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ABSTRACT

The choice of clothing for enforcement personnel is vital to ensure minimum
physical interference and optimum freedom of movement. The clothing type
and fibre composition are important factors that have strong influence on the
activities of enforcement personnel. This study presents an evaluation of the
thermoregulatory responses for two type of enforcement personnel clothing
after uphill running with different material composition. Eight
recreational trained respondents (age, 24.4 + 2.3, height, 166.9 + 3.3;
body weight,

64.0+5.8; BMI 23.0 = 1.8) completed an 8 km run on a treadmill with 6%
elevation wearing enforcement personnel clothing. Both clothing used in the
trials were made of polyester/cotton (P50C50) and nylon/cotton (N20C80)
material composition. The findings revealed that compared to P50C50
clothing, the N20C80 clothing does not have a good thermal balance. The
loss of body mass did not vary significantly but the sweating rate differed
significantly between trials (P = 0.008). The rating of Perceived Exertion
(RPE) of the participants was rated higher for N20C80 as compared to
P50C50. The thermal sensation (P < 0.001), sweating sensation (P = 0.05),
skin wetness (P = 0.007), clothing comfort (P < 0.0l) and clothing humidity
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(P = 0.001) were significantly greater with N20C80 compared to P50C50
during exercise. The P50C50 clothing was more convenient to wear for
the uphill running during the exercise. This study suggests that P50C50
would provide a better thermoregulatory response to regulate the thermal
equilibrium between human skin and the environment.

Keywords:thermoregulatory;, RPE; heart rate; blood lactate;
thermophysiological comfort

INTRODUCTION

Enforcement personnel are usually equipped with different types of clothing
such as parade suits, combat uniforms or operational uniforms, protective
clothing for flying wear, high altitude dresses with extreme cold temperatures
and security protection against nuclear, biological and chemical weapons
[1]. The enforcement personnel safety and performance will depend
heavily on the comfort of clothing that is worn [2]. Operational clothing,
for example, should assist the personnel to act swiftly and efficiently while
on duty without compromising comfort. The environment would be one
of the main factors that influences the thermophysiological comfort of the
personnel. This is due to increase in heat generation by the bodyresulting
in inefficient heat loss that puts the body at risk for heat-related illnesses
that may lead to death [3]. Many studies have been conducted focusing on
thermal stress with regards to thermal comfort of clothing as it is the main
factor for the deterioration of human performance [4]-[7]. During physical
activities, heat will be generated by the body, leading to increase in the
core temperature and the skin temperature [8]. Meanwhile, clothing creates
microclimate environment between the skin surface and the environment
which assist the body’s thermoregulatory system to regulate the core
temperature of the body in a safe range [9]. The human body can only stand
the narrow range fluctuate of the core temperature which is 37°C = 2°C [10].
The heat produced will be transferred to the environment through direct
physical contact (conduction), emission of heat (thermal radiation) and heat
transferred through air or water surrounding the body (convection) [11].
In order to cool the skin temperature and to regulate the core temperature,
sweat will be produced. Anyhow, excessive sweat will lead to dehydration
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of'the body [12]. Therefore, when physical activity is carried out in a warm
environment, the clothing with good dissipation will be of great advantage.
This is because water transfer property of the clothing material, instead of
the water absorption property, assist to dissipate sweat faster and avoid
the rise of humidity and temperature at the skin surface, thus regulating a
comfort microclimate clothing [13].

Clothing demonstrates a crucial function in the thermoregulatory
process as it modifies the loss of heat and changes the loss of moisture from
the human skin through sweat evaporation and heat dissipation [14]. Thus,
the heat dissipation qualities of clothing worn by enforcement personnel
at moderate or high workloads is important. Body temperature increases
during exercise because muscular work and the metabolic processes linked
with the activity to produce the heat energy. Therefore, after any physical
activity, the generated heat must move out from the body or hyperthermia
can occur, which can hinder performance by affecting muscle function and
metabolism, leading to premature fatigue [15]. Dissipation of heat could
occur from convection or radiation of heat from the human skin to the
environment, but heat is dissipated mainly by evaporation of perspiration
from the skin. Gong et al. [16] studied the thermoregulatory reaction of
physical activity in a controlled environment by studying the effect ofthe
moisture transfer of clothing materials through the use of unskilled women.
The designed physical activity is an activity that can cause distortion, where,
water vapour and liquid water will be transferred simultaneously through
the fabrics. It is inversely proportional to the rate of moisture transfer and
the levels of relative humidity in the clothing microclimate. The higher
humidity of the clothing microclimate will reduce the evaporation of sweat
to the environment. The decreasing rate of the evaporation would cause
the higher rectal temperature higher and as a consequence of this, the skin
temperatures will also increase. Thus, this phenomenon has shows that the
rate of moisture transfer plays a major role in the thermoregulation reaction
during physical activity.

