
A PROBLEM IN INDUSTRIAL PHYSIOLOGY
AND MEDICINE

BY JOHN H. TALBOTT

SKILLFUL supervision of com-
plicated machines became a rou-
tine in industry long ago. Its

purpose was not only to obtain from
them maximum efficiency, but also to
preserve their mechanism and there-
by prolong their life. In a like manner
the human machine demands expert
supervision in order to preserve its
mechanism and to work effectively.
The methods of providing for such
supervision are beyond the scope of
this paper. We have accumulated data,
however, showing the direct benefits
to one branch of industry when such
medical supervision has been applied.
These data were obtained in part from
investigations in the iron and steel in-
dustry, but their application is possible
wherever men are working in high
temperatures.

Our investigations described in this
paper concern the physiological and
pathological effects of high temperature
upon workmen. More than five years
were spent in the accumulation of
these data which enlisted the energies
of several institutions. The deductions
from this study, if skillfully applied,
will be of practical benefit to several
hundred thousand workmen each year.

The Harvard Fatigue Laboratory

The data which will be presented
were collected at the Fatigue Labora-
tory in Harvard University, at the
Massachusetts General Hospital at
Boston, and at other places under the
supervision of these laboratories. The
interest of the Fatigue Laboratory in
problems of Industrial Hygiene dates

from the time when it was organized,
more than ten years ago, as part of a
search for a generalized scientific de-
scription of the experiences of indi-
viduals in their environment. This
laboratory is situated in the Graduate
School of Business Administration; it
is supervised by a committee selected
from this school, from Harvard Col-
lege, and from Harvard Medical School,
and it functions as a separate branch
of the University.

The accumulation of data necessary
for the description of the experiences
of individuals in their environment
may be diyided into several parts and
the investigation in two or more stages.
The form, the structure, or the anat-
omy is to be studied first. This study
may be considered under the con-
ventional term, anatomy, but for our
purpose will be extended so that it will
include chemical constitution of the
body as well. This part comprises
those problems which are basic in
nature and similar to those which
form the ground work for any scientific
investigation whether it be in the field
of Applied Mathematics, Anthropology,
or Clinical Medicine. The second stage
in the investigation of problems in
Industrial Hygiene pertains to func-
tion, and is commonly called physi-
ology. The third and last division is
concerned with the application of the
anatomical and physiological data.
The dependence of Applied Physiology
and Industrial Hygiene upon the bio-
logical sciences is similar to the de-
pendence of applied mechanics upon
the laws of thermodynamics, which in
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turn were preceded by the discovery
of the laws of force and motion by
Galileo and Newton.

The application of phy^siological and
biochemical descriptions is of especial
interest to the individuals who have
made the observations, but this interest
is not confined to them. The practicing
doctor is concerned with the applica-
tion of biological findings in order to
have a better understanding of dis-
ease and for the treatment of sick
persons. The industrial surgeon is con-
cerned with the utilization of certain
biological information in* order that the
morbidity and mortality rates among
workmen may be reduced through
prevention of accidents and disease.
And lastly, there is the layman's
interest in the biological sciences, an
interest which has rapidly increased
during the past decade. This last
interest has outgrown the stage of
emotional sympathy and has developed
into one of intellectual understanding
based upon the knowledge that sound
health among workmen is advantageous
both to them and to their employers.

Effects of High Environmental Tem-
perature

The data with which I am dealing
are derived from a study of the effects
of an elevated and at times excessive
temperature on men engaged in strenu-
ous physical activity. The term " exces-
sive temperature" is a relative one,
but conveys in the minds of most
readers a temperature which produces
profuse sweating and a diminished
capacity for work. With this inclusive
definition, it should be obvious that the
data presented will be directly or
indirectly of interest to most people
living in a temperate climate, as well
as to those who work in a high environ-
mental temperature. The man who

plays golf or tennis in the hot sun is
subject to similar physiological changes
as a result of the exposure, just as the
laborer who works before a furnace in
a steel mill. Most individuals who
exercise in a high temperature, in con-
trast to workmen at hot jobs, do not
become sick, but the response by
the body is similar and varies only in
degree.

