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ggﬁ‘f Theﬁﬁﬁ%ect of Underground Work on the Erythrocyte
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-

““Count of Furopeans Working on the Rand Gold Mines.,

Introduetion & History.

Altitude 1s a climatic factor under
which a rarer atmosphere obtains, as regards the
oxygen percentage, than that at sea-level.

A characteristic effect of low atmospheric pressure

is the malady known as "mountain sickness”,

It was shown by Paul Bert in I878, that the
physiological effects produced by low atmospheric
pressure are simply the result.of the diminished
partial pressure of oxygen, & the consequent imperfect
aeration of the arterial blood.

A mew arrival at an altitude of
12,000 feet or more 1s liable to an attack of
"mountain sickness". Strauch (30) ealls attention
to the fact that "mountain sickness" befalls some
individuals at a lower altitude, some at a higher
altitude, but for all there is a critieal line beyond
which escape is impossible. In some it may occur
at I0,000 feet while only a few can venbure to
I9,000 feet without the experience.

The subject may feel exhilarated at first, but later

his iips become blue, he is unusually sensitive to cold,
feels light-headed & may have a headache; later the
appetite falls & there is likely to be nausea & vOmiﬁing.
There is always depression, more or less nmuscular
wegkness, & sometimes complete prostration.

This condition may last a day or two, when the attack

passes over.,
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Barcroft (I) states that there are
2 classes of anoxaemia, i. Acute, ii. Chronic.

In the chronic type there is an oxygen want, perhaps
not very great, but the condition may be continued
over months. He classifies the chronic typesg of
anoxsemia as the anoxic, anaemic & stagnant.

In the first the pressuré of oxygen
in the blood is too low & the haemoglobin is not
saturated to the nofmal extent; in the second, the
quantity of haemoglebin in the body is too small, but
the oxygen-pressure is normal; in the third the blood
is normal, but supplied to the tissues in insufficient
quantities. It is the anoxic type that occurs at
high altitudes & this, according to Barcroft is the
most difficult for the organism to circumvent, since
the rate of delivery of oxygen to the tissues depends
upon the pressure of the oxygen in the blood.

A marked adaptation to this anoxaemis
oceurs in subjects living at high altitudes.

The gecelimatisation to altitude appears to consist
chiefly in the following changes.

I. The respiration is accelerated in
proportion to the altitude, so that the difference
between the stmospheric & alveolar oxygen-tensions
is diminished. (2)(3).

The acceleration, although initiated by a fall in
alveolar oxygen tension, avpears to reach its full
develop ment & continuous character chiefly as a
consequence of plasma bicarbongte diminution, which
gradually reaches an extent that would occasion
similar hyperventilation at sea-level.

This excesgss ventilation washes out carbon dioxide from
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the blood, with the result that an alkalaemia ocecurs
which must be compensated for. This is done by the
kidney, which exeretes a less acid urine & less
ammonium. The urine may even become alkagline.
In this way the kidney eliminstes excess of base,
keeps the blood reaction fairly constant, & thus
permits oxygen lack to continue to stimulate the
respiratory centre.(4)

Haldane(5) has formulated a theory that
a deficiency of oxygen in the air breathed, as at high
altitudes, may stimulate the pulmonary epithelium,
after a time, to secrete oxygen actively from the lungs
into the blood, so that the arterial blood may leave

the lungs with a higher oxygen tension than that found

in the alveolar sair. He maintains (6) that this
function is improved by exercise. This theory has
not been confirmed. In Barcroft's "glass case

experiment” (7), he lived for 6 days in a glass
respiration chamber in which the oxygen pressure was
gradually lowered. During this time the haemoglobin
value of his blood rose from 95 to I05.

His alveolar oxygen tension was 48 mms of mercury,
but the arterial blood was dark in colour, that is,
no evidence of oxygen secretlion was obtained.

2. There is an increase in the number
of erythrocytes per cmm, & in the haemoglobin content
of the blood.

3. These 2 factors however do not
appear sufficlent to explsin the difference hetween
the recent arrival & the hardened mountaineer,

The central nervous system of the latter funetioms
more normally than that of the noviee at the reduced
oxygen tension, & the muscles of the mountaineer can
accomplish more work. There are unknown tissue

factors in the acelimatisation.
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Possibly an inerease in the muscle haemoglobin, such

as Whipple (8) has observed‘in highly aective, compared
with sedentary, dogs, may play a part in the adaptation
of the musecles.

