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SUMMARY.

The investigation concerns the routine measure-
ment of adr-borne dust in the Couth African gold mines by
means of the konimeter and th. Jdegree of silicosis in
EBuropean mine workers. The important sspects of the
problem are consldered briefly end the history of the
konimeter iu reviewed.

The konimeter counts recorded by Government
Inspectors of mines ut a2 Lew ctrategic points in air since
1931, are analysed, Allowancos are made for the few
changes wade a@ince then which af.ected the results recorded.
The changes in Gustiness with calendur years at each of the
strategic points are estimated.

The Buropean mine workers are classified into a
pumber of main rours. By way of estimates of the pro-
portions of the undersround chift which each group spends
between the strategic underground points, the dusatiness
rer @hift of e¢ach group wus ectimated. The estimates were
made at intervals from 1931 to 1955 in order to obtain ihe
variation in the ductiness for eaoh of the main groups over
this period. Shift duosinegss curves were extrapolated
back to 1326,  Estimuies for the main closses of non-
offieialy wre compured with setunl observutions made during
full shift btime dust studles in 1926 and in 1949 - 1350,
Ressonable wgreement is cotublished between the estimates
#nd the actuul owsurvations.

57 Recently decensced Buropeun mine workers were
seleeted in ach of whom the degree of milicosis was
determined from full hyotological post mortem exemination
of the lungs,

The degree of silicowls i® compared with the
number of underground ycars of service and with the number

of underground shifts.
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By wey of estimates of the duration of the under-
ground shift of edeh of tnebmain underground occupational
groups, estimates are made of the total number of hours
spent underground by cach of the deceassd mine workers
gelected, The degree of silicosis is compared with the
number of hours spent underground.

Trom the¢ dustiness per shift of each of the main
ocoupational groups, estimates are [inally made of the dust
exposure, expressed in the nunber of konimeter particle-
hours, ol each of the deceased mine workerc selected, The
degree of silicosis is compared with the number of konimeter
particle~hours.

The racilts are unalysed statistically end
indieate that there is:

(L) MNo association between degree of silicosis
and years of service,

{2} very little, if uny, association between
degree of silicomis wnd number of wnder-
ground ohiffe,

(3) prouuwbly u real acsociution between degree
of gilicosis and nwsber of wnderground
hours,

{4) a ptrong asvcocintion brtween degres of
siliconis and koniaeter particloe-hours.

The results are iiscussed and the conclusion
avrived ot s that the ponimeter rwed not be repluced by
apother dust compling instruament wntil o significantly
stronger asseciation than that in "4" uhove can be
agtablished Lotween the degree of silicosis and Qust
exposure as based on the recults recorded during routine
dust sampling with the other instrmment.
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The recommendation is made that dust exposure
records are compiled as the normal routine from now
onwards for Furopean mine workers, by adding the hours
worked per shift and the dustiness per shift, as based on
the routine dumt sampling results of the places in which
the mine workers spend their underground shifts, to the

present records of service.
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1. INTRODUCTION.

Tirgt thoughts about the present investigation
ocourred to the author a number of years ago as 2 result
of arguments for and against the konimeter as a dust
sempling instrument, by members of the Chemieal, Metalluy-
gicel and Mining Soclety in South Afrieca.(1)

In view of the faots

{a) that the dustiness of mine atmospheres were
for many year.: nbrolled by means of the
konimeter,

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

{e} tomt accurate records were kept of the type
of work that miners were employed on,

{4) that vroof of & functicnal relationship
between "konimeter dust exposure! and
ailicosis was lacking,

an investigation ol this nature appeared very desirable.

1.1 The Problem:

The problem is to know whether konimeter dust
counts are relatud to the silicosis hazard due to dust in
mine air, and i g0, whether the relation is sufficiently
clone to warrant the continued use of the konimeder as the
dust sumpling instrument on Jouth Afrdcan Mines.

It Lo argued that the problem willlpe solved if
the "konimeter count exposure” of a person wsLé & measure of
the degree of silicesiv in the person.

Unfortunately, the actuanl "konimeter count
exposurcn” of persons are not available:  Estimetes
thereof have, therelore, fo be resorted to.

As a regult of inaccuracies introduced by these

eatimates, in addition to the varying susceptibility of

individuals / +.viviin
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individuals to contract silicosis, as well as the broad
clagsificabiona ol the degree of silicosim, there will be
a tendency to obscure any functional relationship between

these two measures,

1.2 Ine value of the investigation:

The main value of the investigation will lie in
the answer provided '~ the guestion in "1,1lv, Additional
value will also lie in the record provided of & method
followed to correlate dust determinations with medical
findings, and in the directives resulting therefrom which

could lead %o a diminution of the dust hazard,

2., ASSOUTATED ASPECTS.

