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Context: Heat injury is a significant threat to military
trainees. Different methods of heat mitigation are in use across
military units. Mist fans are 1 of several methods used in the hot
and humid climate of Fort Benning, Georgia.

Objectives: To determine if (1) the mist fan or the cooling
towel effectively lowered participant core temperature in the
humid environment found at Fort Benning and (2) the mist fan or
the cooling towel presented additional physiologic or safety
benefits or detriments when used in this environment.

Design: Randomized controlled clinical trial.
Setting: Laboratory environmental chamber.
Patients or Other Participants: Thirty-five physically active

men aged 19 to 35 years.
Intervention(s): (1) Mist fan, (2) commercial cooling towel,

(3) passive-cooling (no intervention) control. All treatments
lasted 20 minutes. Participants ran on a treadmill at 60%
_VO2max.

Main Outcome Measure(s): Rectal core temperature, heart
rate, thermal comfort, perceived temperature, perceived wet-
ness, and blood pressure.

Results: Average core temperature increased during 20
minutes of cooling (F1,28 ¼ 64.76, P , .001, gp

2 ¼ 0.70),
regardless of group (F1,28 ¼ 3.41, P ¼ .08, gp

2 ¼ 0.11) or
condition (F1,28 , 1.0). Core temperature, heart rate, and blood
pressure did not differ among the 3 conditions. Perceived
temperature during 20 minutes of cooling decreased (F1,30 ¼
141.19, P , .001, gp

2¼ 0.83) regardless of group or condition.
Perceived temperature was lower with the mist-fan treatment
than with the control treatment (F1,15¼7.38, P¼ .02, gp

2¼0.32).
The mist-fan group perceived themselves to be cooler even at
elevated core temperatures.

Conclusions: The mist fan and cooling towel were both
ineffective at lowering core temperature. Core temperature
continued to increase after exercise in all groups. The mist fan
produced feelings of coolness while the core temperature
remained elevated, possibly increasing the risk of heat illness.

Key Words: military, heat illnesses, injury prevention,
environmental conditions

Key Points

� The mist fan was not effective in lowering core temperature in a hot and humid environment.
� Core temperature continued to increase throughout the 20-minute cooling period in all conditions.
� The commercial cooling towel did not lower core temperature or improve perceived coolness.
� The mist fan created a feeling of coolness even at elevated core temperature, which may put a soldier or athlete at

risk for heat injury while training in a hot and humid environment.

H
eat-related injuries are a severe health threat during

military training events1,2 as well as summer sport

practice sessions.3�7 The effects of training in a hot

environment can also strongly influence training and

performance.3,8�13 Heat-related injury is a special threat

from March through October at southern military training

sites; it is also a threat in the north, where temperatures can

suddenly increase before trainees have acclimatized.

Soldiers in training coming from cooler climates without

time to acclimate are also at elevated risk.7 Training events

for tactical athletes are particularly problematic, as

specialized training must be completed within limited

timeframes, and clothing and equipment changes may not

be options for safety reasons.4,14,15 Several heat-mitigation

methods have been used to keep soldiers safe during

outside training events.2,16 However, some methods cur-

rently in use have not been assessed to determine if they
affect core temperature.

The Initial Entry Training Army site for infantry, armor,
and cavalry soldiers, along with 2 basic training units and
numerous career schools, is located at the Maneuver Center
of Excellence, Fort Benning, Georgia. Fort Benning is
known for its hot, humid climate that lasts 8 months of the
year17; heat illness has been reported at this site every
month of the year. Exertional heat illness is defined by the
Army as a ‘‘spectrum of disorders (cramps, heat exhaustion,
heat injury, heat stroke) resulting from total body heat
stress. Primary heat casualties are forms of heat exhaustion,
while more severe cases are heat stroke.’’18 Heat-related
injury is of particular concern in this environment because
it is typically not possible to wait for a cooler day to
conduct training. Heat-mitigation protocols (eg, uniform
and equipment modifications) are in place, and mandatory
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heat-illness–prevention training occurs every spring.19

