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Hazards of heat exposure

A review

by Francis N Dukes-Dobos, MD

DUKES-DOBOS FN. Hazards of heat exposure: A review. Scand j work environ health
7 (1981) 73—83. The usefulness of the various heat stress standards recommended by
occupational health authorities in the United States is discussed from the point of
view of their effectiveness in preventing acute heat illnesses. In this connection, the
findings from an investigation of four recent fatal industrial heat casualties are
described. A review is presented of the recent literature on acute occupational heat
illnesses. Also reviewed is the information on chronic heat illnesses. Most of this latter
data comes from studies performed in Europe and South America. However, a recent
mortality study among steel workers in the United States contributed significantly to
the knowledge of this problem area. This study found the primary targets of chronic
heat illnesses to be the cardiovascular and the gastrointestinal systems, although there
was some evidence that the reproductive functions may be affected. A discussion on
how to prevent chronic heat illnesses is presented.

Key terms: acute heat illness, cardiovascular diseases, chronic heat illnesses, gastro-
intestinal diseases, heat exhaustion, heat stress standards, heat stroke, permissible
exposure limits to heat, steel workers’ mortality, threshold limit value for heat stress.

In common everyday speech the ex-
pression “heat stress” means that a person
is exposed to excessive heat and, as a con-
sequence, his or her health is adversely
affected. This colloquialism is a source
of confusion because in the scientific
literature “heat stress” is synonymous with
“heat load,” which carries the connotation
that adverse health effects will occur only
if the heat stress exceeds the person’s heat
tolerance capacity. At lower levels of heat
stress there is no risk of health damage,
even though a person may feel discomfort.
Ideally, it would be desirable to eliminate
heat stress completely by keeping the
workplace at a comfortable temperature
because the state of discomfort has many
adverse behavioral effects, such as reduced
work rate (10), increased irritability,
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carelessness, and a feeling of fatigue (21).
These effects may render a worker more
prone to accidental injuries (3, 4). Un-
fortunately, the cost of keeping all job sites
at comfortable temperatures is prohibitive.

The aim of the heat stress standards
recommended or promulgated in different
countries is limited to the prevention of
acute heat illnesses which result from ex-
posure to heat stress beyond human tol-
erance. This is true also for two of the heat
stress standards recommended in the
United States, ie, for the one recommended
in 1974 by the ad hoc Standards Advisory
Committee for Heat Stress of the Occupa-
tional Safety and Health Administration
(OSHA) (20) and the threshold limit value
(TLV) of the American Conference of
Governmenital Industrial Hygienists
(ACGIH) (1), first published in 1973. An
exception is the heat stress standard rec-
ommended by the National Institute for
Occupational Safety and Health (NIOSH)
(19), which limits the exposure time to
heat in jobs where unimpaired mental
performance is critical from the point of
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view of safety. Unfortunately there are no
data available at this time for determining
the effectiveness of these exposure time
limits in reducing the number of accidents.
To answer the question of whether these
two recommended standards (19, 20) and
the TLV (1) would be effective in pre-
venting acute illnesses, I have examined
the prevailing circumstances in four recent
cases of fatal heat strcke and one case
of heat exhaustion which occurred in
different industries. From this analysis it
is possible to draw some conclusions about
the usefulness of the preventive measures
contained in the aforementioned docu-
ments.

The prevention of chronic heat illnesses
due to long-term work in hot environments
has not been addressed in the recom-
mended standards (19, 20) and the TLV (1),
because of the scarceness of data on the
health effects of exposures to low-level
heat stress over different periods of time. In
this paper, however, the pertinent litera-
ture on the health effects of chronic heat
illnesses iis also reviewed, including a re-
cent mortality study performed in the steel
industry (23).

Acute heat ilinesses

The causes of acute heat illnesses (table 1)
are well established and have been de-
scribed in detail by Leithead & Lind (16).
What is still not known for certain is why
one worker suffers from a heat cramp,
another collapses of heat exhaustion, while
still another is able to continue to work
in the same job as the other two without

Table 1. Causes of acute heat illnesses.

apparent ill effect, and then succumb to
heat stroke when exposed o heat beyond
tolerance levels. It can be assumed that
much depends on the worker’s inherent
and acquired physical fitness and heat
tolerance, as well as on food and fluid
intake. For instance, if a person’s cardio-
vascular capacity is low, there is an in-
creased probability that heat exhaustion
and collapse may ensue before the body
heats to the point at which heat stroke
is triggered. This situation may actually
benefit that person because one can easily
recover from heat exhaustion if allowed
to rest in a cool place and drink cool
liquids, while heat stroke is fatal if whole-
body cooling (30) is not initiated early in
the incipient stage of ‘the disease.
Similarly, a person may become incapac-
itated by muscle cramps due to incom-
plete replacement of the salt lost in sweat
(17). This person, however, will recover
soon after resting in a cool place and
drinking a glass of saline solution, while
another, whose salt and water intake was
satisfactory, will continue to work and later
may become the victim of a more serious
heat illness.

