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The purpose of this study was to investigate the effects of an application of

sunscreen on selected physiological variables during exercise in the heat. Twenty-two

male subjects underwent two steady state exercise tests (55% VO2 max, mean workload

153 watts) for 45 minutes, under two treatment conditions at the same ambient

temperature (900F, 54% relative humidity). One treatment involved wearing an

application of sunscreen (SS) while the other treatment did not (NSS). Sunscreen was

applied in the amount of 30m1/M2 of body surface area. Results of this study indicate that

an application of sunscreen significantly reduces mean skin temperature (MST), on

average .310C, during exercise in the heat (P=.03). Furthermore, MST was lower for the

SS condition versus NSS over all 12 time measurements. In addition, results show a

significant difference in the core to skin temperature gradient (P=.001), with a greater

gradient existing in the SS condition. There does not appear to be any effect of sunscreen

on ventilation, rectal temperature. (Tre), oxygen consumption, lactate levels, sweat loss,

percent plasma volume change, rating of perceived exertion, or respiratory exchange

ratio. Interestingly, although not statistically significant (P=.18), Tre remained lower, on

average .0840C, under the SS condition for every measurement throughout the exercise

session. Differences in MST and Tre were greatest at the beginning of the trial.

Redacted for Privacy



In conclusion, results of this preliminary study suggest that an application of 

sunscreen may enhance heat dissipation as indicated by a decreased MST and increased 

core to skin thermal gradient. 
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THE EFFECTS OF AN APPLICATION OF SUNSCREEN ON SELECTED
 
PHYSIOLOGICAL VARIABLES DURING EXERCISE IN THE HEAT
 

INTRODUCTION
 

The ability of an individual to sustain exercise in the heat is heavily dependent 

upon effective heat transfer from contracting muscles to the skin, and then from the skin 

to the environment by way of evaporation (Fortney et al. 1981). Hence, any factor 

inhibiting evaporation may cause an increase in body core temperature that may 

ultimately result in a decrease in performance or premature fatigue. 

The human body controls its internal temperature via heat exchange by means of 

four avenues: convection, radiation, conduction and evaporation (Iampetro, 1971). These 

avenues of heat exchange can be modified by the type of exercise, intensity of exercise, 

clothing and ambient environment (Iampetro, 1971). An individual at rest and at room 

temperature (64-720F), where skin temperature is greater than air temperature, loses 

most heat by outward heat flow from the body due to a negative thermal gradient. Under 

these conditions, radiation accounts for approximately 60% of total heat loss, conduction 

3%, convection 12%, and evaporation 25% (Pace, 1972). During exercise, however, 

evaporation becomes the major cooling mechanism, being responsible for greater than 

70% of total heat loss (Pace, 1972). 

Muscular exercise may increase metabolic heat production as much as 10-20 

times the heat production at rest (Astrand and Rodahl, 1986). The onset of exercise, or 

even the anticipation of exercise, is accompanied by initiation of the sweating 

mechanism. With vigorous exercise, the sweating mechanism is initiated remarkably 

rapidly, in fact within 1.5 seconds (van Beaumont, 1963). The sweat rate responds in a 

linear fashion with the intensity of workload and reaches an equilibrium after about 30 
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minutes (Greenleaf, 1979). However, it is not the sweat rate, per se, that cools the body or 

skin, but the evaporation of sweat. The vaporization of water from the skin surface to the 

air is the major cooling mechanism. The cooled blood is then recirculated, enabling it to 

continue to absorb heat from the warmer body core environment. Thus, the evaporation 

process, when coupled with large cutaneous blood flow, serves as an effective heat 

regulation mechanism under most conditions. An enabling feature of the blood is its high 

heat capacity., which facilitates the absorption of a great deal of heat that can then be 

removed via transport to the periphery. Furthermore, this occurs without any significant 

change in characteristics, eg. cell make-up, viscosity, or oxygen (02) carrying capacity. 

The most important environmental factor determining the effectiveness of 

evaporative heat loss is humidity. Under conditions of high humidity, less evaporation 

takes place because the air is already highly saturated; that is, it already has a high water 

content. In this situation, where humidity is high and evaporation is low, sweat merely 

drips from the body and affects no cooling of the body. This is impractical water loss, 

which without replenishment will merely lead to dehydration and overheating. 

Many factors are known to impair evaporative sweat loss. They include: high 

ambient temperatures (Iampetro, 1971), highly humid environments (lampetro, 1971), 

and clothing (Mathews et al. 1969). One area that has received little attention in the 

literature concerns the effects of an application of sunscreen on evaporative heat loss. 

One study has addressed this question, but has left several key questions unanswered. 

Wells et al. (1984) studied the effects of an application of sunscreen with sun protection 

factor 8 (SPF8) on selected physiological variables while riding a bicycle ergometer for 

30 minutes (50%-60% of maximum 02 [V02 max]) under two environmental conditions, 

namely low and high humidity, but at the same temperature (approximately 350C dry 

bulb). They found no significant response differences in heart rate (HR), oxygen 

consumption (V02) and rectal temperature. However, under conditions of low humidity, 

they found that an application of sunscreen significantly elevated skin temperature. Wells 
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et al. (1984) suggest that the mechanism causing elevated skin temperature was an 

increase in the relative humidity of the microenvironment next to the skin. The net effect 

of this would be to reduce the evaporative gradient between the skin and the air thus 

increasing skin temperature (Wells et al. 1984). 

Advances in sunscreen formula have generated a brand of products that are 

resistant to both sweat and water immersion (Pathak et al, 1969). These products include 

the use of the ingredient Para-amino-benzoic acid (PABA). Pathak et al (1969) conclude 

that there is a 50-85% decrease in sunscreen effectiveness due to water exposure. The 

specific feature of PABA is its ability to penetrate the horny layer of the skin, thus 

making it more resistant to sweat and water immersion. Additional characteristics of this 

substance are its amphipathic qualities, which make it further resistant to water 

immersion and sweat (Langner, 1972). Thus, in the current situation, the question arises: 

Do these additional characteristics impair an individual's cooling mechanism by changing 

the composition of sweat, thereby making it more resistant to evaporation because of oil 

content? If so, will this cause an increase in metabolic heat storage, as demonstrated by 

changes in physiological response variables such as body and skin temperature? 

STATEMENT OF THE PROBLEM 

One would speculate that decreased evaporative efficiency, due to the effect of 

sunscreen on evaporative cooling, would serve to increase core temperature during 

prolonged exercise in the heat. This, in turn, would result in increased physiological 

responses, such as heart rate and sweat loss, in an attempt to maintain the cooling 

mechanism. Thus, at the same workload there may be an increased energy cost to perform 

a given workload and a greater risk for heat injury. 
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STATEMENT OF PURPOSE 

This current study seeks to determine whether or not prolonged exercise under 

conditions of high temperature and while wearing sunscreen results in changes in selected 

physiological responses such as skin and core temperature, oxygen consumption, heart 

rate, ventilation, and ratings of perceived exertion. 

SIGNIFICANCE OF THE STUDY 

People routinely exercise or perform activities for prolonged periods in the heat. 

In an effort to protect themselves from harmful ultra violet rays, many of these people 

will use sunscreen. While there is no doubting the protective effects of these sunscreens 

from the sun (Sayre et al. 1979), there is the possibility that sunscreens may actually 

impair heat loss by impeding evaporative sweat loss. The data from Wells et al. (1984) 

suggest that elevated skin temperature results due to the action of the sunscreen inhibiting 

evaporative heat loss. Normally increased skin temperature would promote further 

cooling because of increased sweating (Nadel et al. 1971), but Wells et al. (1984) report 

that the sunscreen inhibits evaporative cooling thus impairing heat loss. If this hypothesis 

is correct, then under conditions of exercise, where evaporative heat loss accounts for 

greater than 70% of total heat loss, individuals would be at a higher risk for development 

of a heat disorder if they wear sunscreen. Furthermore, certain populations, such as 

children and the elderly, are already at a greater risk for heat disorders because of 

physiological differences in sweating efficiency (Bar-Or, 1980). If they wear sunscreen 

while performing vigorous activity, they may further increase their risk of developing a 

heat disorder. Thus, the purpose of this study was to investigate the effects of an 

application of sunscreen on the heart rate (HR), V02, ventilation We), core temperature 



(Tre), skin temperature ( MST), lactic acid (LA), rating of perceived exertion (RPE), 

sweat loss, respiratory exchange ratio (RER), and plasma volume (PV) responses in a 

healthy, normal population. 

41: 

LIMITATIONS 

The effects of sunscreen on evaporative heat loss while exercising have not been 

well researched. Thus, there is little in terms of guidance and procedures for investigating 

these effects. Only one study to date has addressed the question (Wells et al. 1984). 

However, certain weaknesses are evident in the Wells et al. (1984) study. Sweat rate is 

linear with intensity and reaches an equilibrium in relation to intensity after 

approximately 30 minutes (Greenleaf, 1979). In the Wells et al. (1984) study, subjects 

exercised at 50%-60% VO2 for only 30 minutes. Consequently, subjects may not have 

reached sweat rate equilibrium. The dermatology literature indicates the use of between 

30-50m1 of sunscreen per meter squared (M2) of body surface area for appropriate 

protection and response to the environment. The Wells et al. (1984) study used only 

20m1/M2. Thus, there may not have been enough sunscreen to initiate an effect on 

variables other than skin temperature. While the current study will correct for these 

problems, some further factors arise. The specific effects of the individual ingredients of 

sunscreens are not being investigated at this time. Therefore, the ingredient or ingredients 

which are responsible for creating the hypothesized humid microenvironment next to the 

skin will not be determined. This may be the project of future study. The following is a 

list of limitations: 

1. Sweat loss will be measured indirectly (pre and post exercise weight changes). 

2. The level of heat stress applied in the study may be insufficient to demonstrate an 

effect of sunscreen. 



3. While the exercise stimulus period is longer than that used in the Wells et al. (1984)
 

study (30 minutes versus 45 minutes), it may still be insufficient to demonstrate an effect
 

of sunscreen.
 

Thus, while results may be generalized, they are applicable only under the testing
 

conditions of the laboratory.
 

DELIMITATIONS 

Only males were used in this study. This was due to differences in sweat rates 

between gender and other aspects of data collection, such as insertion of the rectal probe, 

nude weights and exposed upper body. The Wells et al. (1984) study used only males. 

Thus, there are a number of delimitations with the current study. 

1. While results may be generalized, they are really only be applicable to the male 

population between the ages of 18-30 years. 

2. Only Caucasians were used in this study. Different populations are known to react 

differently to sunscreens. Hence, results are only applicable to the Caucasian population. 

3. The environmental temperature was held constant at 32°C (900F). Thus, while results 

may be generalized, they are applicable only under the testing conditions of the 

laboratory and further delimited to the quantity of sunscreen, the SPF, and the intensity of 

exercise used in this study. 

4. There was no exposure to ultra violet rays during this study. Protection from ultra 

violet rays is the main reason for the use of sunscreens. 
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It is hypothesized, based on previous literature, that an application of sunscreen 

will create a highly humid microenvironment next to the skin As a result, there may be 

an impairment in evaporative heat loss. 

Ho#1. Sub-maximal heart rate (SMHR) under conditions of sunscreen will be greater 

than SMHR under no sunscreen conditions. Ho#1. µ * 0. 

Ho#2. Ventilation rate will be greater in the SS condition. Ho#2. g2 * 0. 

Ho#3. Oxygen consumption will be greater in the SS condition. Ho#3. 113 * O. 

Ho#4. Skin temperature will be greater in the SS condition. Ho#4. 114 * O. 

Ho#5. Rectal temperature will be greater in the SS condition. Ho#5. g5 * O. 

Ho#6. Lactate levels will be greater in the SS condition. Ho#6. g6 * O. 

Ho#7. Plasma volume changes will be greater in the SS condition. Ho#7. p.7 * O. 
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REVIEW OF LITERATURE
 

The following chapter seeks to describe the relevant literature and findings in 

thermoregulation. Several key areas are addressed: they include physiological responses 

to exercise in the heat, such as heart rate (HR), oxygen consumption (V02), ventilation 

(Ve), lactate, core temperature, skin temperature, blood flow, vasodilation, and 

vasoconstriction. This section will also discuss the overall thermoregulatory mechanism 

as it integrates these various systems to maintain body temperature. The discussion shall 

address the avenues of heat loss and those factors that impair heat loss avenues. 

The skin is the integument or external covering of the body. It is elastic, durable, 

and resistant in nature and this diversity permits it to perform its function as a protective 

mechanism very well. The skin performs a specific function and can, therefore be 

classified as an organ. The skin, along with other associated structures, such as hair, nails, 

sebaceous and sudoriferous glands, and several specialized receptors, constitute the 

integument system. The skin provides protection for the delicate tissues underneath. It 

also acts as an insulator against heat and cold, eliminates body wastes in the form of 

perspiration, and produces protective pigmentation against the sun's ultra violet rays. Its 

sensory receptors react acutely to the sensations of touch, heat, cold, pain, and pressure. It 

is these sensitive responses that enable the skin, and the body, to respond quickly and 

precisely to the environment as conditions change, while at the same time fulfilling its 

role as a protective organ (Leonard, 1993). 

This paper is primarily concerned with the role of the skin in thermal regulation 

and, more specifically, in its role as a part of the body's cooling mechanism. The actual 

cooling process is achieired primarily by the removal of heated water from the body, and 

while this appears to be a straightforward mechanism, it is merely the end point following 

numerous complicated and highly specific processes. The following sections seek to 
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describe those relevant processes, but first a detailed review of the Wells et al. (1984) 

study on the effects of sunscreen while exercising in the heat will be presented. 

SUNSCREEN AND EXERCISE
 

To date there is little information in the literature in reference to sunscreen and its 

effects during exercise. In 1984, Wells and colleagues investigated the effects of 

sunscreen use during exercise in the heat. The investigators used two environmental 

conditions, namely hot and dry, and hot and humid. Temperatures for both conditions 

were approximately 35°C (dry bulb), 29°C (high humidity wet bulb), 23°C (low 

humidity wet bulb), with a water vapor pressure of 29mm Hg and 15mm Hg for high and 

low humidity, respectively. 

Sixteen men exercised for 39 minutes (included 9 minute warm-up at 50 watts), 

during which time the variables of heart rate, oxygen consumption, skin temperature and 

rectal temperature, were measured. Weight changes from pre- to post-exercise were 

measured and used as an indicator of water/sweat loss. Exercise workload was set at 100 

watts, corresponding to approximately 50%-60% of maximum oxygen uptake. At the 

mid-point of exercise subjects were permitted to drink 150m1 of water if desired. 