‘ As early as I878 Paul Bert predicted
that the blood of man & animals living at high altitudes
would show a greater oxygen capacity than that of
individuals at sea-level. A 1little later in I890,
Viault reported an increase in the number of
erythroecytes of individuals li#ing in Peru, at an
altitude of 4,400 feet; while Muntz found that the
blood of animals living at an altitude of 9,400 feet
in the Pyrenees, contained a larger percentage of iron
than thet of those at low levels.

In the present century many workers
have collected date whieh give the same indications,
Acton & Harvey (9) observed the erythroeyte counts of
75 healthy adult Indian males, at Kasauli in the
sub-Himalayan range, & found that " the mean was higher
than that usually given for an}erythrocyte count in a
healthy individual at sea-level, viz., 5.6 million as
against 5.0 million ",

The Anglo-American Pike's Pesk
expedition in I9II (2) proved beyond aﬁ& reasonable
doubt that the total quantity of haemoglobin in the
body & the total number of erythrocytes which the blood
as a whole contains are increased by residence at high
altitudes.

Major Hingston (I0) obtained
similar data on natives living on the Pamir plateau,
as well as on members of his own party who had become
acclimatised during their journey. In the Pamir
valley at an altitude of I3,500 feet after acelimatisation

a series of counts made on 3 types of people who had
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ascended with the party were observed, viz.,
Englishmen, & the 2 native tribes living on the slopes,
the Kashmiris & Gurkhas.

The results are shown in table I.

Table I.

Counts in
Race. millions.

English. 7.402
Kashmiri.,g 7.70
Gurkha . 7.14

After living at higher altitudes on the
nmountains of Pamir, even for 2 days, there was a considerable
increase over thé?%géhts,

Originally there was some discussion as to
whether the increase in haemoglobin content &
erythroeyte count was proportional. .
Schneider (II) states that 1t is to be expected that as
more exact methods of determining the haemoglobin come
into use, it will be shown that the"eolour index" is
not changed with altitude. That is the 2 changes
run parallel, The data obtained by the Pike's Peak
expedition (2) confirm this view..

It has been claimed that this increase is
apparent dbutbt not resl. The corpuscles only appear o
have increased owing to some change in distribuﬁion of
the elements of the blood. Cr it has been thought
that the blood becomes more concentrated owing to the

greater excretion of water at these heights.



6.

These views have not gained wide acceptance.

They are not easgy to reconcile with the appearance of

an increased erythrocyte count only after staying for
some time at a higher altitude.

Moreover if the change were merely a relative one it

is not likely that it would be permanently established,
in those who live their whole life at a high altitude.
Again it was definitely shown by the Pike's Peak
expedition (2) that the increased percentage of haemoglobin
was apparently due in part, during the first few days, to
concentration of the blood; but afterwards entirely to a
large increase in the total amount of haemoglobin

( determined by the carbon monoxide method.)

They also observed a slight increase in the blood volume.,

Bareroft (3) showed by the method of
staining with cresyl blue, which shows up the young
reticulated cells, that there was definite evidence
of increased formation of red cells at high altitudes.

It has been almost universally
accepted that the increase in number of erythrocytes
is the direct result of the fall in barometric pressure.
In I92I however, Kestner put forward a theory stating
thet the effect of high altitude on the erythroeyte
count is not due to reduced oxygen pressure, but: to
increased solar radiation, acting through breathing
nitrous oxide set free by the sun's rays on the
atmosphere of higher altitudes, which, getting into
the blood stimulates the bhlood forming organs.,

That a low oxygen pressure in the
atmosphere does lead to an increase in haemoglobin
was definitely shown in Bereroft's " glass case experiment "

mentioned above.
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Schneider (II) states that the usual
response during residence at high altitudes consists
of a rapid increase in the number of erythrocytes &
percentage of haemoglobin during the first 2 - 4 days
followed by a more gradual increase that requires
several weeks or even months to establish eguilibrium.

Richards (I2) at the suggestion of
Haldane carried out s series of observations on
himself, at 15,000 feet in Bolivia. In 5 days his
haemoglobin increased from an average of I0I % to I29%
on the Gower-Haldane scale; & then rose gradually for
2% months to I46%.