Additionally, intensive training events are conducted during
the coolest hours of the day, with ruck marches often
beginning at 2:00 AM to avoid the heat. Every training unit
monitors the heat index at each training location and
practices heat emergency man-down and ice-sheeting drills
daily.20 Heat emergency protocols include a quick evalu-
ation to determine if a heat illness is involved, activating
the emergency response process, moving the soldier to a
cool location if possible, removing clothing, and applying
ice sheeting with the feet elevated. If the soldier is
conscious, he or she is allowed to sip cool water. If the
soldier is unconscious, the airway and breathing are
monitored. Ice sheeting involves wrapping the soldier with
sheets from ice chests that are always kept with the unit.
The ice sheet covers as much skin as possible (avoiding the
face). If the sheet becomes warm, it is replaced with a new
ice sheet, a process that continues until evacuation. One
individual is assigned to stay with the soldier to monitor
changes in status. The results of these efforts are clear: a
low number of heat emergencies occur, even under the
intense training conditions and given the high numbers of
soldiers training.

The cool zone is a site that is set up in the field to cool
soldiers during training events at Fort Benning. The
benefit of the cool zone in mitigating heat illness (or
hyperthermia) is that it can be moved from place to place;
training locations change daily and may occur anywhere
across the 182 000 acres of the large Army post. The cool
zone was designed as a preventive measure for all soldiers
as opposed to an intervention for a soldier who has
symptoms of heat illness. Once a soldier shows signs of a
heat illness, the man-down ice-sheeting protocol is
immediately initiated.21 The cool zone consists of a
shaded area (trees or a canopy), mist fans, forearm
cooling stations, and cool water or sports drinks. The
exact setup varies by location and unit (Figure 1A and B).
The mist fan requires fuel, a generator, and additional
vehicles and time to implement. The mist fan cools by
blowing a fine mist into the air. When the mist evaporates,

it removes heat from the body (evaporative cooling). This
method may be effective in dry climates. In the very
humid environment at Fort Benning, the mist fans may
not only fail to cool soldiers but also cause other
problems. For example, the moisture from the mist fan
may interfere with the evaporation of moisture and sweat,
leaving the soldiers more wet and uncomfortable.
Additionally, soldiers dislike the mist fans, complaining
that they feel wet after using them. Wet uniforms often
cause chafing during further maneuvers, frequently
resulting in skin infections. Because research15 to date
has called into question the effectiveness of mist fans, a
Fort Benning unit asked us to investigate if the mist-fan
aspect of the cool zone is an efficient heat-mitigation
technique.

METHODS

Experimental Design

This study used a randomized, controlled, repeated-
measures design. The independent variables for the mist-
fan and cooling-towel interventions were condition (passive
cooling or active cooling) and time. Session order and
cooling method were determined by using a random
number generator. For both the mist-fan and cooling-towel
groups, passive cooling served as the control condition, and
active cooling was the experimental intervention (Figure 2).
The order of testing was randomly assigned to each
participant. To ensure that the fitness levels of the active-
cooling groups were not different, we measured _VO2

performance. Dependent variables were rectal core tem-
perature, heart rate, thermal comfort, perceived tempera-
ture, perceived wetness, and blood pressure.

Participants

Of the 36 men who began the study, 35 completed it
(age range ¼ 19 to 35 years, mist ¼ 22.6 6 3.19 years,
cooling towel ¼ 23.8 6 4.23 years). One participant in
the cooling-towel group was excluded because his core

Figure 1. A, Cooling zone setup. B, Mist fan.
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temperature elevated rapidly to the cutoff temperature
after the exercise portion, forcing the termination of the
trial. Participants completed the Physical Activity
Readiness Questionnaire to ensure that there were no
health contraindications to exercising in a hot and humid
environment. The participants then read and signed the
consent form approved by the institutional review board,
which also approved the study. The primary investigator
or a member of the research team was present to answer
any questions.