Results showed that sunscreen did not significantly affect the responses of HR, 

V02, or weight loss, nor were there any changes in Tre. In the low humidity condition 

MST was significantly elevated due to the sunscreen application from the twelfth minute 

through recovery. No significant differences were reported for the high humidity 

condition. Wells et al. (1984) conclude that under conditions of low humidity sunscreen 

appears to elevate MST beyond that normally observed without sunscreen. 
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While Wells and colleagues (1984) have addressed a primary concern, several key 

questions are still unanswered. Furthermore, several flaws are apparent in the study 

design that may have influenced their findings and these will be discussed in greater 

detail later. Further studies in this area are warranted. 

THERMAL CONTROL 

Humans have an innate ability to survive in extremities of heat and cold. 

Furthermore, they have the ability to exercise in such extremes. For example, skiing in 

ambient temperatures below zero and running marathons when ambient temperatures 

exceed body temperatures. The basis of this survival is straightforward, in that when the 

environment is cold, body temperature is maintained by increasing heat production or 

wearing more clothing, and when it is hot, by increasing heat dissipation through 

sweating and/or removing clothing. Humans are homeotherms. Thus, their body 

temperature functions independently of the surrounding environmental temperature. Most 

physiological processes and mechanisms function adequately in extremes of heat and 

cold so long as the internal core temperature is maintained (Guyton, 1976). However, 

despite this independence and versatility in function, the human body, or, more precisely, 

the core temperature, can only withstand small changes in temperature Small increases of 

4-50C can cause cardiac dysfunction, nausea, dizziness, fatigue, unconsciousness and 

even death (Guyton, 1976). Thus, temperature control is crucial to the maintenance of a 

homeostatic environment and, ultimately, human survival. 

Normal body temperature ranges between 36.5- 37.5°C (Guyton, 1976). However, 

fluctuations in this temperature can take place under certain circumstances without 

adverse ill effects. For example, core temperatures may increase to 410C during exercise, 

and, while sleeping, body temperatures may decrease to 36°C (Pugh et al. 1967, Guyton, 
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1976). The temperature regulatory center is located in the hypothalamus (Pace, 1972), 

and the responses to heat are primarily controlled by heat sensitive neurons located in the 

preoptic region of the anterior hypothalamus. On the other hand, responses to cold are 

controlled mainly by the posterior hypothalamus, which reacts to afferent input from cold 

receptors located around the body (Folk, 1974). This hypothalamic coordinating center 

may be viewed as somewhat of a "thermostat, " set carefully at 370C ± 10C. However, 

unlike a thermostat in a building, the hypothalamus cannot "turn off' heat production, 

but can merely act to increase heat loss at times of increased heat production. An 

overheating of the preoptic area will initiate the heat loss mechanism (Pace, 1972). These 

heat loss mechanisms are generally activated in two ways: the thermal receptors in the 

skin provide feedback to the anterior hypothalamus, and direct stimulation of the 

hypothalamus through changes in the temperature of the blood perfusing these areas 

(Hardy, 1967). 

Peripheral thermal receptors respond to rapid changes in heat and cold. These 

receptors are distributed mainly as free nerve endings in the skin, and are more 

responsible as an early warning sign of cold rather than heat disorders. However, it is the 

central regulatory center that is of more importance in thermal balance. Cells located in 

the anterior hypothalamus detect small changes in blood temperature and consequently 

initiate adjustments for heat loss or conservation. The mechanism for heat loss is 

dependent largely on two physiological mechanisms: an increase in blood flow to the 

periphery and an accompanying vasodilation of the necessary blood vessels. 

With an increase in body temperature, the anterior hypothalamus stimulates sweat 

glands, which results in increased evaporative heat loss. At the same time an inhibitor of 

the vasomotor center removes the vasoconstictive tone from the skin, allowing increased 

blood flow to the periphery (vasodilation). This allows increased heat loss through the 

skin via increased blood flow to the skin. There is also speculation that the anterior 
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hypothalamus causes an increase in local release of bradykinin, causing further 

vasodilation (Guyton, 1976). 

MECHANISMS OF THERMOREGULATION 

As previously stated, the mechanisms of thermoregulation are primarily designed 

to act against overheating (Pandolf et al. 1988). Humans often experience overheating 

during times of exercise, and it is the thermoregulation under these conditions that is of 

interest in the current study There are four avenues of heat exchange in the body: 

radiation, conduction, convection, and evaporation (lampetro, 1971). The relative 

contributions to heat loss from each avenue vary under environmental conditions. 

However, at rest these avenues are fairly consistent in their role. At rest and at room 

temperatures of 18-220C (64-710F), radiation accounts for approximately 60% of total 

heat loss, conduction approximately 3%, convection approximately 12%, and evaporation 

approximately 25%. 

If body temperature is to remain constant, then heat production and heat gain must 

equal heat loss. This can be more simply expressed in the form of an equation: 

M+R+C+K-E=0 

M = Metabolic heat production 

R = Radiant heat exchange 

C = Convective heat exchange 

K = Conductive heat exchange 

E = Evaporative heat loss (always negative) 
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However, this equation is accurate only in situations where body temperature is 

constant. If any variation in body temperature occurs, a correction factor S (storage heat) 

is introduced to the equation. 

Hence, 

M+S+R+C+ K -E =O 

S is positive if body heat is decreasing and negative if body heat is increasing (Winslow 

et al. 1939). 

Conduction (K) of heat occurs whenever two surfaces with different temperatures 

are in direct contact. The transfer of heat energy from one substance to another is directly 

related to the thermal gradient (the temperature difference between the two). Heat loss or 

transfer by conduction is not a vital avenue of exchange for humans under most 

circumstances. The reason for this is that relatively small areas of the body surface, 

usually only the hands and the feet, come into contact with other objects (Iampetro, 

1971). Although clothing does come into contact with the skin, generally it is made of 

poor conducting material, thus heat loss via clothing conduction is also negligible. The 

surface of the hands represents only about 5% of total body surface area, yet in the nude 

individual under certain conditions, about 10% of the heat produced may be eliminated 

through the hands, and in a clothed individual up to 20% may be eliminated through the 

hands (Day, 1949). The exception to the usually limited role of conduction in heat 

exchange occurs with swimming In swimming heat loss via conduction is dramatically 

increased, as water has a heat-moving capacity some 20 times that of air (Astrand and 

Rodahl, 1986). Hence, humans experience difficulty staying warm in cold water even 

over a short period of time. Furthermore, it would also make less sense to attempt to stay 

warm in the water by being more active, as the thermal gradient would only increase, 

causing further heat loss. 
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Convection (C) is heat exchange that occurs when one medium is moving, such as 

with a liquid or gaseous medium. This is often called a convective current. Convection 

accounts for approximately 12% of total heat loss. Effective transfer of heat via 

convection requires a form of movement of the fluid or air involved. If no movement 

occurs, then the heat is lost only through conduction, and this will be limited. Heat loss 

through convection in the body is primarily achieved by the movement of blood through 

the vascular system. The volume of blood flow through regions of the body can be 

controlled by spontaneous vasodilation and vasoconstriction (Iampetro, 1971). 

Convective heat loss at the body surface may be enhanced by increased air movement. 

Still air can have an insulatory effect, and since air is a poor conductor, this would serve 

to impede heat loss. Clothing can also impede convective heat loss. However, certain 

exercise modes, for example, running, can simulate natural air movement that would 

improve convective heat exchange and consequently aid in cooling. 

Radiation (R) is the exchange of electromagnetic energy waves emitted from one 

object and absorbed by another. Radiation is the only mechanism of heat exchange that 

does not require molecular contact for energy transfer. The transfer of heat through 

radiation via electromagnetic rays occurs in the same way as the sun heats the earth. The 

most common impedance of this heat exchange avenue is clothing. Heat exchange via 

conduction, convection, and radiation is dependent upon a thermal gradient, which exists 

whenever two substances with different temperatures are exposed to each other. Heat 

exchange will be from the hotter object to the colder object, with the extent of radiant 

heat exchange being directly related to the difference in the temperature between the two. 

If a thermal gradient does not exist, there will be no energy flow in either direction and, 

consequently, no heat loss (Iampetro, 1971). 

Evaporation is the final heat transfer avenue. Evaporation (E) occurs when water 

changes from a liquid to a gas. For this to occur, heat must be supplied. This heat is often 

referred to as the latent heat of evaporation and equals 580 calories per gram of distilled
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deionized water. For human sweat this value is often lower because of sweat 

composition. Evaporation is always a heat dissipating mechanism, even though its 

effectiveness may vary. When sweat is evaporated from the skin, heat is lost when water 

converts from a liquid to a gas. The rate of evaporation is dependent upon the vapor 

pressure gradient, which determines the rate of conversion from liquid to gas. If the 

ambient vapor pressure is greater than 40mmHg, evaporation will essentially be zero. 

Therefore, the ability of humans to exercise in the heat without undue heat stress or a 

decrease in performance is inversely related to the ambient temperature and equally, or 

more importantly, to the vapor pressure (Lind, 1963). 

The onset of exercise initiates a shift in the relative contribution of the heat loss 

avenues to thermoregulation. During exercise, evaporation provides the major 

physiologic defense against overheating. In fact, during exercise evaporation accounts for 

more than 80% of total heat removal (Mitchell, 1977). This evaporative heat loss is 

essential in the prevention of overheating, because for every 100m1 of sweat that is 

evaporated, the rise in mean body core temperature is attenuated by 10C. Furthermore, 

for each liter of sweat that is vaporized, approximately 580 kcals are extracted from the 

body and transferred into the environment (Snellen, 1966). 

FACTORS AFFECTING EVAPORATION 

The factors that have the greatest influence on evaporation are the ambient 

environment and clothing. However, clothing is the only variable that humans can 

control. As ambient temperature increases, the effectiveness of the heat exchange avenues 

of conduction, convection, and radiation are decreased. Furthermore, if ambient 

temperature exceeds body temperature, heat may actually be gained via these 

mechanisms. An ambient temperature greater than 330C will actually cause the 
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superficial tissues to gain heat from the environment, further increasing the risk of 

overheating. Under such conditions sweat evaporation is the only means of heat loss. In 

fact, the sweating rate increases directly with increases in ambient temperature until skin 

temperature reaches about 330C. 

The relationship between humidity and sweat evaporation is crucial. There are 

wide variations in both physiological responses and tolerance levels with varying ambient 

temperatures and humidities (Brebner, 1958, Iampetro, 1971). At moderately high 

ambient temperatures (360C), the ambient vapor pressure for skin temperature, oral 

temperature and sweat rate is approximately 38mmHg, and there is a marked increase in 

all these variables at vapor pressures above 38mmHg due to the impairment of 

evaporative sweat loss as vapor pressure increases (Brebner, 1958). As ambient water 

vapor pressure increases, sweat evaporation is impeded, and if vapor pressure exceeds 

40mmHg, sweat evaporation approaches zero (lampetro, 1971). Tolerance times for 

exercise decrease as ambient vapor pressure increases (Bell et al. 1965; Goldman et al. 

1965). Vapor pressure under clothing or uniforms has the same effect on sweat 

evaporation as ambient vapor pressure; that is, it will decrease evaporation. Thus, any 

mechanisms or factors impeding free diffusion of water vapor from the body surface 

allows saturation of the air between the barrier and the skin, consequently inhibiting 

sweat evaporation. The consequence of this saturation is a loss of water with no cooling 

benefit. 

CLOTHING AND THERMOREGULATION 

Clothing and its role in thermoregulation has received much attention in the 

literature, both in the areas of heat and cold thermoregulation. The landmark studies of 

Mathews et al. (1969) demonstrated the potential danger, which includes death, from 



17 

overheating while exercising in the heat. In these studies subjects were exercised under 

the same environmental conditions, at the same intensity, for the same periods of time. 

Subject groups differed according to the amount of body surface area that was exposed. 

Results showed higher skin and rectal temperatures under those conditions where body 

surface area was not exposed. Clothing serves to protect one from the environment, as it 

insulates and protects the body from its surroundings. However, there are times, 

depending upon ambient temperature, when clothing may serve as a hindrance to 

thermoregulation. Dry clothing retards evaporative heat exchange. This occurs regardless 

of how light the clothing may be (McArdle et al. 1991). This is especially true in 

comparison with wet clothing, as evaporative heat loss occurs only when clothing is wet 

throughout. This occurs because the clothing continues to absorb moisture as long as part 

of the clothing is dry. When clothing is no longer dry , it can no longer retain excess 

moisture. This raises the question of the viability of switching to dry clothing during 

activity, as this would appear to prolong the time period between sweating and 

evaporative cooling. The nature and design of clothing has varying effects on evaporative 

heat loss. Cotton and linens appear to readily absorb moisture and promote some cooling, 

whereas other heavier shirts and rubber or plastic materials create a highly humid 

environment close to the skin, inhibiting evaporative cooling. 

Mathews et al. (1969) showed the performance-limiting effects of American 

football uniforms because of their tight fitting, non-absorbent material and weight. After 

30 minutes of exercise, individuals wearing an American football uniform had higher 

rectal temperatures by almost 10C in contrast to those individuals wearing only shorts 

and performing the same workload. Furthermore, individuals wearing shorts only, but 

who carried a back pack with the equivalent weight of the American football uniform, 

demonstrated rectal temperatures almost .50C lower than those individuals wearing the 

football uniform. In addition, the investigators found that the temperature directly below 

the padding averaged only 10C lower than rectal temperature. The net effect was highly 
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impaired cooling and impaired sub-cutaneous blood flow with a tendency to overheat. In 

fact, cooling was impaired by almost 80% versus the skin surface directly exposed to the 

environment. Thus, in warm weather, ideal clothing would be light weight, loose fitting, 

and light in color. However, even under these conditions, heat loss is retarded until the 

clothing is wet throughout. Hence, the practice of soaking clothing beforehand would 

make more sense than changing to dry clothing during exercise. 

CARDIOVASCULAR RESPONSES TO THERMAL STRESS 

All humans adjust and adapt to heat stress (Rowell, 1974). However, the degree of 

adaptation and adjustment is dependent upon numerous factors, including fitness level, 

age, and body composition. Active vasodilation of cutaneous blood vessels and increased 

sweating rates are two major adjustments to heat stress (Folk, 1974). More than 90% of 

this vascular response is controlled by active vasodilation mechanisms from the 

sympathetic nervous system (Grant, 1938). In contrast to active vasodilation, passive 

vasodilation via the release of a tonic vasoconstrictor activator appears to play a fairly 

minor role over most of the skin surface. The release of vasoconstrictive tone to skin is 

minimal at normal core and skin temperature and causes no increase in peripheral blood 

flow (Shepherd, 1963). 

The onset of exercise, regardless of ambient temperature, causes an increase in 

body temperature due to an increase in metabolic heat production. Simultaneously, there 

is redirection of blood flow away from inactive or secondary organs and towards the skin 

and working muscle. Again, this is achieved via vasoconstriction of the blood vessels 

perfusing secondary organs and vasodilation of the vesselsperfusing the working muscles 

and skin surface (Rowell, 1974; Johnson et al. 1974). This peripheral blood flow 

facilitates heat loss due to the blood having a high heat capacity. High heat capacity refers 
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to the ability to carry a great deal of heat with only a moderate increase in temperature. 

