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1. : No. 2 - High rntnr-n BoW.oo .. L Raport on

Sub=Project 2-6, Determination of Vaies nnd Galt uequiremcm.a for Desert
QOperations,

a. Authority - Letter Commanding General, Headquarters Armored
Porce, Fort Knox, Kentucky, File 400.112/6 GNCHD, dat.ed Saptember 24,
1942,

v

b. Purpose - To extend the information obtained in the desert
field study, previcusly reported. Project 2-6, November 12, 19/.2,

2, DISCUSSION:

8. Methods - Four studies were carried out on a tot tal of fiftye
six enlisted men living in the hot room -»f the Jaboratcry, Tne periods
of study ranged from one week to two monthe for the varions groups, The

results of other investigations carried out simultaneously are included
in Report on Project No. 2 (2-11, 2-12, <-13, 2-17) File No. 727.2,
April 3, 1943.

.b. Envircnmental conditions - Dry bulb temperature was maintained
at 120°F from 0800 to 1700 hours and a* 9OCF daring the remainder of each
2, hours,) Details of the procedures and results are given in the appendix,

3. , CONCLUSTONS :

a. Vater Requirements,

(X) Daily water requirements are contingent upon the en-
vironmental temperature and the severity of physical work., Water require-
ments therefore vary with the duties of troops, and the locale and season,

{2) In a hot climate man dissipatcs “he greater p-~tiun of
his heat by the evaporaicn of sweat. Failure tc supply suff’cient water
to make up for that lost in sweating results in the depletion of body

water, If continued, this results in progressive loss in weight, physical .

deterioration, reduced efficiency and capacity for work, and greatly
impairs morale and motivation. Reduction of water consumption to levols
below that required to maintain water balance will be Jollewed by ir-
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'capacitat.ion, whother the reduction is gradual or abrupt.

(3) A schedule which requires that a ma. disregard thirst
and drink only at meal-time results in no saving of water and may cause
discemfort and reduced physical performance,

(4) Thirst is an insdequate indicator of rapid tissue
dehydration, At the high rates of sweating which accompany even moderate
work in the heat, men will consistently drink less water than they are
losing as sweat, Augmenting the water intake so as to balance the fluid
lost in the sweat will increase the amount of work which can be done on
first exposure to heat and reduce injurious effects,

(5) The daily water rcquimnt is not significantly changed
a8 men become acclimatized to heat.

b. Salt Requirements.

(1) The requirement ~f salt is in direct proport.ion to
the amount of water taken, .

(2) With exposure to heat, the need for extra salt is
greater during the early days than after acclimatization is established,

Le RECOMENDATIONS:
8. Water Requirements.

(1) That the following daily requirements for drinking water be

used as a guide in determining supply of water to troops in desert areas.

2-Hour Fluid Requirements (quarts
Per Man) When Maximum Daily Tem-

Activit Illustrative duties perature is:
95°p 105°F 1159
Light to mod- | (Desk work, 4 ) 10

erate work (Tank operation over
smooth terrain

(Tank operation over _
Moderate work | rough terrain, 5 7 1
: (Marching at normal rate

Strenuous (Zngineers! operations,
work . (Porced marches, 7 - 3 13
H (Entrenching operations
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(2) - That the above allotments be increased by one (1)
quart per day when the K-ration is used, A

(3) That additional water be issued for vehicles, for A
cooking, and for toilet purposes so that the above water ration may be -
reserved for drinking.

b. Salt Requirements.

‘:";8_/: (1) That one (1) gram of extra salt be taken for each '
4 quart of water consumed. The following methods of administration may
be used: ‘

§a Adding extra salt in the preparation of food.
b) Using extra salt at mess,

(¢) Addition of salt to drinking water in the following
proportions: /4 teaspoonful per quart, two 10-grain tablets per quart,
or 0.3 pounds in 36 gallons (Lister bags. This is the method of choice
when above methods of salt administration are not practical, .

, (d) Direct ingestion of salt tablets is not recommended.
They should be dissolved in the drinking water as directed in (c) above.