Two interventions were tested: (1) mist fan (model VS-
12; Schaefer Ventilation Equipment, St Cloud, MN) and (2)
cooling towel (model Enduracool; Mission Athletecare,
New York, NY). Each participant completed a passive-
cooling condition (no cooling intervention), which served
as the control condition. Anthropometric measures by
group were height (mist fan ¼ 1.78 6 0.073 m, towel ¼
1.77 6 0.059 m), weight (mist fan ¼ 78.02 6 12.09 kg,
towel ¼ 79.42 6 10.52 kg), and _VO2 (mist fan ¼ 52.53 6
6.82 mL O2�kg�1�min�1, towel ¼ 51.78 6 6.18 mL
O2�kg�1�min�1).

Testing Protocol

Each participant performed a _VO2max test to determine his
fitness level 1 week before testing. One cooling condition
(active or passive in random order) was completed on day 1.
The remaining condition (active or passive) was completed a
minimum of 7 days later to limit carryover effects. One
participant completed the second condition in less than 7
days due to military deployment. He ran daily in the high
humidity and temperature conditions consistent with those in
our study, so we determined he was already acclimatized to
the chamber conditions. Before inclusion, his results were
assessed for any effect of the shorter washout period; no
deviation was evident.

The _Vo2max Test

Participants completed a _VO2max test to determine
aerobic fitness. The _VO2max tests were conducted on a
treadmill (Woodway USA, Inc, Waukesha, WI) and
analyzed via a metabolic measuring system (model
TrueOne 2400; Parvo Medics Inc, East Sandy, UT). We
averaged the highest values from the final stage of the
graded exercise treadmill test to determine _VO2max (mL
O2�kg�1�min�1). The _VO2max value and the submaximal
recordings from the initial steady-state stages of the test
(mL�kg�1�min�1) were used to calculate the treadmill speed
that correlated with 60% of the individual’s _VO2max. The
60% level was chosen to increase the core temperature at a
safe rate under the environmental conditions of this study.
The speed that correlated with 60% intensity was used as
the participant’s running speed during the exercise portion
of the cooling trials.

Experimental Trials

All trials were performed in the laboratory environmen-
tal chamber (mist-fan control trials: temperature ¼
32.058C 6 0.508C, relative humidity ¼ 75.18% 6 2.7%;
mist-fan treatment trials: temperature ¼ 32.018C 6
0.458C, relative humidity¼ 75.31% 6 2.7%; towel control
trials: temperature¼ 32.048C 6 0.548C, relative humidity
¼ 75.15% 6 2.7%; towel treatment trials: temperature ¼
32.048C 6 0.648C, relative humidity ¼ 75.91% 6 2.4%).
Participants wore Army or Marine combat uniform (ACU)
blouse, pants, T-shirt, and athletic shoes and socks (Figure
3A).

The trials were conducted the same way for both parts of
this study (mist-fan group or cooling-towel group). Each
trial consisted of exercise and a cooling portion. Upon
each person’s arrival, we measured his hydration status
(via urine specific gravity) and baseline rectal core
temperature (model 4000A; Yellow Springs Instruments
Inc, Yellow Springs, OH). Each person was fitted with an
activity monitor (model Bioharness 3; Zephyr Technology
Corporation, Auckland, New Zealand) to assess heart rate.
Baseline core temperature was measured before entry into
the environmental chamber. Participants were then taken
into the environmental chamber, and the exercise portion
of the trial began. Each individual ran at 60% of his
_VO2max until core temperature was either 1.58C above the
baseline measurement or 398C (the upper limit that
participants were allowed to reach). After treadmill
running was completed, participants were familiarized
with the heat-perception scale, and cooling began
immediately. All cooling phases (passive and active) were
conducted in the thermal chamber. During the exercise
phase, participants were given room-temperature water
and allowed to drink ad libitum for their first trial. The
amount of water ingested was recorded, and participants
were required to drink the same amount during the
exercise portion of the second trial. They did not drink
during the cooling phases of this study.

Control Protocol. Each participant underwent a control
passive-cooling trial. Once the exercise protocol was
completed, he removed the ACU blouse and T-shirt and
stood for the 20-minute passive-cooling session in the
chamber under the same environmental conditions as for
the trial. We compared the passive-cooling data with those
from the person’s cooling-intervention session (mist fan or
cooling towel) to test the efficacy of the cooling
intervention.

