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Partial Report D D
WATER AND SALT REUIREMEINS FOR DM T OPERATION

1. PROJECT: Water and Salt Requirements for Desert 0

a. Authority: Letter Commanding General, Headquarters;-,-Ar~d
Force, Fort Knox, Kentucky, 400.112/6 CUMOHD, dated September 24, 1942.

b. Purpose: To deteri.aine the water and salt needs of Armored
Force Personnel for desert operations.

2. DISCU5SION: •

"a. Methods: Water balance studies and chloride excretions were
followed on 52 subjects; 37 men from a light-tank company during maneuvers,
10 medium-tank crewmen during instructional periods and 4 members of the
laboratory staff. All liquid intake and urinary output was measured and
recorded - evaporative water loss determined by weighing.,, Details of pro-
cedure and analysis of results are given in the Appendix%

b. Ambient Temperature: Throughout'Vhese investigations
temperatures in the desert were rather mild (Chart 1, Appendix). Re-
quiremeuts indicated by these studies must therefore be considered as
minimum requirements.

3. COtNCLr1SIONS:

For the period of study a drinking water ration of 2
gallons per day was required by the majority of men.

SJb, One gallon per day even under mild temperature conditions
was inadequate and caused lowering of efficiency.

,o'. All tank crew members required about the same amount of
water.

4- Water requirements greater than those noted wiv4-be en-
countered at higher temperatures and with greater activity.

A0. Salt balance was maintained in all subjects without extra
salt. Conditions were not severe, however, and the men were well ac-
climatized. etl

"Vistribution of Wzis Dooumnt Is Unlixited
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Salt tablets were unsatisfactory in a sufficient number
of instances to m!,ke advisable other means of increasing salt intake.

g. No advantage in physical well-being or enconomy of water
was gained by limiLing waLer drinking to meal time only.

4. PEXCO"NDATIO. 5:

a. No*. less than 2 gallons of drinking water per day should
be provided for ich man even under mild desert conditions (950 to 105OF).

b. No silt in excess of that present in modigied fie;d ration
cr K-2 Ration is needed for mild desert conditions (95 to 105 F).

c. IWhen extra salt is needed it should be provided by addition
of salt to the food and/or water.

d. Personnel should not be advised to drink only at meal time
but in small amounts when thirsty.

Prepared by:

1st Lt. Norton Nelson
and

Captain W1m. B. Been

APPROVED: DA

Lieut. Colonel, Med. CorpsCommanding
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Project No. 2-6 APPFUDIX

(To Partial Report)

WATER AID SALT REOUIREMENTS FOR DPERT OPERATION

1. C.ETMRAL DISCUSSION: The energy used by the human organism to
maintain the vital processes and to do work is finally dissipated from the
body in large part as heat. At ordinary temperatures this escapes chiefly
by convection and by radiation to cooler surfaces. Generally conduction
accounts for only a small percentage of the total heat loss, while evap-
oration other than sweating accounts for about 25% of the total heat dis-
sipated. The latter, known as insensible perspiration, is lost with the
expired air and by diffusion through the skin.

W•en the air temperature rises to the skin temperature loss of heat
by convection is no longer possible, and as the air temperature rises above
skin temperature the body actually gains heat from the air. Similarly when
one is exposed to a hot sun or is surrounded by walls warmer than the skin,
radiant heat is gained by the body rather than lost. In this situation,
when the usual means of heat loss fail, sweating occurs, and heat is dis-
sipated wholly by evaporative cooling. Only in this way can heat balance
be maintained when the usual pathways are inadequate, or act as a sourde
of extra heat gain. The cooling effected by the evaporation of water owes
its high efficiency to its large litent heat of vaporization. This has the
value of 580 kilogram calories per liter of water evaporated at room temp-
erature. Under conditions of dry heat where sweat evaporates without
running off, the sweating mechanism is practically completely efficient
and the entire 580 large calories are extracted from the surface where
evaporation occurs for every liter of water vaporized. As soon as heat
balance is established, the rate of sweat secretion falls off to a rate
adequate to maintain the body teraperature at close to its normal level.