(2) When no food is taken, it is imperative that salt be
taken with water, N :

(3) When no water is availsble, or where the supply is re-
duced, extra salt should not bs taken.

Prepared by :

Captain Norton Nelson, Sn C.
Captain Ludwig W. Zichna, K.C. '
Captain Williem B, Bean, K.C.

APPROVED WM @46\046

WILLARD MACHLE
Colonel, Medical Corps,
Commanding
1 Incl. : .

Appendix with Table 1,
and Figures 1 thru 7
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APPENDIX

A, EXPERIMENTAL CONDITIONS AND PROCEDURES

The following experimental conditions were employed in the "Hot
Room" studies:

1. The environment = Air temperature during the day (0800 hours
to 1700 hours) was maintained at 120°F; during the night, at 90°F. One
hour was required to change from one temperature to the other., The
relative humidity ranged between 15% and 22% during the day, Wall and
floor temperatures were in equilibrium with air temperature, Additional
radiant energy was not supplied. Air movement of moderate dagree was’
obtained fram two 26=~inch fans or from four lO-inch fans,

3

2, Experimental subjects - 56 enlisted men; 48 lived continuéualy
in the room, 8 lived in their barracke, reporting to the Laboratory for
exposwe periods,

3. Preliminary training - Before entering *‘he hot environment, all
men worked for one waek at cooi temperatures (70“F to 76°F). This
accustomed the men to the work which they were to do later and produced
a cuamparable state of physical fitness in all subjects.

Le Clothing - Hen wore what they chose; during the hot periods, only
cotton shorts, shoes and socks; during the preliminary cool period, regula-
tion fatigue clothing.

5¢ Activity in ths hot environment ~ The men were divided into three
groups, One group rested for 3 or L days before undertaking work in the
heat, A second group performed strenuous work for short periods, pedalling
a stationary bicycle for ten minutes each hour, five times & day. The third,
and largest group, performed more moderate work of longer duration; a wurk
period consisting of a walk of 2-1/2 miles in 47 to 50 minutes with the
subject carrying a 20-pound pack. A rest period of 10 to 13 minutes was
given between successive work periods., Unless incapacitated the men worked
two successive periods in the morning and three in the afternoon, thus
walking a total of 12,5 miles a day.

6. Food -~ The men were given regular army fare obtained from their
regular mess, No record was made of the type or amount of food eaten,

7. Water - Salt was added to all drinking water (final concentration,
0.1%). Wateyr intake was measured scrupulously and was administered accord-
ing to one of three methods:
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a. As much as desired, whenever wanted. '

b. Intake regulated to equal the total fluid lost (sweat,
breath)o

¢. Restricted to 4 liters, approximately one half c¢f the
needed intake, and given in either of two schedules: (1) 270 ml (0.6
pint) every hour from 6:00 A.M. to 6:00 P.M., plus 750 ml (1-2/3 pints)
from 6:00 P.M. to 6:00 AL, (2) 750 ml (1-2/3 pints) at 6:00 A.N.,
1250 ml (2-3/4 pints) with noon meal, 1250 ml with evening meal and
750 ml from 6:00 P.M. to 6:00 A.M,

8, Sleep - Eight to nine hours a night. A few men had troutle
sleeping early in the experiment, but most slept well throughout.

- 9. Observations made duringz the werking periods:

8. General sppearance - noted ccntinuously and records kept
of vigor, flushing of the face, sweating, headache, and complaints cf
gastro-intestinal or cardiovascular disturbances, )

b, Rectal temperature ~ at the beginning and end of each wbrk
pﬁﬁOdo

¢. Heart rate - at the beginning and end of each work period.

d. Blood preasure - at the beginning and end of each work period,

e, Weight - the weight within 5 grams was recorded at the be-
ginning and end of the two morning and three aftemoon work periods. Sub-
Jects were nude and sweat dried off,

£. The water intake and urine output during each work period,
and during each 24~hour period were carefully measured. '