On the other hand, a mild heat illness,
if not properly treated, can lead to a more
serious one. For instance, a person who
collapses from heat exhaustion and is not
taken out of the hot environment before
becoming overheated may develop a
heat stroke as well. Similarly, salt deple-
tion makes one more susceptible to either
heat exhaustion or heat stroke (15). Fur-
thermore, if workers become dehydrated
beyond 1.5 %o of their total body weight,

Name of heat ililness and synonyms

Causal factors

Heat cramp

Heat exhaustion,
heat syncope
Heat stroke, sun stroke

heat prostration,

of the body

Skin diseases
Prickly heat .
Heat rash } Obstruction

Anhidrosis
Heat edema
Dehydration, hypohydration

Salt (NaCl) depletion, water and electrolyte imbalance

Salt depletion with or without dehydration, resulting in hypo-
volemia and/or cardiovascular insufficiency

Hyperthermia resulting in cellular damage in different organs

Reduced resistance of the skin due to constant wetting

of sweat gland ducts by keratin debris; inflam-

matory reaction due to irritants or infection

Excessive vasodilation in the skin
Insufficient replacement of water lost by sweating
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due to drinking less fluid than necessary
for replacing the water lost by swealting,
not only will their physical and mental
fitness deteriorate, but they also become
more susceptible to acute heat illnesses and
accidents (6). Finally, during work in a
very hot and humid environment, the
worker’s skin will be constantly soaked
by sweat. Those who have sensitive skin or
do not take a shower after work regularly
or live in the tropics where the nights are
also hot and humid may develop heat
rash, also called prickly heat. This condi-
tion causes the ducts of the sweat glands
to become clogged, thus interfering with
sweating. Workers suffering from this
condition are highly susceptible to other
acute heat illnesses because they have lost
their most effective mechanism for elimi-
nating heat from their body, ie, evapo-
rating sweat from the skin surface.

From the foregoing presentation it is
apparent that if the workers in a hot plant
often suffer mild heat illnesses, the situa-
tion should not be dismissed as a harmless
condition. Unfortunately, not every worker
employed in hot jobs nor ttheir supervisors
are aware of these acute heat illnesses, how
to prevent them, how to recognize them,
and how ito give first aid. Sometimes even
physicians may have difficulty in differ-
entiating between heat exhaustion and
heat stroke in their early stages if the
vietim’s body temperature is relatively low
(33). Although a rectal temperature of
40.6°C is considered to be the trigger point
for an incipient heat stroke (11), a few
lethal heat stroke cases have been de-
scribed in the literature in which the
patient’s rectal temperature on admission
to the hospital was as low as 36.6°C (8).
Of course, one cannot be sure how much
time elapsed between the paftient’s last
heat exposure and the arrival at the
hospital and how much cooling was
supplied to the vietim before the rectal
temperature was measured.

Recently, Bartley (2) analyzed 24 cases of
heat stroke which occurred among soldiers
of the US Army between 1972 and 1975. He
came to the conclusion that the multi-
plicity of host and environmental factors
which interact in the causation of heat
stroke make it doubtful whether total pre-
vention can ever be attained under opera-
tional conditions of military #raining,
sports, and certain occupations. Bartley

based this statement on a study of heat
stroke cases which occurred in the US
Army; thus it is in order to examine
whether the generalization he made in his
conclusion, in particular the field of oc-
cupational heat stress, is valid.

In 1977 and 1978, NIOSH was involved
in exploning the circumstances sur-
rounding four cases of fatal occupational
heat stroke and one case of heat exhaus-
tion. In two of the heat stroke cases,
NIOSH scientists performed a field survey
a few weeks after the casualty. They
measured the environmental heat pre-
vailing at the job sites where the heat
casualties occurred and assessed the meta-
bolic heat load of workers who performed
the same activities as the heat stroke
victims. In the remaining three cases, data
on the wvictim’s heat exposure and other
prevailing circumstances were obtained
from OSHA inspectors.

