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CHAPIER I
INTRODUCTION

This country is presently experiencing an increase in both
interest and partieipation of all aspects of fitness, Results of the
Kraus-Weber (21) test on European and American students sharply brought
the need for personal fitness into focus for the American people, As
a result of this and other studies (5, 19, 26) President Eisenhower
established the President's Council on Physical Fitness, This interest
in physical fitness was spurred on by the example of the Kennedy's, As
a result the nation has taken to the streets to begin their own jogging
and/or fitness program, Research has established that swimming, ecyeling,
and jogging are excellent ways of maintaining or inereasing cardiovascue-
lar fitness, -However, envirommental factors can both positively and
negatively affect the fitness enthusiast, Depending on the given set
of conditions, each factor making up the enviromment in which the sub-
jeet works can be either an advantage or disadvantage to the fitness
enthusiast, For example, on an extremely hot day, the presence of wind
may have a physiological, as well as a psychological effect in improving
performance, Conversely a high velocity of wind may add to the mechani-
cal workload of the jogger.

Enviromment factors that affec¢t exercise are classified into
two areas; they are the macro and miero enviromments, Maerc enviromment
is the larpe enviromment that affects exercise such as sun, wind, heat,
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cold, humidity, altitude, and precipitation, The micro enviromment is
the small environment immediately surrounding the body and is affected
by the amount and type of clothing a person wears, People can usually
regulate their micro enviromment to meet their needs, whereas the macro
enviromment is not so easily controlled,

Wind, air movement, as a factor during exercise, has not been
explored as much as some of the more obvious areas of envirommental
stress, From the research conducted to date it appears that wind has
a similar effect on exercise as cold within limits, That is, wind has
the effect of cooling and would tend to have a similar effect at reduced
temperatures,

When wind has a chilling effect on body physiology, including
heart rate, it evokes similar responses as does cold stress, Some
authorities (18, 27) theorize that strong wind offers mechanical resis-
tance to runners, fThere still needs to be much work done in this area
before we can say when or to what extent or degree wind ceases to have
a cooling effect and begins to offer mechanical resistance,

Wind below the temperature of the body and less than saturated
produces a cooling effect through evaporation and convection heat loss
(3, 14). Evaporation rate is usually increased with wind (15); since
it helps reduce the partical pressure at the skin surface which is a
major factor in evaporation rate, This inecreased cooling through eva-
poration should tend to reduce heart rate and cool the body, However,
a very dry wind over 103°F can add more to heat stress while at the
same time aiding in the evaporation, It may be possible to identify

wind speeds, temperature, and humidity levels that would indicate



cessation of work at various levels, A scale of this nature would
operate on somewhat the same principle as the wind-chill-index, Pre-
sently we have the temperature-humidity-index (THI) (25) that uses
temperature and relative humidity as indicators of conditions when
exercising is contraindicated, By including wind as a factor in the
index it may allow gxercise when without the wind éxercise would other-
wise be discouraged., Just as temperature alone does not indicats the
severity of the cold when wind is not taken into consideration, so

also wind may be helpful on the other end of the continuum,

Joggers, under normal circumstances, experience the effect of
air movement over their body. If heat dissapation is a factor to con-
sider in human performance at high intensity levels, either from the
standpoint of too little or.too much, then careful consideration should
be given to the method of this heat loss. Wells (37, 38) has indicated
.that as much as 73% of the total body heat loss can be attributed to
conduction, convection, and radiation from the skin, In the running
situation most heat loss would be from evaporation, convection and some
radiation with conduction loss almost negligible,

When runners are tested in the laboratory situation often the
effect of air movement across the body during treadmill run or work on
a bicycle ergometer is not considered, Since much of all heat loss is
by convection and evaporation, the body mechanisms for temperature regu-
lation are severely reduced in the laboratory setting. A reduction of
60-65% of the normal process of heat loss could cause heat stress to
result and would no doubt affect theidata related to almost all physiolo-

gical parameters studied.
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Investigations by Dasler (13) have indicated that in an environ-
ment where external heat stress is generated that effective cooling
will result with air movement over the body at the rate of 250/ft, per
min, and that wind velocities up to and including 1400/ft, per min, do
not yield an appreciable gain in effective cooling, |

Since Dasler's work was concerned mainly with hot snvirorments
resulting from externally generated heat, it is important to investigate
what takes place when the heat is internally generated and air tempera-
ture remains normal with various wind speeds, Heart rate is the single
most utilized variable as a determinant of stress in the laboratory
setting, Comparisons should be made regarding internally generated
heat stress, heart rate, and wind velocity with results of externally
generated heat stress, The most apparent and the most easily notice-
able stress would be to the cardiovascular system, This could be very
eritical for the middle aged jogger as well as the laboratory investi-
gator interested in accurate results.