Mist-Fan Protocol. After the exercise portion of the
trial, the participant removed his ACU blouse and T-shirt
and stood approximately 2 ft (0.61 m) in front of the mist
fan for 20 minutes of cooling. He alternated between facing
toward and away from the fan in approximately 1-minute
increments. In the field, the mist fan is used for only 1 to 5
minutes. We assessed cooling over 20 minutes to evaluate

Figure 2. Experimental design.
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the effectiveness of 1 to 5 minutes of cooling and to
determine if longer times resulted in more cooling.

Cooling-Towel Protocol. After the exercise portion of
the trial, the participant removed his ACU blouse and T-
shirt and stood for the 20-minute cooling intervention in the
environmental chamber. The towel was activated by
snapping per the manufacturer’s instructions and placed
on the neck and shoulders of the individual (Figure 3B).
After 10 minutes of cooling, the towel was removed,
reactivated by snapping, and repositioned on the
participant’s neck and back.

Outcome Measures

Exercise Component. During the exercise portion of
the trial, rectal core temperature, heart rate, and ratings
of perceived exertion (Borg scale) were collected every 5
minutes.

Cooling Component. The measurements taken during
the cooling phase are shown in Figure 4. During the
cooling phase, heart rate and rectal core temperature
were recorded every 2 minutes. Blood pressure was
checked (model One Step Plus Memory; LifeSource,
Chevy Chase, MD) every 5 minutes, and perceptual
measures were recorded every 10 minutes. A Likert scale
was used to evaluate measures of thermal comfort,
perceived temperature, and perceived wetness. Thermal
comfort rated how comfortable the person felt (range ¼
neutral to extremely uncomfortable). Perceived
temperature rated how hot the person felt (range ¼
neutral to very hot). Perceived wetness rated how dry or
wet the person felt (range ¼ dry to very wet). All scales
were measured from the left anchor term (neutral for

perceived comfort and temperature and dry for perceived
wetness) in centimeters. We compared values between
the control and cooling sessions to determine the effect
of the cooling method on perceptions.

Core temperature was measured via rectal probe. A
member of the research team instructed each individual on
how to properly insert the rectal probe to approximately 10
cm. The participant then went to the bathroom and inserted
the probe himself. Next, the wire from the probe was
secured to his clothing to minimize pulling or slipping
during exercise.

Statistical Analysis

Missing Data. With respect to core temperature data, 1
participant was missing data for the first time point of the
cooling phase for both the control and experimental trials.
Two participants were missing data for the 20-minute
time point in the control condition, and 2 (separate)
participants were missing data for the 20-minute time
point in the experimental condition. Thus, 6 of 148
(approximately 4%) data points were missing for these
primary outcome measures; similarly, these data points
were missing for the survey and blood pressure measures.
Data for all of these participants were removed from the
analysis. Thus, the analyses involved 30 participants for
core temperature and heart rate, 26 for blood pressure,
and 32 for survey data. For the core temperature and heart
rate analyses, we carried the last available data point
forward to replace missing data. The results agreed with
the data presented in the following sections, where
missing data were omitted.

Figure 3. A, Treadmill running in the environmental chamber. B, Cooling-towel intervention.
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Tests of Statistical Assumptions. We created Q-Q
normal plots for each group at each time point and
judged all the distributions to be approximately normal. A
Shapiro-Wilk test confirmed no significant deviations from
normality, except for core temperature in the cooling-towel
group at time 0 of the control condition (W ¼ 0.81, P ,

.01). Given that analysis of variance (ANOVA) is robust to
violations of the normality assumption, we chose not to
transform all cases of the dependent variable to adjust for
this relatively minor violation of normality.

To test the effects of the different treatment conditions on
core temperature and heart rate, we first conducted a group
(mist fan versus cooling towel) 3 condition (passive-
cooling control versus active-cooling experimental) 3 time
(0 versus 20 minutes) mixed-factorial ANOVA with
repeated measures on condition and time. Due to a
significant 3-way interaction involving both core temper-
ature and heart rate, we conducted follow-up condition 3

time ANOVAs separately for each group. For the analysis
of blood pressure, we used a similar group 3 condition 3

time mixed-factorial ANOVA but with the additional
repeated measure of cycle (diastolic versus systolic
pressure). For analysis of the survey measures (thermal
comfort, perceived temperature, and perceived wetness), a
group 3 condition 3 time mixed-factorial ANOVA was
conducted separately for each outcome.

