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S U M M A R Y .
The investigation concerns the routine measure­

ment of air-borne dust in the South African gold mines by 
means of the konimeter and th> degree of silicosis in 
European mine workers. The important aspects of the 
problem are considered briefly and the history of the 
konimeter iu reviewed.

The konimeter counts recorded by Government 
Inspectors of mines at a few strategic points in air since 
1031, arc analysed. Allowances are made for the few 
changes made since then which aii.ected the results recorded. 
The changes in dustincao with calendar years at each of the 
strategic points are estimated.

The European mine workers are classified into a 
number of main jroups. By way of estimates of the pro­
portions of t-he underground shift which each group spends 
between the strategic underground points, the dustiness 
per shift of each group was estimated. The estimates were 
made at intervale from 1931 to 1955 in order to obtain the 
variation in the ductineoa for e-aoh of the main groups over 
this period. Shift dustiness curves were extrapolated 
back to 1026. Estimates for the main classes of non- 
officials are compared with actual observations made during 
full ahlit bimti dust studies in 1926 and in 1949 - 1950. 
Reasonable agreement is established between the estimates 
and the actual enervations.

57 Recently deceased European mine workers were 
selected in each of whom the degree of silicosis was 
determined from full hyatological post mortem examination 
of the lungs.

The degree of silicosis is compared with the 
number of underground years of service and with the number 
of underground shifts.

By / .....
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By "ivy of ec-timatea of the duration of the under­
ground shift of each of the main underground occupational 
groups, estimates are made of the total number of hours 
spent underground by caoh of th a  deceased mine workers 
selected. The decree of silicosic ia. compared with the 
number of hours spent underground.

From th i dustiness per shift of each of the main 
occupational groups, er-biraatcs are finally raade of the dust 
exposure, expressed in the number of konimeter particle- 
houra, of each of the deceased minu vforkers selected. The 
degree of silicosis is compared with the number of koniaeter 
particle-hours.

The rê -'Its arc iinalyaei statistically and 
indicate that there is:

(1) no association between degree of silicosis
and years of service,

(2) very little, if i*ny, association "between
decree of cilioouiu und number of under­
ground fhiftU,

(3) probably a real association between degree
of silicoais and number of underground 
hours,

(4) a etromr asuociafcion between decree of
fiilicovio and koni.aeter particle-hours.

The re&ulto arc .llscuojod and the conclusion 
arrived at is that tho konimeter noed not be rcpluccd by 
another duat . '.ja p .lirv , I tvhtcum ont until a  significantly 
stronger ayuociulion than that in "4" above can be 
established between the degree of silicosis and dust 
exposure as batted on the ruemits recorded during routine 
dust sampling with the other instrument.

The / ......
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The :?eoomondation is made that dust exposure 
records are compiled as the normal routine from now 
onwards for European mine workers, by adding the hours 
worked per shift and tha dustiness per shift, as based on 
thti routine duab sampling results of the places in which 
the mine workers spend their underground shifts, to the 
preeent records of service.
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1. INTRODUCTION.
First thoughts about the present investigation 

occurred to the author a number of years ago as a result 
of arguments for and against the konimeter as a dust 
sampling instrument, by members of the Chemical, Metallur­
gical and Mining Society in South Africa.U)

In view of the facts :
(a) that the dustiness of mine atmospheres were

for nany yeaiv ,v ntrolled by means of the 
koniaeter,

(b) that there existed strict medical control of
underground workers,

(o) tnnt accurate records were kept of the type
of work that miners were employed on,

(d) that proof of a functional relationship
between "konimeter dust exposure" and 
silicosis was lacking, 

an investigation of this nature appeared very desirable.
1.1 The Problem:

The problem is to know whether konimeter dust 
counts are related to the silicosis hazard due to dust in 
mine air, and if so, whether the relation is sufficiently 
clone to warrant the continued use of the konimeter as the 
duet sampling instrument on Jouth African Mines. .

It is argued that the problem will be solved if 
the "konimeter count exposure" of a person was a measure of 
the degree of silicosis in the person.

Unfortunately, the actual ’’konimeter count 
exposures'1 of persona are not available, Estimates 
thereof have, therefore, to be resorted to.

As a result of inaccuracies introduced by these 
estimates, in addition to the varying susceptibility of

individuals / ........
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Individuals to contract silicosis, as well as the broad 
classifications of the degree of silicosis, there will be 
a tendency to obscure any functional relationship between 
these two measures,

1.2 The value of the investigation;
The main value of the investigation will lie in 

the answer provided •- the question in "1.1". Additional 
value will also lie :n the record provided of a method 
followed to correlate dust determinations with medical 
findings, and in the directives resulting therefrom which 
could lead to a diminution of the dust hazard,

2. ASSOCIATED ASPECTS.
Before dealing with the actual investigation it 

is appropriate to touch on the more important aspects 
associated with the dust problem.

2.1 .Medical Aspectsr
2.1.1 The Resriritory System fafter Sabotta^H: 
Two of the outstanding features of the respiratory 

system arc the many changes in direction of the air 
passages and their ■irregular cross sectional area. These 
two properties, in addition to the hair in the nc/e and 
the fact that the walls of the air passage a are lined with 
mucus favour the elimination of particulate matter contained 
in the inspired air.

Entry to the nosu takes place across approximate­
ly & square centimetre per nostril^ into the 'nasi 
ventibulum' (Dnbotta fig. 113) where the cross-sectional 
area suddenly incre..to«s by some 50 - .100#. The whole
nasal cavity is lined with hair and mucus, Its cross
sectional shape changes '.o a narrow slit caused by a

'fold / ...... .
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•fold of mucous membrane called the plica ductus 
naeQ lacrynxalls1 and the total cross sectional area avail­
able to inspired air reduces from about ifa - 2 square 
centimetres in the nasi veetibulum (the largest portion 
of the nasal cavity) to about one square centimetre.
This reduction in cross section takes place suddenly, and 
furthermore, from the roomy nasi vestibulum the air flows 
along a narrow slit called the meatis nasi communis
(S&bott" x‘i£s. 115 e-nd 116), which in cross section
measure about 2 millimetre by a fei** centimetre, for each 
nostril. Prom here the air flows u.v"n into the throat 
which measures a few centimetres in .liameter when extended 
(Sabotta figs. 132 and 133) and past the vocal chords to 
the trachea i.e. the main windpipe.

Apart from the changes in cross sectional area 
there are also the changes in direction that "breathed air 
is subjected to. Those changes may be summarised as 
follows:
from all aides into the nosu, 
then upward in the nose,
then more or leas horizontal alon^ the nasal slits, 
then vertically down the throat and into the trachea,

Thu treochea proper is about 20 centimetre long 
with a diameter of about 2& centimetre at the top and about 
1 to I1; ctfntircetre lower down, in the normal person. 
(Sahotta P. 118 and fig. 145).

The trachea 'dividea at an angle of about 70° 
into the two bronchi'. The two bronchi divide at large 
angles into the rami bronchaloe. (('The branches of the 
bronchi no longer have rings of curtilage like the trachea 
and the main bronchi1))- The bronchial rami enters the

lung / ...........



lung proper where iu further sub-divides until 'the finest 
■branches of the bronchial tree have a diameter of 0.5 
millimetre and less (iubotti P. 129), have no cartilage in 
uhoir walls and are termed bronchioles (bronohuli) and lie 
within the lobules of the lung.

1 Sections of the luns reveal, in the first place, 
the boundaries of the individual lobulos (lobuli pulmonis) 
formed by tha dolicatw strands of connective tissue and, 
secondly, waotionc of the "bronchial rami, and the larger 
vascular branches'. (Sabotta P. 129).

The Bronchial ■Jpithelium (after Polioard^)
The bronohiul epithelium may be described as 

follows; Jrotn the periphery of the bronchi extend inwards
1 a layer of connective tissue cont-iininc elastic muscle- 
fibrec, many gland;;, and blood and lymph-vessels', from 
which extend the; cilia (fine hair-like processes) from the 
tips of which in turn extendi the luy^r of 1 viscid mucous, 
which is driven tov^rdB the mouth by ciliary action, 
carrying with it the dust particles which have adhered to 
it.' (H" P.P. 11 and 12.)

The Alveoli
Thu fineot branches of the bronchial tree 

terminate in the alveoli or air aacs which measure about 
200 - 250 micron in diet. ̂

The alveoli have no epithelium or cilia. The 
oxygen-carbon dioxide exchange takes place alon6* the 
alveolar walls.

Hoavengin^ eella wander along the inner or "air" - 
Bide of the ,walls and any particulate matter which attaches 
itself onto the walls gets removed by these cells»

The /  .......
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The number of alveoli in the normal person is 
estimated at 150 x 106 to 1,000 x 106. ^

The total alveolar wall area is put at 30 to 200 
square metres. ("5" page 40).

Sizes of Cells.
The size of a red blood cell is about 8 micron^’ 

whilst that of a white blood coll is about 10 micron and 
that of a dust scavenging cell (in medical literature 
referred to as phagocytic cells or macrophages) are 25 to 
30 micron in diameter.

2.1.2 At what velocity does air flow along the 
air passages?

The rate of breathing varies from a minimum of 
the order of 5 litres per minute for a normal person at 
rest through 20 to 30 litres per minute during medium 
exercise, to a maximum of about 60 litres per minute at 
severe exercise. Actual tests on the Author* gave 36 
litre per minute during medium exercise. At this value 
the maximum instantaneous breath-rate was 1.5 litres per 
second with an average breath-rate of 1.2 litres per second 
over 30 inhalations per minute.

As indicated above, the cross-section of the upper 
respiratory channels vary greatly and the table below lists 
some of the positions with the corresponding orders of 
cross-sectional areas and orders of inhalation velocities 
at one litre per second

x Conducted by Dr. Margaret Becklake on 
1.6.55., at the then Pulmonary Disability 
Section of tho Qiliooais Medical Bureau.

Position /



Position 
Nasal Entry 
Nasal Vestlbulum 
Nasal slit
Throat (during inhala­

tion)
Upper Trachea 
Trachea

Approximate

1 sq. cm.
2 sq. cm.
1 sq. cm.

5 sq. cm. 
5 sq. cm.
2 sq. cm.

Velocity
1.0 metre/second 
0.5 metre/second 
1 metre/second

0.2 metre/second 
0.2 metre/second 
0.5 metre/second.

Summarising the velocities, one can say that for 
normal breathing during medium exercise, inhaled air flews 
through the upper respiratory channels at velocities which, 
due to the varying croas-aoctional area, vary from a 
fraction to one and more metres per second.

2.1.3 Dust retention and elimination 
The medical terms dealt with below are usually 

used in descriptions of dust retention and elimination and 
it is essential to be familiar with them in order to follow 
medical descriptions on what happens to dust in the lung.

The terms are:
Amoeboid = having no fixed form, but creeping and

putting out pseudopodia.
Leucocito = a white blood corpusclc, one of the 

colourless amoeboid cells oocuring 
in suspension in thy blood-plasma.

Lymph = a colourless fluid flowing from the
alveoli and the air passages back 
into the lung.

Makrophage = a large cell which ingests dust particles.
Phagocitone = the process whereby amoeboid cells remove

particulate matter from the alveolar 
walls.

Medical / ........
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Medical literature on the above subject may be 
summarised as follows:

Particles enter the lung with each inspiration. 
Some are caught by the hair in the nose, some settle on 
the mucus covered walla of the air passages but some reach 
the terminals of the air passages, viz. the alveoli.

A portion of the suspended particles reaching 
the alveoli settles on the alveolar walls, a further 
portion settles o': the air passages as the air is exhaled 
and a portion of thy suspended particles is exhaled again.

Generally speaking, the coarse particles ettle 
out first so that particles larger than 20 micron do not 
easily pass beyond the nose whilct practically all particles 
larger than five micron settle oefore the air reaches the 
alveoli. (Ultra fine particles are also deposited on the 
air passage walls - due to them being in brownian motion).

The particles that become fixed on the alveolar 
walls are removed by cells that wander over the alveolar

These dust-laden cells, called phagocytes, can 
then move in one of two directions, viz.

(a) they may move along the alveolar wall towards 
the alveolar duct where 'the dust-oells 
reach the liquid layer covering the 
epithelium and are swept along by the 
moving superficial layer, and also driven 
by the expiratory air stream1 (Policard 
"1947" P.14)^ to the windpipe, 'being 
subsequently expectorated1 or swallowed, 
(Strachan P.4 ) ^  some duet-celle may also 
drain through this layer into the

lymphatic / ......



lymphatic system (Policard P. 14);
(b) alternatively, the duet-cells 'may move into 

the substance of the lung where they tend 
to become aggregated in certain specific 
sites' (Strachan P. 4). This means that 
the dust jaden cells pass through the 
alveolar walls into the lymphatic system, 

lymphatic capillaries drain from the alveolar 
walla and the air passage walla. The lymph fluids flow 
in thin vessels via the lymph nodes. The duet laden cells 
are transported in this lymph fluid and the dust particles 
are arrested in the nodes and are deposited in the 'lymph 
node reticulum' (Policard "1947" P. 15)•

Two German pathologists, viz., Drs. Gereing and 
Schumacher^, during laboratory experiments, could actual­
ly observe under the microscope, how certain cells, viz., 
leucocites and Makrophages, phagocitosed dust particles.

The leucocites wore observed to move at a rate 
of about 25 - 30 microns per minute whilst the 
makrophages, which are much larger than the leucocites 
moved at about one quarter the rate of the leucocites,
(G. & L>. P.P. 43 and 44).

Gersing and Schumacher states: ((Author's
translation from the German publication)) 'Small 
particles (less than 1 micron) were Invested by cells
with ease' .... 'leucooiteg could on the average
e;. 'elope completely only particles which were not larger 
than 3 micron. Leucocites crawled underneath large 
particles which were then carried on their backs for a 
distance without the particle actually being phagocitosed 
(i.e. enveloped and removed). Particles taken up by

leucocites /   ......



leuoooites were often lost again', (P.46) .........
'Jtekrophages can envelope completely, considerably larger
particles viz. particles up to 10 micron in diameter.....
Particles which were taken up by makrophages were not seen 
to be lost again and there was also no differentiation 
between large and small particles (P. 47)'.

2.1.4 The size range of harmful particles.
In 1913, McCrae^^ reports as follows on the 

proportions and sizes of particles observed in the lungs 
of six cases of miners who suffered from silicosis: 'the
amount of material with diameter less than 1 micron was, 
very approximately, 70 per cent of the whole. No attempt 
was made to measure diameters less than one micron. Many 
measurements were made of the particles constituting the
remaining 30 per cent of the material......  In an
extensive survey of several microscope preparations only a 
negligibly small number of particles was seen whose longest 
diameter exceeded 6.5 micron, and the very longest observed 
was 10.5 micron1.

In 1916 tfatkins-Pitchford and Moir^1^  reports 
as follows on the particles seen in silicotic lungs:
■There appeared to be some selection of particles about 
1 micron in average diameter. The mean of the average 
diameters of 120 particles was 1.2 micron. The great 
preponderance of relatively small particles in the specimen 
examined was indicated by the fact that for every particle 
of an average diameter of 8 micron or upwards there were
2,000 which were smaller. (P. 17) ..........  The great
majority of the quartz particles in such specimens of 
(silicotic) lung-duat are less than 2 micron in diamter; 
none of them have been found to exceed 14 micron, and

particles / ........
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partioles of such a size as this are relatively, very 
rare - say 1 in 100,000.' (P. 16).

Referring to the above disclosures, the Miners 
Phthisis Prevention Committee^2  ̂states:

'The whole outlook on miners phthisis (and 
incidentally on the analytical problems connected with it) 
was changed by the recent ((pre 1916)) discovery of the 
almost infinitesimal minuteness of the silica particles 
retained by miners' lungs. It became obvious that the 
ordinary gravimetric devtirminationa of the total dust 
floating in the air must (whenever large particles are 
present) lead to quite false ideas as to the state of the 
air, since, for example, a single particle of 100 microns 
diameter weighs the same as 125,000 particles of 2 microns 
diameter'. Continuing, the Kiners Phthisis Prevention 
Committee states: ’An important point that emerges from
recent (pre 1916) investigations is that, as a measure of 
the Injurious character of any air brea'hed, the number of 
particles per cubic centimebre is a better criterion than 
its weight, because, 'in the great majority of instances' 
(In South African Gold Mines) 'number of particles of 
"very fine" (i.e. of below 12 microns) injurious dust .... 
exceeds 98 per cent of the total number of particles,'

The Miners Phthisis Prevention Committee^1^  
further pointed out that 'the count of particles only 
referred to those which could be identified with the best 
microscope constructed' (1916), and that 1 there was in 
mine air almost certainly particles of a diameter so small ; 
that they could not be identified by such aid. The *
question whether such particles were also of an injurious 
character could not be answered1 (1916), 1sjnce the problem
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was beyond the limits of any histological examination'.
Mavrogordato ( 1 9 2 2 ) considered this question 

further and said: 'particles which are not susceptible
of microscopic analysis (viz. those below 0.1 micron) are 
within the limits of size of the particles of the physio­
logical colloids which form the milieu interne of the body. 
Chemically inert foreign particles of this order of size 
can hardly do any harm.1

((For purposes of comparison it is interesting 
to remember that the size of a red blood cell is about 6 
microns in diameter)). ,

'Vhen referring to the work of McCrae and 
V’atkins-Pitchford, ulavrogordato stated that he 
■repeated their experiments, both on lungs of subjects of 
Silicosis and on the lungs of guinea-pigs that had been 
experj— ^ntally exposed1 and studied the dust 'by the dark- 
ground method as used with the konimeter, as well as by 
direct illumination1 and that 'there was no appreciable 
increase with darkground illumination' « Hence, he 
concluded that 'the particles were well above 0.25 micron1. 
He pointed out that 'similar studies had been made in the 
States by Smyth and Iszard who particularly mentioned 
that they used darkground illumination as well as direct 
lighting' and that 'they reported that their findings as 
to size distribution of dust particles in guinea-pig 
lungs agreed closely with those of McCrae and of Watkins- 
Pitchford and Moir in human lungs'.

Mavrogordatowas of opinion that 'all the 
evidence, direct and indirect, was against ultra micro­
scopic particles of ailioa conveyed by inspired air, being 
responsible for silicosis' and he concluded: 'Phthisis

producing / ...
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producing dust is the dust of free silica of from one 
quarter to five micron in diameter1.

After considering the lower limit of particles 
to be included in the measurement of dust concentrations 
Wynn^®^ (1952) concluded that there was inadequate 
knowledge of the biological importance of particles 
smaller than 0.5 micron in diameter.

Dawes and Xa^olschmldt^1^  (1956), in summarising 
the pneumoconiosis problem, cox. luded that animal experi­
ments have shown so far that fibrosis was roughly propor­
tional to the surface of fibrogenic dust, but that there 
was an optimum particle size of about 1 micron.

The animal experiments referred to are those by 
King and o t h e r s w h i c h  were based on equal 
weights and equal surface areas of different sized 
particles. Hence, if on the bases of equal weights and 
equ-.il surface area, small particles become relatively 
unimportant, they are even less important on a number

2.1.5 The difference between soluble and 
insoluble substances when inhaled:

In 1923, Mavrogordato^22  ̂ said: 'When we are
dealing with readily soluble toxic particles, these 
ultra-microscopic counts become very important; industrial 
metallic poisoning, for instance, is closely relate 1 to 
them, but the dust of free silica, if it is soluble in 
the tissues, as I believe it to be, is too slowly 
soluble to affect the lungs unless it stays there for 
some time1.

The following explanation by Roach^2^  is of 
interest in this connection: 1 particles whioh have been

deposited / .....
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deposited in the alveoli may remain in the lunge 
indefinitely if they are insoluble, so that the amount of 
dust in a man1s lungs is roughly proportional to the pro­
duct of his age and the average concentration of dust to 
which he has been exposed since birth.

'On the other hand, a relatively soluble dust 
such as lead, is absorbed in the lungs so that it fairly 
rapidly accumulates in the blood, tissues and skeleton, 
and is eventually excreted. The rate of solution 
increases with the amount of material deposited in the 
lungs and the rate of excretion of the material increases 
with the amount in the body, so that under exposure to a 
constant concentration a level of equilibruim will even­
tually be reached when the amount in the body is such that 
the rate of excretion just equals the rate of deposition 
in the lung.

'In contrast to coal and silica, the lead in 
the body is slowly excreted when exposure ceases and the 
lead content usually reaches normal values within about 
18 months (Kehoe, Shamann and Oholak, 1933). Thus the 
amount of lead in the body is determined by the level of 
exposure over the previous 18 months and, to a great 
extent, by that within the previous few weeks.