Research findings (11, 17, 20, 29, 43) have indicated that
through the use of personal fitness programs emphasizing cardiovascular
endurance, the incidence and severity of coronary heart disease can be

reduced,

PROBLEM STATEMENL

The purpose of this study was two-fold: first to investigate
the effect of wind on internally generated heat stress in normal tem-

peratures, The second purpose was to study the effect of wind on heart



rate as it related to testing procedure, This was to determine how
long a subject.could work in a WIND condition without biasing the heart

rate data,

NEED FOR THE S1UDY

With the inecrease in coronary heart disease and a subsequent
increase in physical fitness throughout this country, many individuals
have selected jogeging as thelr mode of improving cardiovascular fitnsss,
Little data is available to investigate the effects of wind on the var-
ious physiological parameters with some reference as to its consequence
to the average adull male jogger,

Since heart rate is a critical factor in human performance, it
is necessary to isolate this single factor to determine the reiation—

ship between it and wind,

DEFINITIONS OF TERMS

In order to provide optimal understanding of the study it is

importaht to understand the specific meaning of the terminology used,

Electrocardiogram (ECG)

This is a graphic tracing of the electrical current produced

by the contraction of the heart muscle,

Thirty beat count

The method of determining heart rate by timing thirty consecutive

R spikes with a stopwatch.. The stopwatch is started on the first spike



that is counted as 0, the next is 1 and so on, fThe time is read to
the nearest 0.1 second, The resultant time is then converted to beats

per minute, (See table in Appendix).

Bipolar leads

These are leads that are secured by pairing one electrode on

the body with another electrode on the body for ECG reading,

F/S (feet per second)

The velocity of wind displacement measured at the front of the
treadmill just as it hit the subject. This was constant for all sub-
jeets throughout the study and was converted to approxima*e MPH for

sasier understanding of the reader,

Internal heat

That heat generated inside the body as a result of metabolie
processes taking place at the cellular level resulting from high level

work, in this study running on a treadmill,

External heat

Heat produced outside the body and passed to the body in such

forms as conduction, convection, radiation, and skin friction,

Effective temperature

The corresponding dry bulb temperature where loci for constant
body wettedness caused by regulatory sweating intersects the 504 rela-

tive humidity curve of the standard psychometric chart (44),



LIMITATIONS

There ﬁere certain inherent limitations in this study that
included:

1. %Testihg was done at the subject's convenience, therefore
the time of day testims took place varied from subject to subject;
however, the time of day for T; and T, remained constant for each sub-

ject.

2, Individual psychological factors that affect performance

SURFEerT SRR
varied from imdividual to indisdduxi,

DELIMITATIONS

The delimitations of the study are:

1, 7This study was limited to adult males between 25 and 52
years of age, All subjects were experienced joggers capable of sus-
taining a pace of at least six miles per hour for 30 minutes.

2. Only one wind speed was compared with the no wind condition,



CHAPTER II
REVIEW OF LITERATURE

This chapter presents a review of literature related to environ-
mental factors, specifically convection and evaporation effect, pertin=-
ent to this study, Three areas of review were specifically identified,
They were the effect of wind on (1) work performance, (2) athletics and
athletic performance, and (3) heart rate.

Metabolic demands of high level physical activity in a hot
environment presents critical problems relative to man's heat balance
and temperature regulation, Belding and Hatch (8) have identified fac-
tors determining heat stress. They ineclude: (1) air temperature, (2)
temperature of solid surroundings, (3) temperature of skin, (4) vapor
pressure at the skin, (5) enviromnment vapor pressure, (6) air speed,
(7) body heat production, (8) body surface area and postural attitude,
and (9) elothing, According to Belding and Hatch heat stress exists
"yhenever, despite vasomotor adjustment, metabolic heat production
exceeds the combined losses by radiation and convection,® (8:130) Heat
stress may be a result of internally or externally generated heat or a
combination of the two, In a neutral enviromment radiation effect
can't be appreciably increased by wind, but it might assist in convec-
tion and evaporation.

