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WORKING IN A HOT ENVIRONMENT - PERSPIRATION LOSS - A DRINK FOR
PERSONS WORKING UNDER HOT CONDITIONS, PART 2

H. Glatzel
Mliggenbuscher Weg 5, D-2401 Gross Gr8nau

Calcium

Sweat clacium losses as & result of working in a hot
environment are stated to be 230 to 330 g per day. These are
8ti’l considerable amounts with a dally intake of 800 mg
(desirable amount given by the Food and Nutrition Board).

Nevertheless, there are no acute calclum deflciency states
similar to acute sodium and potassium deficlency states. Of the
some 1200 g of calcium in the adult human body, 99% 1s contalned
in the bones and teeth. They form a calclium reserve which the
organism flrst falls back of in times of shortage and which 1t
then agaln replenishes during times of better supply. Short
term periods of insufflcient calelum intake are overcome in this
way without the appearance of speciflc damage due to calcium
deflciency. At the present time 1t is not known to what extent
high levels of sweat calclum losses can be compensated for by
a reduced excretlion of calecium through the intestines. The
Intestines are the main exeretory organ; the excretlion of calecium
by the kildneys 1s only around 100 to 400 mg per day.

Thus the 1intake of ecalcium with drinks formulated for
people worklng under hot conditions 1s not necessary. On top
of this, 1n contrast to the absorption of sodium,potassium and
chlorlde, the absorptior. of calelum in the intestlines is a very
complex event. The course of thls event 1ls determined by the
binding of the ingested calclum, the presence or abserice of
calclum-precipitating and calcium-delonizing substances, the

1. Part 1 in No. 10, p. 1690 (1976).
¥ Numbers in the margin 1indilcate paginatlon in the forelgn text.




hydrogen concentration in the intestines at the time, the
presence of vitamir D and endogenous factors such as the
calclum saturation state of the organism.

Iron

In the case of iron the situation 1s different than in the
case of calcium. The 1iron content of a healthy, sufficlently
nourished adult human 18 4 to 5 g, Most of this amount (76%)
i1s contalned in hemoglobin and myoglobin., An iron deflclency
after iron reserves have been exhausted -- about 16% of the
total iron content 18 in the form of hemoslderin and ferritin --
1s clinlcally manifested as anemla with a loss of physical and
mental capabilitles and general weakness., PFindings in recent
years have led to the surprising dlscovery that iron deflceiency
is a worldwide phenomenon, not only in developing countries but
also in highly developed industrial countrles. "It 1s wide-
spread in the USA and in the entire worlgd" [34].

The fact that when working under hot conditloens 1.2 mg,
indeed 6 to 10 mg, of iron per day can be secreted through
perspiration [U49] should not be ignored as belng insignificant
with respect to the generally short supply of iron. The
desirable iron intake -~ 10 mg per day for men and 18 mg per
day for women [6] -- is not attalned in the usual diet, and
according to the 1972 nutritlon report of the German Soclety
for Nutrition [2], the 1ron intake with food in West Germany
has dropped from 20 mg 1ln the yer~rs 1909 to 1913 to 15.7 mg
per person per day in the years 1969 to 1970. In this regard,
an efflclent drink for persons worklng in a hot environment
should contain iron. If we conslder that a person working in
a hot environment drinks 6 to 8 liters, then I mg of iron per
liter would be adequate.

In this connection, the form in which the iron 1s added to
the drink 1s of cruclal importance. Iron 1ls absorbed 1n the




smell intestine in the form of ferrous iron. The gastric acid
releases the iron from 1lts bindings in foods in the form of the
ferric ion. The ferric 1iron is then reduced to ferrous iron.
Reducing agents, above all ascorbic acid, therefore improve the
utilization of the iron in the food [3]. For this reason, many
iron preparations made by the pharmaceutical industry contain
ascorble acid.