Barcroft (I3) describes another factor
to be considered in comnection with the high oxygen
capacity of blood of individuals living at a high
altitude, in addition to the mere concentration of
red cells. It is not due to the increased
alkelinity of the plasma as first suggested, since
Hasselbach & Lindhard have shown that the pH of blood
remsgins the same at low & at high altitudes.

Bareroft gives the following explanation:

At high altitudes the alveolar
carbon dioxide pressure 1s less, hence the carbon
dioxide in the plasmabecomes less, thus lowering the
concentration of hydrogen lomns in the plasma.

Chlorine iomns diffuse from the corpuscles, bringing

the pH of the plasma back to normal, but making the
reaction in the interior of the corpuscles more

alkaline, & hence having a greabter capacity for combinstion

with oxygen.
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As each tissue has on the average 3 times
as much oxygen carried to it as it requires, the
reason for the increase in the cuantity of
haemoglobin at high altitudes may not be obvious.
Acecording to Barcroft (3) it is not the deficiency
of the aectual quantity of oxygen in the bhlood which
causes the symptoms in the mountains, but a deficiency
of the pressure at which the oxygen is transported.
The result of the increased haemoglobin igs an increase
in the average oxygen pressure in the capillaries.

On returning from a high altitude %o a low
one, there is g decrease in the erythrocyte count.
This was observed by the Pike's Peak expedition (2)

& Hingston (I0) gives the following set of figures
obtained on his return to sea-level from the

Pamir platesu.

Table IT,

Count in
Date. Altitude.] Hillions.

August I0. 12,000 Ft.| 7.402

August 20. 9,450 ™., 7.35
August 23, 8,500 v, 6.96
August 28, 8,000 7, 6.12

September 6 4,390 ™, 5.68

September 20 500 =, 5.82

Thus the erythrocyte count shows an inerease
at high altitudes, & decreases as the altitude

approaches sea-level.
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The Rand 1s at an approximate altitude
of 6,000 feet above sea-level & the normal erythrocyte
count shows an increase over the sea-level value.

On the Rand gold mines the men work at levels varying
from the surface to sea-level or lower,

That is, for g portion of their lives they live at an
altitude below the surface level.

The speed of the change of altitudeg from
the surface to the respective levels, & viee verss is
very ra@id. The men are conveyed in skips which
travel at an approximate speed of 2,000 feet per minute
80 that the lowest depths can be reached within I5 minutes,
allowing for stoppages at intermediate levels.

The object of the present research is to
obsgserve whether working at these lower levels for a
fraction of their lives, causes any decrease of the
erythrocyte count of miners, as compared with the normal
count for the altitude of the surface.

The normal count for the Rand is given
ag approximately 6.0 million erythrocecytes per cmm.

This is the standard used by the South African Institute
for Medieal Research, Johannesburg.

Fitzgerald (I4) states that there is a I0% increasge in

the amount of haemoglobin for every IO0 mms fall in
barometric pressure. The barometric pressure at this
altitude averages 24.%5 inches ( 6I8.49mms) (26).
Therefore assuming that the number of erythrocytes
inerease in proportion to the haemoglobin (IT) & taking
the erythrocyte count at sea-level to be gbout 5.2 million
per cmm, the count for this altitude according to this

reckoning would be 5.9 million erythrocytes per cmm.
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At Colorado Springs (altitude 6000 feet) the number
is stated to vary between 5.5 & 6.3 millions (3I).
Starling (I5) on the other hand gives an average
erythrocyte count on subjects living at Arosa, which
is at an altitude of I8,00 metres (about 5,900 feet)
as 7.0 million.

| The sea-level value 1s somewhat over
5,0 million per cmm according to recent authorities.
Foster & Johnston (I6) obtained a mean of 5.2635 million
on exsmination of IQ0 subjects.
Osgood,quoted by Anderson in the report of the
Haffkine Institute, (I7) gave an average of 5.4 million

based on examination of I37 healthy young American males.,

Experimental.

The subjects from whom the samples of
blocd were collected were men working on the Rand gold
mines. Their usual period of work is 8 hours per day,
that 1s they spend approximately one third of their
lives at a given depth, The men seleceted had worked
not less than 2 months at the particular level, thus
allowing for any adjustment of the erythrocyte count
whieh might take place at .that depth. |
They were all of FEuropean extraction, of robust
constitution & in fit condition. They were selected
as they presented themselves for the half yearly
medical examination which the miners undergo to qualify
for a further term of work underground.