Before dealing with the actual investigation it
is appropriate to touch on tre more important aspects
aszociated with the dust problew.

2.1 Medieaml Aspects:

2,1.1 ZThe Respiritory System (after Sabotta<2)):

Two of the oubtstending features of the respiratory
system are the muny changes in direction of the sir
pRashies and their trregulur oross sectional area. These
two propertics, in addibios to the hair in the nore and
the faet that the walls ol the air passagen are lined with
mucug favour the elimination of particulate mutter contained
in the fawspired air.

Entry o the nose takes place across approximate-
1y 4 square centimetre per ncstril(a) into the tnasi
ventibulum' (Sabottz iz, 113) where the oross-sectional
ares puddenly incresnes by some 50 - L00%. The whole
nagal cavity is l:ined with hair and mucus, Its cross

sectional shape changes +o a narrow slit caused by a

YEOLE / ieenine
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'£old of mucous membrane called the plice ductus
pagolacrywalis' snd the total cross sectionalJarea avail-
able to inspired eir reduces from about 14 - 2 square
centimetres in the nasi vestibulum {the largest portion
of the nasal cavity) to about one square centimetre.
This reduotion in cross gection takes place suddenly, &rd
furthermore, Lrom the roomy nasi vestibulum the air flows
along a narrow slit called the meatis nasi communis
{Sshott» Tigs. 115 and 116), which in cross section
measure about 2 millimetre by a few entimetre, for sach
nostril. From here the air Llows ..em into the throat
which measuree a few centimetres in Jismeter when extended
{Sabotta figs. 132 und 133) and past the vocal chords to
+the traches i.e. the main windpipe.

Apart from the changes inm oross seciional srea
‘there axe also the changes in dlrection that breathed air
is subjected to. These changes may ve summarised as
follows:
from all sides into the nosu,
then upward in the nose,
then more or less horizontal ulong the nas2l slits
then vertically down the fthroat and into the trachea.

The trevchen proper id nbout 20 cenbimetre long
with & dimmeter of sbout 2% centimetre at the top and about
1 to 1% centimetre lower down, in the normal person.
(Sabotta P. 118 and fig. 145).

The tyachea 'divides ut an angle of shout 70°
into the two bronmchi'., The two bronchi divide at large
angles into the rami bronchalos. (('The branches of ‘the
bronchi no longer have rings of curtllage like the trachea

and ‘the muin bronchi')).  The bronchisl rami enters the
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lung proper where it iurther sub-divides until fthe finest
branches of the bronchial tree have a diameter of 0.5
millimetre and lass (Subotbs P. 129), have no cartilage in
their walls and are termed bronchioles (bronchuli) and lie
within the lobules of the lung.

'Sections o the lung reveal, in the firet place,
the bounduries of the individusl lobules (Llobuli  ulmonias)
formed by the delicatve strands of connective tissue and,
secondly, weobione of the bronchial rami, and the larger
vageular brenchest,  (Sabotta P. 129).

Ihe Broneninl Ypitheliun (after Jfolioard(4))

The broneniul epithelium may be described as
follows: Trom the periphery of the bronchi extend inwsrds
ta layer of connective tissue containing clastic muscle-
fibres, many glunds, and blood und lymph-vessels', from
which extend the cilia (fine hair-like processes) from the
1ips of which in turn extends the luyer of 'visecid nucous,
which ie driven fowsrds the mouth by eiliary action,
carrying with it the dust perticles which have adhered do
it.! {"4" P.P. 11 and 12.)

The Alveoli

fhe finest branches of the bronchial tre¢
terminate in the alveoli or wir sucs which measure about
200 ~ 250 wioron in dia. (%)

The alveolil have no vpitholium or eilia. The
oxygen-carbor dioxidc exchunge takes place along the
alveolar wnlla.

Sonvenging eclls wunder along the innur or Maiz! -
wide of the walls and any particulote matter which atiaches

iteell onto the walle getes removed by these cells,

The / vavisens
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The number of alveoli in the normal person is
estimated at 150 x 108 to 1,000 x 108.(6)

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

Sizmee of Cells.

The size of & red blood cell is about 8§ micrcn(7)'
whilst that of a white blood cell is about 10 mieron and

that of a dusi scavenging cell (in medical literature
referred to as phagooytic cells or macrophages) are 25 to
30 micron in diameter.

2.1.2 At what velocity dues eiy flow along the

air passeges?

The rate of breathing varies from a minimum of
the order of $ iitres per minute for a normal person at
rest through 20 to 30 litres per minute during medium
exercise, to & maximum of about 60 litres per minute at
gevere exseroise. Actusl tests on the Author™ gave 36
litre  per winute during mefium exercise. At this value
the maximum instantaneous breath-rate was 1.5 litres per
second with an aversge breath-rate of 1.2 litres per second
over 30 inhzlations per minute.