The analysis of these data showed that
the same environmental and host factors
that make it difficult to prevent heat
strokes in the Army were also present in
these industries. The most dangerous
environmental factor is a sudden heat
wave which finds the soldiers, as well as
the workers, unacclimatized to this un-
usually high heat stress. However, for in-
dustrial application the aforementioned
recommended heat stress standards (19, 20)
list some preventive practices which can
be used in situations in which acclimatiza-
tion procedures cannot be implemented.
For instance, in industry it is possible to
add some relief workers to the work force
and increase the durafion or number of
rest periods; one can also reduce the heat
load by protective clothing, mechanization,
automation, and awvailable climate-con-
trolled rest places. Thus, as far as en-
vironmental heat is concerned, occupa-
tional heat casualties seem to be prevent-
able by proper advance planning. As a
matter of fact, Bartley himself suggests
later in his paper (2) that even in the
military better planning for hot weather
conditions can significantly reduce the
number and severity of heat casualties.

Still, all these preventive measures do
not address the problem of the host factors
which, according to Bartley (2), are partly
responsible for heat fatalities. To elimi-
nate the susceptible individuals, the Army
applies medical screening of recruits. Sim-
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ilarly, the recommended heat stress stan-
dards (19, 20) contain requirements for
preemployment and periodic medical ex-
aminations. Is is suggested in the NIOSH
criteria document for heat stress (19) that
individuals who belong to the high risk
group, such as the obese, the alcoholic, and
the chronically ill, should not be placed in
jobs with high heat stress. Furthermore,
workers and supervisors should be in-
formed about the conditions that make one
more prone to heat illnesses such as de-
hydration, fatigue, lack of sleep, acute or
chronic illnesses, and overeating.

Table 2 shows some of the host factors
of the five workers whose heat casualties
were analyzed. The first four cases relate
to fatal heat strokes, and the fifth is a case
of heat exhaustion with collapse. In three
out of the five cases the workers were
acclimatized to work in heat; however,
since all the cases occurred during a heat
spell, one must assume that none of them
were completely acclimatized to the
prevailing heat stress on the day they
became ill. In addition, each of the five
workers had one or more negative condi-
tion in their medical history or in their
physical fitness which may have reduced
their heat ftolerance. These data make it
highly probable that host factors played an
important role in the causation of the five
heat illnesses. However, the presence of
contributory host factors does not neces-
sarily support the thesis of inevitability of
acute heat illnesses. Perhaps a more

stringent medical screening of workers
being placed in hot jobs and closer medical
monitoring of workers employed for many
years in hot jobs could have prevented the
occurrence of these acute heat illnesses.

As to the fatal outcome of the heat
stroke cases, some interesting facts were
discovered. In three cases the workers did
not collapse on the job. One was dressed
to go home and collapsed near the exit,
another collapsed on the way %o the com-
pany’s parking lot, and a third drove away
in his car and collapsed at a nearby gas
station. All three of the workers felt ill
already before they left work, but nobody
recognized that they were in the state of
impending heat stroke. One canmnot but
wonder whether the lives of these workers
could have been saved if the requirements
of the recommended heat stress standards
(19, 20) had been adhered to; specifically
in regard to the training of workers in hot
plants on how to recognize acute heat
illness and how to give first aid.

Another significant finding was that at
the plants where the fatal heat casualties
occurred, numerous milder heat illnesses
had been treated in the dispensaries during
the same summer. Some of these heat
illnesses were not identified as such, but
were reconded in other disease categories.
This raises the question, “How many heat
illnesses go unreported?” Ellis (7) reviewed
the causes of excess deaths occurring in
summer heat spells and found a great
increase in mortality during these periods.

Table 2. Host factors identified for five heat casualties.