In the study of the effects of high
temperature, it is desirable first to
have information concerning the physi-
ological and biochemical reaction to
temperatures which are not sufficiently
severe to cause sickness. After these
data have been collected, the inter-
pretation of the changes in the body
of those who are incapacitated by
high temperature is facilitated. For
example, when it is known that a
full day's work before a blast furnace
will lead to certain illnesses in work-
men, it is possible to study the body
changes produced by one or two hours
of work instead of eight hours. When
these small or physiological changes
have been studied and interpreted,
then one proceeds to the investigation
of those persons who become sick
following longer periods of exposure.

Accumulation of Physiological Data

The first part of this project began
at the Fatigue Laboratory under the
direction of Dr. D. B. Dill. It was not
convenient at that time to study
workmen employed at hot jobs, and
in their place members of the labora-
tory staff acted as subjects and per-
formed graded work in a heated room.
In addition to the laboratory studies
performed in Boston, field investiga-
tions were conducted in various places.
The combination of the laboratory and
field data proved especially valuable,
and physiological descriptions of nor-
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mal subjects living and working in high
temperatures were obtained. The first
field expedition which collected data
of interest to us was in the Panama
Canal Zone in 1929. There a study of
normal men exercising in a humid
atmosphere was made. Investigations
into the amount of oxygen carried in
the blood and consumed in the tissues
by subjects performing a known
amount of work were enlightening. In
an atmosphere with a high relative
humidity and a high external tem-
perature, it was observed that the work
was done with the same mechanical
efficiency and with the utilization of
the same fuels as in an environment
with a moderate temperature. It was
further observed that the high external
temperature was associated with an
increased heart rate and that the body
became exhausted earlier than it did
while performing the same work at a
lower temperature. The probable ex-
planation of the latter observation is
that the heart muscle reached the
limit of its ability to work and attained
its maximum rate while no other part
of the organism was working at capac-
ity. The importance of this observation
will be discussed later. An incidental,
item is that these data offer a physio-
logical explanation for tropical and hot
weather lassitude.

Three years after the first expedi-
tion, similar studies were pursued in
Boulder City, Nevada, at the building
site of Boulder Dam. In this place the
contrasting condition was a very hot
but dry atmosphere. In addition to
the confirmation of various physio-
logical observations, an inquiry was
begun into the biochemical changes
associated with exposure to heat as well
as an investigation into the mechan-
ism of adaptation to high tempera-
ture. In this study it was noted, among
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Other things, that there was a loss of
body weight in the first days after
going into such an environment. This
loss occurred in spite of the greatly
increased fluid intake and was not re-
placed until several days had elapsed.
The loss of weight during the first days
in a high temperature was associated
in some individuals with a diminished
food intake. In most subjects, how-
ever, it was principally due to a loss
of body fiuid by way of the sweat
glands. The excretion of sweat in these
individuals was necessary for the dissi-
pation of heat and the maintenance of
life in high temperature.

Dissipation of heat by the body is
accomplished by the evaporation of the
water which is the principal constituent
of sweat. Sweat contains in addition to
water certain mineral substances which
for our purposes may be called salt. The
principal salt is sodium chloride or
ordinary table salt. This salt exists in
sweat in varying concentrations, but
is always present irrespective of the
degree of sweating. The amount of
sweating of a healthy individual is
related to physical activity as well as
to the atmospheric temperature. Sweat-
ing may occur in a cool climate if exer-
cise is severe, while a hot climate causes
a person to sweat at lower grades of
activity. Quiet life in a hot climate does
not lead to excessive loss of water and
salt. But strenuous activity in a hot
climate is accompanied by enormous
losses of these substances in the sweat.

In the intervening years between the
two field studies, allied problems were
investigated in the Fatigue Laboratory
as well as in the medical research lab-
oratory in the Massachusetts General
Hospital. The physiological and bio-
chemical ground work proceeded in a
slow methodical manner which at times
seemed laborious but was never un-
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interesting. The data collected were
interesting in themselves and essential
before problems in applied physiology
could be approached. The opportunity
to proceed with the next step came in
1934 through an invitation from the
Youngstown Hospital Association in
Ohio. This invitation offered to place
at our disposal for investigation a large
number of subjects suffering from the
ill effects of heat. These subjects were
men working in the steel mills at exces-
sive temperatures who had become in-
capacitated because of a condition for
which no satisfactory treatment was
available. The undertaking was borne
jointly by the Youngstown Hospital
Association, three steel companies in
Youngstown, and the Harvard Fatigue
Laboratory. The participating steel
companies—the Youngstown Sheet and
Tube Company, the Republic Steel
Corporation, and the Sharon Steel
Hoop Company—were responsible for
the local expenses. The Youngstown
Hospital Association provided excellent
hospital facilities which included a ten-
bed ward, graduate nurses, a full-time
interne, and a dietitian. To me, a
clinician, it was gratifying to have the
Fatigue Laboratory participate in this
study of the pathological changes pro-
duced by high temperature.

