










SALT LOSS IN HOT ENVIRONMENTS

does not fall but increases (Fig. 1). The fall in
chloride concentration in arm bag sweat is due
solely to the very large increase in output of water
within the arm bag during the acclimatization
period. When the subject goes on to a low chloride
intake the concentration of salt in arm bag sweat
does, in fact, fall, as Ladell (1945) observed. A fall
in concentration of arm bag sweat is therefore
found both as a result of acclimatization and of low
salt intake. Although the fall in concentration on a
high salt intake does not indicate a conservation
of salt, it appears to run more or less parallel to
the acclimatization process. This is well illustrated
by experiments (Table 2) in which a comparison

sweat, the two and a half hour loss of chloride
(sweat plus urine) was on an average much lower
than that on the control days when there was no
exposure to heat. In Mol, one of the subjects, the
average chloride output in the urine on the eight
control days was 224-4 mEq.; on the 10 days on
which he was in the hot room the average output
was 124 7 mEq. in sweat and urine. In Mac,
the second subject, the average chloride output
on the eight control days was 244-4 mEq. and on
the eight days on which he went in the hot room it
was 174-2 mEq.
A t test indicates that in subject Mol the differ-

ence between the means of the two series is highly

TABLE 2

COMPARISON OF ARM BAG SWEAT IN SUBJECT H IN VARIOUS ENVIRONMENTS BEFORE AND AFTER ACCLIMATIZATION

Environments Sweat Rectal Overall
Date (1948) D.B. W.B. A.M. Chloride Te(perature Sweat

D(C.) W(BC.) (ft./min.) (miq./n)n2hr. RC.)(ml./min.)
July 13 .. .. 37-5 32-0 75 155 1-4 7.5
Sept. 15 .. .. .. .. .. 148 08 21-3

July 23 .. .. 51-5 275 100 153 1-2 149
Oct.1 .. ..I. .. .. 119 02 155

July 27 .. .. 32-0 320 135 111 03 7-6
Sept. 27 .. .. .. .. 99 02 8-5

July 29 .. .. 435 310 20 178 16 197
Sept. 30 .. .. .. * 113 03 13-3

Aug. 5 .. .. 35 0 27-0 75 131 0-2 6-8
Sept. 14 .. .. .. ... .. 92 0.0 7-5

July 15 .. .. 43-5 310 50 163 2-5 112
Sept. 24 .. .. .. .. 124 03 15-7

of the composition of sweat, obtained in six
different thermal environments before and again
after acclimatization, was made on a subject, H.
The six initial exposures were made at the rate of
only two a week to ensure as far as possible that
the subject remained unacclimatized to heat. He
was acclimatized by repeated exposure between
August 23 and September 10. Table 2 shows,
in conformity with the results already described,
that the " post-acclimatization " exposures always
yielded sweat of a lower chloride content. The
overall sweat rate was increased in five cases out of
six and the rise in rectal temperature was always
decreased.

Salt Loss of Unacclimatized Subjects.-Table 3
gives the results for two subjects. The total chloride
loss in the sweat increased as the conditions became
more severe. In spite of the loss of chloride in the

significant, P = 0-001 (difference between means =
99*7, degrees of freedom = 16, t = 5 25). For
subject Mac, P is just below the 5% level of
significance (difference between means = 70-2,
degrees of freedom = 14, t = 2 05). These results
show that the total loss of chloride on days on which
sweating occurs did not exceed the loss on days
when no heat exposure took place, and in the case
of subject Mol it was decidedly less. In subject
Mac, although a reduction is also present, it is
statistically barely significant. In both subjects
it is clear that the kidney restriction has been
sufficient to compensate for the sweat salt loss.

Discussion
The foregoing experiments are in agreement with

those of Black and others (1944), Conn and others
(1946), and Robinson and others (1950) in affirming
that a reduction in the chloride concentration (and
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output) of body sweat occurs only when the intake
of dietary salt is insufficient to prevent the occurrence

of a negative salt balance induced by sweating.
It is very likely that this process of adjustment
underlay the original observations of the phenome-
non by Dill, Jones, Edwards, and Oberg (1933).
The " salt conservation " response is not a necessary