Resulting strains from heat stress are divided into three
groups, (1) capacity for circulating blood to the skin, (2) maintaining

a wetted skin by sweating and (3) tolerance to elevated body temperature,
8
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Several studies deal directly with sweating as a result of heat
stress (2, 6, 8, 15, 28, 37). Wyndham and associates (41) and Belding
and Hatch (8) reported that sweat rate is a primary result of heat
strain and that sweating correlates highly with presumed stress as mea-
sured by Effective Temperature, |

Several theories (2, 6, 7, 9, 30, 33, 36) have been advanced
regarding causative factors of the initial onset of sweating, It appears
that skin temperature is a major factor important in the regulation of
sweating as a mechanism for body cooling,

Investigation concerning the initial onset of sweating has been
done by Adolph (2), Bazett (6), Robinson and others (36), Belding and
Hertig (7), Benzinger (9), Randall and associates (30), and Robinson
(33).

Work by Randall (30), Belding and Hertig (7), and Robinson (33)
indicates that when central body temperature reamins constant, sweating
increases in proportion to increases of skin temperature up to 37°C,

Benzinger (9) feels that the onset of sweating is controlled by
a centrally located sense organ (tympanic membrane)., He found that at
skin temperature below 33°C the sweat rate is suppressed and that skin
temperatures above 33°C do not cause an increased sweat rate, but rather
the centrally located sense organ is responsible for the increase,

Bazett (6) reported that onset of sweating does not begin until
skin temperature reaches roughly 34.5°C, There appears to be some
agreement between Bazett and Benzinger on the skin temperature at the
onset of sweating, however, Bazett makes no attempt to identify the

cause,
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Adolph (2) in his study dealt with the initiation of sweating
with regard to. time., He found that after exposure to hot air, sweating
is delayed from 5 to 15 minutes, Adolph suggests that this is a result
of accumulation of heat by the whole body. That is to say that the
body can accumulate or take on heat to a given level before it becomes
necessary to control heat intake or reduce the effects of intake,
Adolph suggests that the stimulus required for the onset of full sweat-
ing is an appreciable increase in the heat content of the body as a
whole, As a result, promptness of onset of sweating is no indication
of tolerance or acclimatization to heat,

Another factor indirectly related to sweating and heat stress
is fluid loss. Fox (15) in research on marathon runners indicates that
sweat loss strains the cardiovascular system by reducing blood.volume,
A reduction in blood volume would decrease cardiac output resulting in
less than optimal performance., In order to maintain the same amount of
blood flow following fluid loss the heart rate would have to increase
to eirculate the remaining blood faster, Along with increased heart
rete, stroke volume or the amount of blood pumped each time the chambers
emptied'would also have to increase, If, however, stroke volume was
close to maximum because of work intensity, then heart rate inc;ease
would be the only way of maintaining the same level of performance,

Reduced blood volume would also greatly reduce the major temper-
ature regulatory system of the body. In order to provide optimum per-
formance and maximum heat regulationltha body is in the tenuous posi-
tion of supplying blood to major working muscles and to subecutaneous

capillary beds for cooling: A loss of blood fluid from sweating reduces
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effectiveness of both systems and if body temperature becomes too hich,
may ultimately cause stoppage of work until a more satisfactory body
temperature level has been reached,

Pugh and associates (28) investigating over 60 marathon runners,
found that fluid loss among the four runners who collapsed at the con-
clusion of the race was mainly extravascular or that blood volume had
returned to normal within one hour after the race, If, as Pugh has
indieated, fluid loss from sweating comes not from the blood, but rather
from extravascular tissue, the amouni of siress put on the heart and
thermoregulatory system of the body has not been increased as a result
of fluid loss. This does not eliminate the problem of appropriating
sufficient blood supplies for metabolic work and thermoregulation of
body temperature.

Fox (15) computed that in order to maintain a tolerable body
temperature marathon runners would have to produce from 11 to 2 liters
of sweat per hour or between 4 and 5 liters, According to McArdle (23),
fit acclimatized young men normally produce 1 to 11 liters per hour for
up to 4 hours, Adam (i) has recorded loss of 2 liters per hour for &4
hours, Pugh found that the sweat loss of the winner of the marathon
was 5.1 liters or 6,7% of his total body weight.

