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CHATCHATCHAI PITAYANON : A STUDY ON CLIMATIC CONDITIONS,

BODY TEMPERATURE AND CARDIOVASCULAR RESPONSE DURING

OUTDOOR EXERC N P ; UCATION CLASS IN THE
IVERSITY DEMONSTRATION
ADWSOR : ASSOC. PROF. JURAIPORN

This descriptivesti ol | STTTir ati@, cd . body temperature, cardiovascular responses,
hydration status and the incidegiee Al lIfess } exercise in physical education class in 457 schoolboys of
» performed in the first (July-September) and

Y y weight, blood pressure, pulse rate and core
body temperature were measured be 1 1 exe 2 in physical education class. Physical education
i video image of the events were recorded for evaluation

of exercise duration and intensity as we ess. However, the subjects were allowed to drink water

L

and urinate during thel Si
It was foun @ [Faisthie Hais Ul e i & ol ‘ age 8.38 + 1.56 years, height 130.72

10.45 cm, weight 30.8 TG A
ambient temperature 33.56 Il 2.55°C, relalive"humidity"547 12% and : Bulb Globe Temperature (WBGT) 28.87 +

'm’. The climatic conditions included the
2.35°C (first semester 29. 95 t 1.87°C, second semester 28.32 + 2.39°C). Total duration of physical education class was

31.97 £ 11.10 11.04 min, intensity < 3 MET ) and
sport playing (ﬁ E mgm 9 N E‘w e ndlﬂut or exercise, the percent change in

systolic and dlamlc blood pressure, mean srlenal pressure and pulse rate was increased by 16.00, 21.59, 19.05 and

RIS TRAL T Cata k1L Kb oK {

whos ore temperature reached up to 38°C; this accounts for 4.38% of all subjects. Among these, 18 schoolboys did not

drink water and 2 schoolboys drank water of 158 and 340 mL while exercising in physical education class. However, no
incidence of heat iliness was found. In conclusion. there is a tendency for heat iliness during outdoor activities in physical
education class in primary school children, It is recommended that climatic conditions and children’s core temperature be
measured before the start of physical education class. The children should be encouraged to drink enough water before

and during exercise.
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CHAPTER |

INTRODUCTION

Background and Rationale

During the 20" century, the glabal average surface temperature has increased
by 0.74 + 0.18 °C (1.33 + 0.32 °F). The Intergovernmental Panel on Climate Change
(IPCC) has concluded that.the elevatiorljof glebal lemperature since the middle of the
20" century has been mostlyscaused by an increase in concentrations of greenhouse
gases resulting from humansactivity strljch as fossil fuel burning and deforestation
(Solomon et al., 2007)._€limate model préjections summarized in the 2007 IPCC report
indicated that the globalssurface tem.p.):eratg_ré would probably rise a further 1.1 t0 6.4 °C
(2.0 to 11.5 °F) during the 29 Ceh%ury, thl}'i_are)ﬁ‘ore resulting in a condition called global
warming. Global warming is the increase ir;.'-*t'he‘average temperature of the Earth's near-
surface air and the oceans sinc;e tﬁe mid-..:Zéfh century and its projected continuation.

Ao sl d

However, an increase in global temperatures continues to affect natural environment

o

and human life. It is now the problem of worldwide i_nterest.‘,

The change;ia.the global environment will bring"lhealth problems and risk
towards illnesses. Eacl'year, more than one million people worldwide are affected with
illnesses due te<the heat: Withgthe dinfluence-ofyglobal warming;+it is predicted that the
incidence of heat illness will"also become more prevalent. When exercising in the heat,
some physiological, strains ~can be ,imposeds., these, jinclude” thermoregulation,
cardiovascular functions ‘and*“subjective responses. “In hot environment, core body
temperature rises higher than during regular exercise. Skin blood flow needs to be
relatively high to achieve heat transfer sufficient for thermal balance. Because heat
dissipation mechanisms through radiation and conduction is less effective in hot
condition, the body produces more sweat during exercise. Thus, plasma volume is
reduced by dehydration. Subsequently, stroke volume is decreased with a

compensatory increase in heart rate. Both high skin blood flow and reduced plasma



volume can reduce cardiac filling and perhaps cardiac output during exercise in the
heat. As a consequence, diminished aerobic capacity and exercise performance can
occur. However, arterial blood pressure remains stable. Skin and muscle blood flow are
sufficient while visceral blood flow is decreased which, if exercising for a long period of

time under environmental heat, can lead to liver and renal complications.

During exercise in the heat, the body has to simultaneously provide the
cardiovascular support to maintain plasma’ volume and the metabolism for skeletal
muscle contraction and to dissipate the_jassociated heat release for thermoregulation.
The extreme end result.involves.eiiculatory failure and core temperature increasing to
lethal levels (McArdle et'al., 2006)..This leads to the occurrence of heat illnesses. These
include minor ilinessesy’Suchirastheat edema, heat rash, heat syncope, heat cramps and
heat exhaustion. Heat gxhaustion s a- typ;:eal conditien in which core temperature may
rise above 38 °C, but generally rerttains bélo:/i/ 40 °C, with normal mentation and stable
neurologic status. Heat stioke'is the most severe form of heat-related illness which is

y)

characterized by the core temperature hlgher than 40 °C with mental status changes

(Binkley et al., 2002; Allyson and. Barry, 200 7__):;:7 -

o J oy b
e

Each person Etes_dttfeﬁenpeapaetttee_te-tetemate_tj,eet stress. Factors affecting

heat tolerance inclttde acclimatization, exercise trainihé-, age, gender and body
composition (McArdle et al., 2006). Certain individuals are at greater risk than others for
heat injury. These'includethe'obese, ‘the “unfit, the very young and the very old and
those unacclimatized to heat. The presence of fever may also increase the risk of heat

illness.

It has been found that children are at a higher risk for heat related problems than
adults during exercise in the heat because of a number of physiological differences.
Children have a greater surface area-to-body mass ratio and produce more metabolic
heat per mass unit. Additionally, children’s sweating capacity is considerably lower

(American Academy of Pediatrics, 2000; Hoffman, 2001).



A few studies have compared thermoregulatory and cardiovascular responses
to exercise in the heat between prepubertal children and adults. No difference was
found between prepubertal boys and men (Inbar et al., 2004; Rowland et al., 2008) as
well as prepubertal girls and women (Rivera-Brown et al., 2006). In these studies, the
subjects were in good hydration status. However, there is a controversial report that
prepubertal girls had a lower stroke index and higher heart rates than women but there
were no differences in cardiac index and thermoregulatory response (Drinkwater et al.,

1977). 2

The American Collegé of Sports Medicine regards the Heat Stress Index (wet
bulb globe temperature; WBGT) as a reliable measure of the environmental heat stress.

As a recommendation foi‘the preve“htion#(ﬁé thermal injuries in children, the American

_—

Academy of Pediatrics has recommende'c} that an index value calculated at 29°C or
greater would indicate that the children ris’i_l_'_{f[haeir health if they were to exercise under

those conditions. F /N

ey

According to the age differences in physiological responses to exercise in the

g =i

heat as mentioned above, better care and prevention are needed in children.

Nevertheless, there is{still a lack of information on this issu;ev—‘in Southeast Asia, of which

all countries, including! Thailand, is in the tropics. In_Bangkok, the capital city of
Thailand, the weather is hottand humid almost‘all year round compared to the suburban
area where the climatic.condition is.relatively dry...Thus, children in Bangkok may be
susceptible to suffering heat illnesses when they, are playing sports or exercising
outdoors than those'in‘the suburbs.s The present study has focused on young children
exercising or playing sports during their physical education classes which are often
conducted between late morning to the afternoon, the hottest period of the day. The
study populations are schoolboys of Chulalongkorn University Demonstration
Elementary School. The present study aims to find out whether such climatic conditions
during the time period of the classes are within safety limits or not. Body temperature

and cardiovascular response as well as incidence of heat illness will also be



determined. The information from this study will provide a new body of knowledge in
sports medicine in Thailand. It will be useful for efficient implementation of the

arrangement on physical education class for the prevention of heat iliness in the school.

Research Questions

Primary research question:

77

e climatic conditions, body temperature,
rlng outdoor exercise in physical

oys‘of ﬁhalabngkorn University Demonstration

cardiovascular responses a

education classes in t

g.ﬂ jﬂ“j""} | =
1. To examlrﬂcllmatlc oond"ﬂoré 'bo tLgf-, cardiovascular responses

ohysical education class in the

ion Elﬂwentary School

C.;szzmm s 1301 M
E'emeﬁ“ﬁ”“faﬁ ﬂ‘ml awi'n g a ¢l

HypotheS|s

schoolboys of ChuIanr@@n Jni

When the schoolboys of Chulalongkorn University Demonstration Elementary
School are exercising outdoors in physical education class, their body temperatures are

increased and cardiovascular responses are affected, probably leading to heat iliness.



Conceptual Frameworks

Children who exercise in the heat

(Monitored by Wet bulb globe temperature)

Cardiovascular responses
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Limitations

1. This study requires cooperation of the schoolboys who are fitted for the

inclusion criteria.

2. The results of the study may not be inferred to those of the adolescents.

3. In this study, the ¢ owed to drink water and urinate during

their physical C

affected. W
+1%. / .

Climatic conditig

refore, the body weight may be

Key words

lar response, Heat illness,

Hydration status, Sweat re

Operational Definitions ..::;{,—5_‘2"

A

Climatic cond

)

‘temperature, relative humidity,

!

reported as wet bulb, dry bulb and black globe temperat' ‘

core H AR TIABIINT LI P o0 v b,

such as the Ilve"'I as compared to tryat of the perl heral tissues. TES rectal temperature is
constcW 'aﬁae&wm %J)%re] {egnaé] E]e’]—ﬂ %} ear temperature
measurements can also predict trends in core temperature. Comparative studies in children
indicate that ear and rectal temperature have a strong relation to each other. Therefore,
measurements of core temperature could be assessed by measuring ear temperatures

instead of rectal temperatures. (Bernardo et al., 1996; Loveys et al., 1999)



Cardiovascular response is defined as children’s cardiovascular responses
including pulse rate and blood pressure before and after exercise in physical education

classes.

Heat illness is defined as illness conditions that occur in the hot environment.

The conditions include mild diseases such as heat edema, heat rash, heat syncope and

,/// e, heat stroke.

|d intake during exercise in

heat cramps, heat exhaustion, an

O —

elementary schoolboys ddring outdoor exeroise in physical education classes.

AU INENINENT

To provide some baS|c mforma‘uon for an approprlate arrangement of

R TR N Ve e o

occurrence of heat illness.

3. To get a new body of knowledge in sports medicine in Thailand which

can be a basis for future research.



CHAPTER I

REVIEW LITERATURES

Thermoregulation and Thermal balance

The hypothalamus consists of

1 central coordinating center for temperature

l// t the floor of the brain acts as a
: lated at 37 + 1°C (98.6 + 1.8 ° F).

T ———

gulati chanisms include having thermal

regulation. This group of speci
“thermostat”. Body temper. '
Two ways to activate the
receptors from the ski control center and directly
stimulating the area b t perfuse the hypothalamus.

(McArdle et al, 2006)

Balance betwe loss is reflected by body

temperature (figure 2.1).

BME
Muscular 2

Hormones~
Dietary-indu
thermogenesis

Postural change:

Figure 2.1 Factors that contribute to heat gain and heat loss as the body
regulates core temperature at approximately 98.6 ° F (37°C)

(McArdle et al., 2006).



Heat production

Heat production can be classified into two categories, voluntary, such as
exercising, and involuntary. Examples of involuntary heat production might include
shivering and nonshivering thermogenesis caused by secretion of hormones such as
thyroxine and catecholamines. Because the body is at most 20% to 30% efficient, about
70% to 80% of the energy spent during exercise appears as heat. Involuntary heat
production by shivering is the primary: resource of increasing heat production during
exposure to cold weather. Furthermore, the rate«of cellular metabolism can increase due
to the release of thyroxine-frem-the thyroid glana(Pewer and Howley, 2001).

\

Heat loss \

The heat generateddfrom ihe metabelism of the organs in the body is transferred
to the skin for dissipation {0 the er_)viroanTfeth. Therefore, the extent of body heat loss
depends on the rate of heat transferring p#rpcess from the organs to the skin and from
the skin to the environment. At th-.e fsame tlrjr]ethe body also has an insulator system,

-~

which prevents the body from losing.too mughiheat. This insulator system includes the

skin itself, the subcutaneous  tissue aan,__._-mp_st importantly, the fat under the

subcutaneous tissue (ﬁi?W? muqtywﬁ, 2550).

Heat transfer to-the skin is processed in 2 steps: ™~

1. Transferring heat to the skin

The heat/from within the body is transferred to the skin by blood circulation. The
blood #Vessel #that s fimportant.iis the tvenous plexus; [which is' located in the
subcutaneous tissue. The specialized structure of venous plexus allows a large amount
of blood from the capillaries into itself. Moreover, in the exposure areas, such as hands,
feet and ears, venous plexus receives blood directly from the small arterioles via the
arteriovenous anastomosis or the A-V shunt. The A-V shunt, like arterioles, is lined with
smooth muscles which allows itself to contract whenever stimulated by sympathetic

nerve (3laws aNLEIA, 2550).
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Therefore, transferring heat from inside the body to the skin depends on the
constriction and dilation of the arterioles and the A-V shunt. When the vessels are fully
dilated, the rate at which heat is processed to the skin can increase up to 8 times the

rate when the vessel is contracted (3133 @N1jtya4A, 2550).

2. Transferring heat from the skin to the environment
There are 4 ways in which the bady loses heat from the skin to the environment.
Radiation is-a process of_gjissipating heat in the form of infrared, which is
electromagnetic ray with wavelengths of 5-20 microns.. At room temperature, 60% of the
body loses heat by infrared. waves. He@t loss by radiation is proportional to thermal
gradient between the_skin andsthe amef_er]pe. If body temperature is higher, a large
amount of heat from thedody will radiate iolthe surroundings and vice versa (@ﬂﬁ‘Wﬁ‘ AN

YayHad, 2550; Hoffman, 2001 Hgat stroke; 2004; MoArdle et al., 2006).

Conduction™ directly: transf_é_’r{_s heat through liquid, solid, or gas

substances from one molecule 16-another. C’dddUCtion transfers only about 18% of the

total heat loss. Conductive heat foss then wa;rhé—air molecules and cooler surface that

contact the skin. The r_iéte of conductive heat 10ss depends; on the temperature gradient

between the skin and surrounding surface and their thermal qualities. Other than that,
heat can transfer to molecules of the weather around us until the temperature of that
object or weather is theisame as'the skintemperature.«Thusy ending conduction (‘ﬂ’a‘W’a‘

ANYEYA, 25503 Hoffman, 2001; Heat stroke, 2004; McArdle et al., 2006).

Convection is a.methad in'which heat is transferred.to air. Convection will
remove the heat from the body and transfer it to the surrounding air. If the wind is
blowing towards the body, more heat can be transferred to the surrounding air.
Therefore, wind is a helpful component in transferring heat from the body to air. If the
speed of the wind is higher, the loss of heat from the body will be higher. Convection
can transfer about 15% of the heat that can be transferred (‘ﬂ:“W:“ ANYEYWA, 2550;

Hoffman, 2001; Heat stroke, 2004; McArdle et al., 2006).
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Evaporation is one of the major defenses against overheating. Water
vaporization from the respiratory passages and skin surface continually transfers heat to
the environment. If the temperature of the skin is higher than the surroundings, heat can
be transferred from the body to the surroundings by radiation and conduction. But if not,
the body can only remove heat by evaporation. Therefore, evaporation is like a cooling

system for the body in hot weather ('ﬂiWi @Nufy%\‘lﬁ, 2550).

The rate of heat loss by evaparation'depends on: 1) rate of sweat loss. If
there is a large amount of sweat loss, th‘ere is-a higher chance that the body will loose
heat by evaporation. 2) humidity [f the weather is very humid, the evaporation rate will
decrease causing the released sweat to Ebe In a form of a liquid. 3) the movement of the
wind helps change the air around ‘yourtb’o'dy which is full of sweat (water) that are

evaporating from your body, making the b%dy;evaporate more (QVL?‘W? muumwﬁ, 2550).

dal

Evaporation is' the prmmpai way to control the body's temperature
during exercise. When the temperature of the body is rising, this is a method that can

release up to 22% of the overall heat that cafr be cooled down @1?‘1/“? au‘umq\m 2550;

Hoffman, 2001; Heat stroke, 2004; McArdle et aI., 2006).

Physiological responees to exercise in the heat

Physiological responses to exercise in the heat mainly involve cardiovascular
adjustmentstandyevaporative €ooling which facilitatesimetabolic heat dissipation during
exercisepparticularly in hot environment. Fluid loss by sweating usually causes a relative
state of dehydration. Excessive sweating leads to more serious fluid loss that reduces
plasma volume. This results in circulatory failure and core temperature increase to lethal

levels (McArdle et al., 2006).

Cardiovascular and thermoregulatory responses during exercise in the heat are

described below.
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1. Cardiovascular responses

The competing demands of cardiovascular system will increase when
exercising. More oxygen must be delivered to active muscles for energy metabolism
while skin blood flow must increase to transfer heat produced during exercise for
dissipation from the body. However, this blood is no longer available to the active

muscles (McArdle et al., 2006).