'The period of accumulation is even shorter in 
the case of harmful gases. 'For example, with a vapour 
such us benzine, saturation of the blood is reached 
within a few minutes; and saturation of the tissues 
is reached in two or throe days'.

'Onco this state of equilibruim is attained the 
amount accumulated in the body is independent of the 
dilation of exposure and if the effects on the men are

non / ......



non progressive the risk to health Is a function of the 
atmosphere concentration and the duration of exposure may 
safely be ignored.

'With materials which are for all practical 
purpodee insoluble, the amount accumulated in the body 
increases steadily at a constant rate proportional to the 
atmospheric concentration. The material remains in the 
lungs more or less permanently, even after exposure 
ceases.'

2.2 Du bb Measurement,
2,2.1 What parameter should be measured, 

mass, surface area or number of 
particles?

Wynn and Dawes^2^  (1952), when considering the 
sice distribution of dust in British coal mines and the 
lung retention of different sized particles obtained 
curves, ((figa. 14(a) and (o) of Research Report No,' 28)) 
which 'suggest that the count in the range 0.5 - 5 
microns as determined from the thermal precipitator is 
valid as an index of the surface of particles less than 
5 microns in the air and also of the area retained in 
the lung (Fig. 14d), and henco of the hazard of the dust. 
In like fashion the count in the range 1,0 - 5.0 microns 
ic- an index of the hazard of the dust, if the hazard is 
proportional to the c-'Urface area of the tiuat in the 
lung'.

The question was further considered by Y/ynn^^ 
(1952) who stated: 'Before mothodo of assessing air­
borne dust concentration oan be discussed, it is nece­
ssary to decide upon ways of describing the concentration 
of airborne dust that are relevant to its capacity to

cause / .......



cause disease. Methods of measuring airborne dust 
concentration which give an approximate estimate of the 
hazard of health of the environment are to be preferred 
to methods of dust measurement which measure purely 
arbitrary parameters. Measurements of dust may be 
regarded as satisfactory from this point of view only if 
they measure a parameter which is approximately propor­
tional to the quantity of dust retained by the lung. This 
may be achieved within the limits of accuracy of existing 
experimental knowledge in a number of different ways.
It has often been postulated that th surface area of the 
dust particles retained by the lung is the most relevant 
parameter, however, for airborne dust clouds in mines the 
number, surface area and weight of dust per millilitre of 
air in the size range 0.5 to 10 microns are roughly pro­
portional so that it is not altogether necessary to assume 
that the total surface area of the dust particles should 
be assessed'.

2.2.2 The "Average" versus the "Peak" 
hypothesis;

In order to decide between these two theories,
B.M. WrighV2^  (195J) considered the mechanism of dust 
inhalation and retention and summarised the position as 
follows: "it appears that there is no definite physical 
or physiological basis for the concept of a threshold 
below which lungs free themselves completely of dust .... 
on the contrary, the lungs would be expected to start 
collecting dust from the first breath, and continue to do 
so throughout their owner's life. We are left then with 
the conclusion that there is nothing in our knowledge of 
the relationship between dust exposure and disease

incidence / ......
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Inoidence, or the mechanism of inhalation and retention 
of dust, to substantiate the ’peak’ hypothesis or to 
conflict with the 'average' hypothesis."

2.3 The Konlmeter.
A vast amount of work has been published on the 

konimeter and it is proposed to record very briefly the 
main conclusions arrived at by others in publications with 
which the author is familiar. Of special interest are 
the disclosures and arguments which led to the introduc­
tion of the konimeter with the microscope system and the 
elide treatment technique of today.

2.3*1 The Kotze konimeter and microscope 
system;

The well known Kotze konimeter was introduced by 
the Hiners Phthisis Prevention Committee^) and has been 
in use since 1916. The microscope s y s t e m ' i s  that 
of a 2/3 inch objective with an ocular magnifying ten or 
twelve times' giving 'a magnification of about 150'.
The light field system of lighting was used, initially, 
making the lower limit of detectibility about & micron.

The present day konimeter dust counting 
microscope has the following specifications;

Eye piece ......... . XI5 Compensating.
Objective ......   16 m.m. N.A. 0.30.
Tube length .......... 160 m.m.
Condensor ............ Abbe N.A. 1.2.
Oondensor Stop  .... 9

Over the years, the Department of Mln.s has 
gradually gone over from the old to the new type.

2.3.2 Dark field system of lighting;
In order to decrease the lower limit to which 

particles could be 'detected, the dark field system of
lighting / .....



TABLE 2.3.1(a) 

THERMAL PRECIPITATOR WORK

Obser­ COUNT a 1000 L.f- X 150 d.f.vation Partioles X 1000 L.F.
in 61.3087m.m.strips

p . p . C . C .

1 752 2770 .75
2 574 2820 .74
3 480 2720 .86
4 382 2370 .89
5 329 2220 .83
6 570 4200 .78
I 205 1260 1.04

329 1630 • 99
109

486 2 1 0 0 .51482 1890 .46
1 1 150 490 .85
1 2 1 2 2 320 .8713 150 540 .9814 213 750 .61
1 1 285 490 .53194 290 1 . 1 2 ku 240 310 .8318 263 740 .8619 236 510 .9213b 300 .83
2 2

278
131

640
440 .951.06323 680 .8024
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Total 22.53Average 0.80 (ed =: 0.03
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lighting was introduced (1923) and in this connection.
A. Mavr-.-’-ordato^0) pointed out that the manner of 
applying the dark field method of counting kontsaeter 
spots would not he found in any text book on microscopy 
and that in fact, all the rules of darkground illumination 
were deliberately ignored, so as to evade the ultra- 
microscopic effect as far rs possible whilst retaining the 
contrast afforded by the dark background. He pointed 
out that it was probably impossible to out out the ultra- 
microscopic effect altogether, but that the counts 
obtained showed that the method followed, went far in that 
direction.

As stated before, the reason for eliminating 
the finest particles was because it was believed that 
ultra-microscopic particles were not injurious. 
Mavrogordato^-^ also pointed out that when working out a 
dark ground technique for use with the konlmeter,
C.g. Gray carried out the following experiment: 1A spot
was examined by the dark ground method which had since 
been adopted on the Witwatersrand1, using a sector micro­
meter, 1 the portion of the spot within the segment was 
drawn sector by sector, the 2/3 inch objective and the 
dark ground outfit were then replaced by a l/l2th inch 
immersion lens, and the spot was redrawn, using ordinary 
direct lighting. The two pictures corresponded, for it 
was found that the dark ground method had not disclosed 
any particles that the immersion l/12th inch failed to 
reveal-, The conclusion, therefore, was that the method 
of dark ground illumination, as used by Sir Robert Kotze 
in connection with his konlmeter, did not reveal ultra- 
microscopic particles, but did reveal all particles down

to / ......



TABLE 2.3.1.(b)

SI2B DISTRIBUTION - AVERAGE OF 28 COUNTS

Size in 
Microna If

Less than
0.2 51.5 100.16
0.23 24.8 48.66
0.46 14-3 23.86
0.64 6.2 9.56
1.J7 1.9 3.36
1.82 .66 1.46
2.40 .27 .80
2.85 .12 .53
:m  9 .12 .414.56 .11 .29
5-7 .11 ,18

Larger than
5.7 .07 .07

TOTAL 100.16 <

t
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to the limit of visibility by ordinary direct lighting.

2.3.3 Lower limit of detectability of the
dark field system as used in 
konimeter •practice;

The lower limit of detectability of the micro­
scope system used Is 1/5 to 1/6 micron.
This size may be determined by conducting size distribu­
tion counts under high power on thermal precipitator 
samples and by then counting the same samples under the 
konimeter microscope system, viz. at XI50 under dark 
field illumination.

The results recorded by the author during such 
a comparison are given in table 2.3.1. The mean ratio 
of the low power count to the high power count came to 
0.80 (for 28 observations). The results all refer to 
rock drill testa.

The size distribution of the dust is depicted 
graphically in fig. 2.1.

The size above which 80$ of the number of 
particles fall, is the lower limit of detectability. As
seen on the graph, this occurs in the neighbourhood of 
0.17 micron. (The exact size is of course not known due 
to the uncertainty of the lower limit of detectibility of 
the high power microscope system.)

2.3.4 Performance of the konimeter:
2.3.4.1 The Miners Phthisis Prevention

Committee/^) in paragraph 37 of 
their Final Report (1919)» submits the results of tests 
with a konimeter with two nozzles in series, which seemed 
to indicate that 'the dust contained in 5 o.c. of air
sampled .... was all caught, if the number of particles

per / .......
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per cubic centimetre was not too high', and that the loss 
probably amounted to 5 per cent or less in samples goin,g 
under 500 p.p.c.c. and to 7 or 8 per cent for double that 
number.

2.3.4.2 Mavrogordato^2) after considering 
five investigations on the efficiency of the konimeter, 
with the method of treatment of the elides and the count­
ing technique then in Vogue (1923) folt that they were 
1 left rather in the air as to the efficiency of the 
konimeter' but he was of opinion that it was not so much 
the absolute efficiency of the konimeter that concerned 
them but that so long as a Konimeter count varied with 
the concentration of 'phthisis'-producing dust, and so 
long as it afforded a means of defining the danger zone, 
it did not matter in the least whether konimeter returns 
accurately represented dust concentrations in the air or

The conclusion of importance brought out by a 
consideration of the whole subject ((by 1923)) was: 1 in
practice, the konimeter yields what one may call a 
"figure of merit" rather than an absolute measure, and 
that this figure would vary within wide limits, according 
to the method of illumination adopted and, to a minor 
extent, with the oboerver1. (P. 39)•

2.3.4-.3 H,S. Patterson^ )  (1937) compared 
the efficiency of the konimeter with that of the thermal 
precipitator 'nd concludeds "for sizes between 5 and 2 
microns there is general agreement between the two curves 
((instruments)), hut below 2 microns the divergence 
increases, until at a size of 0.5 micron the konimeter 
only gives a small fraction".

((In / .......



TABLE 2.3-H.

(Two thermal precipitators were used and kcnimeter- 
samples were taken at one-minute internals over 
a period of 30 isainutes)

Ignition - Immersion - Ignition 
at x 3.50 darkfiold. K/TP

RATIO.
TEST
m .

Average Count in p.p.c.c.

Konimeter

2290
1055
840
340
500
320
425

1300
270
470
390
400

1220
320
170
300
265

270

3100
1555
1170
420
580
430
480

2160
400
590
460
495
2190
630
280
340
265

290

.74

11

Mean 0.76

8
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((In this connection, it should he pointed out 
that the konimeter slides were first immersed in acid and 
then ignited, whilst the thermal precipitator slides were 
only ignited, and this difference was mainly responsible 
f-./r the smaller number cf fine partlcleo left on konimeter 
slides.))

Inability of the konimeter to deposit all 
particles down to the limit of detectibility of the 
konimeter microscope system (which is 1/5 to 1/6 micron as 
shown in section 2.3-3 above) may be demonstrated by 
parallel sampling between konimeter and thermal 
precipitator and by counting the slides of both instru­
ments under the microscope system used for the konimeter. 
An example of such results obtained by the author, is 
given in table 2-3.11- The results were recorded during 
rock drill tests.

As can be seen, the mean konimeter count came to 
about 75# of the mean thermal precipitator count.

Relatively higher concentrations of particles 
on konimeter than on thermal precipitator slides may have 
been responsible for a portion, but not the whole reduc­
tion in konimeter counts.

These tests, therefore, supports the conclusion 
that the konimeter does not deposit all particles down 
to the limit of detectibility of the microscope system 
used.

2,3.4.4 liambracbts^ ^  in 1940, concluded 
as follows from his series of investigations; 'For most 
types of dust likely to be encountered in Witwatersrand 
mines the konimeter has a collecting efficiency almost 
e^ual to that of the Thermal Precipitator. For certain

dusts /  .....



dusts, suoh as ore-bin dust in which aggregates of 
particles are likely to occur, the konimeter may have an 
apparent efficiency exceeding that of the Thermal 
Precipitator> due to the breaking up of aggregates by the 
former1, 1 Generally speaking, the konimeter with the
new (ignition-immersion-igni tiion instead of the Acid- 
Vapour) method of treatment, should give an entirely 
reliable indication of the tiuat risk at the time and place 
of sampling'.

In reply to discussions of his paper, 
Laabrechts^*^ points out that when submitting dust slides 
to the igni tion-iznmereion-i ynition method of treatment 
and counting them under a magnification of XI$0 with dark 
field illumination for both konimeter and thermal 
precipitator, 1 the general agreement between counts 
obtained during a representative number of investigations 
covering such processes as scraping, drilling and lashing,
has been reasonably close  In 1945,
Lambrechts^6  ̂submitted a graph which indicates that for 
counts up to 1,000 p.p.c.c. by thermal precipitator #
XI,000 light field, the konimeter count @ XI50 dark field 
is approximately SO# of that obtained by thermal pre­
cipitator. Above 1,000 p.p.c.c. (by t.p.) the konimeter 
count gradually becomes >i smaller proportion of the 
thermal precipitator count (according to Lambrechts1 
curve) until it is about 4-0# at 5*000 p.p.c.c.

2.3.4.5 Baboon^37  ̂ (1946) compared the 
circular konimeter with the thermal precipitator and 
concluded*. ‘The Konimeter, in correct adjustment and 
with the recommended film of adhesive on the slide, is 
capable of catching up to 90# of the dust (via. the

incombustible / .......
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incombusi'l'ble acid-in-aoluble rock particles) in the air;
  the collecting efficiency of the konimeter begins
to fall only at the finest particles, 0.2 microns in size
and less, .......  it compares very favourably with the
Thermal Precipitator at particles over 0.2 microns. If 
the slides are first ignited before acid treatment, the 
jelly is burnt away and the particles appear to become 
"fixed" to the slide, so that in the subsequent acid 
treatment only a small loss of rock particles occurs, and 
it can be taken that over 90# of the particles remain on 
the slide; The visibility of particles with dark field 
illumination vary with the density of the spot and the 
resulting scattering of light, ....... the heavier the
spot the lower the visibility, but even in samples of
1,000 p.p.c.c. counting efficiencies of over 60# may be 
obtained, provided the spot is well formed; For spots 
up to 500 p.p.c.c. the counting efficiency may be taken
as 70# without serious error; ......  the overall
efficiency of the circular konimeter (i.e. the one having 
a £" straight cylindrical jet) with the ignition first 
technique, is:

0.9 x 0.9 x 0.7 = 60#.1
((It is generally accepted on the Witwatersrand, 

that for routine purposes, there is not a significant 
difference between the results recorded by the circular 
konimeter and the Kotze konimeter.

The main difference between the two konimeters 
being the cylindrical jet of the circular konimeter as 
against the l£" tapered jet of the Kotze konimeter.))

2,3.4.6 Davies. Aylward and Leacy^ ’̂
(1951), when comparing a Kotze konimeter with a thermal

precipitator / .....
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precipitator and when using coal dust that had been 
allowed to settle for one hour, found that when glycerin 
jelly was used, the Kotse konimeter agreed well with the 
thermal precipitator for particles between 9 and 2 micron 
in diameter but over estimated the number of smaller 
particles.

This over estimation of smaller particles was, 
under the conditions of their tests, not attributed to 
chattering of large particles but to disaggregation of 
particles, especially that of small particles being pulled 
off large particles during the acceleration of the 
particles at the intake end of the konimeter nozzle.

Their experiments also indicated (P. 382) that 
a velocity which was below 200 m/sec. did not cause fine 
quartz particles to fracture on impact.

2.3.4.7 Beadle^  (1951) when comparing the 
circular konimeter with "immersion first" treatment of 
slides against the thermal precipitator with "ignition 
first" treatment of slides concluded: 'The collecting
efficiency of the konimeter is found to depend to a 
large extent on the size distribution of the dust sampled,
and also on the concentration......... With a low
concentration of coarse dust the konimeter appears to 
have a high efficiency and sometimes gives counts 
significantly higher than the thermal precipitator, due 
possibly to the breaking up of aggregates or large 
particles. With fine dust the efficiency is low, and 
becomes still lower with higher concentration.'

2.3.4.8 Hasenclever^^ (Bonn, Germany,
1955) compared the Sertorious

Konimeter with tho thermal precipitator for particles

above / ..........
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above 0.7 micron. Tests were conducted in freshly 
generated quartz dust clouds where the coarse particles 
were given a chance to settle out, so that particles 
above 10 micron did not form more than 0.1$ of all 
particles.

With similar microscopic magnifications, the 
konimeter + thermal precipitator count, for less than five 
micron particles varied between 0.84 and 1.32, with a 
mean of 1.07. Six testa were conducted- (P, 427). 
Haaenolever also submits graphs showing konimeter end 
thermal precipitator counts that were taken in various 
types of dust viz., in ceramic industries, asbestos 
industries, a "workshop" and a lead factory. In spite 
of the variety of duets and the great differences in the 
dust concentrations the assessments of the two instru­
ments agreed well with each other.

Haaenolever concluded that provided a sufficient 
number of konimeter samples were taken within the sampling 
period of the thermal precipitator, one might put the 
konimeter value for particles over 0.7 mioron equal to 
that of the thermal precipitator, + 15$. He also 
concluded that with a coarse dust, on account of the 
difference in the principles of opera si on of the two 
instruments, it could bo expected that the konimeter 
would give a higher count than the thermal precipitator; 
and that for dusts with 87$ to 100$ of the particles 
less than 5 micron and where larger than 20 micron 
particles were absent, tho figures of the two instru­
ments were comparable.

2.1.4.9 Koaber1- ^  (1957, Germany), 
discusses in detail the theory underlying dust measurement

by / ......
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ty konimetry. He points out that ideally, a konimeter 
should really sample continuously but that nevertheless, 
a well designed hand konimeter was very suitable as a 
routine dust measuring instrument, that it was an 
excellent instrument for measuring fine dust and that it 
incorporated a maximum number of advantages. ((He was 
satisfied that dust in the size range 0,5 to 5 micron was 
the dust to be measured for hygienic purposes.)) He was 
also of opinion that the unfavourable judgements often 
made of the konimeter from comparison tests, was related 
to the fact that the types of konimeters used were not of 
the most suitable design and also that the individual 
konimeter samples were not :iken at sufficiently short 
time intervals. ((He specifically refers to Beadles^ 
and Ferry, J?arr and H a r t m a n ' w o r k  in this respect.))

2.3.4.10 Summ&_ and comments: In view of
what has been said about the performance of the konimeter, 
it is evident that the suitability of the konimeter 
depends on the characteristics of the dust clouds in which 
it is used.

There are three main factors which influences 
the performance of the konimeter. '.hey are; (1) the 
ease with which particles are fractured, (2) their 
concentration and (3) their size distribution.

The konimeter is suitable to measure hard, tough 
particles of low concentration and of medium size 
distribution.

The particles to be measured in Witwatersrand 
mine duat are mostly free silica and silicates, which, 
when below 20 micron, do nob appear to fracture under the 
conditions of konimeter sampling.

In /   .....
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TABLE 2.4.1.

v ... .  0* Tmmo mmm or im  owas
(43)

Years of Service.
Number of New Cases Detected

During
1924-25to
1928-29

During
1946-47
1950-51

Upto 5 
" 10 90

1
5

" 15 160 23
" 20 30 53
" 25 62
" 30 - 39

- 26

TOTAL 293 209

The results of the above table are represented 
SiagramRfcically in figure 2.5-

TABLE 2.4.II,
TBJiJtS OF SERVICE VERSUS SILICOSIS RESPONSE.^3)

Silicosis in the^firat stage per

Years of 
Service. During

1924-25to
1928-29

During
1946-47to
1950-51

Upto 5 
" 10 
l! 15 
" 20 
" 29 
" 30 

More 
than 30

0.67
22.1
57.1
74.9
41.3* 

_ *

0.07
0.67
4.29
21.6
57.7
86.2

133

« Cohorts too small for flgu- son̂ ative. ea to be repre-

3#:

6as? U: 2 Jis« St!.

S E

' 4

C ’
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In V/ltwaterarand mines, dust concentrations are 
low. Moat samples taken are below 200 p.p.c.c. whilst 
500 p.p.c.c. are exceptional. Underestimation due to 
high concentrations can, therefore, not have a large 
effect on the mean count recorded.

The mean size distribution of the incambu-etible, 
acid insoluble particles sampled, lies somewhere between 
that of drilling and that of ore bin dust.