Pathological Conditions Produced by
High Temperature

The failure of the body to carry on
its usual physiological functions in a
high environmental temperature does
not arise in all persons in the same way,
and when a series of patients are
studied several distinct diseases may
be recognized. In the large cities in the
summer the aged and infirm may be
affected by the heat even though their
activity is restricted or negligible. This
condition is called sunstroke, and is

probably caused by an exaggerated
physiological response similar to that
observed in normal subjects in the
Canal Zone. The physiological response,
which assumes pathological proportions
at times, is accompanied by a dilation
of the blood vessels of the skin, leading
to an additional burden on an already
overtaxed heart and vascular system.
Sunstroke is an industrial hazard, but
not an important one. The majority of
the workmen in the industries today
are neither aged nor infirm, but healthy
persons liable to other harmful effects
of high temperature. These effects are
known by the descriptive terms heat
cramps, heat prostration, and heat
hyperpyrexia.

The clinical description of a patient
suffering from the ill effects of heat
serves no important function in this
discussion and will be mentioned in a
cursory fashion only. A patient with
heat cramps suffers from severe pain
in the affected muscles and usually has
no other complaints. The pain from
cramps is most excruciating and one of
the severest types observed in clinical
medicine. Various observers have stated
that the agony experienced by the men
was more severe than from any other
cause. On the Boulder Dam project in
the summer of 1931 several workmen
jumped into the treacherous Colorado
River because of the severity of the
pain. If for no other reason than for the
relief afforded, a satisfactory method of
prevention and treatment of cramps is
highly desirable.

The differentiation between heat
cramps, heat prostration, and heat hy-
perpyrexia is not a difficult one. In the
last condition, the body temperature is
increased above 105° F. and the heart
rate becomes alarmingly rapid. Neither
of these signs is observed in patients
with heat cramps. The diagnosis of heat
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prostration is made by exclusion. If a
subject performing strenuous work in
a high environmental temperature be-
comes faint, is forced to stop work, and
has neither cramps nor a high body
temperature he is probably suffering
from heat prostration.

Historical

The deleterious effect upon the body
of a high external temperature has been
recognized for more than 2,000 years.
In the Bible there are several references
to victims of the heat. In the eighth
chapter of Jonah there is the passage:
"And it came to pass, when the sun did
rise, that God prepared a vehement
east wind; and the sun beat upon the
head of Jonah, that he fainted, and
wished in himself to die and said, ' I t
is better for me to die than to live.'"
There are older passages in recorded
history and mythology pertaining to
the ill effects of heat but it is uncertain
whether these refer to uncomplicated
heat cases or to complications second-
ary to drought, pestilence, and famine.

The first mention of heat cramps in
contemporary literature was not made
by a member of the medical profes-
sion, but is contained in the military
descriptions of the campaigns of Fred-
erick the Great. During these cam-
paigns many of the soldiers complained
of severe cramps in the legs following
long marches in hot weather. In English
literature the earliest report of heat
cramps was issued from the gold mines
in Virginia City, Nevada, in 1878. No
name was assigned to the malady at
that time, but the occurrence of severe
cramps in the legs of miners working in
temperatures as high as 120° F. is char-
acteristic of this disease. In the last
quarter of the nineteenth century heat
cramps as a separate disease was fre-
quently recognized and reported in

miners, stokers, firemen, and workmen
in sugar refineries. At the beginning of
the present century, the rapid growth
of various industries in this country
was accompanied by a rapid increase in
the incidence of this disease in certain
regions. In the iron and steel mills this
was especially true, and the niymber of
men with heat cramps observed each
summer in these trades reached an
alarming sum. Previous to this time
little was known concerning the path-
ogenesis, the treatment was purely
empirical, and the methodical investi-
gation of this condition as a disease
entity was just beginning. One of the
pioneers in this work was Dr. David L.
Edsall, former Dean of Harvard Med-
ical School, who presented the first
descriptive knowledge of the disordered
physiology in this condition. The large
number of men suffering from heat
cramps in the Pittsburgh steel district
furnished him with an abundance of
clinical material of the mild as well as
severe types.