The blood has a specific heat of 3.85 ICJ L-1 °C-1 (.92 kcalsL-oC -1) (Pandolf et al. 

1988). Hence, if one liter of blood at 37°C flows to the skin and returns to the core 1 °C 

cooler, the body core loses approximately 3.85KJ of heat. During exercise, or even at 

rest, the muscle blood flow required for aerobic metabolism is dependent upon the 

oxygen requirement of the tissue. The oxygenated content of arterial blood is usually 

about 200m1L-1 (Pandolf et al. 1988). The release of energy from the consumption of 

200m1 is about 4.21(J. This may vary slightly depending upon energy substrate. 

Consequently, if the muscle used all oxygen available in a liter of blood, it only needs to 

be 1.09°C warmer than the arterial blood in order to allow the blood to adequately 

remove the muscle heat being produced. The rate of core to skin heat transfer ultimately 

depends upon skin blood flow and also on the thermal gradient between the skin and 

body core temperatures. Temperature gradients exist within the body, with the greatest 

temperature gradient being found between the skin and body core. For example, body 

core temperatures may be as much as 20°C higher than the skin temperature. This would 

occur when much of the skin is exposed to a colder environment, but the ideal difference 

is about 4°C at rest (Astrand and Rodahl, 1986). 

The peripheral blood flow carries heat by convection. Peripheral blood flow 

serves to both increase and decrease skin temperature, depending upon core and ambient 

temperature. If skin and core temperatures are low, no sweating occurs. Raising 

peripheral blood flow will bring skin temperature closer to blood temperature, while 

decreasing blood flow will bring skin temperature closer to the ambient temperature. In 

the situation of low skin or core temperatures, the body is controlling heat loss by using 

peripheral blood flow to regulate sensible (convective and radiative) heat loss. 

Fortunately, under such conditions the tendency of peripheral blood flow to warm the 

skin is balanced by the sweating tendency to cool it. Therefore, little change in skin 

temperature and heat exchange tends to occur after sweating has begun. 
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Blood flow to the periphery is affected by temperature in two ways. The local 

temperature affects the vascular smooth muscle directly, and the core temperature and 

other skin temperatures affect blood flow via sympathetic nervous system reflexes. Local 

skin temperature acts on the peripheral vessels in one of two ways. Firstly, the local 

cooling enhances, while the heating weakens, the contractile response properties of the 

smooth muscle to norepinephrine, and secondly, in skin areas with active vasodilation, 

such as the forearm, local heating causes vasodilation and local cooling vasoconstriction, 

even in the absence of nervous system signals (Wenger et al. 1986). This mechanism 

facilitates heat removal rapidly from the skin by the blood before any conductive heat can 

effectively take place. 

With exercise, rectal temperature initially rises rapidly, and then increases at a 

reduced rate until heat loss values are equal to heat production (steady state). Rectal 

temperatures are most often used to represent body core temperatures. In reality, the 

rectal temperature is slightly higher than the temperature of the arterial blood, about the 

same as that of the liver, but slightly lower (.2 -.5 °C) than that of the brain (Astrand and 

Rodahl, 1986). The increases in metabolic rate that occur with exercise occur more 

rapidly than the thermoregulatory mechanism responds, thus the initial rise in core 

temperatures (Nielsen, 1966). These effector responses, which permit sensible (radiative 

and convective) and insensible (evaporative) heat loss, eventually increase in proportion 

to heat production. 

With muscular exercise, the increase in rectal temperature is independent of 

environmental conditions at steady state and more proportionate to the increases in 

metabolic rate (Gonzalez et al. 1978). However, Lind (1963) argues this is only true 

within a range of conditions. i.e. the "prescription zone", for an athlete will certainly 

experience greater hyperthermia and heat discomfort at 40°C than at 20°C (Robinson, 

1963). Lind exercised the same individuals at the same workload across several ambient 

temperatures and found a positive relationship between ambient temperature and rectal 
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temperatures. However, metabolic rate had a greater influence. Thus, rectal temperature 

is largely but not exclusively independent of environmental temperature. The problem 

with heat loss is exacerbated under conditions of high metabolic requirement and high 

ambient temperature, where the individual's ability to dissipate heat via evaporation is 

inhibited. Lind describes this range of temperature, where the metabolic rate is more 

influential than ambient temperature as the "prescription zone" and lies between 100C

250C. Beyond 25°C the environment has a greater effect on rectal temperature. 

THERMOREGULATORY RESPONSES TO EXERCISE IN THE HEAT 

The literature reports numerous studies on related aspects of thermoregulation. 

These studies have used a variety of environmental conditions to test their hypotheses. 

The following list outlines the temperatures used by several of the studies that are 

referenced in this chapter. The current study will use an environmental temperature of 

320C (900F). This temperature was decided upon because it is greater than the 

thermoneutral temperature and it lies within the range of temperatures commonly 

reported for testing in the literature 

Comparative Temperatures used in previous Thermoregulation Studies 

Basset et al. 1987 29.5°C (850F) 

Gisolfi et al. 1970 25°C (770F) & 400C (1040F) 

Brandenberger et al. 1986 34°C (930F) 

Gonzalez et al. 1978 5000 (1220F) 

Iampetro et al. 1965 35°C (950F) 

Pugh et al. 1967 2300 (730F) 

Wyndham et al. 1970 32.20C (900F) 
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At rest, the average human produces approximately 75kcals per hour of metabolic 

heat. During exercise, heat production may be elevated up to 20-fold that at rest. With or 

without environmental heat stress, this increased heat production could amount to a 30°C 

increase in body temperature within one hour. Fortunately, heat loss mechanisms are 

initiated rapidly and body temperatures are well maintained. However, despite this 

facilitative response, the human ability to perform in the heat is still restricted due to 

other physiological limitations. The following sections describe these limitations and 

other relevant changes that take place with initial exposure to, and performance in, the 

heat. 

There is increased fatigue, decreased work capacity and decreased tolerance to 

exercise in the heat (Iampetro & Goldman, 1965). This is believed to be due, among other 

things, to increased circulatory demands on the blood, as it must not only carry oxygen to 

the working muscles, but also heat to the periphery. Iampetro and Goldman (1965) 

required subjects to work until exhaustion across a variety of ambient temperatures, 

ranging from 90-100°F dry bulb and 91-102°F wet bulb globe temperature (WBGT). In 

the lowest ambient temperature of 90.8 °F WB, 91.70F WBGT, tolerance times for 

exercise were approximately 3 hours at 3.5 mph and 3% grade. With increases in 

temperature to 100°F wet bulb (WB) and 102°F WBGT, tolerance times were decreased 

to just 26 minutes. In this study criteria for the termination of exercise was a heart rate 

greater than 180bpm and a rectal temperature greater than 102.5°F. Only the least severe 

condition could be tolerated by all subjects. When tolerance times were 180 minutes, 

average rectal temperature was 100.8 °F, HR was 137bpm, skin temperature was 96°F, 

and sweat rate was approximately 1 liter per hour. The physiological responses to the 26 

minute tolerance times were average rectal temperatures greater than 101.80F, HR greater 

than 170 bpm, skin temperature greater than 100°F, and sweat rates were approximately 

2.251-1. One further conclusion from this study was that rectal temperature did not 

appear to be a good criteria for terminating exercise because changes in rectal 
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temperature did not predict tolerance time, whereas skin temperature and heart rate 

responses during the first ten minutes of exposure could be used to predict tolerance time. 

The increased circulation experienced during heat exposure is achieved primarily 

through increases in heart rate (Williams et al. 1967; Claremont et al. 1975). Claremont 

and colleagues required subjects to ride a bicycle for one hour under conditions of 0°C 

and 35°C. They found a significantly greater VO2 response to exercise in the cold, but a 

greater VO2 during recovery in the heat. Mean values for VO2 were 26m1kg.-min-1 in 

the heat versus 29m1kg-lmin-1 in the cold. The mean difference in recovery V02 was 

approximately .9L. The cardiovascular drift phenomena is well documented in the 

literature (Hagberg, 1978; Westerlind, 1992). Numerous mechanisms have been 

forwarded in an attempt to explain the increases in VO2 that occur during "steady state" 

exercise. These include; increased removal of blood lactate (Volkov et al. 1969), the 

degree of eccentric contractions that occur due to increased muscle damage (Dick and 

Cavanaugh, 1987), and increases in rectal temperature (Westerlind et al. 1992; Hagberg 

et al. 1978). The hypothesis that increased rectal temperature is primarily responsible for 

cardiovascular drift appears most acceptable. Depending upon the type of exercise 

(concentric versus eccentric contractions), increases in rectal temperature appear to 

account for 22% -100% of the increases in steady state VO2 (Hagberg et al. 1978; 

Westerlind et al. 1992). In addition the work of Hagberg et al. (1978) indicates that 

increases in rectal temperature could account for 30%-81% of increases in V02 seen at 

workloads of 65% and 80% VO2 max. The degree of drift is reported to be approximately 

a 5.5% increase in VO2 for a 1.3% increase in rectal temperature (Grimby, 1962). Thus, 

in the current study, if sunscreen does inhibit the evaporative sweating mechanism as 

demonstrated by increased core temperature, a further phenomena that may be observed 

would be increased cardiovascular drift during steady state exercise under the sunscreen 

condition. 
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Greater lactate production has also been observed in the heat. Claremont and 

colleagues (1975) exercised subjects at 52-59% of VO2 max on two separate occasions 

under conditions of 00C and 350C, and reported blood lactate levels of 26mg% and 

35.9mg%, respectively. This increase in lactate can be readily explained as a consequence 

of reduced muscle blood flow due to increased peripheral blood flow (Claremont et al. 

1975; Williams et al. 1967). The mean difference in the Claremont et al. (1975) study 

was approximately 9mg%, representing 27% greater lactate production in the heat. In the 

same study heart rate in the cold was approximately 130bpm versus 150bpm in the heat. 

This increase in HR is the primary factor contributing to the maintenance of cardiac 

output. Due to increased blood pooling in body compartments below heart level and the 

redistribution of blood flow to the periphery when exercising in the heat, venous return is 

reduced, leading to a decrease in stroke volume (Rowell, 1983). There does not appear to 

be any difference in maximum VO2 attained in the heat versus the cold, nor does there 

appear to be any difference in the a-v02 difference (Williams et al. 1967). 

The increases in rectal temperature during exercise are well documented 

(Claremont et al. 1975; Kobayashi et al. 1980; Wells et al. 1984; Bassett et al. 1987). The 

particulars of the Claremont et al. (1975) and Wells et al. (1984) studies have already 

been described. Bassett and colleagues (1987) examined the effects of skin wetting on 

subjects who exercised for 120 minutes in 29.50C and found no effect on rectal 

temperature, heart rate, oxygen consumption, perceived exertion, sweat loss, or percent 

change in plasma volume However, spraying the skin with water did reduce skin 

temperature. Kobayashi and colleagues (1980) examined thermoregulation responses to 

exercise and rest in different postures while at 49.50C. They concluded that more upright 

postures enhance sweat loss. The degree of increase in rectal temperature appears to be 

more dependent upon metabolic work rate than environmental temperature (Pugh et a. 

1967; Iampetro and Goldman; 1965, Wyndham et al. 1970). Increases in rectal 

temperature to 41.10C (1060F) have been reported during exercise (Pugh et al. 1967). 
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However, rectal temperatures of this magnitude appear to be attainable only under 

conditions of high ambient temperature and high metabolic heat production. Pugh and 

colleagues reported a rectal temperature of 41.10C in a competitor who just completed a 

marathon in first place, with a winning time of 2 hours 31 minutes. This individual's 

average oxygen intake was estimated to be 54mlkg-min-1 [measured weight loss 

5.23kg, fluid loss 5.1 liters or 6.7% of body weight, and sweat rate approximately 1.8L.h-

I.] In the same event, three of the first four finishers displayed rectal temperatures in 

excess of 400C. The ambient temperature for this event was 230C with a relative 

humidity of 58%. This temperature was certainly within the "prescription zone" as 

described by Lind (1963), implicating metabolic work as the greater influence on rectal 

temperatures. 

SKIN TEMPERATURE RESPONSES IN THE HEAT 

Skin temperatures appear to fluctuate as a result of changes in ambient 

temperature and changes in activity levels (Ingram and Mount, 1975). Skin temperatures 

can range from 50C to 390C without undue discomfort (Folk, 1974). However, the 

average skin temperature is about 330C in a warm subject versus 270C in a cold subject 

(Folk, 1974). The normal skin temperature range is approximately 32-350C (Precht, 

1973). Large variations in skin temperature on the same individual, at the same time, are 

not uncommon. The trunk may be 33-350C, while an exposed palm may be 50C (Folk, 

1974). Thus weighted averages for skin temperature are often reported (Hardy and 

DuBois; 1938, Ramanathan, 1964; Nishe and Gagge, 1970). The medial thigh, as a single 

measure, also appears to be a satisfactory indicator of mean skin temperature under most 

circumstances (Teichner, 1958). The trend over time has been to reduce the number of 

sites used to measure mean skin temperature. In 1915, DuBois and DuBois used 15 sites, 
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in 1938, Hardy and DuBois used 7 sites, and in 1964, Ramanathan reduced this to just 4 

sites. Ramanathan performed 112 experiments and found a 4 site protocol to be accurate 

within .17 °C when compared to the 7-site method reported by Hardy and DuBois (1938). 

Ramanathan's derived formula is as follows: 

*MST = .3t chest + .3t arm + .2t thigh + .2t leg 

or 

.3 (t chest + t arm) + .2 (t thigh + t leg) 

*MST = Mean skin temperature 

t = temperature 

The chest temperature is measured from the center of the sternum. The arm 

temperature is measured from the volar surface of the flexor muscles. The thigh 

temperature is measured from the center of the quadriceps, and the leg temperature is 

measured from the center of the gastrocnemius. 

The response of skin temperature during exercise is dependent upon both the 

environment and the sweat rate of an individual. In an environment where evaporative 

heat loss is not impaired, the typical skin temperature response to exercise of 60-70% 

V02 max is a 2 -3 °C initial increase, followed by a plateauing or a drop of about 2 °C 

when evaporation begins. In warmer environments, where evaporative heat loss is 

impaired, skin temperature (weighted averages) may increase from 32 °C or 33 °C to 

39°C and be maintained well into recovery (Kobayashi et al. 1980). 

Any substance that influences the environment close to the skin would appear to 

influence evaporation and cooling. Wells and colleagues (1984) investigated the effects 

of an application of sunscreen on various physiological responses. Under one exercise 

condition, low humidity (water vapor pressure [NJ] 30mmHg) and high temperature 

(350C), skin temperatures were significantly elevated. Mean skin temperatures were 
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calculated according to a modified method of that described by Nishi and Gagge (1970). 