The number surface area and volume 
distribution with respect to size of these two dusts are 
depicted in figures 2.2, 2.3 and 2.4. The figures 
contain cumulative curves for number, surface area and 
volume of particles against particle size. Beadle 
and Lambrechts^^ showed that the konimeter tends to 
over sstimate for a coarse dust as compared with its 
efficiency for a fine dust.

Figures 2.2, 2.3 and 2.4 reveal that for equal 
number concentration of particles breathed, a larger 
volume, a larger surface area and even a larger number of 
particles is likely to be retained in the alveoli when 
coarse dust (by South African gold mining standards) is 
inhaled than when fine duet is inhaled. ((In computing 
the proportions retained in thu alveoli, Brown's^2  ̂
alveolar retention curvt was used.)) In being more 
efficient for a coarse than for a fine dust, the konimeter, 
therefore, errs in the right direction.

2.4 General correlations) between konimeter counts 
and silicosis.

A3 pointed put by Lambrechtie<-34* in I'MO: 'the
konimeter hua been very closely associated with dust
control in Witwaterarand mines since 1916 and the method
of using it has undergone var-i ous changes. Yet it has

always / .....



TABUS 2.4.Ill
(43)SI1I00SIS RESPONSE AGAINST CALENDAR YEARS.

Period
Mid

Point.

Cases per Thousand
Period 5 to 10 10 to 

years
15 15 to 20

1923-24 to 1927-28 1925 24 64 8?

1926-29 to
1932-33 1930 7.4 31 44

1935 1.3 13 41
1938-39 to 
1942-43 1940 1.1 7.2 38

1943-44 to 
1947-48 1945 0.7 6.0 23

1946-47 to 1950-51 1948 0.67 4.3 22

See Figure 2.7.



15 to 20 
years

8?

44

41

38

23
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always been accepted that on an average the konimeter 
does Indicate, even if only very approximately, the 
silicosis risk to which persons are exposed underground, 
and it can be claimed that in general, actual results as 
reflected by silicosis Incidence rates, have borne out this 
assumption,1

In the following sections this "agreement11 is 
considered in greater detail.

2.4.1 Reduced dust concentrations versus 
reduced silicosis hazard.

The reduction in dust concentration at six 
strategic points is depicted graphically in figure 3.7 
whilst the reduced silicosis hazard is illustrated by the 
following indices<

(a) Increase in the underground service before
contracting silicosis,

(b) Decreased silicosis response, of similar
service cohorts (of later years as compared
with earlier years).

(c) Decreasing silicosis response with calendar
years.

2.4.1(a) Increase in underground service 
before silicosis is contracted.

The change that took place over about 20 years 
is evident from the results in table 2,4.1 which is 
depicted graphically in figure 2.5 which contains two 
frequency histograms of the "new" cases of silicosis 
against years of service for two calendar periods. The 
figures show that whereas the majority of "new" cases had 
about 12 years service by the late '20s, the majority of 
new cases had about 22 years service by the late '40s.

((During / ....



t(During the earlier period the "new" cases were 
termed the "ante-primary stage" whereas hy 1940, the "new" 
cases were termed "first stage" but the two stages are 
comparable in degree of silicosis.))

2.4.1(b) Decreased silicosis response:
Silicosis responses, for two periods which are 

22 years apart, are submitted in tab.'.e 2.4.II, and depict­
ed in figure 2.6. The two curves give the silicosis 
response (as measured by the number of cases with 
silicosis per thousand) against years of underground 
service. The two curves are for the two periods 1924 - 
1929 and 1946 - 1951. The two curves demonstrate the 
lower silioosie response for equal years of service, 
during the later than during the earlier period. Bg., 
whereas by the late nineteen twenties about 55 men had 
silicosis out of every 1,000 with 12 years service, only 
5 had silicosis by the late nineteen forties.

2.4.1(c) Falling response with calendar years: 
The decreasing silicosis response is revealed by 

the results in table 2.4.Ill, which is graphically 
illustrated in figure 2.7. Three main service co-horts 
are considered vis. the 5 - 1 0  years, the 10 - 15 years 
and the 15 - 20 years service groups.

((For purposes of comparison, the mean dust 
curve obtained for: the botuoms of intake shafts, main
intake airwayo, stopea, and development ends combined, 
is also shown in figure 2.7.))

As can be seen, the silicosis response came 
down more or less in sympathy with the dust concentration.

2.4.2 Exnosure-ResponseB.
In a paper on "permissible dustiness" Hatch 

(1955) said: "systematic studies of health hazards in
the /  ....
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the dusty trades have demonstrated a direct relationship 
between
(a) the magnitude and duration of duet exposure and 
(t>) the incidence and rate of production of dust disease. 
For separate industries, the findings have indicated that 
tolerable dust concentrations exist, below which disabling 
dust disease does not develop (in the absence of 
tuberculosis) over a normal span of working life. At 
such levels of dustiness the probability of silicosis 
developing, even in its earliest and non-disabling stage, 
is low.11

Hatch followed Hoachs1 method of obtaining 
an exposure-response curve and plotted such a curve, on 
log-probability paper, for the South African gold miners 
(the data coming from the Report of the Silicosis Medical 
Bureau for the year March, 1951^4^)» 2his plot, based
upon yearly examinations of 25 - 30,000 individuals, *>-iwb 

the progressive development of silicosis in several 
"generations" of underground workers whose periods of 
employment began at various times prior t; 1950 back to
1920,  ..... He submits graphs on probability paper
which reveal a linear relationship between accumulated 
exposure and the proportion with silicosis.

Zhe dust exposure is expressed as a maos concen­
tration viz., in milligrams per cubic metre, as determined 
by means of the sugar tube. He points out that: 'the
different experiences of the several generations in 
respect to the development of silicosis fall on the same 
line when the "Jose" is expressed as the product of 
concentration and years of exposure1.

The sugar tube results which Hatch used are 
depicted graphically in figure 2.8, and for purposes of 

comparison /  ..... .



mis 3.1.1.
•(1952)

DESCRIPTION OF SAMPLE

1. Air entering down­
cast shafts at 
surface.

2. At shaft loading box 
platform in downo&et 
shafts -
(1) Vertical
(2) Incline

3. Air leaving downcast 
shafts before passing 
tipping stations

WORKING
POIKT

5. Other tipping stations
6. Air In main intoke %ir« 

ways away ^roo downcast

?. Stopes (including 'back-I 3,262 
etopeii).

, Development endc-
(1) Drives and 

crosscuts,
(2) Vimes
(3) Haloes

9. Shaft sinking ..
(1) Vertical
(2) Incline

10. At shaft loading 
box platforms in 
upcast shafts - 
(1) Vertical
(3) Incline

11. Upcast shaft 
stations) during 
hoisting of thlfts 
after blastlrjg.

12. Main return airways.

13. Air leaving Upcast 
shafts at surface,

14. Other samples

m m
82 17,97.1147 7.626 34.028 Li4

260 160 
124 112

S.* Humber of Spots.
0.* Average count in P ,p,0t0m

3,870

2,318

889 1,120
2,488

S '

Ill

5 5 ,



comparison, the konimeter results for six strategic under­
ground points of Witwatersrand mines are also depicted in 
figure 2,8. Ae can be seen, the konimeter results varied 
in a manner similar to that of the sugar tube results used 
by Hatch, and hence, it seems logical that a similar 
relationship will be obtained if konimeter results are 
used instead of sugar tube results,

3, TEE MAIN INVESTIGATION.
3,1 The dustiness of mine air at a number of 

strategic points.
The result'3 of konimeter samples taken during 

routine underground inspections by Government Inspectors 
of Mines are published in. the Annual Reports of the 
Government Mining Engineer.

Table 3.1.1, is a copy of the form in which the 
results are published. As can be seen the number of 
samples and the mean counts at specific classes of under­
ground points are given. ((Tabic 3.1-1 are the results 
recorded by the Department of Mines in 1952)).

The Transvaal and Orange Free State Chamber of 
Mines also published results of konimeter dust determina­
tions as recorded by officials of the mining industry but 
the author decided to base this investigation on the 
results recorded by the Mines Department only.

The main reasons for this decision are as follows: 
.1 the author is more famili .ir with the data 

recorded by the Mines Department than those 
recorded by the Chamber,

.2 all the mines did not always submit returns 
to the Chamber) eg., in 1936, returns were 
submitted by only 24 vut of the 35 working 

mines / .........
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.3 the Chamber of Mine a stopped publishing 
results of dust determinations by 1950,

.4 the different mines did not always use the 
same treatment technique, eg. in 1936 1 some 
mines used acid treatment whilst others used 
other treatments',

.5 only by 1950, did the Chamber change over
from immeralon-ignition to ignition-immersion- 

ignition treatment whereas the Mines 

Department changed to the latter method as 

early as 1942,

.6 the konimeter samples taken by the Chamber 
were not cast in the same classifications aa 
those of the Department of Mines which would 
make a combination of the two sets of data 
very difficult. Although the Chamber's 
figures were based on a much larger number 
of samples, it classifications were not 
suitable as the Department's for an investiga­
tion such aa the present one.

.7 In view of the above, it was doubtful whether 
the time and labour necessary to combine the 
Chamber's results with those of the Department 
would warrant the probable improved accuracy 
of the estimates.
For the purpose of this investigation it was 

avoided to use the results recorded at the six strategic 
points mentioned below as indicators of the underground 
dust conditions.

She six points are:



.1 Air entering downcast shafts at surface,
((referred to as point "1" in table 3.1.1.))'

.2 Air leaving downcast shafts before passing 
tipping stations ((referred to as point "3")).

.3 Air in main intake airways away from downcast 
shafts ((referred to as point "6")).

.4 Air in stopes ((referred to as "7 working
point".))

.5 Air at development end faces ((referred to 
as "8 working point")).

.6 Air in sinking shafts ((referred to as "9 
working point")).
The other points given in the table were not used

on account of one or more of the following reasons:
(a) They only show where dust is produced, eg.,

(i) At shaft loading box platforms
(classifications 2 and 10);

(ii) At tipping stations (classifications 
4 and 5);

(b) The points cannot be associated with specific 
occupations, eg.,
(i) Main return airways (12),
(ii) Air leaving upcast shafts at surface (13);

(o) The claaalfioations were introduced compara­
tively recently such as "intake air" and "return 
air" in stopes, development ends and sinking 
shafts.

(d) The classifications represented exceptional 
conditions, eg., at upcast shaft stations 
during hoisting of shifts after blasting.

Note: The present form of the table was introduced in

1940 / ....
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1940 and was an expansion of the first form which was 
introduced in 1931. The main alteration consisted in 
classifying separately, samples that were taken in intake, 
working point and return air of stopee, development ends 
and sinking shafts.

Note on development ends (classification "8"):
As can be seen in table j.l.I the results that 

were recorded in the three main classes of development 
ends vis. (1) drives and crosscuts, (2) winzes and (3) 
raises, were recorded separately in the annual reports.

For the purpose of this investigation, however, 
the results of these three classes of working places were 
combined into a single figure. The reason for this being 
that on the records of service of mine workers, no 
distinction is made between the various types of 
development work done by them. The relative weighting 
of the three counts was considered and it was decided that 
the proportions in which the number of spots were taken 
in the three classes of development ends will roughly be 
the same as the proportions of the time that developers 
spend at the faces of the three classes of ends.

A criticism of this estimate may be that an 
Inspector of Kines will not climb up a raise if he can 
help it but, the counter argument is that a developer 
will also not do so unnecessarily.

The mean proportions in which spots were taken 
in the three classes of developmend ends over the period 
1931 to 1950 were approximately 66* in drives and cross 
cuts, 11* in winzes and 23* in raises.

Sinking Shafts:
The counts recorded in vertical and inclined

shafts / .........



UNDERGROUND POINT Met
Count.

At Top of Downcast Shaft .1 40 p.p.o.o.
At Bottom of Downcast Shaft .3 60 p.p.o.c. -
In Main Intake Airways .6 85 p.p.o.c.
In Stopeg .7 150 p.p.o.o.
In Dev. Ends .8 150 p.p.o.o.
At Sinking shaft bottoms .9 180 p.p.o.o.



shafts were also combined into one figure. The reason for 
this being that no distinction is made on the records of 
service of mine workers between employment on vertical and 
employment on inclined shaft sinking.

The mean ratio of the numoer of spots taken in 
vertical to that taken in inclined shafts for the period 
1931 - 1950 was approximately 55 to 45 and for the purpose of 
arriving at a mean count, the two working places were 
weighted in this proportion.

((A very small proportion of underground time of 
the cases which qualified for investigation was spent on 
shaft sinking, so that large errors with respect to shaft 
sinking would affect the final result to a relatively small 
extent.))

The annual mean counts recorded between the 
years 1931 and 1955 at each of the above six classes of 
points were analysed.

"Best estimates" of the dust concentrations at 
these points by about 1950, are summarised in table 3.1.II.

3,2 The variation in the dust count of mine air 
with calendar years.

lo be able to estimate the v-.vintion of the dust 
count with calendar years, it was necessary to estimate as 
accurately as possible, the effects of the various 
techniques introduced over the years.

This was done by analysing the results recorded 
for each period during which the dust determination 
technique remained unaltered. A significant difference 
in the count between the end of one period and the 
beginning of another was assumed to have been brought about 
by the change in the technique.

The / .......



TABLE 3.2.1' 
irn m m m m ,  K A M 8  «  ,

Humber of Mean
Year. "P*t" Count.

1931 375 54 pvpvc.o
205 59 "

3 422 37 "
4 776 32 "
5 722 21 "
6 1,236 13
7 662 28 "
8 730 28 "
9 510 30 "

19-:̂ 241 24 "
i 240 26 "
2 310 33
3 282 24 "
4 180 24 "
5 260 30 "
6 260 29 "
7 240 32 "
8 160 32 "
9 376 ■ 38

1950 506 41 "
1 166 37 "
2 192 45 "
3 160 38
4 236 36 "
5 308 40 "

6 316 30 11
7 272 50 "

TOIAIi 10,093

s Statistical analyses were done of the
suits upto 1955 only.
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The results recorded at the six strategic 
points selected, are given in tables 3,2.1 to 3.2.VI.
As can be seen, records are available since 1931.

The technique of treating the slides prior to 
counting was changed three times whilst the method of 
classifying the results recorded at three of the six 
points was changed once.

Furthermore, during this period there was also 
a gradual change over in the type of microscope used.
Some Inspectorates still use the old type. Had the 
change over been complete and over a short period, there 
would probably have been a noticeable small increase in the 
mean counts but having been gradual and incomplete, it is 
not possible to test the effect of the change over and it 
was therefore ignored.

The following table details the various 
techniques in vogue since 1931:

Period. Treatment.
1931 - 1941 Acid Vapour.

1940 and onwards. Intake, working point and return air
samples taken in stopes, development 
ends and sinking shafts, classified 
separately.

1942 - 1940 Ignition-immerslon-ignition.
1949 and onwards. "1$ vaseline in xylol"

« The "1# vaseline in xylol" did not replace the 
ignition-immerslon-ignition treatment but introduced a 
more refined method of obtaining the adhesive film.
Prior to 1949, the adhesive film was obtained by rubbing 
a speck of glycerine Jelly on the slide with the finger.
The altered method resulted in an improved field.

3.2.1 / .....



TA3LB 3.241'

tear
Number of 

Spotg- County

1931 355 74 p.p.O.o.
461 152 "

1,361 64
4 609 87
5 337 84
6 741 64
7 936 64
8 2,705 43 "
9 1,323 55

1940 922 51 "
1 542 46 "
2 532 68 "
3 698 59
4 440 56 "
5 512 60 "
6 710 55 "
7 612 55 "
8 596 58

1,230 57
1950 946 73

1 676 59
2 528 59 "
3 384 52
4 548 50 "
5 544 60 "

6 444 60 "
7 622 70 11

TOTAL 20,314

Statietioal analyses were done of the :suite upto 1955 only.
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3*2.1 Some features of the recorded dust counts.
3.2.1.1 Degree of bias: On the question

of whether the results recorded by Inspectors of Mines 
are biased, a paragraph in the Government Mining Engineer 
Annual Reports around the 1936 period is of interest and 
will therefore be quoted, but it should be pointed out 
that this statement was specifically applicable to the
1936 period and almost certainly not applicable to the 
same extent during later periods as far as the proportion 
of samples taken in bad places are concerned.

The statement reads as follows:
"Though the samples, a large number of which 

are obtained in the course of inspections where conditions 
are suspected or definitely known to be bad, are not 
taken on a planned, well-balanced system, and consequent­
ly do not represent the average conditions in the mines, 
they are sufficiently numerous and well-distributed to 
give an indication as to the conditions.

One of the main reasons for taking dust samples
is to "smell" out places with unsatisfactory dust condi­
tions, and having found them, to keep on taking samples 
there until conditions are satisfactory. Hence, if 
there are two places to choose from, an Inspector will 
be inclined to go to the place whore poorer conditions 
are suspected or known to exist.

On the other hand, the Inspector of Mines has 
not always got such a choice, because it is expected of 
him to take a certain minimum number of spots every month. 
Being kept very busy on other duties, he can not always 
choose where to go to, but mostly has to take dust 
samples m  places where his routine inspections lead him.

On / .....



TABLE 3.2,111.
AIR IN MAIN INTAKE AIRWAYS AWAY FEQM DOWNCAST 

SHAFTS.

1931 166 202 p,p ,c
2 308 149
3 152 n o
4 519 181
5 129 105
6 476 78
? 798 102
8 1,665 147
9 1,078 59

1940 525 97
1 266 71
2 460 96
3 456 t;4
4 488 83
5 624 108
6 358 76
7 432 738 540 69
9 1,522 87

1950 1,656 811 624 73
616 88

3 272 674 438 50
L -- 576„ 110
6 468 90

708 90
TOTAI 16,391
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On the whole, therefore, the author is of the opinion 

that the vast majority of dust sample3 taken, are 

unbiased.

Hence, the results recorded at different 

classes of underground places over the same period, may 

"be compared. Similarly, the results recorded over 

different periods at the same class of place, may be 

compared, provided the dust assessment technique did not 

alter, and if altered, was allowed for.

3.2.1.2 Lines of best fit: To estimate the 

variation in the dust count at a particular class of place 

over a particular period, the mean annual counts recorded 

at that class of place were plotted against calendar years, 

and the lino of best fit to the plots found according to 

the method of least squares.

For the purpose of this inve •M.gation, the 

annual counts were treated as if they were drawn at 

random from a normal population. To allow for the 

assumed small but unknown amount of bias, a significant 

difference was not deoided at the usually accepted 95# 

level of the t-diatribution, but at a higher level viz. 

the 97.5# level. (For development work there existed 

additional uncertainty and to allow for this additional 

uncertainty, decisions were made at a still higher level 

namely at the 98# level.
3.2.1.3 The three periods of steady 

conditions: As stated before, there

were three pariodo dvring each of which the dust 

assessment technique remained practically unchanged.

They were:



Y»r

3.2.1V

Count.

1931 1,278 271 p.p.c.o.
1,790 240 "
1,094 193 "
2,314 163

5 2,171 168 "
6 4,119 138
7 6,418 124 "
B 8,047 125
9 6,828 145

1940 1,976 164
1 1,674 135 "
2 1,914 164 "
3 2,894 149 M
4 3,744 156
5 3,828 153
6 3,404 137
7 4,546 139
8 7,968 144 "
9 9,442 151

1950 8,272 136
1 6,984 154
2 9,914 148
3 7,664 142 "
4 7,000 164 "
5 „ 5,688 _1§0___
6 5,888 140 "
7 5,372 150 "

TOTAL 132,731
Statiatical analyses '
suits upto 1955 only.

I
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-.1 1931-1941*
.2 1942 to 1948.
.3 1949 and onwards.
x As stated above, an altered classification was 

introduced in 1940 when a distinction was made between 
dust samples taken in intake, working point and return air 
of points "7"f "8" and "9", and only 2 years later, via., 
in 1942 was the ignition-inmersion-ignition technique 
introduced, so that in the case of stopes, development 
ends and shafts, a difference between the first and the 
second period was due to the combined effect of these two 
changes.

In the analyses that follow, the periods will be 
considered in the reverse order, because it is the inten­
tion to extrapolate the results of earlier techniques to 
results that would have been recorded had the present 
technique been in vogue.

Significant differences between the lines of 
beet fit estimates, for the same point, and for a 
calendar date at which a change was introduced, was 
assumed to have been brought about by the change.

3.2.1.4 The difference in the annual
number of snots taken per point: 

Although the annual number of spots taken at each class 
of working point varied considerably, it did not prove 
worth while to weigh annual averages according to tee 
number of spots taken.