Excessive sweating causes more ‘seroussfluid loss, hence reducing plasma
volume. During exercise in“hotand oold"femperatures, cardiac output remains the same
but the heart's stroke volumerbeecomes lesser when exercising in the hot environment.
At all submaximal exerciseflevels;the str(lbke volume actually decreases in proportion to

the fluid deficit which produces: higher heart rate. Nevertheless, aerobic ability and

cardiac output diminishes during e_xe:rcise.l in'the heat because the decrease in stroke
4
volume cannot be overcome by, th.e compe‘hfsatqry increase in heart rate (McArdle et al.,
2006). F. ;f--_..
¥ - 4 ,JJ
During heat stress, muscle and Sklnﬂood flow is sufficient while other tissues

=i

compromises their bood supply For mstance there is Compensatory constriction of

splanchnic vascular bed and renal tissue to counter vasodvlatlon of the subcutaneous
vessels. If the diminution in blood flow to visCeral tissugs is extended, liver and renal

complications may occur{MgArdle et al., 2006).

Besidesfarterial blood pressure remains stable during exercise in the heat due
to visceralpvasoeconstrictian, and«a, subsequent;inecreased total peripheral resistance.
When exercising at near maximal level with accompanying dehydration, peripheral
blood flow for heat dissipation is relatively less in an attempt to maintain cardiac output.
This indicates that circulatory regulation and maintenance of muscle blood flow are
considered more important than temperature regulation, thereby often leading to a

markedly increased core temperature and health risk (McArdle et al., 2006).
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2. Thermoregulatory responses

Heat gain from muscular activity can raise the body core temperature to higher
levels, which may cause a fever and make a person incapacitated. The maximum relies
on the intenseness of exercise. Heat monitors in the hypothalamus sense, nevertheless,
grow in blood temperature. This increase is compared with the thermal integration
center at fixed temperature. The differance between both of them is found (Powers and
Howley, 2001). For example, metabolism will" accrue to 20-25 times during fervent
aerobic exercise which can-build up more temperature by 1°C (1.8°F) within every 5

minutes (McArdle et al., 2006):

The capability of heat l9ss by radiation, convection and evaporation, is reduced

in the heat and humidity. #Compared to the similar. exercise in a suitable surrounding,

the incapacity of heat dispersion is éhoWn in a greater core temperature and higher
4
sweat rate when exercising in hot and humi‘fC_i place (McArdle et al., 2006).

’ )
After heavy exercise in the hot envir'érh'r'rjqnt, dehydration meets the levels which
b J s poslbd

the heat is dissipative. It also sntron_gly comﬁfnises the functionality of cardiovascular

=i

and exercise ability. Many typeé of 'sports céh cause ahuge amount of sweat and fluid

loss such as competiﬁi‘ons of football, hockey, basketball‘;)and running, etc. However,
physical conditioning ,_-(aerobic and anaerobic), accl[fnatization, hydration status,
intensity of exercise, sizefofsbody and number of clothing or equipments are significant
factors affecting sweat production during exercise (Godek et alg 2005). Hot and humid
environments impede the effectiveness of evaporative cooling and, promote large fluid
losses.PFigure 2.2 fillustrates a.lingar relationship between sweat, rate” during rest and
exercise ‘and the air's moisture content in ambient temperature equaled 43.3 °C

(McArdle et al., 2006).
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The variety of heat' | ; | | very mild to more serious life-

threatening diseases known' as/heat stroke. Thefe is no evidence that mild heat iliness

Without treatment, he : ion cal stroke (Howe and Boden,

e BUHINYNTNYINT

Heat edg‘rlna is the mildest fogsn of heat iIIn(‘aéfes. It appearsﬁaj, a dependent soft
tissue Qequalﬂnﬂeﬁvm%%qn{} WSH fa}@ g:limatization. In
addition,qcore temperature is still normal. Peripheral vasodilation to produce heat loss
leads to pooling of interstitial fluid in the distal extremities. This leads to an increase in
vascular hydrostatic pressure and results in third spacing of intravascular fluid in the
surrounding soft tissue which is commonly present in the ankles, feet, and hands. This
condition is commonly seen in older adults who enter a tropical climate without proper

acclimatization (Hoffman, 2001; Howe and Boden, 2007).
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Heat rash .

Heat rash (miliaria rubra or prickly heat), commonly presented as papular
erythematous, intensely pruritic, eruption in areas covered with clothing. It is commonly
present in the waist or areas where there is excessive sweating such as the trunk or
groin. Excessive sweating saturates the skin surface and clogs the sweat ducts which
results in leakage of eccrine sweat into the epidermis. In addition, secondary infections
with staphylococcus may produce prolonged .symptoms. Core body temperature

remains normal (Hoffman, 2004; Howe agd Bodeny2007).

Heat syncope

Heat syncope is assyndrome Whiéh involves loss of consciousness typically due
to prolonged standing, sudden rige from a.seated or lying position, or vigorous activity in
the heat. It also occurs ealy in warm we%hef, before acclimatization is complete. This
condition develops with orthostat_.ic_hypot'efﬁsliqn resulting from peripheral vasodilation
and venous pooling. Conditions of "hleat syh_c'bé.gé include dizziness, general fatigue, and
loss of balance. Athletes with heat syncopeér.}a to recover their mental status quickly

as blood flows to the central-Aervous systéfﬁ;—lin -addition, during heat syncope, core

temperature generally;irginains normal (Hoffman, 200°E-Binkley et al., 2002; Coris et al.,

2004; Cooper et al., 2006; McArdle et al., 2006; Howe and Bbden, 2007).

Heat cramps

Indications lof heat illnesses are presentedin the form of muscle spasms or
muscle cramps. Heat cramps are gonsisted of a_brief (less than .1 minute) muscle
contraction| /which"eccur; predominantly in; the muscles ' of | the [ower extremities,
abdomen, shoulders, and arms. Heat cramps usually occur after intense exercise,
relaxing, or taking a cool shower. When heat cramps occur, mental status remains
normal. It is often in the setting of poor acclimatization, negative sodium balance, and
diuretic use that heat cramps occur. In addition, core temperature may rise above 37°C
but generally remain below 40°C. Heat cramps usually occur after excessive exposure

to heat which leads to profuse sweating together with inadequate fluid and electrolyte
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intake or occur in individuals drinking large quantities of hypotonic fluids during exertion.
During heat cramps, spasms occur, causing painful muscle contractions. This results in
the inability to continue an activity for a short time. Furthermore, sodium loss is also
thought to play a significant role in exacerbating heat cramps. It is mostly found in cross
country runners that drink lots of water but don’t provide sufficient sodium which causes
a dilution in electrolyte level, hyponatremia, and can stimulate muscle cramps. Evidence
for magnesium, potassium, or calcium abnermalities contributing to heat cramps is not
yet clear, although, heat cramps may occur alone_ er concurrently with symptoms of heat
exhaustion (Hoffman, 2001 Wexler, 2002; Coris“et al., 2004; Cooper et al., 2006;

McArdle et al., 2006; Howe_ and Boden, 2007).

\

|
Heat exhaustion

Heat exhaustions the most Commclnl form of heat illness and is characterized by
the inability to continue exeraising in heatéd environments. It could be classified as an
early indication of heat illnesses. Heat exh’_éust?ion is a typical condition in which core
body temperature may rise above '3‘8°C, B'Ljr_%'_fgel_nerally remains below 40°C (Hoffman,
2001). Symptoms of heat exhauétion ind;adg heavy sweating, nausea, vomiting,

headache, fatigue, Weakness,ﬂéh-d cold or cléh%}ﬁ_y‘skin. Critical to the diagnosis of heat

exhaustion is normalr rﬁéntation and stable neurologic statUs_('Howe and Boden, 2007).

There are two types of heat exhaustion, water-depletion and salt-depletion.
Individuals that;encounter activitiestin & hot=and ‘humid-enviromment who do not stop to
replenish fluidsgare most susceptible to water depletion heat exhaustion. Those who
cannotsreadily access fluids, for example ghildrens-mentally-ill-angsparaplegic patients,
are at an "even’ higher risk ©f “heat™exhaustion.” Insufficient” fluid “intake results in
hypernatremic dehydration, which occurs quickly, often over only a few hours. In
addition, heat exhaustion may also occur due to salt depletion which is less common
than water depletion. It occurs among patients who have adequate fluid replacement,
but not enough salt. In this case, symptoms of salt depletion may develop over several
days. Contrasting from water depletion heat exhaustion which commonly occurs in

healthy individuals, children with cystic fibrosis, especially if young and unable to meet
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increased salt requirements, are at a risk for electrolyte depletion. This results in
hyponatremic dehydration, where most patients are actually faced with both salt and
water depletion (Hoffman, 2001; Wexler, 2002; Coris et al., 2004; Cooper et al., 2006;
McArdle et al., 2006; Howe and Boden, 2007).

Heat stroke

Heat stroke is the most serious farm of heat-related ilinesses and involves a life-
threatening medical emergency. It is/ characterized by a complete loss of
thermoregulation which usually.oceurs s_thddenIy. li-heat exhaustion goes unrecognized
or untreated, it could possibly‘leadto heat stroke. Core temperatures are usually at 40°C
(Hoffman, 2001; Binkleyset al,.2002; Wexller, 2002; Heat stroke, 2004; Coris et al., 2004;
Glazer, 2005; Cooper.et al.y2008; HOWJé 9nd Boden, 2007) or 41°C (McArdle et al,

2006) or greater. It alsofCauses a disturbkance in the central nervous system, such as

i
\ -

confusion, ataxia, irritability, or Com"a. In a?yo“ung person, symptoms of heat stroke are

clearly presented, making it easy to diagnofs"ei %
i .-'l ?

il

Initially, patients suffering:“from héii%}étroke may complain of nonspecific
symptoms, similar to those of- heat exhaué;ib&—Some common signs of heat stroke
include disorientation _ér confusion, muscle Iwitghiagjlaxiléi"irritability and anxiety with
tachycardia, hypervérifilation, dyspnea, renal failure, hepato--clellular necrosis, pulmonary
edema, arrhythmia, and shock. Most often, patients present signs of complete physical
collapse, neurdlogic] dysfunction f(ranging: from fconfusion <to delirium, psychosis,
seizures, and caema), anhidrosis, or cessation of sweating. When heat strokes occur, the
skin is typieally hotdrysand ashen It is,important io,know thatlack-of sweating is not an
absolute diagnostic “criterion, “especially in "exertional ‘heat strokesbecause initially
patients may sweat profusely and may only develop anhidrosis as they become volume-

depleted (Hoffman, 2001; Wexler, 2002; Coris et al., 2004; Cooper et al., 2006; McArdle
et al., 2006; Howe and Boden, 2007).

So far, two types of heat stroke have been described, classic and exertional.

Classic heat stroke involves the environment playing a major role in an individual’s ability
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to dissipate heat. On the other hand, exertional heat stroke is where intrinsic heat
production is the primary cause for hyperthermia. Even though there are differences,

patients show a combination of both because the symptoms are quite similar.

Classic heat stroke occurs more commonly in infants and ill (febrile) children as
well as in the elderly, intoxicated individuals, and the chronically ill, all of whom have a
diminished ability to sweat. Hyperthermia, in classic heatstroke, has a slow development
process, often over several days, and usually.happens during heat waves. In contrast,
onset may be rapid for a child-left in aJhot Caf=or'a non-air-conditioned environment.
Triads of coma, hyperthermia, anhidrosis, mental status change, and hot, dry skin are
often presented in classiC heat stroke (Hoffman, 2001; Wexler, 2002; Coris et al., 2004;
Cooper et al., 2006; MeArdlgtet al ; 2QO6;L_HQ,vve and Boden, 2007).

- =t

Exertional heat stioke' generally 'Qccurs iIn young, otherwise healthy, active
individuals, for example, vigorously exe'rig’;@qg athletes, marching band members,
military recruits at boot camp, or labarers \M;[Q are not yet acclimatized to a hot, humid
environment. The individual’s ab‘ilhy to sweatﬁfﬁé@;‘still be functioning, but it is inadequate
to dissipate both the endogenous and e.xogér’rous heat burden. Hyperthermia in
exertional heat strokez dexzel@ps_tapmuy_e@ntﬁaslmg_m,m classm heat stroke, and can
quickly progress to cardlovascular collapse. Symptoms of exertlonal heat stroke may
include severe lactic abidosis (accumulation of lactic acid in the blod), hyperkalemia
(excessive potassium ifi theé blood); rhabdomyolysis’ (destruction of skeletal muscle that
may be associated with strenuous exercise), myoglobinuria, and disseminated
intravasculary’ coaguiation:y(a=bleeding| wdisordery characterizedy, by | diffuse blood
coagulation) (Hoffman, 2001; Wexler, 2002; Coris et al., 2004; Cooper et al., 2006;
McArdle et al., 2006; Howe and Boden, 2007).
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Tolerance to environmental heat stress

Each person has different capacities to tolerate heat stress. Factors affecting

tolerance to environment heat stress are as follows: (table 2.1)

1. Body composition
Excessive body fat negatively impacts exercise performance in hot
environments. The over fat person also possesses a small body surface area-to-mass
ratio for sweat evaporation eempared wi_t}h a leanerperson. Excessive body fat directly
adds to the metabolic_cest~of weight-bearing activities, and retards effective heat
exchange. For individuals ofssimilar bod|y mass, greater thermal stress is required to
elevate the body core temperature of(indi\gio!uals with lower adiposity levels compared to

those with higher adiposity begause .of t&e respective specific heat of adipose tissue

[
\ ,-

(167 kdokg'+°C") compargdl flo fat-ree mass (335 kJekg'+°C”) (Falk, 1998).
Individuals with a higher percentage body-"%‘at ‘are at disadvantage during exposure to

‘ 4 p._
hot environments because less Heat is rédeFed to be stored before the body core

A4

-t

temperature begins to rise and increased tt:a‘ffsk of heat illness (Haymes et al., 1975;

5 J 4y g
g

Sinclair et al., 2007). "\

Studies-en the heat tolerance capabilities 0%’\;arious levels of adiposity in
pre-pubertal children (é'ge 9 — 12 years) have indicated that heavier children exhibit

greater physiological [strain/whilerexercising=(481452% VO in:the heat on the basis of

2ma><)
higher rectal temperature and heart rate (Haymes et al., 1974; Haymes et al., 1975).
Therefore, golerance+of heat in-obese persamyis-less, than person of nermal weight, and

the risk of heat iliness is higherthan normal-weight person.
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Table 2.1 Factors affecting tolerance to environment heat stress.

Factors affecting tolerance to environment heat stress

1. Body composition
Age
Gender
Acclimatization

Exercise training

2.

3.

4.

5.

6. Hydration status
7. Clothing

8. Convectivesalr carents
9. Radiant heat gain

10. Relative humidity

2. Age
Tolerance 10 heal: siress is also affected by age that is dissimilar
between children and adults. For morpholegic and physiologic reasons, exercising
children do not adapt as efficiently as adults when exposed to a high climatic heat
stress (American Academy of Pediatrics, 2000). This may. affect their performance and

well-being, as well as inCrease the risk of heat illness .

The reasons for these differences include: 1) Children have a greater
surface area-to-body mass ratio thansadults, which.causes a greater heat gain from the
environment'on a hot day/and a greater heat loss to the environment on a cold day, 2)
Children "produce more metabolic heat per mass unit than adults during physical
activities, and 3) Sweating capacity is considerably lower in children than in adults,
which reduces the ability of children to waste body heat by evaporation (American
Academy of Pediatrics, 2000). Children show a lower sweating rate and higher core
temperature during heat stress than adolescents and adults but they also take longer

time to adapt to heat. In this way, children exposed to environmental heat stress should
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exercise at a reduced intensity and receive additional time to adapt than adult
competitors. Furthermore, there are some studies comparing the physiologic responses
of exercise regarding age and gender, which will be described later in the topic of

“Related studies on exercise in the heat”.

3. Gender
Women and men equally; telerate the physiologic and thermal stress of
exercise when matched for fitness and adaptation levels; both genders adapt to a
similar degree. However,..gender _‘c’jifferences occur for the following four

thermoregulatory mechanisms(McAidle et al., 2006):

3.1 Sweaiing lJ.

Women hayé mibré heat-activated sweat glands per unit of skin area than

men. Women begin sweating at higher skin .and core temperatures; they also produce
4
less sweat for a similar heat=exercise load,"iéver) when acclimatized comparably to men

(McArdle et al., 2006). ; ny

ald -’J.".._
i 7l
3.2 Evaporatwe versus cwcﬁlﬁfory cooling

a| Vo

Desplte a Iower sweat output, women show, heat tolerance similar to men

of equal aerobic f|meSS at the same exercise level. Women possibly rely more on
circulatory mechanisms for heat dissipation to maintain thermal balance. They have less
chance of suffering dehydration during exereise at high environmental temperatures,

whereas men exhibitigreater,evaporative cooling (McArdle et al.;2006).

313 ~Body surfacerareasto:mass-ratio

Under identical conditions of heat exposure, women cool at a rate faster
than men through a smaller body mass across a relative large surface area because
women have a larger body surface area-to-mass ratio, a favorable dimensional

characteristic to waste heat (McArdle et al., 2006).
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3.4 Menstruation

The change in thermoregulatory sensitivity during the menstrual cycle
does not affect ability to exercise or perform strenuous physical work in a hot condition.
Initiation of sweating requires a higher core temperature threshold during the luteal

phase of menstruation (McArdle et al., 2006).