Case Acclima- ; . . ; Age(a)/ .
tization Medical history Physical fitness ohit Work history
1 Acclima- Impaired hearing and Overweight, probably 21/male —
tized speech dehydrated
2 2nd day Just returned from Slightly overweight 21/male —
on hotjob alcohol withdrawal
treatment
3 Acclima- Had a recognized Was not under the 52/male Employed 24 a in hot
tized alcohol problem influence plant
4  Acclima- Rheumatoid arthritis, Returned to work 25 56/male Employed 24 a in hot
tized cleared for work by weeks before after plant
factory dispensary 15 months sick,
overweight
5 2nd day Hemorrhoid operation Heat exhaustion on Late 20s Employed in same
on hotjob 10 d before previous day, cleared (estimated)/ plant for 15 months,

by nurse for work

male but not in hot job
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He also observed that, in addition to a
large increase in fatal heat strokes, about
ten times more people are listed as dying
from diseases other than from heat stroke
itself. These diseases include arterioscle-
rotic and degenerative heart diseases,
cerebrovascular accidents, diabetes, and
genitourinary diseases, and they are prob-
ably aggrevated by the excessive environ-
mental heat. However, death certificates
rarely include information on contributory
causal factors; thus the magnitude of the
death toll taken by the heat waves is
much greater than reported officially.

Bartley (2) may be right, at least for the
present, that all heat stroke fatalities of
occupational origin cannot be prevented.
However, based on the detailed analysis
of the few cases described in this report,
the number of cases could probably be
greatly reduced with more stringent com-
pliance to the preventive measures rec-
ommended in the standards (19, 20).

In September 1979 I convened a work-
shop meeting under the aegis of NIOSH
(proceedings in press) to explore whether
recent accrued knowledge would make it
possible to modify the recommended heat
stress standard (19) for the purpose of
making compliance, as well as enforce-
ment, simpler without reducing its ef-
ficacy. The participants of this workshop
recommended that the heat stress standard
should give more flexibility to manage-
ment in determining what preventive mea-
sures to use. However, they also recom-
mended that preplacement and periodic
medical examinations of workers in hot
jobs should be mandatory. Furthermore, it
was agreed that the standard should re-
quire that each industry which operates
hot plants put in writing the policies and
practices they adopt for preventing heat
illnesses. This way the OSHA inspector
could easily determine whether the policies
and practices are acceptable and whether
they are adhered to in practice.

A number of problems could not be
resclved at the workshop. Outstanding
among them was the level of heat stress
above which a job must be considered
a hot job from the point of view of com-
pliance requirements. The workshop par-
ticipants stipulated however that a level
identified as the “action level” should be
set below the ACGIH TLV (1); it should
be low enough to assure that none of the

workers exposed to these conditions will
risk becoming a victim of heat illness, not
even munacclimatized workers. They also
recommended that another level of heat
stress should be set above the ACGIH TLV
(1) as a maximum permissible exposure
level. They recognized that, in order to
establish these levels of heat exposure,
more research is necessary, and a list of
research recommendations was developed
at the workshop.

One of the recommended research topics
deals with a very important aspect of the
prevention of acute heat illnesses, namely,
to find the relationship between deep-body
temperature and the risk of heat illnesses.
The guiding principle of the recommended
heat stress standards, as well as the TLV
1, 19, 20), is that the workers’ deep-body
temperature should mot be permitted to
exceed 38°C. This principle is based on the
recommendation of a World Health
Organization (WHO) scientific group re-
port (31). Some participants of the recent
NIOSH workshop suggested that this 38°C
limit should not be interpreted as an
absolute maximum permissible deep-body
temperature. They felt that fluctuations
during the day may go up to 39°C without
the individual being under undue strain as
long as the 8-h time-weighted average does
not exceed 38°C. Scientists of the South
African Chamber of Mines base their per-
missible limits on accurate statistics on the
number of heat strokes occurring among
miners. Stewart reported (Second Inter-
national Mine Ventilation Congress, Reno,
NV, 1979) that they acclimatized 350,000
gold miners in their climatic chambers
annually in Souh Africa. This large
worker population is very suited for epide-
miologic studies. As a criterion for re-
ducing the workshift time to 6 h, Wynd-
ham et al (34) used 1:100 probability that
the miners’ rectal temperature reaches
38.6°C. For a “stop-work” limit he used as
a criterion the 1:2,000 probability of the
miners’ rectal temperature reaching 39.2°C.
Stewart (27) recently suggested that the
permissible exposure limits for miners be
based on a 1:1,000,000 risk that the fourth
hour rectal temperature of a nude acclima-
tized miner will exceed 40°C. It is interest-
ing to note that recently he also estimated
(Second International Mine Ventilation
Congress, Reno, NV, 1979) that the ACGIH
TLV values correspond roughly with con-
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ditions carrying a 1:1,000,000 risk that un-
acclimatized men will reach a 40°C rectal
temperature in the fourth hour of the
workshift. However, according to Strydom
(28), the South African data cannot be
adopted to US conditions because of dif-
ferences in social, cultural, and nutritional
factors. Goldman (9) observed that when
the mean skin temperature of clothed
men increased beyond 36°C, a rectal tem-
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Fig 1. Permissible heat exposure threshold limit
value. (BTU = British thermal units, WBGT =
wet bulb globe temperature)