An indicated above, the cross-section of the upper
respiratory channels vary greatly and the table below ligts
some of the positions with the corresponding ordere of
crosy-gectional areas and orders of inhalation velocities

at one litre per second

% Conducted by Dr. Murvgeret Becklake on
1.6.55.,, at the then Pulmenary Disability

fSection of the Bilicosis Medical Bursau.

Position / «i.ius




i
{
|

s

-6 -

Position Appgg:;mate Velocity

Nasal Entry 1 sg. om. 1.0 metre/second
Nasal Vestibulum 2 s8q. om. 0.5 metre/second
Wasal siit 1 sq. em. 1 metre/second
Phroat (during inbala-

$ion) 5 8q. om. 0.2 metre/second
Upper Traches 5 sq. ocm. 0.2 metre/second
Traches 2 sg. em. 0.5 metre/second.

Summarising the velocities, one can say that for
normel breathing during mediuwm exercise, inhaled air flows
through the upper ruspiratory channels at velocities which,
due o the varying cross-sectional area, vary from a
fraction %o one and more metrés per segond.

2.1.3 Dust retention and elimination

The medical terms dealt with below are usually
used in descriptlions of dust retention and elimination and
it iy essentisl fo by fumiliar with them in order to follow
medical descriptions on what happens to dust in the lung.

Ths terms are!

Amoeboid = having no fixed form, but creeping and
putting out pseudopodia.
Leusocd e = 5 white blood corpus¢le; one of the
colourless smoeboid cells occuring
in suepension in the blood-plasma.
Lymph = g colourless fluid flowing from the
alveoli ond the alr passages back
into the luug.
Mekrophage = g largs cell which ingests dust particles,
Phagocitone = the process whereby smoebold cells remove
particulate matter from the alveolar

walls.
Mediocal / iiiiian..
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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 +he nose, some settls 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 perticles reaching
the alvecli settles onm the alveclar walls, a further
portion sebtles o the air passages as the air is exhaled
and & portion of the suspended particles is exhaled again.

Generally speaking, the coarse particles mttle
out first so that particles larger than 20 micron do not
easily pass beyond the nose whilet practically all particles
larger than five micron seti’s vefore the air reaches the
alveoli. {Ultra fine particles are also deposited on the
air passage walls - due to thew being in brownian motion).

The particles that become fixed on the alveolar
wells are rewoved by cells that wander over the slveolar
walls.

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

(a) they may move ulong the ulveolar wall towdrds
the alveolar duct where 'the dusi-cells
reach the liguid layer covering the
epithelium and are swept along by the
moving superficlel layer, and algo driven
by the e.pirubtory sir stream' (Policard
197" 2.14)(8) 4o the windpipe, 'being
subsequently expectorated! o swallowed,
(Strachan P.4)<8) some dust-cells may also
drnin through this layer into the
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lymphatic system (Policard P. 14);
(b) alternatively, the dust-cells "may move into
the substance of the lung where they tend
to become aggregated in certain specific
mites' (Strachan P. 4)., This means that
the dust laden cells pase through the
alveolar walls inte the lymphatic aystem.

Iymphatic capillaries drain frem the alveolar
walls and ihe air passege walls. The lymph flwids flow
in thin vessels via the lymph nodes. The dust laden cells
are transperted in this lymph fluid and the dust particles
are arrested in the nodes and are deposited in the 'lymph
node reticulum' (Policard “1947" F. 15).

Two German pathologisis, viz., Drs. Gersing and
Schum-‘lchar(g), during laboratory exper iments, could actual-
17 observe under the microscope, how certain cells, viz.,
Leucocites and Makrophages, phegocitosed dust particles.

The leucocites were observed to move at a rate
of about 25 - 30 microns per minute whilst the
makrophagee,‘ which #¥¢ muoh larger then the leucocites
moved at about one guarter the rate of the leucocites,

(6. & . P.P. 43 und 44).

Gersing and Schumacher states: ((Author's
translation from the German publication)) !Small
particles (less than 1 micron) were injested by cells

with ease' ..... 'DLeucceites could on the average

ar.7elope completely only particlea which were not larger
than 3 micron. Leucocites crawled underneath lerge
particles which were then csrried on their backs for a
distance without the particle @cbually being phagocitosed

(i.&, envelopsd and removed)., Parbicles teken up by

leucocites / ci..iii.n
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leucocites were often lost again'. (Pud6) suivvnnannne
'Makrophages can envelope completely, considerably larger
particles viz. particles up Lo 10 micron in diemeter. ....
Particles which were taken up by mekrophages wers not seen
to be losh again and there was also no differentiation

hetween large and small purticles (P. 47)'.