10. Urine volume (24 nour output) and specific gravity.
1l. Daily urine chloride excretion.

B. FACTORS DETERMINING WATZR REQUIREMENTS

IN DESERT CLIMATES

Maintenance of body temperature within narrow limits is essential to
life; only small deviations can be tolerated. Temperature regulation is
achieved by various physiological mechanisms which serve to adjust the rate
of heat loss from the body to equal the rate of heat gain, The heat tc be
eliminated from the body arises from two sources; (1) internal heat, gen-
erated by metabolism, and (2) external heat absorbed from the eavironment,
including the radiant heat from the sun. Four pathway: are available for
dissipation of this beat: conduction, convection, radiation and evaporation




of sweat. Heat exchange by the first three of these routes, conduction,
. comvection, and radiation,may be positive or negative, that is, they may -
' serve as avenues for the alsorption of hedt by the body as well as its
elimination, depending upon the environmental and skin temperatures. The
heat transfer is outward only when the body is at a higher temperature
than the surroundings. If the environmental temperature equals the
temperature of the body surface, no exchange takes place by these routes.
With an environmental temperature greater than that of the body surface,
the direction of flow 1s reversed and heat is delivered to the body from
the environment, Under this condition, heat is lost only by evaporation,.
Schematic illustration of this reversal of heat flow is shown in Fig, 1.
Typical rates of heat gain (4) and heat loss (~) are given for an average
man (150 1bs., 1.8 I2), in calories per hour, for constant solar radia-
tion* and for various air temperatures above and below body surface
temperature, Radiation to or from walls has been calculated on the
basis of equality of wall and air temperatures and the convection gain
or loss determined for a constant air velocity. The matabolic heat value
for resting conditions was employed in the calculations. Any additional
metabolic heat generated by work would add to the values shown in Fig. 1.

In spite of the outward transfer of heat by conduction, convection and
radiation, at environmental temperatures below 95°, there is a net heat
gain to the body since the rate of heat elimination by these routes under
the conditions shown in Fig. 1 does not equal the metabolic heat production
and solar radiation gain. Thus, for environmental temperatures of 85° and
higher, heat elimination by evaporation of sweat is essential for the main-
tenance of body temperature, even under restin; conditions. Sufficient
water must be evaporated from the body surface to dissipate the net heat
gain shown in Fig. 1.

The cooling effected by the evaporation of water is determined by its
latent heat of vaporization which amounts to 580 kilogram calories per
liter. If evaporation is completc and no sweat runs off the body, as is
the case in arid climates, each liter of sweat secreted and evaporated will
dissipate 580 calories of heat. Thus, it is possible to calculate the
required sweat output from the heat load imposed on the body. This has
been done for the environmental conditions shown in Fig. 1, and the emount
of water requiied is indicated by the scale at the right of the chart,

Sweat is fo.aned from the water of the body and if dehydration is to
be avoided the sweat that is evaporated must be replaced by an equal intake
of water. Thus, the wator requires.ents for sweating, shown in Pig. 1, also
represent the minimum rates of water intake required to prevent dehydration.

# Solar radiation is always positive so long as one is in the open and
unprotectad.
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Sweating is self-regulatory in the sense that when the sweating
‘rate becames sufficiently high to dissipate the heat load imposed,
further sweatirig does not occur. As a consequence, the rate of sweating
and the water requirement vary throughout the day, depending upon the
degree of activity and environmental temperature, The effect of ambient
temperature is illustrated in Fig. 2. The values for water loss are the
averages of results for one persun during three 2~-hour cycles in the
California desert mansuver area in August, 1942,

Precise evaluation of the heat load imposed by metabolism and by \
the environment is required for prediction of the daily water require-
ments. There are uncertainties in some of the constants which must be
used in such estimates, Of greater importance perhaps, is the fact that
any pattern of activity and environmental temperature which is selected
in making the calculations, assumes uniformity of behavior and of en-
vironment which are never quite met, By moving into the shade, for
example, solar radiation is cut off and the water requirement reduced.
When in a tent, the radiation and the convection due to wind movement
are reduced, Despite such uncontrollable factors, :seful predictions
of the range of water requirements under various conditions can be
made., Estimated daily water requirements arrived at by simplified cal-
culations, are presented in Table 1 for a climate like that of the Cal-
ifornia desert. These estimates were based up 'n a daily temperature
cycle of the pattern shown in Fig. 3, which depicts the diurnal tempera-
ture curve ohbtained from average hourly t..uperatures in the Califommia
desert during August, 1942, For all maximun temperatures selected, it
was assumed that both ths pattern and the differences between the maximum
and wdrisun tempsratures would remain the same as in the figure,

L

The total heatl gain was calculated in the following mannwr:

1, lMetebolic heat.