RESULTS

Core Temperature

The significant 3-way interaction of group, condition, and
time (F1,28 ¼ 5.60, P ¼ .03, gp

2 ¼ 0.17; Figure 5) is
important to understanding the significant increase in
average core temperature across the 20 minutes of cooling
(time 0 [38.678C] to time 20 [38.948C]; F1,28¼ 64.76, P ,
.001, gp

2¼0.70), regardless of group (F1,28¼ 3.41, P¼ .08,
gp

2 ¼ 0.11) or condition (F1,28 , 1.0). When we explored
this 3-way interaction with separate follow-up ANOVAs,
evidence was insufficient to conclude that the increased
temperature was attenuated by the treatment condition (ie,
mist fan or cooling towel).

In the mist-fan group, the main effect of time was
significant: the average core temperature generally in-
creased (Figure 5) from time 0 (38.678C) to time 20
(38.828C) during the cooling intervention (F1,15¼9.52, P ,
.01, gp

2¼ 0.39). Core temperature did not change over time
between the mist-fan and control conditions (condition 3
time interaction: F1,15 ¼ 2.52, P ¼ .13, gp

2 ¼ 0.14).
In the cooling-towel group, the effect of time was

significant, such that the average core temperature gener-
ally increased from time 0 (38.678C) to time 20 (39.068C)
during the cooling intervention (F1,13¼ 73.98, P , .01, gp

2

¼ 0.85). Core temperature did not change over time
between the cooling-towel and control conditions (condi-

Figure 4. Timing of outcome measures during cooling phase of each trial.

Figure 5. Effect of experimental group, condition, and time on core temperature. Error bars are standard deviations for group at each time
point.
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tion 3 time interaction: F1,13¼ 3.05, P ¼ .10, gp
2¼ 0.19).

Thus, neither treatment condition (mist fan or cooling
towel) was different from the passive-cooling control
condition in decreasing core temperature.

Heart Rate

For heart rate, we noted a significant 3-way interaction of
group, condition, and time (F1,28 ¼ 11.99, P , .01, gp

2 ¼
0.30). To better understand this interaction, we calculated
separate condition 3 time repeated-measures ANOVAs
within each group. Heart rate did not differ between the
groups (mist fan and towel: F1,28 , 1.0). However, cooling
treatments decreased heart rate between the control (time 0
¼ 168.66 beats/min, time 20 ¼ 130.38 beats/min) and
treatment (time 0 ¼ 168.17 beats/min, time 20 ¼ 119.41
beats/min; F1,28 ¼ 4.58, P ¼ .04, gp

2 ¼ 0.14) conditions
(Figure 6). Time also affected heart rate: the longer
participants cooled after exercise, the more heart rate
decreased (time 0 versus time 20: F1,28¼ 490.24, P , .001,
gp

2 ¼ 0.95).
In the mist-fan group, we observed a significant condition

3 time interaction (F1,15 ¼ 15.22, P , .001, gp
2 ¼ 0.50).

Heart rate decreased more in the mist-fan condition (time 0
¼169.56 beats/min, time 20¼111.25 beats/min) than in the
control condition (time 0 ¼ 165.25 beats/min, time 20 ¼
133.19 beats/min).

Conversely, in the cooling-towel group, overall heart rate
decreased over the 20 minutes of cooling (F1,13¼ 262.18, P
, .001, gp

2 ¼ 0.95) but not between the treatment
conditions, and no significant interaction was present.
Thus, in the cooling-towel condition, the reduction in heart
rate was not an effect of the treatment (cooling towel: time
0¼ 166.79 beats/min, time 20¼ 127.57 beats/min; control:
time 0 ¼ 172.07 beats/min, time 20¼ 127.57 beats/min).