Phosphate

In our usual diet there is no lack of phosphates. There are
also no Indications that significant amounts of phosphate are
lost when working under hot conditions. Nevertheless, 1f
phosphate sddltlves are occassionally recommended for persons /1903
working under hot conditions, the ldea here 1s that these may
inerease the person's effieclency. This oplnion, which was first
dilscussed about 50 years ago, is still not based on practlcal
experlence, but only on blochemical conslderations.

"G. Embden, to whom we are lndebted for the first decisive
experiments on the role of phosphate in the intermedlate
metabollsm of carbohydrates, was so impressed by the importance
of phosphate for muscle activity that he recommended an increased
Intake of phosphate by consumlng more phosphate preparations
(for example, Recresal, a reglstrered trade name for NaEHPOu)
to 1lnerease effliclency. Later studies, however, were unable to
conflirm that phosphate lncreased efflclency.... Nevertheless,
the effect of Embden's suggestlion was that. many people consumed
and additional 5 to 7 g of phosphate (equivalent to 1.0 to 1.5 g P)
per day over many years, and 1n so dolng it turned out that such
an increased phosphate intake is certalinly not harmful® [22].

Proteins

Nitrogen-contalning end products of protein metabolism, above
all urea, are excreted in the sweat of persons working under hot



conditions. According to data of various investigators, the
secretlion of nitrogen in the sweat of physically inactive people
1 between 112 and 1060 mg per day, and for persons working under
hot conditions 1t 1s between 602 and 1260 mg per 7 hours. On the
basls of latest studies, Weiner et al. [47] think that with
moderately heavy work 1n a hot climate and with a normal diet

the sweat nitrogen loss does not exceed 1 g per day, and with

a nitrogen-deficlent dlet it does not exceed 0.5 g per day. It
remains to be seen to what extent the increased secretion of
nitrogen through the skin i1s compensated for by decreased
nitrogen excretion by the kildneys (see note at end of article).

An insufficlent proteln supply does not make itself
immediately felt whenever the balance becomes negatlve, but only
when a deflciency condition has developed as a result of con-
tinuous protein undernourishment. Thus a drink formulated for
persons worklng under hot conditions which 1s drunk during
work or immedlately afterwards does not need to serve as a source
of proteln., The proteln deflciency, 1f such a deficlency actually
exists, can more easlly be made up for by the diet: by a
protein-rich meal at the end of the working period or by pro- /1904
protein-rich snacks. Along the same lines, Weilner et al. [47].
have stated: 1in the case of physical work in the troples protein
addltlves are not necessary in order to replace sweat losses.

Sugar

Muscular endurance 1s closely related to the muscular
supply of carbohydrates {glycogen). As a result of intense
physical work the carbohydrate reserves are quickly depleted
[1]. These can be replenished by a diet of foods rich in carbo-
hydrates -- foods made from flour, bread, potatoes.

This fact 1s only relevant to the diet of a person working
under hot conditlons, and not to the foermulatlion of a supplemental



drink for such persons. Only water soluble carbohydrates could
be added to such a drink, i.e. disaccharides and monosaccharides
such as raw sugar, lactose, glucose, fructose. Carbohydrates
administered in this form 30 to 60 minutes prior to atheletic
performances lasting more than 30 minutes have a decisive ef-
flclency-increasing effect. Carbohydrate intake during the
physical demand 1s "necessary only when the demand lasts longer
than 70 minutes. Oligosaccharides In an amount of 0.25 g per kg
of body welght have proved successful. The administratlion of
this amount can be repeated after another U5 minutes" [30].

If the carbohydrate additions are to have an efflcilency-
increasing effect, then they must be gilven in relatively large
amounts. An amount of 0.25 g per kg of body welght results in
17 to 18 g for a man welght 70 kg at 45-minute intervals.
However, a drink containing 17 to 18 g of sugar per liter tastes
very sweet and because of thls particular taste 1t 1s hardly
sultable for weeks and months at a time as a dally supplemental
drink for persons working under hot conditions.

