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FO EWORD.

In 1935 my atiention was drawn to the fact that one of the
members of the scientific staff of the Jena University Iustitute of
Physical Therapeutics was making investigatious on the solar
radiation in Kenya. As lack of knowledge regarding this subject
in South Africa was a serious deficiency in our public health
armamentarium the opportunity was seized for getting some
information on the matter. We had long realised that we were
woefully ignorant of the nature and value of our sunlight and of its
possible influence on human, plant and animal life and health.
Miss Riemerschmid, the worker in question was, therefore, invited by
the Union Government to extend her tour to the South. She was
fortunately able to spend some months in the Union taking readings,
more particularly at the Nelspoort Tuberculosis Sanatorium and
near the site in Durban where the (Government was about to erect the
King George V Tuberculosis Hospital.

These preliminary investigations revealed striking information.
[t appeared that our sunlight had greater therapeutic value than
that at some of the best-known health resorts of the world. It
becaime more than ever desirable that exact information regarding
these rays should be obtained.

The money available for health work in the Union was limited.
For abstruse investigations of this kind none could he made available
while other morve imwediately pressing health needs could not be
met., It was at this point where Dr. Hans Merensky became aware
of the interesting findings of Miss Riemerschmid. After ascertaining
the value that a more complete investigation would have for health
and other workers in the Union he volunteered to bear the whole
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cost of a survey extending over a year, it being understood that the
(tovernment would then continue te survey for such further period
as would be necessary to supply the data required. The present
valuable report by Miss Riemerschmid 1s the direct results of Dr.
Merensky’s munificence. The work 18 to continue for a further five
vears with the costly Instiuments purchased by Dr. Merensky for
Miss Riemerschmid’s initial survey. Deep gratitude goes out from
the many workers on problems of applied biology in South Africa
to the man whose generosity made this investigation possible,

E. H. CLLUVER,

1Pormerly Secretary for Public Health.
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A. INTRODUCTION.

Tropical and sub-tropical countries where people of HEuropean
aces have come to settle permanently and where animals of
European origin have been introduced, present a large number of
climatological problems. The <c¢limate appears to have many
influences, the effects of which can hardly be traced in the white
population. Amongst animals, however, particularly in those which
carry a high infusion of the blood of European breeds, the difficulty
of maintaining themselves successfully in terms of Kuropean health
and function standards, is apparent. Any investigations likely to
mmprove our knowledge and understanding of these events are of
utmost 1mportance, particularly in a country like South Africa,
where a possible detrimental influence of the climate is fully realized.

It has long been known, that solar radiation is one of the most
potent of all climatic forces affecting organmic life. Relatively little
research work has as yet been done regarding the influence of solar
radiation on human, plant and animal life and function, except in
respect of the therapeutic value of the sun’s rays i1n combating
human diseases such as tuberculosis, rickets and others. South
Africa, however, offers a great variety of problems conuected with
its abundant sunshine, which can only be studied on the basis of
accurate physical measurements of this energy.

Dr. H. Merensky, who realized that the collection of such data
on a large scale alone could help to solve many of these problems,
decided to sponsor a Solar Radiation Survey in the Union of South
Africa, for which he gave a generous grant to the Public Health
Department. The grant of £5,000 provided the nccessary instru-
ments, staff salaries, travelling and incidental expeuses for the period

1937/38.

The work of carrying out the Survey was entrusted to the author.
Dr. J. Grober, Professor of Clinical Medicine at Jena University,
who 1s recognised as an authority on acclimatisation, came to the
Union to give his advice in respect to the planning of the Survey.

The measurements were carried out at six stations in the Unioun
during the period from July 1937 to June 1938, Whereas in
Furopean countries climatic and meteorological conditions vary with-
in small areas, the climate of South Africa is fairly even over large
tracts and hence it was possible to survey the solar radiation through-
out the country using comparatively few stations.

The results obtained at the six Solar Radiation Stations in the
Union during the Survey 1937/38 are discussed in detail in this
report.

B. THE AIM OF THE SURVEY.

To study the influence of solar radiation upon organic life a
knowledge of the prevailing radiation conditious is a fundamental
requirement. Such a foundation imcludes a knowledge of the exact
amounts of radiation orginating from the sun which reach the earth
at various places and at various times of the day and vear, of the
variation in quality of the rays and of the quantities of specific hands
of the solar spectrumn.
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The Solar Radiation Survey, 1937/38, adopted the collection
of such data as its first aim, and the account given bLelow presents
the results of certain physical measurements taken during this period
at six stations in the Union.