In another study, Brazaitis et al. [17] examined the physiological
and psychological reactions of several human subjects through intensive
physical activity in a warm and humid environment. The eight selected
subjects wore different type of fabric shirts made of polyester and cotton.
It was found that doing exercise while wearing polyester fabric gave lower
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clothing regain but greater sweating efficiency compared to cotton fabric.
Nevertheless, both fabrics gave identical thermophysiological comfort and
subjective sensations. However, after the physical activity, subjects wearing
the t-shirt made from polyester material felt faster skin temperature going
back to the initial level but at slower thermal and rate of sweating sensation.

The fact that body temperature is the most significant factor
contributing to comfort means that the mechanisms in which textile fabrics
help or impede the maintenance of clothing temperature in the body should
be examined closely. Therefore, optimum clothing selection for any given
environmental conditions is important for unobstructed performance. In
other words, it is necessary to assess the thermophysiological comfort
of fabrics commonly used in operational clothing that applies to its use.
Apart from that, the personnel responses on human performance under the
controlled environment and the designed activity are important to evaluate
the thermal stress or thermal regulatory next to the skin.

MATERIALS AND METHODS

Materials

The chosen materials are fabrics that are currently used for enforcement
personnel clothing which were obtained from the Science and Technology
Research Institute for Defense (STRIDE). Two materials were chosen as
a follow-up from a previous study on the study of thermophysiological
properties [ 18]. A code was given to each fabric; the first and second letters
are abbreviations of the first and second fibres, and the number represents
the percentage of fiber content, as indicated in Table 1.

Table 1: Fabric Parameters

No. Material composition Code

. | 50% Polyester / 50% Cotton P50C50
2. 20% Nylon / 80% Cotton N20C80
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Participants

The research was conducted at the Faculty of Sports Science and
Recreation, Universiti Teknologi MARA in the Exercise Physiology
Laboratory. Eight (n=8) healthy, recreationally trained male participants
were involved in this study. Prior to enrollment, information and risks
relevant to experimental protocols were clarified and written informed
consent forms were received from each participant. The participants were
measured with a calibrated scale in the height (cm) and body mass (kg).
Body fat percentage was measured using Bioelectrical impedance analysis
(BIA, InBody 720, Korea) as shown in Table 2.

Table 2: Participants Descriptive Data (n=8)

Variables Male (n=8)

Age (Years) 244 +23
Body height (cm) 166.9 + 3.3

Body mass (kg) 64.0+5.8
Body fat (%) 18.3+5.1

BMI (kg/m2) 23.0+1.8

This study was performed using a motor-driven treadmill (HP Cosmos,
Quasar, Germany) and participants ran for 8 km with a 6% elevation rate by
referring to the study conducted by Struhar ez al. [19]. Before commencing
with the trials, a survey form was distributed to each participant. Prior to
the trial, participants were weighed before and after each trial, wearing
only shorts and a t-shirt as well as the tested clothing. During the test, each
participant was asked to wear a heart rate monitor chest strap, and the reading
was monitored by a sensor worn at the wrist. Test sessions were terminated
when participants feel unable to continue. The whole test procedure took
approximately 70 to 80 mins per participant. The temperature of the skin
at the chest and thigh area and also the Rating of Perceived Exertion (RPE)
were recorded every ten mins during exercise and the recovery period was set
at 15 mins. Participants were asked to ascertain their perceptual of thermal
sensation, sweating sensation, skin wetness, clothing comfort, and clothing
humidity according to the scale given as shown in Table 3.
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Statistical Analysis

A one-way analysis of variance (ANOVA) was used to compare the
clothing performance for PS0C50 and N20C80 for the body mass loss,
sweating rate, micro-environment and blood lactate analysis. A paired
sample t test was applied to determine perceive exertion, thermal sensation
and comfort. All analyses were conducted using Statistical Package for
Social Sciences (SPSS Inc. 16 edition, Chicago, IL). All data are as mean
+ standard deviation (SD). An Alpha level of P < 0.05 was considered
significant.