A lot of the current literature have been centered around gender-specific
maturational or physiological studies (Haymes eiwal., 1974; 1975; Bar-Or et al., 1980;
Falk et al., 1992a; 1992b; Inbar et éjl., 2004: Rowland et al., 2007) as well as

comparative studies between pre-pubertal children and adults (Wagner et al., 1972;

Drinkwater et al., 1977; Inetie et al., 2004).

i

At this dimesa gap existg in the available literature comparing the
thermoregulatory demands of pre;buberta:li.L t;oys and girls exercising under a variety
level of environmental conditions. B(jys and:'gjjrllsf are different in circulatory, temperature,
fluid regulation and metabolic r_gséi_ﬁhses (an-cl:lﬁalr et al., 2007) as well as in motivation

(Sirard et al., 2006). Accordingly, there ar%dme differences in men’s and women’s

g =i

responses to heat stréss when they are maiched by aerobic fitness level. In hot humid

conditions women ma;/:‘have a benefit in losing heat becau;e' of their larger surface area
to body mass ratio. Additionally, in humid males lose the advantage of greater sweat

production as the sweat drips:and does not vaporize .

4. Acclimatization
When, moving 40* a-warmer environment @and exercising) individuals must
allow time to become acclimatized. Heat acclimatization refers to the physiologic
adaptive changes that improve heat tolerance. Repeated exposure to hot environments,
when combined with exercise can improve capacity for exercise with less discomfort
during heat stress. Figure 2.3 shows that 2 to 4 hours daily of heat exposure produce
essentially complete acclimatization after 10 days. Acclimatization helps decrease risk

of heat illness (McArdle et al., 20086).



23

Rectal temperature, °C
Heart rate, b - min™!

Sweat loss, kg per 70 kg - h™!

100 minutes of daily heat-€x ,.——_— osure f 9 consecutive days (McArdle et al,

2006).

Repetitilf exposure to enis results in the progressive
- |

adaptation of several physiological systems to thermal stress. As acclimatization

progresses, pﬂﬂﬁlﬁaﬁ ﬁ%%.: WEonfTafTﬁto cutaneous vessels,

which facilitates) jheat exchange from the core to the skin. Optimal acclimatization
necessitat dﬁlq teﬁw ' . i lmr [ t ‘s ibution maintains
blood iﬁe d@ng ﬁmgﬁw’lghﬂﬂaﬁr nﬂ) for sweating
complements this circulatory acclimatization. These responses initiate cooling before
internal temperature increase substantially. After 10 days of heat exposure, sweating
capacity nearly doubles, and sweat dilutes (less salt lost) and more evenly distributes on
the skin surface to facilitate greater cooling. For an acclimatized individual, increased

sweat loss elevates the need to rehydrate during and following exercise. A heat

acclimatized person exercises with a lower skin and core temperature and heart rate
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than an unacclimatized individual because of adjustments in circulatory function and
evaporative cooling. Unfortunately, the major benefits of acclimatization to hot
environments dissipate within 2 to 3 weeks after return to more temperate conditions
(McArdle et al, 2006). Physiological responses to heat stress are summarized in Table

2.2 (Binkley et al., 2002).

Ability to acclimatize is ‘also dependent on age, sex, humidity and
physical fitness. For example, children acclimatize more slowly than adults (Sinclair et
al.,, 2007), and may need 8 to. 10 eXposure (80"to 45 minutes each) to the new
environment to adjust appropriately. Although pre-pubertal boys (age 8 - 14 years)
display similar physiolegical sesponses tﬁuring heat acclimatization, the acclimatization
rate in pre-pubertal childrends somevyhat}sl‘p:wer than adults (Wagner et al., 1972; Inbar
et al., 1981). Researchshas investig.ated :the acclimation of pre-pubertal boys (8 - 14

| #

years) via physical conditioning at j85%ﬂ'|ém under dry heat (43.0 - 49.0°C and

ax

21%RH) and thermoneutral (23°’C’.'apd 50% RH) environments (Wagner et al., 1972;
7 < 2
Inbar et al., 1981) as well as via proposed pérégiye thermal loading (Inbar et al., 1981).
I « '_-'-'__'-'_,IJ

The American Acadeny of Pedraﬂnes recommends that these exposures
be taken once per" d‘ay_Ai_the_begmnmg_gf_a_sttenuous ‘exercise program or after
traveling to a warmer chmate should avoid exercising durlng the hottest part of day such
late morning through aﬁernoon, the intensity and duration of exercise should be limited
initially and then gradually’increased during, a. period ‘of 10}t6+14 days to accomplish
acclimatization to the heat. When such a period is not available, the length of time for
participants duringrpractiee; and competitionishould ke shortened(American Academy

of Pediatrics, 2000).
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Table 2.2 Physiologic Responses After Heat Acclimatization Relative to

Nonacclimatized State (Binkley et al., 2002).

Physiologic Variable After Acclimatization

(10-14 Days’ Exposure)

Heart rate Decreases
Stroke volume Increases
Body-core temperature Decreases
Skin temperature Decreases
Sweat output/raté Increases
Onset of sweat Earlier in training
Evaporation of.sweat Increases
Salt in sweat Decreases
Work output Increases

Subjective discomfort (rating of

perceived exertion [RPE}) Decreases
Fatigue Decreases
Capacity forwork Increases
Mental disturbance Decreases
Syncopal response Decreases
Extracellular fluid volume Increases
Plasma'volume Increases

5. Exercise training.

Exercise training increases sweating response sensitivity and capacity
so sweating begins at a lower core temperature. These beneficial responses relate to
the increase in plasma volume that occurs early in endurance training. An increase in
plasma volume supports sweat gland function during heat stress and maintains

adequate plasma volume to support skin and muscle blood flow demands of exercise. A
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trained person stores less heat early during exercise and reaches a thermal steady state
at a lower core temperature than an untrained person. Athletes who train and compete
in hot weather have a distinct thermoregulatory advantage over those who train in cooler

climates but periodically compete in hot environment (McArdle et al., 2006).

The young child is exercising at a greater relative exercise intensity (i.e.,

percent of peak work, reflected as V a ) than the adult. For example, Cureton et

al. (1997) presented cross- sec g data (8 kmh™) in 3 groups of boys

\
Iat&e in

ages 7-10, 11-14, and 15- & or the three groups were 74.6%,

63.2%, and 61.7 % of V. y Unnithan and Eston (1990),

the relative intensity w e boys and men, respectively.

higher. Therefore, exercise Si ‘ ' nt for the risk of heat illness.
AR ‘

The relative risk of heat e indic th a percentage of VO, ... The

training advantage for ther % : o nly if the individual fully hydrates during

exercise (McArdle et al., 2006)"'5 BN T
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Figure 2.4 Relationship between esophageal temperature and oxygen uptake

expressed as a percentage of VO, . (McArdle et al., 2006).
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6. Hydration status

Hydration status is another major factor in improving performance and
limiting heat iliness in the hot environment exercising. Hydration issues can be divided
into three main components: 1) pre-exercise 2) exercise and 3) post-exercise hydration.
There is a study reporting that lower levels of dehydration with fluid loss up to 2% of
bodyweight can result in performance decrements in during exercise (Murray, 2007).
Furthermore, dehydration with fluid:loss occasionally as high as 6-10% of bodyweight,
appears to be one of the most common risk iactors for heat illness in patients. Core
body temperature has beensshown to fise an-additional 0.15-0.2 °C for every 1% of

bodyweight lost to dehydration"during exercise (Coris et al., 2004).

Degree.of denydration during exercise isdictated by fluid intake as well

as sweat rate. No experimental data are available regarding maturational differences in

i
\ -

thirst drive relative to dehydration"'threshc;fldsf. Limited information suggests, however,
that voluntary drinking andidehydration du_rfh-g ‘exercise in the heat is similar in children

; L1
and adults (Rowland, 2007). A stiidy by'F_Q_‘QWI?nd et al. (2008) 8 boys and 8 men
consumed an average of 5.1 and5:3 mlkg’L—re.,_ respectively, when drinking cool water ad

libitum during cyclingsin 31 C50% relative hhr'r-wi—a_itg/ for30 minutes.

Based’ 6n findings in two separate studie‘s-,-lBar—Or et al. (1980, 1976)
suggested that at any Q'iven level of dehydration, a child’s core temperature rose more
rapidly than an‘aduit} Eleyer, 12-year-old beysiecycled with-fluid:intake at 45% VO,, ., at
39°C 45% RH (Bar-Or et al., 1980). On the average, core temperature increased by
0.28°C.fer eaeh~1 %-increase in=weight lossy ln the secand study, 4~oung adults (2 men,
2 women) performed treadmill"walking ‘without fluid replacement in"38=39°C of ambient
temperature. The rise in core temperature for each 1% increase in weight loss was

0.15°C (Bar-Or et al., 1976).

The boys in the study by Bar-Or, et al. cited above reached dehydration
levels of 1- 2% after cycling for 80-100 minutes (Bar-Or et al., 1980). Voluntary drinking

amounted to 66% of fluid loss. The authors noted that comparisons with studies in adults
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were difficult because of different climatic conditions, exercise protocols, and type of
ingested fluid. lllustrating this, Rivera Brown et al. (1999) found that voluntary intake
could replace fluid loss of 78% with water intake but over 100% with intake of a

glucose/electrolyte solution in 12 boys cycling in 33°C 58% RH with ad libitum drinking.

Furthermore, excessive sweating places demands on the body’s fluid
reserves. Sweat is over 99% water, with: most of the water derived from blood plasma.
Hence, sweating reduces blood volume ‘and" creates dehydration. If fluids are not
replaced, core temperature " may: rise to_gangerous levels. Fluid replacement maintains
plasma volume so that.eiretlation-and| sweating can proceed at optimal levels. For
example, 400-600 mL«2-3 standard glasses) of fluid should be consumed at least 30
minutes before and 200-300¢m L« (1—2.glaslfse’,s) every 15 minutes during physical activity

in hot humid conditions#In eventsiup-te-90*minutes, plain cold water is the best fluid to

i
\ r

consume. Heavily concentrated salt/sugari_éﬂolhtions should be avoided since they delay

water absorption. In prolonged ('over 9'0'*" minutes) intense exercise in the heat
?’

commercially available carbohydrate/electré]yte replacement fluids may improve

endurance performance by mcreasmg glucose avallablllty The optimal concentration

for these drinks is con3|dered to be b- 10% as h|gher concentranons will slow gastric

emptying. The thirst: mechanlsm is generally an |mpreC|se gwde to water needs as the
feeling of thirst is delayed and suppressed during exercise. Fluid intake prior to and
following the event combined with regular dintake throughout should ensure that fluid
losses are completely. replaced. Compléete rehydration should oecur before participation

in another event or training session (Heat stress and.exercise, 1994).

7. Amount, type, and color of clothing
Many heat-related illnesses can be avoided by using common sense in
hot weather. Clothing should be light-weighted, loose-fitting and limited to one layer of
absorbent material to facilitate evaporation of sweat. Sweat-saturated garments should
be replaced by dry garments. Rubberized sweat suits should never be used to produce
loss of weight. In sunlight conditions, light colored clothes should be worn while dark

colors absorb light more and add to the radiant heat gain and may be helpful to have an
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umbrella and a hat to use as a sunshade to shield small children from the sun (American

Academy of Pediatrics, 2000; Coris et al., 2004, McArdle et al., 2006).

8. Convective air currents
Convective air currents is the transfer of heat that results from the
movement of air from one location to another, usually as a result of a stream of air
produced by thermal convection caused: by differences in temperature. Total sweat
vaporized from skin depends on convective air eurrents around the body. Therefore,
wind is a component in helping transfe[}heat frome«the body to air. If the air velocity is

higher, the body core temperattre.will be lower (MeArdle et al., 2006).

9. Radiant heat'gaif 1

Radiant heat gain is-heat transfers by radiation from the environment

directly into the body (McArdle‘et al., 2006—)“. Since the core temperature is elevated that
causes risk of heat illness, exercise train‘;ng sessions should be avoided during the
hottest part of the day (late momihg:;to the:.;aj:t__ielr'noon) and to avoid radiant heating from
direct sunlight (Hoffman, 2001).»-_':.Furthermoré;_'.é:r_ujany events can be avoided at the time

period between 10.00 am to 6.00 pm for the‘.;rf}ogtmtense exercise (Werner, 1993; Coris

et al., 2004). If this is ri'pt possible then the event should be“';conducted with an expected

completion before 800 am (morning events) and star‘ting'ftl’r'ﬁe after 6.00 pm (afternoon

events). o’ -

10./Relative ‘humidity
Relative humidity is particularly important for exercising in a hot and
humid”envirenments/If, the' relative humidityis higher, the risk ofi heat illness will be
higher. On the other hand, risk can be approximated by utilizing a heat illness risk
assessment chart (figure 2.5) with ambient temperature and relative humidity (National

Oceanic and Atmospheric Administration, n.d.).
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Relative Humidity (%)
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ACICIGIE r 8 -ﬁ 36 (56 a7 Fatigue possible
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tlonal 'Oceas'rf and Atmospheric Administration, n.d.).

Figure 2.5 Heat Stress |

relative humidi

— 3 ?..—_; \
# f xinda s b id .i
it

Relative humidity.is. Calculatefﬂ-.b@sed on wet bulb temperature records

by an ordinary mercuﬂy thermometer and a thermometer—véth a wet wick that surrounds

the mercury bulb vveT{bulb ) exposed to rapid air movement in direct sunlight. On a dry
day or in case of low ré‘r}ative humidity, significant evapofa’fion occurs from the wet bulb.
This creates a eeoling effect-that;maximizesthedifferenee between the two thermometer
readings. A small difference between readings indicates high relative humidity whereas
a large.difference Vir?dicates little~air maisture and."a, high rate gf‘ evaporation. When
relative‘ hum‘i‘dity is h-igh, the'ambient'water vapor pressure-approaches-that of the moist

skin and evaporation is impeded. The higher humidity hence aggravates an elevation of

the core temperature (McArdle et al., 2006).

Several football deaths from heat injury occurred when air temperature
dipped below 23.9°C (75°F) but relative humidity exceeds 95% (McArdle et al., 2006).

Thus, the intensity of activities that last 15 minutes or more should be reduced whenever
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relative humidity, solar radiation, and air temperature are above critical levels. For
specific recommendations, cautions with prolonged exposure and/or physical activity in
various heat stress indexes. One method of increasing rest periods on a hot day is to

substitute players frequently (Howe and Boden, 2007).
Evaluating environmental heat stress

The estimation of the heat stress of the.environment aims to abate the amount of
possibility of harm caused from heat durfng exercise. It is suggested by The American
College of Sports Medicing«(ACS8M) that the heat stress should be evaluated to show

how severe the heat stress is.#\VVet BuIbVlGlobe Temperature (WBGT) index is used for

this measurement. L

_—

i
\ -

The heat stress of environment caribre most precisely forecasted by the above

method as shown in figure/2.6:which consists of variables; ambient heat, humidity, and
' 4

¥ K
radiant stress from direct sunlight. A formulais illustrated as follows (Yaglou and Minard,
'y - de s Ad

1957:; Sandor, 1997; American Abad_emy of Eﬁiétrics, 2000; Howe and Boden, 2007):

WBGT index = 0.7 Ty + 0.2 Tag+ 001 T,

The wet bulb tefnperature is represented by T,,,. The black globe temperature
is shown as T, while the“dmmbulb temperature is presented as T,;. The temperature of
adiabatic saturationqis| regarded| as ithe ‘web bulb temperature. The temperature is
defined by a moistened thermometersbulb which issuncovered to the air circulation. This
level istthe minimum temperature, reached by the water vapourization: | Additional, dry
bulb temperature is one of the air properties which is widely used and referred to the air
temperature. A normal thermometer is applied to evaluate the airstream meanwhile a
regular thermometer with a black metal sphere around the bulb is used to keep the
globe temperature. It has an important ability to suck up radiant energy from the

environments.
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Tos Will be equal to Tg; when there is no radiant heat load. Then the formula
should be (Dukes-Dobos, 1995; Sandor, 1997; Binkley et al., 2002)
WBGT index = 0.7 T3 + 0.3 T,

Wet Bulb Globe Temperature (WBGT) from Temperature and Relative Humidity

ermperature (°C)

26 27 28 29°G0 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50
] 15 15 18 18 19 19 20020 21 22 22025 B3 24 24 25 26 X5 27 XN 28 X8 29 28 30 3 31 32 32
= 16 16 18 1919 20 21 2 22 22023 24 24 25 0006 27 A7 28 29 29 30 31 M 32 353 33 34 35
(N 16 17 1919 20 21 21 224 203 23 24 25 2508 7 2F 28 29 30 30 31 32 32 33 34 35 36 36 37
15 NN 19 20 2120244 5 05 24 @8 26 26 24 2528 .20 30 31 32 33 33 34 35 36 37 38 39
il 17 15 20 21 21 P2 Eedd 2 D5 2R X7 2728028 30 31 32 32 33 34 35 36 37 38 39

Eal 10 15 19 20 20 21722725 4e@L @0k, 2F 28 28 2930 31 32733 34 35 36 37 36 39

SN 10 15 20 20 21 22 2585 4000 Our PF 28 29529 30831 I2ed3.34 35 36 37 39

el 10 19 20 21 22 22703 24005 2R 29 25 29 30 31 32 23343536 37 38 39

IOl 19 20 21 21 22 23 05 26 oF 28/09 30031 32 93 3435963 B B

Lol 19 20 21 22 23885 JB VR0 2950634053 34 35 36,57 38

Il 20 21 22 23 23 24 2506 27 2B 29°30-31-83°34 35 36 37 39

mal 20 21 22 23 24 2500 ZRFUGIEORED Sed2esd 55 80 87 38

Gl 01 22 23 24 2508 2708 28 300 A1 32033 85 36 3% 3R

Al 21 22 23 24 25 26 2020 31 32 3834 EIE 37 38

Fl 20 23 24 25 26 27005 29 30031 33 31 35 36 36 39 WEBGT = 40
Fial 22 25 24 25 26 27 29 80 30 3233 5536 37 399
=l 23 24 25 06 27 28 29950 32 33 34 8537138 4
03 24 25 26 28 29 30 31032 M A5 am A
EN 24 D5 26 27 26 29 31 32053,35. 36050 30 il .
cloll 04 D06 26 27 29 30 31 33 34 363738
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Mote: This table is cnmpﬂecLlfrnm an apprnxﬂﬁafe‘fnrmuha thtﬁi“h‘Wpends on temperature and humidity. The farmula is

_:l valid for full sunshine and a light win E‘.
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Figure 2.6 Wet Bulb Globe Temperature from Temperature and Relative Humidity

(Howe and Boaden, 2007).