In evaluating the water needs for a given situation the losses other
than sweat must be considered. The losses in the feces are ordinarily low
and relatively constant, amounting to about 80 to 100 ml. per day. The
water lost in the urine will depend on the water intake when this is more
than adequate to keep the body normally hydrated; however, even in severe
water restri tion with accompanying dehydration, urine output will rarely
fall below 20 ml. per hour. This represents the minimum level of excretion
adequate for the normal excretory functions of the kidneys. Thus about
600 ml. per day are essential, and unavailable for cooling purposes. The
water lost by insensible perspiration effectively cools the body as it
evaporates; no distinction need be drawn between it and true sweat secretion
from the cooling standpoint. The former is, however, lost without salt and
does not place the drain on the salt reserve of the body that sweat does.
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APPLNDIX
(cont-'d)

At the time of the present study in the desert the situation was
generally such that heat was boing gained from the environment during
only part of the day, during the remainder heat balance could be main-
tained without evaporative cooling. To illustrate, one may analyze the
average net fluid loss value found for Group 2a (See Table I). These
men were in energy balance at about 3700 calories (the caloric value of
K-2 Ration) per day. If we assume that for 16 hours about 100 calories
per hour (a nearly basal rate) were expended, we are left with 3700
1600 or 2100 calories arising from metabolic processes during the eight
working hours. To estimate the total heat dissipated, one should add
to the net fluid loss of 4.518 liters about 0.5 liters (approximating the
water contained in and produced by oxidation of food); this gives a total
of 5.018 liters for the total evaporative loss for 24 hours. During the
16 night hours, water would be lost by insensible perspiration; the water
loss by this route would be equivalent to about 25% of the energy expended
during that period. Thus, 0.25 x 1600 = 400 calories; the rater equivalent
would be 400/580 or 0.690 liters. This taken from 5.018 liters gives 4.328
liters, the evaporative loss for the 8 hour day period. 4.328 liters in
evaporation would dissipate 4.328 x 580 or 2510 calories. Since only 2100
calories were produced by metabolism during that interval, the difference
between 2510 and 2100, or 410 calories, represents the heat gained by
convection and radiation for the 8 hour interval. This rough estimate
would suggest a heat gain from the environment of 50 calories per hour.

It is well known that during the process of acclimatization tle rate
of sweating will increase. In one of our laboratory subjecte) the rate of
sweat formation for a standard one hour walk in the sun on the second day
in the desert was 700 ml. and rose to 1200 ml. for the s~me activity on the
fourth day. Heat accumulation was distinctly lower in the second instance
as shown by a smaller rise in rectal temperature. By such an improvement
in ability to dissipate heat, acclimatization improvcs one's tolerance for
high temperatures. A second characteristic of the acclimatized individual
is the ability to secrete a more dilute sweat. This operates to permit an
increased rate of sweating without increasing the drain on the salt reserve
of the body. Thus it is important to restrict activity during the first
few days in the desert, moreover, more salt may be required than later when
acclimatization is complete.

2. PROCEDURE: Water intake was measr.:ed by the use of calibrated
cups. All the urine voided by the subjects of the study was collected in
individual containers and taken to the field laboratory for measurement of
volume, specific gravity and chloride content. The men were weighed at
frequent intervals (at least every 24 hours). The evaporative loss (des-
ignated net fluid loss in the following discussion) per day was calculated
by subtracting the volume of tuine voided from the total intake of fluid
and adding or subtracting the weight change, depending on whether weight
was lost or gained.

,.
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(cont Id)

Group 1 was composed of several medium tank crews in a divisional
encampment. This group of ten men were doing little or no driving at the
time Nut were receiving punnery instruction and were, therefore, less
active than the next group that was studied. The diet was the standard
modified field ration.

Group 2 consisted of 37 men of .a light tank company who were engaged
in maneuvers. They were on K-2 Ration through the 4 days of the study.
This main group was subdivided into one group of 22 men who were allowed
unlimited water, and another group of 15 men who were restricted to 4
liters* (4.2 quarts) per man per day. The restricted group was started
on a water allowance of 2 quarts per man per day, but it was necessary to
increase the allowance to 4 quirts before the end of the first day at
which time a number of the men were in considerable discomfort. All men
had access to salt tablets but these were almost never taken. Accordingly,
the subjects of these tests can be considered to have received no salt
other than that taken with food.

Group 3 was composed of members of the laboratory. They were on

modified field ration most of the time. The period of study for each.
group is indicated on Chart 1.