perature of 39.2°C induced about 10 %o
frank heat exhaustion collapses, a value
which translates into an estimated risk of
25 %. At this stage even a small further
increase in redtal temperature can raise
the risk of heat collapse substantially. For
instance, if rectal temperature reaches
39.5°C, the risk increases to 50 % How-
ever, these data were obtained on young
and physically fit military personnel; thus
they also cannot be considered wvalid for
industrial workers in general. Indeed, the
question of maximum permissible deep-
body temperature cannot be decided until
the research work suggested by the par-
ticipants of the recent NIOSH workshop
has been finished. Meanwhile, close ad-
herence to the recommended heat stress
gtandards and/or TLV (1, 19, 20) remains
the best way to prevemt acute heat ill-
nesses. The ACGIH TLV and fthe pre-
ventive work practices recommended in
these standards are shown in fig 1 and
table 3.

Chronic heat illnesses

In contrast to acute heat illnesses, chronic
heat illnesses have not been reviewed in
the literature in a systematic way. An
attempt will be made to give a concise
overview of relevant publications and

Table 3. Work practices for hot jobs as recommended by the Standard Advisory Committee on
Heat Stress of the Occupational Safety and Health Administration.

Compulsory work practices for

Special work practices for

Work practices required for

all hot jobs hot jobs b extreme heat exposure only
1. Adequate water supply 1. Engineering controls 1. Duration of exposure time
2. Acclimatization 2. Work-rest regimen regulated by experienced
3. First-aid training 3. Additional acclimatization workers’ judgement (freedom
4. Training of workers for health 4. Adaptive work scheduling to interrupt work during ex-
and safety procedures and 5. Protective clothing and/or treme discomfort)
work practices equipment 2. Preplacement and periodic
5. In case of heat illness, the 6. Freedom to interrupt work medical examination (also re-

WBGT @ must be assessed on
the site

during extreme discomfort

quired in any hot job if work
load is heavy)

3. Observation by trained super-
visor

4. Protective clothing (manda-
tory)

a WBGT = wet bulb globe temperature.

b Only one mandatory if environmental and work intensity is monitored; more than one mandatory

when no monitoring is done.
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classify the chronic heat illnesses according
to their etiology. There are at least three
types of chronic heat illnesses. Type I con-
sists of the aftereffects of acute heat ill-
nesses (table 4); those belonging to type
II are brought about by working in ex-
cessive hot jobs for a few weeks, for a few
months, for years, or perhaps as long as
one’s working lifetime (table 5); those be-
longing to type III occur only among
people living in climatically hot regions of
the world (table 6).

Chronic, type I heat illnesses (table 4)
may not be diagnosed as clear-cut disease
conditions; however, it has been well es-
tablished that a person who has once suf-
fered an acute heat illness (except heat
cramp) has a reduced heat tolerance for
some time thereafter, perhaps for the rest
of his/her life (16). After a heat rash this
phenomenon may be due only to reduced
sweating capacity; however, after a heat
stroke it may be the consequence of irre-
versible cell damage in the brain, liver,
kidneys, and other organs of the body (33).
The severity of the cellular damage largely
depends on the severity of the heat stroke,
particularly on the length of hyperthermia
and on the maximum deep-body tempera-
ture reached.

Chronic, type II heat illnesses (table 5)
are the result of long-term exposure to
work in heat. It is not quite clear whether
the symptoms observed clinically and the
abnormalities found by medically screening
worker populations are part of one and
the same heat illness or whether different
chronic heat illnesses may develop de-
pending on the severity and length of
exposure. Alternatively, it is possible that
the same heat stress may trigger different
illnesses in different persons and may de-
pend on the constitutional factors and the
medical history of the individual. Schwartz
(26) observed an illness among workers in
hot jobs which occurred several months
after their employment. This illness was
characterized by the set of symptoms
shown in table 5. These workers were
acclimatized to heat but were not ac-
customed to the heavy physical demands
of the job; they were ambitious individuals
who would not give up ‘their jobs in spite
of the strain they were experiencing. As a
consequence, their symptoms gradually be-
came worse, and, if these workers were

not removed from these strenuous jobs,
sooner or later they suffered irreversible
cardiovascular damage.

