comfort of

workers in underground mine working areas. For this purpose,
the maximum allowable exposure time (TLV exposure time)
for a shift of 8 h in different ambient air temperatures was
analyzed. The maximum allowable exposure time was plotted
as a function of ambient air temperature (Fig. 5). The results of
the simulation indicate that the allowable exposure time will
decrease by increasing the thermal resistance factor. Although
it was expected that the high clothing insulation would de-
crease the allowable exposure time, one can quantify the max-
imum allowable exposure time based on the environmental
factors and the level of activities. Tables 4, 5, 6, and 7 show
the results of this analysis at the air temperatures of 0, 10, 20,
and 30 °C and metabolic rate 0f 200, 250, 300, and 350 W/m”.
For instance, at D« equal to 3900 Whm 2 g, the allowable
exposure time at R, =0.11 m?*°CW ! and R.;=0.186
m?°CW ! is less than 8 h and 5 h, respectively. It is obvious
that the human body can tolerate higher temperatures at lower
metabolic rates with the same clothing insulation.

3.2 The Effect of Acclimation on the Thermal Comfort
of Miners

In order to identify the effect of the acclimation on the thermal
comfort of the individuals, maximum allowable exposure time
of the acclimation and non-acclimation workers was deter-
mined. Acclimated and non-acclimated workers can be differ-
entiated by different maximum dehydration levels. Figure 6
shows the maximum allowable exposure times at the

Maximum allowable exposure time @ M=200 Wlm’, Dmax=3900 W.hAgImz, Va=1.5 m/s, RH=80%
T W T T
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-
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Fig. 5 Maximum allowable exposure time (TLV) of the workers with different clothing
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Table4 Maximum allowable exposure time (TLV) of the workers with
different clothing (M =200 W/m?)

Table6 Maximum allowable exposure time (TLV) of the workers with
different clothing (M =300 W/m?)

For acclimated worker with moderate T, (°C) For acclimated worker with moderate T, (°C)

metabolic rate (M =200 W/mz), metabolic rate (M =300 W/mz),

Dpnax =3900 Whg m?2 V,=15 m/s, 0 10 20 30 Dinax =3900 Whg m?2 V,=15 m/s, 0 10 20 30

and RH =80% and RH =80%

Clothing category Maximum allowable Clothing category Maximum allowable
exposure time (TLV) exposure time (TLV)

Underpants, coveralls, socks, shoes 8 8 8 <6 Underpants, coveralls, socks, shoes 8 8 <6 <2

Underpants, shirts, coveralls, socks, shoes 8 8 8 <5 Underpants, shirts, coveralls, socks, shoes 8 <8 <5 <l

Underpants, shirts, pants, smock, socks, shoes 8 8 8 <4 Underpants, shirts, pants, smock, socks, shoes 8 <7 <5 -

Long underwear shirts and bottoms, 8 8 <8 <2 Long underwear shirts and bottoms, <7 <5 <3 -

heavy jacket, socks, shoes

heavy jacket, socks, shoes

metabolic rate of 250 W/m? for the warning and danger dehy-
dration levels. Tables 8 and 9 summarize the maximum allow-
able exposure times for acclimated and non-acclimated workers
at air ambient temperature of 20 °C and 30 °C, respectively.
These analyses show that for similar clothing insulation, accli-
mated workers have higher maximum allowable exposure time.
For example, at R, =0.11 m?°CW ! and 7,=20 °C, a non-
acclimated worker cannot work more than 5 h, while an accli-
mated worker can work a full 8-h shift. Furthermore, at the same
environmental condition, at danger level of dehydration, the
TLYV is less than 7 h for non-acclimated workers, while it is 8 h
for acclimated workers. Therefore, acclimated workers have
more maximum allowable exposure time in the same environ-
ment and metabolic rate due to greater maximum dehydration
level.

4 Discussion

The degree of clothing insulation can have a great effect on the
level of heat exchange between the body and the environment

and may restrict the convective transfer and interfere with the
body’s capacity to lose heat by sweat evaporation. However,
clothing can decrease the radiant heat from surrounding surfaces
to the body [34]. Clothing thermal resistance (R) describes the
insulation level between body and environment [12]. Clothing
insulation can be estimated from the tables in the ISO 9920
standard for each level of clothing insulation [14]. Clothing area
factor (F) is calculated from the insulation of the entire ensem-
ble (/;) and radiation heat transfer coefficient (4,) and convective
heat transfer coefficient (%) [14]. Generally, four kinds of insu-
lation exist: the total insulation that involves air and clothing, the
effective insulation which only considers clothing, intrinsic or
basic insulation in which increasing the exchange area is consid-
ered, and the resultant insulation from which human activity and
sweating are taken into consideration [14].