3.2.2 The counts recorded at the six selected 
points;

3.2.2.1 Air entering downcast shafts; The 
results recorded are depicted in figure 3.1.

3.2.2.1.1 / ..........



TABLE 3«2.V.

Year

1931

>men? ends. 
Kuiaber of County

859 348 p.p.c.c.
1,362 295
1,4-04 346
2,526 235
2,122 159
5,006 150 "
7,098 177
5,997 159
7,H4 166 "
2,176 193 "
1,450 177 "
854 183 11

1,526 191 "
2,044 178 "
2,331 158
2,764 177
3,026 133
3,924 165 "
4,854 134 "
4,266 131 "
3,700 166 "
5,150 143 "
2,660 153 "
3,320 153 "_ 3*200 151
2,936 H 5
1,986 140 "

84,885
were done of the
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3.5.2.1.1 Period 194-9 to 1955: There 
is no statistical evidence of a change in dust count at 
this place over the period 1949 to 1955. The mean count 
recorded was 40 p.p.c.c.

3.2.2.1.2 Period 1942 to 1948: There 
is again no statistical evidence of a change in dust count 
over the period 1942 to 1948. The mean count recorded 
was 29 p.p.c.c. There is, therefore, a difference of
11 p.p.c.c. between the means of the two periods. The 
difference reached the 99.90 level of the t-distribution 
which was considered significant and attributable to the 
improved method of applying the adhesive film.

3.2.2.1.3 The 1931 to 1941 period: As 
they stand, the observations suggest a change at about
1937 both in count and in trend, but, as there is no 
knowledge of a change or a reason for the altered trend, 
one straight line was fitted to the results. A more 
refined method than a straight line, was considered but
it was not felt worth while.

There is no statistical evidence that the change 
which was introduced in 1942, affected the results 
recorded as point "I". There is statistical evidence of 
a lowering of tho dust count over the 1931 - 1941 period. 
(There is therefore, evidence that downcast air was 
contaminated during earlier years.)

3.2.2.1.4 Allowing for the 1948 change: 
The question of whether the effect of the 1948 change 
would be proportional to tho count or to a constant 
increase of 11 p.p.c.c., was considered and the latter 
favoured on account of the fact that the change caused
an improved field.

The / ......



289 p.p.o.c. 
188
250 "
364 
211 "
163 
168 "
2 0 2 11

135
156 "
187 
201 "

146

1931
148
170
144
472
456
390
765
344
188194

114
142
108
134
104
168
248
609
410
224
336
168
254

342
124

122
138
121
163
183
159
159
258
429
239

M L

140
120

1950

TOTAL

k Statistical analyses were done of the 
reoulta upto 1955 only.

!
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Thp 1931 - 1941 line of beat fit, estimates the 
count for point “I" by 1931, at 45 p.p.e.o. With 11 
p.p.o.c, added, the count for that time is brought up to 
56 p.p.o.c. To summarise, the dust count of the air at 
the top of downcast shafts is estimated to have decreased 
from roughly 56 p.p.o.c. by 1931 to about 40 p.p.o.c. toy
1940 at which level it remained constant up to the present

3.2.2.2 Air leaving downcast shafts
before passing tipping stations - 
see fig. 3.2.

This position in the mine is referred to as
point "3"•

3.2.2.2.1 Period 1949 - 1955: There
is no statistical evidence of a change in the count at 
point «3" over the 1949 - 1955 period, and the mean for 
the seven years is estimated at 59 p.p.o.c. with a 
standard deviation (s.d.) of 10 p.p.o.v,

.2 Period 1942 - 1948: There
is also no statistical evidence of a change in the dust 
count over the 1942 - 1948 period and the mean count is 
estimated at 59 p.p.e.o. with a s.d. of 3 p.p.o.c. There 
is no difference between the two means and, therefore, the 
two periods were combined.

.3 Period 1942 - 1955: The
mean for the combined periods comes to 59 p.p.o.c. with 
a s.d. of 3 p.p.o.c.

.4 Period 1931 - 1941: For
thl. ,.t of r«sult» th. log timioforaatlcn O..O.0 bott.r
and it was, therefore, applied.

There-is statistical evidence that the dust 
count / ..... .
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count was reduced during this period, viz. from an 
estimated value of 100 p.p.c.c. by 1931 (by the pre 1942 
technique} to 45 p.p.c.c. by 1941.

.5 Effect of the 1942 change: 
There la statistical evidence that the counts recorded at 
thia point was increased by the change introduced in 1942 
via., from 41 p.p.c.c. to 59 p.p.c.c. which represents an 
increase of 44#.

It is reasonable to assume that this effect 
would be proportional to the count so that the estimates 
for all years prior to 1942 should, for this point, be 
increased by 44#. Hence, at this point the dust count is 
estimated at 144 p.p.c.c. by 1931.

3.2.2.3 Air in main intake airways away 
from downcast shafts - see fig.
3U-

3.2.2.3.1 The 1949 - 1955 Period:
There is no statistical evidence of a change in the dust 
concentration during the 1949 - 1955 period and the mean 
for the period is estimated at 84 p.p.c.c,, s.d. = 5 
p.p.c.c.

.2 The 1942 - 1948 Periods 
There is again no statistical evidence of a change in the 
dust concentration during this period and the mean dust 
count is estimated at Ql p.p.c.c., s.d. 6 p.p.c.c. The 
difference between the means is not significant.

.3 The 1942 - 1055 Period: The
hypothesis of a change in dust count with time, was 
rejected on a visual examination of the plots of mean 
counts against calendar years (see figure 3.3). The mean 
dust count for the combined period is 83 p.p.c.c. with a

s.d. /     .....



a.a. of 4 p.p.c.c.
.4 Thr 1931 - 1941 Period;

There is statistical e,  ̂of a reduced dust concen­
tration over this perio-' , from an estimated count 
of 16? p.p.c.c. by 1931, to one of 76 p.p.c.c. by 1941, 

Effect of the 1942 change: The hypothesis of an 
effect could not be proved statistically and was, there­
fore, rejected.

The slope of the 1931 - 1941 line was found 
significant and because of this, the results of the two 
periods were not combined. A sunmr.iy of the variation 
with calendar years of the dur-t count at point "6" is: a 
, eduction from about 163 p.p.c.c. by 1931 to about 80 
p.p.c.c. by 1942, where it remained constant.

3.2.2.4 Air in stores - see figs. 3.4(i), 
(11) and (iii).

3.2.2.4.1 The 1949 - 1955 Period:
There is no statistical evidence of a change in the dust 
content over the 1949 - 1955 period and the mean for the 
period is estimated at 149 p.p.c.c. with a e.d. of 3 
p.p.c.c.

.2 The_l!42_-JIQA8_Period :
Once more, there is no stctj clj cal evidence of a change in 
dust count over the 1942 - 1948 period and the mean count 
comes to the same value as the one for the 1949 - 1955 
period.

.3 The 1942 - 1955 Period: The 
hypothesis that there was no change during this period 
seemed reasonable and n statistical analysis did not lead 
to its rejection. The mean dust count is estimated at 
149 p.p.c.c. with a s.d. of 2 p.p.c.c.

At / ........
* Point "6" = air in main intake airways away from 

downcast shafts.
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At this stage it was noticed, that the 1940 and
1941 results could reasonably be considered as belonging to 
the 1942 - 1355 population rather than to the 1931 - 1941 
population.

There is justification for this step because 
there was a change of classification in 1940.

.4 The 1940 - 1955 Period: In­
cluding the 1940 and 1941 results in the 1942 - 1955 set of
results cause no change in the estimate of the mean count 
of 149 p.p.c.c. Its s.d. comes to 3 p.p.c.c.

• 5 The 1931 - 1919 period:
Over this period, the logarithms of the counts approximate 
more closely to a straight line than the normals of the 
counts and, thsrefore, a straight line was fitted to the 
logarithms of the counts (see fig. 3-4(ii)). There is 
statistical evidence that the count decreased over this 
period viz. from about 240 p.p.c.c. by 1931, to about 120
p.p.c.c. by 1939 (pre 1940 technique).

.6 Combined effect of the 1940 
and 1942 changes; This « 

estimated by comparing the 1931 - 1939 results wit*
1940 - 1955 results,

i'he effect was to increase the count by about
21$.

The proportion of the number of spots that were 
taken in intake and return air to the number of spots that 
were taken cti the working points of stopes, naturally had 
a bearing on the increase recorded. This ratio may not 
have been constant over the 1931 to 1939 period, but for 
the purpose of extrapolating the pre 1940 stope counts, 
to that of the present technique, it was assumed that the 
ratio m s  constant. ,
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An inoreaee of 27^ was applied to the 1931 -
1939 line of "beet" fit results.
Summary.; The atope working point count is, therefore, 
estimated to have decreased from approximately 310 
p.p.c.c. by 1931 to about 150 p.p.c.c. by 1940 where it 
remained steady up to the present time.

3.2.2.5 Development Ends - see fig, 3.5(i) 
and (ii): As pointed out in

section. 3«1> in the Government Mining Engineer's annual 
reports, the dust counts recorded at drives and crosscuts, 
raises, and winzes are tabulated separately, so that the 
annual counts of the three classes of development ends had 
to be combined into a single count for development ends.

By this combination an additional uncertainty 
may have been introduced and in an endeavour vu allow for 
this, the "tu~level at which to decide a significant 
difference was arbitrarily increased from 97•5 to 96.0.

3.2.2.5.1 The 1949 - 1955 period:
There is no statistical evidence of a change in the dust 
level over this period L,;d the mean is estimated at 147 
p.p.c.c. with a e.d. of 5 p.p.c.c.

*2 The 1940 - 1948 period:
There is statistical evidunou that the dust level was 
lowered gradually over this period. Line of best fit 
estimates are, 190 p.p.c.c. by 1940 and 156 p.p.c.c. by 
3.948.

The 1949 change did not affect the results 
rccordcd cignifloantly.

.3 The 1931 - 1939 period;
There wau an abrupt change in the trend of the annual 
counts recorded, after 1935.. This change in trend

co-incided / ....
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co-incided wi'bh a very large increase in the annual number 
of spots taken in development ends and in view of tMs, it 
was decided to consider the results recorded during the 
two periods separately. (The 1935 count was included in 
both sets of results.)

The question of whether or not the results 
recorded prior to 1935 included a disproportionate number 
of samples taken in development ends where conditions 
were worse than average, was considered but rejected, on 
the strength of statements in the Government Mining 
Engineer's annual reports over this period which were to 
the effect that conditions in development ends in general 
were still unsatisfactory/1̂

.4 The 1935 - 1939 period; The 
mean annual count versus calendar years over this period 
do not suggest a change in dust count. This leads to an 
estimate of 162 p.p.c.c as the annual mean with a s.d. of 
20 p.p.c.c. This count is about 19$ less than the 1940 - 
194-8 line of best fit estimate for 1940. The difference 
reach the <58# level of the t-distribution and wae decided 
significant and attributable to the combined effect of the 
changes introduced in 1940 and 1942. These changes are: 
reclassification in 1940, and the change from acid vapour 
to ignition-immersion-ignitlon in 1942.

•5 The 1931 - 1935 period: The
line of beat fit to these five annual counts, estimates 
the dust level in development ends as having decreased 
from about 380 p.p.c.c. by 1931 to about 190 p.p.c.c. by 
1935 (pre 1940 technique). The elope of the line 
reached the *99 level and is, therefore, significant.

By allowing for the +19f effect of the 1940 and 
1942 / .......
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1942 changes, the "development end" count by 1931 is 

estimated at approximately 450 p.p.e.c. (i.e. 376 x

1.19).

Summarising, it is estimated that the dust 
level in development ends decreased rapidly from about 450 
p.p.e.c. by 1931 to about 200 p.p.c.o. by 1938 from where 
It decreased slowly to about 150 p.p.c.o. by 1955.

3-2.2.6 Sinking shafts:
The results recorded in sinking shafts are 

depicted graphically in figures 3.6(a) and (b).

To arrive at an estimate for the mean count in 
sinking shafts, the following factors were allowed for:

(a) The results recorded up to 1947 represent 
essentially the dust conditions during 
operations other than blowing over.

(b) The results recorded during 1949 and 1950 
represent essentially the mean count for 
the whole shaft sinking shift because most 
of these samples were taken during full 
shift dust studies.

(0) The results recorded during 1952 to 1955 
include a disproportionately large number 
of samples that wero taken during blowing 
over operations because special attention 
waei then given to this aspect of shaft 
sinking in an effort to improve conditions.

Effect of blowinn over operations on the mean count: 
It is estimated that on an average, blowing 

over occurs during about 5* of the time spent on the 
cycle of shaft sinking operations (vertical and inclined 
shafts combined).

When / ........



1942 changes, the "development end" count by 1931 is 
estimated at approximately 450 p.p.c.c. (i.e. 376 x
1,19).

Summarising, it is estimated that the duat 
level in development ends decreased rapidly from about 450 
p.p.c.c. by 1931 to about 200 p.p.c.c. by 1938 from where 
it decreased slowly to about 150 p.p.c.c. by 1955.

3.2.2.6 Sinking shafts;
The results recorded in sinking shafts are 

depicted graphically in figures 3.6(a) and (b).
To arrive at an estimate for the mean count in 

sinking shafts, the following factors were allowed for:
(a) The results recorded up to 1947 represent 

essentially the dust conditions during 
operations other than blowing over.

(b) The results recorded during 1949 and 1950 
represent essentially the mean count for 
the whole shaft sinking shift because most 
of these samples were taken during full 
shift dust studies.

(c) The results recorded during 1952 to 1955 
include a disproportionately large number 
of samples that were taken during blowing 
over operations because special attention 
was then given to this aspect of shaft 
sinKing in an effort to improve conditions.

Effect of blowinn over operations on the mean count: 
It is estimated that on an average, blowing 

over occurs during about 5$ of the time spent on the 
cycle of shaft sinking operations (vertical and inclined 
shafts combined).
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Whsn blowing over is done, a dust count of 
about 5 times the mean count for other shaft sinking 
operations prevails.

The mean for the whole cycle of operations 
(vertical and inclined shafts combined) is, therefore, 
about 2053 ((19 x 1̂ -f 1 x 5  s 1,2)) higher than the cycle

of operations excluding blr v.g over. Similarly, the 
mean for the operations cxclu - blowing over is about 
17# ((100 = 0.83)) lower than to mean for the whole cycle 
of operations.

In view of the above, only the results recorded 
prior to 1949 were considered, and an allowance made for 
the effect of blowing over operations as explained. As 
can be seen from the graph, the estimated mean agree well 
with the actual observations made during full shift dust 
studies in 1949 and 1950.

3.2.2.6.1 The 1940 - 1948 period: The
1942 change had apparently no effect on the, annual counts.
A decision had to be made as to whether the 1940 and 1941 
counts should be included with the 1931 - 1939 results or 
with tho 1942 - 1948 results.

The estimated variance (Ŝ ) of the 1942 - 1948 
results comes to 1830, and this reduces to II73 if the
1940 and 1941 counts are added thereto. It was, therefore, 
decided that the two annual counts in question can reason­
ably be considered together with the 1942 - 1948 results.

Chore is no statistical proof of any change in 
the dust count over thin period. The mean count for the 
period is estimated at 150 p.p.c.c. with a standard 
deviation of 12 p.p.0.0,



.2 The 1931 - 1939 period:
There is statistical evidence of a change in conditions 
viz. of an improvement from an estimated value of 270 
p.p.c.c. by 1931 to one of 160 p.p.c.c. by 1939.

Statistically it could not be proved that the 
changed classification introduced in 1940 together with 
the altered technique ''-troduced in 1942, had a signifi­
cant effect on the mean counts recorded.

.3 Allowance for Blowing over 
Operations: When allowing

for blowing over operations n:j indicated above, the mean 
dust count for shafts is estimated to have decreased from 
approximately 330 p.p.c.c. by 1931 to approximately 180 by 
1940, after which it remained more or less steady at that 
concentration.

3.2.2.? The difference in mean counts
between the six selected points:

It was arbitrarily decided that where a signifi­
cant difference in the dust counts between two points 
could be proved over any period the two points would be 
considered separately over all the other periods whether 
or not a significant difference oould be proved.

Points "1" and "3": The "best" estimate for "the
bottom of downcant shafts" io 19 p.p.c.c. higher than that 
for "the top of downcast shafts" by 1955. The difference 
reach the t99.9 level and was, therefore, decided signifi­
cant .

Points "3" and "6": The "best" estimate for "intake
air away from downcast shafts" is 24 p.p.c.c. higher than 
that for "the bottom of downcast shafts", by 1955. The 
difference also reaches the t99*9 level.

Points / .... .



TABLE 3.2.VII.

summary OF ALLOWANCES m a d e FOB th e chaiioes 

in TSGmnqra.

daaslf loaf,ion

Intake air at the top 
of downcast shafts
U).

Intake air at the 
bottom of downcast 
shafts (3).

Aii' in main intake 
airways away from 
downcast shafts (6)

Stopee (?)

Development ends 
(8)

Shafts (9)

CHANGES MADE

Separation 
of intake 
working

and return 
counts - 
(1940)

applicable

Not
applicable

applicable

Wf, I 
1# f

Acid 
Vapour to 
ifi.-im.-ig. 

(1943)

Nil

Nil

4Vnseline
Xylol
(1949)

11 p.p

Nil

Nil

Mil

Nil

* The question of whether the offoct of the change would 
be proportional to the count v r b  considered but 
rejected in favour of a constant value on account of 
the fact that the altered technique resulted in an 
improved field which would be Indipendent of the 
duat content of the air sampled,

t> iJffect of 1940 and 1942 changes combined.

jvei-

''
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Pointa-'61’-and "7": The "best11 estimate for "stopes"
is 66 p.p.c.c. higher than that for "intake air away from 
downcast shafts", by 1955, and the difference again reaches 
the 599.9 level.

Points ll711. and "8": The "best" estimate for "develop­
ment ends" is 76 p.p.c.c. higher than that for "stopes" by 
1938, and the difference reaches the tgg.y level.

No attempt was made to prove the "beet" estimate 
for "shafts" significantly different from any of the other 
places, but In view of all the other points being signifi­
cantly different froci the rest of the points at one time 
or another, "shafts" were aloo kept separately.

Note: All tests for significant differences were
done on the original c-ts of results and 
not after any effects for changes in 
techniques had been allowed for.

3.2.2.8 Summary of allowances made for 
the altered techniques:

Table 3.2.VII sumci-irises the allowances that 
were zaadt in ordsr to represent the counts that would have 
been recorded had tha present technique been in vogue.

The changes may be summarised as follows:
1, 1940, differentiate between samples taken in

"intake", 'Working point11 or "return" 
air for stopes, development ends and 
shafts.

2, 1942, change from "Acid Vapour” to "Ignitlon-
Irniorsion-Ignition" treatment.

3, 1949, change from upplying adhesive to the
Blldoe by hand to applying it as a 1% 
Mlutlon in Viol tr m— of * mropiwr,

3.2.2.9 / ......
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TABLE 3-2.VIII

SUMMARY OP THE VARIATION IN THE DUST 
LEVELS AT THE VARIOUS POINTS PROM 

1931 TO 1955.

C M

YEAR

UNDERGROUND POINTS AND P.P.0.0.
.1 • 3 .6 .7 .8 .9

1931 56 145 167 309 450 330
33 50 125 148 257 335 295
35 46 105 13C 215 250 260
37 43 90 110 178 210 225
39 40 73 95 156 188 200

1941 40 57 85 149 183 187
43 40 60 82 149 177 180
45 40 60 82 149 170 180
47 40 60 82 149 163 180
49 40 60 82 149 155 180

1951 40 60 82 149 150 180
40 60 82 149 147 180

55 40 60 82 149 147 180

1:
S i :  ;  

;
■■h:

Ei



3•2.2,9 Smooth curves giving the dust 
counts from 1931 - 1955:

Having made allowances for the various changes, 
the lines of "best fit were joined together by a smooth 
curve. Figure 3.7 summarises the results graphically and 
table 3*2.VIII gives the "best" estimates at two-yearly 
intervals.

3*3 Classification of Kina Workers into Main. Classes. 
All underground European mine workers fall in one 

of two main groups, viz. Officials and non-officials of 
which the latter group ic by far the largest.