part of the acclimatization process; it may be
induced after the individual has been in the heat for
shorter or longer periods, as in our experiments,
and in those of Robinson and others or, as has been
shown, it may be entirely absent in the acclimatiza-
tion period if the salt intake is maintained at a high
level. The fact that on a high salt diet the sweat
chloride concentration in arm bag sweat (unlike
general body sweat) falls, is not an indication of
salt conservation. As we have shown, the salt
loss does not decrease. The fall in arm bag
sweat concentration is bound up with the ac-
climatization process itself since it is attributable
to the very large increase in sweat loss within
the arm bag.
The reason for the relatively greater increase

in output of sweat within the arm bag during
acclimatization is not known, but must, in some
way, be due to the higher temperature and humidity
therein.
The response to a salt deficit by the sweating man

leading to the re-establishment of salt balance
has been analysed in some detail by Conn (1949a).
When his subjects, who were on a constant diet
containing 14 5 g. NaCl (248 mEq.) a day, were
first introduced into the hot room, there was a

sharp fall in the urinary loss of chloride. This was
followed on the next day by a sharp fall in the
chloride concentration of sweat, the total loss of
salt by this route being greatly reduced. The
urinary excretion then gradually rose until an

equilibrium between intake and losses in sweat
and urine was established after about five days.
On a daily intake as low as 52 mEq. Robinson's
subject was near to establishing an equilibrium
on the fourth day. Whether our subject Ba (Fig. 2)
on a still lower intake (16 mEq.) could have done
likewise is not certain; it would have required a
negligible output of chloride in the urine and a

sweat chloride concentration of about 7 mEq./l.
Sweat of nearly this dilution has been reported
by both Conn and Robinson. By the fourth day
the chloride concentration had not in our subject
fallen below 20 mEq./I., though the daily deficit
was progressively lessening (Fig. 2). The total
drain of salt from the body over these four days
amounted to about 300 mEq. of NaCl. As McCance
(1936) showed, salt deficiency is accompanied
in its first stages by a corresponding water loss,

the effect of which is to preserve for the time being
the normal osmotic pressure.

In combating a threatened salt deficiency the
response of the kidney is extremely prompt and
precedes that of the sweat gland, as shown by
Conn (1949a). The prompt response of the kidney
in restricting salt loss seems to us, on the basis of
the results in our section on the partition of
chloride between sweat and urine in unacclimatized
subjects, to be a reaction of exposure to heat
per se. These experiments show that the occasional
exposure to heat of unacclimatized subjects, with
its consequent loss of chloride in the sweat, brings
about a compensatory reduction of urinary chloride
so great that the total loss of chloride may be
actually less on these days than on the days when the
subject was not exposed to heat (Table 3). Further-
more, this compensatory response demonstrates
that when subjects were acclimatized to heat on a
high salt diet there was no possibility of a negative
balance occurring to stimulate the reduction of
sweat chloride concentration. The operation of
such a " chloride saving mechanism " was postulated
by Lee and Mulder (1935) but further experi-
ments seemed to Lee, Murray, Simmonds, and
Atherton (1941) to throw some doubt on its existence.
Their subjects spent six to seven hours daily in the
hot room, but the chloride excretion during the
remainder of the 24 hours, when the subjects were
not in the hot room, was not measured; it is
during this time that the sparing mechanism
operated in the present experiments. As in Lee's
experiments, the volumes of urine excreted in the
hot room were too low to determine at what stage
the sparing mechanism began to operate. It was
during the remainder of the 24 hours after the
subject had left the hot room that the reduction
in urinary chloride output was manifested.
The regulatory processes underlying these kidney

and sweat gland responses are not yet clearly
established. Current hypothesis favours the involve-
ment of the adrenal cortex, and this has received
support from experiments by Conn and others (1946)
and Robinson (1949) who have shown that desoxy-
corticosterone acetate reduces the chloride of
general body sweat, as suggested earlier by Laddell
(1945) and Moreira, Johnson, Forbes, and Con-
solazio- (1945) using arm bag samples. Conn
(1949 a and b) believes that the adrenal cortex
activity is mediated through the adreno-cortico-
trophic hormone of the pituitary.
During a period of salt deficit in the heat the

subject experiences not only an interference with
heat regulation, as intimated above, but also sub-
jective distress, despite preceding acclimatization.
These reactions were noticeable in our study and
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TABLE 3

SALT LOSS OF TWO UNACCLIMATIZED SUBJECTS

Environment Chloride (mEq.) Loss Chloride Loss
During and After Hot Room (mEq.)