Incidence in Industry
Data regarding the incidence of heat

cramps and heat exhaustion in industry
are most unsatisfactory. It is recognized
that these conditions are very common
in many industries, but the diseases are
not reportable as are contagious disr
eases like scarlet fever or diphtheria,
and we have no statistics concerning
the number of workmen who are af-
flicted each year. The problem of inci-
dence is complicated further by the
fact that many workmen with heat
cramps are not sufficiently ill to be sent
to a hospital and have not been edu-
cated to seek medical advice. Such
workmen are nevertheless sick, and
their working efficiency is lowered. In
an attempt to gain some idea of the
number of men in industry suffering
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from the ill effects of heat, certain as-
sumptions give us approximate figures.
In the year 1934 there were approxi-
mately 250,000 workmen engaged in
the iron and steel industry in this
country. During the same year there
was an average of about 12,000 men
employed in the Youngstown steel dis-
trict. Between May and September
more than 100 of the Youngstown
workmen were hospitalized because of
the heat. Assuming the same propor-
tion throughout the country, more than
2,000 men in the iron and steel mills

It is safe to say that the ill effects of
heat have been one of the major medi-
cal problems in industry during the
past two generations.

Meteorological Conditions and Predis-
posing Factors

One part of the study of the disturbed
physiology and biochemistry in work-
ing individuals exposed to high tem-
peratures concerns the effect of various
meteorological conditions. It is obvious
that a high working temperature is
essential, but the degree of elevation is

CHART I
ADMISSION DATA AT BOULDER DAM FOR PATIENTS WITH HEAT CRAMPS AS A FUNCTION OF EXTERNAL

TEMPERATURE
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alone were hospitalized in 1934 because
of this condition. In addition to the
men sufficiently ill to be sent to a
hospital, at least the same number were
mildly afflicted and recovered at home.
In Youngstown it was observed that
most of the men who had been em-
ployed for more than a decade at the
hot jobs in the steel mills had experi-
enced one or more attacks of cramps.
Of the other occupations information is
completely lacking. It is known that
the ill effects of heat are observed in
many other industries, such as glass,
rubber, paint, tile, metals, and baking,
as well as those requiring men to work
out of doors in the summer months.

the determining factor. At Boulder
Dam the atmospheric temperatures
were essentially the same as the work-
ing temperatures, and in that location
the workmen had heat cramps on the
days when the temperature exceeded
ii2°F. (Chart I). In sugar refineries,
when men reported off duty because of
cramps the working temperature was
frequently as high as I3S°F. Probably
the highest working temperature for
any large group of men is found in the
steel mills, where temperatures as high
as 3,ooo°F. are encountered many
times during a day's work.

Not only are heat cramps and heat
prostration a function of the working
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temperature but the atmospheric tem-
perature is important. This is indicated
by the seasonal incidence of these con-
ditions. In the Youngstown steel dis-
trict from 1929 through 1934 more than
90% of the patients hospitalized be-
cause of the ill effects of heat reported
off duty between April and October of
each year. Of less importance than the
temperature is the relative humidity.
Patients succumb to heat prostration
and to heat cramps in atmospheres of
low relative humidity as Well as in those
of high relative humidity. In this re-
spect, no industrial occupation which is
associated with a high temperature is
exempt from these conditions.

The predisposing factors which in-
crease the susceptibility to heat are
known in most instances, and heed
should be taken of them by the indus-
trial surgeon. Organic disease and ill
health generally increase the suscepti-
bility of the human body to sudden
changes in temperature. This is espe-
cially evident in large cities during the
summer heat waves, when many of
the victims of the heat have an organic
malady which probably contributes to
their breakdown.