It is easy to find the tools used for this measurement as presented in figure 2.7.
Anywayyit isyquite-hard to use if.there.is no training.. WBGT guidelines are available
from local weather service. It is very helpful for coaches, athletic directors, and athletic

trainers to prepare themselves, especially during hot season.
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Nevertheless, tor which affects the formula

of heat stress. Itis a Sports Medicine (ACSM) that

the sport events during en! WE Jbove 28°C (82.4°F ) should be

practice or heat cramps was exhibited the greatest iliness rate. The category of

hazardous riskﬁﬂﬁﬁﬂ”ﬂl%{ '8Iqi|@;jed to show the majority

of WBGT Index @adings occurring in August practice dura

ARIAN TN INAE
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Table 2.3 Risk Categories in Wet Bulb Globe Temperature Readings (Cooper et al.,

2006)

Risk Category Temperature Comments
(°C)
Low risk <18 Risk low:but still exists on the basis of risk factors
Moderate risk 18 -23 Risk levelinereases as event progresses through the
day
High risk 23=28 EVeryone should be aware of injury potential,

individuals at risk should not complete
Hazardous risk =728 Considerirescheduling or delaying the event until

safer conditions prevail; if the event must take place,

be on high alert

Furthermore, based /on this information,,the American Academy of Pediatrics
recommends the following for children and adoléscents. For specific recommendations,

see Table 2.4.
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Table 2.4 Restraints on Activities at Different Levels of Heat Stress. (American Academy

of Pediatrics, 2000)

Comments

<24 All activities allowed, but be alert for prodromes

of heat-relatedilimess in prolonged events

24.0-25.9 Longer rest periods in the shade; enforce
drinking every 15-minutes

26 -29 Stop activity of unacclimatized persons and

other.persons with high risk; limit activities of all
others (disallow long-distance races, cut down
further duration of other activities)

> 29 Cancel all athletic activities

Related studies on exercise i the heat in ehildren

From the impaetl of exercise in the heat mentioned above, children have lower
heat acclimatization and a higher risk of heat illness than adults, which is consistent with
the study of /€hildrent exercising in theatedaenviranments «(American Academy of
Pediatrics, 2000). Accordingly, this leads to studies in comparing physiological

responses oetween-both male-and<female ehildren-and adults.

Regarding the study in females, Drinkwater et al. (1997) conducted research
about the physiological responses of children and adults exercising in heated
environments. In conducting this research Drinkwater and colleagues had subjects walk

on a treadmill at approximately 30% VO in three environments consisting of 28, 35,

2max

and 48°C and relative humidity at 45, 65, and 10%, respectively. The study showed that

the cardiovascular response in children and adults were significantly different at all
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temperatures. Children had lower stroke index and higher heart rates, thus finishing the
walks with a higher rectal temperature. However, there was no difference in cardiac
index, mean skin temperature, forearm blood flow, and percent loss in body weight in
both children and adults. The authors concluded that marked circulation instability was
a primary factor in the lower tolerance level of prepubertal girls to exercise in the heat.
Later, in 2006, River-Brown et al. conducted a study on physiological responses in
association with exercise tolerance in children and women of similar fithess and heat
acclimatization levels during exercise underhot and humid outdoor environments. The

subjects performed a cyeling session“at 60% VO in 33°C environment, relative

2max

humidity at 55%, and energy-drinks were provided periodically to prevent dehydration.
The results indicated no differences of tHlermoreguIatory and cardiovascular responses

in both groups. Thereforegthefauthors conéluded that dehydration can be prevented if

_—

children are acclimatized te'heat and are provided with sufficient amount of water.
4

In the study of the males, Ihb'ar et a'I"' '{2004 conducted research, comparing the

physiological responses of chﬂdren and adults undergoing exercise in hot
,u

environments. The study Compared the th_moregulatory responses in prepubertal

boys, adults, and theelderly. In conductlng thls research, the subjects performed a

cycling session at the |ntenS|ty level of 50% VO for 85, minutes (three 20 minutes

2max
sessions with three 7 minutes rest periods) in 41°C environment and relative humidity at
21%. The results showed=sthat thermoregulatory responses in the rise of rectal
temperatures had ne difference between alli@age groups. Furthermore, it was calculated
that prepubertal boys, adults and the elderly required 12.3 + 0.7,56:9 = 0.9, 4.1 £ 0.5
watt oféheati energy, respectively, .o raise their core body temperature by 1°C. In
addition, " it is concluded that prepubertal boys seem to be the most efficient
thermoregulators while the elderly are the least efficient. Later, in 2008, Rowland et al.
investigated exercise tolerance and thermoregulatory responses of children and adults
while cycling in hot environments. The study was conducted by enduring cycling

sessions at 65% VO, __ in the temperature of 31°C, relative humidity of 57% and 50% for

2max

prepubertal boys and adults, respectively, with sufficient water provided. The results
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indicated that there no difference in hydration status between children and adults. In
addition, the study failed to reveal any differences in thermoregulatory responses,
cardiovascular responses, and exercise tolerance in children and adults. There were no

signs of dehydration because both groups had a good hydration status.

Furthermore, in 2007, Bergeron et al. studied thermoregulatory responses during

the Boy’s 14-year-old National Com ennis Championships. The study aimed to

examine core body temperatur well as pre- and post-play hydration

status in the hot environm atches. The results indicate that

rectal temperature incr .\. ~match and the Wet Bulb Globe

R

Temperature (WBGT) went over limit reaching up to

28°C. It was conclud : ‘ . \\\ Ore
£ AN

status be ach match, would cause an
increase in thermal s f is-ca v\ the player in a risky position of heat
P

illnesses.
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CHAPTER IlI

RESEARCH METHODOLOGY

Research design

The present study is of an observational descriptive research design which
determined climatic conditions, body temperature, cardiovascular response, and
hydration status during outdeor exerciseJin physieal education class in the schoolboys
of Chulalongkorn UniversitysDemonstration ElementarnySchool. The study was approved
by the Institutional Review BoardFacultyiof Medicine, Chulalongkorn University (IRB no.

i
121/52).

Study population and sample

In this study, the target "pbpulatieﬁ‘was students of elementary school in

Bangkok. The study populahon was sch?olboys studying in grade 1 to 6 of

"

Chulalongkorn Un|verS|ty Demonstrahon Elementary Schoal. There were seven classes

in each grade and 15;20 boys in each class, therefore madelup of 778 schoolboys. The
samples were recruited according to the following inclusion criteria and also gave

informed consent to parti€ipate in the study.

Screening

Subjects of this study were the 1% to 6" grade schoolboys of Chulalongkorn
University Demonstration Elementary School in the academic year 2009. The survey was
conducted by distributing questionnaire, consent form, assent form and patient
information sheets to a total of 778 schoolboys. 496 out of 778 students were permitted
by their parents to participate in the survey. However, 39 students did not exercise

outdoors during their physical education classes, therefore, only 457 surveys were
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collected in this study. Data before and after outdoor exercise in physical education

class were recorded only once for each student.

Inclusion Criteria

1. Schoolboys who are studying in grade 1 to 6.

2. The student must do exercise or play sport outdoors during their

1. Children w injured on tt of the survey or during

2. Children w slated ilness.

e questionnaire.
Data collection Period

The data were colle ] second semesters of the academic

year 2009 (July t"*-’-ﬁﬁaﬁmﬂiiﬁm==mﬂ5‘ 2009 to February 2010,

: AL

respectively) during th ol¥jie sical-education class between 9.40

am — 3.40 pm (9.40 am- 1140amand1240pm 3.40 pm).

mmmmﬂuﬂ?ﬂﬂﬂ§W8”ﬂi
AN IUANYINY. oo

2. Weight measurement (Yamato DP-6100GP, Yamato scale CO.,LTD, Akashi,

Japan) with discrepancy of + 20 grams

3. Height measuring board

4. Wet bulb temperature measuring devices for wet bulb, dry bulb, and black

globe temperature (QUESTEMP 15 °, Quest electronics, U.S.A.)
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5. Skinfold Caliper for measurement of skinfold thickness (Lange skinfold
caliper, Beta Technology Inc., Cambridge, Maryland)
6. Digital sphygmomanometer (ES-H55, Terumo Corporation, Tokyo, Japan)

7. Ear thermometer (Terumo ear thermometer EM-30CH, Terumo Corporation,

Tokyo, Japan)

8. Video camera (So C46, Sony Corporation, Tokyo,
Japan) |

Parameters

1. Climatic conditio &d. by wet bulb temperature measuring

1.1 AlrtemperaW‘,
1.2 --,-l v v
N
2. Activities d@wg s Jce s m

2.1 D%ta collection of typ&’and duration of activities during physical

P U BB R oren e

each activity yas determlned as Metabolic Equlvalent of Task

Q Wr] a‘@ﬂ ﬁﬂd gﬂﬁ%%ﬂqa Esjaoh activity by

Ainsworth et al (2000).

3. Subjects
3.1 Demographic data
3.1.1  Body weight
3.1.2 Height
3.1.3 Body mass index (BMI)
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3.1.4 Body surface area (BSA)
3.1.5 % Body fat
3.1.6  Physical fitness test
3.2 Physiological changes before and after exercise
3.2.1 Core body temperature measured by using

Infrared temperature sensor for ear temperature

ular responses measured by using

manometer
qe rate

< . 3lood pressure
ra m_\?‘. ‘
' 12 mtake

. loss/rate

Data of the dents w uffe - from heat-related illness were

collected. Symptoms and S|gns 4 in the incidence report form mild edema
in hands, feet and ankles 2t edema). pruriti d papulovesicular skin eruption
over clothed area 1'1‘(1 cfiof s (heat cramps), loss of

postural control, dizzings and generalized weakness (h@ syncope), profuse sweating,

weakness, clammy skin Jdizziness, malaisej.fatigue, nausea, vomiting and headache

(heat exhaustlﬁ u H % ﬂ&]% ‘5 mﬂb’] ﬂ ; ataxia, irritability and

coma (heat stroke The image of the' event was rgcorded using vigeo camera to verify

ve oL IS 1IN TR E
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The 1% -6" grade students who do the outdoor exercise during physical education class

‘

Fill out the demographic data and ask children and

their parents to sign the consent form

v

o o » w N

Demographic data
Body weight
Height

BMI

BSA

% body fat

Physical fitness test:

modified youth fitness test

|

1.

2
3
4.
5
6

Measurement before/exercise

body weight

clothes weight
bloodpressure

pulse rate

core bedy.temperature
quantity: ofwater
consumed by children
calculate mean arterial

pressure

v

Measurement of the environmental
temperature every 5 minutes during
the exercise period

1. Air temperature : wet bulb

dry bulb

black globe

2. Relative Humidity

Determination
during the exercise
period

1. Intensity and
duration of exercise

2. Heat injury

v

Measurement after exercise

1.

o~ w0

body weight

clothes weight
blood pressure
pulse rate

core body
temperature
quantity of water left
after consumption
calculate fluid intake,
Sweatloss /rate
calculate mean

arterial pressure

Data collection, statistical analysis, result interpretation
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Procedures

Steps in basic data collection of participants

1. Described the research objectives and methodology to parents.

2. Recorded age and other d raphic data by interviewing in order to

screen the participa / parents to sign the consent form.
3. Measured we subject wearing-underwear.

4. Measured {

To cal vid ', - S o- weight (kg) by the square

mvmfaqmm?mm 2551)
of his heigh S kg/m . The results were
evaluated by ealth, Physical Education,

Recreation, and Da ,_i‘r"ﬂ'- alth — Related Physical Fitness Test

method.

Thisisthe equation forBMI ~ _

»vri_— Y ‘

m BMI = Mass (kg@
ALY ANYNTHETNS

6. Calcqated body surface @rea (BSA) ( D&ms and DuBois, 1916)

’51 Wqﬁs’ﬂsﬂ IR IR 08 by e o

measurement is m

The equation of DuBois and DuBois for BSA is as follows:

0.425

BSA (m?) = 0.007184 x Height(cm)” " x Weight(kg)
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7. Skinfold measurements

Using 2-site skinfold measurements at tricep and calf/subscapula
(figure 3.1 - 3.3).

7.1. Measurements were done on the right side of the body with the

cm away from the thumb and finger.
‘ yold.
é_d the base of the fold.
E—

7.3. Rel ) SO |tS spring tension is exerted on the

subject standing upright.
7.2. Placed the calip

skinfold.

7.5. Read di liper.— \\
/ " econds

iter lever has been released.

7.6. Took ddpligate Mmsasures afeach site.

b. If not w thin—1 or 2 mm took 3 rd measurements.
Ze .w' u
r g& of 2 closest measurements.

7.7. Roie Zllowed time for skin and

underlying fat @egain normal texture and thiékn&.

7.8. An afeme of measurements was used for further analysis. The

percenél b dad | Q Hh 3o 1 dadion for the specitc

populatlon

’QW']Mﬂ?ﬂJ UAIINYAY

» Boys: Tricep, Calf
Equation: %Body fat = 0.735 (3, 2Skinfolds) + 1.0

« Boys: Tricep, Subscapula (use when Y.2Skinfolds > 35)
Equation:  %Body fat = 0.783 (}; 2Skinfolds) + 1.6



45

Figure 3.3 Subscapula skinfold measurement.



8. Determined physical fitness test by using modified youth fitness test

Table 3.1 Physical fitness test (8m978 faNatus, 2551)

Fitness component

1% - 6" grade student

(aged 6-12 year-old)

Cardiorespiratory endura

Muscle strength and |

Flexibility

Harvard Step — Test

30 seconds Sit-up Test

= exed Arm Hang Test

Sit and reach
o

1) Harvard Step —Te

) ML T
WAMINIUNRINYIAY

1. The subject practices how to step up and down before the test as follows:
- Lift the first leg onto step bench.
- Raise the body and the second leg onto the box.
- Lower the body by stepping down to floor with the first leg.
- Return the second leg down to the floor.

2. When the subject is ready, the assistant gives a sign to start the test.
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3. The subject steps up and down on a platform at a height of about 30 cm. Do
it as fast as possible until 5 minutes.

4. The subject immediately sits down on completion of the test.

5. Record pulse rate in beat per min immediately after finishing the test and

one minute later.

2) 30 seconds Sit-up Tes

Physical Fitness

WI Committee for the Standardization of

1. A subject Iﬁ a Iatﬁ_urface feet are 30 cm away
from each ot?er with knees be&llng 90 degrees. Hands cross over the

Chﬂumwamwmm

An dssistant sits between}he subject’s feet and anchors the feet to the floor.
ﬁ WRSRTE HATIN NG

The subject raises the trunk in a smooth motion, keeping the arms in

position, curling up to touch their hands or the chest to the knees. The trunk

is lowered back to the floor so that the shoulder blades or upper back

touched the floor. Do it as fast as possible in 30 seconds.

5. Record number of correctly performed sit ups in 30 seconds.
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3) Flexed arm hang Test of International Committee for the Standardization of

Physical Fitness Tests (ICSPFT)

2

Procedure

1. The subject stand t ench.niear tf e single bar and catches the bar.

2. Position the boy s facing away from body) shoulder

width apart grip exe in clearing the bar.

3. When ; ———————————————————— ' -' Sign to start the test and put

out the benﬂ. 'm

4. The subject fl@xes arm hang, ho@j chin above the bar and attempt to hold

P FREREN N T

ord time in second anéi two decimal places

ammn‘m UAIINYAY
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4) Sit and reach of American Alliance for Health, Physical Education,

Procedure

—_

Recreation, and Dance (AAHPERD) Health — Related Physical Fitness Test

With the’&alms facm‘g ards, and the hapds on top of each other or
\ | ‘

possible. D

Record the d'hstance incm. If theqt.i;)s of middle fingers stretches through the

tlpﬂ H Eqw E\%Fﬁw%&l ’]Jﬂﬁt then record data with

ftive value.

wwaﬂmmumwmaﬂ

Before exercise period

1.

Measured body weight with the wearing underwear by using Yamato DP-

6100GP (figure 3.8).