On top of this there is another point: large amounts of sugar
can drastically reduce a person's effilciency as a result of
reactlve hypoglycemia. Thls 1s an undesirable effect for
persons working under hot conditions who, in contrast to many
atheletes, are expected to malntain uniform efflclency for
hours at a stretch,.

Therefore it is appropriate not to add sugars to an efficlent
supplemental drink for persons working under hot conditions and
carbohydrate-rich snacks will enable and promote the filling of
carbohydrate reserves.



Ascorbilc Acid /1909

No significant amounts of ascorbic acld are lost with the
sweat of a person working under hot conditlons. Nelther are there
any indications that the metabolism of ascorbic acid is higher
than average 1n persons working under hot condltions.

The addition of ascorbic acid to a supplemental drink, how-
ever, helps 1in the performance of g very cruclal active ion.
As we have sald, a person worklng under hot conditions loses a
good deal of 1ron with his sweat. An efficient supplemental
beverage must replace thils loss. The assimilation of iron in the
small intestine 1s a :omplex event in the course of whilich the
iron ingested wlth food and drink ~ust be incorporated into the
ferritin of the Iintestinal mucosa. Thils incorporation requires
the participation of adenosine triphosphate and ascorbic acid.
Moreover, ascorblc acid is important for the reduction of tri-
valent ferric iron in the stomach. Only bivalent ferrous iron
can be absorbed in the Intestine. Thus in each case the
utilization of the iron contained in food and drink 1s 1mproved
by the administration cf ascorble acld, and under certain cir-
cumstances the utilization of this 1iron 1s even only made possible
by the admlnistration of ascorbilec acid. To some extent,
depending on its ascorblc acid content, urange Juice also
improves iron absorptlon.

In thls way, adding ascorblc acid to a supplemental beverage '
helps 1n the utillization of the added 1iron and 1t ensures the
supply of 1iron. This purpose should be fulfilled by 25 mg per
liter.

Thiamine (Vitamin B,)

Apart from the fact that an efficlent supplemental beverage
should offer replacement for substances which are secreted wlth
sweat and whose absence can lead to undesirable defieclency



symptoms, the question arises as whether other viewpoints can
or should be important for the formulation of an efficlent
supplemental beverage.

The thiamine demand increases with increasing energy trans-
formation. Therefore, 0.5 mg of thimaine 1s considered adequate
for each 1,000 calories of energy transformation [6]., If this
view is assumed to be correct, then an additicnaal 0.5 mg of
thimaine must be given to a person working under hot condltions
per each 1000 work calories expended.-- this is not because cf
the heat, but because of the work. If the energy demand of a
hard working, 70-kg man reaches 7.5 to 12,0 kcal per minute, /1910

then this amounts to 2700 to 4320 keal in 6 hours, thus 1.4
to 2.2 mg of additional thiamine. Thus if the amount drunk 1s
6 liters for 6 hours of heavy work under hot conditions, then
the supplemental beverage would have to contaln 0.33 mg of
thiamine per liter to cover the additional demand for 2 mg of
thiamine,

With thelr energy demand, persons working under hot conditlons
are in the hablt of eating foods which contain above average
amounts of fat. However: "Although 1t has been shown that fat
in the diet to a certaln extent 'saves' vitamins, there 1s
little reason to belleve that the recommendation should take into
account the varlations in carbohydrate and fat content of the
food" [6].

dor and Taste Substances

Over a long period of time no one can eat a food which 1s
tasteless and odorless —- no matter how full of value 1t might
be in terms of proteins, vitamins and trace elements. And 1n
the long run a person working under hot condltions will not
drink a tasteless beverage, no matter how specifically tallored
it 1s to his special requirements.



It has already been mentloned that beverages with a
pronounce” pecullar flavor are not accepled 1n the long .run.