Table 3: Scale of Respondent’s Perception [5]

Sensation Scale
Thermal 1 2 4 5 6 7
Sensation

Very Cold Cold Comfortable Warm Hot Very Hot
Sweating 0 3 6 10

Sensation Not at all Slightly | Moderately Heavily
Sweating Sweating Sweating

Skin 1 2 5 7
Wetness Dry Clammy | Moist Wet
Clothing 0 3 5 7 10
Comfort
Very Slightly Neutral Slightly Very
Comfortable | Comfortable Uncomfortable | Uncomfortable
Clothing 0 4 5 7 10
Humidity
No Slightly | Neutral Moderately | Correspond to
Sensation Damp Damp Wet

RESULTS AND DISCUSSION

In a warm to a hot environment, evaporation is the most critical mechanism
for heat dissipation during exercise. Therefore, clothing with less resistance
to evaporation will be advantageous. Thus, the study on the thermoregulatory
responses is designed to understand the effects of the fabric materials in
the form of clothing on the performance of the enforcement personnel. As
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mentioned earlier, for this study, the PSOC50 and N20C80 clothing were used
for comparisons. The average temperature in the physiological laboratory
was set at 25 + 2°C with relative humidity of around 55 + 5 %RH, with 2
m/s air velocity.

Heart Rate

The average resting heart rate of the participants was around 68 + 6
beats per min (bpm). The average heart rate until the end of the trial exercise
was monitored as shown in Figure 1. The average heart rate reading was
172 +2 bpm throughout the trials. The heart rate during the 15 min recovery
time was seen to reduce by almost 60% from the post-exercise heart rate,
reaching around 110 bpm. The 75% to 85% heart rate was achieved after
10 minutes running and the rates were maintained throughout the test for
8 km distance.

Body Mass and Sweating Loss

The body mass loss of the participants for both the clothing was not
significantly different from each other for the entire period of trial (P =
0.23). The range of body mass loss for PS0C501s 0.95 +0.05 kg whereas for
N20C801s0.90+0.11 kg. The body mass loss of the participants fluctuated,
with no significant trend observed for these two samples.
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Figure 1: Mean Value Across Time for 75 % to 85% Heart Rate Monitoring
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The sweating rate seems to be significantly different between these two
types of clothing materials (P = 0.008). The average sweat loss for clothing
P50C50 was 0.83 + 0.04 L h-1, while the sweat loss for clothing N20C80
was 0.74 +0.09 L hr-1. In general, all the participants produced less sweat
when wearing N20C80 clothing as shown in Figure 2. This was attributed
to the significantly higher content of cotton in the N20C80 in contrast with
the PS0C50. As mentioned by Ha ef al. (1995), the amount of sweat was
significantly higher in the clothing conditions of hydrophobic (polyester)
fabrics than those of hydrophilic (cotton) fabrics in a warm environment.
In addition, the amount of sweat loss was also affected by the surface area
coverage by clothing, physical activities, micro-environment temperature
and fitness status [5]. Furthermore, participants with P5S0C50, 7.1 = 0.5
km/hr were observed using 8.8% higher speed compared to the participant
that wore N20C80, 6.5 + 0.7 km/hr. Thus, it resulted in a shorter time to
complete the 8 km run. The higher speed used would encourage the body
to produce more amount of sweat. Higher perspiration rates will also be
generated when more energy is spent on muscle contraction during a training
exercise. Sweat will be produced by the body to create a cooling effect to
maintain the thermoregulatory system of the body [21].
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Participants No.