Cnly those passed as medically fit & in good health

were lnvestigated. A strict lookout was kept for
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men suffering from hookworm. Any showing signs of
this infection, or with a history of the infection,
were rigidly excluded.

The samples of bloed were collected at
about the same time each day, viz., between 9a.m. &

I0 a.m. The work extended over a period of about
I2 months, from May I93I to May I9328.

The men from whom the blood was taken had
been cn the surface for different periods of time before
the samples were collected; In the largest number of
ecages, about 70%, the time which had elapsed between
their last period underground & the collection of the
sample was I8 hours.

In order to ascertain whether these different periods
which elapsed beforé the collection of the blood, had

any appreciable effect on the means for the various levels,
the following procedure was carried out:

For each level the counts were grouped
according to the number of hours which the men had been
on the surface before the samples were collected.

The means for each group were then computed, & are
shown in table III.
Table III.

Tevel O - 2000 Teet

Period SinceLsst] Number of Mean Count
Shift in Hours. Observationsd in ¥illiondg.
4 8 [
11 7 5.66
I8 84 5.80
48 14 5.84
60 5] 5,43
Level 2000-4000 Feet.
4 I5 ‘ 5.71
I1 . I3 5.84
is 75 5.71
48 I5 5,91
Level 4000-6000 Feet
4 I0 5.45
IT 9 5.77
18 86 5.62
24 5 5,73
48 8 5.45

Level Below 6000 Eeeti
A 8 DH.84%
I8 28 5.54
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From this it would appear that the
different periods of residence on the surface before
collection of the samples do not affect the uvltimate
means appreciably.

The procedure in the collection of samples
of blood was as follows:

A fairly deep puncture was made in the pulp
of the middle finger, so that the blood flowed freely
with very light pressure( This was to avoid squeezing
which tends to force out serum, thus diluting the blood)
The first drop of blood was wiped away with cotton-wool.
(As this drop tends to be more dilute than that which
follows) The method of dilution of the blood was one
described by F.H.Joseph (I8).

It has been used by the routine laboratories of the

South African Institute for Medicsl Research, Johannesburg
for many years, with highly éatisfaetory results.

The method was as follows:

Fine bore glass capillary tubes were made &
calibrated by means of mercury to a capacity of .02c¢c .
one of these tubes wasg filled from a drop of the blood
which entered the tube by capillary attraction.

The end of the cgpillary which had been in qontact with
the drop of blood was carefully wiped with cotton-wool,

‘& the tube thus completely filled was dropped into 2o

small corked test tube containing 1.98 ce of Hayem's
diluting fluid. The tube was then inverted repeatedly

for some time to ensure thorough washing out of the blood

from the eapillary tube, The blood was thus diluted
{H_oog(,
I in IO0O, A small volume of the diluted was then

mixed with an equal volume of Hayem's diluting fluid
giving a dilution of I in 200 which was a more convenient

dilution for enumeration.
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The type of Thoma-Zeiss
haemoojtometer with grooves straight across the middle
of the slide, was used, instead ofbthe type with the
cireular groove. My experience is that the former
'type is egsier to use, a8 the counting chamber is much
easier to fill, & the chances of the blood overflowing
into the grooves are much less, than with the latter.

After thorough mixbture sufficient of
the diluted blood (Iin 200) was run under the coverslip
to fill the compartment in the centre of the slide
completely, but not to overflow into the grooves on
each side. Strict attention was paid to the rule
that bubbles should be absent from the preparation.

The slide was allowed to stand for 2 to 2 minutes before
counting, to allow the erythrocytes to settle.

Eighty squares of the Thoma-Zelss slide were counted,
which means thalt some 450 to 600 erythrocytes were
counted in each individual case.

There wasg no marked anisocytosis &
poikilocytosis was not observed in any of the samples
used. These facts are significant 2s indicating the
absence of an ansemic condition in the subjects (I9) (20).

To test the degree of error of the
observations, a series of counts were done in pairs,
taking one sample from the subjeet's right hand &
the other from his leff hand. These results are
shown in table IV. The differences are so small-
ags to be negligible. Hence the error of collection

was small.
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Table 1V.
Showing Counts on Samples Collected Simultaneously

From the Subjects Right & Left Hands.

Counte in Millions.

Noj. Rt Hand Lt Hand.

I| 5.78 5.74
2| 5.96 5.92
| 3] 3.63 3.67
4| 4.17 4.24
5| 5.62 5.70
6| 6.05 6.06

Note: Cases 3 & 4 are pathological.