The growing popularity of alcohol-free and alcoholie
beverages with a bitter taste characterlstic is Interesting from
the physiological standpoint. Collectively referred to as
"bitters," biltter drugs have been used as pharmaceutical in-
gredients for thousands of years, e.g. wormwood, gentian,
angostursn, galingale, hops, cinchona bark. Even in the
German Pharmacopeia (DAB VII), in the age of synthetlc drugs,
these are stlll designated as bitters. These drugs owe thelr
popularity to a "tonic" effect, 1.e. a strengthening effect
which has not yet oeen clarifled with modern pharmacologlcal
methods. It would have to be tested whether beverages with a
bitter taste are accepted by persons working under hot conditions.

In the formulation of an efficlent supplemental beverage for
persons working under hot conditions 1t 1s perhaps also
appropriate to remember the practical experience that many people
think that sour beverages are especlally good thirst quenchers.

Drink Temperature /1912

Countless regulations Iindlcate how hot and how cold drinks
should be when taken. Thls requirement 1is misleading because 1t
suggests that the temperature data are based on the findings of
physlologlcal or psychologlcal studles and thus are somethling like
a physlologlcal standard. In actuallty they only indicate how
hot or cold a drink must be to glve 1t the best flavor, or more
precisely, so that 1t tastes best to the majority of people of
a certain group. Experience shows us that certain perfumes and
flavoring agents produce a better sensory effect at lower
temperatures and others at higher temperatures, So far the
subjectlve-sensory (degustatory) test 1s the only method for
determining the optimum temperature for a food and drink with
respect to thelr enjoyment value.



Sensory sensations are the decisive factor in Jjudging
between agreeable and disagreeable. Agreeable means a refreshing,
livelv, pleasant taste. A disagreeable drink 1s one whilch
produces unpleasant sensations durlng or after the drinking of
it, e.g. intense hot and cold sensations, pressure, choking,
pain, In contrast to what lay persons belleve, however, a paln
between the navel and breastbone need not emanate from an organ
between the navel and breastbone, and whenever the lngenuous
lay person speaks of "a feeling of coldness at the inlet of the
stomach" and "a feeling of heat at the stomach outlet", then it
is explanatory to say that certaln feellings are interpreted as
a feeling of coldness or warmth, hut are not experlenced as such
-=- apart from the fact that a person receives the most surprising
information as to where the stomach inlet and stomach outlet are
actually located.

It is concelvable that intense temperature stimuli could
injure the temperature-sensitive sense organs (thermoreceptors).
Actually at the present time there are no indlcations that cold
or heat stimull harm thermoreceptors.

In the German literature, following an old tradition, cold
drinks are still found among the causes of acute and chronic
gastritis., A curious fact in this connectlon 1s that the same
authors, who consider cold drinks to be pathogenie in regard to
gastrit’s, use these drinks therapeutically 1in order to cure the
gastritis of ulcer patilents. Clinical evidence fcr the creation /1913
of a stomach ulcer or gastrlitls due to extreme cold and hot
stimull has never been published. Therefore in sclentifile
medicine, cold and hot gastritlis and gastritis in general today
still play a very modest role. "An 1llness of highest clinlcal
value and important socilal significance has become a pathologleal
mucosa condltion, which to be sure 1s found in two-thirds of a
random patlent populatlon, but with which no subjectlive complaints



can be correlated.... Neither nicotine nor alecohol nor the
inability to chew are causes of chronic inflamation of the
gastric mucosa" [5].

After a person eats a portion of 1ice cream or a bottle of
ice cold cola the temperature of the stomach contents drops tce
15°C and after 30 minutes the temperature of the contents has
returned to its initlal value. After a person drinks hot
water with a temperature of 50°C the temperature of the stomach
contents climbs to 46°C and after 20 minutes returns to the
initial level [29]. If drunk all at once, 250 ml of cold meat
broth (+1.7°C) drops the stomach's temperature to 21%to 24°C,
In its passage through the mouth, throat and esophagus the
drink warms up more than 20'C, Thirty to fourty minutes after
drinking the temperature retu.rns to the inltlal level. When
drunk at 63°C, the same amount of the same drink cools off very
rapidly. When it enters the stomach the temperature has already
dropped to 41° to 43¢C, and 15 to 20 minutes later 1t has again
reached the initial level [7].