Furthermore, in this investigation the initial elevation in skin temperatures was not 

followed by a decrease. This may indicate some impedance to the cooling mechanism. 

The current study seeks to extend the Wells et al. (1984) study by investigating the 

effects of sunscreen on physiological responses during prolonged exercise (45 minutes 

versus 30 minutes). It is hoped that by lengthening the stimulus period, further effects 

will be detected. Additional data, including plasma volume changes and lactate 

production levels, will also be recorded in the current study. 

Mean skin temperature for constant comfort decreases as activity increases. For 

example, at rest with caloric expenditure at approximately 50kcals per minute, skin 

temperature is approximately 34°C. With the onset of slight activity and an increase in 

energy expenditure to 150kcals, mean skin temperature decreases to about 31°C (Mount 

and Ingram, 1975). The rate of sweat secretion is zero for comfort (18-22°C) (1/2 clo) 

under sedentary conditions and then increases as activity increases. 

Sweat rate is dependent upon a number of factors, including hydration state, body 

composition, gender, exercise intensity, ambient temperature and physical condition 

(Astrand and Rodahl, 1986). For the most part, sweat rates in humans will vary directly 

as a result of the ambient temperature and the level of metabolic heat production. The 

suggested maximum daily sweat rates are on the order of 10-15 liters, or about 1 liter per 

hour (Kuno, 1956). On a hot day (>30°C) in the desert, typical sweat rates are 

approximately 12 liters per day (Laden, 1944). The literature reports maximum sweat 

rates in the range of 2.6Lh-1 (Eichna, 1945) to 4.2111-1 (Moss, 1924). Naturally, these 

sweat rates cannot be sustained, but Eichna did observe men to be in good condition after 
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sweat rates in excess of 3111-1 for 4 hours. Maximum sweat rates from highly intense 

exercise approximate 1.5Lh-1 (Pugh, 1967). These sweat rates were recorded during 

competition in a marathon with an ambient temperature of 230C. Sweat rates appear to be 

reported either in liters per hour or in grams per meter squared per hour 

Dawson and Pyke (1990) reported average sweat rates of 785gm-2h-1. Wallerstrom et al. 

(1985) reported rates of 785gm-2-h-1, while Shapiro et al.(1982) reported sweat rates 

ranging from 200-900g111-210, depending on conditions. These values were reported 

across different workloads. A straightforward conversion of grams to liters would show a 

sweat rate of 780gm-2h-1 as the equivalent of approximately .9h-1: 

780gm-211-1 X 2.205kg = 1.7161bs = 30.88oz = .9L 

The sweat rate of 1.5Lh-1 reported by Pugh et al. (1967) in marathon runners 

equates to approximately 1400gh-1. If we further assume a body surface area (BSA) of 

1.75M2 and account for it in the calculation of sweat rates, this would equate to 

approximately 800gm-211-1. All of these values were calculated assuming a water density 

of 1.00 (40C). The correction factor for water at a temperature of 370C would reduce the 

value to approximately 795gm-2-1 (correction factor = .99336 grams per cubic 

centimeter (g.cc-1)). 

BARRIERS TO EVAPORATION 

The rate of sweat production is not the ultimate factor determining the 

effectiveness of cooling or heat loss. As previously stated, it is the rate of sweat 

evaporation. The rate of sweat evaporation depends upon a number of factors, including 

ambient temperature, air movement, water vapor pressure, and clothing (Pandolf et al, 
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1988). The current study seeks to investigate the relationship between sweat loss and 

cooling while wearing an application of sunscreen. It is hypothesized by previous 

investigators (Wells et al. 1984) that an application of sunscreen creates a highly humid 

microenvironment close to the skin, thereby inhibiting the evaporative cooling 

mechanism. Advances in sunscreen formula have generated a brand of products that are 

resistant to both sweat and water immersion (Pathak et al. 1969). These include the use of 

the ingredient Para-amino-benzoic acid (PABA). Pathak et al. (1969) conclude that there 

is a 50-85% decrease in sunscreen effectiveness due to water exposure. The specific 

feature of PABA is its ability to penetrate the horny layer of the skin, thus making it more 

resistant to sweat and water immersion. Additional characteristics of this substance are its 

amphipathic qualities, which make it further resistant to water immersion and sweat 

(Langner, 1972). Thus the question arises as to whether these additional characteristics of 

sunscreen impair an individual's cooling mechanism by changing the composition of 

sweat? Would this make sweat more resistant to evaporation? If so, would this cause an 

increase in metabolic heat storage, as demonstrated by changes in physiological response 

variables? 

SUMMARY 

Numerous factors contribute to effective thermoregulation. The ultimate goal 

being sufficient heat transfer from the muscles to the skin and then from the skin to the 

environment by way of evaporation. Factors that inhibit evaporation therefore serve to 

impede heat loss and may cause heat injury. Factors affecting evaporation include 

clothing, the environment and possibly sunscreen. Clothing appears to inhibit dispersion 

of water into the environment. The ambient temperature and humidity determine the rate 

of evaporation, while the role of sunscreen remains to be determined. 
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The human body can withstand limited variations in body temperature, usually 

only between 36-37.50C under resting conditions, without adverse ill effects. However, 

during exercise, increases in temperature up to 410C may be tolerated. Metabolic heat 

production during exercise may be up to 20 times that at rest. Therefore, the heat removal 

mechanisms need to be initiated rapidly and be highly effective. With exercise, 

thermoregulatory mechanisms are initiated within 1-2 seconds. The main physiological 

response to increased heat production is vasodilation of peripheral blood vessels to 

facilitate increased blood flow and removal of core heat to the periphery. Sweat dissipates 

heat and cools the body, while the cooled blood then returns to the body core where it 

may then absorb once again heat and repeat the cooling cycle. 

An acute bout of exercise during heat exposure causes increased heart rate, 

increased blood lactate and decreased cardiac output, as compared to the same exercise 

when performed at cool or moderate temperatures. However, with acclimatization 

changes in plasma volume and cooling mechanisms, eg. sweat rates, physiological 

responses during exercise are restored to normal values. With appropriate preparation and 

protection, the athlete can perform safely in the heat. The acclimatization process can be 

completed within 12-14 days. 

The overall mechanism of thermoregulation involves many physiological 

variables, which are intimately involved in the overall control process. The literature 

provides considerable insight into the responses to and preparation for heat exposure. 

However, to date there has only been one report of the effects of sunscreen on the 

physiological and thermoregulatory responses to exercise in the heat (Wells et al. 1984), 

and this study suffers from some limitations in research design, leaving several important 

issues unresolved. The present study aims to more carefully investigate the effects of 

sunscreen in an attempt to elucidate its effects on diermoregulation. 
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METHODS
 

The purpose of this study was to determine the effects of an application of 

sunscreen on selected physiological responses while exercising in the heat. The following 

chapter describes the methods and other relevant information that pertains to data 

collection. The specific issues of subject selection, equipment, protocols, statistical 

analysis tools, experimental design, data collection and recording procedures, and 

guidelines are addressed. 

SUBJECTS 

Twenty-two male subjects volunteered to participate and were recruited from the 

student body of Oregon State University (OSU) (sixteen subjects were members of the 

OSU rugby team, while the remaining six were from the Reserve Officers Training 

Corps). After selection, subjects were screened to ensure they fulfill the description of 

"Apparently Healthy Subjects" as outlined by the American College of Sports Medicine 

(ACSM) (See Appendix A). Further selection criteria required that all subjects be capable 

of riding a bicycle ergometer at 50-60% of maximum aerobic capacity (V02 max) for a 

period of 45 minutes. 

Before the first test, all subjects read and signed the informed consent (See 

Appendix B). Any questions regarding procedures were addressed prior to signing. The 

study procedures complied with guidelines for use of Human Subjects as outlined by 

ACSM (1993). All procedures were also approved by The Oregon State University 

Institutional Review Board for the use of Human Subjects (See Appendix C). 
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GENERAL OVERVIEW OF PROTOCOLS 

Each subject performed a test of maximal oxygen consumption (V02 max) on a 

bicycle ergometer. The VO2 max test used a ramp protocol beginning with a workload of 

50 watts and increasing at 25 watts per minute. Subjects pedaled at a self-selected 

cadence on a Sensormedics bicycle ergometer (model 800S). The test proceeded until the 

subject voluntarily fatigued or other maximum criteria were reached (see Appendix D). In 

all cases the subject voluntarily fatigued. 

Based on the results of the VO2 max test, a workload corresponding to 50-60% 

(mean = 55.4%) of VO2 max was used for two subsequent sub-maximal tests. Each sub-

maximal test lasted for 45 minutes. During all three tests, subjects wore standard issue 

shorts, socks, and athletic shoes. Tests were administered approximately one week apart. 

Before and immediately after each sub-maximal test, subjects were weighed in the 

nude to enable sweat loss volumes to be determined. Changes between pre- and post

exercise weights were assumed to represent water loss (Dawson & Pyke, 1990; 

Wallerstrom et al., 1985; Shapiro et al., 1982). The sub-maximal tests were randomly 

assigned and counterbalanced as either sunscreen (SS) or no sunscreen (NSS) and took 

place in an environmental room maintained at 320C (900F) [OF = (1.8 X 0C) + 32]. 

Humidity was maintained at 56%. This temperature represents a moderately high 

temperature in contrast to the literature (Basset et al. 1987; Gisolfi et al. 1970; 

Brandenberger et al. 1986). 

During the sunscreen test, each subject wore an application of sunscreen in the 

amount of 30m1/M2 of body surface area (BSA). Subjects reported to the laboratory 30 

minutes before each test, during which time height, weight, and BSA were recorded, and 

venous blood drawn for plasma volume analysis. 
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Maximal and Sub-Maximal Exercise Tests 

Aerobic capacity was assessed via a Sensormedics metabolic cart (model 2900). 

Subjects breathed through a mouthpiece into a two-way Hans-Rudolph valve (model 

2700), which was connected via a hose to the metabolic cart. This permitted 

quantification of expiratory volumes and concentrations of 02 and CO2, from which V02, 

ventilation (Ve) and respiratory exchange ratio (RER) were determined. The expired air 

was collected and analyzed in 20 second intervals. Heart rate (HR) was monitored via a 

Sensormedics MAX-1. A 7 lead EKG system using the 6 limb leads and V5 was used to 

monitor HR. Trained laboratory personnel, certified in cardiopulmonary resuscitation 

(CPR), administered the exercise tests. 

Following the VO2 max test, each subject returned on two separate occasions to 

perform a 45-minute sub-maximal test. The protocol was as follows: following a five-

minute warm-up (50 watts), the subject rode the bicycle for 45 minutes at a workload 

representing 50-60% (mean = 55.4%) of VO2 max. During these tests the following data 

was recorded: 

a. Heart rate. 

b. V02. 

c. Ventilation. 

d. Core temperature. 

e. Skin temperature. 

f. Blood lactic acid levels. 

g. Rating of perceived exertion. 

h. Respiratory exchange ratio.
 

Plasma volume changes were later calculated from pre- and post-exercise blood
 

hematocrit and hemoglobin values. Sweat loss was later calculated from changes in pre
 

and post exercise weight.
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Both tests were performed under the same environmental conditions of 320C 

(900F) (humidity 54%) and used the same workloads. The only variation was that an 

application of sunscreen was worn during one, randomly assigned test. 

Heart rate was recorded every 20 seconds using an active channel between a 

Sensormedics MAX-1 electrocardiograph and the Sensormedics 2900. As a back-up, a 

Vantage pulse monitor was also be worn by the subject. Ventilation, in liters per minute 

(L-min-1), VO2 in Lmin-1 and respiratory exchange ratio were also simultaneously 

recorded and/or calculated every 20 seconds. At the end of the test, values were reported 

as an average taken over each minute. Data was collected for five minutes after the 

cessation of exercise. 

HEMATOLOGICAL TESTS 

Before and after each sub-maximal test and every 15 minutes during the test, 

5012L of blood was drawn, using a standard, hygienic finger-puncture method. These 

samples were collected in heparinized capillary tubes and immediately analyzed for 

lactate concentrations using a Yellow Springs Instrument Sport 1500 lactate analyzer. 

Additionally, before and after each sub-maximal test, approximately 5 ml of blood was 

drawn by venipuncture into collection tubes containing an anticoagulant, ethylenedinitrile 

tetraacetic acid (15% solution) (EDTA,K3). A portion of the blood was used to determine 

hematocrit, and the remainder was frozen for later analysis of hemoglobin. Hemoglobin 

was assessed using Drabken's reagent, contained in an assessment kit from Sigma 

Chemicals (kit # 525A). Plasma volume changes were determined using the hematocrit 

and hemoglobin scores according to the methods of Dill and Costill (1974). In the 

literature plasma volume changes have been determined mainly via two methods, namely 

a hematocrit and a hemoglobin method. The hemoglobin method appears more accurate 
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for several reasons. Calculation of percentage changes in PV from venous hematocrit 

(HCTv) makes three assumptions: 

1. The volume of circulating red corpuscles is constant. 

2. The ratio between HCTv and whole body hematocrit (HCTb) remains unchanged with 

dehydration. 

3. Red blood cell size (RBC) is constant with dehydration. 

Previous studies have supported the first assumption (Costill and Sparks, 1973). 

However, the second assumption is not well supported, as the ratio relationship has not 

been well documented during exercise (Costill and Saltin, 1974). Thirdly investigators 

studying the various plasma constituents have failed to correct for potential error from 

shrinkage of RBCs (Senay & Christensen; 1968, Meryman, 1973). Shrinkage in RBCs 

would result in decreased HCT and a consequent underestimation of PV following 

exercise and dehydration. Adolph (1947) has remarked that only protein-free filtrate 

leaves the bloodstream and that the increase in the concentration of protein in plasma can 

be used to calculate percentage decrease in plasma volume. In contrast, the work of Dill 

et al. (1967) have proved this belief invalid and thus this method of calculating percent 

change in plasma volume appears inaccurate. Since the iron-protein compound of red 

cells, hemoglobin, cannot leave the red cells, let alone the blood during exercise, the 

percent change in PV is more accurately measured from hemoglobin, and this method 

was used in current study. 

Calculations of the hematological variables from the measurement of hemoglobin 

and hematocrit are as follows: 

BVa = BVb (Hbb/Hba) A BV, % = 100 (BVa-BVb)/I1Vb 

CVa = BVa (Hcta) A CV, % = 100 (CVa-CVb)/CVb 

PVa = BVa - CVa A PV, % = 100 (PVa-PVb)/PVb 
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BV = blood volume, CV = cell volume, PV = plasma volume, Hb = hemoglobin, Hct = 

hematocrit, subscripts 'a' & 'b' refer to before and after exercise, respectively. The 

concentration of hemoglobin in red cells in g100m1 -I(MCHC) is obtained by dividing Hb 

by Het. 