3. RESULTS:

a. Air Temperature and umniditZ. The average maximum temp-
erature for the period of the study was 1640 F. (See Chart 1) with maximum
of lll0 F. This represents mild desert conditions. The water and salt re-
quirements found must therefore be considered minimum requirements. The
highest air temperature recorded in a tank was 1260F. This was measured
with the tank buttoned up and the engine dead at the end of 21 hour run.
The air terý,-rature inside tanks rarely exceeded outside air temperature
by more than a few degree3 while the tanks were in motion. The humidity
was consistently low (Chart 1); this and the constant breeze made fo
immediate evaporation of perspiration.

b. Total W'.ater Intake. The average daily water consumption
(Table 1) of both group 1 and group 2a (K-2) was about 5400 (5.7 quarts)
ml. Under identical circumstances of activity and temperature about
1 quart more will be needed when on the K-2 Ration, since about that a-
mount of water is provided by the fie2d ration itself. Group 2b u-ed
slightly less than the water allotment of 4000 ml. Water intake for group
3 averaged about 45%0 ml., somewhat less than the field units, as a result
of less activity and exposure to heat.

In both groups 1 and 2a, some water intakes reached much higher
levels, up to 12,000 and nearly 8,000 ml. respectively; these levels,
amounting to more than 3 and 2 gallons, indicate that in certain instances
water requirements may be considerable even at moderate desert taempraturee.
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APP7r1"Mx'(cont'd)

c. Met Fluid Loss. The net fluid loss, as mentioned,
correpnonds approximately tn the sweat output; this quantity plus an
additional amount to provide for adequate urine formation (500 to 700
ml. per day) represents the minimum water need for a particular amount
of work and heat exposure. Stated in another way, reduction of water
allowance to levels below the net fluid loss (plus about 500 to 700 ml.
for urine) will result in dehydration. This will be associated with
physical dt.Lerioration and fatigue. This was demonstrated by the re-
duction in water ration to group 2b (See Table I). The histograms in
Chart 2 show the distribution of daily rates of sweating for groups 2a
and 2b.

d. Net Fluid Loss and Task. In chart 3 the average net
fluid loss per day (average for 3 days) of various crew members is
shown. There is little indication that any partidular crew members re-
quire unusual water allotments. There is, however, a tendency for the
radio operator to manifest a slightly lower net fluid loss than the
commander or driver.

e. Chloride Excretion. In all groups studied, safe levels
of excretion (Table I) were maintained (excretion of less than 2 or 3
gins. sodium chloride per day suggests inadequate intake), indicating
that no supplement of salt was needed under these conditions. This does
not mean, however, that added salt would not he needed in the period of
acclimatization or under more severe conditions of activity or high
temperatures when losses in sweat are greater.

In the group receiving K-2 Ration (which contains about 16 gms.
of salt) approximately 8 gms./day were lost in sweat. This corresponds
to a concentration of about 0.2% sodium chloride in the sweat.

M!ld nausea after taking salt tablets was reported fairly fre-
quently by the men. This occurred shortly after takinR the salt tablets
and was probably a local gastric redction. For this reason and because
of carelessness salt tablets were rarely taken. it is probable that for
moderate increases in salt requirement the problem t.3y be satisfactorily
solved by increa.-ed salting af the food. Ifo-wever for high rates of
sweating with water intakes of 10 or more liters 12i to 3 qts.) a day
(not unusual during severe desert conditions) it will be necessary to
add salt to the drinking water. A concentration of 0.1% should be used.

f. Thirst. There waq no general or consistent opinion among
men questioned as to the value of thirst quenching devices such as chew-
ing gum or fruit drops. Soin individuals found one or the other effective
in allaying the sensations of thirst; in other instances it was believed
that they were of no advantage or actually increased thirst,
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APPErDIX
Tc-on t1 7d

,. Pattern of Drinking. It was found that water consumption
was suba&.ntially the same whether water was taken only at meal times or
taken when thirsty. Those who delayed Lrinking until meal time experienced

.considerable disconfort without any apparent advantage in water economy
or physical well-b•1ni. Drinking in emall amounts when thirsty would seem
to be the ideal practice. Thi3 would avoid the danger of cramps occurring
as a result of drinking large amounts of water (especially when cold) at
one time.
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