The metabolic heat production of a resting man of average
size is approximately .000 calorjes., If the air temperature is ths same
(95°F) or higher than skin temperature throughout the day, evaporative
dissipation of the entire 2000 calories will be necessary. Even at relatively
low air temperatures, some 25% of the mstabolic hest is dissipated by in-
sensible perspiration and by evaporation from the lungs. At an air tem-
perature of 85°, as indicated in Fig. 1, some sweating occurs, and the
total evaporative dissipation of heat (sweat plus insensible loss) amounts
to sbout 358 of the metabolic heat. The following estimates illustrate
the range of variation in wa.er evanoration necessary to dissipats the
resting metabolic heat for different maximum daily temperatures, For the
day represented in Firure ? (maximum temperature of 110°) some degrve of
non-evaporative cooling . - v dur’ g 1) out of the 24 hours. During the
night the ..uat loss by 3 +l: . a and convection amounts to 40O calories
and for the same peiiod about 500 calories will be lost by the minimal
sweating and insensible perspiration. The remaining 1100 calories (of
the 2000) will be dissipated during the day by ths evaporative route only. )

'
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Thus, for the 2i-hour period, 1600 calories will be lost through
evaporation and LOO by radiation and convection, This is equivalent
to 1600/580 or 2.8 liters of water required for the shedding of heat
from metabolism alone,

With a maximm daily temperature of 95°, the air tem-
perature is below skin temperature most of the time and the total heat
dissipated by evaporative cooling requires only about 1.8 liters of
water, Vhen the maximvm temperature reaches 115°, the air temperature
is below 95° for only ab.ut 9 hours a day, and approximately 3.0 liters
of water are needed to dissipate the total resting metabolic heat,
Thus,.the variation in water requirements for the removal of resting
metabolic heat is not great and for convcnience, in Table 1 a value of
2 liters per day has been employed for all temperatures. This tends
to overestimate the needs at low temperatuies and to underestimate them
at high maximum temperatures.

The additioral metabolic heat produced by work must be
dissipzted entirely by evaporation when air temperatures are above skin
temperature and even for temperatures dovn to 85° since, as already shown,
the non-evaporative paths of heat loss are inadequate for dissipation of
the resting heat produced. lViork at a moderate rate will require the
expenditure of about 3500 calories in a day, an increase of 1500 calories
over and above that contributed by the resting metabolism of 2009 caloriss,
If eliminated entirely by evaporation, 2.6 additional liters of water will
be required for dissipation of the heat produced by the added work.

2., Environmental gain,

Environmenta) heat gain derives from conduction®#, conveqtion,
radiaticn from the sun, and radiation from hot surfaces, Convectional
gain varies directly with the skin-air temperature difference and the
square root of the wind velocity. Vith a wind velocity of about 4 mph,
17.4 calories will be gained per hour for 2ach OF by which the air
tenperature exceeds the skin temperature.#* In terms of water to be
evaporated, this is equivalent to 17.4/580 or 30 ml/hr/F°.

Using the typical day shown in Fig. 3 (max. temperature, 110°F)
a3 an example and assuning a constant rate of air movement, heat will be
transforred to the body to an extent determined by the duration of exposure
and the skin-air temperature gradient, With an assumed skin temperature of
95° the convection gain wdill be proportional to the total area between the

* Conduction is usually small and is not considered in these calculations,

## This amount of heat would be gained by a nude individual at a wind
velocity of 2 mph and by a person clothed in a suit (with coat and vest)
at a wind velocity of 4 mph., With lighter clo , & wind velocity be-
tween 2 and 4 mph will result in the same gain (1.).
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upper curve in Figure 3 and the 95° abscissa. This area has the value
of 108 degree-hours.* Assuming an air movemen® of 4 mph and, as ex-~
plained above, a water equivalent of 30 ml for each degree hour (above
skin temperature) the amount of the water to be evaporated, to offset
this convection gain during the day, is 30 x 108 or 3240 ml.