Schwartz (26) did not present case his-
tories in his paper, nor did he describe
the results of clinical laboratory tests. Most
of the symptoms he found were not specific
to heat stress and had also been observed

Table 4. Chronic heat illnesses — Type |, after-
effects of acute heat illnesses.

Acute illnesses Chronic aftereffects

Prickly heat, Reduced heat tolerance; dis-

heat rash function of sweat glands; re-
duced sweating capacity

Heat cramp Reduced heat tolerance;
muscle soreness, stiffness;
reduced mobility

Heat exhaustion Reduced heat tolerance;
chronic heat exhaustion (see
table 5)

Heat stroke Reduced heat tolerance; cel-
lular damage in different or-
gans, particularly in the
central nervous system, heart,

kidneys, and liver

Table 5. Chronic heat illnesses — Type I,
cumulative effects of long-term exposure.

After several months
in a hot job

After many years
in a hot job

Chronic heat Hypertension

exhaustion Reduced libido

Symptoms Sexual impotency
Headache Myocardial damage
Gastric pain Nonmalignant diseases
Sleep disturbance of the digestive organs
Irritability Hypochromemia
Tachycardia
Vertigo
Nausea

Table 6. Chronic heat illnesses — Type Ill, ef-

fects of residence in climatically hot regions.

Tropics Desert

Frequent skin diseases
Sleep disturbance
Susceptibility to minor injuries
and sickness

Psychoneurosis (tropical
lethargy)

Anhidrotic heat exhaustion

Kidney stones
Anhidrotic heat
exhaustion
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in the state of chronic fatigue without heat
exposure. However, a general feeling of
weakness, irritability, vertigo, and nausea
has been observed (5) in the Hungarian
steel industry during the hottest parts of
the summer, among the workers whose
sweat rate reached 7 to 9 1/8-h workshift
during a heat spell lasting 5—10 d. The
workers’ urinary chlorine concentration be-
fore and during the workshift was practi-
cally zero during this period and therefore
showed the extreme effort exerted by their
electrolyte regulating mechanism. The
symptoms described by Schwartz (26) thus
could have been, at least partially, due to
a chronic form of salt depletion heat ex-
haustion.

Apparently, the level of heat stress to
which these workers must have been ex-
posed is below the heat stress which would
cause an acute heat illness, but it is beyond
the level called the “chronic heat tolerance
limit” (CHTL). This limit was found (5) to
be, in terms of sweat rate, 5 1/8-h workshift
for the average acclimatized worker. It is
based on the assumption that the daily salt
intake of a worker is about 5—6 g during
the workshift and 7—8 g during the rest
of the day. Whether the CHTL can be
increased to higher levels, if the salt in-
take is increased during the workshift, is
one of the questions which cannot be
answered without further research. It has
been postulated that increased salt in‘take
may cause potassium depletion from the
muscle cells and, thus reduce muscular
strength and physical performance capa-
city (28).

Another problem of increased salt intake
is related ito its effect on blood pressure.
Kloetzel et al (13) screened the 350 em-
ployees of a Brazilian steel plant for blood
pressure. He found that the proportion of
mild and severe hypertensives (above 18.67/
21.33 and above 21.33/12.67 kPa) was signi-
cantly higher among the 186 workers of
the blast furnace, open hearth, and rolling
mills operations who were exposed reg-
ularly to high heat stress. The prevalence
of severe hypertension was greatest (30 /o)
among the workers employed in these jobs
for as long as 20 to 29 a, whereas among
those employed from 0 to 4 a, the prev-
alence was only about 7 %, This rela-
tionship between an increase in prevalence
with time spent on the job occurred in
spite of ithe fact that many workers were
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laid off at an earlier age because of hyper-
tensive cardiovascular disease. Therefore
few of the workers reached the legal
retirement span of 35 a of work. Kloetzel
et al (13) considered these findings ten-
tative because they felt that a better con-
trolled study would be necessary to con-
firm these preliminary findings. However,
they presented evidence that the observed
excess of hypertension among the workers
exposed to intense heat ‘was not due to an
uneven age or racial composition of the
cohort or to excessive salt intake. As a
matter of fact, even though salt dispensers
were available in the plant, the workers
avoided them because of the rumor that
the salt tablets might be responsible for
impotency.