This large amount of sweat loss raises two serious issues regard-
ing performance and safety of runners, With such large amounts of sweat
loss the ultimately limiting factor in performance under ideal atmo-
spheric conditions may not be a result of internally generated heat or
extended circulatory demands, but rather disruption of adequate condi-

tions to carry on metabolism at thé cellular level, If the runner is
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capable of controlling thermoregulation of the body through sufficient
sweat loss, this large loss may disturb the homéostatic conditions of
cellular metabolism to the extent that it cannot funetion properly,
This may not be a valid consideration where atmospheric conditions are
less than ideal, 4n elevated relative humidity would limit effective
temperature regulation through the sweating mechanism, In this instance
fluid loss from sweating may not be nearly as great, Regarding safety
of runners, it appears that there is a possibility of circulatory fail-
ure (15) to the completely wetted runner at the end of the race when
he reduces air speed over hils body and conseguently reduces the evapora=-
tive capacity. It may be necessary under such conditions to provide an
immediate means of reducing body temperature or regulation of its
ad justment as it moves back to a more normal range,

Rectal temperature has been ;tudied as to determine its rela=-
tionship to heat stress and related parameters., Belding and Hateh (8)
concluded that rectal temperature along with other wvariables shows a
significant correlation with envirommental stress, Givoni and Sohar
(16) determined limitations of work in envirommental stress conditions
based on rectal temperature changes., Their findings indicated that a
rectal temperature rise of 1,0°C or less during the initial 30 minutes
of activity would not be a limitation on long duration work., They did
report that a rise of 1.5°C or more during the initial 30 minutes would
be considered dangerous for all but very short work bouts,

Givoni and Sohar (16) used a rectal temperature value of 39.3°C
as the tefmination point in their stuvdy. 1he critical value for rectal

temperaturc was determined by Robinson (34) to be 41,1°C,
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Causes for the rise in rectal temperature as compared to skin
temperature were studied by Bazette (6), He cohcluded that rise in
skin temperature was more closely related with ermvirommental tempera-
ture, whereas rectal temperature increases were in direct proportion
to intensity of work, Rebinson (34) concurs with Bazett (6) that
internal or rectal temperature of a man rise during work, the eleva-
tion of temperature being directly proportional to the intensity of the
work and therefore to the metabolic rate of the man,

Bazett (6) also observed that rate of sweating shows a precise
and linear relation to surface temperatures, but no obvious relation at
all exists to rectal temperature, However, control of rectal tempera=-
ture is achieved by sweating,

Wyndham (41) in his study of mine workers found that as wet~
globe temperatures increased productivity was reduced, He used three
different wina speeds (100, 400, and 800 ft/min) to asecertain their
effect on production, 100% productivity was that amount of production
reached at 27.7°C wet-bulb, At wind speeds of 100, 400, and 800 ft/min
productivity was 213, 44%, and 59% respectively, The effect of increas-
ing wind veloeity from 100 to 400 ft/min was significant above 32,8%;
from 100 to 800 ft/min was significant above 31,1°,

Dasler (13) in his study of thermal stress aboard ships has
refuted the once held theory that air velocities at supply ducts of
2,000 fpm or more supply optimal spot cooling, Rather, he suggests,
that the key element in spot cooling is optimal effective velocity over
the subjeét. Daslet found that nearly 80% effective cooling is

obtained when the air flow over the‘suhject is approximately 250 feet
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per minute., Inereasing the velocity beyond this rate accounts for com-
paratively small gains in effective cooling, Hé also noted that air
veloeities over 1,500 ft/min in hot-humid environménts leads to increased
air frietion at the skin level,

Several studies have been undertaken to specifically determine
the effect of wind on athletic performance of track runners, Data indi-
cates that a similarity does exist between track and treadmill running
when comparison of speed of adjustment to various_physiological responses
were made, In the study of O, uptake in track and treadmill running the
effect of overcoming air resistance accounted for 8% of the total energy
cost while other studies showed that it accounted for only 3-5% of the
energy cost,

The main reaction of c¢irculatory parameters to heat is elevated
heart rate at all levels of work up to near maximum, There appears to
be conflicting views on fluid loss as to whether it comes from blood
fluid or extravascular fluid,