Except in spoecial circumstances such as in tanks with hot
walls, radiation gained frc:i hot surfaces is usually small in comparison
to other sources of heat gain ard may be neglected, The heat gain from
solar radiation is approximately equivalent to 320 ml of water per hour
®.) Thus, if 6 hours are spent in the sun, 6 x 320 = 1920 ml or 1.9

liters of water will have to be . vaporized to dissipate the heat gained.

To recapitulate, the portion of the heat gain that must be
lost by evaporation and iis equivalent in terms of water are given below
for the hypothetical day showi. in Fig. 3:

Equivalent Water

Source of Heat Heat Gain (Calories) (Liters)
Resting metabolism | 1600 2.8
Added by moderate work 1500 2.6
Convection ' 1500 3.2
Sun radiation 1100 1.9

Total 6100 10.5

Water requirements estimated in this way for several degrees
of activity and for different maximum daily temperatures, are given in

Table 1.

Although the quantities listed in the table are not exact for
any single situation, thoy may be taken as representative of the average
needs in desert areas, The calculated requirements correspond well with
those measurad in the Califormia desert during the summer of 1942. (Pro-
Ject 2-6, dated November 12, 1942.)

In Table 1 no alluwance is made for the water needed for
urinary excretion. For propc: kidney function, this amount should never
be less than 600 ml/day. The water contained in the food and that produced
by its oxidation wlll usually be sufficlent to yleld this amount; consequently,
the water required for adsquate urine formation need not be considered in the
calculations unless the individuel is not eating normally. Dry rations,
such as X, will require sxtia.wa'er.

liater requirexcents in relation to desert climate.

Kot 211 desert regions are hot, and for many wonths of the year
the problam of keeping warm is the difficult cne. Thus, at Wadl Digla,

* A degree hour is the product of ths time in hours and the difference
between a r and skin texperatures,
b -




near Cairo in the North African desert, the average daily maximum
temperature for December is 68°F; for March 69°F, and during August
it rarely exceeds $7° (3.). In the southern and western parts of the
L’Lyan desert somewhat higher temperatures are reached., At Wadi-
Halfa, in Anglo~Egyptian Sudan, for example, the average maximuz daily
temperature is 104°F during August, but, even here, it exceeds 95°F
for only 7 months of ths year 8:.).

The significance of this is that the high water requirements
necessitated by extreme temperatures as given in Table 1, must be pro-~
vided only for certain months of the ymar, and furthermore, ihat many
desert regions have comparatively mild climates which, at no time, in-
pose abnormally high water requirements. Zstimates of water requirezsnts
for drinking purposes can be rade only on the basis of knowledge of the
air temperatures to be encountered in a given theater,

C. EXPZRDENTAL RESULTS

1, WATER REQUIRSMIITS.

a. Rate cf Swesting. It is possible to compute the heat gain
from all sources by measurement of the water loss, provided evaporation
is complete, as was the case in these experiments., This was done by
weighing the men hourly while resting and before and after a standard walk
(2.5 mph with 20~pound pack) of one hour. The resulting data are shown
in Fig. 4. The Lourly water loss while resting was found to be about
1/2 liter which is equivalent to 290 caloriea, Since the matabolic rate
at rest amounts to 100 cal./hr., the difference of 190 cal/hr. represents
the neat gain by convection and radiation which was experienced at the
environmental temperature of 120°F, ihen wa'king, the average water loss
for the group was 1 L/hr., Accordinzly, the amount of heat contributed by
the extira metabolism of work wasX0 cal. (0.5 x 580) since the gain from
radiation and convection rewained essentially unchanged in the resting and
walking tests, The range of weigut losses shown in Figure 4 is a demcnstra-
tion of the physioclogical vari-~iions which occurred among the subjects.