For the purpose of this investigation the non­
official class of workers were classified according to the 
position in the mine where the main portion of the shift 
is spent and on this basis, the following main classifica­
tions were made:

(1) Those »-T:ntially in and around 
shafts,

(2) those employed essentially alone travelling- 
ways,

(3) those employed essentially along entrances 
to and exits from working places where rock 
is excavated,

(4) thoce employed largely along entrances to 
and exits from, but to a certain extent also 
in working places where rock is excavated,

(5) those employed ee-sentially on the three main 
methods of rocK excavation viz,, stoplng, 
developing and shaft sinking.
3.3.I The foil Tin# occupations were included . 

in the first class above:
Hoist / ....-....



Hoist Drivers,
Onsetters, Shaft Timbermen,
Ugd. Banksmen,
" Storemen,
" Pump Attendants
" ^SSers, etc. and they were referred to as 

SHAFT WORKERS.

3.3.2 The following occupations resort under 
the second class abovet

Loco Drivers, Haulage Timbermen, Underground 
Artisans (e.g. Fitters and Electricians), etc., and 
they were referred to as TRAVELLING- WAY WORKERS.

3-3-3 The following occupations were included in 
the third class:

Drive Timbei-m-n, Trammers, Pipe fitters,
Track layers, Reclaimers, Sand fillers,
Waste packers, Haulagemen, etc., and they were 
referred to as MISCELLANEOUS MINERS.

3.3.4 The following occupations were included 
in the fourth class above:

Early Examiners, Learner Miners, G-.M.T.S. - 
Apprentices,
Assistant Miners, etc., and they were referred to 
as "3.D.M." standing for sloping, developing and 
miscellaneous.

3.3.5 The fifth class constitute the virgin - 
rock breakers and this group was subdivided into:

Stopers, referred to as "S",
Developers, referred to as "D"
and Shaft sinkers, referred to as "8s".

Some / ........
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^  th. .b.« .. ^  _

stoping and developing, referred to as »S.D.», 
stoping and timbering, referred to as "5.M.”, etc.

3.3.6 OfflGialai

The main classes of mine officials were considered 
separately as follows;

A. Mining Officials:
(i) Shift Bosses.

(ii) Mine Overseers,^
(iii) Managers.*

B. Survey and Allied Officials:
(i) Junior Officials,

(ii) Senior Officials
C. Sampling:

(i) Junior Samplers,
(ii) Senior Samplers.^

D. Engineorintr:
(i) Underground foremen.

(ii) Underground Engineers.^
/ Very few of the oases studied were employed in 
these occupations.

« Nor.e fell in this class.

3.4 Duration of the Underground Shift of Mine Workers. 
The duration of the underground shift differs for 

the Vvi-ious classes of underground workers so that an 
equal number of underground shifts does not moan an equal 
number of underground hours.

The following table indicates the orders of the 
duration of thu underground shift of tho main classes of

workers /   ... ....
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workers:
NON OFFICIALS:

Artisans - 7 hours,
All others - 8 hours.

OFFICIALS:
A. Mining:

(i) Shift Bosses - 6 hours
(ii) Mine Overseers - 3& hours

(iii) Managers* - 3 hours,

B. Survey and similar officials:
(i) Juniors - 4 hours.

(ii) Seniors^ - 3$ hours.

C. Engineering officials:
(i) Underground Foreman - 6 hours.

(ii) Underground Engineers^ - 3 hours.

3.5 The Dustiness of the underground Shift of the 
Various Occupations.
3.5.1 Validity of the dust counts recorded 

during routino Inspections:
A question that arises is whether the observa­

tions made by Inspectors of Mines are repra .sntative of 
conditions over the whole shift? The main reason for 
such a question is the fact that the vast majority of dust 
samples taken by Inspectors of Mines are taken between 
about 9 u.m. and 12 a.m., whereas the underground shift of 
most occupations extend for several hours on either side 
of this period and for some occupations over the full 
24 hours of the day. The answer to the question lies in 
the fact that all the mines concerned employ Ventilation 
Officers who are "responsible" for, and exercise control
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workera;
HOH 0PFICIAX5.-

Artisans - 7 hours.
All others - 8 hours.

OFFICIALS;
A. Mining;

(i) Shift Bosses - 6 hours
(ii) Mine Overseers - 3* hours

(iii) Managersx - J hours.

B. Survey and similar officials:
(i) Juniors - 4 hours.
(ii) Seniors^ - 3i hours.

0. Engineering officials:
(i) Underground Foreman - 6 hours.
(ii) Underground Engineers^ - 3 hours.

3• 5 The Dustiness of the underground Shift of the 
Various Occupations.
3.5.1 Validity of the dust counts recorded 

during routine Inspections:
A question that arises is whether the observa­

tions made by Inspectors of Mines arc representative of 
conditions over the whole shift? The main reason for 
such a question is the fact that the vast majority of dust 
samples taken by Inspectors of Mines are taken between 
about 9 a.m. and 12 a.m., whereas the underground shift of 
most occupations extend for several hours on either side 
of this period and for some occupations over the full 
24 hours of the day. The answer to the question lies in 
the fact that all the mines concerned employ Ventilation 
Officers who are "responsible" for, and exercise control
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over dust conditions in all mine workings where men are 
employed, and in the fact that inspections by Government 
Inspectors of Mines may be made and dust samples taken 
whenever there is reason to believe that satisfactory 
standards are not maintained. Complaints to this effect 
may be made by any employee.

In view of the above, it was considered that for 
the purpose of this investigation, the results recorded by 
Inspectors of Mines could reasonably be used as a basis 
for rough estimates of the dustiness of tho underground 
shifts of the main classes of occupations.

3*5.2 Eeoondenoe on position in mine:
The dustiness of an underground shift depends 

essentially on the position or positions in the mine 
where the hift is spent. For the purpose of estimating 
the shift dustinesses of the main classes of underground 
workers, it can be assumed that the various classes spend 
different proportions of tho shift at the main classes of 
underground working points.

3.5.3 Dependence on proportions of shift spent 

at the different points of the mine;

If the proportions of the shift which mine 
workers spend at the various classes of underground places 
are known, the mean dust level to which they are exposed 
per shift can bo estimated reasonably accurately. The 
actual proportions are, unfortunately, not known and 
estimates thereof have, therefore, to be relied on.

3.5.4 'Effect of errors in the proportions used:

To estimate the mean dust level per shift of an
occupation from the proportions of the shift spent at the
various dust levels, is the same as using loading factors
to arrive at weighted mean values. In such cases, the 

accuracy /  ....
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accuracy of the factors are not of critical importance 
because a relatively large error in the loading factor, 
affects the weights! mean value to a relatively small 
extent. An example to illustrate this point is given

Consider two dust levels of, say, 80 p.p.c.c. 
and 120 p.p.c.c. Let the true exposure proportions be 
50# at each level. The true me^n dust level exposed to 
is, therefore, 100 p.p.c.c.

If the exposure proportions were assumed to be 
25# at 80 p.p.c.c. and 75# at 120 p.p.c.c. the weighted 
mean dust level becomes:

2 0 + 9 0 =  110 p.p.c.c.
Therefore, the error = + 10$.

If the exposure proportions were assumed to be 
7#  at 80 p.p.c.c. and 2#  at 120 p.p.c.c. the weighted 
mean dust level becomes:

60 + 30 = 90 p.p.c.c.
Therefore, the error = - 10#.

In general, therefore, the effect of errors in 
loading factors may be summarised ae follows:

A 50# error in the loading factors of two 
quantities which differ aa 2 is to 3, results in an 
error of only 10* in the weighted mean value.

3.5,5 TroDortimw of shift #r*at at the vaiious 
Dust levels:

Estimates of the- proportions of the shift spent
it th« Toriou. i m l s  for "I"—  °f
ground workers were arrived at aa explained below.

The resulta recorded during the full-shift tiroe- 
duat studies which were conducted in 1949 and 1950 were
.sml&od, K i  ml thou# It ™  Towibl, to wtwllf

compute / ... .
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maput. tb. prorortlonm of th. .t or
th. ,1% Mrat.glo ,oint, s.l.ct.d ffo» th.
some useful indications of the proportions were obtained. 
Table 3.5.1 is an extract of the results recorded. As 
can be seen from the table, the underground shift was 
classified into four main portions viz,,

1. At shaft stations and travelling to and from 
working places,

2. Inspecting hanging, walking and generally 
supervising at face,

3. At Miners' box,
4. Charging and lighting up.

3-5.5.1 Stagers: The first classification
with respect to the underground shift, mentioned above and 
in table 3.5.1, corresponds to the stoper boing subjected 
to a dust concentration which rises from that prevailing 
at the top of downcast shafts (i.e. the dust level 
represented by curve "1" in figure 3.7)? through that 
prevailing at the bottom of downcast shafts (i.e. the dust 
level represented by curve "3" in fig. 3.7) to about that 
prevailing in main intake airways away from downcast 
shafts (i.e. to the dust level representei by curve "6" 
in figure 3.7).

The second and fourth classifications correspond 
to the stopers' dust l-.vel rising to that prevailing in 
Btopes (curve "7" in fig. 3.7) close to which it remains 
for the main part of these two portions of his shift.
The third classification corresponds to the stoper being 
in air with a dust content well below that prevailing 
in etopes namely in air with a dust content more or less 
midway between that of air in stopea (uurve "7") and that

of / ..........



TABLE 3,5.1.
RESULTS RECORDED DURING DULL SHIRT 

TIKE !

SHirT PROPORTION
Class of Workmen

Shif c Classification Sto-
pers lepers

Shaft
Sinkers

1. At stations and
travelling to and 
from working places;

13# 6#

2. Inspecting hanging,
walking and generally 
supervising at face:

S3ir- 7#

3. At miner's box; 19?» 21̂
4. Charging and lighting 

up:
20p 12^

TOTAL looji 100# loofi

TA3L3 3.5.11 : STOPBRS

Shift Class!- 
fication. Proportion 

of Shift
Mean Lust

(I) 13# SSp.p.c.c.2) 48# 139p.p.c.0.3) 1* 112 "
(4*5 20# 130 «

TABLE 3.5.Ill 1 DEVELORBRS

Shift Classification Proportion 
of Shift

Dust Level

1. At Stations and Travelling 
to and from ’-’orking Ploous. 14# 65

2. Inspecting Hanging, walking 
and generally ouporvisinr at face.

53# 111

3. At Box.
4. Changing and Lighting up.

21#
12#

66
95



of air in main intake airways (curve "61').
During the full shift time and dust studies, 

referred to above, 67 stopers were followed. The mean 
dust count recorded during the four shift classifications 
for stopers are submitted in table 3.5.II.

The first classification in table 3.5.II 
incorporates all the time that the stoper is subjected to 
dust levels "1" and "3", whilst the second and fourth 
classifications incorporate all the time that the stoper 
is subjected to dust level "7" in addition to some time 
that he is between levels "7" and "6".

In view of the above, it is reasonable to assume 
that during his underground shift a stoper is subjected to 
the four dust levels "I”, "3", "6" and "7", in the 
proportions as given below:

"l'i - 5#
"3" - 10*
"6" - 30*
"7" - 55*.

3.5.5.2 Developers: It may be assumed in
comparison with stopers, that developers spend the same 
proportions of tho shift at dust levels "1" and "3", but a 
greater proportion at dust level "6" and a correspondingly 
smaller proportion at the working faoo, i.e. at dust level
"8". The reason for the smaller proportion of the shift
being spent at dust level "8" lo that in a development 
end, the "face" condition prevails over a smaller propor­
tion of the working place than in a atope. It is only
when the developer is right at the face that he is
subjected to the "face" dust level, and for the rest of the 
time he is in less dusty air, although he may still be in 

the development end. During / ......
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During the 1949 - 1950 full shift dust studies,
43 developers were studied and the results that were 
recorded, are given in table 3.5.III. With the figures 
in table 3«51III as a basis, it is estimated that on an 
average, developers are subjected to dust levels "1". "3”, 
"6" and "8" for 55°, W ,  50# and 35# of the shift 
respectively. Notes If a mine worker is estimated to 
be subjected to a certain dust level for a certain portion 
of the shift such as. for 10# of the shift to dust level 
"3'\ it should not be taken to mean that he remains on the 
shaft station for 10# of the shift, which is equivalent to 
about 50 minutes if he works an eight hour shift, but that 
for 10# of the shift he is between halfway towards the 
intake side of that point and halfway towards the return 
side thereof.

3.5«5-3 Miscellaneous miners: In this
group were included occupations such as Pipe Fitters, Drive 
Timbermen, Trammers and the like, i.e. workers who would 
be in "intake air" for a greater portion of the shift than 
stopurs and developers, and who would spend less time inside 
stopee and at development faces.

This group was estimated to be subjected to dust 
levels "I", "3", "6", "7" and "8" for:

5#, 30#, 50#, 10# and 5# of the shift, respectively.
3.5.5.4 S.P.M. Group: This group include

Early Examiners, Assistant liinere, Learner Miners, G.M.I.S. 
Apprentices and the like, and they were considered to be 
subjected to the mean of the three groups - Stoper,. 
Developers and Miscellaneous Miners.

3.5.5.5 TVavallinawav workers: Fitters, 
m.otnouuu,, looo nriYTS and th. Ilk., mr. son.ld.r.a

together / ....
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TABLE 3, !5 -IV : ITOIT-OFFIC'IALS, 

DUSI LEV^L PROPORTIONS

Type of Kine Y/orker.

Unflorsround Points.

.1 .3 .6 .7 .8 To- 
• 9 tal

Shaft Workers -50 -50 _ - - - 1.0
Travellingway Workers .20 .50 .30 - - - 1.0
Miscellaneous liinors .10 .25 .50 .10 .05 - 1,0
Developers .05 .10 .50 - .35 - 1.0
Stopers .0) .10 • 30 .55 - - 1.0
Shaft Sinkera .85 1.0

1
I

TABLE : J.5.7. OPPICIALS.

Type of Official Combination

1. Engineering: Under- Travellingway and 
Shaft Workers

3

?. Mining Officials:
2.1 Shift Scapes Stopers, Developers, 

[iisuellaneous IJiners 
snd travollincway 
V/orKero.

S.B.

2.2 Mine Overseers, 

Officials.

Ac for Shift 2V  ieo 
plus ahaft workers.

K.O.

2-3 Samplers 1..3 x that of "2.2" SAM.
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topther, ani a» th.lr lati.. oalla. tak. tkm a; to
stops and development faces, they were referred to as 
"Travelling-way workers" and estimated to be subjected to 
duat 1»T»1» "1", "t" and "6" for 20#, K #  and 30# of th,
shift, respectively.

3*5*5.6 Shaft workers; Underground Hoist 
Drivers, Underground Dunksmen, Underground Storemen, Pump 
Attendants and the like were considered together, and as 
their duties keep them in the immediate vicinity of the 
shaft, they were collectively referred to as "Shaft 
workers", and they were estimated to be subjected to dust 
levels "1" and "3" only, for equal proportions of the shift.

3.5-5.7 Shaft sinkers: Shaft sinkers were
estimated to be subjected to dust levels ’I", "3" and "9", 

-..for 5# 1 10$ and 85$ of the shift respectively.
3.5.5.8 kkipment Skipmen presented a 

special proolent because although they do not leave the 
..haft area, the mean dust level to which they are subjected 
is above that for the shaft. The increased level is 
brought about by the puffs of dust, prevailing around shaft 
boxes during the filling of skips, to portions of which 
skipmen are subjected, when rock is hoisted. A large 
proportion of the Ukipman’s shift is spent on the filling 
of skips. To allow for this, it was arbitrarily assumed 
that skipmen would on un average be subjected to a dust 
count v/hich would be 50$ higher than that of "Shaft 
Workers."

3.5.5.9 Summary! Table 3,5.1V summarises 
the proportions of the underground shift which the main 
non-official type of workers were assumed to spend at the 
various dust levels,

3.5.6 /  ..............



3»5«6 Mine Officials:
Unfortunately no time fiaat studies were conducted 

of mine officials in the same way as for non-officials.
However, it is logical for the dustiness of the 

underground shift of a mine official to approximate the 
mean of the main groups of underground workers which he 
supervises, and estimates of the dustiness of the underground 
shift of mine officials were based on this assumption.
The unweighted mean of the groups concerned was used in 
each case.

3.5.6.1 Underground foreman and Engineers: 
Underground Foreman and Underground Engineers supervise 
essentially the work of the classes referred to as "shaft 
workers" and "Travelling-way Workers", and the dustiness 
of the underground shift of undergrcm.d Foremen and 
Engineers was estimated as equal to the mean of the above 
two classes.

.2 Shift Bosses: Shift Bosses
supervise essentially the work of stopers, developers, 
miscellaneous miners and travelling-way workers and the 
dustiness of the underground shift of Shift Bosses was, 
therefore, estimated as equal to the mean of these four 
groups.

,3 Mine Overseersi Mine Overseers 
supervise a wider field than Shift Bosses and the dustiness 
of their underground shift was estimated as equal to the 
mean of stopers, developers, miscellaneous miners, 
travelling-way workers and shaft workers combined.

.4 nnne Managers*! For Mine Managers,

th, luatin... of th. usdorroual "Mft """"I
to that of Mine Overseers.

(s Hone of the oases drawn include Mine Managers.)
,5(a) / ..........



TABLE : 3-5-Vl(a) 

bstbiates VERSUS OBSERVED
m n s  - 1950.

Glass of Worker
Shift Dustiness Number

ObservedEstimated Observed

1. Iravellindv/ay 65 ppoc 66ppcc 6
Workers

2. Skipmen 75 " 78 " 13
3. Miscellaneous H3 " 75 " 16

Miners
4. Early Examiners 101 " K 103 " 27
5. Developers 103 " 90 " 43
6. Stopers 1IC " 120 " 67
7. Shaft Sinkers 161 " 180 " 8

x As the mê n. of stopers, developers and miscell­
aneous miners.

I&Sa, . 3>5.VI(b) - 1926

Mean Jaunts V-V-C.c,

Class of "/orl.or Ob­
served1926 Oba.xl.3

Bxtro-
polated
from
1931

Expected ■» 
"Observed"

Kiecellaneoue
Miners 185 241 240 1.00
Early Examiners 206 268 300 1.13
Stopers 216 281 320 1.4
Developers 316 410 366 0.89
Shaft Sinkers 284 38? 378 0.99
Sample* rs 240 313 3Sb 1.C4
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•5(a) Miscellaneous Officials: Under, 
this classification was included survey, study and allied 
officials, VuU not samplers. The dustiness of their 
underground shift was assumed equal to that of Mine 
Overseers.

•5(b) Samplers: In view of the fact
that some dust is produced by sampling the dustiness of the 
underground shift of samplers was assumed 1,3 times that 
of miscellaneous officials.

.6 Summary for Officials: Table 3-5.V
summarises the combinations on which estimates for mine 
officials were based.

3,5.7 Estimates for about 1950:
Estimates for a few classes of workers for 

about 1950 are as follows:- (For the dust levels at the 
main points, refer to fig. 3.7):

3.5.7.1 Shaft Workers;
(a) Ordinary Shaft Workers: The dust 

level proportions decided on are:
50# at "1" and 50* at "3",

The corresponding duct levels for about 1950 as given by . 
fig. 3.7 are: 40 p.p.c.c. and 60 p.p.0.0, respectively.
The shift dustiness, therefore, becomes 

20 + 3 0 =  50 p.p.c.c.
(b) SkiTment According to section 

3.5.5.8, the shift dustiness for ekipmen la estimated at
1.5 x 50 = 75 P p«0.0.

.2 Travelling-wa-y Workers: The dust
level proportions decided on are; 20# at "I", 50?5 at "3" 
and 3Q$ at "6". The corresponding dust levels are;

40 p.p.c.c., 60 p.p.c.c. and 82 p.p.c.c.
The /



Dust level Proportions. Shift
nl',x.05 p3"x.lO | :l6"x.50 "8"x.35 ^stinesaYear

dfaT'K*



Shift
5ua*ineSa

260
20B

166
140 |
124
116
1U
203
106
104
102
101
101

3
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IM ddft th.r«for., b«oca.«, B f 30 . 63
p.p.c.c.

•3 Miscellaneous Miners: The dust
level proportions decided on are: 10# at "1", 25# at "3",
50# at "6%  10# at "7" and 5% at "8", The dust levels

401 60, 82, 150 and 153 p.p.c.c. respectively.
The shift dustiness, therefore, becomes:

4 + 15 + 41 + 15 + 8 » 83 p.p.c.c.
■4 Developers: The dust level propor­

tions decided on are: 5# at "I", 10# at "3", 50# at "S2
and 35# at "8", and the corresponding dust levels are:

40, 60, 82 and 153 p.p.c.c., so that the shift 
dustiness becomes: 2 + 6 + 41 + 54 = 103 p.p.c.c.