Alcohol has been accused of increas-
ing the susceptibility to heat since the
earlier discussion of this malady. There
are few total abstainers among work-
men in industry, and it is important
for us to have exact information re-
garding the importance of alcohol in
the production of disease. Chronic
alcoholism as a disease is associated
with a disturbance of the stomach, liver,
heart, or brain. When this condition is
recognized the individual should be
handled as any other patient with a
chronic disease and transferred to an
easier job. The number of workmen
suffering from this specific malady is
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probably small and the problem of their
disposition is easily solved.

Acute alcoholism, on the other hand,
is an important predisposing factor and
an acute alcoholic bout is a frequent
forerunner of heat cramps. It may be
said rather dogmatically that anyone
who has been on an alcoholic bout and
has consumed little or no food during
this time is a fit subject for heat
cramps, and remains so until he has
completely recovered. In this discus-
sion reference to alcohol implies the
stronger drinks rather than the milder
ones. Certain advantages may be
gained from the consumption of salted
beer in moderate quantities. In the
industrial section of the Ruhr in Ger-
many, salted beer is a common bever-
age and the incidence of heat cramps is
presumably low. A similar situation
has been observed among the colliers in
certain mining regions in England.

Susceptibility to Heat Cramps
Susceptibility to heat cramps implies

that adaptation to strenuous work in a
high temperature has not been gained.
An absence of adaptation to high tem-
perature is generally evident during the
first days of a heat wave and the inci-
dence of cramps is greatest during this
time. Consideration of the available
data suggests a maximum suscepti-
bility to heat cramps following a sudden
elevation in environmental tempera-
ture with decreasing susceptibility as
the hot weather continues. This is illus-
trated in Chart I, with data from
Boulder City. During the summer of
1932 there were three periods when the
atmospheric temperature at Boulder
Dam exceeded 112° F. On each of these
occasions workmen were admitted to
the hospital suffering from over-ex-
posure to heat. Following these excep-
tionally high temperatures, the daily
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maximum generally exceeded ioo° F.
but heat cramps were infrequent. It
was concluded that the non-affected
workmen became adapted to the high
temperatures during the initial peaks
of each hot weather period and were
not susceptible to the ill effects of heat
in the following days.

If the phenomenon of adaptation to
high temperature is accepted as proba-
ble, an inquiry regarding the mechanism

CHART II
AVERAGE DAILY LOSS OF SALT IN THE SWEAT BT

MEMBERS OF THE LABORATORY STAFF ARRANGED

IN THREE-DAY PERIODS AFTER ARRIVAL AT

BOULDER CITY

5

is in order. As a part of the study in the
summer of 1932, several members of
the laboratory staff were placed on a
constant diet while living in a cool
region in southern California. All urine
samples were collected and analyses
of these told us the amount of salt ex-
creted through this channel each day.
From the analyses of the diet the
amount of salt consumed each day was
determined. The difference between
the amount of salt in the food and the
amount excreted was approximately
the amount lost in the sweat. When this
amount had reached a constant level in

the cool climate the men were trans-
ferred in a few hours to Boulder City
where the atmosphere was hot and dry.
In this place the diet and physical
activities were essentially the same as
they were in the cool climate. The
different physiological response was
principally related to the profuse sweat-
ing. Again the difference between the
amount of salt in the food and that
excreted in the urine was the quantity
lost in the sweat. During the first few
days after arrival in the hot climate
the amount of salt lost in the sweat was
very great. As the subjects continued
to live in the same high temperature
the amounts of salt lost in the
sweat became progressively less. In
Chart II are shown these data from
two subjects.

It is seen that in subject B.F.J. the
amount of salt lost in the sweat de-
creased from 5.1 grams to less than 0.5
grams during the nine days after
arrival. During the critical period of
adaptation the sweat glands are ex-
creting the maximum amount of salt,
and if a man is engaged in hard work
cramps are likely to occur at this time.
In the subjects to whom I have just
referred physical activity was not great
and heat cramps were not observed.
If these subjects had performed eight
hours of work as was done by the men
engaged in the building of Boulder
Dam, heat cramps might have ensued.
Among the laboratory staff the loss of
salt in the sweat did not exceed the
intake. In workmen, the loss of salt at
times may exceed the amount con-
sumed and the body reserves are then
called upon. If this unbalance persists
for several days, the concentration of
salt in the body may be lowered to a
critical level. This depletion is inti-
mately associated with the production
of cramps.
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The deductions which may be drawn
from the study of adaptation to high
temperatures are important. Since the
susceptibility to cramps seems to be
greater in the first days of a heat wave,
this may be controlled by one of two
methods. The intake of salt may be
increased so that it will always exceed
the output in the sweat, or excess loss
may be checked by diminishing physi-
cal activity.