Rates of swaating during work for both acclimatized and un-
acclimatized men may be compared in Fig. 4. Both groups lost, on the
average, 1 liter per hour. It may be ccncluded, therefore, that the process
of acclimatization is .ot accowpanied by change in water requirement,

b. water Restriction. The rate of sweating demsnded by a given
themal condition is zaintained, in spite of even severe restriction in
water intake., Thus, in the present tesls, whon restricted to 4 liters
intake per day, men continue tc sweat at a rate equal to that which was
maintained when water intake was adequste, Tiae dehydration resulting

L]
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from continued sweating with water intake inadequate to mske up f{or
the loes lewads to deterioratiocn which is already evident with a water
deficit of 3-4% of bodv weight.

Four men who were restricted to a daily water intake of
4 liters per day attempted to carry out the standard hot roam program of
five 2-1/2 riie wslks, Only three succeeded in completing the five
periods and these did so with:considerable difficulty and discomfort,
Some of the sffects of the dehydration on performance are shown in Fig.
5 for the three men wsho completed tho five work periods. Restrictica
of water intake resulted in bigher final rectal temperatures, more
repid heart rate, lower blocd pressure (in the erect position), and
narrower pulse pressuve than when adequate water was supplied. The
appearance of the men with inadequate water intake revealed even more
striking changes. Vork was performed with effort and apathy. The
eyes became zlassy, and the subjects walked in an uncoordinated stumbling
manner, They were incapable of sustained purposeful action,

Giadual reduction of the daily water intake over a period
of 3 or L days to a level of L liters per day was tolerated better than
w38 abrupt restriction. Nevertheless, the final condition of the men was
ths same whathar the restriction was gradual or abrupt.

¢. Increased Viater Intake. Thirst is an inadequate index of
fluid recuirerment for men working in the heat. During these tests, no
man veluncarily drank enough water while working to replace that lost in
tho sweai and all developed water deficits with consequent deterioration
of psrformance., In comparison, when the water intake during work was
increased so as 1o oqual the water lost in the sweat, considerable im-
provement in performance was noted on the firs% exposure to heat, as
demonstrated in the following experiment.

. Twelve men ware asked to work the full five psriods on their
first day in the hot room., Of these man, nine received water in amounts
sufficient only to quench the thirst (600 ml/hr.) while the other three
drank enough to offset thet lost by sweating (1200 ml/hr,).

The comparative effects of the 600 ml per hour (6 liters per
day) and 1200 m} per hour (9 liters per day) regimens imposed on the two
groups of men are compared in Fig. 6, the average data for each group
being presented. Observations were obtained at tha close of each of the
five work perlods for the last day in the cool environment, and the first
day in the hot environment. Men who did not complete five full periods
have been excluded. ‘

, The three men who received 1200 ml of water per hour finished
all five work periods without great difficulty. Of the other nine men,
four became exhausted after three or four work periods and could not cone
tinue; those who finished were in a poorer condition and showed greater
physiologic disturbances than the men with forced water intake.

el
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2. SALT REQUIRFIENTS.

Sweat contains considerable amounts of sodium chloride and T

other salts. During prolonged sweating, therefore, the salt intake \
must be increased if depletion of the body 3alt is to be awided. At N
high rates of swesating ordinary diets usually contain insufficient salt \‘ i

to prevent drain on the body's reserve. The sweating rate and water . . .
consumption rise more or less in parallel; consequently, water intake . :
sonstitutes a reliable index of the need for extra salt,

In the absence of sweating, the great bulk of ingested salt is
lost in the urine, As sweating increases, hoviever, more and more salt
is excretel through the skin, and, consequently if there is no change
in the emount of salt ingested, t.he urinary excretion is greatly reduced.
This is shown in Fig. 7. The averaged daily values of salt excreted in
the urine for several men in the group studied are shown for the pre=-
liminary period of exposure and work in a cool enviromment and subsequently
for the period in hot environment. Upon entering the heat, there was a
sharp decline in urinary salt excretion, followed by a gradual increase

which, after eleven days, had not returned to the original level,

Xt has been astablished that the acclimatized man excretes sweat
with a lower salt concentration than does the unacclimatized man., This
is consistent with cur findings and explains, in part, the gradual in-
crease in urinary salt excretion during continued exposure to tle heat
(Fig. 7). Some of the decrease in chloride excretion in the early days
in the hot environment, however, may have resulted from reduced food (and
salt) intake accompanying the loss of appetite which frequently occurs
during initial expcsure to heat,