The second arm was to correlate and co-ordinate the solar radia-
tion data with meteorological and climatological factors as far as
they influence bionomiecs. This aim may be summed up in terms of
a bioclimatological research. Data pertaining to such a research
in the Union were also collected during the 1937/38 swrvey. They
consisted of cooling temperature readings and qualitative measure-
ments of the solar radiation.

The third aim of the survey follows from the first two indicated
above. 1t is to determine as accurately as possible, in quantity and
quality, the physical energy necessary to cause certain biological
reactions.

These three aims follow from various biological problems,
examples of which may briefly be indicated here: —

1. Medical —Suppose, for instance, a sanatorium or health resort
15 planned. The results of the Lioclimatological survey could be
used to determine a suitable area in which to erect the building and
they would, together with meteorological data, indicate the climatic
conditions to which the inmates would be exposed. Again, 1f it is
necessary to expose a patient to sunlight, the doctor in charge should
be guided by the readings of the intensity and quality of the sunlight
in order to prescribe the correct dosage.

2. Veterinary.—Most domestic animals are inclined to seek shade
during day-time. The question whether they do this because of
excessive solar radiation and whether any adverse effect of the
radiation can be prevented to a certain extent by providing shade,
is worthy of study. A thorough knowledge of South African sunlight
—whether 1t 1s stronger than or different in quality from the
radiation experienced n the country of origin of the exogenous
breeds—1s essential for this kind of research. Closely allied to this
will be the measurement of bioclimnatological factors in areas of the
Union where the detrimental influence of environment on livestock is
warked and comparing them with measurements from other areas
where deterioration is not apparent. Further, to indicate the scope
of the work undertaken, one of the many problenis connected with the
third aim of the survey may be cited i.e. the correlation of physical
energies with certain resulting biological reactions. The determina-
tion of solar rvadiation which causes lesions in the skin of sheep
infected with the disease known as °° geeldikkop ' form the basis on
which to study and possibly find a remedy for this sertous disease.

3. Botanical .—1t 1s quite evident that botanical science also offers
many interesting problems connected with bioclimatological research
The imechanism of photosynthesis, the conservation of water, date
and abundance of flowering, foliar shooting and ripening and many
other functions are widely influenced by the total vadiation impinging
upon plants. A knowledge of this energy, its reduction by the cover
of vegetation ete. is of prime importance for botanical research.
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The above problems together with many others entail the 1mvesti-
gations of every aspect of the hioclimate simultaneously with
biological experiments. However, 1t must be adwmitted that the
methods of measuring the ** bioclimate ’" are not vet 2o far developed
as to enable us to determine every factor which may cause a
physiological reaction. Another difficulty 1s to separate the various
components of hoth the bioclimate and of the physiological reaction.
One reaction may result from a number of biochimatological factors
and vice versa. Nevertheless it seems vital to determine and correlate
as many of these bioclimatological quantities as are possible with
the availalble methods, particularly in a country like South Africa
with its abundant sunshine.

It is obvious that the greatest value of any bioclimatological
research can be achieved only by close colluboration between the
bioclimatologist and the biologist, since they will help to avoid any
faulty interpretation of each other’s results.

As mentioned before, the Solar Radiation Survey, 1937738,
concentrated more particularly on collecting fundamental data in
order to obtain a knowledge of the prevailing radiation and
Lioslimatological conditions in various areas of the UUnion.
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The chapter which follows deals with the significance and purpose
of the measurements carried out, and demonstrates how they have
been used during the Survey 1937/38 for research work in collabora-
tion with scientific institutions. This is followed by a chapter on
the technique of the measurements. Finally the results of the
radiation and cooling temperature measurements are presented
separately and compared with overseas data.

C. MEASUREMENTS CARRIED OUT DURING THE PERIOD
JULY, 1937, TO JUNE, 1938, AND THEIR SIGNIFICANGE.

The Secretary for Public Health, Dr. . H. (luver, in close
collaboration with Dr. J. Grober of Jena University, decided which
areas in the Union would be of greatest interest from a bioclimatolo-
gical and a public health point of view. The observation stations
were erected at Government hospitals within these areas, wherever
convenlent arrangements could le made. If circumstances were
unfavourable more suitable sites were chosen at other institutions.

During May and June, 1937, the six stations were established
at the followmg centres:

L. Johannesburg, Rietfontein Hospital.
Inland Statious { I1. Bloemfontein, Tempe Isolation Hospital.
TIL. Nelspoort Sanatorium (Karroo).