Chemical Changes in the Body

The chemical changes in the blood in
patients with heat cramps and heat
prostration give us the clue to the
understanding of the pathological proc-
esses. A sample of blood drawn from a
patient suffering from severe heat
cramps shows a variation from the
normal in several constituents. There is
an increase in the concentration of red
blocxl cells as great as 20% and an
increase in the concentration of solids
in the blood serum as great as 25%.
In clinical subjects, an increased con-
centration of red blood cells and the
serum solids is associated with a loss of
water from the blood and is called
dehydration. The concentration of most
substances in the blood varies in health
within a very small range. Throughout
our life, whatever may be the change
in external environment, the body
attempts to maintain its internal en-
vironment. When changes of the mag-
nitude of 25% are observed we know
that we are dealing with important
pathological processes.

There is another interesting phe-
nomenon demonstrated by the body
regarding its fluid content. This is the
property of needing dissolved sub-
stances for the water in every part
of the body. The dissolved substance
may be considered for our purposes to
be principally salt. When we speak of

physiological salt solution we refer
to a solution with a salt concentration
approximately the same as that main-
tained by the body. This concentration
is about 0.9%. If we were to analyze
body fluid, such as serum oozing from
a cut or blood obtained from a vein,
we should find about 0.9% salt present.
Not only does the body need dissolved
substances in the water within it but
when the body excretes fluid it excretes
not pure water but fluid containing
dissolved substances. I have previously
mentioned that the principal dissolved
substance in sweat is salt. The con-
centration of salt in the sweat, how-
ever, is not as great as 0.9%. For men
working in a hot environment this is
an extremely fortunate circumstance.
If the body excreted sweat with a
0.9% concentration of salt, it would be
difficult to replace the salt loss quanti-
tatively in a man losing two or three
gallons of sweat per day. Even though
the salt concentration in the sweat is
lower than in fluids contained within
the body, the amount of salt lost in a
day may approach a startling figure.

To return to the subject of chemical
findings in the blood of patients suffer-
ing from heat cramps, it is not sur-
prising to find that this is associated
with dehydration and that the con-
centration of salt in the body is
diminished. The concentration of salt
is diminished in these subjects by
means of a mechanism which is easily
understood. The water lost in the
sweat is replaced in part by consump-
tion of fluid caused by thirst. The
replacement of water alone does not
suffice, however, and the salt remain-
ing in the body is merely diluted. As
the subject continues to sweat there
is additional salt loss with repeated
replacement of water only. When the
reserves of body salt have been seriously
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depleted and diluted then heat cramps
may follow.

Subjects susceptible to heat cramps
have not been studied during the
prodromal period and data regarding
the amount of salt lost must be
obtained indirectly. Thus, gain in
body weight and retention of salt
during recovery is interpreted as an
index of the loss of these constituents
before the onset of cramps. In Chart
III are given such data from three

CHART III
GAIN IN BODY WEIGHT AND RETENTION OF SALT BY

THE BODY DURING RECOVERY FROM HEAT

CRAUPS AT YOUNGSTOWN
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patients seen in Youngstown. This
change from the normal chemistry of
the body is associated with the produc-
tion of heat cramps. It is the prevention
of this change which is necessary for
the elimination of heat cramps from
industry, and it is the restoration of the
salt concentration to normal which is
necessary for the treatment of this
disease.

All the changes in the chemistry of
the body which have been discussed
above have been observed in varying
degrees in patients suffering from heat
cramps. These changes have not been
observed in patients suffering from
heat prostration or hyperpyrexia; apart

from them it is necessary for our
argument to state that the concentra-
tion of all of the other constituents
measured was essentially unchanged.
In view of the hypothesis that an
acidosis or a disturbance of carbohy-
drate metabolism might be the causa-
tive mechanism in the production of
cramps, such information is of great
importance. Without presenting ex-
perimental evidence, it may be said
that the degree of acidosis observed in
the patients with heat cramps was in-
significant and certainly negligible as
a factor in the production of this mal-
ady. A similar conclusion ma.y be de-
duced concerning a disturbance of
carbohydrate metabolism.