Urine 24-Hour 24-Hour
Passed 24-Hour Loss in Loss in

D.B. W.B. R.H. Sweat in Hot Loss in Sweat and Urine on
(°C.) (°C.) (%) Room Urine Urine Control Days

Subject Mol Mol
238 23-8 100 i19 96 107-2 1091 183
30 5 21-1 40 6 8 24-3 97 0 103-8 185
34-4 23 8 40 9 4 25 5 67-9 77-3 195
27-7 27-7 100 9-6 2-6 133-9 143-5 195
305 305 100 168 250 977 114-5 229
37-2 26-1 40 22-1 5-1 83 5 105-6 239
38-8 27-7 40 32 0 32 2 165 7 197-7 272
38-8 27-7 40 34-7 14-2 75 5 110-2 297
33 0 33-0 100 46-0 17 8 135-0 181-0
37 8 34 5 80 47-9 28-7 57-5 105-4

Subject Mac Mac
24-4 15-5 40 2 2 48-7 204 7 206-9 119
26-1 26-1 100 2-9 33-8 172-6 175-5 195
27-7 27-7 100 5-3 117 4 192-5 197-8 218
30 5 30 5 100 14-9 29-6 137-7 152-6 226
38-8 27-7 40 34 9 19 6 132-2 167-1 227
43-3 30 5 40 62-3 7-8 63-6 125-9 244
33 0 33 0 100 77-6 10-8 77-0 154-6 287
43-3 30 5 40 81-9 34-7 131-0 212-9 439

Sweat and urine were collected over two hours in the hot room. Urine was collected over the following 22 hours.

in that by Robinson; the latter found that a return
to salt improves the individual's condition notice-
ably. There is a strong presumption from McCance's
studies (McCance, 1936; Black, McCance, and
Young, 1944) that the distress and inefficiency are
closely bound up with both osmotic and circulatory
disturbances. During the period of "negative "
salt balance the conditions of osmotic imbalance
favouring heat cramps must exist. If the salt
deficit is not corrected either by physiological
adjustment or by dietary intake, there ensues a
strong liability to the syndrome described by
McCance (1936) as well as to heat cramps when
working in the heat.
On the basis of present knowledge it seems

desirable to continue the generally accepted policy
of salt supplementation for men exposed to heat.
For it cannot be assumed from the available data
that the general condition on a low salt diet improves
when salt balance is eventually re-established.
Taylor and others (1943) have found a marked
deterioration both in working ability and in postural
adjustment on a salt intake of 6 g. a day compared
with 15 g. when subjects were tested in the hot room
daily over periods of two or three days. Another

consideration in favour of a relatively high salt
intake is the likelihood that large individual differ-
ences exist in the ability of the sweat gland and the
kidney to restrict salt losses. Adolph (1947)
has drawn attention to the strikingly greater sweat
salt output of some men in desert climates. Ladell
and others (1944) make the suggestion that cases
of salt deficiency with dehydration (with vomiting
and cramps) are found in individuals who habitually
excrete sweat of too high salt concentration.

In conditions where men sweat fairly profusely,
say at a water output of 5 1. a day and over, it would
be reasonable to estimate a loss of 3 g. of salt per
working hour and about 0 3 to 0 5 g. per hour
during recovery and at rest. Near the upper limit
of tolerance, i.e., four hours' activity in the heat
producing 4-5 litres of sweat, the daily requirement
would then be about 20 to 24 g. of salt. This
figure is close to 'the average intake, as actually
measured, of men working in tropical climates
(Molnar, Towbin, Gosselin, Brown, and Adolph,
1946). It would necessitate in most cases a
supplement of about 10 g. to the salt in the usual
diet. Methods of administration of salt in industry
have been dealt with by Stewart (1945).
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Summary
The sweat and urinary loss of chloride have-been

studied in individuals working in hot conditions
for short periods.

Acclimatization to heat is only accompanied by
a decrease in the chloride concentration of general
body sweat if a negative chloride balance is induced
by restriction of the chloride intake.

Sweating for short periods (two hours) in
unacclimatized subjects brings about a com-
pensatory reduction of urinary chloride manifested
after the subject leaves the hot room. This
reduction is so great that the total loss of chloride
may be less on days on which sweating occurs than
on the control days.

Attention is drawn to the limitations to the
use of sweat collected in arm bags as a method of
assessing the bodily salt balance.
The bearing of these findings on the desirability

of supplementing the salt intake in the diet is
discussed.

Our best thanks are due to the subjects, and in
particular to Mr. R. Baldock for cooperation in these
investigations.
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