* 5 Stoners: The dust level propor­
tions decided on are: 5# at "1", 10# at "3", 30# at "6"
and 55# at "7".

The corresponding duet levels are: 40, 60, 82 
and 150 p.p.c.o. respectively, and the shift dustiness 
becomes:

2 + 6 + 2 5 + 8 3 =  116 p.p.c.c.
.6 Shaft Sinkers: The dust level

proportions decided on are: 5# at "I11, 10# at ''3" and
85# at 11911 and the corresponding dust levels are: 40, 60
and 180 p.p.c.c. The shift dustiness, therefore, 
becomes: 2 + 6 + 1 5 3 =  161 p.p.c.c.

,7 Comparison of estimates for 1950 
wH+h the results obtained during 
+»n ahift dust studies done in

tr

Thl, 1. don. in " b l .  1. ow b. ..m ,
the estimates compare well with the results of the full

shift /  ... .
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TABLE 3.R.VIXI. 

m  - OFFICIALS. 

P.P.C. C.

Year Workers
i Skipmen 
! (1.5 x 
; 8b. V)

Travol- 
j ling Way 
Workera.

Miscel­
laneous
Miners

Sinkerta

1031 101 151 134 168 260 298

3 88 132 117 153 208 203 265

5 76 114 101 131 166 170 233

7 67 100 87 111 140 143 202

9 57 86 74 96 126 123 179

1941 64 81 68 116 119 168

3 50 75 63 04 111 115 161

5 75 63 04 115 161

7 75 63 83 106 115 161

9 75 63 03 104 118 161
1951 60 75 63 83 108 115 161

3 50 75 63 83 101 115 161
50 75 63 02 101 115 161

She results are depicted in fig, 3,8,



Shift
Sinkers

898

265

233

203
179

168

161

161

161
161

161

161

161

3«5»8 Pull Shift Results Recorded In 1926;
Pull shift dust studies similar to thoeo done in 

1949 and 1950 were also done in 1926^49  ̂and it is of 
interest to compare the results recorded then with 
estimates based on assumptions of the proportions of the 
shift spent at various dust levels. To do such a com­
parison it is also necessary, firstly, to extrapolate the 
dust counts recorded at the main points underground from 
1931 back to 1926 and, secondly, to allow for the changes 
in technique. Due to changes in technique the 1926 
results would have been say, 30# higher, had the present 
technique been followed. Estimates for, and observa­
tions on, six classes of workers are given in table
3.5,VI(b). The agreement is unexpectedly close.

3.5.9 The Variation of Shift Dustiness with 
Calendar Years:

The dustiness of the underground shift of any 
occupation would vary with calendar years as the dust 
levels at the main points, weighted in the proportions 
of the shift spent at the various dust levels. For the 
purpose of this investigation, it was assumed that these 
proportions remained constant over the years at the values 
arrived at in section 3«5-5» An example of the 
computation of shift dustiness against calendar years, 
for non-officials, is given in table 3-5.VII.

((The dust levels for the various underground 
points were taken from table 3•2.VIII.))

A summary of shift dustiness against calendar 
years for the various classes of non-officials is given ; j
1= t.bl. An .ampl,

Shift /    .....  *'
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shift dust studies.
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Shaft"]Slnl?erJ

S98

365

233

205

179

166

161

161

161

161

161

161

161_
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shift dust studies.

3*5.8 Full Shift Results Reoorded in 1Q26;
Ŝ ill shift dust studies similar to those done in 

1949 and 1950 were alao done in 1926^^ and it is of 
interest to compare the results recorded then with 
estimates based on ussiuaptions of the proportions of the 
shift spent at various duet levels. To do such a com­
parison it is also necessary, firstly, to extrapolate the 
dust counts recorded at the main points underground from 
1931 baok to 1926 and, secondly, to allow for the changes 
in technique. Due to changes in technique the 1926 
results would have been say, 30# higher, had the present 
technique been followed. Estimates for, and observa­
tions on, six classes of workers are given in table
3.5.Vl(b). The agreement is unexpectedly close.

3.5.9 The Variation of Shift Dustiness with 
Calendar Years:

The dustiness of the underground shift of any 
occupation would vary with calendar years as the dust 
levels at the main points, weighted in the proportions 
of the shift spent at the various dust levels. For the 
purpose of this investigation, it was assumed that these 
proportions remained constant over the years at the values 
arrived at in section 3«5-5« An example of! the 
computation of uhift dustiness against calendar years, 
for non-officials, is given in table 3.5.VII.

((The dust levelu for the various underground 
points were taken from table 3»2.VIII.))

A r-unmary of shift dustiness against calendar 
years for the various classes cf non-officials is given 
in table 3.5.VIII. An example of the computation of the 

shift / ........
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292

189

152

131

115

108

103

iOl
101

.’.00
99

99

shift dustiness of the "-class, against calendar
years is given in table 3.5.IX. She shift dustiness for 
each of the classes into which mine officials were cast, 
was computed in a similar manner. a summary of the shift 
dustiness of the various classes of officials against 
calendar years is given in table 3.5.x.

1'he "spectrum" of shift dustiness against 
calendar years is depicted graphically in figure 3.8.

3.6 Post Mortem Findings with Respect, to Silicosis
in a Selected Humber of Deceased Mine Workers.
It was decided to base the investigation on 

post mortem rather than on X-ray findings. This 
decision was made because medical authorities favoured 
the former as the more reliable finding. It meant that 
leceased mine workers only, qualified for selection.
The cause of death, whether by accident, from sickness 
or from any other cause did not matter.

Only cases on whose lungs histological^ examina­
tions were done, were included.
,6 Where sections of the lung are examined under the 

microscope.
3,6.1 conditions laid down for the selection 

of cases?
Apart from the condition laid down above, all 

the cases selected had to satisfy the following conditions;
They had to be European mine workers:

.1 who were found free from tuberculosis,

.2 who commenced underground service after 1925,
*3 who worked in controlled gold mines of the 

Witwatersrand and Extensions and the Orange
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IABLB 3.5.X 

MIKE OFFICIALS (SOMWAHY) 

P. P. 0. C.

din# Overseen 
Mine Managers

Miscellaneous
Officials

(1) Under­
ground 

Year fore- Samplers 
(4 x 1,3)

Shift
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Free State.S 

.* «ho aid not hav* bMWt. f r o , una«r*Tmma
servioe totalling more than 5 years,

.5 ■ who continued to work underground up to within
5 years of death,

.6 who became deceased after 1955,

.7 who had more than 10 yearo servioe.
% That used to be referred to as "scheduled" mines.

She reasons for laying down the above conditions 
are given below.

Only European mine workers were considered 
because accurate service records are not maintained for 
Natives. Tubercle-cases were excluded because 
tuberculosis is believed to accelerate the progression 
of silicosis. Cases with underground service prior to 
1936 were excluded because the records of konimeter counts 
(taken by Government Inspectors of Wines} are available 
since 1931 only, and a limit had to be placed on the time 
when underground service commenced. One would have 
liked to put this limit at 1931 but that would exclude 
a luimber of the already small selection and 1926 was 
decided on as a compromise.

V/ork in mines that used to be known as 
"scheduled" mines, was necessary because accurate records 
of service were, in the past, maintained on such mines 
only, and because the dust determinations refer to such 
mines only,

Conditions H "  and "5" which limited the periods 
of service breaks and intervale between stopping of work 
and death were necessary In order to limit .any effect due 
to the possible progresoiveness of silicosis, as well as

to / ........
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to reduce the chances of including persons who were 
subjected to dust conditions about which there was no 
record.

Condition "6" was enforced by circumstances 
associated with the provision of facilities to conduct 
histological examinations on all deceased mine workers as 
the normal routine.

Cases with less than 10 years underground service 
were excluded because of the absence of silicosis amongst 
such cases.

3-6.2 Post Mortem Examinations:
Post mortem examinations were done by pathologists 

of the Pneumoconiosis Unit of the iouth African Institute 
for Medical Research. Permission for access to 
pathological reports were obtained jointly from the 
Director of the Pneumoconiosis bureau and the Superinten­
dent of the Routine Division of the South African 
Institute for Medical Research. The cases selected 
were examined by either Dr. I. Webster, Senior 
Pathologist at the inoumoconioois Unit, or else by his 
Assistant, Dr. C. Wagner.

Pull histological examinations were done on all 
the cases selected.

3.6.3 Classifications with Respect to Silicosis:

At post mortem, examinations, the condition of 
tie lungs with regard to slllooeis, may be oast into the 
following broad classifications:

0. No dust ro 11culini eat i on,
1. Dust retlouliniaation,





2. Du.t r.tloullnl,.tlon  ̂ th  )
3. Occasional islet, < j

4. Few islsta, )
5. Moderate number of islets, .... n
6. Large number of islets, .......... m
7. Conglomeration..................  iv

In the absence of pulmonary disability, a 
deceased mine worker will, after the introduction of the 
Pneumoconiosis Act, 1956, be certified for "pneumoconiosis" 
according to the roman figures on the right hand side of 
the above t'ible, where:

"0" indicates no pneumoconiosis,
"I" indicates pneumoconiosis in. the first stage,
"11" indicates pneumoconiosis in the second stage,
"III" indicates pneumoconiosis in the third stage, and
"IV" indicates pneumoconiosis in the fourth stage,^

The official certifications with respect to 
pneumoconiosis of the cases selected, are given in table 
3i6 adjacent to the post mortem finding. As will be 
seen, the above correlation is confirmed, except that 
where a person was in life certified in a stage further 
than what he is at post mortem found to be In, the official 
certification remains at the more advanced stage - 
compensation once paid can not be recalled again.

4  Sr. P,J. EraomuQ, formerly Deputy Director, 
Pneumoconiosis Bureau (now resigned).

57 cases were selects*. The details with re­
spect to their post mortem finding, Bureau certification 
with respect to pneumoconiosis, years of underground
service etc. are given in table *-6.

((The / .......
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((Th, nmt.T. of th, w,.. gl-nm in th.
bear no relationship to any numbers attached to the 
deceased persons in life.))

3.6.4 The Composition of the Samule Selected;
The composition of the sample selected with 

respect to class of mine worker, is moat probably not the 
same as that of the underground European labour force on 
account of the limitations that had to be laid down for 
cases to qualify for inclusion. However, a difference in 
composition does not matter because the investigation does 
not concern the silicosis incidence of the present Euro­
pean labour force, but the relationship between the dust 
exposure of a person and his degree of silicosis. Never­
theless, the factors and the direction -n which they 
could cause the composition to deviate from that of the 
existing European labour force are of interest, and they 
will be considered here.

(a) Death was the prime selector'. of
death did not matter. It could be anythi, one died
from silicosis. A bias with respect to condition of the 
lungs ie, therefore, excluded, but the workers employed
on the more dangerous occupations, e.g. the actual 
miners, probably stood a better chance of being included 
than other underground workers. Renee, the actual 
mining class of worker may possibly form a larger pro­
portion of the sample selected than it forms of the 
present underground European labour force.

(b) The second factor which oould cause the
composition of the sample to deviate from that of the
existing underground European labour force is the

following; ,The / ... .
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The next of kin may receive increased (but not 
d.orwd) rnrqwnMtian w  a remit of ,o»t .ortw .main*.
tiona where the deceased was in life not yet certified to 
be in the second stage, and the consent of the next of kin 
must be obtained for such examinations. Decreased 
compensation is not possible, .ricause even if the deceased 
is at post mortem found in a stage less advanced than he 
was in life certified to be, the compensation rate remains 
the same for the more advanced stage. The "better off" 
next of kin, suoh as the next of kin of Mine Officials 
may, therefore, be less readily prompted to agree to post 
mortem examinations than the next of kin of ordinary mine 
workers, and this could further reduce the proportion of 
mine officials being included in tlus sample.

(c) The compwnsation factor also acted in another 
way, viz., on account of the possibility of increased 
compensation to the next of kin, preference is given to 
post mortem examinations on cases who were in life not 
in the second34 stage of pneumoconiosis. This is done to 
cause the least possible delay in the payment of increased 
compensation where? due,
3f ?uli compevieation ia paid to the next of kin from 

the second stage onwards•
Aa far ea the author can judge, factors "b" and 

"o" ones Aloh ocnid sffot the acmpooition of
the sample with reypect to claaa of worker.

Taotoro w d  proMHr H.o r,-
spomible for the stags reached during the investigation 

51 for laclwlos, <m*
otw. *.r« b.y(md tb« d.Borib,) u  "f" ll'ti."

It / .......
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It m a  th«n d.old.i to .p.ci.11, ,oi,ot from

there onwarda, only cases beyond this stage. Only six
oases could be found within the period available to the
author, which satisfied also the other conditions pro- 
vioualy laid down.

Other factors which have a bearing on whether 
or not post mortem examinations are conducted, are the 
following:

(i) Certain religious groups invariably refuse 
consent,

(ii) In other cases post mortem examinations are 
not possible on account of the condition in 
which the lungs arrive at the Bureau.

These two factors can, however, only act in a
random fashion on the composition of the sample with 
respect to class of worker,

Of interest also, is the legislation in exis­
tence to encourage the conducting of post mortem examina­
tions in all cases except where such examinations are 
specifically refused.

In thin r«»p«ot, following extrKit fro* 
Section 29 of the Pneumoconiosis Act of 1956 is of interest:

'A medical practitioner   who attended
a deceased person at the time of his death ...... or who
has opened the body of such person and who knows or has 

_ reason to believe that the person worked in a controlled 
In., d a n  rmnv. wmlio-r.qAr.tcqr c W  
th. organ, to th.  ......
shall conduct a post mortem examination ....  without
th. ccn..nt of th. widow or .n adult war r.l.tiw., if
such person can readily be consulted,

3.7 /  ...........
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TAMJS 3,7.

Bureau No. "Z". 
BLASTING C B m n C A T B  NO. "Y".

H i -
Nature of 

Employment:
Shifts

Occupa-
from To

Shifts

1 Lnr. Sampler 
Lnr. Machines. 
iPimberman 
Pipes & Tracks. 
Trammer.

78
137
86
98
223

23. 7.36.

30. 8.38. 612

s A.H.l. t W/Pkr. 
A.M. A Timberman

23
43

31. 8.38.
21,11.38 65

3 A.M.T. & A.M.S.O.W. 
Maoh. Stoper

147
90

29,11,38.
6.10,39 237

4. Trammer
Tracks.
Mach. Developer.

153
6

165

18.10,39.

37.13.40
5. Temp. Gen. Miner,

Timberman
Stoper

31.12.40.

26. 7,44. 991
A.M. & Trammer 
Developer

3. 8.44
31. 3,4*, 168

Temp. Gen. Miner 9. 4.45. 10. 9.45. 126
Trammer
Stoper

72
33

17. 9.45.
20. 1.46. 94

9,
Sinkers Helper 
Shaft Timberman

203
3
39

29. 3.46.

3. 3.47. 234
10.

Sinking, Banksman 
Developer

329
4

30

13. 3.47 
1.13.47.

31. 7.48. 363
11. Stoper 11 10. 6.48. 11
12.

13.
14.

15.

16.
17.
18.

Ikulagoman 
S.V, Banksman 
Sinkers Helper

Developer 
Shaft Timber 
Timberman 
Sh/Timberman 
Sinker
Shaft Timber 
Shaft Sinker
Stage Hand

Banksman
Banksman 
Gang Controller

36
50
5

366
26
90
39
a
26
321
14

134

7. 1.40,

24. 6.50. 
11. 8.50.

15. 9.50. 
31. 6.51.

3. 8.51.
13. G.53.

4.10.54. 
1. 4.55.

20. 6.50. 
9. 8.50.

13. 9.50.

39. 7.51. 

12,11.51. 
2. 9.53.

20. 9,66.

473
39.

30

335

69

134

* * * * * *

(GtfiŜ66 
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3•7 Records of Service:
At the outaet of the inveatigation, the author 

obtained the permission of the Pneumoconiosis Commission­
er* to study the copies of records of service of mine 
workers dealt with by him. It transpired that the 
Pneumoconiosis Commissioner only had copies of the records 
of service of mine workers who qualified for compensation, 
and then only the records of service up to the time when 
they qualified for full compensation.

Needless to say, the records of service of mine
workers who did not contract silicosis as well as the post
compensation portions of the records of service of mine 
workers where such portions existed, were essential to 
this investigation.

The problem was solved by obtaining the per- 
stfsyion of the Transvaal and Orange Free State Chamber of 
Mines for access to their records of service of mine 
employees.

Table 3,7 is an example of the information 
extracted from the records of service.

h  Then known as the Chairman of the Silicosis Board.
3.8 The Total Time Spent Underground by Baoh Case

Selected:
The mine workers' record of service reveals 

every type of work that he was employed on and the number 
of shifts that he workod in each occupation.

From the estimates, made in section 3.4 of the 
duration of the underground shift of each class of work, 
an estimate could be made of the time spent underground on 
each occupation. Aa can be seen from Table 3.7, 'bhe 
record of service details the fol3owing information:

3.8.1 /  .....



6,1
.3
.3

.3

.4
10.1

-.1.1
.3

18,1
.2
.3

TABLE 5.6.1.
SHIFTS, HOURS AND PARC I OLE - HOUBS. 

P. P. C. C.

Pr. P 
Se. S

46
131
109
46

382
1963

695 
896 
925 fl 

1256 8 

1524 0

1733 8 
1627 0 
1840 8 
2170 8

2537 8 
2606 8 
3784 8 

2918 8 
3751 8 
3781 8 
4063 8 
4086 8
4115 6
4116 8 
4387 8 
-1393 6 
4403 8 
4448 8 
4579 8 
4688 8 
4734 8 
6016 8 
6979 8

H,p. 
Oc.n 
(2x4)

43.6
13.6 
16.1
:),3

36.5

31.4 
9.1

7.5
7.6 
1.0

26.4
23.4
3.9
1.9
5.5 

14,2

10.7 
66.6
2.4

22.5
1.6
1.7 
.1

31.7
,4
.7

3.7
10.5
8.7
3.7

32.6 
157,0

(6+5) 
* 100

42.6
56.1

74.5 
101.0 
122.4
131.5
139.0
146.6
147.6
174.0 
197.4
202.3
203.2
208.7
233.9

233.6
300.2
303.6
335.1
336.9
328.6

338.7
350.4
350.8
351.5
355.3
365.7
374.4
378.1
400.7

557.7

P.O.
0. C,

231
234
159
311
147

133

125 
131 
118 
159 
131 
100
126 
95 
94
111
119

84
64
91

116

P.p.
Oc.n
(5x7)
f

10000

98.4
31.6
35.6
4.9 
39.0

28.5

11.4 
9.1
9.0 

1.6
34.6
23.4
4.9 
1.8
5.3

15.8

13.7
57.9 
2,8

18.9
1.3 
1.5 

0.1
18.0
0.4
0.6
3.1
8.7
7.3
3.1 

18.8 
7S,S

Pr.
Pe.

(9 8)
10000

98,4
130.0 
155,6

160,6
199,5

226.0
239.4

248.5
357.5
259.1
293.7
317.1
322.0
323.8
329.0
344.8

357.5 
415,4
418.2
437.1
438.3
439.8

439.9
457.9
458.3
458.9
463.0
470.7
477.9
401.0
499.8
578.3

L  s'Ei
(i is f&tt jd is s5| 
w t t i a  is el-:: ;:i3| 
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3.8.1 Tb. of tb. (*bl. oolum 
i^OMd fob tb. PUT,... Of tbi. ibTOOWgbWob, .wopt
that each mine was &iven a number) ;

•2 the nature of employment;
.3 tb, buzb.r of ,01ft, mpioy.a bo ,.ob

occupation;

.4 the dates when employment was started 
and stopped on each mine; and

.5 the number of shifts worked in each
occupation.

Prom his record of service, the period that a 
mine worker spent underground can be computed and express, 
ed in years and in shifts. A reasonably accurate 
estimate is also possible of the number of hours which 
he spent underground. An example of a computation of 
the time spent underground is given in columns 1 to 6 of 
tabu 3-2a.

The first column contains the number of the 
occupation, the second column the number of shifts worked 
in each occupation, the third column the progressive 
number of shifts workud underground, the fourth column the 
number of hours underground per shift in each occupation 
(according to the estimates made in section 3.4), the fifth 
column the product of the second and fourth columns i.e., 
the estimated hours spent underground in each occupation 
and the sixth column the progressive number of hours 
underground.

((Columns 7, 8 and 9 deals with konimeter 
counts and are explained in Section 3.10.))

3.9 Time Underground versus Silicosis;
Of importance to the present investigation is 

the / .... .