Sweating
The importance of sweating in the

production of heat cramps has been
discussed but other information regard-
ing this subject is pertinent. A belief
that sweating ceases before the onset
of cramps is common among men
working at hot jobs. This is one sign
closely watched for which promptly
causes men to stop work. From the
clinical observation of patients with
heat cramps it may be inferred that
cessation of sweating is a rare event.
The failure to continue sweating occa-
sionally observed among subjects ex-
posed to high temperatures is, never-
theless, a danger signal; it represents
a failure of the body to dissipate heat
adequately and undoubtedly is an
important factor in the pathogenesis of
heat hyperpyrexia. It is obvious that
no man should be allowed to continue
work who is not able to sweat because
he is, therefore, unable to dissipate
heat by evaporation.

The volume of sweat commonly lost
by a workman during a day's work
in a steel mill varies between five and



<iA Troblem in Industrial T^hysiology and z^edicine 447

fifteen quarts. The amount of salt
contained in this volume of sweat
varies between three and ten teaspoons-
ful. This maximum amount represents
about 20% of the readily available
salt in the body. If the amount of salt
lost in this manner is replaced daily,
then heat cramps need not be feared.
If the amount lost is not replaced, the
body is subject to a hazard for which
nature has made no adequate pro-
vision. This failure of nature to provide
for loss of salt may be contrasted with
the adequate provision for economy of
water. When the body supply of water
is depleted, the kidneys secrete a
smaller volume of fluid and a sensation
of thirst is noted. But irrespective
of the degree of salt depletion suffered
by the body there is no increased
craving for salt. The absence of this
craving makes it imperative, there-
fore, that adequate provision be made
for increasing the salt intake when
sweating is profuse.

Treatment and Prevention of Heat
Cramps

The use of salt solution for the treat-
ment of patients suffering from the ill
effects of heat is several decades old.
In 1898 a naval surgeon advised the
use of salt solution in the treatment of
heat exhaustion. There were no chemi-
cal studies made of the changes in the
blood in such patients and the use of
salt was empirical. In recent years
Haldane has emphasized the impor-
tance of salt in the treatment of heat
cramps, but his advice was not gener-
ally followed and as recently as 1934
at least one steel company advised
against its use. In our experience the
use of salt solution in the treatment
of all severe cases of heat cramps was
highly satisfactory. Every patient who
was given salt solution was relieved of

his cramps before the treatment was
finished. All attempts to induce cramps
following the treatment were unsuccess-
ful and a few hours later most patients
were able to take a normal diet. In view
of the causative mechanism of the
production of cramps and the success
of salt therapy where tried, it is be-
lieved that this may be considered a
specific therapeutic agent.

The prevention of heat cramps is
probably the most important aspect
of this discussion. It is desirable to
have specific information concerning
the cause of a disease and the treatment,
but the prevention is of more sig-
nificance than either of them. Preven-
tion will be discussed generally and
specifically.

Good health among workmen has
long been stressed and vigilance con-
cerning its enforcement should never
be relaxed. Frequent and thorough
physical examinations and compulsory
absence from work of all men who are
sick should decrease the incidence of
heat cramps. The more thorough and
more frequent the physical examina-
tions the greater would be the oppor-
tunity for detecting organic disease. If
this system were followed, the workmen
as well as the company would be pro-
tected against this industrial disease.

The diet of men exposed to condir
tions favorable for the development of
cramps may need modification in some
instances, but is usually adequate and
satisfactory. The belief that the elimi-
nation of protein from the diet is
desirable for men working in a hot
environment is widespread. There is
little evidence to support this. The
desirability of an adequate meat in-
take is obvious for men doing hard
physical labor. A large proportion of
carbohydrate foods may supply the
remaining necessary calories. Of equal
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importance in the prevention of cramps
is an adequate mineral intake. An aver-
age intake of at least three teaspoonsful
a day is probably necessary for men
doing hard work in the summer.