50

3. Measured blood pmﬁédréby}fsmealiﬁhygmomanometer.

jodpressure when the heart is
d '
contracting. It is speciffjally-the_maxim N sure during contraction of the left
: |
ventricle of the heart. The t|me at which ventnoular contraction occurs is called systole.

61 1) B BHPEIY  p vo mmm s

pressure during | relaxation and d|Iatat|on of the ventricles of the heart when the
R RTRIN I NN

q - (gean a‘;e;aH)ressure is a term use glln mgcme to describe an
average blood pressure in an individual. It is defined as the average arterial pressure
during a single cardiac cycle. It can be approximately determined from measurements
of the systolic blood pressure and the diastolic blood pressure while there is a normal

resting heart rate. MAP is calculated from the following equation:

MAP = diastolic blood pressure + 1/3 (systolic blood pressure- diastolic

blood pressure)
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4. Measured the pulse rate by digital sphygmomanometer.
- Pulse rate is the number of pulsations noted in a peripheral artery per

unit of time.

5. Measured the core body temperature by measuring ear temperature using

Terumo ear thermometer EM-30CH.

During exercise period §'/y/

1. Students GV el ,&\ sical education classes from

3. The students and signs that may relate to heat

. . |
illness. The vide s also recorded.

4. Thei |ma lof & activities d 7 el ise period was recorded by

Uriher assessed by using the

2
; Reﬂdutmt%ﬁ%‘ﬁ NN

%ﬂ%ﬁqmmumawmaﬂ

1. Measured the blood pressure and pulse rate immediately after exercise

using vided :
table ofMlﬁ/alue for each activ

(McArdle et al., 2006).

2. Measured the core body temperature within 5 minutes after exercise

(Bergeron et al., 2007).
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3. Measured the body weight with the subject wearing underwear and wiping

out the sweat.

4. Measured the amount of water left to calculate fluid intake during exercise.

Collect urine output. Then calculated the body fluid balance as follows:

® [luid intake

® Sweat loss , ody weight + total fluid intake - post-
exe ’ i [

weight + total fluid intake —

= the amount of water consumed during the exercise

‘ %ﬂ \\
"\
This calculati &kea [0 ac 1\\\ loss due to irreversible fuel

oxidation and respirato ss Gm edit wa \ d that these would not differ
between trials. rwﬂ \
R

}*‘ ‘a“"

Measurement of climatic conditions ,/J,,& /8
i = " i

 ——

w i N _&‘-‘ . . ,
The weather conc Va minutes during physical

education classes whi were conducted between 9.40 am to 11.40 am and 12.40 pm

e AU ININTNGINT
X Shiprigeyilio (i

- Wet bulb (WB)
- Dry bulb (DB)
- Black globe (GT)

2. Wet bulb globe temperature was calculated using heat stress index equation

Heat stress index = 0.7WB + 0.2GT + 0.1DB
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3. Relative humidity was determined using values of wet bulb, dry bulb,

saturated vapour pressure (SVP)

Relative humidity is the ratio of partial vapour pressure (P) and saturated vapour
pressure (P,) at ambient temperature. Relative humidity was calculated from the

equation as follows:

If humidity is to [ oy dry- et-bulb temperatures (T, and T,
respectively; Celcius s calculated by (at ambient

pressure 1 atm):

where p, , is saturated vapour wet-bulb temperature. Finally, saturated
vapour pressure at @ry-bulk ambient temperature) must be
calculated, and the pres ' i "

Saturated water vapour pressure in air;,empirical relation:

ﬂ‘UEl’J'VIEWI?WEI']ﬂ‘i

7.5T/(237.3+7)
—‘610 710

ammmm UNIINYIA Y

TemperaiJre Tin Celcius [ = {Kelvin} - 273.15]); validity range roughly 0-80°C.
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Data Analysis

1. Quantitative data were expressed as means + standard deviation.

Cardiovascular responses and change in body weight were presented as percent

change.
2. Data analysis before and xercise period was compared as follows
i if the data were normally distributed, but if not,
Wilcoxon Signed Ranks T N \
i
3. The differenc | irst \ “second semesters on climatic
conditions, body temperature dnd cardi ar response were determined by the

unpaired t-test.

-
1C ’ xercise duration was done

4, Correlati

in schoolboys of whomm)re temperature rea 3°C. @

Normaﬂﬂﬁfﬁ%ﬂ\ﬂi%’%ﬂ ﬂrﬂ|ﬁgorov-8mimov test. An

alpha level of 005 was used to determlne statistical S|gn|f|cance All statistical analyses

were @Kh Ca@; d TI? mw ﬁ *T‘?(ﬂ mﬁ S for Windows

version



CHAPTER IV
RESULTS

Characteristics of Subject

A total of 457 schoolboys at Chulalongkorn University Demonstration Elementary

School participated in this study racteristics of the subjects and physical

—
Table 4.1 Baseline chara ‘ N=

‘II'\

Characte Range
(max - min)
Age (years) 3 6 558 -11.92
Weight (kg) 9.39 15.50 - 65.80
Height (cm) /A +10.45 107.50 - 159.10
Body Mass Index (BMf) ) 12.04-29.78
Body Surface Area ( (G 0.68 - 1.66
Body Surface Area/boév v‘V_eEht (m°/kg) 0.035 + 0.0 0.024 — 0.044
% body fat | 4 ’ > 9 i 5.41 -60.06
AU NUNIHETN

I RTRIN TN NN ING A Y
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Table 4.2 Physical fitness test of the subjects

Physical fitness test Number of Average Range
subjects
Harvard Step — Test (beat/min) 114 145.30 + 31.26 64 - 248
Sit-up 30 second (repetitions) 401 13.99 + 6.08 0-35
Flexed Arm Hang (second) 263 39.08 + 33.26 0-220
Sit and reach (cm) 401 242 +543 (-16)-21

7

Values are mean = S.D.

Assessment of bedy weight in broportion to weight and height with normal

standard revealed that schiboloys were oVéfweight by 28% (128/457) (table 4.3).

Table 4.4 presents physical ﬂtnessf"‘,as.sessment results of schoolboys in grades

1to 6. :
J".‘.,'
222244

Table 4.3 Assessment of body weight for schoelboys in grades 1to 6

4 Grade 1 2 3 4 LS 6 Total

Body composition

Underweight 2 3 2 1 1 1 10
(2.19%)
Normal 89 1|58 [163 | 48 | 45 | 16 319
(69.80%)
Overweight 17 |28 | 23 | 24 | 22 | 14 128
(28.01%)
Total 108 | 89 | 88 | 73 | 68 | 31 457

(100%)
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Table 4.4 Assessment of physical fitness for schoolboys in grades 1 to 6

Grade 1 2 3 4 5 6 Total
Physical fitness test
* Harvard Step-test
Poor 36 1 0 0 0 0 48 (42.11%)
Fair 19 ’ // 0 0 0 31 (27.19%)
Average ' | 0 0 0 | 23(20.18%)
Good 69| T 0 0 6 (5.26%)
Excellent ) o | 0 0 6 (5.26%)
« Number of subjects ‘ 4 , 0 0 114 (100.00%)
« Sit-up 30 seconds . q‘! ﬁ
Poor ; o= 7 0 0 23 (5.74%)
Fair 7 'Hé‘, "\ 10 | 9 | 69(17.21%)
Average 3 ﬁ’i%i \ 29 9 164 (40.90%)
Good e F 5| 17 8 86 (21.45%)
Excellent 18‘!2_@ a5 12 | 5 | 59(14.71%)
» Number of subjects ms;@ﬁ 73 | 68 | 31 | 401(100.00%)
* Flexed arm hang .
Poor : 0 47 (17.87%)
Fair D 49 15 0 0 83 (31.56%)
Average 0|22 10 | g0 14 0 0 46 (17.49%)
Good ﬂ u Ej ’Jaqn Eléy' ‘jow g"ﬁ ﬂ ‘j 0 36 (13.69%)
Excellent U 6 22 0 23 0 0 51 (19.39%)
« Sit and.reac . e | ‘
Poor 8 5 1 9 11 2 36 (8.98%)
Fair 14 10 9 15 11 6 65 (16.21%)
Average 22 35 20 25 31 14| 147 (36.66%)
Good 32 33 2 16 12 7 102 (25.44%)
Excellent 32 6 0 8 3 2 51 (12.72%)
« Number of subjects 108 89 32 73 68 31 401 (100.00%)
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Climatic conditions

All subjects performed the study at ambient temperature of 33.56 + 2.55 °C with
relative humidity of 54.15 + 8.12 % and WBGT of 28.87 + 2.35 °C. The subjects were
divided into 2 groups; the first group was collected data in the first semester during July
2009 to September 2009 for 37 period classes (late morning 9 days (10 period classes)

and afternoon 21 days (27 period clas '[y)econd group was collected data in the

2010 for 72 period classes (late

morning 27 days (40 period ) and afways (32 period classes)). The
climatic conditions of outdoerexercise | \\' tlon classes are shown in table
4.5. The WBGT and rela were 29.95 + 1.87 °C, 28.87 +

2.35 °C, 58.74 + 7.70% apd 51 - 300, e -l c The result found that WBGT of
first semesters was above °C-which ; igher than the American Academy of

Pediatrics recommenda e wére ant differences in WBGT and

A

ﬂ‘lJElf’mﬂW?WEl']ﬂ‘i
’QW'WMﬂ‘iEU UAIINYAY



Table 4.5 Mean £ SD of climatic conditions during exercise in physical edueation.class.

59

Climatic conditions Semesters Average Day p-value
1 (July-September) 2 (November-February) Temperature
: Ay Throughout
Late Morning Afternoon Average Cate Morning Afternoon Average
- Academic year
Wet bulb (°C) 26.62 + 0.52 27.33+£1.18 27.14 £1.09 25.18‘1" B O 24.99 +2.19 2510+£2.18 | 25.79 + 2.11 < 0.001*
Dry bulb (°C) 33.19+1.86 34.49+2.76 34.14 + 2.59 32.83% 2.59 33.82+2.29 33.27+2.49 | 33.56 +2.55 0.096
Black globe (°C) 37.05+3.65 38.08+5.38 37.8+4.95 37.25 + 4.98 87.79 + 4.16 3749+ 461 | 37.60 +4.71 0.752
WBGT (°C) 29.37 +1.23  30.17 +2.03 29.95 + 1.87 28.28 + 2.46 28.37 + 2.33 28.32+239 | 28.87 £2.35 < 0.001*
Relative Humidity 60.18+ 797 58.21+7.68 58.74 +7.70 5444 +7.45 48.86 + 6.07 51.79+7.32 | 54.15+8.12 < 0.001*

(%)

Compared the climatic conditions between the first and second semesters using Unpaired t- test Statistics.

* Significant difference between both semestérs.of climatic conditions;-P<0.05

65
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Cardiovascular response

Cardiovascular responses before and after exercise in physical education
classes demonstrated a statistically significant increase. Percent change in systolic
blood pressure, diastolic blood pressure, mean arterial pressure and pulse rates

increased up to 16.00%, 21.59%, 19.06% and 22.05%, respectively (table 4.6).

¥

AULINENINYINT
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Table 4.6 Mean = SD of cardiovascular response before and after exercise in physical education class.

61

Cardiovascular Semester 1 (n=175) Semester 2 (n=282) Average (n=457)
response Pre- Post- Mean % Pre- Post- Mean % Pre- Post- Mean % p-value
exercise  exercise | difference change | exercise exqrcise difference . change | exercise exercise | difference change
Systolic Blood 103.67+ 122.05% 18.38 17.73# 106.38 £ 122T'.8G = 15.98 14.95 105.65 122.55+ 16.90 16.00 <0.001*
Pressure 14.37 13.35 15 4 13?_5;5; +14.92 13.47
(mmHg) v
Diastolic Blood 63.08 + 7719+ 14.11 22.37, 63.67 + 77.1?2‘1 13.44 21.11 63.45+ 7715+ 13.70 2159  <0.001*
Pressure 9.69 13.84 160 13:08" 10.91 13.36
(mmHg) F/R
Mean Arterial 76.61 + 92.14 + 15.54 20.28 78.08="92.36 t_‘“ 14.29 18.30 | 77.51+ 92.28+ 14.77 19.06  <0.001*
Pressure 9.49 11.26 16:99 i 67_, - 10.46 11.50
(mmHg)
Pulse Rate 91.30 111.04 £ 19.74 217.6.2 90.08+ 11019+ 20.11 22.32 | 90.55+ 110.52+ 19.97 22.05  <0.001*
(beat/min) +13.40 14.16 15.08 15.27 14.42 14.84

Compared the cardiovascular response before and after exercise in physical education classes throughout academic year using Paired t- test Statistics.

* Significant difference before and after exercisejof cardiovascularresponse; P<0:05

19
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Thermoregulatory response

Mean differences of core temperature was increased by 0.66 + 0.41 °C from
36.48 + 0.37 to 37.14 + 0.42 °C which are shown in table 4.7. In addition, there were
only 20 schoolboys whose core body temperatures reached up to 38 °C. This accounts

for 4.38% of all subjects. Among these include 7 schoolboys in the afternoon in the first

)

% §
AULINENINYINT
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Table 4.7 Mean = SD of thermoregulatory response before and.after exercise inphysical education class.

63

Semester 1 (n=175)

. Semester 2 (n=282)

Average (n = 457)

Pre- Post- Mean Pre- : 4 Post- Mean Pre- Post- Mean
Exercise exercise diffesence exercisef“ : exercise difference exercise exercise difference
Late morning 36.47 £0.28 37.09+0.32| 0.62+0.34 | 368.42+ 0.35--::3*7.05 +0.44| 0.63+0.38 | 36.43 +0.33 37.06 +£0.41(0.63 +£0.37
! ¥/ _
Afternoon 36.54 £ 0.34 37.20 £ 0.42| 0.66 £0.44 |36.50 + 0.432':?‘;21 +0.43] 0.72+0.43 | 36.52+£0.39 37.21+£0.42]|0.69 £0.43
Average 36.52 £ 0.33 37.17 £ 0.39 0.653_r 0.42 |36.46 +£0.39 37.13 £0.44] 0.67 +0.40 | 36.48 £ 0.37 37.14 +0.42(0.66 = 0.41

€9



Table 4.8 Data of 20 schoolboys whose core temperature of 38 °C or greaten after outdoor exercise in physical education class.

64

-
Physical fithess Core temperature Exercise duration
, (°C) (min) Physical
Cardiorespiratory Muscle strengtr] and FIexibiIity1']l Pre- Post- Mean Skill Sport activity Fluid
Subjects | Grade | Semester | Body weight endurance endurance (Sit and | Exercise | WBGT exercise exercise | difference | practice | playing | intensity intake
(Step- test) o ‘ feach) 4= l":period ®E) (sport) (mL)
Sit-up |# Flexed —
arm hung \) N
1 5 1 Overweight - Average i l:fa;ir Iéfﬁtﬁprqﬂ_oon 33.45 36.5 38.1 1.60 25.95 0 Mild 0
2 5 1 Normal - Average - Fair )‘5\1‘ ernoon | 33.45 36.6 38.3 1.70 24.28 0 Mild 0
3 5 1 Overweight - Good -0 l.Av_erage Aft_gr_rigqn 33.45 36.6 38.1 1.50 24.42 0 Mild 0
4 5 1 Overweight - Average - | Poor /—Y.f-ﬁ]'é,.on 31.29 36.7 38.0 1.30 40 6.83 Moderate 158
5 1 Normal - Average. < T Ristager [ARenbn e 29 36.3 38.0 1.70 40 542 | Moderate | 340
6 5 1 Normal - Average - = Eair Afternoon 3358 é < 36.3 38.4 2.10 24.62 0 Mild 0
7 6 1 Overweight - Excellent™}= - Good Afterncon | 31.00-|" 36.7 38.4 1.70 0 25 Vigorous 0
8 1 2 Normal Average Poor | Good Good Afternoon | 26.07 . 37.7 38.0 0.30 0 17.68 | Moderate 0
9 2 2 Normal - Average Excellent Fair Afternoon 27.76 37.1 38.1 1.00 14.53 413 Vigorous 0
10 2 2 Normal - Average Good Average/ | "Afternoon | 27.76 36.8 38.0 1.20 12.92 6.33 Vigorous 0

¥9
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Physical fitness

Core temperature

Exercise duration

f /s (°C) (min) Physical | Fluid
Subjects | Grade | Semester | Body weight | Cardiorespiratory Muscle strength and Flexibility Exérois'det; t WBGT Pre- Post- Mean Skill Sport activity intake
endurance endurance (Sit and petiod (°C) exercise exercise | difference | practice | playing | intensity (mL)
(Step- test) Sit-up ":_li(?d reach)\-llJ (sport)
1" 1 2 Overweight Poor Poor ""Fr ; Fair Afternoon | 25.49 37.4 38.0 0.60 0 23.45 | Moderate 0
12 1 2 Overweight Poor Good A\‘/Ta%; Good~ 7| Afternoon | 25.63 37.8 38.7 0.90 21.8 0 Mild 0
13 5 2 Normal - Excellent [/ f E.xcé'llent i Arffternoon 27.58 36.5 38.0 1.50 40 0 Mild 0
14 4 2 Overweight - Average r Fair /.FfPoor }:ate 29.64 36.7 38.2 1.50 26.2 11.63 Vigorous 0
| 0 idmoming
15 4 2 Normal - Excellent E%en ‘R air J_";La'[é 29.86 36.4 38.4 2.00 20.47 17.37 | Vigorous 0
A7 aliging
16 3 2 Normal - Average & Joaverage | Afterioen | 30.58 36.8 38.0 1.20 24.067 | 11.67 | Vigorous 0
17 3 2 Overweight - Poor - = _Agt_arage Afﬁé@g?_n_ 30.58 36.1 38.0 1.90 24 11.67 Vigorous 0
18 3 2 Overweight - - ‘.l - ~ Af-ternoon 30.58 | 8 36.8 38.0 1.20 25.083 11.67 Vigorous 0
19 3 2 Normal - - t - = = Afternoon 30.58 j 36.7 38.0 1.30 25.083 11.67 Vigorous 0
20 1 2 Normal Poor Good "‘"Average Good Late 27.97‘-" 37.0 38.2 1.20 0 8.82 Vigorous 0
+ morning -
Total 29.88 36.78 38.15 1.37 25.84 12.38
£ 261 +0.44 +0.20 + 045 +7.98 +6.41

99
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Table 4.9 Number of subjects whose core temperature rose above 38 °C after outdoor

exercise in physical education class. Classified according to factors affecting heat

tolerance.
Number of Subjects

- WBGT
- <29°C 7
->29°C 13
+ Body weight
- overweight 9
- normal 11
- Hydration staflis
- not consume Wwatef L\ 18
- consume water 2
«  Exercise intensity
- vigorous (footba 10
- moderate (Chairball, Athletic, —‘ A 4
- mild (skill p , : 6
+ Exercise perpd

=EMUINENINGNT
- aftern@o 17

QW?ﬂﬁﬂiﬂJ ANNINYNA Y



Number of Subjects

*  Physical fitness
Harvard step-test (n=4)
- poor

- fair

- average
- good

- excellent —

Sit-up 30 seco

- poor
- fair
- average
- good '
- excellent

Flexed arm hang
- poor

- fair

- average -
- good V]

.'I
|
i

- excellent

AUy ww%’wmm

- fa|r

QRARIN TN INE

- good

- excellent

N N N N O w w © o w o

N

8 8

4
1

67
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Hydration status

The fluid loss was measured before and after exercise in physical education

classes which is shown in table 4.10.