Figure 2: Sweating Rate Loss for Each Respondent
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The average exercise time for the participants when wearing the
P50C50 clothing was 6.6% faster (68.9 £ 2.4 min) compared to the
participants that wore the N20C80 clothing (73.6 &= 5.0 min). The exercise
time was influenced by the speed used while the heart rate was maintained
at 75% to 85% ofresting heart rate. The participant would increase the speed
and attempted to get run faster when they did not feel too hot. Therefore,
they would reduce the pace, but the heart rate was still maintained between
75% to 85% of'their resting heart rate. The participant’s thermal perception
can be seen from their perceived thermal sensation assessment. There was a
significant difference in the thermal sensation between PSOC50 and N20C80
clothing (p <0.001).

Micro-Environment

Figure 3 and 4 shows the mean value for the micro-environment
temperature throughout the test and between the tested clothing at the
chest and thigh area, respectively. As can be seen from Figure 3, there was
no significant difference shown during the exercise trials for the micro-
environment temperature at the chest area (P=0.55; P50C50 28.5 +0.3°C,
N20C80 28.5 £0.4°C), between both samples. During the recovery period,
which was 15 min, it was also found there was no significant difference
between the two tested clothing (P=0.07; P50C5029.1+2.3,N20C8027.3
+3.3). However, significant differences were shown for micro-environment
temperature at the thigh area (P < 0.001) for P50C50 30.6 + 0.2°C and
30.9 £ 0.2°C for N20C80 clothing during the trial, as shown in Figure 4.
No significant differences were shown during the recovery period for the
micro-environment temperature at the thigh area between the tested clothing
(P =0.73; P50C50 33.3 + 1.6°C and N20C80 33.5 + 1.4°C). During the
recovery period, the temperature recorded in both areas appears to increase,
and this is related to the heat trapped due to the inactivity of the respondent.
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Figure 3: Micro-Environment Temperature at Chest Area
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Comparisons between the temperature at the chest and thigh area
indicated that the key factor that affected both clothing samples were air gap
thickness. The chest area had thicker air gap thickness as compared to the
thigh area; thus, this condition may cause the heat to be quickly dispersed
or distributed and lowered the micro-environment temperature. It was a
thinner air gap observed at the thigh area due to tight trouser. Thus, the
heat was trapped in the micro-environment, which is between the human
and inner surface of the clothing and the temperature is naturally higher

Figure 4: Micro-Environment Temperature at Thigh Area
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compared to the chest area that had a looser micro-environment. This
finding was supported by Mert ef al. (2016) stating that the size of the air
gap thickness could be one of the major factors that influence the heat and
moisture transfer between the human body and the environment [22]. As
seen in Figure 4, the micro-environment temperature at the thigh area for
N20CS80 is slightly higher compared to the PS0C50 clothing. The N20C80
has higher cotton fibre content, thus this cotton retained more moisture
(sweat) and then emitted a certain amount of heat into the near-air region
of the skin. This would increase the temperature of the micro-environment
at the thigh area [20].

RPE and S-RPE

Participants were asked to rate the RPE on how physically demanding
the exercise trial was, in accordance to the Borg scale 6-20 given inTable
4. As can be seen in Figure 5, a significant difference between P50C50 and
N20C80 (P < 0.001) was observed. The participants tend to rate higher
RPE while wearing the N20C80 as compared to P50C50. The results
are consistent throughout the test for all participants. These responses
correspond to the comfort properties of the N20C80 fabric, which had
lower water vapour permeability, lower air permeability and poor one-way
transport index (AOTTI) properties compared to the PSOC50 fabric [18]. Thus,
the heat is not being transferred to the outer environment, and this trapped
heat affects the participant’s RPE. The participants felt more heat and damp
during the exercise trials compared to the PS0C50 clothing. The P50C50
fabric had higher air permeability and higher water vapour permeability;
thus, a part of heat was permeated to the outer environment, and the wearer
felt more comfortable and less heat.
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Table 4: Borg Scale 6-20

LIGHT
Comfortable pace, breathing little bit heavier

HARD (HEAVY)
Dificult to maintain intensity

16.0 -
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w 11.0
& 100
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8.0 4

- o

= N20C80

0 10 20 30 40 50 60 7O Rec.15
Time (mins)

6.0 -
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Figure 5: RPE Mean Value for P50C50 and N20C80 (n = 8)
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Thermal Sensation