Researchers are divided among at least two different theories
of the factor initiating sweat response, Two critical rectal tempera-
tures have been identified and an increase scale developed to provide
eriteria for stoppage of work. Contributing to the cooling process,
wind has been identified as to its benefits on work load and cooling,
Research is beginning to accumulate ig the areas of wind effect in
athletic performance, work load, heart rate, and regulation of body tem=-

perature,



CHAPTER ITI
PROCEDURE

The methods and procedures used in this study included seloc~
tion of subjects, treatment WIND, treatment NO WIND, and the statisti-

cal treatment of the data,

SUBJECTS

The subjects were 17 male adult volunteers from the adult fit-
ness program at Kansas State University. All subjects were experienced
joggers and capable of completing a thirty minute continuous run on a
treadmill,

The mean age of the subjects ﬁas 35.3 years with a mean height
of 70.6 inches; Mean weight for the subjects was in the N0 WIND treat-
ment 172,49 pounds and for the WIND treatment 172.74 pounds, The mean
air temperature was 21,48°C,

Before testing, all subjects returned an Informed Consent form
signed by the subject and his wife, where applicable, Each subject had
previously had a physical examination by an M.D. These records are on
file in the Department of Health, Physical Education and Recreation at

Kansas State University,

15
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PREPARATION OF SUBJECTS

Subjects were instructed not to eat at least two hours before
testing., Before they entered the lab each subject emptied his bladder
and bowels. Subjects were weighed nude on a balance béam.scale to the
nearest 4 ounce, This was done to ascertain the initial weight of each
subject for later distinetion of sweat rate, Height was measured on a
medical scale. A rectal probe (Yellowsprings Model #401) was inserted
7 em past the anal sphincter and held in place by contraction of the
sphincter muscle on a modified bulb on the probe.

In preparation for electrode placement surface hair was shaved
off in those areas where electrodes would be placed, Skin was washed
with isopropal alcohol and the horny layer of epidermis was removed by
dermal abrasion with a spatula., Electrode paste was applied to the
specific area of electrode contaet in a cirele on;-half inch in dia-
meter, A liquid adhesive ("New Skin" by Johnson and Johnson) was then
applied 4+ inch around the area where electrode contact would be made
and contact paste had previounsly been applied, A double stick surfaced
tape was attached to the electrode with paste used to fill the centers
of the threé electrodes, The electrodes were applied so that the paste
filled centers were matched with the 4+ inch paste circles on thé skin
and so the adhesive tape backing matched with the liquid adhesive
applied around the paste circles,

Electrodes were placed on the seventh intercostal space beneath
and slightly lateral of the nipple line, The left side was the posi-
tive (+) lead and the righf{ side was the ground electrode, The nega-

tive (~) lead was placed on the top of the sternum,
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Those subjects unfamiliar with the treadmill were given instruc-
tion on running procedures and how it differed from normal running prior
to testing, They were alsc given instructions on the use of the emer-
gency shut-off switch that was available to them during the run,

Resting heart rate was recorded by a times 30 beat count of ECG
R spikes as observed on the Hewltt-Packard Osciloscope., Short strips
of ECG tape were recorded for further research, Subjects were clad in
shoes, socks, and gym trunks, The treadmill speed was selected so that
individual runners would participate at a level that could be sustained
for 30 minutes, Subjects were tested at the same time of day with no
more than a one day interval between tests,

Surface area was calculated using the formula of Dubois, 4 60
minute lab eclock with a one minute sweep hand was used to time the
entire run, Both treadmill and fan were started simultaneously for the
‘run with wind., During the first two to three minutes of the test the
subject was closely observed by the investigator to determine if the
subject was experiencing any difficulties, The investigator or an
assistant was stationeé at the back of the treadmill for spotting pur-
poses,

Air temperature was obtained from a thermistor suspended from
the treadmill frame above and slightly in front of the subject, The
thermistor was approximately seven feet above the belt of the treadmill
in the path of air flow during the WIND treatment,

Heart rate and rectal temperatures were recorded prior to start-

ing and for minutes L5, 9-10, 14-15;_19-20, 24=25, 2930 of the run,
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Recovery data was recorded for the period beginning immediately after
conclusion of the run, This data was recorded for minutes 0-1, 1-2,
2-4, 4-6, 68, 8-10,

Upon completion of the run and recovery period, each subject
was again welghed to determine amount of sweat loss, |

Each subject was tested twice; once with wind and once without
wind, The order of WIND and NO WIND tests was randomized by listing
subjects andr then assigning them a number from a random number table,
0dd numbers received WIND for the first run and even received NO WIND
on their first run, All other factors were held constant (speed, tem~

perature, PHy0, testing, ete.).