This latter observation brings into focus
two major health problems connected with
long-term employment in hot jobs. One
health problem is related to the fact that
hypertensive patients must be kept on a
low sodium diet which requires low salt
intake. This situation confronts the hyper-
tensive workers of hot plants with a di-
lemma: if they reduce their salt intake,
they may become more susceptible to
acute or chronic heat exhaustion and heat
cramps; if they maintain or increase their
salt intake, they may aggravate their hy-
pertension. In addition, if workers of a hot
plant are treated with diuretics — the
medication of choice for certain types of
hypertension — they will be at a disadvan-
tage as far as heat tolerance is concerned
because they are already slightly dehy-
drated even before they start to sweat. As
a matter of fact, experiments performed
on spontaneously hypertensive rats in our
laboratories by Wright et al (32) showed
that hypertension per se may reduce heat
tolerance significantly.

This health problem has already been
recognized by some physicians who be-
came aware of the fact that several of their
hypertensive patients are exposed to in-
tense heat on the job. They try to com-
pensate for this fact by prescribing a lower
dose of diuretics during the summer. How-
ever, this is hardly a satisfactory solution
to the problem. It has to be established by
systematic research how much heat toler-
ance is lost at different stages of hyper-
tension and with different regimens of
treatment. Furthermore, it has to be de-
termined exactly how much heat stress,



over how long a period of time, will make
workers more susceptible to hypertensive
candiovascular disease. The value of the
CHTL has to be set according to a level
which is safe for hypertensive individuals.
The only other alternative would be to
exclude hypertensive workers from hot
jobs by preemployment and periodic med-
ical examinations.

The other health problem referred to in
the paper of Klosgtzel et al (13) is the fact
that the workers in hot jobs are concerned
about their sexual potency. Although these
workers blamed the salt tablets for their
impotency, it is more probable that the
heat stress to which they are exposed is
culpable for their sexual deficiency. I
have often heard complaints of reduced
libido when ftalking to workers in hot
shops, but is was not clear which of the
many stress factors present in these jobs
should be suspected of being responsible
for this phenomenon. However, Knecht
et al (14) recently examined, in our labo-
ratory, the effect of heat stress on the re-
productive functions of male and female
rats. They observed that daily exposure of
the male rat for 55 min at 38.2°C decreased
copulation and reduced the rate of concep-
tion. The same exposure of females caused
disruption of 'their estrous cycle until they
became acclimatized to heat. Both male
and female exposure to this short but in-
tense heat on a daily basis adversely af-
fected the survival of the fetus. During
lactation the females’ heat tolerance de-
creased significantly and resulted in in-
creased mortality due to heat stroke. The
results of these animal experiments cannot
be directly extrapolated to man; however,
it is quite possible that future research on
human subjects will reveal that the re-
productive fundtions are very sensitive to
heat stress and therefore should play an
important role in determining the level of
the CHTL.

Other chronic health effects observed
among workers employed in hot jobs (table
5) suggest that just as in the state of
chronic heat exhaustion which develops
after a few months on the job (26), it is the
cardiovascular system which is the most
affected by many years of employment in
hot jobs. Kenedi (12) found pathological
electrocardiograms four times as frequent-
ly among Hungarian foundry workers ex-
posed to intense heat than among those ex-

posed to moderate heat. Mayer-Theveniaud
(18) found a higher incidence of cardiac
conduction anomalies among French work-
ers in hot jobs. At the 7th Congress of
the International Ergonomics Association
(Warsaw, Poland, 1979) Kie¢ reported that
the 217 foundry workers who perform the
hotitest jobs in the Lenin Steel Works had
the worst hemodynamic parameters as de-
termined by polycardiography. He empha-
sized that this group of workers was
highly self-selected, physically the most
fit, strongest and healthiest in view of
other clinical parameters. He postulated
that the deterioration of hemodynamic
parameters was due to myocardial damage
sustained during the short periods of heavy
work under extremely high heat expo-
sures, when the heart rates of the workers
reached their maximum. If further re-
search confirms this postulate, it should
have significant impact on what exposure
limits to recommend in a heat stress stan-
dard. At present, action levels and expo-
sure limits in both of the recommended
standards (19, 20) and the ACGIH TLV (1)
are expressed in terms of time-weighted
averages. If Kie¢’s conclusions are verified
by future research, then it becomes imper-
ative to include limiting levels for peak
exposures in the heat stress standards,
even if such exposures occur only for a
short period, 1 or 2 min, each workshift.