- 73 -

the relationship between the degree of silicosis and the 
total time underground, in order to form a basis of 
comparison for the relationship between degree of 
silicosis and konimeter-hour particles.

In order of accuracy, estimates of tlis time 
underground are:

a. years of underground service,
b. underground shifts, and
o. underground hours.

The "years", the shifts and the hours that ea'=h 
of the 57 cases eel*oted spent underground are given in 
table 3.6.

The relationship between silicosis and "years" 
is depicted in figure 3.9(a). As can be seen, there ia 
practically no association between the two measures.

The relationship between silicosis and under­
ground shifts is depicted in figure 3.9(b). As can be 
seen, the association does not appeal to be any better 
than that between silicosis and underground years.

The relationship between silicosis and hours 
underground is depicted in figure 3.9(c). Again no 
improvement can be detected.

The total time underground is an estimate of a 
person's dust exposure but as the dust exposure per unit 
of time varies with different occupations and with 
different calendar periods, the total time underground 
is a poor estimate of a person's dust exposure.

A more accurate estimate may be his "kc, ,-er
oount" exposure and the method of estimating the konimeter 
count exposures of the cases selected, is described in 
the next section.

3.10 /  ....



EABLB 3.10.1.

O ccupation. DATES * C orresponding

TJ.p.C.C,
Ho. Group From To W e i s

1 SOM 30.1 31.10 243 313 237

3 IN 31.12 33,7 250 218 334

3 .1 32.7 33 .8 163 155 159

.2 33.3 53.3 311 311 311

.3 33 .3 34.6 154 139 147

4 34.6 35.6 139 137 133

6 ,1 35 .6 35.11 137 138 125

.3 35. U 36.3 133 119 121

.3 36 .3 36 .7 119 116 118

.4 5 36.7 36 .8 159 158 159

6 .1 SDM 36.8 37.12 138 124 131

.3 M 37.13 39.0 103 96 100

.3 8 39.3 39.4 127 135 126

.4 M 39.4 39 .5 95 95 95

.5 M 39 .5 39 .8 95 94
7 .1 SDM 40 .4 113 110 111
.2 S 40 .4 40,3.0 120 118 119
8 .1 40.1C 43.13 89 84 87

.3 43. IS 44.1 116 116 116
9 ,1 M 44.1 46 .3 04 84 84

.2 to 45.2 45.3 64 64 64

.3 S3 45 .3 45 .4 91 91 91

.4 S 45.4 45 .5 116 116 116
10.1 M 45.5 46.11 83 63 83

.2 SB 46.11 46.11 90 90 90
11.1 M 46.11 46.2,? 83 83 83

.2 M 46.12 47.2 83 83 83
13 .1 47 .2 47 .8 83 33 63

.3 47.0 47.12 83 83 S3.3 47.13 46.2 83 03
*4 48.8 49 ,5 83 03
.5 49 .5 56. G 50 50

®Um|

tik
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3-10 The Konimeter Count Exposure of Each Case:

The estimation of the konimeter count exposure 

entailed the following assumptions:

.1 That all working places of the same class had

the same dust count irrespective of the mine

or the position in the mine,

.2 that the dustiness per shift of all mine workers 

of the same occupational group was the same and 

equal to the mean for that group,

.3 that th-3 occupational groups were subjected to

the mean dust counts recorded during routine

inspections by Government Inspectors of Mines, 

weighted in fchc proportions given in section 

3,5.5, for the various types of working places.

In view of the above, the estimates of dust 

exposures have very wide confidence limits.

The dust exposure of any underground career is 

equal to the sum of the exposures of the various 

occupational periods constituting the career. The 

exposure of each occupational period is the product of: 

underground shifts, 

hours per shift and 

duatiness per shift.
The duatiness per shift of i?v-ry occupation 

varied with calendar time and* therefore, it was necessary 

to know th. calwidtr p.riod of cooupHion to th.
Awt .zpoaurc of . .pooiflo ocmi*tl<m1 ^
ora.r to faoillt.*. th.
per shift of each period of occupation ri a mine worker, 

of ^ioh XO. 3.10.1 1, «= "
for each case.
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The following columns were incorporated in 
these tables;

.1 In the first column was recorded the numoer 
of every occupation,

.2 in the second column the symbol corresponding 
to the occupational group,

• 3 in the third column the dates corresponding to 
the beginning and the end of each occupation,

.4 in the fourth column the duot levels correspond­
ing to the terminal dates for the particular 
occupation, and 

.5 in the last column, the mean dust level.
The records of service revealed the dates of 

employment and of discharge on every mine.
The datus when a change was made from one 

occupation to another within the same mine were, as a 
rule, not recorded unless the change was a mjor one such 
as when a daily paid worker became an official. However, 
the various occupations and the number of shifts worked 
in every occupation, were recorded consecutively and from 
these details the dates of change of occupation within 
the same mine could be estimated fairly accurately. The 
dates of change so estimated were made to the nearest 
calendar month.

3,10.1 Anfflimnlation of underground shifts per 
unit of calendar period;

In order to estimate the terminal dates of 
occupational periods rapdlly where needed, graphs were 
constructed of underground shifts against period of 
service for the various underground occupations. (See 
figure 3.10).

The / ........



YABLB 3.10.II 

APPROXIMATE BATES AT WHICH UNDERGROUND SHIFTS 
ARB ACCUMILA'im

Occupation
Undergr nunfl shifts per

Week Year 5 Year 
period

Miners 6 280 1400
Shift Bosses 6 280 2300

Mine Overseers 5 240 1100
Misoellaneous

Officials. 5 240 1100
Underground Managers 4. 190 850

. ( p u r e  
n&fsu

;sf,:i!g=s:̂ s;: 
Miprff cl,

' %  •
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The graphs wero constructed from the data in 
table 3.10.II.

The number of underground shifts per year and 
per 5 year period wore arrived at as explained below.
(The leave privilege figures were obtained from the 
Secretary of the Underground Officials Association in a 
private communication).

3.10.1.1 Non-Officialsi Miners were 
assumed to get 30 days leave par year.

365 - 30 = 335 days per working year?
+ 7 gives 48 weeks par working year;
x 6 gives 28? shifts per working year.

5 Shifts subtJracted for Good I'riday, Christmas 
Day, Dingaans Day and 2 Medical Bureau days, leaves 282 
shifts per year and, therefore, 5 x 282 shifts per 5 y. '\r 
period, i.e. say, 1,400 shifts per 5 year period.

3.10.1.2 Officials;K All Underground 
Officials were assumed to get 30 days leave per year plus 
7 days accumulated leave in addition to a certain number 
of days long leave which may be assumed at 65 for Junior 
Officials, 80 for Shift Bosses, 10j for Mine Overseers and 
117 for Underground Managers.

k Only a very small number of the eases included 
b-came officials - none became managers.

3.10.1.2.1 Shift Boases: Leave
allowance for Shift Boases were assumed as:

30 days every year, plus
7 days accumulative leave per year, plus 
80 days every fifth year.

Therefore, underground shifts per year = (365 - 30) x 6/7
= 28? .

Less / ......* • •
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w „  2 p i t l l o  h o l i a ^ .  w a  2 B urw u l a y ,  .  283.

.'. OmlersMnna psr ; . i,,d;
l.,« th. tb.orw by long IMT, allommo, vi,.
80 + 5 x 7 days = 115 days.
(115 + 7) x 6 shifts = 99 shifts.

Underground shifts per 5 years = 1,415 - 99 
.='1,300.

3.10.1.2.2 Mine Overseers and Under­
ground Engineers: Leave

allowances were assumed at 30 days per year plus 7 days 
accumulative per year, plus 103 days every 5 years.

(It was assumed that Mine Overseers went under­
ground 5 days per week).
Therefore, number of shifts per yoar = (365 - 30) x 5/7

= 335 x 5 ♦ 7 
= 240

and number of shifts per 5 years = 1,200 less the 
shifts absorbed by the long leave period of (5 x 7 + 103 =)

138 days, i.e.
less (3.38 x 5/7 shifts =) 100 shifts.
Therefore, number of underground shifts per 5 years =

1,200 - 100 = 1,100 shifts.
3.10.1.2.3 Miscellaneous Officials;

Tor the purpose of estimating dates from the number of 
underground ohifts, this group was assumed the same as 
Mine Overseers.

3.10.1.2.4 Underground Managers;
(Such oases were not received but the relative number of 
shifts are of interest.)

Leave allowances may be assumed at 30 days per 
year plus 7 days accumulative leave per year plus 117

days / .... .
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daya every 5 years.

(It may also ba assumed that Underground 

Managers go down 4 days per week, on an average.) 

Therefore, number of underground shifts per year *

(365 - 30) x 4/7 = 190 
and number of underground shifts per 5 year period =

5 x 190 = 950 leas 
the number of shifts absorbed by the long leave period 
viz. (117 + 5 x 7 )  days, 

i.e. 1 5 2 x 4 + 7 = 8 9  shifts.

' Therefore, number of underground shifts per 5 year period 
950 - 9 0 =  860

= 850 say,
As stated before, the graphs were used in cases 

where the deceased worked on the same mine for many years 
ae a result of which few dates, to mark off occupational 
periods, appeared on his record of service.

In cases where the deceased shifted frequently 
from one mine to another his record of service had many 
date checks and in such cases reference to the graphs were 
not necessary. Such cases also confirmed that the graphs 
were sufficiently accurate to estimate the occupational 
period from the number of shifts worked.

3.10.2 The dust exposures of the various 
ooounafricnal peri odes

This was computed from the number of shifts 
worked during each occupational period and the mean 
lustiness per shift of the period.

The mean dustiness per shift of each occupa­

tional period was computed from the curves of dustiness 

Per shift against calendar years.
Figure /  ...
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Figure 3.8 depicts the variation in shift 
dustiness of the various occupations wi ,n calendar years. 
The computation of mean dustiness per ’'ift for the 
various occupational periods is shown in table 3.10.1.
The second column of the "3.10.1" tables gives the 
occupational group and the third column gives the calendar 
period of occupation. From figure 3.8, the shift 
dustineso for the various occupations oould be read for 
any calendar month. The shift dustiness so read, wa9 
entered in the fourth column of the "3,10.1" tables.
The number of readings taken per unit of calendar period 
varied! according to the nature of the change in shift 
dustiness.

If the change in shift dustiness was non linear 
with time, readings were taken at sufficiently short 
calendar intervals for the change in dustiness to be 
assumed linear, so that the arithmetic mean of the com­
puted dust levels gave sufficient accuracy.

The mean dust levels so calculated were then 
transferred to the seventh column of the "3.8.11 tables" 
opposite the corresponding occupational hours. The pro­
duct of hours underground and mean dust level gave the dust 
exposure (expressed in konimeter purticle-hours).

The estimated dust exposure of each occ -.tional 
period was entered in the eighth column of table . 3.IX 
and the nineth column gave the cumulative duet exposure, 

3.11 Konimeter count exposure versus Silicosis:
The relationship between ailicosis and konimeter 

count exposure is depicted in figure 3.11' There is 
still a very wide scatter but the relationship between the 

MWUT., ao., to b« b o t to r  thon thmt Aoplot.a in
figures /  ...
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figures 3.9(a), (b) and (c).
In order to test the association between ailico- 

3i3 and each of the four measures of dust exposure vis,
"ye- •rs"» shifts- hours and konimeter-particle-houre, the 
results were analysed statistically,

3.22 Statistical Analysis;
3.12.1 Random Iheoiy.
A question that arises in connection with the 

sample selected is whether random theory holds. To 
provide the answer to this question, the method of ob­
taining the sample will be restated briefly. The puthor 
set up a "screen" for a certain period. All the cases 
which passed the screen were included. This gave cases 
Mo. 1 to 51. Only 2 out of these 51 cases were beyond 
classification "4" on the Pathologists' scale. The screen 
was then altered so as to include only oases beyond this 
stage from there onwards. This produced the final six 
cases viz., Nos. 52 to 57.

As explained before, the sample selected is 
probably not representative of the underground European 
labour force, neither with respect to class of worker nor 
with respect to the prevelance of silicosis.

However, the sample may be classified into 
certain classes with respect to silicosis, and as far as 
the author can judge, tha dust exposures in each olaas is 
a random sample of the population of dust exposures of 
that olaas. ((There are four measures of dust exposure 
viz**

(1) "Years" of underground service,
(2) underground shifts,
(3) underground hours, and
(4) konimetar pai’tiole-hours.)) ^  / .......
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In view of the above, random ©jtimation theory 
was assumed to hold and the association between silicosis 
and each of the four measures of dust exposure, was tested. 
The variance ratio test wa'e selected.

3.12.,2 Variance Ratio Test^0^  The variance 
ratio test gave the results (see below) for the association 
between degree of silicosis and each of the four measures 
of dust exposure. (For the actual calculations, see 
annexurc “A").

The variance ratio teet compares the variance 
between classes with the variance within classes. As 
there are 57 observations that could be cast into 7 classes, 
there are 50 degrees of freedom within classes, and 6 
degrees of freedom between classes.

(a) For underground years of service, the variance 
between classes, came to 28.7, and the 
variance within classes, came to 26.C.
The variance ratio, therefore, equals 1.07.
For 6 and 50 degrees of freedom, the variance 
ratio is 0.903 for the 50* level and 1.24 for 
the 70* level^). The variance ratio, there­
fore, reaches about the 60* level, which is 
not significant, i.e., there Is no evidence 
that average number of years of service 
differed between the ee/en classes of degree 
of silicosis.

W  h r  d&SSi
.I...... t. 3.08,
 ........  2.W.
th.r.f.r., .«W1. I.:*' 6 W
of fr..,., * .  1" I ' "  * "

70^ / ......
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I df level. Ol) Ihc variance ratio, at this 
i m a  1. t.tt.r than th.t obWz.l for "y..r."
but not yet significant as it is lues than 95%
i.e., there is no marked evidence connecting 
condition of the lungs with the number of 
shifts.

(c) For underground hours, the variance between 
classes, came to 3.29, and the variance within 
classes, came to 1,37. The variance ratio, 
therefore, equals 2.40. For 6 and 90 degrees 
of freedom, the variance ratio is 2,29 for the 
95% level and 2.67 for the 97,5# level/ 51 ̂
The variance ratio, therefore, reaches about
the 95?$ level, and may be considered significant. 
At this stage it would appear reasonable to 
judge that the greater the damage done to the 
lungs the greater the number of hours under­
ground .

(d) For konimefrer-partiole-hours, the variance 
ratio between classes, came to 8.47, and the 
variance ratio within classes, came to 1.78.
The variance ratio is, therefore, 4.76. Por
6 and 50 degrees of freedom the variance ratio 
is 4.51 for the 99.9* level and 4.93 for the 
99,9556 level. The variance ratio, therefore, 
reaches beyond the 99.9# level which is very 
significant.
Thus, there is strong evidence that the 
gT.&t.r tb. d w w  th' *" p w t w
the nuzbM- of konim»t»r-^rMol.-h(%r«.

Summary!
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summary:

The resuUs of ^atUtlcal analysis suggest 
that there is:

(a) Fo association between given degree of 
silicosis and years of underground service}

(b) very little if any association between given 
degree of silicosis and underground shifts;

(c) some association between given degree of 
silicosis and underground hours;

(d) a strong association between given degree 
of silicosis and konimeter-particle-houre.
3-12.3 Distribution of years, shifts, hours

and oartlcle-hours within, classes:
The distribution within classes, of the four 

measures referred to above, were examined by expressing 
the cumulative proportions of cases above and below 
certain class limits and by plotting the cumulative pro­
portions on percent probability paper.* The points lie 
on a reasonably straight line, in all cases. Examples of 
the plots obtained are depicted in figures 3.12(a), (b),
(c) and (a). The results suggest, therefore, that the 
four measures are normally distributed within classes.

x For the purpose of this examination, grouping of 
the sample into four main olasaes with respect to silicosis, 
viz., Xo, XI, X2+3+4 and 33+6, suggested itself. The 
suffixes refer to the pathological classification given in 
section 3.6.3 and used in table 3.6.

3.12.4 The t-tast:
In view of the reasonably normal distribution of 

the four measures of duet exposure within classes, the 
t-test(52) was used to test differences between mean dust 

exposures / -.....* •
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of tb. clswifimtia,.
tc .UloMi.. Ih. fouwizg r w a*.  ....

(1) Th.Wff.rm.. \r.«h«:,
(.) th. t@7.5 l,T,i for
(D) the t92 level for hours,

(c) less than the t?5 level for shifts,
(d) less than the t50 level for "years”

^ X2+3+4 was iesa than X0)).
(ii) The difference between X 5+6 .

(a) the tgg.J level for psrtiole-hourg,

(b) the t88 level for hours,
Cc) the t86 level for shifts, and
(d) The t99.0 level for "years”,K 

x %is is the exception, and aLthough the difference reaches 
a significant level, it ie lower than that for particle- 
hours.

(iii) The difference between X^g end X 0 reached:
(a) beyond the t99«9 level for particle-hours,
(b) the t99-5 level for underground hours,
(c) the t96,l level for underground shifts, 

and
(d) the t97<4 level for “years".

Summary:
The results suggest that for two given degrees 

of silicosis, the particle-hours will, in the majority of 
oases, be separated further apart than any of the other 
three measures.

The t-tost, therefore, confirms the findings, of 
the variance ratio-test viz., that there is a stronger 
association between degree of eilioosia and Iconimeter- 
particle-hours than between degree of silicosis and any 
of the other three measures of dust exposure. ^
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ffihe relationahip between degree of silicosis 
and mean dust exposure is depicted graphically in figures 
3,13 to 3.IS, for each of the four methods of expressing 
dust exposure,

The main classifications made with respect to 
silicosis are given as ordinates on. an arbitrary scale, 
whilst the four measures of expressing the dust exposures 
are given as abscissae.

4. DISCUSSION:
4.1 The Question of Bias:

4.1-1 Post Mortem Findings:
When the Pathologist examines the lungs he has 

a record of the deceased1s service as reported verbally 
by the deceased to the Bureau during periodical examina­
tions. The Pathologist, therefore, has an idea of what 
the person was employed on and for how long.

However, the Pathologist does not know the 
deceased's number of shifts, or his number of underground 
hours and least of all, his number of partiole-houra.

4.1.2 Partlcle-hours;
The author’s orginal intention was to estimate 

the dust exposures without prior knowledge of the post 
mortem findings and many exposures were so estimated but,
'unfortunately, this could not be persisted with due to 
practical difficulties. These difficulties were mainly 
associated with the elimination of cases that were found 
to have tuberculosis, as well as with the special selec­
tion of cases in an advanced stage, towards the end of the 
investigation.

However, the author can vouch that prior know­
ledge of the post mortem findings were not allowed to

influence /   ....



influence the estimation of particle-hours of cases.

4.2 Factors which would tend bo obsoure an 
association between the two measures;

(a) Any Inaccuracies associated with the estimation 
of the measures, will tend to obscure the functional 
relationship between the measures. The inaccuracies 
associated with the konimeter-particle-hours have been 
dealt with.

It has also been indicated that only broad 
classifications, based on the terms used by pathologists, 
of the degree of silicosis are possible.

(b) Any variation in the personal susceptibility to 
contract silicosis would also tend to obscure the function­
al relationship. Some factors which may hays a bearing
on the personal susceptibility are:

(i) General physique,
(ii) Age range of occupation,

(iii) Mode of living, eg., heavy or light
smoker, excessive or moderate drinking, 
etc., etc.

(c) The possibly progressiveness of silicosis.
All the cases investigated did not accumulate their dust 
exposure at the same rate, nor over the same period, nor
in the same pattern. (By the same "pattern" is meant an
initial high rate followed by a low rate aa against an
even rate over the whole period or as against an initial
low rate followed by a Mgh rate.)

These factors were completely ignored.
In view of the above, it aeems logical to expect

a better agreement between degree of silicosis and
konimeter count exposure than that obtained with the

results / .......



influence the estimation of particle-hours of oases.

4.2 Factors whloh would tend to obscure an 
association between the two measurea:

(a) Any inaccuracies associated with the estimation 
of the measures, will tend to obscure the functional 
relationship between the measures. The inaccuracies 
associated with the konimeter-particle-houre have been 
dealt with.

It has also been indicated that only broad 
classifications, based on the terms used by pathologists, 
of the degree of silicosis are possible.

(b) Any variation in the personal susceptibility to 
contract silicosis would also tend to obscure the function­
al relationship. Some factors which may have a bearing
on the personal susceptibility are:

(i) General physique,
(ii) Age range of occupation,
(iii) Mode of living, eg., heavy or light

smoker, excessive or moderate drinking, 
etc., etc.