Blood Pressure

To analyze blood pressure, we added a within-subject
factor of cycle (diastolic versus systolic) to the mixed-
factorial ANOVA. Main effects were present for cycle (F1,24

¼ 505.72, P , .001, gp
2¼ 0.96) and time (F1,24¼ 15.30, P ,

.001, gp
2¼0.39). A cycle3 time interaction (F1,16¼27.69, P

, .001, gp
2¼ 0.54) demonstrated that systolic blood pressure

changed over time (time 0 ¼ 137.61 mm Hg, time 20 ¼

120.69 mm Hg), whereas diastolic blood pressure did not
change (time 0¼ 77.94 mm Hg, time 20¼ 77.16 mm Hg).

Neither group (F1,24 ¼ 1.87, P ¼ .19, gp
2 ¼ 0.07) nor

condition (F1,16 ¼ 1.38, P ¼ .25, gp
2 ¼ 0.05) produced a

main effect, and these factors did not interact, suggesting
that although systolic blood pressure did tend to decrease
over the cooling interval, the magnitude of the decrease did
not depend on the method of cooling.

Survey Measures: Thermal Comfort, Perceived
Temperature, and Perceived Wetness

Separate mixed-factorial ANOVAs were conducted for
the 3 survey outcomes.

Thermal comfort decreased during the 20 minutes of
cooling (F1,30¼ 71.09, P , .001, gp

2¼ 0.70). Furthermore,
thermal comfort differed among groups (F1,30 ¼ 4.75, P ¼
.04, gp

2 ¼ 0.14) and among the treatment and control
conditions between the mist-fan and cooling-towel groups
(3-way time 3 condition 3 group interaction: F1,30¼ 16.61,
P , .001, gp

2 ¼ 0.34). This interaction was driven by the
difference in thermal comfort over 20 minutes of cooling
between the mist-fan treatment and the control treatment
(condition 3 time interaction: F1,15¼ 22.21, P , .001, gp

2

¼ 0.60). This interaction between treatment condition and
time was not present in the towel group (F1,15¼ 2.00, P¼
.18, gp

2¼ 0.12). Thus, the mist-fan group rated themselves
as more comfortable after the 20 minutes of cooling than in
their control condition, whereas the cooling-towel group
rated themselves the same as in their control condition.

Perceived temperature decreased during the 20 minutes
of cooling (F1,30 ¼ 141.19, P , .001, gp

2 ¼ 0.83),
regardless of condition or treatment group. It also differed
when the treatment condition was compared with the
control condition during cooling (time 3 condition
interaction: F1,30¼8.59, P , .01, gp

2¼0.22). Furthermore,
a significant 3-way time 3 condition 3 group interaction
indicated that the difference in perceived temperature
across 20 minutes of cooling was determined by group
(treatment or control) and treatment (mist fan or cooling
towel: F1,30 ¼ 4.70, P ¼ .04, gp

2 ¼ 0.14). This interaction,
shown in Figures 7 and 8, was driven by the fact that, in the
mist-fan group, perceived temperature decreased in com-
parison with the control treatment (F1,15 ¼ 7.38, P ¼ .02,
gp

2 ¼ 0.32). In the towel group, the treatment and control
conditions did not differ (F1,15 , 1.0). Although their core

Figure 6. Effect of experimental group, condition, and time on heart rate. Error bars are standard deviations for group at each time point.
a P , .001.
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temperature was elevated, the mist-fan group perceived
themselves to be cooler.

Perceived wetness differed between the active- and
passive-cooling conditions (F1,30 ¼ 18.72, P , .001, gp

2

¼ 0.38). It also differed between the treatment and control
conditions as a function of group (group 3 condition
interaction: F1,30 ¼ 5.52, P ¼ .03, gp

2 ¼ 0.16). This
interaction was driven by a larger mean difference between
conditions in the mist-fan group (passive cooling [control]
¼ 7.19, active cooling ¼ 8.53) compared with the cooling-
towel group (passive cooling [control] ¼ 8.01, active
cooling ¼ 8.41). None of the other main effects or
interactions were statistically significant.