IV. Durban, Aerodrome.
Coastal Stations V. Port Elizabeth, Lady Donkiu Isolation
l Hospital
v

I. Cape Town, Royal Ohservatory.
(See sketch map on page 347.)

In order to secure simultaneous readings from these six stations
without having specially trained observers, self-registering instru-
ments were used.

From July 1st. 1937, the self-recording instruments were in
operation at the six Solar Ruadiation Stations. Apart from soume
unavoidable interruptions they registered continuously until June
30th, 1938 and after the completion of the survey the instruments
were carefully checked to make sure that their sensitivity had not
changed.

In accordance with the threefold aim of the surveyv it was decided
that the following measurements would best serve the purposes ot
such a survey in South Africa:

1. Measurements to asceltdin the quuntity of the total solar
energy 1lmpinging at various places in the Union.

2. Measurements of the quality of the sun’s rays, particulaily
of the biologisally effective ultravielet radiation.

3. Measurements of the cooling temperature conditions in the
various climatic areas.

4, Specific measurements for the purposes of biological experi-
nients in medicine, veterinary science and botany.
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I. MEASUREMENTS TO ASCERTAIN THE QUANTITY OF THE Torarn Sorar

Exercy IMPINGING AT VArIOUS PLscis IN Tog UNION.

(a) The daily, monthly and yearly amount of sun and sky radiation.

The total solar radiation emitted from the sun is reduced on its
way through the atmosphere. This reduction depends on the
geographical situation of a given place, on its altitude above sea-
level and on the cloudiness and the turbidity of the atmosphere.

The comparison of the intensity on various days, the mean values
for the various months and the fluctuations from these mean values
are important in assessing the biological values of the climate 1n
different parts of the Union.

The total solar emergy 1mpinging on a horizontal surface was
therefore measured at the six Solar Radiation Stations. Hereafter
this intensity is called the *“ total amount of sun and sky radiation ™
as 1t is composed of the direct sunlight plus the scattered radiation
from the sky.

Cloudiness and turbidity vary with the meteorological couditions.
An extremely cloudy month will show a relatively small amount of
solar energy which does not necessarily correspond with the antount
prevailing during the same month in other years. It is therefore
necessary to eliminate these contingencies by collecting the data over
a period of many years to ascertain what amount of energy is
normally active in the various climatic and geographical arveas of
the Union.

(b) The Intensity of Sun and Sky Radiation at a Given Time.

Besides the total amount of sun and sky radiation it is important
to determine the intensity of the solar radiation at a given time.
If, for instance, a doctor intends to expose a patient to solar radiation
he has to consider its intensity because local meteorological condi-
tions influence this intensity from day to day. Tt is essential to
measure it and to estimate the dose of this physical energy just
as accurately as the chemical constituents of any medicine are
estimated and preseribed.

The graphs on which the total 2mount of sun and sky radiation
is registered make it possible to read the intensity of the solar radia-
tion at any given moment and enable the doctor to determiue the
correct dose to which he must expose lius patient.

2. MEASUREMERTS OF THE QUALITY OF SOLAR RADIATION.

(a) The red and yellow part of the spectrum.

The quality of the solar radiation is of Importance hecause the
effect of any given amount of radiation depends on the quality. An
analysis of the sun’s light can be achieved by utilizing variouns filters
which permit only light of certain wavelengths to pass. In this
wav the percentace of red, vellow and other visible rays in the total

st © de ni
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(b)) The Ultraciolet Solar Radiation.

Of all solar rays which reach the surface of the earth, the ultra-
violet rays are of great interest as it has heen proved by experiments
that various specific biological reactions are due to these rays. The
most important of these effects are, the bactericidal effect, the
changing of ergosterol in the human skin into vitamin 1), the
ervthema effect, the pigmenting effect and the stimulating influence
on the metabolism. Tt ix essential in any biological research with
which radiation investigations are correlated to estimate accurately
the ultraviolet component of the sunshine. Such investigations can
either be used in trying to prevent the harmtul influence ot excessive
ultraviolet light (e.g. sunbathing) or they can also be applied hy
utilizing the beneficial effects of the sunlight for the treatment of
diseases.

Comparing South African conditions with those of Switzerland
there are two outstanding factors which enhance the ¢limate at
the famous health rvesort in Switzevland.  Firstly, there 1s the
altitude above sea-level.  In this vespect very large areas in the
Union have an altitude similar to Davos (Switzerland), which 1s
situated 4,680 feet above seu-level. Secondly, there is the relutively
clear atmosphere, which allows a greater amount of ultraviolet
radiation to penetrate.  T{ is very interesting to know, therefore, how
the intensity of the ultraviolet radiation in NSouth Afriea compares
with that in Switzerland. This question was made the subject ot
specific investigations carried out in collaboration with the Sola
Radiation Nurvey 193738, There can be no doubt about the impor-
tance of such weasurements from the public health point of view in
fostering the correct use of the abundant South African sunshine for
the benefit of the population. Kqually 1mportant s the use of the
data of ultraviolet Tight intensity for biological research on animals
aiud plants.