CORE AND SKIN TEMPERATURES 

Mean skin temperature was determined using four sites, specifically the thigh, 

forearm, leg and chest. A weighted average, as reported by Ramanathan (1964), was used 

to determine average skin temperature. 

*MST = .3t chest + .3t arm + .2t thigh + .2t leg 

or 

.3 (t chest + t arm) + .2 (t thigh + t leg) 

*MST = mean skin temperature 

t = temperature 

Rectal temperature was determined via the use of a rectal probe inserted 10-12 cm 

beyond the anal sphincter (Wells et al. 1984; Claremont et al. 1975; Kobayashi et al. 

1980). Both skin and rectal temperatures were determined using a YSI model 46 

telethermometer. The probes display site temperatures on a console unit. The probes 

report temperatures received from the emission of a sensor released every two seconds 

and are constantly updated. Rectal and skin temperatures were recorded every 5 minutes 

during the sub-maximal tests. The instrument was calibrated against the environmental 

temperature using an external source (mercury thermometer), and an instrument 
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calibration was performed before each test. Temperature was recorded to an accuracy of 

.05°C. 

RATINGS OF PERCEIVED EXERTION 

Ratings of Perceived Exertion (RPE) were recorded every 5 minutes by placing 

the RPE scale (Borg, 1962) in front of the subject and asking him to point to the number 

corresponding to his perceived exertion at that time. Before the test all subjects received 

the same explanation on how to use the scale . 

SUNSCREEN APPLICATION 

The sunscreen was liberally applied to all exposed body parts in the amount of 

30m1/M2 of BSA. The researcher applied the sunscreen to all subjects. The subject's BSA 

was calculated using the equation of DuBois and Dubois (1916): 

BSA = [WT (1b)(425 X 0.01009] X [HT (in) 0.725]. 

The sunscreen contained SPF 15, as this is a sunscreen factor commonly used in 

sun protection. The sunscreen contained the active ingredients of padimate 0 (7%) and 

either oxybenzone (3%) or ethylhexyl- p- methoxycinnamate. The best performance 

sunscreens contain these active ingredients (Sayre et al. 1979). 
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SWEAT LOSS 

Changes in nude weight between pre- and post-sub-maximal test measurements 

were used to represent sweat rate (Gordon et al. 1985; Kenney and Anderson, 1988). 

Immediately post-exercise, subjects were washed down and dried to remove both sweat 

and sunscreen. The subjects were then weighed again in the nude. No water ingestion was 

permitted until the post-exercise weight measurement was taken and venous blood 

redrawn. Again, changes between pre- and post-exercise weights were assumed to 

represent water loss and consequently sweat loss. Subjects were weighed on a Homs Full 

Capacity Scale (model 300AD). This scale is accurate to one ounce and data was 

subsequently converted into kilograms. 

AMBIENT TEMPERATURES 

Ambient temperatures were maintained at 320C (900F) (humidity = 54%) via a 

sampling unit that emitted a temperature sensor impulse every 10 seconds and 

correspondingly adjusted the temperature thermostat. (See Appendix E for calibration 

results.) 

STATISTICAL ANALYSIS 

The statistical power with a sample size of twenty-two is in excess of .80, as the 

correlation coefficient for the reproducibility of VO2 values on different days, given a 

consistent and constant change, is r=.965 (data used from Wyndham et al. 1970). 

Recorded data was analyzed via independent t-tests and univariate repeated measures 
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ANOVA, using a crossover design to account for order of condition. The significance 

level was set at P<.05. The sample size was set at n = 22. According to Barcikowski and 

Robey (1985), with a power level of .80, a minimum of 15 subjects would be required for 

each group. Thus a sample size of 22 would ensure a power level greater than .80, which 

is generally the minimum accepted power level to detect significant changes. (Generated 

statistical output is shown in Appendix F). 
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RESULTS
 

All subjects underwent both treatment conditions, with 22 subjects receiving each 

treatment. There were no missing values for any measure. A univariate analysis of 

variance (ANOVA), with repeated measures, was computed to detect any differences 

between responses measured over time for the sunscreen (SS) versus no sunscreen (NSS) 

condition. Independent t-tests were used to detect any differences that existed between 

variables without a repeated measure i.e. those values only measured pre- and post

exercise. Overall results indicate that sunscreen did not significantly affect the response 

of HR, V02, Ve, sweat loss, lactate, rectal temperature (Tre), or plasma volume. There 

was a significant effect on mean skin temperature (MST) response. The response of each 

variable is discussed in more detail. 

GENERAL CHARACTERISTICS 

Table 1 depicts the means a- standard deviations (SD)] for age, height, weight, 

exercise workload (EXWL), exercise VO2 (EVO2), and maximum VO2 (MVO2) for the 

subject group. The range and standard errors (SE) for age, height, weight, EXWL, EVO2, 

and MVO2 are also depicted in Table 1. Subjects served as their own controls. No 

differences existed in the general characteristics of subjects between either condition. 
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Table 1. 

Descriptive Characteristics for all Subjects (n = 22). 

Mean ± SD Range ± SE 

Age (yrs) 23.40 ± 3.40 20.00-30.00 ± .72 

Height (cm) 180.60+ 5.66 170.18-193.04 ± .1.20 

Weight (kg) 80.56 + 6.70 65.36-95.26 ± 1.43 

MV02(mlkg-Lmin-1) 50.47 ± 5.42 41.00-60.6 ± 1.16 

EXWL 153.41 ± 20.26 120.00-185.00 ± 4.31 

EV02(mlgriin-1) 27.73 ± 3.00 22.55-33.33 ± .63 

TEMPERATURE VALUES 

Mean values and standard deviations for mean skin temperature (MST) and rectal 

temperature (Tre) for each condition are depicted in Table 2. The range of scores ± SE for 

MST and Tre for each condition are also reported in Table 2. 

Table 2. 

Descriptive Data for Mean Skin & Rectal Temperatures for Both Treatments. 

SS NS S P Value 

MST (°C) ±SD 
Range ± SE 

33.98 ± .47 
30.94-35.45 ± .05 

34.28 + .37 
32.34-35.67 ± .03 

.03 

Tre ( °C) ±SD 
Range ± SE 

37.80 ± .23 
36.5-38.5 + .02 

37.88 ± .21 
37.15-38.8 ± .02 

.19 

http:22.55-33.33
http:120.00-185.00
http:65.36-95.26
http:170.18-193.04
http:20.00-30.00
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MST in the SS condition was significantly lower than in the NSS condition (P = 

.03). The MST response at 5 minute intervals for each condition is graphically illustrated 

in Figure 1. MST responses were calculated at 12 time intervals, 5 minutes apart. 

Independent t-tests revealed that the most noticeable and significant MST difference 

between SS and NSS occurred at time zero (T-0), 32.97 Vs 33.70°C (P =.005). The 

difference between the trials remained significant until T-20. The differences between the 

trials were smaller and not statistically significant for T-20 through T-35 (P =.2-.15). The 

differences became significant again from T-35 through T-50 (P =.03-.04). The mean 

difference in MST for both conditions (T-0 through T-50) was .31°C. Overall increases 

in MST from T-0 through T-50 were 1.57°C for SS and 1.01 °C for NSS. The mean 

difference between the trials at the end of exercise (T-50) was .1740C. MST response to 

exercise for both conditions followed the same pattern. With the initial exposure to heat, 

an increase occurred in MST of .32 °C and .15 °C for SS and NSS, respectively. At the 

onset of exercise (warm-up at 50 watts), MST then decreased .030C and .14 °C for SS 

and NSS, respectively. MST then increased from T-10 until T-25, where it then plateaued 

until T-35. Thereafter, MST either held constant or slightly increased. This pattern held 

true for both conditions. MST was a lower value for the SS condition for every 

measurement in the exercise session. 

There were no significant differences in Tre for either condition ( P =.19). The 

Tre response at each 5-minute interval for each condition is graphically illustrated in 

Figure 2. The mean difference between SS and NSS across the 12 measurement intervals 

was .084°C. The overall increase in Tre between T-0 and T-50 was .68 °C and .72 °C for 

SS and NSS, respectively. Interestingly, although not statistically significant, Tre values 

were lower under the sunscreen condition for every measurement in the exercise session 

(See Figure 2). Tre responses showed a typical linear increase with exercise over time. 
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CORE-TO-SKIN TEMPERATURE GRADIENT 

Core to skin temperature gradients are shown in Figure 3. This gradient is 

calculated as the difference between Tre and MST. Mean core to skin temperature 

gradient for the SS condition was 3.823 ± .352 and for NSS was 3.600 ± .189, and this 

represented a significant difference (P=.0016). 

Figure 1.
 

Mean Skin Temperature Responses for Both Treatments over Time.
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Figure 2.
 

Mean Rectal Temperature Responses for Both Treatments over Time.
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Figure 3.
 

Mean Temperature Gradient Differences for Both Treatments over Time ,
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BLOOD ANALYSIS VALUES 

Mean values for hematocrit and hemoglobin (pre-and post-exercise), plasma 

volume (PV), and plasma volume percent change (± SD) are presented in Table 3. Mean 

lactate values a SD) through each trial are presented in Table 4. 
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Table 3
 

Mean Values for liematocrit. Hemoglobin. Plasma Volume & % Change PV (+SD) 

SUNSCREEN NO SUNSCREEN 

PRE POST P-Value PRE POST P-Value 

HB(g.100m1-1) 15.38+.76 15.76+ .98 .05 15.30+ .83 15.81+1.03 .05 

Hct (%) 44.44+1.88 45.0+1.88 .02 44.23+3.04 45.04+2.41 .02
 

% change PV -2.70+5.4 .57 -1.64+4.23 .57
 

Table 4.
 

Mean Blood Lactate Values for Both Treatments
 

LACTATE VALUES (mmolL-1)
 
SS NSS P Value
 

T-0 1.12 + .36 1.17 + .43 .57
 

T-5 1.13 + .31 1.25 + .38 .32
 

T-20 3.36 ± .96 3.07 ± .85 .84
 

T-35 3.12 ± 1.23 2.87 ± 1.02 .25
 

T-50 2.71 + .99 2.62 + .84 .62
 

T-55 2.47 ± 1.99 2.09 ± .58 .41
 

Blood chemistry values (analyzed using t-tests) were not significantly different 

between treatments. As expected, hemoglobin and hematocrit values differed pre- and 

post-exercise (P<.05). Percent change in plasma volume did not differ between treatments 

(P =.57). 

http:1.64+4.23
http:45.04+2.41
http:44.23+3.04
http:45.0+1.88
http:44.44+1.88
http:15.81+1.03
http:15.38+.76
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Blood lactate values did not differ significantly between treatments when 

analyzed either at rest (P =.69) or during exercise (p =.08). 

RESPIRATORY EXCHANGE ' TIO. VENTILATION. OXYGEN CONSUMPTION, 
HEART RATE. AND RATING OF PERCEIVED EXERTION 

Mean exercise values for RER, Ve, V02, HR, and RPE are presented in Table 5. 

There were no significant differences between treatments for any of these parameters. 

RER, Ve, V02, HR, and RPE are illustrated graphically over time in Figures 3-7. For 

both conditions, Ve and VO2 responses rose quite sharply during the first 10 minutes of 

exercise and then plateaued until the end of exercise. HR and RPE rose sharply during the 

first 10 minutes of exercise and then climbed more slowly for the duration of exercise in 

both trials. 

Table 5. 

Mean Exercise Values (+SD) for RER. Ve. VON HR. and RPE for Both Treatments. 

SUNSCREEN NO SUNSCREEN P Value 
HR (bpm) 145.86 ± 6.90 147.59 ± 6.70 .51 

VO2 (mlkg-l.min-1) 27.79 ± .59 28.04 ± .45 .85 

Ve (Lmin-1) 59.57 ± 1.94 58.88 ± 1.95 .79 

RER .946 + .01 .93 + .01 .33 

RPE 13.50 + 1.26 13.50 + 1.04 .92 
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SWEAT/WEIGHT LEal 

There were no significant differences in weight (sweat) loss between treatments. 

Subjects lost 1.01 ±.29 kg and 1.00 ± .23 kg of their initial body weight during the SS and 

NSS condition, respectively (P =.82). Since no consumption of water was permitted 

during the exercise, no adjustments were required for water intake. 

Table 6. 

Body Weight Changes Ow + Sin for Both Treatments 

PRE POST P-Value 

SUNSCREEN 81.08 + 6.69 79.85 + 6.58 .0001 

NO SUNSCREEN 80.73 ± 6.80 79.58 ± 6.60 .0001 

Mean WT Loss (kg) SS = 1.01 + .29 NSS = 1.00 + .23 P = .82 
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Figure 4.
 

Mean Respiratory Exchange Ratio Responses for Both Treatments over Time.
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Figure 5,
 

Mean Ventilation Responses for Both Treatments over Time.
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Figure 6.
 

Mean Oxygen Consumption Responses for Both Treatments over Time.
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Figure 7.
 

Mean Heart Rate Responses for Both Treatments over Time.
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Figure 8.
 

Mean Rating of Perceived Exertion Responses for Both Treatments over Time.
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DISCUSSION 

The results of this study indicate that an application of sunscreen significantly 

decreases MST when compared to a NSS condition during exercise in the heat. In 

addition, there is a significant difference between the treatments in the core to skin 

thermal gradient, as a result of the decreased skin temperature, with a greater thermal 

gradient existing in the SS condition. There does not appear to be any significant effects 

upon other selected variables (Tre, lactate, V02, VE, RPE, RER, or sweat loss) as a result 

of wearing sunscreen while exercising in the heat. 
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Several findings of the current investigation are similar to the reports from the 

Wells et al. study (1984). They reported no significant differences in HR, V02, Tre, or 

sweat loss during exercise trials while wearing sunscreen as compared to exercise trials 

without sunscreen. The present study reports similar findings with regard to these 

variables and additionally reports no significant differences in VE, RER, RPE, or blood 

values. 

However, both studies conflict in their findings with regard to the primary 

variable of MST. Wells et al. (1984) reported MST to be higher while wearing sunscreen 

(SPF8) versus not wearing sunscreen under conditions of low humidity. Wells and 

colleagues (1984) concluded that the wearing of sunscreen may hinder temperature 

regulation because sunscreen causes elevated MST, in contrast to MST with NSS, and 

causes greater sweat production that is apparently not evaporated efficiently. They 

maintain there was greater sweat production, yet they did not report any differences in 

weight (sweat) loss. 

