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SUMMARY

Adims

The aim of this study was to examine the heat stroke
position at the end of 1964 in terms of the trends in the
numbers of stopes and development ends and also in the
"estimated" numbers of men in various class intervals of wet-
bulb temperatures over the period 1957 to 1964.

Results and conclusions

Between 1957 and 1961 there was a steady increasgse in
the number of stopes and development ends and in the estimated
number of men at wet-bulb temperatures above 80°F, The
deterioration in the position was worse at the higher wet-bulb
temperatures over this period, there was a 44% increase in
the number of men in the class interval 849-880F, W.B., a
48% increase in the class interval 88°-91°F W.B., and a
92% increasse above 91°F W.B.

Since 1961 the position has improved, The number of
stopes with the higher wet-bulb temperatures has decreased,
Although the number of development ends has increased the
net effect was that there were fewer men working at the
higher wet-bulb temperatures in 1964 than in 1961.

These trends over the years 1957 to 1964 are summarised
in the following teble :-

Numbers of men =2t various wet-bulb temperstures

Class intervals Years
of W.B. 1957 1961 1964

Tess than 80°F 82,130 69,688 70,992
800 -~ 83,90F 32,306 39,647 45,207
840 ~ 87,90F 28,482 42,022 39,359
88° ~ 90,90F 1%,502 18,366 15,368
91° ~ 92,99F 2,378 4,811 2,831
Above 930F 271 547 498

The improvement has not only been in the numbers of
men working ot high wet-bulb temperatures, An estimate has
been mede of the numbers of fatal and non-fatal cases that
could have been expected in 1964, This is based upon the
numbers of men working a2t various wet-bulb temperatures aond
from the incidences of fatal and non-fatal czses of heat
stroke at various wet-bulb temperatures in the analysis of
the 1957 to 1961 d=ta (H.S.L. reports 5/61 and 1/64)., On
this basis 10 de=zths =2nd 31 non-fatal cases would have been
expected.,

Only 2 deaths ond 20 non-fotal cuases, however,
occurred in 1964. This mnrked improvement in the number of
fatal cnses is ~ttributed to the implementation of the
recommendntions, (contained in the two reports referred to)
of the Humon Sciénces Loboratory =nd to the training of all
Buropean supervisors and African bossboys in the early
recognition =nd treatment of heat stroke cases in _working
places with wet-bulb temperntures in excess of 84°F,




1. Introduction

An mnalysis of the causal factors in the heat stroke
cases that occurred in the period June 1956 to July 1961
indicated that there had been a deterioration in the under-
ground heat stroke position over that period (H,S.L. reports
1/64 and 5/61). This conclusion was based on the fact that
the ”est%mated" numbers of men working at W.B. temperatures
above 91°F, rose by 92% in that period., Above 880F W.B,
the number rose by 48% and above 84°F W,B. by 44%,

' This increase in the numbers of men working in high W.B,
temperatures showed that a potentially dangerous situation was
developing and certain recommendations were made in the two
reports referred to, which had as their object the reduction
of the heat stroke hazard in other ways. Cne of the
recommendations was that all European supervisors and Bantu
bossboys in hot areas of the mines, i.e., in W,B. temperatures
above 840F, should be trained to recognise the early signs
and symptoms of heat stroke, and to institute emergency
treatment when these occurred, These recommendations have
been implemented (H.S.L. report 4/64), Another proposal
that was made in the reports was that a watching brief should
be held on the situation in that the Chamber of Mines should
annually collect and collate deta on the numbers of Bantu
working at various W,B, temperatures underground, Arrangements
zre in hand for this to be done,

This collection 2nd collation of the data will, however,
take some time, In the interim it is essential that the
Industry should be given a picture of the present heat stroke
position in terms of the trends in the numbers of development
ends and stopes 2t various W.B. temperatures during the period
1957 to 1964, This has been done. An estimate will be
given of the numbers of Bantu working at various W.B.
temperatures underground during the same period and the trend in
these figures will be compared with the trend in the numbers of
heat stroke cases. A comparison will also be made between
the numbers of fatal and non-fatal heat stroke cases that
actually occurred in 1964, and the numbers that would have
been predicted to occur. This comparison will be based on
the curves derived from the 1956 ~ 1961 d=ta (H.S,L., reports
1/64 and 5/61) relating the incidences of faotal and non-fatal
cases - in cases per 1,000 - to W.B. temper=ztures.

2., Trends in the numbers of working pleces 2t various
wet-bulb temperntures

Informntion on the numbers of stopes ~nd development ends
2t various class intervals of W.B. temperatures is annually
collected by the Group Ventilation Engineers and collated by
the Chamber of Mines. This information is given in Table 1
Tfor the years 1957 to 1964, The d=t2 are also plotted in
Figures 1 and 2 respectively for stopes and development ends
in the various class intervels of W.B, temperatures in which
they are reported. The figures also contain the average
velocity of wir, in the case of stopes, and the avernge volume
of air, in the case of development ends, for this period.