(o) The possibly progressiveness of silicosis.
All the oases Investigated did not accumulate their dust 
exposure at the same rate, nor over the same period, nor 

th, *a, pattern. (By th» «mm. "pntttm" H  mwnt *n
Initial high rate followed by a low rate ae against an
even rate over the whole period or as against an initial
low rate followed by a high rate.)

These factors were completely ignored.
in view of the above, it seems logical to expect

a better agreement between degree of silicosis an
konimeter count exposure than that obtained with

results / ......  •
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u— a by su:thor, if n  to d o *

for the medical factors which may affect the onset of 
silicosis and if the true konimeter count exposure were
available.

4.3 Composition of the Sample of Oaaas.
The composition of the sample selected, with 

respect to class of worker, could unfortunately, iot be 
studied scientifically due to lack of time, but the author 
hopes to be able to do so at a later date.

5. CONCLUSION:
There appears to be a strong association between 

degree of silicosis and konioeter-particle-hours. Hence, 
there is no need to change the konimeter or the -sampling 
technique, before a significantly closer agreement can be 
established between degree of silicosis and dust exposure, 
as based on the results recorded during routine dust 
sampling with another instrument.

6. APPLICATION:
What is really needed is the association between 

given dust exposure and degree of silicosis, but this 
cannot be obtained in practice. However, as a given 
degree of silicosis has been found to be strongly 
associated with the konimeter-particle-hours, the opposite 
must follow viz., that a given number of konimeter~particle- 
hours must be strongly associated with the degree of 
siliooais.

is vi.* of th, *i«« .o*tt« Ww kosls.t.r-
particle-hours associated with a given iegree of silicosis,
it *ill sot b. of msoh s.. t.
ilotios of th. of .Uioo.ii is . P«r.on from hi.

konimeter- /  ...



kmlm,t,r-pmTtlol»-lwuT w  .rtim.*,! in tm,
investigation.

Nevertheless, the mean konlmeter-particle-houra
associated with a given degree of silicosis, may serve as 
a useful guide to aim at, in order to keep the mean degree 
of ailioosis in a population of workers below a certain 
level, eg. from the relationship between degree of 
silicosis and konimeter-partiole-hours (see figure 3.16) 
it can be seen that if it is required to prevent the mean • 
degree of ailioosis in a body of men from getting beyond 
that at which the mean certification is likely to be for 
pneumoconiosis i» the first stage, their mean dust 
exposure should not get beyond about 4 million konimeter- 
particle-houra.
Example:

An example calculated from the figure of 4 
million hour particles to contract pneumoconiosis in the 
first stage ie of interest.

Take developers. The estimated mean dustiness 
per shift of a developer (by 1955), is about 100 p.p.c.o.

At 8 hours per day and at 290 shifts per /tar, 
it will, therefore, take a developer, under present day 
conditions, about 4,000,000 + (100 x 8 x 290) years i.e. 
about I? years to accumulate 4 million konimeter-hour- 
particles (if he always remains on development).

A person cannot start as a developer right from 
the first shift, because experience in the "miscellaneous" 
class of work is essential, where the dust exposure is 
lass than that as a developer. This will lengthen the 
period to accumulate 4 million partlde-hours of dust 
exposure towards, say, 20 and more years, which figure 

compares /  ....
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..pur.. that kuna ^  prwtl... i.
w  ,.K1 in flaur. 2.; ((oar,. (2) )) eo - 2;
thi mo.t oommon und.rgromm ..rrlo. .t Aioh Mlloo.l. in
the first stage was contracted,

7. REOOMMENDATIOETS:
7*1 Records of Service;

As there Is no association between degree of 
silicosis and years of service or number oi Ji-.Lfts, 
which are the two measures of dust exposure mainable 
from tne records of service as compiled at presenv, and 
as strong association can be obtained if only two addition­
al items were recorded, which are; the hours per shift 
and the shift dustiness, it is recommended that they be 
added to all future records of service of employees on 
Bines where# regular dust sampling is done.

7.2 Recorded Dust Counts;
7.2.1 As pointed out in section 3.2.1.1, the 

dust counts recorded suffer from the disadvantage that 
they include acme observations which were taken where 
conditions were suspected or known to be bad and others, 
Which were taken to verify that conditions had been im­
proved. To eliminate the bias introduced hereby, it is 
recommended that these two classes of observations are 
kept separate from those taken at random.

7.2.2 The dust records also suffer from the 
disadvantage that individual dust samples are not record­
ed; ao that, with the method used, it is not possible
to arrive at the distribution function, of dust levels 
in mine air, and hmoe, it is not possible to fix 
confidence limits to mean duet c6imts. in view of the

above /
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atjove, it is recommended that records of dust'samples be 
so c o m p i l e d  that the frequency distribution of dust levels 
mey be computed therefrom.
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YEARS 0! SBBVICB.
(a) OSDlKASy CLASSIFICATION'.

P.M
Olae-

tion. vice
» X lx2 l(z-i)3 B3

0 11.8 15.C 
21.1 14. 
20t6 14,t
20.8 16.£ 
31,6 21,r
29.0 25.7
23.1 22.8 
13.6'2C,8 
17.9 19.C 
13,8

378.6 19.93 6110.13 7644.10 31.4<

1 28.9 27.5
17.3 19.5
19.9 15.0
27.3 21.0

176,3 23.04 4070,85 3885.31 189.64 27.05

14.9 15,2
23.3 26.£
26.4 21.5
26.9

7 144.4 20.. 03 3127.30 2978.17 148.43 24.74

■* 28.8 19.6 
21,D 17,£
13.8

5 ICO. 7 20.14 2151,39 2038.10 133.19 30.8C

4 15.7 20.4
13.3 27,6 
16.9 19.8 
35.1 18,3
15.4 14.1

10 185.6 18.56 3654.22 3444,74 209.48 23.38

5 25.7 30.3
19.7 30.3 
27.2 83.1

6 146.3 24.38 3652.21 3567.36 64,93 16.99

31.0 27.0 2 48.0 24. rv. 1170,00 18.00 18,00

1179.9 20.70 
± .69

<25935.89 34423.93 1339.69
1511.96

&j£JL iX.
Botveen classes 172.27 8 26,'
Within olasoee 1,339,69 BO 30.■
Total 1611.96 66 = ■

v3 = 1.073
Practically unity; somewhere near 60$ Big, level} 
Ko evidence whatever of differences in the means, 
x Tor "a11 road "sigma".



A m x i m s  ; A. 1 : YEARS OF SERVICE 

(*) COmBNSBD CLASSmCATIOH.

n Sbc X Bx2 ®(x~x)S s3

19 378.6 10.93 0110.13 7544.10 566.02 31.44

6 176.3 32.04 4070.85 3885.31 189.64 27,09

2*3+4 430.7 19.58 8938.71 843.1.95 500.78 33.65

5+6 194,3 4823.21 4719.06 103.15 14.73

57 1179.0 25935.89 24433.93
1359,59
1511.96 27.00

S.S.D. df s2

Between c la e e se  152,37 S BO.99

w ith in  claoBBB . 1355..59 53 25,66

T o ta l 1511.96 56

t2 = 1.980; a t  3 53 d f ,
somewhere near 85$ le v e l .



MTNlXUaffi : A.3 : UHDERGKOUHD SHIFTS, 

(a) OHDINARY CLASSIHCATIOH.

P.M.
Clas-
sifi-

ground 
shiftB 

(1000'b )
n X 1*2 »:s Ktx-x)2 sS

2.84 3.20 
4,47 4.35
4.31 7.23 
3.18 3.42
4.32 5.55 
4.11 7.00 
7.34 3.48
5.40 7.97 
3.90 5.68
5.41

19 93.06 4.90 499.779 456.190 43.59 2.42

1 '8.34 7.34 
3.39 4.63 
7,88 6.31 
4.56 4.23

46.38 6.80 292.589 369.120 23.47 3.35

4.76 4.54 
4,65 6.61 
5,45 6,99 
8.71

7 41.71 5.96 363.010 248.651 14.36 2.39

8,20 4.56 
3.13 5.77 
4.94

5 36,60 5.33 155.527 141.512 14.01 3.50

3.87 3.36 
4.'3 3.03 
5,71 3,59 
4.45 6.84 
6.67 5.52

10 47.46 4.76 241.873 226.635 16.25 1.81

6 6.80 6.97 
6.43 3.76 
7.83 6.04

6 36.83 6.14 336.234 226,196 10.04 2.01

6 7.57 5.28 2 13.85 6.43 65.183 83.690 2.49 3.49

All
Olaa-
Bdfl-

ions

67 304,88 5.35 1774.195 1631.482
134.31
143.71

•Betwaon classes 6
Within classes 50 J®**®1
Total 56 142.71

v2 . 1.24 (70^ level)



Amro-UKB : A,2 : UTOHRGEOUHD SHIFTS, 

( t )  Condensod C la s s if ic a t io n .

P.M,
Classi-
floa- n Ex X Ex3 ns3 B(x-S)2 s2

0 19 93.06 4,90 499.779 456.190 43,59 2.43

1 8 48.38 5.80 293.569 269.120 33.47 3.35

8+M4 23 115.76 5.36 660.410 608,687 51.73 2.46

6*6 8 49,68 6.31 321.417 308.613 12.90 1,84

All
304,88 5.35 1774.195 1631.483 131.68

142.71

il. SAB.
Between classes 3 11.03 3,68

Within classes 63 131.68 2,48

Total 66 142.71

T25 = 1.48 (about 76^ lorel) 

((for (3,53) 1,25 = 70^ and B.]P = 90^))



mmaa  i A.a : hoiks mroacmuro 

(a) OHDIBAHY CLASSti’IOATIOH.

P.M. Hours 
Claa- Under 
alfi- ground

tion. 10000's

n By By2 nx3 1 ( x - x f a3

0 U . 2? 2.55 
3.31 3.7? 
3.95 4.80 
2.43 2.73 
3.46 3.76 
|3.28 4.90 
4.17 3.78 
3.58 5.41 
3.11 4.09 
|3.36

19 65.51 3,45 240.220 236.147 14.07 0.78

1 Is.59 5.79 
3.00 3.71 
5.53 4.60 
[3.66 3.67

8 34.44 4.31 165.961 148.609 17.35 2.48

3 3,61 3.59 
3.33 5.29 
4.36 5.58 
[6.97

7 33.93 4.70 165.204 154.630 10.57 1.76

3 6.56 3.65 
3.51 4.60 
|3,93

5 21.25 4.25 99.261 90.312 8.95 2.24

4 Is.l? 3.69 
3.45 3.1? 
k.55 2.87 
3.56 3.74 
15.33 4.32

34.85 3,49 130,088 121.601 6.39 0.92

5 5.44 5.68 
3.60 3.01 
6.16 4.85

28.63 4,77 144.095 136.517 7.58 1.52

6 p.06 4.22 10.38 5.14 64.632 53.639 1.69 1.69

ill
Olas-J
aifi-J

tion J
237.89 4.00 999.361 911.088 68.50

88.0?

M
VS « 8.40 (al«t 

((tor (6,50) 3.39 = 95)6 find 3.67 = 97.5^ ))



MSIXUBB : A. 3 : HOURS UTOERGEOUBD. 

(Id) Oonde, •ised Claes If ioatlon.

P.M.

lilfi-
eations.

n Bx X
3

Bx n*2 E(x-Z)3 03

0 65.51 3.45 240.230 236.147 14.07 0.78

i Q 34.44 4.31. 165.961 148.600 17.35 2.48

a-54-4 22 89.03 4.05 334.553 360.855 33.70 1.60

5*6 8 38.91 4.86 198.627 18,.*, 9.67 1.38

Classifi­
cations.

67 237,89 4.00 9V9.361 911.008
74.79
88.27

Between classes 13.48 4.49

Within olasses 74.79 1.41
88.27

r 2 s 3,18 (about 9 $  level)

((for (3,53), 3,17 - 9B^ and 3.37 = 9 7 . H)



ASraUBS : A.4 : PABTIOLB- HOURS, 
(a) Ordinary Classification.

P.M.

tion.

Particle 
hours in 
millions n Bx X Bx2 nx3 B(x-£)2 e2

2.44 5.24 
3.95 3.82 
3.38 2.20
3.86 3.69 
1,26 3.86 
3.36 2.77 
2.32 1.49 
3.34 5.23
3.86 2.41 
5.20

19 60.49 3.184
t .61

95#

215,9399 192.5811 23,3408 1.297

6.82 2.67 
2.98 1.99 
3.20 3.83 
4.60 3.45

h 29,51 *'!8 124.4633 109.0765 15.3767 2.1967

3.55 5.50 
3.92 4.99 
5.78 4.22 
2.34

7 39.50 4.204
±1.02

132,5414 134.3214 8.3300 1,370

3 • 5,39 3.64 
4.54 4.03 
3,79

5 20.38 4.076
±1.18

87.1626 83.0689 4.0937 1,0334

4 3.93 4.03 
2.22 3.73 
4,01 4.09 
6.68 3,91 
2.79 2.76

10 38.15 3.315 
t  .84

2S0.6475 145,6423 13,1052 1,456

5 S.28 3.60 
3.31 6.38 
7.76 0.76

6 35.09 8.848
±1.00

229.4541 205,2180 24.2361 4.847

6 7.39 6,31 13.70 6.850
*1.08

94.4283 93.8450 .5832 .583

57 236.85 3.980 1042.6169 902.0233 88.9637
139,7937

£l£ U U L
6 Sotvean alaeaso 60,8300

GO within olaoaoB 88.9637



ANEBXUIO : A.4.(b)

C0KD2NSBD CLASSIFI CATION.

P.M.
Olassl-
fi- n Ex lix3 US2 B(z-x)3

60,49 3.184

Isii60
315.9209 192.5811 23.3488 1.297

1 ■8 23,54 3.693 
+ .93

134.453S 109.0765 15.3767 2,1967

21-3+4 32 66.05 4,001 
±  .56

378,3515 353.2405 26.1110

5+6 8 48,79 6,098 
± .93

323.8633 897.5580 86.3343 3. 761

57 236,85 3.0B0 1042.6169 903.8332
01.1608
139,7937

M J ; . M .
Bekwoon olaaaes 48.6329 3 16,211

Within classes 91.1608 53 1,720 
= 1.3118

Total 139.7937 56

v5 * 9.43
({With 6.95 for (3,53) df 
Bignlficance at 99.95^ level.))



ANNBXURIii T,. 

SIGNIPICANOB TESTS USING "t"

1. 1 234 - Xq:
1.1 PARTICLE-HOUR5;

1 = 4.00 a2 = 1.24 n =22 
2J4 234 234
X0

• 1
' * 234

3.16 sir = l.]
1 ,2 2

%y  234

1:30

i 22 19

= 0.82 - 2.02 \j 0.0564 + 0.0
= 0.83 - 2.02 ' f o . l H Q
= 0.82 ± 2.02 x 0.354 (0.82 * 0.352=
* C .82 ! 0.71 for f = 39,2.31=t

Conclusion; The difference is significant.
1.2 HOURS:

I a 4,05; s2 = 1.60; n =22
234 234 234
I. = 3.451 = 0.780; n = 19

\| 22 19
= 0 . 6 0 *  S.02 {jo,0726 + 0.0410 
= 0.60- 2.02 \| 0.1136 
= 0.60 ± 2.02 x 0.337 (0.60 » 0.337 
= 0.60 i 0.68 for 1 = 39)1.76 =

Conohialon: The difference is not aignifioant

: 2.31; 
97.;)

39)

= 1.78; 

*92)



1.3 SHIFTS;

234

■ X 
■234

5.26; s2 = 2.46j n = 22

4.90; = 2-42; n = 19

-I, .0.36 i
234 + t

= 0.36 2.46
22

+ M 2  
19

- 0.36 ± 2.02 0.112 + 0.127

= 0.36 i 2.02 ̂  0.239

= 0.36 * 2.02 x 0.489 (0.36 + 0.49 = 0.74)
= 0.36 t 0.99 (For t = 39, 0.74 = t?5)

Concluaion.: The difference is not significant.

1.4 YEARS;

N.B. x ia less than y i,
234 0



*5+6
1 PARIIOI/E-HOURS:

..2X5+6 = 6-10’ ti5+6 = 3-76, = 3

X2+3+4 = s2+3+4 = 1*24> n = 22

= 2.10 ± 2.05 /j.76 J 1.24
\l T ~ *  I T

= 2.10 i 2.05J 0.47 + 0.056 
= 2.10 ± 2.05J 0.526 
= 2.10 i 2.05 x 0.725 
= 2.10 i 1.49

(2.10 + 0.725 = 2.90; 
for f = 28, 2.90 = *99.3)

Conclusion: The difference is significant.
.2 HOURS

X 5+s . 4.86, a^+6 _ 1,36| . g

X2+3+4“ 4"05, s2+3+4 " 1,S0’ "2+3+4 22

• X5+6 - X2+3+4 = °-81 1 t95 "
60

22

1 0.81*2.05 f 0.172 + 0.073

» 0.81* 2.05 ]/ 0.245 
= 0.81* 2.05 x 0.495
.0.81*1.01 l.M

for f = 28,1.64 = tgg



Conclusion-. The dli.'farencs ia not eiftnificant.

The difference between the means of the 
"particle-houre11 reaches a higher level of 
signifioo-nce than the means of the "hours".

Therefore, "particle-hours'' is a better 
measure of the condition of the lunge than "hours".

3.3 SHIFTSi

x5+6 = 6 'S1, 85+6 = n 5+6 = 8

I2+3+4 - "2+3*4-

= 0.35 i 2.05 \j 0.230 + 0.112
= 0+95 - 2.05 'j 0.34V
= 0.95 - 2.05 x 0.585
= 0.95 - 1.20

(0.95 ♦ 0,585= 1.62; 
for f =28, 1.62 - tgg )

Conclusions The difference is not significant.



2.4 TEARS.

x5+6 " 24'3, s5+6 = 14’7' n5+6 = 8

x2+3+‘t = 19 ■6’ a2+3+4 = 2:i-8’ n2+3+4 = 22

1 W  +
S 22

x5+6 "■ *2+3+4 = 4,7 t 2'05 ,

= 4.7 i 2.05 \/T.84 + 1.08

= 4-7 i 2.05’̂ 2.92
= 4.7 * 2.05 x 1.71
= 4.7 ± 3.51

(4.7 * 1.71 = 2.7:1for f .28, 2.75 = tgg)

Conclusion: The difference is significant, tout
reaches a lower level than that for: 
Partiole-hours viz. 2.75 as against 
2.90.

3- - Zn :

3.1 PARG?ICLE-HOURS
2

5+6 6-10, "5+6 "S'?*, *3+6-8

- 2.32 ± 2.06.1 0.470 + 0.068



' 2.92 ± 2.06 0.538
= 2.92 ± 2.06 x 0.734 
= 2.92 ± i.5i

Oonolusion: Ihs difference is very significant.
3.2 mDSBGROOEID HOURS:

x5+6= ‘t-86’ 35+6 = 1’38’ n5+6 = 8

3.45, = 0.76, n„ = IS

—  (f = 25)

= 1.41 ± 2.osy 0.173 + 0.041 
= 1.41 ± 2.06J 0.214 
= 1.41 ± 2.06 x 0.465 
= 1.41 ± 0.93 (1.41 * 0.465 = 3.05;

for f =25, 3.05 = tgg.j)
Conclusion: The difference is very significant.
3-3 UNDERGROUND SHIFTS:

X = 4.90, a8 = 2.42, n0 = 19

5+6 1.31
= 1.31 * 2-06^ 0.230 + 0.127

> 1.31 -  2 .0 6 1|o 7357

. 1.31 1 2.06 x 0.598 

. 1.31 ± 1.24  ̂ . 2.1A,

.'. 2.18 = tgg.l j

Oonolu^.oni a #



3.4 YEARS:

%+6 = 24'3- 4+6 = 14-7, n5t6 = 8

Xq a 19*9, Bg = 31.4, n0 .-=

= 4,4- 1 2.06 J  14.7 x 31.4+ T T

= 4.4 * 2.06 y i.84 + 1.65
= 4.4 ± 2.06 1/3'49
= 4 .4- 2.06 X 1.87
=4. 4- 3.85

(4.4 * 1.87 = 2.36; for f = 25, 2.38 = tg7i5)
and 2.06 = tĝ )

Conclusion: The difference is significant but reaches
8 lower level than in the case of "par- 
ticle-hours"
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TIG. 2-2.PARTICLE SIZE IN MICRONS
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