Table V. gives the results of a count
of 80 squafes of = Thoma-Zeiss heemocytometer.
The blood was diluted 200 times, It includes
calculated values obtained by Poisson's formula which
ig a theoretical expression by, which the probable
distribution of the erythrocytes per unit volume nay
be calculated. If this be compared with the
observed values, it should serve as a valuable tes?t
of observational & technical accuracy.

The computation is expressed in the formula:
2 T
—-m pus! o
e I+m+2l+ on-.ocr!’f‘ s 0 8 0o 0

(m=mean of frequency distribution.)
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Table V.
0 I 2 3 4 5 6 7 Erythroeytes per Square.
0 0 2 4 6 15 I3 19 No. of Squares, Observed.
.08 | .74 2.081 4,92 8.7%17122§; I14.,69 I4.90 No. of Sguares, Calculated
8 9 10 IT 12 I3 14 ‘ BErythroecytes per Sgquare.
11 14 7 7 I 0 I Ho. of Squaresg, Observed.
I3.5110.541 7,41} 4,781 2.,85| 1.55} .78 No. of Sguareg, Calculated

From this table it seems evident that the

observed & calculated figures do not differ greatly.
)C?& P were determined to test the goodness of fit
of theory to observation (22).
The followingVValues were obtained:

Xa: 8.26

P = .69
Hence the 2 distributions cannot be considered
significantly different. The 2 distributions are shown
graphically in figure I.
From the foregoing it may be assumed that the obltained
results conform more or less to theoretical requirements.

Continuous Line-Actual Observations

Broken Line - Calculated Values.

20 =
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.
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To compare the above mentioned method of
collection & dilution of blood with the more usual method,
a comparative series of counts was done.
Specimens were collected in the Thoma-Zeiss diluting
pipette, a second sample being taken & diluted as described.

The results are shown in table VI,

Table VI.
Showing the Counts in Millions on Duplicate Samples of Blood,

Collected by the Thoma-Zeiss Method & the Capillary Method,

Thoma-Zeiss | Capillary| Difference

6.52 6.54 +,02

5,77 5.74 -,03

5.67 - B, 78 +.IT

5,75 5,66 -,09

5,86 5,78 -.08

6,09 6.10 +.,01

6.13 6.I5 +.02

5,81 5,80 -.0I

5,91 5,92 +.0T

4,92 4,90 -.02

5,93 5.96 +.03

5.89 5.92 +.03

5,71 5,72 +.01

5,76 5.73 -.03

4.90 4.88 -.08

5.83 5.74 -.09

6 .42 6.33 -.09

6 .39 6.28 -.1I

6.28 6 .34 +.06

5.82 5.88 +.06

6.35 6 .40 +.05

6.05 5.99 -,06

6.56 6.53 -.03

6.59 6.59 .00
Standard Devigtion of Differences .0568
Standard Error of Differences =+,0118
Total Positive Difference AT
Total Negative Difference .66
Mean Difference ar §‘d2

|1

-.0I04
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That is, the capilla:y‘methbd tends to give
slightly lower results than the Thoma-Zeiss method, but
the difference is not significant when compared with the
standard error. For a difference to be gignificant
it must be at least twice as great as its standard error(2I).

A series of counts was then done on the same
sample of diluted blood. These results are shown in
table VII & it will will be observed that the standard
error & standard deviation of the variations are of the
same order of magnitude as those of the differences in
the preceding table. Thus one 1s Jjustified in
assuming that the capillary method of dilution is as

accurate as the Thoms-Zeiss method.

Table VII.

Showing the Erythroeytes in Millions Obtained
in IO Counts from the same Sample of Diluted Blood.

Counts 5 | §*
6.12 0923 .008649
6.04 013 .000I69
5.99 037 L00I369
5.94 .087 .007569
6.06 033 .001I089
5.93 .097 .009409
6,11 .083 .006889
6.06 033 .00I089
6.0I 017 .000289
9.91 LII7 013689
Mean 6.027
Standard Error  =+,022

Standard Deviation .07I
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In order that the observer should not be
biased when counting samples of blood from men working
at lower leVels, the following procedure wag adopted:
After collection of the blood each tube was marked with
an identification mark. A piece of paper was fixed
around the tube so as to obscure this mark.

After each sample was counted, the paper was removed &
the identification of the sample recorded.