DISCUSSION

The goals for this study were to determine if (1) the mist
fan or the cooling towel effectively lowered participant
core temperature in the humid environment of Fort Benning
and (2) either the mist fan or the cooling towel presented
additional physiologic or safety benefits or detriments when
used in this environment.

Our most important finding was no lowering of core
temperature after 20 minutes of exposure to either the
mist fan or the cooling towel. Moreover, after exercise
ceased, core temperature continued to increase in all

groups (mist fan, cooling towel, and passive-cooling
control) for the full 20 minutes of cooling. Elevated core
temperature after exercise has been demonstrated in
previous research,22�24 although this effect is likely
unknown in athletes and military members. Evaporative
cooling accounts for 75% of cooling during exercise.25

The addition of water into the air by the mist fans reduces
the capacity of the air to take on more water, thereby
reducing evaporative cooling.25 Investigators23,24 have
demonstrated a reduction in heat dissipation by evapo-
rative mechanisms after exercise despite elevated core
temperatures. This thermal inertia results in prolonged
elevation of postexercise core temperature, even as long
as 60 minutes later.24 These previous studies revealed
that after exercise, core temperature did not decrease
when metabolic heat production returned to pre-exercise
levels. In our study, core temperature continued to
increase in all conditions (mist fan, cooling towel, and
control) throughout the 20-minute cooling period. This
continued increase in core temperature is important for
military members to recognize as they work to keep
soldiers safe in hot training environments.

The mean temperature changes for the passive-cooling
(control) conditions for the mist-fan and cooling-towel
groups were not different: 38.658C at time 0 and 38.948C 20
minutes after exertion ceased. Core temperature increased

Figure 7. Effect of experimental group, condition, and time on thermal sensation. Error bars are standard deviations for group at each
time point. a P , .001.

Figure 8. Relationship between perceived and core temperature for the mist-fan and cooling-towel groups during cooling.
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from time 0 at the end of exertion to time 20 at the end of
cooling in both the mist-fan–treatment (from 38.648C to
38.748C) and cooling-towel–treatment groups (from
38.728C to 39.178C). We chose to have the participants
stand in front of the mist fan for longer than they typically
did when using the mist fans at Fort Benning (20 minutes in
our study versus 1�5 minutes at Fort Benning). This
allowed us to determine if simply standing in front of the
mist fan longer would affect core temperature. However,
core temperature continued to increase in all conditions
throughout the 20-minute cooling period.

Our results were contrary to those in a study26 that
assessed the use of mist fans to lower core temperature after
exercise but agreed with other studies15,27 that found little
effect of mist fans. Authors15 who found a decrease in core
temperature used an environmental chamber set at 62%
relative humidity compared with the 75% in our study. We
chose the higher humidity level to more closely resemble
summer weather at Fort Benning. Yearly humidity ranges
from 20% in the winter to as high as 100% in the summer,
when it exceeds 93% on 3 of every 4 days.17 The Army
received the most complaints about the mist fans during the
summer weather, when the higher humidity interfered with
evaporation of water. It may be that mist-fan interventions
are more effective at lowering core temperature in drier
environments.

Commercial cooling towels are not currently in use
during training at Fort Benning but have become popular
in sports and recreation. Soldiers have long placed ice
towels over their heads and under their helmets to cool
off in the heat. Commercial cooling towels are impreg-
nated with a formulation including purified water,
denatured alcohol, aloe vera, menthol, and other
chemicals.28 They are activated by water and a snap of
the towel, eliminating the need for ice, and can be
reactivated when they become warm. They are marketed
to ‘‘aid in lowering body temperature by helping to
dissipate body heat.’’28 It is important for all athletes to
note that the towels used under these test conditions had
no effect on core temperature. Previous work27,29�31 with
ice towels has been completed, but to date, research on
commercial cooling towels is lacking. In a single study,32

commercial cooling towels in the intensive care unit
were more hygienic and easier for nurses to use.
However, cooling efficacy was not assessed.32 More
investigation into these new products needs to be
completed to determine if they provide any cooling
effect. Reliance on a cooling strategy that has no effect
on core temperature could create a dangerous situation
for individuals exposed to hot environments.