From Figure 1 it is clear thot between 1957 =nd 1961 there
was a morked deterioration based on the increase in the
numbers of stopes in the various class intervals of W.B.

/temperatures .....



temperatures above 84OF, but since 1961 the position has
improved. There has also been an increase in the velocity

of air in stopes with W.B. temperatures above 88w, These
recent improvements in the stopes have not been paralleled in
the development ends (Figure 2.) There has been a steady
increase in the numbers of development ends in 211 of the

clags intervals of W.B. temperatures above 80°F. Fortunately,
since 1961 there has been an associated increase in the volumes
of air ventilated into the development ends, except those

with W.B. temperatures above 93°F,

These trends ere shown in another way in Figures 3 and 4
where the numbers of stopes and development ends are
respectively given for W.B6 temgeratgres gelow BOOF and, for
W.B. temperatures above 80, 84, 887, 91~ and 93°F, Figure
%3 brings out very clearly the decrease since 1961 in the
numbers of stopes operating =t the higher W.B. temperatures.
Inothe period 1961 to 1964 the total number of stopes above
80°F W.Bé temperatures fell from 4,401 to 3,749 and the total
above 91°F W.B. temperature fell from 239 to 97. By contrast,
over the period 1957 to 1964 there was a steady increase in
the numbers of development ends at the higher W.B. temperatures
and this is shown in Figure 4, The total number of
development ends rosg from 3,562 to 4,940 in that period and
the numbers above 9lOF W,B., temperature rose from 149 to 210,

3 Trends in numbers of men at vearious wet-bulb temperntures
and in f~tal hent stroks cases.

There are in general more men in stopes than in
development ends, and therefore in =ssessing the trends in
the hent stroke situntiorn in the mines it is important to
meke on estim~te of the numbers of men in the vorious cl~ss
interv~ls of W.B. temper~tures in the period under review,
This has been done by mnking use of the weighting factors
proposed by the H.S.L. in reports 5/61 ~nd 1/64 for c=l-
culating the "=verage! numbers of men in stopes and
development ends. Por most of the period the weighting
factor for development ends was between 7 ~nd 8 men per
stope =nd for stopes it was ~bout 17 men per stope. The
tegtimnted" numbers of men in the various class intervals
of W.B. temperatures 2re given in Tﬂgle 2 and in Fi%ure g,
and the "estimoted" numbers below 80 F and above 80, 847,
88°, 91° and 93°F W.B. temper-tures are 2lso given in Table 2
and in Figure 6, O

The trends over this period in the numbers of men at
the various class intervals of W.B. temperatures =re
summarised in T=ble 3,

Prom this Table it is cle~r th=t the deterioration in
the hest stroke position between 1957 and 1961 hags been
halted and to some extent reversed. In all of the class
intervals above 84 F W,B. temper~tures there has been a
reduction in the numbers of men w@rkingb This is especinlly
the case in the class intervsl 91°-92.9°F W.B, temperature.
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4. The heat stroke position in 1964

One way in which the hent stroke position in 1964 can
be compared with that during the period 1957 to 1961 is to
toke the numbers of men working 2t the various W.B.
temperatures in 1964 ~nd estim~te the numbers of heat stroke
cases that could hove been expected, using the curves
rel=ting the incidences of fatal nnd non-fatal heat stroke
cases to W.B, temperatures from the 1957 to 1961 data
(H.8.L, reports 5/61 and 1/64). These estimates can then
be compared with the actual numbers of cases in 1964,

The manner in which these estimates are made is
illustrated in Figure 7, In this Figure are given, firstly,
the curves relating the incidence of fatal and non-fntal
cnses to W.B. temperatures for the period 1957 +to 1961. (The
data from which the curves were drawn =re given in Table 4).

In Figure 7 is also drown, in histogram form, the numbers of
men working in the vorious class intervels of W.B. temperatures
for 1964. From the morbidity and mortality curves one could
predict. the non-fatal and fot2l cases for 1964:

Numbers Predicted

Class Intervels of number of cases for 1964
W.B. temperstures - Men Non-fatal Eatal
aog - 83.9°F 45,207 2 0
840 - 87.9OF 39,359 10 3
88o - 90,9OF 15,368 11 5
91" - 92.9°F 2,831 5 2
Above 93C0F 498 3 2

31 10

In actual fact there were 20 non-fat2al cases and only
2 fatal cnses in 1964. One f~tal cose occurred in the class
interval 84° to 87.9°F W.B. temperature and 1 fatal cose in
the class interval 88° to 90.9OF W.B. temper=ture. There
were no fatal cnses above 91°F W.B. tempernture, while 8
non-fatal and 4 fatzl cases were predicted.