To obtain a control value, a series of
II8 counts was donéfhen working on the surface.

A total of 508 counts was done altogether,
representing samples from men at the surface & those
working underground at varying depths down to sea-level
or lower. The depths were afranged in steps of
2000 feet. The same number of observations was made
in each division excepting that at the level below
6000 feet, at which depth it was not possible to obtain
the requisite number of subjects.

The means for each group together with their standard errors

were computed & are shown in table VIII.

Table VIII.

Mean Erythrocyte Counts in Millions for Various Depths.

Range Number of

Depth in Feet Mean S.E.| Max. Min. Cbhservationg
Surface 6,04 | =.049 7.62 4,69 118
0 - 2000 5.82 *+,047 7 .35 4,49 118
2000 - 4000 5.72 +,0562 7.32 4,57 I18
4000 - 6000 5.61 +,044 6.65 | 4.06 118
Below 6000 5.66 +,086 6.94 | 4.89 _%6
508

The relationship of the above means is

shown gravhieally in figure II.
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Figure II.

Chart Showing Class Frequencies of the Erythrocyte Counts

for the Various Levels compared with" Surface " Values.

Continuous Line "Surface" Values

Class Vglue 0.3 Million. Broken Line 7Values for Various
' Levels.
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The standard errors of the differences between
the means of the various depths & the surface value Weré
. also computed & are shown in table IX.

As mentioned above, for a difference to be significant

it must be at least twice as great as its standard error.

Table IX,

Depth Difference S.E.

0 - 2000 .221 +,068
2000 - 4000 321 +,070
4000 - 6000 43T +,065

Below 6000 38T +,097

The coefficient of correlation between the
depth & erythrocyte counts was calculatéd, together
withits probable error. The value obtained was:

r= — 1373 ¥ ,033

Although the value is small, it is more
than three times its probable error & hence it is‘
"certainly” or at least "almost certainly" significant (23).
It is negative which indicates that as one value
incereases the other dJdecreases.
That is in this case as the depth increases, the
erythrocyte count tends to decrease.

The ages of the men ranged from 20 to 60
years, but by far the greatest number fell between the
range 20 to 35 years.

With a view to ascertaining whether age had any

appreciable influence on the erythroeyte count, when
computing the means for different levels, age groups

were arranged for the various levels over steps of B years.
In each group’the meen of IH counts was computed.

The results are given in table X.
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Table X,

Showing the Mean Erythrocyte Count in Millions
for Different Age Groups at Various Levels.

Number of
Observations
per Group
Depth 20 -25 25 = 30 20 - 35
0 - 2000| 5.93 % ,2I7|5.65 % ,I4T | 5.95 =% ,063 I5
2000 - 3%000| 5.85 % ,I146|5.97 * 173 5.97 £ ,163 15
2000 - 4000| 5,71 * ,821|5.83 x£ ,I59 5,656 £ ,102 15
4000 - BO0O| 5.65 £ ,099|5.8% & ,109 5,77 £ ,099 I5

The coefficient of correlation between the
ages & counts was calculated, together with its

probable error. The value obtained was:

r= - .292 % ,0461

Tﬁe minus sign indicates that there is a
tendency for the count to decrease as the age increases.
Also as the value is greater than 3 times the probable
error it is "almost certainly" significant, but the
correlation is small. The mean ages for the various
levels were compubed & these differ very little as
shown below.

Table XI.

Showing the Mean Ages for the Various ILevels.

Lével » MMean Age ﬁ(c?
Surface 28.0 yrJ 9.173
0 - 2000 31.0 " 9.167
2000. - 4000 3r.8 " 8.944

4000 -~ 6000 30.6 " 8.740
Below 6000 30.2 " 7.152
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Judging from the above results the age factor

would not appear to affect the conclusions.

Discussion.

From the mean counts shown in table VIII, there
seems to be a distinct tendency for the erythrocyte
count to decrease as the depth at whiéh the men work
increases, that is as the altitude at which they are
temporarily living decreases.

The significance of this decrease is also enhanced
by the standard errors of the differences, shown in
table IX. In this case all the differences are
more than twice their standard error & are hence
significant.

The coefficient of correlation between the depth
& counts is very small, but as stated sbove it shows
a tendeney for the count to decrease with the increase
in depth.

0f the 2 methods of computation, the former,
viz., the computation of the means & the standard
errors of their differences is much more conclusive
than is the indication given by the computation of the
coefficient of correlation.