Our second important finding was that the mist-fan
group rated their temperature as feeling cooler, even
though their core temperature remained elevated to the
same extent as the other groups (cooling-towel and
passive-cooling conditions). Ratings of thermal comfort,
perceived temperature, and perceived wetness were
obtained with the goal of understanding how the
participants felt after the interventions. These measures
have been used by previous authors to assess how
comfortable the person is,33,34 how hot the person feels,30

or how wet the person feels.35,36 Even at higher core
temperatures, the mist-fan group felt that they were
cooler after the intervention (Figures 7 and 8). This could

lead to soldiers and athletes misjudging their level of
recovery from the heat and returning to training with an
elevated core temperature. This is a safety concern that
may put individuals at a higher risk for heat illness.

Participants using the mist-fan intervention also had a
greater feeling of wetness, as expected. Evaporation of
sweat and water is a primary method of cooling the
body.19,37 The mist fan blows cool to warm water on the
soldiers. Evaporation of the water from the mist fan may be
hampered by high humidity, especially on days with little
breeze. Soldiers’ uniforms become wet, hampering evap-
oration of sweat.19,37 Soldiers also comment that they see
increases in chafing on days they use the mist fans. This can
be painful, and skin can become infected (common in the
training environment), resulting in the need for medical
care. These problems are compounded when the units are in
the field for several days in a row, making it difficult to find
dry clothing or care for the skin. If the mist-fan intervention
is not effective, then it is important to identify methods that
cool soldiers more effectively; do not increase risk because
the soldier feels cooler, even though the core temperature
remains elevated; and do not increase the risk of skin
infection.

Evaluation of heart rate and blood pressure allowed us
to assess the cooling interventions’ effects on physio-
logic reactions to exercise under hot and humid
conditions.12,38,39 Compared with passive cooling, the
mist fan decreased heart rate after 20 minutes of cooling.
Compared with the control condition, the cooling towel
did not affect heart rate. Systolic blood pressure
decreased during the cooling period in all conditions
(mist fan, cooling towel, control).

The cooling area setup used in the field also includes
forearm cooling by immersion and cool water or sports
drinks. These interventions have been studied else-
where40,41 and have been shown to have important
effects in avoiding heat illness. We looked only at the
mist fan, as it is the aspect of the cooling protocol that
creates the most problems, is highest in cost, and had not
been studied under the environmental conditions at Fort
Benning, Georgia, to our knowledge. The benefit of
completing this study in the field as compared with a
laboratory heat chamber was also assessed. After
spending several days in the field with the unit to
determine the feasibility of a field study, we decided that
the laboratory approach would produce more reliable
data, as it would allow us to control for energy expended
and maintain consistent environmental conditions with-
out interfering with required training.

Limitations of our study include the fact that the most
effective method of using cooling towels has not been
researched. We conducted several pilot trials using an
infrared thermography camera to assess changes in
superficial skin temperature resulting from different
methods. Draping the towel over the neck and shoulders
was the most effective method tried during these trials.
More research is recommended to determine the positive or
negative effects of different commercial cooling towels
used as heat-mitigation measures. We also decided against
having participants wear boots and helmets. During heat-
alert conditions, head gear is removed to improve cooling.
Participants were not accustomed to wearing Army boots,
and we felt this might interfere with treadmill walking or
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put them at risk for blisters. All participants wore the
standard-issue ACU to ensure applicability of the results to
the study population.

CONCLUSIONS

This study showed no beneficial effect of the mist fan or a
commercial cooling towel in lowering core temperature in
the hot and humid training environment representative of
training conditions at Fort Benning, Georgia. In hot, humid
environments, misters add water to the air, diminishing the
body’s ability to cool through evaporation. Additionally,
core temperature continued to rise throughout the 20
minutes after exercise. Importantly, we also observed that
the mist fan enabled the soldiers to feel cooler, even though
core temperature remained elevated. This could result in
soldiers returning to physical activity before they have
properly recovered from the heat exposure, thereby
increasing the risk of heat illness.
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