STATISTICAL TREATMENT

The data was analyzed using z; three-way analysis of variance
(ANOVA) for r;peated measures to compare heart rates in the WIND and
NO WIND treatments for all test periods, 4Also, the air temperature,
rectal temperature, and sweat rate for WIND were compé.red to the rest-
ing rate of NO WIND, Sheffe's Method was used to compare heart rate
and rectal temperature values for each time interval of the WIND condi-
tion with the corresponding interval of the NO WIND condition, Compar-
isons were made for minute 4~5 of the WIND with minute 4-5 of the ND
WIND for both heart rate and rectal temperature, The same was done
for minutes 9-10, 1415, 19-20, 2425, and 29-30 of the run and for

recovery 0-1, 1-2, 2-4, 4-6, 68, and 8-10,



CHAPIER IV
RESULTS AND DISCUSSION

This study investigated the effect of wind on internally gener-
ated heat stress, heart rate, and rectal temperature of adult male jog-
gers, This chapter presents the results obtained from this study and a
discussion of these results, The results will inelude: (1) statistical
treatment of the general data, (2) ANOVA of climatic variables; (3)
repeated measures analysis of heart rate, air temperature, and rectal
temperature, and (4) Sheffe's procedure for testing all possible com-
parisons between means for heart rates under both conditions,

A surmary of mean, standard deviation, and range of general
data is presented in Table 1, The results indicate that the subjects
were typically characteristic of adult males with mean age of 35.5
years, a mean height of 70,6 inches (5 feet 6 inches) and mean surface
area of 1,95 mz. The average treadmill speed was 6,62 mph with most
subjects running at 6 mph indicated by the low. standard deviation
(0.65)., A treadmill speed of 6,62 mph would allow the subject to cover
just over three miles in 30 minutes,

Table 2 shows mean weights for pre, (weight in), and posttest,
(wéight out), for the WIND and NO WIND condition, This table also
shows standard deviations and ranges for the pre and posttest welghts
for both conditions, From these values, mean values for weight loss
and sweat loss were computed and ape'shown in Table 3. The WIND condi-

tion resulted in a slightly greater weight loss in pounds, The second

19



TABLE 1

MEANS, RANGE AND STANDARD DEVIATIONS FOR HEIGHI, AGE,
SURFACE AREA, AND TREADMILL SPEED

20
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- Range
Variable N X S.D. Min. Max,
Height (inches) 17 70,6 3,16 16 75
Age (years) 17 35.3 6,76 25 52
Surface Area 17 1,95 0,18 1.470 2,24
Treadmill Speed 17 6.62 0.65 6 8
(MPH)
TABLE 2
MEANS, RANGE AND STANDARD DEVIATION FOR WEIGHT IN
AND OUT UNDER WIND AND NO WIND
- Range
Variable N X S5.D. Min, Max,
Weight In (W) 17 172.5 25,06 112,13 219,91
Weight Out (W) 17 171,08 24,70 111,56 217,65
Weight In (NW) 17 172,74 25,47 110,45 220,08
Weight Out (N} 17 171,42 25,24 109,89 218,47

e
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TABLE 3

'MEANS, RANGE, AND STANDARD DEVIATIONS FOR
WEIGHT LOSS AND SWEAT LOSS

21

- Range
Variable N X S.D. Min, - - Max,
Weight loss (W) 17 1,41 0,42 0,57 2.25
(1bs)
Weight loss (W) 17 1.32 0.39 0,56 2.19
(1bs)
Sweat loss (W) 17 659,58 145,15 352,10 912.1
gr/m/hr
Sweat loss (NW) 17 594,81 149,06 345,90 951.4

e wr—
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part of the table shows mean values of sweat loss converted to gr/m/hr,
standard deviation and range, A t-test of significance indicated that
a significant difference at the .01 level existed between sweat rates
of the two conditions,