5e Discussion ond conclusions

5.1 Trends in the numbers of working places and men at
vorious wet-bulb temperatures

There has been o reduction in the numbers of stopes
2t the higher W.B. temperatures and =1lso an increase in the
velocity of air in the stopes. There has, however, been
2 concomitant incrense in the numbers of development ends
at the higher W.B. temper-tures, but greater volumes of
air were sent into these are=s, except ~bove 93°F W.B,
temper~ture.

There were about twice ns meny men in stopes 28 in
development ends nsnd the net effect therefore was o
reduction in the numbers of men "estimnted" to be working
in the higher W.B. temper-tures during the period 1961 to
1964. It is clenr from these results that there has been
~ marked improvement in the he~t stroke position since 1961,

/5.2 Comparison .....
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5.2 Comparison of the =actual numbers of heat stroke
cases with those predicted for 1964

Bven though there had been a marked reduction in

the numbers of men working at the higher W,B. temperatures
during the period 1961 to 1964, ten fatal and 31 non-fatal
cases would have been predicted for 1964, This estimate
is based on the mortality and morbidity figures at various
W.B. temperatures, based on the data for the period 1957
to 1961. In actual fact there were only 2 deaths and 20
non-fatal cases in 1964,

Too much should not be placed upon the results in
one year. However, the great reduction in mortality rate
of only 2 fatal cases in 1964, might be due to the fact that
the main recommendations made in the H,.S.L. reports 5/61
and 1/64 were introduced in 1963, A check was made in
the early part of 1964 and this showed that, in mogt mines,
European supervisors and Bantu bossboys in production
areas had received some training in the recognition and
treatment of heat stroke cases, A point in favour of
the possibility that these measures led to the reduction
in fatal cases of heat stroke ig contained in the fact,
firstly, thaoat not one fatal case of heat stroke occurred
at W.B. temperatures above 91°F, where it had been
predicted that there would be 4 fatal cases in the 3,500
men working in these conditions, At W,B., temperztures of
889-90,9°F there wns only 1 f~tal case instead of the
expected 3 f=t2l cases, =and 2t the W.B, temperatures of
84°9-87.9°F there was a2lso only 1 fatal case instead of
the expected 3 fatal cases. Secondly, this reduction in
f2tal cases is not due to the elimination of heat stroke
cases, There were still 20 non-fatal cases. These
two facts allow one to conclude that the reduction in
fatal cases is probably due, in the main, to the early
recognition =nd proper trestment of hext stroke cases by
underground officials trained in these procedures.

Gre=ster improvement can still be expected. The
training of European supervisors and Bantu bossboys in
the early recognition =nd trestment of heat stroke cases
has not yet been put upon = systematic basis in the Industry,
28 1s the cnse with the acclimotization procedures where
the troining and examinmtion of acclimotization supervisors
is under the control of the H.3.L. It c¢an be proposed
therefore that if heat stroke deaths are not eliminated
in the next few years, then further efforts should be
concentrated upon the better training of the European
supervisors and Bantu bossboys in this regard. This
training should be under the control of the H.S,L,
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TABLE 3

NUMBERS OF MEN AT VARIOUS WET-BULB TEMPERATURES

Class intervals Years

of W,B. 1957 1961 1964
Less than 80°F 82,130 69,688 70,992
80 - 83.9°F 32,306 39,647 45,207
84 - 87,9°F 28,482 42,022 39,359
88 - 90,9°F 13,502 18,366 15,368
91 - 92.9°F 2,378 4,811 2,831
Above 93°F 271 547 498

TABLE 4

INCIDENCE OF HEAT STROXKE DURING THE PERIOD 1956 - 1961

Temperature %‘T&E%i—r Fatalities F;Z;ligégs Cages Casigo}_o)er
Less than 80°F 371318 0 .0000 3 .0081
80°F - 83,99F 177960 0 .0000 6 0337
84°F - 87.9°F 178536 15 . 0840 44 2464
88°F - 90.9°F 89113 16 .1795 62 .6957
91°F -~ 92,9%F 17507 10 5712 28 1.5994

More than 93°F 1800 6 3.3%33 8 4,4444




Figure 1,

NUMBER OF STOPES AND AVERAGE AIR VELOCITIES OM STOPE FACE.

AT VARIOUS CLASS INTERVALS OF WET BULB TEMP.
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Figure 3.

NUMBER OF STOPES ABOVE VARIOUS WETY BUL TEMPERATU
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Figure 4.

NUMBER OF DEVELOPMENT ENDS ABOVE VARIOUS WET BULB_TEMPS.
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Figure 5.

NUMBER OF MEN IN DIFFERENT INTERVALS OF WET BULB TEPERATURES.
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Figure 6.

NUMBER OF MEN ABOVE CERTAIN WET BULB TEMPERATURES AND HEAT
STROKE DEATHS IN PERIOD 1957 — 1964.
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Figure :‘7.
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