Thus ice cold drinks are already about 20°C warmer before
they come into contact wlth the gastric mucosa, and hot drinks
have already cooled by about 20°C -~ an 1lmpressive performance
by the upper digestive tract. It has never been shown to be
likely and from the outset was consldered unlikely that the
gastric mucosa is injured by the short term effect of temperatures
between 20° and 40°C.

Cold drinks, however, activate the motoricity of the stomach.
The stomach begins to empty lmmedlately after drinking and this
proceeds rapldly. The cold drink passes very rapldly through the
small intestine., As the temperature of the stomach content
increasingly approaches the body temperature, The Intenslty of
stomach motoricity also decreases, and 1f after 30 to 40 minutes
the temperature of the drink has become "normal" then the
motoriclty has alsoc become "normal"™ [7].



Hot drinks at first leave the stomach abnormally slowly, /1914
but then they continue in the usual manner and at the usual
rate [7].

The increase in motorlclty due to cold drinks and the rapld
passage through the small Intestine has been connected with the
fact that many people react to a cold drink with dlarrhea.

A matter to consider in this connectlon 1s that the urgent need
to defecate and diarrhea are symptoms of the large intestine and
not the small Intestine and that they occur immediately aflter
drinking, l.e. at a time in whileh the cold drink has certalnly
not yet reached the large intestine. Presumably what 1s involved
in the case of "cold dlarrhea"™ 1s a gastrocolic reflex slmllar to
the urge to defecates ~fter food has been consumed.

The secretion of gastric julces 1s temporarily throttled
by a cold drink. However, even before the temperature of the
stomach contents has returned to 1ts 1Initial level the throttling
effect has been overcome., Hot drinks do not effect the secretion
of gastric julces [7].

On the basls of currently availlable clinical and experimental
observations the question as to the usefulness or harm of cold
drinks can be clearly answered., Cold drinks are refreshing and
stimulating. The optimum temperature 1in terms of taste for
many national drinks is around +10°C and below. When large
amounts of cold drinks are drunk very rapldly they may cause
unpleasant sensations behind the breastbone and 1n the upper
abdomen, also along wlth the urge to defecate. However cold
drinks never cause pathological changes in the mouth, esophagus,
stomach and intestines. Therefore 1t is not obvlious why a
healthy person should be offered 1ce cold Arinks and why he
should te offered hot tea. Qulte without our help he wlll make
sure that the cold does not "hurt his teeth" and that he does
not burn hils mouth.

11
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In terms of a supplemental drink for persons working under
hot conditions this leads to the followling conclusion: 1t should
be left up to the worker how hot or how cold he likes his drink.

Guldelines for Formulating and Efflcient Beverage for Persons
Working Under Hot Condltions

Quantity: 1 liter per hour

Ingredients: table salt 1.0 g per liter; potassium chloride /1916
< 0,32 g per liter; iron 0.001 g per liter; thiamine 0.0003 g

per liter and ascorbic acld 0.025 g per llter.

The flavoring and temperature selection of the drink can
be selected to sult the deslres of the consumer.

Correctlion Note

In recent studles 1t has been found by P.Ch. Hao,
Ch.-Ch. Lo and W.T. Ho that in a hot environment 11.9 mg of
nitrogen per kilogram of body weight 1s secreted through the
skin, and 3.5 mg per kg 1n a cool environment. The amount of
nitrogen excreted by the kidneys was correspondingly 69.7 mg/kg
and 82.2 mg/kg. ("Provain requirements of men in a hot climate;
decreased urinary nitrogen losses concomlitant with 1increased
sweat niltrogen losses during exposure to high environment
temperature," Amer, J. clin, Nutr. 28, p.494 (1975.)
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