1t may be mentioned here that not only the ultraviolet sofar
radiation, but also the ultraviolet light from the iy must be taken
into consideration, because {he laiter i3 sometimes far in excess
of the ultraviolet radiation of the sun alone. Knowing this, a doctor
can often eliminate the hwrmful influence of heat which a patient
would get in direct sunlight by exposing him only to the scattered
ultraviolet vadiation from the sky.

1t 15 quite obvious that only controlled application of ultraviolet
light can improve our knowledge of the harmful or beneficial influence
of thix energy. Readings of the wltrariolet sun and sky radialion
should therefore always be taken at the time of exposure of patients
i order to estimate the proper therapeutic dose at that given fine.
Careful dosage 1s particularly 1mportant. as an overdose of ultraviolet
radiation can result in acute har,

3. Measvruvests or 11 CooninGg TeEMPERATTRE.

Apart from the radiation there are other fauctors influencing the
living organism  when exposed to the * climate "', namely air
o = .

{ erature and wind.  These two factors ¢ st nportant, as
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they are always present and cannot be eliminated during exposure
to the sunlight. They have therefore to be taken into consideration
when studym@ the effect of the bioclimate on living matter. Tt is,
however, very difficult to estimate the combined influence of
radiation, wind and alr temperature because measurements of that
kind depend entirely on the physical qualities of the absorbing hody.
A hairy coat of an animal, for instance, is guile different in its
physical make-up from the smooth ~]\1n of a naked human body and
will therefore react in a different way fo the sante physical influences.
Consequently the quahtles of the measuring instrument, designed to
measure a living body's reactions to climatic conditionsfi must be as
similar as po»ﬂ,le to the physical qualities of the living organism in
order that both muay react in the same way.

This problem has so far only been solved in the case of the human
body. Doctors in Switzerland and Germany, realising the importance
of the combined influences of radiation, wind and air temperature,
carried out exhaustive studies which resulted in the development of
an instrument, the so-called ** cooling ball »> which represents the
human body. The surface temperature of the ball varies according
to the cooling or heating effect of the climate and 1s (within certain
limits) equal to the mean skin temperature of the human body. The
cooling temperature therefore is a measure indicating the strain
of atmospheric conditions on the rvesting naked human organisn.
The relationship between physiological strain and cooling temperature
was thoroughly studied and the stresses and strains on the heal
regulating mechanism of the human body determined. It was found
that the least physiological strain occurs at a cooling femperature
of 37° C. If the cooling temperature is less than 370 the strain
increases because the body 18 forced to restriet its skin circulation
together with the °° perspiratio insensibili »> and to increase the
oxidation. When the cooling temperature is more than 37°, then
the body 1is exposed to stross by overheating. 'This is, however,
automatically controlled by increased perspiration.

It is obvious thai the main practical value of cooling temperature
readings is the correct use of climatic forces in the treatment of
human beings. The successful application was proved in one of the
children’s hOspltdl for surgical tuberculosis on the coast of the North
Sea. The dosage of exposure for every one of the 200 children
is given strictly accordlno to the readings of the cooling temperature
and measurements of the ultraviolet solar radiation. In this way
the therapeutic value of the climate was utilized to the utmost.

There 13, however, another significance of the cooling temperature
readings. It is evident and has to be emphasized over and over
again, that the readings cannot be applied to any other living
organism except the human being. On the other hand coohng
temperature data are for the time being‘ the only ““units *’ which
are based on physiological considerations. Befinno‘ i mind, that
they represent the physiological conditions of a liuman otganibm
the data collected in various areas have a distinct bioeclimatological
significance in so far as they give well-defined, comparable ﬁn‘ures
of the combined climatic influences of ru(hatlon alr temperature
and wind. In this respect they are more closely connected with the
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actual climatic influences on any living organism than any one ot
the meteorological data. The variation of the cooling temperature
from hour to hour, from day to day and season 1o season represents
a very important physiological factor of the climate.

The cooling temperature was registered continuously at the six
Solar Radiation Station in the Union. As the readings taken were
not at the time supposed to be used for practical purposes of dosage,
the balls were erected at open sites next to the radiation instruments.

4, MEASUREMENTS Tor THE PPUrrosr or BroLocicarn Ruskarcir.