Since underground miners are required to wear the appropri-
ate clothing combination and personal protective equipment
(PPE), it is important to determine the effect of clothing insula-
tion on the comfort of underground miners. Based on the thermal
comfort model, clothing can significantly change the tolerance of
the individual to heat exposure. These results demonstrate that
increase in insulation factor of clothing will lead to the reduction

Table5 Maximum allowable exposure time (TLV) of the workers with Table7 Maximum allowable exposure time (TLV) of the workers with

different clothing (M =250 W/m?) different clothing (M =350 W/m?)

For acclimated worker with moderate T, (°C) For acclimated worker with moderate T, (°C)

metabolic rate (M =250 W/m?), metabolic rate (M =350 W/m?),

Dinax = 3900 Whg m™2, V,= 1.5 m/s, 0 10 20 30 Dinax = 3900 Whg m™2, V,= 1.5 m/s, 0 10 20 30

and RH =80% and RH =80%

Clothing Category Maximum allowable Clothing category Maximum allowable
exposure time (TLV) exposure time (TLV)

Underpants, coveralls, socks, shoes 8 <8 <3 Underpants, coveralls, socks, shoes 8 <6 <4 -

Underpants, shirts, coveralls, socks, shoes 8 <7 <3 Underpants, shirts, coveralls, socks, shoes <8 <6 <4 -

Underpants, shirts, pants, smock, socks, shoes 8 <7 <2 Underpants, shirts, pants, smock, socks, shoes <7 <5 <3 -

Long underwear shirts and bottoms, 8§ <8 <5 - Long underwear shirts and bottoms, <5 <4 <2 -

heavy jacket, socks, shoes

heavy jacket, socks, shoes
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Non-acclimated workers
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Fig. 6 Maximum allowable exposure time (TLV) for acclimated and non-acclimated workers

of maximum allowable exposure time for the workers. With
increasing in air ambient temperature and same insulation factor
of the clothing, TLV exposure time is decreasing, which means
that at harsh environmental condition, appropriate clothing
should be provided along with more break per a shift of work.
When workers are exposed to the hot work environment, their
body starts to show signs of discomfort, such as elevated heart
rates and core temperatures, nausea or headache, and other symp-
toms of heat exhaustion [35-38]. As a result of repeated exposure
to heat, principal physiological adaptation will occur [10]. Heat
tolerance capacity of the workers specifies the level of heat stress.
Even though there is a wide range of heat tolerance capabilities
among workers, everyone has a heat stress tolerance limit that if
exceeded will result in heat strain and subsequently cause heat-

related incidents [20, 21]. With acclimation, the body gradually
becomes more efficient to accommodate the hot environment.
Higher heat stress can be tolerated by acclimated workers before
a harmful level of heat strain. Acclimation has these useful phys-
iological adaptations [10, 39, 40]:

+ cfficient sweating system

 stabilization of the circulation

» working at lower core temperature and heart rate

* higher skin blood flow at a given core temperature

Full heat acclimation is the result of the daily short expo-
sures to heat in the working area. It does not seem necessary to
be in a hot environment for 24 h; in fact, such excessive

Table 8 Maximum allowable
exposure time (TLV) at T, =
20 °C

For moderate metabolic rate (M =250 W/mz),
V,=1.5 m/s, RH=280%, and T, =20 °C

Diax (Whm 2 @)

For non-acclimated workers For acclimated workers

2600 3250 3900 5200
Clothing category Maximum allowable exposure time (hrs)
Underpants, coveralls, socks, shoes <5 <7 <8 8
Underpants, shirts, coveralls, socks, shoes <5 <6 <7 8
Underpants, shirts, pants, smock, socks, shoes <5 <6 <7
Long underwear shirts and bottoms, heavy jacket, <4 <4 <5 <7

socks, shoes
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Table 9 Maximum allowable
exposure time (TLV) at T, =

For moderate metabolic rate (M =250 W/m>),

Dy (Whm > g)