The current study also found a significant difference in MST. However, findings 

conflict in that the current investigation reports MST as being significantly decreased 

while wearing sunscreen, on average approximately .310C. The Wells group suggests 

that "sunscreen on the skin may increase the relative humidity of the microenvironment 

of the skin, in effect reducing the evaporative gradient from the skin to the air. This 

reduced gradient would serve to drive the skin temperature higher, because the heat being 

transferred to the periphery would not be dissipated readily by the evaporation of sweat" 

(Wells et a. 1984). The Wells study used a control temperature of approximately 35°C, 

which is about 30C higher than the temperature used in the present study. In addition 

several questions arise from these contrasting results. A straightforward explanation for 

these differences is difficult. The present study used sunscreen with the same active 

ingredients (but greater sun protection factor). Thus, one could expect similar results. The 
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most feasible explanation for the opposite findings noted on MST may be due to 

differences in the design of the studies. 

There appears to be a discrepancy regarding the consistency of workloads. In the 

Wells et al. study all subjects exercised at the same workload (100 watts) and not at a 

particular percentage of maximum V02. The range for MVO2 was reported as 34.9 - 72.1 

mlkg-min-1. The authors reported that the workload of 100 watts represented 50%-60% 

of MVO2. In the current study the mean exercise workload was 153 watts and this also 

represented 50%-60% (mean = 55%) of MVO2. Mean MVO2 for the subjects in Wells 

group was 49.0 ml-kg- 1.min-1 and for the present group it was 50.0m1kg-1.min-1. In the 

present study the mean exercise VO2 was 27.73 ml.kg- 1-min-1 which represents 56% of 

the MVO2 reported for the subjects in the Wells et al. study, yet it was recorded with a 

mean workload 50% greater than that reported by Wells et al. (1984) (EVO2 was not 

reported in the Wells study). Thus in the present study subjects worked at the same 

percentage of VO2 max as the subjects in the Wells et al. study (1984), but at a 50% 

higher workload despite the fact the mean MVO2 for both groups was almost the same. 

Subjects in their study could not possibly have been working at an equivalent percentage 

of maximum capacity. 

Wells et al. (1984) do not report any formulae in their calculation of skin 

temperature. Furthermore, they report the use of a modified version of that developed by 

Nishe and Gagge (1970) without a reference to the modification or any validation of their 

method. Thus, how they calculated MST is unclear, which raises the question as to 

whether or not it was calculated correctly. 

During exercise, subjects were permitted to drink 150m1 of water "if they 

desired". There was no reference to consistency between subjects with regard to who 

drank water or who did not, nor whether it was accounted for during analysis. Ingestion 

of water is known to affect both rectal temperature and skin temperature (Hamilton et al. 

1991). This factor will be addressed in more detail further in the discussion. 
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Wells and colleagues (1984) report a steady increase in skin temperature from 

rest, through exercise and into recovery. This is not a typical skin temperature response. 

With the onset of exercise there is typically a slight decrease in skin temperature followed 

by a gradual increase and plateau (Bassett et al. 1987, Gisolfi and Robinson, 1970, 

Iampetro and Goldman, 1965). It is important to note at this stage that these aspects are 

addressed merely to highlight, in hindsight, weaknesses in study design and to perhaps 

explain why there is a significant difference between the findings of the present study and 

that of Wells et al. (1984). 

The most significant findings of the present study are the decrease in MST and the 

increased core to skin thermal gradient with the use of sunscreen. The greatest difference 

in MST between both conditions was observed at the beginning of the trial, immediately 

after the application of sunscreen. Thereafter, the difference was less but still statistically 

significant. This suggests that a change in the cooling mechanism occurs immediately 

upon application of sunscreen, even though in the current study the sunscreen 

temperature was 320C. Interestingly, and from a practical standpoint, "goosebumps" were 

observed on several subjects with the application of sunscreen, suggesting a sensation of 

coldness from the application even though the sunscreen temperature was 320C. With the 

initial application of sunscreen it seems that either enhanced conduction or convection 

would be the most feasible mechanism to explain the decreased MST and increased 

cooling, especially from T-0 through T-10. With moisture being applied to the skin, the 

effect of convective air cooling may be enhanced. Sunscreen may act to promote cooling 

in a similar manner to water on the skin, which is more effective in convecting heat than 

is dry skin (Stitt, 1993). 

The effects of skin wetting on thermoregulation are well documented. Bassett and 

colleagues (1987) performed an interesting study in which they investigated the 

thermoregulatory responses to skin wetting over two hours of treadmill running under 

conditions of 33% and 66% humidity at 29.50C. Subjects were sprayed with 50m1 of 



57 

water every 10 minutes over the two hours. Basset and colleagues (1987) reported that 

spraying had no effect on rectal temperature, heart rate, oxygen consumption, perceived 

exertion, sweat loss, or percent change in plasma volume for either condition. However, 

spraying significantly reduced MST (on average .90C across both trials). The reduced 

MST then increases the thermal gradient between the core and the skin (Tre - Tsk). In the 

same study, Bassett et al. (1987) report a decrease in overall skin conductance, 

presumably caused by vasoconstriction from enhanced cooling. This stresses the 

importance of the relationship between core and skin temperature in thermoregulation. 

Mean body temperature (Tb) is expressed as a function of rectal and skin temperature 

(Consolazio et al. 1963): 

ATb = 0.67 (ATre) + 0.33 (ATsk)
 

Tsk = skin temperature, Tre = rectal temperature.
 

Therefore, a fall in mean body temperature during steady state would indicate an increase 

in evaporative heat loss. Bassett and colleagues (1987) concluded that skin wetting 

enhances evaporation, which cause a decrease in MST. In the current study one might 

also assume that the decreased MST was the result of enhanced evaporative cooling. 

Convection and conduction are closely related in their heat removal roles. As a 

body liberates heat, the air close to the surface is warmed (conduction). In the absence of 

convection this wanner air will serve to impair further heat loss by decreasing the thermal 

gradient due to the air temperature being closer to skin temperature. However, with 

convection the warm air can be moved away and replaced with cooler air, facilitating 

further heat removal. In a situation where the surface in question is wet, greater heat loss 

will result due to the greater capacity of water to absorb heat, which will then be released 

by convection or evaporation. In the current situation it is possible that the application of 
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SS increased the moisture level of the skin thereby facilitating greater overall heat 

removal. 

The current study used an ambient temperature of 320C, SS temperature was 

32°C, and resting skin temperature may be assumed to be 33.7°C (MST at T-0 in the 

NSS condition). Thus, the possibility exists that the SS may have cooled the skin 

immediately upon application. While this is an immediate possibility, it is unlikely that it 

was a prolonged effect lasting throughout the exercise trial, thus pointing to the 

involvement of the previously mentioned mechanisms (convection, evaporation). 

Although Tre responses were not significantly different between treatments 

(P=.18), the pattern is interesting. The mean difference across all time measurements was 

.084°C greater for NSS (37.80 versus 34.28 °C for SS and NSS, respectively). However, 

a more intriguing observation was that the Tre response for SS was not higher than that of 

NSS for any corresponding time measurement throughout the trial. Similar to MST, the 

greatest difference in response was observed immediately after the application of 

sunscreen. There was also a greater overall increase in Tre between T-0 and T-50 for NSS 

versus SS (.72°C and .68°C, respectively). 

The question remains as to why an application of SS decreases MST without 

affecting Tre. As previously stated, one explanation is that Tre is more a function of 

metabolic heat production as opposed to ambient temperature. Several investigators have 

reported similar Tre responses with similar workloads across a variation of ambient 

temperatures. Bassett et al. (1987) report a mean Tre of 38.5°C for two treatments when 

they investigated the effects of skin wetting on selected variables. Both treatments were 

performed under the same ambient temperature (29.5°C) and at the same workload 

(60 ±5% VO2 max). Claremont et al. (1975) exercised subjects at 52-59% VO2 max for 

30-60 minutes at 0°C and 35°C. While Tre increased in both trials, it was only 0.7°C 

higher in the 35°C trial than in the 0°C (37.9°C and 38.6 °C, for 0°C and 35°C, 
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respectively). Thus, even when there was a considerable difference in the level of heat 

stress between the trials, Tre did not show a large change. 

Additional work by Nielsen & Nielsen (1962) supports the view that core 

temperature is more a function of metabolic heat production as opposed to ambient 

temperature. Nielsen and Nielsen (1962) exercised subjects for 60 minutes, at 900 

mkg/min, at three ambient temperatures, namely, 50C, 20°C, and 30°C. Rectal 

temperatures were recorded every five minutes and mean core temperatures after 60 

minutes of work were 38.16°C, 38.12°C, and 38.150C, for 50C, 200C, and 300C, 

respectively. Again, this presents strong evidence for metabolic heat production being 

recognized as the primary determinant of core temperatures. Further work presented by 

Bannister and Cotes (1959) also suggests that core temperature is primarily dependent 

upon muscular work. Bannister and Cotes (1959) exercised (running) subjects for 45 

minutes at two temperatures, 250C and 150C, and reported body temperatures of 39.2°C 

and 39°C, respectively. 

Thus, rectal temperature does not appear to be highly responsive to variations in 

ambient conditions (within certain limits) when performing a fixed level of exercise. This 

reinforces the observation that Tre during exercise is primarily a function of relative 

work-rate. If this is the case, then it is not surprising that the .310C reduction in MST 

noted in the SS trial did not lead to a significant reduction in Tre. 

A second explanation for no difference in Tre may relate to heat transfer and 

overall skin conductance. The ability of the body to thermoregulate is dependent upon 

effective heat transfer from the core to the periphery (Fortney et al. 1981). 
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Heat transfer = Overall skin conductance(K) X (Tre - MST) 

K= (H - mL - S)4(Tre-MST)AD] 

H = total heat production 

mL = evaporative heat loss via lungs 

S = heat storage 

AD = body surface area 

Overall skin conductance (watts per meter squared of body surface area per 

degree celsius, w.m-2oc-1) is the sum of a convective component, which reflects the 

level of skin blood flow, and a conductive component reflecting the thickness of 

cutaneous fat (Bassett et al. 1987; Nadel et al. 1977). Convective heat loss increases 

rapidly with air movement. Furthermore, water is more effective in convecting heat from 

the body than air; consequently, exposure to convective =rents coupled with a wet body 

surface results in greater heat loss (Stitt, 1993). With greater heat loss MST would 

decrease. A consequence of a decrease in MST would be further cutaneous 

vasoconstriction (Wenger et al. 1975). This decrease in MST then further increases the 

core to skin thermal gradient. However, with vasoconstriction there would be no real 

increase in the rate of heat removal from the core. In the current study workloads for each 

trial were the same for each subject, hence one may assume that the level of metabolic 

heat production was equal in both trials, as supported by the same VO2 in each trial. Thus 

if metabolic heat production was unchanged and the rate of heat removal was essentially 

the same, then there would be no change in Tre, as was the case in the current study. 

Tre responses from the Wells et al. (1984) study show a similar overall response 

pattern as those in the present study. However, two further observations are apparent. 

Firstly, there does not appear to be any clear distinction between the treatment responses 

in Tre to support in any way their findings of an significantly elevated MST. Secondly, 

they report a lower Tre with SS versus NSS, although it did not reach statistical 
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significance (no P value reported). In the Wells et al. study (1984) the subjects were free 

to ingest 150m1 of water at the mid-point of exercise. However, there does not appear to 

be any accounting for this either in group assignment or in data analysis. Several 

investigators have reported that fluid ingestion during exercise reduces core temperature 

when compared to no fluid intake (Adolph, 1947, Bean and Eichna, 1943, Strydom et al. 

1968). Furthermore, it was observed that subjects remained coolest when the rate of fluid 

intake matched closely the sweating rate (Eichna et al. 1945). Thus we must assume that 

the effect of water ingestion caused a decreased Tre response of subjects in the Wells et 

al. (1984) study, but there is no report of any accounting of water intake. The lack of 

control over water intake in the Wells et al. study undermines the validity of their MST 

and Tre data, and casts serious doubt on their findings. 

In the present investigation no significant differences were reported for the blood 

parameters between treatments (i.e. hemoglobin, hematocrit, and percent plasma volume 

change). As expected, there were significant differences pre- and post-exercise within 

treatments. The level of water/weight loss in the present study was probably not large 

enough to cause any significant differences in plasma volume percent. Mean weight loss 

was 1.2% of body weight in the present study. 

Overall, the present study reports contrasting results to the only other similar 

study available. In the present study design, an attempt was made to correct some 

concerns that were raised in reviewing the Wells et al. (1984) study, and these concerns 

are used as a means to explain the present findings. In hindsight, this study also has 

several limitations. The chosen ambient temperature of 320C was very close to MST (@ 

340C). Therefore, the thermal gradient between the skin and the air was small, and this 

would have reduced potential heat loss. As a result, any differences in treatment effects 

may have been harder to detect. To evaluate the interpretation that the decreased MST in 

the SS condition was partially due to increased convective cooling, it would now be 
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appropriate to repeat the study with a decreased ambient temperature to create a greater 

thermal gradient between the skin and the air. 

Since skin temperature was not measured prior to the application of sunscreen in 

the current study, one can only assume that skin temperature at the beginning of the NSS 

trial was equal to skin temperature at the beginning of the SS trial, before the application 

of sunscreen. It would be interesting to measure skin temperatures immediately before 

and after sunscreen application. As they were not measured one can only speculate that 

the difference in skin temperatures between conditions at T-0 is indicative of the effect of 

the sunscreen application and not a systematic difference in the skin temperature prior to 

the application. 

In conclusion, the present results support the view that an application of sunscreen 

reduces MST on average about .310C during exercise under the heat stress applied in this 

study. The exact mechanisms for this are not yet clear, however suggestions are 

forwarded. Firstly, moisture trapped on the skin surface may increase convective cooling, 

thereby decreasing MST. As a consequence of decreased MST, the core to skin 

temperature gradient is increased, which has been reported to enhance evaporative 

cooling (Nadel et al. 1971). As evaporation was not measured in the present study, this 

would be a topic for further investigation. To test the hypothesis of increased convective 

cooling, the study will need to be repeated with lower ambient temperatures and 

measurement of the rate of evaporation should occur. Thus, until further studies can 

confirm these results, they should be viewed as preliminary. 
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SUMMARY
 

The purpose of this study was to investigate the effects of an application of 

sunscreen on selected physiological variables during exercise in the heat. Previous 

literature suggests that an application of sunscreen worn while exercising in the heat 

results in elevated mean skin temperature (MST) (Wells et al., 1984). However, a review 

of this literature has highlighted several weaknesses in the design of the Wells et al. 

(1984) study. Thus, the current study sought to correct these previous weaknesses and 

further investigate the effects of sunscreen during exercise in the heat. 

In the current study twenty-two subjects underwent two sub-maximal steady state 

exercise tests at 55% of VO2 max for 45 minutes, at a mean workload of 153 watts. Both 

trials occurred under the same ambient temperature of 900F with 54% humidity. One 

treatment required subjects to wear an application of sunscreen in the amount of 30m1/M2 

of body surface area, while the other treatment was performed without sunscreen. The 

order of the tests was randomized. During each test measurements were taken on heart 

rate, oxygen consumption, skin temperature, rectal temperature (Tre), ventilation, plasma 

volume, lactic acid, rating of perceived exertion, respiratory exchange ratio and changes 

in body weight. 