In addition te the survey of the solar radiation and the cooling
temperature throughout the country, the study of problems connected
with solar rvadiation was taken up in collaboration with wvarious
Institutions in the Union, the results of which are published
separately. It may be of 1interest, however, to indiecate which
problems have been investigated n order to show how the measure-
ments of the Solar Radiation Survey 1937/38 have heen used for
practical puwrposes.

() Stellenbosch, Physics Departument of the University.

Dr. G. D. B. de Villiers investigated the climate of Stellenbosch
with special reference to delayed foliation of decidnous fi1uit trees.
Previous investigations had suggested that certain injuries on peach
twigs were possibly due to light. Dr. de Villiers therefore concen-
trated on measuring the ultraviolet intensity of solar radiation to
find out whether the ultraviolet was vesponsible for this injury.

(by Lrankenwald, Keological Kesearch Station of the Witwatersrand
University.

Miss Margaret Matheson, M.Se., took readings of the total
amount of sun and sky radiation in the open and under cover of
grass. At the same time the temperature of the soil at different
depths was measnred to study the wfluence of grass on soil tempe-
ature and light intensity.

(¢) Rictfontein Hospital near Johannesburyg.

Mr. 5. J. Richards, M.Se., working under the supervision of
Professor 1’aine, Department of Physies of the Witwatersrand
University, took measurements of the extreme ultraviolet solar
radiation.  His iInvestigations give us information on the total
intensity of ultraviolet radiation and its variation during the different
seasons; they also show how this total intensity is composed of sun
and sky radiation and how the relation of both varies with the days
and the seasons. I'urthermore the results obtained were compared
with those obtained in various parts of the world.

(d) Onderstepoort Veterinary Research Institute.

Investigation of a serious disease in sheep, Geeldikkop, had
shown that the skin of white sheep became photosensitive under the
influence of plant poisoning. When such poisoned sheep were kept
in a dark stable they remained unaffected, but as soon as they were
exposed to the sun’s rays, serious lesions, obviously caused by the
solar radiation, were noticed.
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The surface of the pyranometer contains several such junctions,
an arrangement which is called a thermopile. The alternate
junctions are covered with a dull black and a white powder. The
black parts absorb the radiation energy and become heated up; the
white spots reflect it and remain cool. The difference in temperature
ot the black and the white parts of the surface of the pyranometer
produces an electrical current proportional to the amount of
radiation. This curreut is vegistered on a graph by a self-recording
galvanometer. This instrument 1s calibrated in such a way that
the readings on the graph indicates directly the calories impinging
during one minute on one square centimetre of a horizontal surface.

Solarimeters.—The principle on which the solarinieters work 1z
practically the saure as that of the pyranometers. The only difference
is that, in the case of the solarimeters, only the so-called hot junctions
are exposed to the sunlight, and the cold junctions are covered and
kept at air temperature. The current produced in the solarimeter
is also proportional to the light intensity and the readings on the
graph give calories per square centimetre per minute.

The thermopiles in both instruments are exposed horizontally
to the sun and sky radiation. They are left in the open continuously
and ave protected against rain by glass hemispheres.

The pyranometers and solarimetlers ave connected up with the
self-recording instruments by waterproof cables. The galvanometers
have to be proiected against weather conditions and are therefore
kept in a house. The length of the cables permits the radiation
instruments to be erected at some distance from the louse. The
instruments are very reliable when kept in good order, and require
about ten minutes attention every day. The accuracy of the readings
is within the limit of errvor of 10 per cent. at the utmost.

The main advantage of uxing pyranometers or solarimeters in
connection with a self-recording galvanometer is the collecting of
continuous readings. Although these readings do not indicate the
quality of sun and sky radiation, theyv provide the fundamental data
for a bio-climatological survey, i.e., the total quantity of sun and
sky radiation. This intensity is registered on a graph every minute.
The mean value of sixty readings gives the average amount of
radiation during one hour. From these hourly averages the total
daily, monthly and yearly amounts are calculated. In all, 700,000

I3

figures were dealt with during the survev 1937/38.

2. The “ Panzer Actinometer ”’ and the *° Michelson Actinometer ™’
for Measuring the Total Energy and Energies of Various
Spectral Regions of the Solar Radiation.

The Panzer Aectinometer 1s also provided with a thermopile and
works on the same principle as the Solartmeter. The main difference
1s, that with the Actinometer the thermopile 1s fixed at the hottom
of a brass tube which s directed towards the sun and which allows
only the direct rays tfrom the sun to strike the thermopile. Attached
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