30 °C Va=1.5 m/s, RH=80%, and 7, =30 °C

For non-acclimated For acclimated

workers workers

2600 3250 3900 5200
Clothing category Maximum allowable exposure time (hrs)
Underpants, coveralls, socks, shoes <2 <3 <3 <4
Underpants, shirts, coveralls, socks, shoes <2 <2 <3 <3
Underpants, shirts, pants, smock, socks, shoes <1 <2 <2 <2

Long underwear shirts and bottoms, heavy jacket, socks, shoes - - - -

exposure is difficult for non-acclimated individuals to com-
pensate for the whole amount of water they lost by sweat. The
minimum time of exposure to heat is 2 h per day [38]. The
level of acclimation depends on physical fitness and previous
experience of exposure to heat [38, 39]. With acclimation
sweat rate will increase, so it is necessary to replace the water
lost [38, 41]. Absence from work for a week or more reduces
the acclimation level and can usually be reestablished in 2—
3 days upon return to the hot environment [42, 43]. Recent
studies demonstrate that several heat-related incidents occur
due to lack of acclimation program by the employers [10, 44].
According to the National Institute for Occupational Safety
and Health (NIOSH), a sudden increase in environmental pa-
rameters can increase the risk of heat-related illnesses even
when the workers are acclimated.

Heat transfer through clothing or conversely clothing insu-
lation, depends mainly on the air that is trapped in the cloth-
ing. If the clothing contains any sort of material that offers a
hold to layers of air, then it provides insulation. The insulation
of a clothing ensemble depends to a large extent on the design
of the clothing. A number of layers, apertures, fit, and distri-
bution of insulation over the body and exposed skin are design
parameters, which affect the insulation of the clothing. Some
material properties such as air permeability, reflectivity, and
coatings are important as well. It is crucial to look at the
importance of clothing as a key factor of thermal comfort in
case of heat exposure [15].

Although, safety plays a big part in choosing the appropriate
clothing for workers such as wearing of hard hat, gloves, and
long sleeves, in high heat load climates, it is recommended to
provide protective clothing such as cooling vests and cooling
garments, as discussed before. It is important to look at the
appropriate protective clothing that can support the health and
safety of the workers in different occupational hazards as well as
heat exposure. In severe environmental conditions, many con-
siderations should be taken into account in order to optimize the
cooling garments of the mine workers. These factors include
temperature, humidity levels, weight, compatibility with safety
regulations, and efficiency of the garment. Currently, no cooling
technology is practically compatible with the condition of deep
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underground mines [45-47]. The combination of two or more
cooling garments may be a solution to protect the underground
workers in severe environmental conditions.

Heat acclimation plays a big role in the body’s physiolog-
ical responses and ability to cope with heat exposure. Heat
acclimation is a broad term that can be defined as a series of
adaptations that occur in response to heat stress in a controlled
environment over the course of 7-14 days. In either case, the
positive adjustment that occurs include reductions in heart
rate, body temperature, skin temperature, and perceive exer-
tion and improve in sweat rate, sweat onset, heart function,
blood distribution, and pressure, salt loss in sweat and urine,
and overall ability to perform in the heat. Therefore, it is im-
portant to acclimate workers before exposure to heat based on
the past history of working environmental conditions. It is
recommended to have an acclimation plan for both acclimated
and non-acclimated workers. Since acclimated workers have a
higher level of dehydration and capable of losing more water
by sweat per shift, the maximum allowable exposure time for
the acclimated workers are greater than non-acclimated. These
analyses have shown that acclimated workers in danger level
can have more continuous work per shift compared with non-
acclimated workers in the same condition.

5 Conclusion

Clothing insulation factor has a significant effect on the ther-
mal comfort of mine workers. This study analyzed the effects
of changing the insulation factor of the clothing, dehydration
level, and acclimation on the thermal comfort of the workers
in an underground mine. The criterion in this study was the
maximum allowable exposure time of the workers per 8 h of a
shift. Increase in the clothing insulation decreases the maxi-
mum allowable exposure time of the workers. Maximum de-
hydration level has a significant effect on the maximum al-
lowable exposure time. Increase in dehydration level causes
allowable exposure time to increase. Since acclimated
workers can tolerate a higher level of the dehydration and
capable of losing more water by sweat per shift, the maximum
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allowable exposure time for the acclimated workers is higher
than non-acclimated workers. These analyses have shown that
acclimated workers can have more continuous work per shift
compared with non-acclimated workers.
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