The mean of the depth below 6000 feet is higher
than that for the depth 4000 to 6000 feet.

This may not be significant however, as the number

of cases is much smaller, & the discrepancy may be

due to random variation, On the other hand as

the temperature at these low levels is usually high,
thig increase may be due to concentration of the blood

caused by sweating (24).
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There have been various suggestions
regarding the cause of the incresse in the number of
erythrocytes at a high altitude & the decrease on
returning to sea-level.

The following are the theories for
adjustment to a high altitude:

a. An increased coneentration of the blood.

b. Increased haematopoietic activity of the
bone marrow.

c. The existence of a reserve or dormant supply
of erythrocytes.

d. A lengthening of the life of the erythrocytes.
There is no experimental evidence for this
theory however,

€. An urequal distribution of the erythrocytes.

Scott (27) however was unable to find
magsses of erythrocytes stored away anywhere in the
body, & believes that the capillary blood is the same
a8 that in the large vessels.

It is guite possible that one of the
initial factors in the rise of the erythrocyte count
is a loss of fluid from the blood, as an exposureto
low atmospheric pressures causes a concentration of
the blood (2).

There is no doubt whatever that the final
& persistant cause of the increased erythrocyte count
is due to increased haemstopoietic activity of the
bone marrow. As mentioned earlier in this paper
numerous workers have provided evidence to substantiate
this fact.

As regards the existence of a reserve
supply of erythrocytes which can be called on in
times of stress a certaln amount of evidence is

available.



Schneider & Havens (32) in I9I5
found that by abdominal msssage, there was
primarily an increase of erythrocytes brough€ﬁ%§
passage into the circulation, of corpuscles
ordinarily stored away. Later Barcroft (28)
definitely showed that the spleen formed’a sort of
"parking space” where s large volume of corpuscles
might be stored, & which could be forced into the
blood stream in times of need, by the contraction of
the spleen.

Barcroft (3) summarises the methods
whereby additional ecells may be set free in the
circulation, in the following scheme:

Abstraction of water.

Emergency —[Opening of capillary

areas.

Possible methods of Contractionof spleen.

“increasing the

erythrocyte count. nrecognised methods.
Fingl ———— Activity of bone marrow.

In connection with the decrease in
the number of erythrocytes on returning to sea-level
Hingston (I0) says: " The production of new
corpuscles during ascent is the result of a
continuous stimulus which the rarefied air is always
exerting on the blood forming mechenism of the body.
Puring descent a person 1s all the time passing into
a denser atmosphere & consequently this stimulus is
removed. The number of corpuscles in the blood

diminishes as a consequence of disuse 7,
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Again a rapid increase in blood
volume occurs on return to normal pressure, which
would reduce the count.(2)

According to a recent text book (29)
the reserve red cells when not required any longer
are demobilised & returned to the splenic pulp.

The spleen appears to regulate the number of red cells
in use at any time. By means of its reticulum it
can enmesh & retain many corpuscles; & in times of
need it can expel them into the circulation.

Hence the decrease in the mean
erythrocyte count with the increase in the depth of
working, which was observed in the experiments
detailed, 1s probably a normal physiologiecal
adjustment to the differences in altitude.

Alternatively, a decrease in the count
might be due to unheslthy conditions should such
prevaill uwnderground.

The former supposition is the more likely, as it is
improbable that the conditions underground would be
such as to cause a reduction of the number of
erythrocytes.

Vavrogordato & Birow (25) state the
present better cooling Tigures on the Witwatersrand
mines are about I2 wet-kata, & that s really
adequate wet-kata reading for conditions on the
Witwatersrand would ﬁe I5 to I7

As mentioned above, one would expect
this increased temperature to concentrate the blood,
due to loss of body fluld through perspiration, thus
tending to increase the number of erythrocytes
per cmm in the blood (24).

This would act in the opposite direction to the
effeets desceribed, but might possibly account for the

increased blood count at the levels below 6000 feet.



26.

Conclusion.

I. | The experiments detailed show
that the erythrocyte count of miners working
underground on the Rsnd gold minesg decreases as the
depth of working increases.

The discrepancy of the mean for the level below
6000 feet, may be due to diminished blood volume,
although 1t must be admitted that the number of’

Observations at this level was small.

2. This decrease is probably a

physiological acclimatisation to lower altitudes.
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