Figure 6 presents the participant’s perceptions of; thermal sensation,
sweating sensation, skin wetness, clothing comfort, and clothing humidity.
The thermal sensation (P < 0.001), sweating sensation (P = 0.05), skin
wetness (P = 0.007), clothing comfort (P < 0.01) and clothing humidity
(P =0.001) were significantly greater with N20C80 compared to P50C50
during exercise. The results of thermal sensation showed that the respondent
rate the N20C80 as hot and P50C50 as warm. It showed that the heat was
entrapped in the micro-environment of the N20C80 clothing. These results
are interrelated to the thermophysiological findings which suggested that
the N20C80 had lower water vapour permeability, lower air permeability
and poor AOTI properties [18]. Respondents rate the sweating sensation
for N20C80 as moderate sweating but heavy sweating for P50C50. This
response referred to the results of the sweat loss, in which the clothing
made of hydrophobic material (polyester), would cause the body to create
a quantity of heat rather than the clothing made of hydrophilic materials
[20]. This sweating sensation results correspond to the skin wetness and
clothing humidity results, which rated as moist, damp for PS0C50 and
wet, for N20C80. The respondent’s rated clothing comfort for N20C80
to be uncomfortable whereas neutral for P50C50. During the 15 min
recovery period, only clothing comfort shows a significant difference (P
=0.02; P50C50 4.8 = 1.3, N20C80 6.9 =+ 1.6). No significance difference
was shown for thermal sensation (P = 0.17; PS0C50 1.5 + 0.8, N20C80
2.0 £ 1.1), sweating sensation (P = 0.51; P50C50 3.8 + 2.7, N20C80 4.6
+ 2.6), skin wet-ness (P =0.23; PS0C50 3.1 £ 1.6, N20C80 4.1 £1.9) and
clothing humidity (P=0.11; P5S0C50 5.8 + 1.4, N20C80 7.0 & 1.6) during
the recovery period.
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Figure 6: Mean Value in Thermal Sensation (TS), Sweating Sensation (SS),
Skin Wetness (SW), Clothing Comfort (CC), and Clothing Humidity (CH)

During Exercise Bout (n=8)
Blood Lactate

Figure 7 presents the level of blood lactate at pre-test (0 min), 20
min trial, post-trial and after 15 min recovery time for each sample. There
were no significant differences in the blood lactate level between PS0C50
and N20C80 (pre-test (0 min) P = 0.05, after 20 min trial P = 0.11, post-
trial P = 0.09, recovery 15 min P = 0.60). The highest blood lactate level
observed after 20 mins exercise. It was due to the highest energy used by the
participants. It is because the higher energy used, the higher blood lactate
will be produced by the body [23]. It was gradually reduced towards the
end of the exercise and continued to reduce during the recovery period. The
reduction of the blood lactate level was 79.3% and 62.5% compared to the
post-trial stage for PSOC50 and N20C80, respectively.
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Figure 7: Average Blood Lactate Pre-Trial, After 20 min, Post-Trial and
During the Recovery Period

CONCLUSIONS

The results of the thermoregulation study show that the N20C80 clothing
has poor thermal balance characteristics compared to the PSOC50 clothing.
The P50C50 clothing produced a higher work rate and more sweat
compared to the N20C80 clothing. The hydrophobic materials would
affect the amount sweat produced more than the hydrophilic fabrics in a
warm environment. The air gap thickness would be one of the main factors
to the micro-environment temperature. The thinner air gap thickness the
more heat trapped in the micro-environment rather than dissipate out to
the environment. According to the Borg scale rated by participants, there
was a higher rating for N20C80 compared P5S0C50. This demonstrates that
participants wearing N20C80 clothing felt warmer than PS0CS50 clothing.
This result is consistent with the thermophysiological findings suggesting
that N20C80 had lower water vapour permeability, lower air permeability
and poor AOTI properties. According to the Perceptual Response Survey
of the respondents, the PS0C50 was more convenient to wear during the 8
km uphill running on a treadmill. This indicated that PSOC50 would have
a better thermoregulatory response to regulate the thermal equilibrium
between human skin and the environment.
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