Table 4 indicates the levels of significance of the heart rate
with respect to subject, treatment, time, and treatment as it relates
to time., The data indicates a significant difference at the ,01 level
between the subjects, The effect of freatment on heart rate was signi-
ficant at the ,01 level, When considering the time intervals of rest,
work, and recovery, the heart rate differences were significant at ,01
level, A significant difference (P1,01) was found in analyzing heart
rates with respect to treatment and time, Figure 1 indicates a graphic
representation of the heart rates during the intervals of rest, work,
and recovery, The graph also indicates exact points during the work
énd recovery period where the differences in heart rate were significant
at the ,05 and .0l levels,

Table 5 shows mean heart rate values for the specific intervals
of the test and for theltwo conditions, The table also shows standard
deviations and T-probabilities for levels of significance using Scheffe's
method., Heart rates were significantly different at ,01 level from the
14th minute of the run through the second minute of the recovery, From
the second minute through the eighth minute of recovery heart rates were
significant at ,05 level, For minutes eight to ten they were again sig-
nificant at ,01 level,

Table 6 shows repeated measures analysis of variance for air

temperature beiween subjects, treatment, time, and treatment as related



TABLE 4

REPEATED MEASURES ANALYSIS OF VARIANCE FOR HEART RALTE

et
-

ﬂ

Source daf S5 ms. f
Subject 15 11260,80 750,72 L, 06%*
Treatment & 5772.02 B772.02 31, 24%x*
Error A 15 2771.76 184,78

Time 12 277612,23 23134,35 341, 41%*
Treatment x Time 12 2247 ,89 187.32 2,77%*
Error B 354 23987,25 67,76

Total 409

*
&k

.05 significant level
.01 significant level
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TABLE 6

REPEATED MEASURES ANALYSIS OF VARIANCE FOR AIR TEMPERATURE

Source df ss ms f
Subject 15 162,43 10,83 L, g16%*
Treatment 1 4,51 4,51 2,05
Error A 15 33,04 2,20

Time 12 9,63 0,80 4,31
Treatment x Time 12 1,96 0.16 0,877
Error B 355 66,14 0.19

fotal 410

* 05 significant level
** 0l significant level
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to time, There was.a significant difference in air temperature at ,01
level betwesn subjects and during the different time intervals of the
experiment, Air temperatures were not significantly different between
the WIND and NO WIND treatment or between the treatment as it related
to time,

In Table 7 rectal temperatures are compared for subjects, treat-
ment, time, and treatment as related to time, Results indicate a sig-
nificant difference at ,01 level in rectal temperature between the sub-
jects and between the time intervals, There was, however, no signifi-
cant difference between treatment and treatment as related to time,

Table 8 summarizes the results of ANOVA for the three varaibles
when compared with subject, time, treatment, and treatment as related
to time, In all cases hear£ rates were significantly different at the
.01 level, Although air temperature and rectal temperature were signi-
ficantly different (P1,01) for subject and time, they were not signifi-
cantly different for treatment or treatment as related to time,

These data would seem to indicate that wind (air movement) over
a jogger helps to reduce heart rate in prolonged runs over 13 min, This
reduction in heart rate is more pronounced the longer he runs and also

affects recovery heart rate even when air movement has stopped.
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TABLE 7

REPEATED MEASURES ANALYSIS OF VARIANCE FOR BODY CORE TiMPERATURE

Source df ss ms f
Subject 15 34,97 2.33 3.85%*
Treatment 1 0,11 0,11 0.18
Error A 15 9,07 0,60

Time 12 61,17 5.10 207 ,60%*
Treatment x Time 12 0,14 0,01 0,48
Error B 357 8.77 0,02

Total 412

* 05 significant level
¥* 01 significant level

TABELE 8

SUMMARY OF ANOVA FOR HEART RATE, ATIR TEMPERATURE,
AND RECTAL TEMPERATURE

Treatment as

Variable Subject Time Treatment Related to Time
Heart rate .01 .01 0L .01
Air temperature .01 W01 NS NS

Rectal temperature 01,01 5S NS




CHAPIER V
CONCLUSIONS AND RECOMRMENDATIONS

The heart rate, sweat rate, and rectal temparaﬁure responses
of the subjects were recorded for the 30 minute run, The following
conclusions can be drawn fror the results of the data collected,