There is some evidence that, in addition
to the cardiovascular system, the digestive
organs are also affected by long-term ex-
posure to heat. Redmond et al (23) per-
formed a mortality study under a NIOSH
contract, for which I served as project
director. The study cohort consisted of
steel workers employed in large foundries
located in Allegheny County, PA. The
only diseases more frequent than cardio-
vascular disease as the cause of death
among workers exposed to intense heat
were the nonmalignant digestive diseases.
One possible explanation for this finding is
that physiological adaptation to heat in-
volves peripheral vasodilation and a com-
pensatory vasoconstriction in the splanch-
nic digestive organs. When this condition
prevails day-after-day for many years, it
can cause a reduced functional capacity
and a lowered resistance to disease. In-
deed, Rowell et al (25) found evidence of
hepatic-splanchnic hypoxia in subjects ex-
posed to heavy exercise at an environ-
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mental temperature of 48.9°C. Experi-
ments performed in our laboratories by
Torasson et al (29) showed a decrease of
mucosal tissue and a decreased rate of
glucose metabolism in the intestines of
heat-exposed rats. Furthermore, in a per-
sonal communication, FM Spioch reported
a decrease in the level of hemoglobin
among workers exposed to intense heat in
some Polish steel plants. Although there
can be several possible causes for this dis-
order, at least three of them are connected
with disorders of the digestive organs:
occult bleeding from the intestines, atro-
phy of the gastric mucosa, and hypoxia of
the liver.

More research is needed to determine
the intensity and length of heat exposure
which will result in gastrointestinal dis-
orders. However, Redmond’s study (24)
presents good information about the year-
round environmental and metabolic heat
load of the jobs in which the members of
the cohort were employed. It is interesting
to note that a significantly high risk for
digestive diseases (excluding cirrhosis of
the liver) was found among persons who
had ever worked in jobs above the
ACGIH TLV (1). In addition, those who
worked in jobs below the TLV for 15 a or
longer also had increased mortality due to
digestive diseases. These findings suggest
that the values of a CHTL must be set
lower than the current TLV if disorders of
the digestive organs are ‘to be prevented
among workers employed in hot jobs for
15 a or more.

It is interesting to note that the study
cohort of Redmond et al (24) did not show
an increased mortality due to cardiovas-
cular diseases, except for those workers
employed less than six months in hot jobs.
This finding suggests that, by way of nat-
ural selection, workers with low cardio-
vascular fitness do not stay longer than six
months in the hot jobs of these steel plants.
Those remaining in the hot jobs for more
than six months apparently have a better
than average cardiovascular fitness, and,
in fact, their mortality due to cardiovascu-
lar diseases was less than that of the ref-
erence group.

Table 6 shows the symptoms of chronic
heat illnesses which have been observed
among residents of climatically hot re-
gions. A concise review of disorders ob-
served in people who moved from tem-
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perate regions to tropical zones has been
presented by Pepler (22). He leaves the
question open of whether heat stress in the
hot and humid tropics causes different
symptoms than when the exposure to sim-
ilar environments is limited to the work-
place. He suggests that cultural, social,
and hygienic factors may play a greater
roll in tropical neurasthenia than climatic
stress. Accordingly, its prevention is best
achieved by psychdlogical methods, al-
though introduction of air conditioning can
go a long way.

Anhidrotic heat exhaustion, as described
by Leithead & Lind (16), seems to be a con-
dition limited to the military personnel
stationed in either tropical- or desert-type
climatic regions. It usually occurs after
about a four to seven months’ stay in these
hot locations. However it is not quite clear
whether it is a separate disease entity or
just a chronic and more severe form of
prickly heat, occasionally combined with
chronic heat exhaustion.

A high incidence of kidney stones among
residents of desert regions has been men-
tioned by several investigators (14, 15) and
is considered to be a consequence of adap-
tation to inadequate water consumption,
which results in highly concentrated urine.
Workers in ‘the desert regions do not real-
ize how much ithey are sweating because
the sweat evaporates immediately from
their skin due to the dryness of the air.
They should be encouraged to drink more
water than they would spontaneously.
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