Throughout these studies, the men drank a 0,1% solution of salt
while in the hot room. The extra selt taken in this manner averaged 5-1/2
gns/per day. If it is assumed that salt = ake was constant throughout
the psricd of study, one can estimate the . .unt of salt lost in the sweat.
The daily excreticn of chloride during the latter days in the heat was
approximately € grams less than it was while the men were in the cool
environment. The estimated excretion of salt in the sweat amounts, there-
fore, to 11~1/2 grams per day (6 grams plus 5-1/2 grams ingested with
water). It is apparent that serious s.1lt depletion would have occurred

in these men during ths first few days of exposure to high tempsratures

if extra salt had not been taken with the drinking water, since the urinary
output was only 2-1/2 grams on the second day in the heat, in spite of the
increased iuntake,

The effect of activity on loss of sait in sweat and resulting
salt need is indicated by the crossing of the chloride excretion curve.
for groups ) and 2 in Figure 7. Group 1, during their working period in
the hot room excreted less chloride in the .urine, indicating a greater
loss in the sweat, than Group 2, who were resting at that time, When
their activities were reversed, Group 1 resting and Group 2 working, the
urine chloride excretion of the workers was again less than that of the

resting group.
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CALCULATED DAILY WATR REQUIRSAENTS WITH VARYING AHOUNTS'
OF WORK AND DIFFERENT AIR TEMPSRATURES®

Db e e mm

Total water Zquivalent of lLletabolic Heat -
. Plus Convection Gain
: _ Liters #¥
water ’
ryuivelent Licht Koderate | Strenucus
Yaxinum Degree~ of worlk work . Jork
Daily Hours | Hours |Convescticn 800 extra j150C extra |25C0 extra
Temperature {Above | Above Gain Rest " Cal, Cal, Cul.
FO 95° 950 Liters 2000 Cal, | 1.4 liters {2.6 liters [4.3 liters
- Y ‘ S ——————
05° 0 0 0 2.0 KA L.6 643
100° 6 16 .5 2.5 3.9 5.1 6.8
105° 10 53 1.6 346 5.0 5.2 Y.9
“t
11¢° 12 | 108 3.2 5.2 6.6 7.8 9.5
o : '
115 15 178 5.3 743 €.7 9.9 11.6

s Solar radiation not included,
# 0,95 liters = 1 quart

1 liter = 1,06 quarts

1 milliliter (ml) = OGL liters
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For 6 hrs. exposure to sun, add 1.9 liters
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SOURCES OF HEAT GAIN AND MEANS OF HEAT LOSS
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'RATE OF SWEATING IN RELATION TO AIR TEMPERATURE
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Fi6.3

TYPICAL DIURNAL TEMPERATURE CURVE FOR A DESERT GCLIMATE
SHOWING PERIODS OF POSSIBLE ENVIRONMENTAL HEAT GAIN AND LOSS
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"~ RATE OF SWEATING OF RESTiNG AND WORKING MEN

(AIR TEMR [20°F, RELATIVE HUMIDITY 20 %)
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]}
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NN
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WATER RESTRICTED TO 4 LITERS/DAY

MEAN LOSS = 1030 GRAMS
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EFFECT OF WATER RESTRICTION ON HEART RATE
RECTAL TEMPERATURE AND BLOOD PRESSURE

ACCLIMATIZED MEN,K RESULTS AT THE END OF THE FIFTH WORK PERIOD
[T warer as oesmeo E=] water RESTRICTED TO 4 LITERS/DAY
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PERFORMANCE OF UNACCLIMATIZED MEN WITH MINIMUM WATER INTAKE
AND WITH OPTIMUM WATER INTAKE
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- CHLORIDE EXCRETION IN THE URINE
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