Results of this study indicate that an application of sunscreen significantly reduces 

MST, on average .310C, during exercise in the heat (P=.03). Furthermore, MST was 

lower at every time interval throughout the trial. In addition, results show a significant 

difference in the core to skin thermal gradient, with a greater gradient existing in the SS 

condition. There does not appear to be any effect of sunscreen on ventilation (P=.79), 

heart rate (P=.51), oxygen consumption (P=.85), lactate levels (P=.25-84), weight loss 

(P=.81), percent change in plasma volume (P=.57), rating of perceived exertion (P=.92), 

or respiratory exchange ratio (P=.33). Interestingly, although not statistically significant 
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(P=.18), rectal temperature remained lower, on average .0840C, under the SS condition 

for every measurement throughout the exercise trial. 

The differences in MST and Tre were greatest at the beginning of the trials 

suggesting that there may be an immediate effect of an application of sunscreen. 

However, the lower MST was maintained throughout the trial. The results of the current 

study suggest that an application of sunscreen may enhance heat loss, as indicated by a 

decrease in MST and increased core to skin thermal gradient under the SS condition. Two 

mechanisms are suggested to explain these findings. Firstly, the application of sunscreen 

results in an increase in the moisture level of the skin. As a result there is an increased 

contribution from convective cooling as the air currents move across a moist surface. 

Secondly, the increased core to skin thermal gradient facilitates greater heat removal via 

evaporation 

CONCLUSIONS 

With the exception of MST, all the original hypotheses were rejected, i.e., there 

was not a greater response in heart rate, ventilation, oxygen consumption, rectal 

temperature, lactate levels, respiratory exchange ratio, rating of perceived exertion, or 

plasma volume percent changes during the SS trial as compared to the NSS trial. MST is 

lowered while wearing an application of SS under the current conditions, on average 

.310C. However, it should be mentioned at this time that the original hypotheses were 

developed and based upon a previous study, and concerns over the validity of their 

findings have since been raised. 
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RECOMMENDATIONS FOR FUTURE RESEARCH 

As a result of the current findings several further research questions have now 

been raised with regard to the role of convection and evaporation. In an attempt to further 

investigate these suggested mechanisms, the current study should be repeated with some 

modifications in deSign, including: 

1. A measurement of evaporation. 

2. A decrease in the ambient temperature. A decrease in ambient temperature would 

enhance the contribution of convective cooling and enable any differences to be more 

easily detected. 

3. A measurement of MST immediately pre- and post-sunscreen application to provide 

information regarding the immediate effects of an application of sunscreen. 

4. The use of a fan to create an artificial convective current to accentuate the convective 

cooling mechanism. 

5. The use of different populations, including the elderly, females and children. 

6. The use of different sunscreens, especially sunscreens of varying sun protection factor. 

The results of the current study suggest that sunscreen lowers MST during 

exercise in the heat. This study was performed with environmental restrictions and the 

results should be viewed within the confines of this artificial environment. Furthermore, 

these results are preliminary and should be viewed as such until further investigations can 

support or dispute these findings. 
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APPENDIX A 
DESCRIPTION OF APPARENTLY HEALTHY INDIVIDUALS 

The subjects in the study will meet the qualifications of the American College of 

Sports Medicine for placement on the Apparently Healthy Individuals classification of 

people undergoing exercise testing (the other two categories are Individuals at Higher 

Risk and Individuals with Disease). The Apparently Healthy Individual is defined as 

"those who are asymptomatic and apparently healthy with no more than one major 

coronary risk factor." 

The major coronary risk factors are: 

1. Diagnosed hypertension or systolic blood pressure>160 or diastolic>90mm Hg on at 

least two separate occasions, or on antihypertensive medication.. 

2. Serum cholesterol >6.2mmol/L(>240mg/d1) 

3. Cigarette smoking. 

4. Diabetes mellitus. 

5. Family history of coronary or other atherosclerotic disease in parents or sibling prior to 

age 55. 
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APPENDIX B 
INFORMED CONSENT AND MEDICAL QUESTIONNAIRE 

OREGON STATE UNIVERSITY DEPARTMENT OF EXERCISE SCIENCE 

INFORMED CONSENT 

The Effects of an Application of Sunscreen on Physiological Responses 

to Exercise in the Heat 

Investigators: Anthony Wilcox, PhD; Dec lan Connolly, MS. 

I have received an oral explanation of the study and understand that the purpose of this 

study is to evaluate the effects of an application of a commercially available sunscreen on 

exercise response variables. Literature supports the view that exercise in the heat causes 

added metabolic and heat stress. Exercise in the heat elicits higher heart rate, breathing 

rate and sweat rate. The current study seeks to investigate whether an application of 

sunscreen serves to add further to the thermoregulatory and metabolic stress encountered 

while exercising in the heat. Of particular interest is whether or not the application of 

sunscreen influences the sweating response and evaporative cooling. 

I have been invited by Dr. Anthony Wilcox (principal investigator) and Dec lan 

A.J. Connolly (student investigator) to participate in this study. I have been selected 

because I am healthy, with no history of medical conditions that would place me in any 

danger. I will be asked to participate in the following: 
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1. Test of maximal oxygen consumption (V02max). 

At the beginning of my involvement in the study, I will undergo a test of my 

aerobic capacity. The test will be conducted on a cycle ergometer. This will start at a low 

resistance and progress with gradual increases in resistance at a constant rate of pedalling 

until I become too fatigued to continue. This test will take approximately 12 minutes with 

only a few minutes being at high intensity. During the test, I will breathe room air 

through a mouthpeice so that the amount of oxygen I am using can be determined. My 

heart rate will be continuously monitored electrocardiographically. Trained laboratory 

personnel, certified in cardiopulmonary resuscitation, will administer the exercise tests. 

2. Sub-maximal exercise tests. 

The study will further involve my participation in two sub-maximal tests. These 

tests will involve riding a cycle ergometer for approximately 45 minutes at a sub-

maximal level (approximately 65% of my maximal capacity). Both tests will take place in 

a controlled environment where the temperature will be maintained at @860F. During 

one test I will wear an application of sunscreen. During the test my heart rate, breathing 

rate, oxygen consumption, lactic acid levels and body temperatures will be measured. 

Body temperatures will be measured via the insertion of a rectal probe to a depth of 

approximately 10-12cms. I will wear the probe for the duration of the sub-maximal test. 

In addition skin thermistors measuring body temperature will be placed on the chest, 

back, forehead and thigh. I will wear only gym shorts, sneakers and socks. I am required 

to be weighed in the nude both before and after each sub-maximal test. These tests will 

take place approximately one week apart 
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3. Blood Samples. 

One 50121.,(a small drop from the finger) blood sample will be taken before and 

after each sub-maximal test. In addition 50111, samples will be taken about every 15 

minutes during the test. A standard hygienic finger-puncture method using a disposable 

sterile lancet will be used to collect each blood sample. Prior to and immediately after the 

sub-maximal exercise test a 5m1 blood sample will be taken from a forearm vein to be 

used in determination of blood plasma levels. 

4. Risks. 

There is a remote risk of death associated with the test of maximal oxygen 

consumption In large, varied populations, the risk is one death per 10,000 tests. Since I 

am from a low risk segment of the population (young and healthy) and will be screened 

to exclude individuals with known symptoms of heart disease, the risk is considerably 

less. Furthermore, trained personnel will be administering the test and monitoring signs 

of exercise intolerance. 

The application of sunscreen is a common practice and presents little danger in 

terms of the contained chemicals or in their absorption into the skin. However, certain 

individuals may have an allergic reaction to the ingredients of sunscreens. If you are 

aware of any reactions you may have please notify the researcher and indicate so on the 

medical questionnaire. While exercise in the heat presents risks in terms of heat illness 

physiological responses will be closely monitored and exercise will be terminated if 

termination criteria are present. A termination criteria for exercise is a rectal temperature 

> 1050F, however it is only in situations involving high temperatures (>800F), prolonged 

exercise (>2 hours), and intense exercise (>80% max) that rectal temperatures close to 

1050F have been reported. Typical rectal temperature increases during exercise in the 
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heat are in the region of 33-340F or to about 101-1020F. No water intake is permitted 

during the testing period. I have the freedom to cease exercise at any time. 

5. Benefits. 

The benefits of participation include contributing to the scientific literature 

pertinent to body temperature regulation during exercise. Knowledge will be provided on 

the relationship between using sunscreen to protect from the sun's harmful ultra violet 

rays and maintenance of a constant body environment. I will also be provided with 

information on my current level of aerobic fitness. The approximate value of the tests 

provided through participation in the study is $150. 

I understand that Oregon State University does not provide a research subject with 

compensation or medical treatment in the event a subject is injured as a result of 

participation in a research project. If I have any questions about the research or my rights, 

I understand I may contact Dr. A. Wilcox ( principal investigator) at 737-5922 or Dec lan 

A.J. Connolly ( student investigator) at 737-6792. 

I understand that my confidentiality will be maintained at all times. A code 

number will be used to identify me and my data. Only the researchers will have 

knowledge of my results. I have been informed that the results of this study may be 

published in scientific literature, however, my identity will not be revealed. 

"Persons who have ever had hepatitis B or C, who have tested positive for HIV or any 

AIDS virus, or persons who have aids should not donate body fluids. Persons at risk for 

getting and spreading any AIDS virus also should not donate body fluids and should not 

participate in this investigation. You are at risk if: 
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*you are a man who has had sex with another man, even one time.
 

*you have shared a needle, even one time, to inject drugs or medication.
 

*you have taken clotting factor concentrates for a bleeding disorder such as
 

hemophilia.
 

*you have ever had a positive test for any AIDS or hepatitis B or C or any AIDS
 

antibody.
 

*you have had sex with any person described above.
 

*you have had sex with a male or female prostitute since 1977."
 

I have read and understand the nature and purpose of this investigation. The 

researchers have answered and are available to answer further questions if needed. I 

understand that my participation is completely voluntary and I may withdraw at any time 

without prejudice. Questions about the research or any other aspect of my participation 

can be directed to either Dr. A. Wilcox or Declan A.J. Connolly. I have read the 

foregoing and agree to participate. 

Subject's Signature Date 

Address 

Phone number 

Investigator's Signature Date 
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MEDICAL QUESTIONNAIRE
 

Name Date 

Address Phone 

Age Height Weight 

Circle the appropriate responses: 

1. Have you smoked cigarettes regularly in the last 5 years? yes no 

2. Having you been diagnosed as having high blood pressure? yes no 

3. Have you ever been treated for "sugar diabetes" (diabetes mellitus)? 

never with pills with insulin injections 

4. Did either of your parents or any of your siblings have a "heart attack" or bypass 

surgery prior to the age of 55 years? 

yes no 

5. Have you ever had an elevated blood cholesterol level (over 240mg/dl)? 

yes no *Do not know my cholesterol 
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6. Describe your exercise habits 

7. List any prescription medications you are taking and give amounts 

8. Have you ever had an allergic reaction to an application of sunscreen? 

yes no Do not know 

9. Which best describes your ethnic identity? (optional) 

Caucasian 

African American 

Hispanic American 

Asian American 

American Indian/Alaskan Native 

Other (please specify) 

* If you do not know your cholesterol level we will test it for you. 
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APPENDIX C.
 
APPLICATION TO OSU INSTITUTIONAL REVIEW BOARD
 

The Effects of an Application of Sunscreen on Physiological Responses 

to Exercise in the Heat 

1. Significance of the Project 

The ability of an individual to sustain exercise in the heat is heavily dependent 

upon effective heat transfer from contracting muscles to the skin, and then from the skin 

to the environment via evaporation (Fortney et al, 1981). Hence, any factor inhibiting 

evaporation would ultimately result in a decrease in performance or premature fatigue. 

The human body controls its internal temperature via heat exchange by means of 

four avenues: convection, radiation, conduction and evaporation (lampetro, 1971). These 

avenues of heat exchange can be modified by the type of exercise, ambient environment 

and the sex and body composition of an individual (lampetro, 1971). An individual at rest 

and at room temperature(64-720F), where skin temperature is greater than air 

temperature, loses most heat by outward heat flow from the body due to a negative 

thermal gradient. Under these conditions, radiation accounts for approximately 60% of 

total heat loss, conduction 3%, convection 12% and evaporation 25% (Pace, 1972). 

During exercise, however, evaporation becomes the major cooling mechanism, being 

responsible for greater than 70% of total heat loss (Pace, 1972). 

The onset of exercise, or even the anticipation of exercise, is accompanied by 

initiation of the sweating mechanism. With vigorous exercise, the sweating mechanism is 

initiated remarkably rapidly, in fact within 1.5 seconds (Beaumont, 1963). This 

mechanism responds in a linear fashion with intensity of workload and reaches an 
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equilibrium after about 30 minutes (Greenleaf, 1979). However, it is not the sweat rate, 

per se, that cools the body or skin, but the evaporation of sweat. The vaporization of 

water from the skin surface is the major cooling mechanism. This is so because the 

cooled blood is then recirculated, now at a lower temperature, thus enabling it to absorb 

heat from the warmer body core environment. Thus, the evaporation process, when 

coupled with large cutaneous blood flow, serves as an effective heat regulation 

mechanism under most conditions. 

One area that has received little attention in the literature concerns the effects of 

an application of sunscreen on evaporative heat loss and thus the cooling mechanism and 

ultimately physical performance. One study has addressed this question, but has left 

several key areas unanswered. Wells et al. (1984) studied the effects of an application of 

sunscreen with sun protection factor 8 (SPF8) on selected physiological variables under 

two environmental conditions, namely low and high humidity They found no significant 

response differences in heart rate (HR), oxygen consumption (V02) and rectal 

temperature. However, under conditions of low humidity, they found that an application 

of sunscreen significantly elevated skin temperature. The direct impact of elevated skin 

temperature is greater sweat production . This current study seeks to extend the Wells et 

al. study to determine whether prolonged exercise under conditions of heat and sunscreen 

results in changes in physiological responses. One would speculate that an increased 

sweat rate coupled with a decreased evaporative efficiency, due to the action of 

sunscreen, would serve to increase core temperature. This, in turn, would result in 

increased physiological responses in an attempt to maintain the cooling mechanism. 

Thus, at the same workload there would be increased energy cost to perform a given 

workload. Over a period of prolonged, steady state exercise this may initiate a premature 

change in substrate usage (an earlier dependence on carbohydrate stores) resulting in 

decreased performance. 



83
 

2. Methods 

Prior to the study all subjects will complete and provide the informed consent and 

receive a verbal explanation of the study. Subjects volunteering for this study will 

participate in one maximal exercise test and two steady-state, sub-maximal exercise tests. 