A liberal fluid intake is imperative for
workmen losing several quarts of fluid
in the sweat each day. The temperature
at which water should be consumed
may be governed by the desires of the
workmen. There is no evidence that
cool water is of itself harmful. There
should be no attempt made to restrict
the ingestion of fluid, the only proviso
being that the fluid intake be accom-
panied by an adequate amount of salt.

The ingestion of salt for the preven-
tion of heat cramps is theoretically
sound and is beneficial when practiced.
Since the cause of cramps is essentially
a loss of salt in the sweat and urine
which is greater than the intake, the
increased consumption of this substance
will prevent this negative balance. The
salt may be given in dilute concentra-
tion in the drinking water, dispensed in
compressed tablets, or taken with meals.
These are mentioned in the order of
their efficacy. The addition of salt to
the food is neither regular nor reliable.
The craving for salted foods is not a
dependable criterion of a low salt re-
serve in the body. Many men are prej-
udiced against the liberal use of salt
at the table or have no taste for it.
Occasionally meals are skipped and no
salt is taken. The dispensing of salt
in compressed tablets at the drinking
fountain has been tried extensively in
the Cleveland district with highly satis-
factory results. There are, however,
certain objections to this method of
prevention. The ingestion of the tablets
is optional with the men. Many men
who need salt are prejudiced against
its use in this form. Salt tablets are not
palatable and frequently tablets are

swallowed which are not digested and,
therefore, are ineffective.

The general administration of salt in
amounts sufficient to protect against
cramps can best be achieved, in our
opinion, by its addition to drinking
water. In Youngstown various salt con-
centrations were tried in the drinking
water during the summer of 1934. It
was found that the concentration of
choice was about 0.1%. Such a dilute
salt solution may be taken cool, and
if swallowed rapidly it has not a per-
ceptible salty taste. This solution allays
rather than promotes the sensation of
thirst.

The practical application of these
physiological deductions was instituted
in the Youngstown Sheet and Tube
Company during the summer of 1935.
Previous to this time most of the heat
cramp patients came from the Sheet
Mill at the Campbell plant. In the
spring of 1935 a salting machine was
devised for salting the drinking water
supplying this mill. During the hot
weather in the following months no
heat cases came from this department,
while other departments not supplied
with salted drinking water furnished a
number of patients. This one experi-
ence is very gratifying. A longer period
of trial in other plants is needed before
we can accept this result without res-
ervation. The tendency to be over-
enthusiastic should be checked by the
desire to increase the number of our
observations many fold.

The hazards to be considered from
the general salting of the drinking
water for large groups of men are prob-
ably not significant. A workman with
kidney^ disease, heart disease, or any
condition in which dropsy may be a
symptom, is infrequently found in the
industries where cramps are common.
It seems unlikely that any harmful
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effects are to be anticipated where the
men are physically able to perform
hard work and to sweat profusely. The
advantage of supplying salt to the men
in this fashion would be obvious. If a
man allows his thirst to be quenched
with fluid of this salt concentration, he
is replacing salt and water at about the
same rate as he loses them in the sweat.
In this way the normal internal en-
vironment of the body is maintained,
allowing meanwhile for the adequate
dissipation of heat by sweating. If a
man sweats then he will drink, and if
he sweats it is advisable that the fluid
and salt lost be replaced quantitatively.
In no other way can this be done as
conveniently as in the salting of the
drinking water. If the men allow their
thirst to be the guide for the consump-
tion of salted water, there will be no
accumulation of either salt or water in
the body. Thus in the winter or at
cooler jobs when the sweating is dimin-
ished, thirst will be less and the intake
of salted water diminished. Therefore,

it seems unnecessary to discontinue the
salting of water in the cooler months
when the ingestion of fluid is below that
at other times.

Conclusion
This completes the argument. It may

be stressed that heat cramps is essen-
tially an occupational disease, and an
industrial hazard is created by the
association of hard work, high tempera-
ture, and profuse sweating. This investi-
gation is an example of the treatment
of a single problem of industrial medi-
cine. Many others exist throughout
industry. Their solution is dependent
both upon general research in the field
and upon a logical approach to specific
problems, such as heat cramps. Many
such problems remain in the fields of
Industrial Fatigue, Industrial Toxicol-
ogy, and Traumatic Surgery. Only
through the active cooperation of in-
dustry, as in the present instance, can
investigations of this type be made to
yield well-tested and decisive results.