Table 4.11 presents that hydration status was measured during outdoor exercise

students were 6" graders. One student was ers. Nevertheless, 2 schoolboys with
the amount of 158 and 340 mL

. . F th
during outdoor exercise were 5 graders.

Table 4.12 shows' ation_ of percent change in body

as s. The body weight decreased

0.63 + 0.26%. There weré two Schoo i a d 4" graders) whose body

weight after outdoor exergise i

weight diminished 2.10% in"the lat : rning .in \- ond semester. The 4" grade

student drank water of 208 ml during hi -.‘-; : cation class.

T

)

2
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Hydration Status Semester 2 Average
Late Morning Afternoor ate Morning Afternoon Total
(n=49) (n=126) I \ =154) (n=128) (n=282)
Sweat rate (mL/hr) 370.07 + 483.08't 46142 | \'M 05 + 348.63 + 353.77 + 391.16 +
. o))
182.15 232.33 & 224176 169.59 114.91 147.14 1€ ©
VAt ]
Sweat loss (mL) 16531 + 208.13 £ a@.{m : 193.88 £ 198.82 + 196.13 + 196.153 £ yu.23
86.73 101.02 7 98. 76.20 84.60
Change in Body weight (kg) 0.17 £ 0.09 0.18+0.08 | 0.18+0.0€ 0.20 +0.08 0.20 +0.08 0.19+0.08
Urine (mL) 0 0 0 0
(@)
©

QW’]ﬂ\ﬂﬂiﬂJ UANAINYA Y
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Table 4.11 Hydration status of the18 schoolboys who consumed water during outdoor

exercise in physical education class.

Core Grade | Semester | Exercise Fluid intake | Sweat rate | Sweat loss
temperature period (mL) (mL/hr) (mL)
< 38°C 5 1 Afternoon 207 923.95 357
(n=16) ..

5 Afternoo 465.86 180
5 fter oh~ 465.86 180
5 729.85 282
5 / ' 626.32 242
6 333.11 446
6 165.88 222
6 425.73 570
6 297.14 390
6 346.98 461
6 231.54 310
6 J 266.98 351
5 5| 45333 340
5 Afternoon 75 m 289.28 225
Fj " ‘P ‘ 620.69 470
BANETINEINS
By 2 1391.35 858
fhorning /s
ssec N IN 36 Nl < TH‘:- 874 i dﬁéii C 283 258
(n=2) \
5 1 Afternoon 340 647.33 490
Average 212.89 + 500.65 + 368.44 +
89.65 296.34 166.94
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Table 4.12 Mean = SD of the percent change in body weight after outdoor exercise in

physical education class.

Period Semesters Average
1 2 (n=457)
(n=175) (n=282)

(JuIy-Se S .\“ l}” ovember-February)

Late Morning (%) \ 3 0.69 + 0.27 0.65+0.27

) ‘%210

Afternoon (%) . /‘” \\ £0.22 0.61+0.25

Average Ill 51‘\\\‘@‘3 25 0.63 + 0.26

:.h

ﬂda-u
éﬁ“’

1Jri

i "ﬁ_ e
Exercise duration and intensity — r
NN

Table 4.13 s OV —.:::::.::::::::t """""""""""" 1@‘ the exercise duration and

intensity in physical e@:ano cle
11.10 (10.13 - 80.33) rru'nkes Duration aag intensity of physical activity consist of

before skl prﬂ:%k&l}ra t.%@l(%]ww ﬁow E]ﬂ'nﬁﬁnd sport playing (11.48

+ 5.53 min, 25—

%M’LM DIANBIANYIAY. ey

Task (MET) during physical education class.

o Sici]]education class was 31.97 +

Table 4.15 demonstrates the number of subjects classified in terms of level of

intensity of physical activity (sport playing).



Table 4.13 Mean * SD of the exercise duration and intensity in physical e

Physical activities

Duration

(min)

Before skill practice
Warm Up (Stretching)
Attending lecture
Preparation for skill or
exercise

Skill practice

Sport playing

4.35+1.32
8.41+6.2

72

~"Semester 2 Average Intensity

: duration (MET)

%\‘.‘%\ ~ Number of (min)

‘ \L\\“\\ subjects

N o

23 4.91+227
147 9.85+6.26
70 520+ 5.24
226 24.11 £ 11.04 <3
175 11.48 £ 5.53 2.5-9

Duration of Physical education

class

ven T

31.97 £ 11.10

QW’]ENT]?EIJ UANAINYA Y
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Table 4.14 The intensity of sport in physical education class (Ainsworth et al., 2000)

73

Grade Semester 1 Semester 2 Range
Sport MET Sport MET
1 Basic movement activities 3 Chairball: player 6 2.5-9
pitcher 5
catcher-king 25
Football: player 9
goalkeeper 5
2 Chairball:  player 2.5 Football: player 9 2.5-9
pitcher o goalkeeper 5
catcher-king 6
3 Chairbasketball: #player 7" . Chairbasketball: player 7 2.5-9
pitcher x pitcher 5
cateher-king 25 d catcher-king 25
"Mini rugby 6
4 Football: player 9
2 goalkeeper 5
| Athiletic 6
4 Chairbaskeiball : player i/ Handball: player 8 2.5-9
pitcher 5) goaikeeper 5
catcher-king 285 Football: player 9
goalkeeper 5
Athletic 6
petanque 4
5 Handball: player 8 Handball: player 8 5-9
goalkeeper 5 goalkeeper 5
Athletic 6 Athletic 6
Football: player 9 Football: player 9
goalkeeper 5 goalkeeper 5
6 Football: player 9 Football: player 9 5-9
goalkeeper 5 goalkeeper 5
Handball: player 8
goalkeeper 5
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Table 4.15 The number of subjects classified in terms of intensity level of physical

activity (sport playing).

Intensity of Semester 1 (n=175) Semester 2 (n=282) Total (n=457)
physical Late Afternoon Late Afternoon Late Afternoon
activity Morning Morning Morning

Mild 28 93 125

(<3 MET)

Moderate 14 36 56

( 3-6 MET)

Vigorous 74 73

(> 6 MET)

Total 203 254

ﬂ‘UEI’J‘VlEJ'VIiWEI’]ﬂi
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CHAPTER V

DISCUSSION AND CONCLUSION

Discussion

The purpose of this study was to determine climatic conditions, body
temperatures, cardiovascular responses, and hydration status as well as the incidence
of heat illnesses during outdoor exercisess i physical education classes of 457
schoolboys of the Chulalongkorn University Demonstration Elementary School. The
study was conducted“during=the first (July-September) and second (November-

February) semesters of the academic yeal“ 2009.

In the present study, it was de:nd tﬁat children are aged about 8.38 + 1.56 years

Il2 )

(5.58-11.92 years), BMI 17:68 +8.835 kg/m', BSA 1.05 + 0.19 m’ and BSA/BW 0.035 +

0.004 m2/kg. Approximately28% (128/457)-})}‘ the schoolboys are overweighed, most of
whom are the 3° - 6" graders. The: subjéét%‘-.i.n this study are of primary school age.
Some are prepubertal boys. Th':'e'ra\-/erage agfrgnd body surface area per body mass
ratio (BSA/BW) of the, subjects é'r'e"h'early the:."ﬂé"é;"rﬁ'e' as those.of other studies. According
to the studies of Inbm—@%ﬁ?—ﬁvera?Browml '(‘2006) and Rowland et al.
(2008), the age Were‘9.'40 + 0.6, 11.30 £ 0.3 and 11.70 £-0.4 years, respectively; and
BSA/BW were 0.036 + CB.O6, 0.035 + 0.004 and 0.031 0.62 mz/kg, respectively.

Metabolic heat production is=proportional to-active 'musculature and body mass
while heat transfer to the environment by heat exehange is dependent upon exposed
surface areas. As pre-pubertalichildfenthave smallel body massiand larger surface area
compared to adults, their higher body surface area to body mass ratio (BSA/BW) allows
for a greater reliance upon dry heat exchange when temperature gradients permit (Falk,
1998). However, a greater BSA/BW becomes a liability when ambient temperatures
exceed temperatures of the skin and the body absorbs heat from the environment

imposing additional stress on thermoregulatory mechanisms (Falk, 1998). The inability to
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pay off for the additional thermal temperature may result in an increased core

temperature and potential development of heat-related ilinesses.

Typically, BSA/BW continues to decrease during growth and maturation (Bitar et
al., 2000; Falk et al., 1992b) and depends on gender (Drinkwater et al., 1977; Meyer et
al.,, 1992). Thermal influx due to dry heat exchange is similar in 11-14 year-old boys
(48%) and adult men (49%) exercising under hot, dry conditions at 49°C (Wagner et al.,
1972). On the other hand, 12 year-old giris.displayed greater heat exchange under
various hot conditions (28 - 48°C and 2[“5 - 10%RH) when compared to college-aged
women (Drinkwater et al., 497 7)¢ Both these two groups of maturation disperse similar

amounts of thermal load although melbhanisms differ _in relation to BSA/BW and

environmental conditions, -

_—

i
\ r

The physical fitness test used:in thiéﬂ\strudy included cardiorespiratory endurance

(Harvard step — test), muscle stréngth and; ‘endurance (30 seconds sit-up test, flexed
: " Y

arm hang test) and flexibility (sjt and reach)-.f..}—_])oyvever, each student did not complete

the whole set of the tests because there anot enough time to carry out within their

g =i

physical education classes. The percentage of the subjeets who did Harvard step — test,

30 seconds sit-up t‘esl flexed arm hang test and sit and;reach are 24.95 (114/457),

87.75 (401/457), 57.551(263/457) and 87.75 % (401/457), respectively. The results
revealed that up to 42% of the subjects were“at poor level for Harvard step-test (done by
only the 1% and 2" graders);, while_most ofithe subjects were @bove average level for
muscle strength and endurance as well as flexibilitystest. Thereforep.it is suggested that

cardiorespiratory performance should be developediinithe 7% and 2" graders.

The subjects of this study were exposed to high levels of heat stress causing the
WBGT level to be above 28°C at which the American College of Sports Medicine has
defined as a “very high risk for heat exhaustion and heat stroke” (Armstrong et al.,
1996). Throughout the whole academic year environmental temperatures were higher
than expected: ambient temperature 33.56 + 2.55 °C, WBGT 28.87 + 2.35 °C and
relative humidity 54.15 + 8.12%. WBGT was as high as 30°C in the first semester and 28
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°C for the latter part of the academic year. The relative humidity was also significantly
higher during the first semester. Interestingly, the WBGT level of the first semester
during July to September is above 29°C which is defined as “cancel all athletic
activities” by American Academy of Pediatrics. Moreover, WBGT rates in the afternoon
were higher than those in the late morning. Therefore, this makes it even more risky for
children in being affected with heat-related illnesses when exercising outdoors
especially in the afternoon of the first semester The climatic conditions in Bangkok were
nearly similar to those studied.in Puerto Rico: ambient temperature 33.7 £ 0.4°C, WBGT
30.0 + 0.3°C and relativehumidity 539 + 24 % (Rivera-Brown et al. 2006) ; in
Massachusetts: ambient temperature 3110 £ 0.30°C, WBGT 31°C and relative humidity
57% (Rowland et al. 2008)s'and in Austrayllia: ambient temperature 41.0 = 0.67°C, WBGT
33°C and relative humidity21.0 +1/0% (Inbar et al. 2004).

_—
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This study showed that percentag{_e ehange in blood pressure and pulse rate
increased up to 16.00%, 24.59%; 19 06%, and 22.05%, respectively. The present study
demonstrated considerably Iower heart rate than those previously reported during
exercise in hot environmental condmons by—lﬁbar et al. (2004) and Rivera-Brown et al.

(2006) where the percentage change in the heart rate was about 137.66% and 87.5%,

respectively. It might. depend on exercise duratlon and |nten3|ty, where duration of
physical education class in this study was 31.97 + 11.10 (10.13 — 80.33) minutes. The
result was nearly similar to.asstudy by Rowland et al. (2008) 29.30 + 6.19 min. Inbar et
al. (2004) and!Rivera-Brown et al. (2006) presented longer exercise duration than the
present study (85 and 56.9 + 6.3 minttes, respectively). The resultssshow that they were
able totmaintain an,adequate cardiovascular function./In the present study, intensity of
physical activities level was mild because most of the activities in physical education
class were skill practice. Therefore, percentage change in heart rate increased less than
those of previous studies. Inbar et al. (2004), Rivera-Brown et al. (2006) and Rowland et

al. (2008) showed moderate exercise intensity level about 50+1%VO 60%VO0O

2max’ 2max’

and 65%V0 respectively. However, the intensity of sport playing in the present study

2max’

was moderate to vigorous.
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As for core temperature, this study measured core temperature by using ear
rather than using rectal temperatures. The study of Loveys et al. (1999) and proved the
relation between ear (37.60 °C) and rectal (37.58 °C) temperatures. Thus, the ear was
chosen as the site for measuring core temperature in this study because it is more

convenient, less time-consuming, and get more cooperation from the children.

In the present study, no incidence of heat iliness was found. There were 96% of
the schoolboys (437/457) whese core temperatuses were below 38°C. However, there
was a risk of heat illnesses A children sifice there Was about 4% of the students (20/457)
whose core temperatures.reéached up to 38°. These children, if exercise for a longer
period of time ,might have a tendency inlllthe occurrence of heat exhaustion which can
lead to heat strokes. In thi§ stdcly, 20 schédiboys exercising in hot humid environments
during their physical education class were_';fo*und to increase in core temperature up to
38 °C. Factors affecting high core tem'i_ﬁg’rqture among these 20 schoolboys are
considered to include WBGT aboye. 29°C"'_"(13_/20), overweight (9/20), poor to average
levels of Harvard step-test (4/4),"§podr to averé’é_é’?evels of 30 seconds sit-up test (12/18),
poor to average levels of flexed-arm hang ié:S{—J.(Afz‘S), poor to average levels of sit and
reach (13/18), not pépsuxxze_waier_(:l&zw,_v@gmu&ekémise intensity (10/20) and
exercise period in aftéfnoon (17/20). Regarding exercise pé-riod, the result is consistent
with previous reports tﬁét the time of the day which is riéky towards health illnesses is
from 10 am to/ & pm|(Coris et'all, 2004, Werner,' 1993),:thel Hottest period of the day.
Therefore, outd@or exercise in physical education class during the afternoon has the
most risk towards health ilinesses:Although the“ambientitemperature during the second
semester,was lower than the first semester, some students had a risk for heat ilinesses
during this period of time. This might be because of better subjective response, thus

more tolerance to play outdoors longer than the 1% semester.

After finishing this study, it was found that only 18 students drank water during
the exercise, which accounted for only 3.94% of the total subjects, 17 from the first

semester and 1 from the second semester. Two children who drank water still had high
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core temperatures, probably because they may not be in good hydration status.

In the present study, it was found that the sweat loss/rate was 196.13 + 90.23 mL
and 391.16 + 186.75 mL/hr, respectively. In the study of Inbar et al. (2004) sweat rate of
prepubertal boys, which was 342 + 14 mL/hr lower than in the young adults and older
males. These findings are in line with previous studies reporting relatively low sweating

rate in children (Bar-Or, 1989, Inoue et al., 1999, Kenney, 1997).