The sub-maximal test will take place under environmental conditions of approximately 

80°F, as this will help simulate the conditions under which sunscreen would normally be 

worn. The subjects recruited (n25) will be from the student population at Oregon 

State University (OSU). Subjects will be between 18-30 years of age and healthy 

according to American College of Sports Medicine(ACSM) guidelines (1991, pp 5-6, see 

attached subject screening list). The only other requirement for participation is that the 

subject be able to sustain a workload that represents 65% maximal heart rate (MHR) for 

45 minutes. The study is currently restricted to males because of differences in sweating 

rates between genders and, in this preliminary study, the investigators would like to 

expose to the environment as much of the subject's skin area as possible. This may pose 

some restrictions due to the investigators being males. During the study the subjects will 

wear only gym shorts, sneakers and socks. The specifics of the data collection are as 

follows: 

i. Maximal oxygen consumption. To evaluate each subject's aerobic capacity, a test of 

maximal oxygen consumption will be performed at the outset of the subject's 

participation in the study. The test will be conducted on a stationary bicycle. After a brief 

warm-up period subjects will begin at 50 watts with a minimum pedal cadence of 80 

revolutions per minute. This resistance will be increased by 35 watts each minute and this 

will continue until the subject can no longer maintain the required intensity, voluntarily 

fatigues or other discontinuance criteria are present (ACSM, 1991, pp 72, see attached). 

The duration of this test will be 12-15 minutes. For the sub-maximal tests, subjects will 
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be brought up to a workload that represents approximately 65% of their maximal 

workload and maintain this intensity for approximately 45 minutes. 

During this test, the subject will breathe room air through a two way mouthpeice 

to permit quantification of expiratory volumes and concentrations of oxygen and carbon 

dioxide, from which volumes of oxygen will be determined. Heart rate will be 

continuously monitored electrocardiographically. Trained laboratory personnel, certified 

in cardiopulmonary resuscitation (CPR), will administer the exercise tests. 

Measurement of body temperatures. Body core temperature and skin temperature will 

be independently measured. Body core temperature will be measured via insertion of a 

rectal probe to a depth of approximately 5-8 cm. A heat sensitive electrode on the end of 

the probe then transfers a signal to a display consul indicating core temperature. Skin 

temperature will be determined via a series of thermistors placed at selected locations on 

the body, namely the forehead, chest, back and thigh. These operate in a similar fashion 

as the rectal probe by transferring the temperature signal to a display console, and in act 

are all part of the same monitoring system. 

iii. Sunscreen application. A sunscreen, SPF 8, will be applied to all exposed areas of the 

body. The quantity of sunscreen applied will be relative to body surface area and will be 

in the amount of 20m1/M2 (Wells et al, 1984). This will be applied by hand. 

iv. Sweat loss. Sweat loss will be determined by measurement of pre- and post-exercise 

nude weight, with adjustment for any water ingested in the interim. 

v. Hematological tests, Before and after each sub-maximal test and approximately every 

15 minutes in the steady-state phase, 50111 of blood will be collected via a standard 

hygienic finger puncture method using a disposable sterile lancet. The samples will be 
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collected in heparinized capillary tubes and refrigerated for later analysis of lactate 

concentrations. 

3. Benefits/Risks to the Subjects 

a. Risks 

The risk in maximal exercise testing is one death per 10,000 tests in large, varied 

populations. The risk will be considerably less, since these subjects will be from a low-

risk, high fitness segment of the population (young and healthy) and will be screened to 

exclude individuals with known heart disease. A recent study reported no deaths or 

morbidity in 353,638 maximal tests completed on "sports persons" (Pollock and 

Wilmore, 1990). 

The application of sunscreen is a common practice and presents little danger in 

terms of the contained chemicals or in their absorption into the skin. While exercise in the 

heat presents risks in terms of heat illness physiological responses will be closely 

monitored and exercise will be terminated if termination criteria are present. A 

termination criteria for exercise is a rectal temperature > 1050F, however it is only in 

situations involving high temperatures (>860F), prolonged exercise (>2 hours), and 

intense exercise (>80% max) that rectal temperatures close to 1050F have been reported. 

Typical rectal temperature increases during exercise in the heat are in the region of 33

340F or about 101-1020F. Normal body temperature is approximately 980F The patient 

also has the freedom to cease exercise at any time. 

Any individual who does not know their cholesterol level will be offered a 

reflotron test for blood cholesterol. In the event that they refuse this test they will be 

assumed to have high cholesterol and therefore one risk factor. 
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b. Benefits 

The benefits of participation include contributing to the scientific literature 

pertinent to heat related disorders. Knowledge will be provided on the relationship 

between using sunscreen to protect from the sun's harmful ultra violet rays and 

maintenance of a homeostatic body environment. Subjects will also be provided with 

information on their current level of aerobic fitness. The approximate value of the tests 

provided through participation in the study is $150. 

4. Subject selection. 

See section 2. 

5. Informed Consent 

Refer to the attached copy of the subject's informed consent form. All subjects 

will receive an oral explanation of the significance of the study and the study procedures 

before signing. 

6. Anonymity of Subjects 

The subject' s confidentiality will be protected at all times. At no time will the 

subject's name appear on the recording forms or in computer files in reference to this 

study. A code number will be used to identify each subject's data and all records will be 

kept using the code number. Only the researchers will have knowledge of the subject's 

name. Confidentiality is assured and after completion of the study the code numbers will 

be destroyed to further assure anonymity. 

4: 
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SUBJECT SCREENING 

The subjects in the study will meet the qualifications of the American College of 

Sports Medicine for placement on the Apparently Healthy Individuals classification of 

people undergoing exercise testing (the other two categories are Individuals at Higher 

Risk and Individuals with Disease). The Apparently Healthy Individual is defined as 

"those who are asymptomatic and apparently healthy with no more than one major 

coronary risk factor." 

The major coronary risk factors are: 

1. Diagnosed hypertension or systolic blood pressure>160 or diastolic>90mm Hg on at 

least two separate occasions, or on antihypertensive medication.. 

2. Serum cholesterol >6.2mmol/L( >240mg/dl) 

3. Cigarette smoking. 

4. Diabetes mellitus. 

5. Family history of coronary or other atherosclerotic disease in parents or sibling prior to 

age 55. 

CRITERIA FOR DISCONTINUING AN EXERCISE TEST 

1. Progressive angina (stop at 3+ level or earlier on a scale of 1+ to 4+). 

2. Ventricular tachycardia. 

3. Any significant drop (20mm Hg) of systolic blood pressure or a failure of the systolic 

blood pressure to rise with an increase in exercise load. 

4. Lightheadedness, confusion, ataxia, pallor, cyanosis, nausea, or signs of severe 

peripheral circulatory insufficiency. 

5. Early onset deep (>4mm) horizontal or downsloping ST depression of elevation. 
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6. Onset of second- or third- degree AV block. 

7. Increasing ventricular ectopy, multiform PVCs, or R on T PVCs. 

8. Excessive rise in blood pressure: systolic pressure >250mm Hg; diastolic pressure > 

120mm Hg. 

9. Chronotropic impairment: increase in heart rate that is >25 beats per minute below age 

predicted normal value (in the absence of beta blockade). 

10. Sustained supraventricular tachycardia. 

11. Exercise-induced left bundle branch block. 

12. Subject requests to stop. 

13. Failure of monitoring system. 



89 

MEDICAL QUESTIONNAIRE
 

Name Date 

Address Phone 

Age Height Weight 

Circle the appropriate responses: 

1. Have you smoked cigarettes regularly in the last 5 years? yes no 

2. Having you been diagnosed as having high blood pressure? yes no 

3. Have you ever been treated for "sugar diabetes" (diabetes mellitus)? 

never with pills with insulin injections 

4. Did either of your parents or any of your siblings have a "heart attack" or bypass 

surgery prior to the age of 55 years? 

yes no 

5. Have you ever had an elevated blood cholesterol level (over 240mg/d1)? 

yes no *Do not know my cholesterol 
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6. Describe your exercise habits 

7. List any prescription medications you are taking and give amounts 

8. Have you ever had an allergic reaction to an application of sunscreen? 

yes no Do not know 

9. Which best describes your ethnic identity? (optional) 

Caucasian 

African American 

Hispanic American 

Asian American 

American Indian/Alaskan Native 

Other (please specify) 

* If you do not know your cholesterol level we will test it for you. 
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APPENDIX D 
X ' Ju 

1. Subject voluntarily fatigues. 

2. A plateau on oxygen consumption with an increase in workload. 

3. A respiratory exchange ration greater than 1.1. 

4. Attainment of at least 90% of predicted maximum heart rate (220-age). 
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APPENDIX E 
CALIBRATION RESULTS FOR ENVIRONMENTAL CHAMBER 
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Figure 9.
 

Sample Heat Chamber Calibration Values over 12 hours on March 02
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Figure 10.
 

Sample Heat Chamber Calibration Values over 12 hours on March 07
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Figure 1 1 .
 

Sample Heat Chamber Calibration Values from "turn-on" on March 02
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Figure 12.
 

Sample Heat Chamber Calibration Values over "turn-on period" March 02
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APPENDIX F 
STATISTICAL OUPUT RESULTS AND TABLES 
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Table 7. 

Statistical Output for Mean Skin Temperature 

ANOVA Table for Time 

CF Sum of Squares Mean Square F-Value P-Value 

Condition 1 12.528 12.528 4.684 .0365 
Order 1 .335 .335 .125 .7252 
Condition Order 1 5.878E-3 5.878E-3 2.197E-3 .9628 
Subject(Group) 40 106.995 2.675 

Category for Time 11 94.669 8.606 61.503 <.0001 

Category for Time Condit... 11 4.329 .394 2.812 .0015 
Category for Time Order 11 .916 .083 .595 .8334 
Category for Time Condit.. 11 2.976 .271 1.933 .0336 
Category for Time Subjec... 440 61.570 .140 

4 cases were omitted due to missing values. 
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Table 8.
 

Statistical Output for Heart Rate
 

ANOVA Table for Time 
CF Sum of Squares Mean Square F-Value P-Value 

CONDITION 1 440.008 440.008 .423 .5192 

Order 1 2426.939 2426.939 2.333 .1346 

CONDITION Order 1 850.189 850.189 .817 .3714 

Subject(Group) 4 0 41615.712 1040.393 

Category for Time 11 405488.288 36862.572 736.372 <.0001 

Category for Time CONDI... 11 341.674... 31.061 .620 .8117 

Category for Time Order 1 1 372.379 33.853 .676 .7614 

Category for Time CONDI... 1 1 331.038 30.094 .601 .8282 

Category for Time * Subjec... 440 22026.288 50.060 
One case was omitted due to missing values. 
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Table 9.
 

Statistical Output for Respiratory Exchange Ratio
 

ANOVA Table for Time 

CONDITION 

Order 

CONDITION Order 

Subject(Group) 

Category for Time 

Category for Time CONDI... 

Category for Time * Order 
Category for Time CONDI... 

Category for Time Subjec... 

IT Sum of Squares 
1 .011 

1 1.820E-4 
1 .017 

40 .469 
11 .488 
11 .038 
11 .032 
1 1 .016 

440 .665 

Mean Square F-Value P-Value 
.011 .939 .3384 

1.820E-4 .016 .9014 
.017 1.484 .2302 
.012 
.044 29.352 <.0001 

3.431E-3 2.270 .0106 
2.882E-3 1.907 .0366 
1.472E-3 .974 .4689 
1.511E-3 
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Table 10. 

Statistical Output for Rating of Perceived Exertion 

ANOVA Table for Time 

OF Sum of Squares 
Condition 1 

Order 1 

Condition * Order 1 

Subject(Group) 40 
Category for Time 11 

Category for Time * Condit... 11 

Category for Time * Order 11 

Category for Time Condit... 11 

Category for Time ' Subjec... 440 
4 cases were omitted due to missing values. 

.121 

2.189 
4.364 

532.136 
10279.174 

5.788 
8.992 
4.455 

526.591 

Mean Square 

.121 

2.189 
4.364 

13.303, 
934.470 

.526 

.817 

.405 
1.197 

F-Value 

9.111E-3 
.165 

.328 

P-Value 

.9244 

.6871 

.5700 

780.809 
.440 

.683 

.338 

<.0001 

.9378 
.7550 
.9768 
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Table 11. 

Statistical Output for Rectal Temperature 

ANOVA Table for Time 

Condition 

Order 
Condition * Order 

Subject(Group) 
Category for Time 
Category for Time Condit... 

Category for Time Order 

Category for Time * Condit... 
Category for Time Subjec... 

CF 

1
 

1
 

1
 

40
 
11
 

11
 

11
 

11
 

440
 

Sum of Squares
 

.950
 

.393
 

1.894E-5
 

21.696 
37.329
 

.118
 

.249
 

.094
 

9.288 

Mean Square
 

.950
 

.393
 
1.894E-5_,
 

.542
 
3.394 
.011, 
.023 

8.531E-3 
.021 

F-Value P-Value 

1.752 .1931
 

.724 .3999
 
3.492E-5 .9953
 

160.769	 <.0001 
_
 

.510 .8970
 

1.073	 .3817
 
.404 .9542_
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Table 12.
 

Statistical Output for Ventilation
 

ANOVA Table for Time 

CF Sum of Squares 

CONDMON 1 27.455 
Order 1 2554.640 
CONDITION Order 1 34.211 

Subject(Group) 40 15555.716 
Category for Time 11 210268.642 
Category for Time * CONDI... 11 40.548 
Category for Time Order 11 1669.791 

Category for Time CONDI... 11 114.355 

Category for Time Subjec... 440 10300.921 
3 cases were omitted due to missing values. 

Mean Square 

27.455 
2554.640 

34.211 
388.893 

19115.331 

3.686 
151.799 

10.396 
23.411 

F-Value 

.071 

6.569 
.088 

P-Value 

.7918 

.0142 

.7683 

816.504 
.157 

6.484 
.444 

<.0001 

.9992 

<.0001 

.9356 
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Table 13. 

Statistical Output for Oxygen Consumption 

4: 

ANOVA Table for Time 

CONDMON 

Order 

CONDITION Order 

Subject(Group) 

Category for Time 

Category for Time * CONDI... 

Category for Time Order 

Category for Time * CONDI... 

Category for Time * Subjec... 

CF Sum of Squares 
1 1.619 
1 .600 
1 27.720 

40 1934.192 
11 51772.509 
11 20.043 
11 94.202 
11 57.242 

440 2507.963 
3 cases were omitted due to missing values. 

Mean Square 

1.619 

. .600 
27.720 

48.355 
4706.592 

1.822 

8.564 
5.204 
5.700 

F-Value 

.033 

.012 

.573 

825.730 
.320 

1.502 
.913 

P-Value 

.8557 

.9119 

.4534 

<.0001 

.9815 

.1273 

.5276 