1, There was no significant difference in the resting heart
rates and body core temperatures for the WIND and NO WIND treatments,
This is to be expected since up to this time the activity of the sub-
jects has been minimal and only involved the preparation phase, Since
the preparation phases were identical for the WIND and NO WIND treat-
ment it would be highly unlikely that a significant difference would
result in resting values,

2. Heart rate response during the first 10 minutes of the run
were not significantly different in WIND and NO WIND, There was a sig-
nifiecant difference in heart rate response for minutes 14 to 30 of the
run and for 0-10 of the recovery. The wind significantly reduced the
heart rates from the 1l4th minute of the run until the completion of the
30 minutes, There was also a significant reduction_in recovery heart
rate for the ten minutes of the recovery period,

3. Sweat rates for WIND and NO WIMD were significantly differ-
ent, A significantly greater amount of sweat was lost during the WIMND
than the N0 WIND treatment,

L4, Rectal temperatures were not significantly different in the
WIND and NO WIND treatment,’

29
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RECOMMENDATIONS FOR FURTHER STUDY

Based on this data, further research is suggested in the fol-~
lowing areas:

1, Tests should be conducted where normal ambient temperatures
are maintained with a wide range of wind speeds at high metabolic work
levels,

2. Further research should include a change in ambient temper-
ature with wind velocity constant at 968 ft/min,

3, Investigations are recommended looking at wind effect-with
extreme humidity variation to see if the data is consistent and if
reduced evaporation has an effect at high humidity.

4, Research is advised utilizing a range of ambient temperatures

at different wind velocities with a high metabolic rats,

RECOMMENDATIONS FOR APPLICATION

When testing in.the laboratory situation the following recom=-
mendations are made based on the results of this study:

1, Use air cooling for higﬁ level in normal temperatures if
heart rate is a factor when testing will be longer than 13 minutes
duration,

2. For shorter tests (less than 13 minutes) at lower intensity
the additional trouble and expense of including air movement would be

of no significant benefit,
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These recommendations are made with reference to the age, sex,

and fitness levels of the subjects in the study and should not be
expanded for other age groups, sexes, fitness levels, or working con-
ditions where heat that is generated is not solely a funciion of meta-

bolism,
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The purpose of this study was to investig#te the effect of wind
on metabolic heat stress in normal temperatures (21.48°C) and to inves-
tigate the effect of wind on heart rate as it relates to testing proce-
dure, The subjects were 17 adult male volunteers from the adult fitness
program at Kansas State University, 7The mean age of the subjects was
35.29 years with a mean height of 70,59 inches. Mean weight for the
M WIND treatment group was 172,49 pounds and for the WIND treatment
group was 172.74 pounds. Subjects pafticipated in a 30 minute continu-
ous run on a treadmill under two conditions, WIND (11 mph) and NO WIND,
Heart rate and rectal temperature responses were recorded for the fol-
lowing time periods during the 30 minute continuous run and the 10 min-
ute recovery period: rest, 4-5, 9-10, 14-15, 19-20, 24-25, 29-30, 0-1,
1-2, 2-4, 46, 68, and 8-10, Heart rates were obtained by direct wire
ECG and monitored on an osciloscope while rectal temperaturss were mea-
sured from a rectal temperature probe inserted 7 cm past the anal
sphincter, Sweat loss was determined by pre and posttest nude weight
on a balance beam scalg with measurements made to the nearest one fourth
ounce, Data were analyzed using a two-way anaiysis of variance (ANOVA)
for repeated measures comparing heart rate at each interval in the WIND
treatment with the corresponding interval in the NO WIND treatment and
between time intervals, Treadmill speed was determined by estimating
the work load at 504 of the subject's max VO,. A t-test indicated that
a significant difference (P ,0l) in sweat loss existed between the two
conditions, Heart rate response during the first 10 minutes of the run

showed no significant difference., _There was a significant difference
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at the .01 level for minutes 14-30 of the run and during ihe recovery
for minutes 0-2 and 8-10, For minutes 2-8 of the recovery the heart
rates were significant at the ,05 level, There was no significant dif-
ference in core temperature between the treatments, It was therefore
concluded that heart rate during high level metabolic work of longer
than 13 minutes duration could be reduced by movement of air across the
body. It can also be concluded that at this level of work and under
normal temperature and humidity conditions, wind of 11 mph has no

effect on body core temperature,