The study conducted oy Murray (2007)reported that lower levels of dehydration
with fluid loss up to 2% of bodyweighthan result in performance decrements during
exercise. This guidance is.eflected ina 2005 scientific consensus statement issued by
the American College of Sports Medicinellh “Dehydration of more than 2% of body mass
can compromise physiolegical functien T»a'rlwd impair exercise performance capacity.
Greater levels of dehydration further exac_';rbate the negative responses” (Casa et al.,
2005). From the present study /it was fouﬁif_:{.j[h‘at the body weight of two students, one
first grader and one fourth grader, decreas'égi.- by 2.10% while core temperature remains
normal. Furthermore, these 2 sohoolboys ha_gbod levels of physical fithess. The fourth
grade student drank water of 208 ‘mlL durlmg “his physn:al education class. This just

proves that drinking Waiea’_helps_pﬁes.cem_heauunessesﬂzuthough performance might be

decreased.

Taken all of the “information obtained from this study into consideration, the
following guidelinestare. reecommended to prevent._the loccurrence of heat illness in

primary school children:

14 Activities in physical education class
Outdoor physical activity with mild intensity of 2.5-9 MET and exercise duration
of about 30 minutes is considered to be safe . If physical activity intensity is moderate or

vigorous, exercise duration should be decreased.

2. Climatic conditions during exercise

Wet bulb globe temperature (WBGT) needs to be measured immediately before
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the start of physical education class in order to ensure that conditions are within
acceptable safety limits. Additional readings may need to be taken if the ambient

temperature or relative humidity were to change markedly.

3. Core temperature screening

Children’s core body temperature should be measured before physical

4. Hydration statu /

Children should be*€eneoure enough water before and during

physical education classs# ater consumption can be determined in

relation to sweat rate, whi \«\ this study, is approximately
400 mL/hr while exercisingiou n of physical education class is
approximately 60 minut ,‘ children s l ol i \- of 400 mL.

]

ﬂUEl’J'VIEWI?WEI']ﬂ‘i
ammmm UNIINYAY



REFFERENCES

N el

NOIFUATNANFITNGT NINEWINE NITNTWNANFITUGT. ARauuINNgldinnusidneds

Wi daugs ineilszidiunznisaRsaiinlaedan e, ngamnEuIuAs: 4110

AUNNE, 2547,

& a

qlans anyyaed. aauunisanng (Bodytemperature). T 1anan91lsenatinisBeugnedan

9 a

Basic exercise physiolagy. NIWNAGAWAZ NAITIATIING ADSEUNNEIANART

iaenTadNNINe18e- 2550.

Fmade fanadus. InuTilaRaNsIaAN NN AN ATNANAIeITINBEY TxAUFu lsennANI

17 1-6 TNG‘ﬂumﬁmmmmrﬁwlﬁmmﬁﬂ pasilazny : 918913348,
NIAUNNNUILAG: @W’m\‘mimmmfmm@ﬂ 2551,

ﬂuﬂwmmm Heat stroke. ﬂamswmwm 1=2 (2547): 43-46.

DESINg s ﬁ"'f'
Ainsworth BE, Haskell WL, Whitt‘MC Irwm '[\/IL Swartz AM, Strath SJ, O'Brien WL,
Bassett DR, Schmitz KH Emplarﬁcourt PO, Jacobs DR and Leon AS.

_Jn g

Compendmm of phy3|cal act|V|t|es an update of act|V|ty codes and MET

intensities. Medu:me and Science in _Sports and Exermse 32 (2000): s498 -

s516. i

American Academy of Pediatrics, Committeeion Sports Medicine and Fitness. Climatic
heat stress andithe exercising/children and adolescent. Pediatrics 106
(2000): 158-159.

Armstréng LE, EpsteinY, Greenleaf JE, et ali American College of Sports Medicine

position stand: heat and cold ilinesses during distance running. Medicine and

Science in Sports and Exercise 28 (1996): 1-10.

Australian Sports Medicine Federation. Heat stress and exercise. [Online]. 1994.

Available from : http://www.schools.nt.edu.au/ssnt/nt_policies/files/

Heat&Exercise.pdf [22/March/2010]



82

Bar-Or O, Harris D, Bergstein V and Buskirk ER. Progressive hypohydration in subjects
who vary in adiposity. Israel Journal of Medical Sciences 12 (1976): 800-803.

Bar-Or O, Dotan R, Inbar O, Rotshtein A and Zonder H. Voluntary hypohydration in 10-
to 12-year old boys. Journal of Applied Physiology 48 (1980): 104-108.

Bar-Or O. Temperature Regulation During Exercise in Children and Adolescents. In

Gisolfi CV and Lamb DR, Perspective in Exercise Science and Sports Medicine,

pp. 335-362. Indianapolis: BenchmarkPress, 1989.
Bass SL and Inge K. Thermoregulation in youhgathletes exercising in hot

environments. International Journal of Sports Medicine 2 (2001): 1-6.

Bergeron MF, Mcleod KS anaCoyle JF. Core body temperature during competition in

the heat: national.poys*14s junior'i_tennis championships. British Journal of

Sports Medicine 44(2007): 779-783."

Binkley HM, Beckett J,; Casa DJ, Kleinér Dl‘\gl and Plummer PE. National athletic trainers'

association position statement: Exefﬁonal heat illness. Journal of Athletic

Training 37 (2002)¢'329-343 .

)
¥ K

Borg G. Psychophysical bases of perceivec&ié’ﬁion. Medicine and Science in _Sports
and Exercise 14 (1972):811-817. Tw..—

Casa DJ, Clarkson. E’M_and_BQbectsJALQ_AmeﬂQan_ éoﬂege of Sports Medicine
Roundtable 6'r'inydration and Physical Activity: Céﬁ_élensus Statements. Current

Sports Medicine Reports 4 (2005): 115-127.

Cheung SS and:-Mclellan TV Heat acclimationiderabic fitnesss=and hydration effects on

tolerance during uncompensable heat stress. Journal of Applied Physiology 84

(1998): A 341739
Chinn S and Rona RJ. International definitions of overweight-and obesity for children: a

lasting solution. Annals of Human Biology 29 (2002): 306-313.

Cooper ER, Ferrara MS and Broglio SP. Exertional heat iliness and environmental

conditions during a single football season in the southeast. Journal of Athletic
Training 41 (2006): 332-336.
Coris EE, Ramirez AM and Van Durme DJ. Heat illness in athletes: the dangerous

combination of heat, humidity and exercise. Sports Medicine 34 (2004): 9-16.




83

Cureton KJ, Sloniger MA, Black DM, McCormack WP and Rowe DA. Metabolic
determinants of the age-related improvement in one mile run/walk performance

in youth. Medicine and Science in_Sports and Exercise 29 (1997): 259-267.

Delamarche P, Bittel J, Lacour JR and Flandrois R. Thermoregulation at rest and during

exercise in prepuberta boys. European Journal of Applied Physiology 60 (1990):

436-440.
Drinkwater BL, Kupprat IC, Denton JE, Crist JL and Horvath SM. Response of

prepubertal girls and-college women.to_work in the heat. Journal of Applied

Physiology 43 (1977):1046-1053;

DuBois D and DuBois EF. A«formtla to estlmate the approximate surface area if height

and weight be known. Archives oﬂlnternal Medicine 17 (1916): 863-871.

Dukes-Dobos FN. Environmental Medicine: Heat stress. Missouri: Mosby, 1995.

- =t

Falk B. Effects of thermal sifess during restl.,an,d exercise inthe paediatric population.

Sports Medicine 25 (1998) 221 240‘

#

Falk B, Bar-Or O, Calvert R and MaCDougaF{JlD Sweat gland response to exercise in

the heat among pre-, mick; and Iate—@gﬁtal boys. Medicine and Science in

Sports and Exercise 24(19924): 318-899:%
Falk B, Bar-Or O and MaQungalLJD.;[bethLegulaIQQLLesponses of pre-, mid-, and

late-pubertal boys to exercise in dry heat. Medicine and Science in Sports and

Exercise 24 (1992b): 688-694.
Freedson PS, Curetoh iKJ and iHeath |GW; State/of field-base fitness testing in children
and youth. Preventive Medicine 31 (2000): S77-S85.

Gisolfi GisandsRebinson S..Relations betweensphysieal draining,acelimatization, and heat

tolerance. Journal of Applied Physiology 26 (1969): 530-534.

Glazer JL. Management of heatstroke and heat exhaustion. American Family Physician.

1 (2005): 2133-2140.
Godek SF, Bartolozzi AR, Godek JJ. Sweat rate and fluid turnover in American football
players compared with runners in a hot and humid environment. British Journal

of Sports Medicine 39 (2005): 205-211.




84

Harris J and Cale L. A review of children’s fitness testing. European Physical Education

Review 12 (2006): 201-225.
Havenith G. Human surface to mass ratio and body core temperature in exercise heat

stress-a concept revisited. Journal of Thermal Biology 26 (2001): 387-393.

Haymes EM, Buskirk ER, Hodgson JL, Lundegren HM and Nicholas WC. Heat tolerance

of exercising lean and heavy prepubertal girls. Journal of Applied Physiology 36

(1974): 566-571.
Haymes EM, McCormick RJ-and Buskirk ER«Heat tolerance of exercising lean and

obese prepubertal'boys. Journal'of Applied Physiology 39 (1975): 457-461.

Hoffman JL. Heat-related illness_ in children. Clinical Pediatric Emergency Medicine 2

(2001): 203-210. |

Howe AS and Boden BP# Hegat-Related liiness in Athletes. The American Journal of

Sports Medicine 3542007): 1 3é4-1396,;

Inbar O, Bar-Or O, Detan R and Gutln B’ Cond|t|on|ng versus exercise in heat as

methods for accllmatlzmg 8~ o 10—¥ro|d boys to dry heat. Journal of Applied

Physiology 50 (1981): 408-411. !

Inbar O, Morris N, Epstein Y and:Gass G. Cdrhp'aﬁson of thermoregulatory responses

to exercise in dQLhﬁaLaang_pLeaubﬁﬂangﬁgLoung adults and older males.
Experimental th3|oloov 89 (2004): 691-700.

Inoue Y, Havenith G, Kenney WL, Loomis JL and Buskirk ER. Exercise and
Methacholinesinduced Osweating’| responses| «n «older” and younger men:

effect ofi heat acclimation and aerobic fitness. International Journal of

Biometeorology42+(1999)#=2 10=216:

Inoue Y, Kuwahara T and Araki T. Maturation-'and agingrelated changes in heat loss

effector function. Journal of Physiological Anthropology and Applied Human

Science 23 (2004): 289-294.

Kenney WL. Thermoregulation at rest and during exercise in healthy older adults.

Exercise and Sport Sciences Reviews 25 (1997): 41-76.




85

Loveys AA. Comparison of ear to rectal temperature measurements in infants and

toddlers. Clinical Pediatrics 38 (1999): 463-466.

Malina RM, Bouchard C and Bar-Or O. Growth, maturation, and physical activity. 2" ed.

United States: Human Kinetics, 2004.

McArdle WD, Katch FI and Katch VL. Essential of exercise physiology: body

composition, obesity, and weight control. 3 ed. Baltimore: Lippincott Williams &

Wilkins, 2006.

McArdle WD, Katch Fl and Katch VL. Essential.of exercise physiology: factors affecting

physiologic function:the environment and special aids to performance. 3" ed.

Baltimore: LippincottWilliams & Wilkins, 2006.
Montain SJ and Coyle EF. Influence of graded. dehydration on hyperthermia and

cardiovascular drift' dufing exercise. Journal of Applied Physiology 73 (1992):

1340-1350. | J ]
Morante SM and Brotherhood JR. Alr tempefature and physiological and subjective

responses during Competmve single! }enms British Journal of Sports Medicine

1(2007): 773-778. " i 422

Murray B. Hydration and physical performanqe J.ournal of the American College of

Nutrition 26 (2@07) 542-548

National Oceanic and Atmosphenc Administration. [online]. -Available from:
http://Weather.nééa.gov/weather/graphics/heatindéxchart.jpg [22/March/2010]

Powers SK and-Hewley ETi Exercisel physiclogy: Itheoryiand application to fitness and

performance. 4™ed. New York : McGraw-Hill, 2003.
Rivera-Brown:AM, Rewland=I WRamirez-Marrere FA, Santacana, G-and,Vann A.
Exercise tolerance in a hot'and humid climate in heat-acclimatized girls and

women. International Journal of Sports Medicine 27 (2006): 943-950.

Rivera-Brown AM, Gutierrez R, Gutierrez JC, Frontera WR and Bar-Or O. Drink
composition, voluntary drinking, and fluid balance in exercising, trained, heat-

acclimatized boys. Journal of Applied Physiology 86 (1999): 78-84.

Rowland T. Thermoregulation During Exercise in the Heat in Children: Old Concepts

Revisited. Journal of Applied Physiology 105 (2007): 718-724.




86

Rowland T, Hagenbuch S, Pober D and Garrison A. Exercise tolerance and
thermoregulatory responses during cycling in boys and men. Medicine and

Science in Sports and Exercise 40 (2008): 282-287.

Sardor RP. Heat illness: on-site diagnosis and cooling. The Physician and

Sportsmedicine 25 (1997): 35-40.

Saunders AG, Dugas JP, Tucker R, Lambert Ml and Noakes TD. The effects of different

air velocities on heat storage and body temperature in humans cycling in a hot,

humid environment. Acta Physiologica Scaadinavica 183 (2005): 241-255.

Sinclair WH, Crowe MJ, Spinks' WL and LeichtAS: Pre-pubertal children and exercise

in hot and humid environments. Journal of Sports Science and Medicine 6

(2007): 385-392. |

Sirard JR, Pfeiffer KA andJPatg’ PR, Motivational factors associated with sports program

participation in"middle school ;tud?ntﬁ. Journal of Adolescent Health 38 (2006):
696-703. b =

L

Smitz S, Van de Winckel A and Smitz I\/IF.'-Bt‘_ailliability of infrared ear thermometry in the

prediction of rectal temp'érature in ol&iﬁiﬁpatients. Journal of Clinical Nursing 18
(2000): 451-456. < 7EN
Solomon S, Qin D, Méining M. Chen Z, Marquis M, Averyt KB, Tignor M and Miller

HL. Summar\;f-or Policymakers: Climate Change 20"0’%: The Physical Science

Basis. [Online] 2007. Available from: http://www.ipcc.ch/pdf/assessment-
report/ard/\ig1/ar4-wg1esprizpdf [241Januany/2009]

Swain DP and Leutholtz BC. Exercise prescription: A case study approach to the ACSM

guidelines. S . lWnited-States: HumamKineties#2007.

Trojian TH."ACSM’s Primary Care Sports Medicine:” Environment. 2" ed. Philadelphia :
Lippincott Williams & Wilkins, 2007.
Unnithan VB, Eston RG. Stride frequency and submaximal treadmill running economy in

adults and children. Pediatric Exercise Science 2 (1990): 149-155.

Wagner JA, Robinson S, Tzankoff SP and Marino RP. Heat tolerance and

acclimatization to work in the heat in relation to age. Journal of Applied

Physiology 33 (1972): 616-622.



87

Werner J. Temperature regulation during exercise: an overview. In Gisolfi CV, Lamb DR,

Nadel ER (eds.), Perspectives in exercise science and sports medicine:

exercise, heat, and thermoregulation, pp. 49-77. Dubuque: Brown and

Benchmark, 1993.

Wexler RK. Evaluation and treatment of heat-related Illnesses. American Family

Physician. 65 (2002): 2307-2314.

AULINENINYINT
ARIAATAUNNIING A Y



AULINENINYINT
IR TN TN



89

APPENDIX A

lanastuastaya/Auusiiungidnsionlasanisg

(Patient Information Sheet)

%’ﬂiﬂ‘i\iﬂ’]‘i‘ mﬁ‘ﬁﬂmmmwmmﬂ Qﬂiﬂﬂﬁﬁl’Nﬂ’]ﬁl LAZNITAALAUAININTZLLTR 1A

k1l

NAAALAAR 72U 2ANANAINIENANILAS Tt Tana AN I 1a9LAN

{¥innsI4e
'8 al
NUNATANGRFNITNAN
a1asanlsneilagan laws ANUDINA

6 ' & a a
1. TR9AERIIANTE UNVIEY UNA NIATTATIINGT ALY
& = "'M'.J-';hd =g |
u:wmmm,g? AINTUNNINENAE INTAN 52-7854 pia 2030
\ ' ‘
2. TNANERIIAITE UNEUNNEANNE ASIUTIAT AIATTNETIINGN ALY

memammm W _@2252-7854 fla 2043

3. mﬂfimmﬁhggmmuuﬁ uﬁ%mmmmmma?maﬁﬂq NANTNATIINEIN

BB R T ARAG oo
e ARIAINTUNNIINYIAE

TssBauasaqiasnsniumanandudelszon edwit 0-2218-2742



90

ﬂ?1N!ﬂ1&N1ﬂlﬂQiﬂ§\1ﬂT§

Tugag 100 TNeuNn WuDe w.A. 2548 Tanaaasannialnanofuinlaninsiaas

HANQEIU 0.74 + 0.18 avAmaisa AvdanaliiinannziFandn aazlanfau (global
. 1 o =2 a d%l a d‘ 9/:31’ a

warming) aengluilaqiiy uunede nisinavresgungiieataasaInAlndanuialanuas

U TUMAYNS  SaustaersenAsTepsarAmasn 20 uarldinisaianisaiingungi

i~ °

= = X 4 oo ' . - £ o o gy
LRAEACINNTUBNDEWADLUBILACAINANTEVIL AN 1] SNLﬂu‘]jﬂalﬂ’WW‘!ﬂﬂuﬂ’]@\ﬂM

3
ANANATYNNN T

. oo . .

ananuandanaedlanilasuiladhl - aziunasilyusuganiniazniag

dl ] < A 4=l' a £% d’ a 49{ Y a1 s ] |
@essiansunady  visplaallasadnanissanninatuldiusanisvesyet  Tuusiaydl
1Ay dl =3 % QI/ \ I % o ij/ o o A 1
wudnilfilieiunaduaasnafadinlanghnndaauat faiulunisesniidaniavieiay
= = P P PR LA .. o) v a
A lunan menafen o deulinasienadssangdlidnaziuludunisacuangungi

$9my seuuvialauasvg@eiiien © ssuulvangn | wazANFAnTesiniy  gomgl

L 6

' -1 ' ’VIB" o a o
LnuNaNeTBeIINIEazguaTdEnIndnnseeniaden e mlng  auenainllgeiiEnenl

& | A a v A ; o X
WutaeinaainANIau (heat iliness) asidsdaLa i INTL
- el

tladeffinasia  heat .~ folerance . aldun  nisuFusiaseanineinieafen

g

(acclimatization) miﬂﬂmi@@ﬂﬁﬁﬁqmﬁ (exercise training)"mﬂ (age) WA (gender) Lay

asflsznaudnenie (bédy composition) dmduiadelusnuaasangiunugn nsaanings
maluaninerniadauseaniuansenuainnan i lug) i lilacn@sssanisunidy

mnmm%’@umﬁu

amnAddAyludesiu  naseaniidsniaaaainluaniwainiAfausasiagn
o =, - v . P S = o 1
vaineay bazfinnslpadiadnadn lud Wt eniveNdann s Ansasaiugululssime
= o o = A o > X A = \
e atlsludmdangemnwamuasduguruiesan ne N ATaBLACTUNBLAREAT] W6 1
\ o o o Ay o = o < o v @ x|
FANNSIUNIANANINBINIANTEURATUILHBIAINHANNANIY - T liAnlungamnumiuas
ANNLAENABNTINANTIZIE L8 NANEaY (heat ilness) HANAT lANANISINIRLH AN
ANTLAUNRNVTRRBNNIAINILNANUAT  TALIRNIZNN99ANANTINAINAN 1t TN A AN
= o ?:/ L o =K va =3 o o = A [~3 o A
paelseiFan  Asiugideasliiauauladnsnisaanindsniavizaaunisaaniinize
o ij/ = a = [~1 v a v @ o a
seautulssnnAne il inadnsnaasntinzaulungamnaniues  Tagldianiniau

Ts9sBsuandrqinasnsninvInedahelszanilungusicedng - dfdagnanaasnisenn



91

o o a; o = 1 = a a % dl
NIAINIENLUNIZANNLANINEINN ﬂﬂﬁ"ﬂh\l UNITADLAUAININETTINENIAUNTTIL AL UL RS

AUUYNINNIELATNIRa AN NIz lanaanaanatinels inetlaaiugiiinisnizeg

1
al

naiRuthesemenanaty  deyanldandulszlamilunisaiesdaonilnaniens
Aansnisninaaslszmalng  uazaunsnlililsygnsldnisdnianssunadnunaadlsaizen

Fne°] TungammnamuAs

nnilszasAuaInIsIAE \\&‘ ’ ,///

1. LW@ﬂﬂH’]ﬂ’]ﬁ‘[ﬂWﬂ?ﬂ]ﬂ’]W’Nﬂ’mLLZ‘]uﬂ’]ﬁ‘[ﬂ’ﬂU@uﬂﬂVI’]\?

5RUITUINNNITDANANAINE]

¥ al/ =8 ; ' - - L a [
naeuAs ludaTuanarn Wraansaduunanaaseng

A
ﬁﬂlmjwmu Luﬂmﬂﬂﬂ?’a\i

1. V : S ENA ‘ Tnete wazlAFun1sudaled

VIﬁ"WU’]’WLﬂﬂV]L‘II’Wﬁ"JNiﬂﬁ‘ﬂ’W? NIHARE

funsuuay L’ﬂﬂﬂiﬁiﬂ?ﬂpﬁﬁ")@ﬂ@ ﬁl‘ﬂﬂ@\‘lu’m?UV]T'TLIT]’]?L?Hﬁ‘QNl‘HﬂW?Q@ﬂ‘ﬂ‘ﬂ\‘]Lﬁﬂ

Wﬂu%&l?é% BN WYL T i 5

mqm?mumamwuﬁ'ﬂ

q ‘W’] BSA It NANANYAY

TAAIUG

3. daEunaslaiulusanis

4. NAKDUANTTNNINNINNNEL



92

AN AULATUAINIDANANAINE]

1. F9uNn

IR )
TIUNNUNLABEHN

TAAINNALIANR

N

ARRINTNAT

o

ARMUNNINNE

o A~ N
)

o

3. fRduazinnisfiuday \ inGeuaaniaangludaTuanad@nminan

10.00-15.00 1. 11 2 AANTIAAS ane TInnsAnen 2552

navisailsslaniinazi

AN 9N NNTADLAUBINIG

sruLsialavaaniaan 11919N1FRANNIAINENANLAS

\
WOTANANFNNINRNURIL TN A

U

JanaAnETe g Gaudy

o 6918 AINNTNEING

. Lwé%ﬁmqmﬂmﬂﬂ@vmm”lmmmmﬂ'ﬁmwmnmm Feusing 7 T
mmwwammm AN1INEIaE

5. alludeyalunsimmnaniseluewen

3.

”L‘vml,l,a Lﬂumﬂmwuﬁq f]sﬁﬂm’Lumfifafaﬂﬁqﬁqmﬂuﬁq



93

HATILAENTIANAinTuLNESINTATINTSG

TasanisaseiiflunisAn e @anssnin lainnnna liAan1sUALaLAINNIg
A9 11 N13F95UTIN TaRNAUTATIR ARFRINTNAT 1WA WanANTANNINITAANNNAY
neludalusnadnmaindng InegRdelidnlunaedes dalusnidndaulasanisazlais

mmﬁmﬁi@ﬂwmmﬁulm MaauanIAsaNITIReil

HNINN9TI98 2D L UL WA A up Aaazgniiuldiiuaausy

warard TR N Tl A a e 961N 5% Tidanguuuumasunisifiv

1
¥

faya uazluguinya:

a

= Y X
NITUTURASLALATDITBH AU

ENNIE YRR LN AN

NIUAINITO LAY

wnrinuidesede’ln SRR el Tmeinisey
Tnadnyl 086 — 820 - 8581 vl 281 9198 wnvinudiloyuimnediu
RTLFIINNNTIRE 1N W¥InunnsIaaiues (02) 256-

4455 6in 14, 15

AULININTNEINT
AR TUNMIINGAY



94

APPENDIX B

TusiuganLNsINnIsIAEl

(Consent Form)

NN33ARAE NIFANEIANINDINIA GEUNYHINNIY UATNIIRBLAUBIN NIz UL lanaen
LADATLIINNIAANNIAINNE AN T2 THanaA N Ia9LA NN BeuTe
TsaGuuansaqiasnaninvnanedueh sz nm

[ Yo Aa o dl N
FulAnEuaaN TUN............ NANAN e S . . - Wl

|
= ¥

(TR-uNana Junulnedaiingsd) %qﬁmmﬁuﬁuﬂﬂu ............................. LA FINARE

IHausaazidsnanena o ad sy Adias R as NETINA T LUN. oo
uazdwidnEuaanlel a8 B AN S/ TYEIEI L

y Y v - 2 . J Q’n/ o’
(Wa-wNana 1a95dnFas@as) 1iasanlasinaanas lnsadagla

a o

1y Y Y yo o LN Lo o U P PRy, ¥ Ny
°}J’1‘WL@Wimﬁ?‘]_l’ﬁ’]LuﬂL'ﬂﬂ@’]j‘LmeﬂQ’mg‘lL}ﬂﬂmLﬂﬁ?quim‘ﬂﬂ’]ﬁ‘ ﬂwquL@qiﬂﬂqqu

' Ald ol ol 9 o '
WAz JuR WIDNAELANANTUD HEIVTLA LT 1TINIAE! Matneunarasnsluludusgenlemn
nN3Iaall Trwduazidnsandaliiunasesueanfideteingszasdreniidy
> S il ¥ -

SLALIIANTBINNINNTAL 3BN19998 AUASIE VRAINAINAARASTIUAINNNIIAE WTRANENT

£y3 -

Toonsivtlszlemina ARaINaINN99 8 LAZININININEIAESs D Uat Az B A Taniduas

L7

] = = o/ 17 o/ zlx = ¥ 1 a
fiinganlasenisiinaniaslaniamesne lun1sannndeasdeianuaauiannuidnlaag1em

a

wda InefRduldnayAinisfi q ndanduategiadinsasdefiaanansinlalaaden
Buaudmdnela

¥ ¥ 17 R a aa} a ¥ a o dl [ 1o G| ¥ ¥
Fruiandn lane@ninasuaniannisidnsannasaas Lmﬁlmié"lmﬂmmﬂummma

1 1
Y

WiRKALAENNSLaN@NN 9T sEn e e R liinadenn S nsn Tapwepdnsaws NEidnda

a

o

Aqeazialazusialil
fRsususesinfudeyaarsfeaiumeesidninisudumnudy  wavaz
Domeldianzileldsunisduoenand mdinti yanaay e SEndatuauy
NN93RE  ADENIINNIINANTUNATEETINNNTIGE TUAN  UATANTININUANIENITNNIINAI TN
ansuazen  anaazlafueynnalidnunnmanazilszaaadeyadousinaeadididantan

- 0 A o - = Y > D2
VIQM@ZM@\?H?ZVI’]VL‘]JLW@’JIF]E]‘]J?Z@Q@LW@mi’l@@’ﬂUﬂ’NNQﬂWﬂ\W‘NWﬂH@L‘V]”qu IAEINTTANAY



95

13
Y = g

all 1% Yo A all val ¥ o s
VI@%L‘IJ’]?’]Nﬂ’]‘J‘ﬁﬂH’]H‘IJ’]WL’Q’]»Lgﬂ,‘l)iﬂ’]EI‘L!?_I@N‘V]@Ziﬁﬂﬂ’]ﬁ‘ﬁ]’i"]@@’ﬂ‘]ﬂlmﬂ@ﬂﬁ‘zqﬁW]’]\‘iﬂ’Wﬁ‘LLWVlﬁI

AR BRI

v o/ o

! 1= [~ 7 ¥ ¥ a o QI a o t:llsz ¥
Q'J’QEI‘J‘U?@\“I’J’W@ZPLNNT]’WLHLI"II’m;IJ@Iﬂ 7] VENHLINTINIRE LNNIAN NANRINNTINLERN

2RLNANNITEN99HIATINN1TIRUAZFABINTF N1 AN EIF NI I E R TIRdaUTIUNANAINTD

o

A v XK
AUAWDIAI

[ %

NFINANE

©3°¢

v Y v . o Y vy | ae aAa Sa = P o
?IWWL@'\L?.I’]EL@’J'] TINRILRS HLUTITINIR REUNANTNA VM?Q@@’QUM?@LL#L?HJ@N@@QHMQ

.‘f” eLT?J@N@ﬁ’Juﬁ]‘J?J@\‘INL?IWTQN’J@EI%] Tnel

¥ % % o | 2 e‘d‘ 1 a) dl
drwidn ldmezmin nsunngnldinnntlame e

m’ﬁmm;
%nhum:mumwm v :‘ A uﬂ‘ﬂN‘WQLﬁl‘ﬂi‘ NI19ATIAARL N9

YL FINITEUAZAINTDENANN

Y A o

v v o
siasuad IR funsu

a

AT sauvanslddasanis
naunngluauAnvzanig

drnidnloannde NALUAT | indsenis uazldaswnnluly
I AIGRELFOLRIGEES

.................................................... asuNFunulnegeuasy

HUEJ’WIEJWTWEJ’]ﬂ‘i
AWTANTTIN um'mmm“?

................................................................................ q8l FILTIAY
d =
FUN o LAB. oo NP,
...................................................................................... AUTNNENL
dl o/
(ot ) TANLIU FILITIAN



96

APPENDIX C

a 1 a o o [~ [=3 =2
LL‘LI‘LI‘II’ﬂﬂ')’lNEIuEI’ﬂNL‘fIJ’]‘i’]Nﬂ’I’i’JQEI (mmumnng 60912 ?J)

(Assent Form)

N15938L5A9  NIIANBIRNINANNA HUNYHNINNE KATNIIADLAUBINNITLLM lAvae
RDA 7TUINNNTDANNRINNLNANLAS Lt Tawa AnIUa9 AN 3 e 1T

TsaGauaEnqiasnaninu Bngnae shelszan

-t
anasEndFnwinisias edANARTIRNaE Innviaalong  anyws
21315895 n#IN1538(8731) §94ANEAIIANSE WABLNNETANNG  A99UTIAIN
i
HyinIan PNERATIIALTE. TIPenwus

A& 'S = a a
AUWITANGAINIINANY N1ARTIINEN

CADISEANEANEAT. ANNAINIRINININENAY

= v Y a o - - 'J.J
ﬁﬂﬂ@ﬂﬂjﬂn?QNﬂqﬁ‘QQH ....................... —— BV

¥ ars

foawseluidudesinativdededeneaagifiatuly  diideasdela  u

ANBBLNAIAUANUTAANAt RN IN At AR b8 wazuyazlaFudiun

1 !
o a A <

A o 14 ’ o
wilideatuiuiediuldideangim
Aduinnsdatimeazdnanwainialuilaqiiuliasundaslildsnalinisean
ManereuARANNNeNN AT UsRINANNEE NI ZaIuainnstleaiunnay nalanns
(=3 = dl 1 a (=3 [ 4 g dl = 1
AN WNEMNNTILATH ANAENARN SN UL EA N AN FR LN NTWHB RN TIAY
a = o o p 2 d‘ | % d’j
nyivTedeninAIN BN NI nan1ne N AlUN AN BAs B U Fa Ty
Tnaanngnisdpnanssusananludaluswadneaeslsazon  Aniugidsasliiaonuanla
=® o [ 3 = oA [~3 o o :j/ =K a =S
AnwInIzeaniNaINevTaIauniIeAnEnFausALT ULl sran AN LT warnEaeg
[~3 | v & | = a s a [ 1|
wninFaulungemmaniues  TeeldiantnGeulsnFauaiinainansalunianaidedag
dsznsilungusineting dldagnatzesniseanindsnieisnzaniuaninainiAvzala X
NNIABLAUBNNNATIINIAUN TR UL A9 U AT EUAT N TABLIAUBINNITLIL

o A 1 dl o D Ly (<3 [ ] ‘dl a 49( ¥ dl ¥
MQI@M@@@L@@@@H’NVL? L‘W‘ﬂﬂ‘ﬂ\‘iﬂuﬂq‘i.lﬁ]ﬂ’]ﬁ‘mmﬂﬁﬂ’]ﬁ‘m‘]_lﬂ'lﬂlﬂ’N“]‘V]‘ﬂ’WLﬂ@‘llu m@ga‘wim%



97

WulszTamilunisadwasdanniluinisnamaninisninaeslssmelneg  wazaunsnly
dszendldnisdnnanssunadnerealsa@ausiie lungamnwamiuag

£ v 1 v
dygdndannisidell fadeasinaivdeyaiugueeay Tne daiwin dn

dougs A Bunnlaiuluganig  LasNARUANIIONINNINNIE  LATTNNAULATIAINIT

= o

aannasnaluda Tuanadneaziin1dalag dainmin detinuinidasn Sanausuiain

o o [

AEMINTNAT SngNHFaNTe Inen1sTRAIAeT ineda 1 A luusazan

3

o

2 301 1 % ] ¥ o/ A o z// dgl(&' [~ 1

gadraatndn duyliesndiiunafdeaiauildiduls uavarlidlasinesuyan

le/QJ ¥ 1 aQ o % v & o % ! o
uananiinudinsaunisidalduauasas1nvaeluanauasianun s fsaaguiu

1%

a 1 a o ZJ/ é’ ° U a (3 1] dl [~ = a o
@ffl,mm’m'm‘-mﬂmmzmﬂmﬁg}ummmuﬂfm WasaniluntsAnenidaing

)

[

AnsduneEanIIniun  TnsdneA lulBiniyiannsaeninaenis luda luanadnemudng  Ing
gade lddn 1l nendeg )
gadraatndnay ilngghiidiasannatas | wenanAue  AnN  LAERAY

v - = f
Wit anuydAa R @S alns uinafaNlas 086-820-8581 glAtEuRAzWAAE
y

wazadinaszazdaalivgidnlagasniianla

ila il

ANHUNTURANNENRMlAR L =SSO

AR AN AL UINTVLITIAD - e er e eeeeree oo ]

dl [~3 ¥ Y 1 2D o
@\‘]‘ﬁ‘ﬂLﬁmQL?IW?QIIIV’]?\‘]W]?Q@EI..................................L'. ................................................

AAUAZAAIIN VUYL UTIAT. & 25 5. e 258 o0 5o e e



98

APPENDIX D
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APPENDIX F
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