2.1.4 The size renge of harmful particles.
In 1913, McCrae(lo) reports as follows on the

proportions and sizes of particles observed in the lungs
of six cases of miners who suffered from silicosise: ‘the
amount of waterial with dismeter less then 1 mi’cron wes,
very approximately, 70 per cent of the whole. ¥ No attempt
waa made to measure diameters less than one micron. Many
measurements were made of the particles constituting the
remgining 30 per ¢ent or the material........ In an
extensive survey of several microscope preparations only &
negligibly small number of particles was seen whose longest
diameter exceeded £,5 micron, and the very longest gbserved
way 10,5 micron', )

In 1916 Watkine-Pibohford and Moir(11) reporte
as follows on the purticles seen in silicotic lungs:
! There appearsd to be some selection of martivles about
1 micron in average diameter. The mean of the aversge
dismeters of 120 purticles wes 1.2 micron. The great
preponderance of relaotively small particles in the specimen
examined was indicated by the fast that tor evexry pardicle
of an averuge diameter of 8 micron or upwurds there were
2,000 which were smaller. {Ps 17) «vcevsvsrsns. The great
majority of the quartz particles in such specimens of
(silicotic) lung-Aust are less than 2 micron in diamber;

none of them have been found to exceed 14 micron, and

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

Referring Yo the above disclosures, the Minexrs
Pnthisie Prevention Gommit’ceeue> states:

"The whole outlook on miners phthisis (and
ine.dentally on the unalytica) problems connected with i%)
was changed by the recent ((pre 1916)) discovery of the
almost infinitesimal minuteness of the gilica particles
retained by miners' luangs. It became ohvious that the

ordinary gravimetric deiswrminations 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, eince, for example, a single particle of 100 microns
diemeter weighs the same as 12%,000 particles of 2 microns
diameter'. Continuing, the Niners Phthisis Prevention
Committee states: ‘'An imporiant point that emerges from
recent (pre 1916) investigations is that, as & measuve of
the injurious character of any air breathed, the number of
particles per cubic centimetre is a bebter criterion then
its weight, because, 'in the great mejority of instances
(in South African Gold Hines) 'number of particles of
"very fine" (i.e. of below 12 microns) injurious dust ....
exceeds 98 per cont of the totsl number of particles.!

The Hiners Phthisis Frevention Commitiee(t)
further pointed out thut 'the count of phrticles only
referred to those which could be identified with the best
microscopa constructed’ (1916), apd that 'there was in

mine sir almost certsinly partioles of a dlameter so smalll
that they could not be identified by such aid. The i
question whether such particles were also of an injurious

cheracter could net be answered' (1916), fsince the problem

Wes / veininas
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was beyond the limits of any histologicel examination’.

Mavrogordato (1922)(15) congidered this quesiion
further and said: 'partioles 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 miliew interne of the body.
Chemically inert foreign particles of this order of size
can hardly do any harm.

({Por purposes of comparison it is interesting
‘to remember that the eize of & red blood cell is about 8
miorons in djameter)). .

“hen referring to the work of MoCrae end
Vatkins-Pitchford, Mavrogordatc(ls) stated that he
‘repeated their experiments, both on lungs of subjects of
Silicosis and on the lungs of guinea-plgs that had been
exper.,.cntally exposed' and ciudied the dust 'by the dark-
ground method as used with the konimeter, as well as by
direct illumination' and that 'there was no appreciable
inerease with darkground illuwaination’. Hence, he
concluded that 'the purticles were well above 0.25 micront.
He pointed out that 'similor studies hod been made in the
States by Smyth and Iszard who purticularly mentioned
that they used darkground illuminailion as well as direcd
lighting' ond that 'they xeported thet their findings as
$o eize distribution of dust particles in guinea-pig
lungs agreed elosely with those of McCrae and of Watkins-
Pitchford und Moir in humun lungs!.

Muvrogorduto(l7) wag of opinion that 'all the
evidence, direct and indirect; was agoinst ultra micro-
scopic particles of silioa 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 dismeter'.

After considering the lower limit of particles
0 be included in the measurement of dust concentrations
Wynn(la) (1952) concluded that there was inadequate
knowledge of the biological importence of particles
emallex then 0.5 micron in diameter,

Dawes and Fagelschmsat(®) (1956), in swmmarising
the pneumoconiogls problem cor:iuded thut snimal experi-
ments have shown so far that fibrosis was roughly propor-
tional %o the surfmce of fibrogenic dust, but that there
was an optimum purticle size of about 1 mieron.

The mnimal experiments referred té are those by
King and others(zo) (21) which were based on equal
weights end equal surface areas of different sized
particles. Hence, if on the biges of equal weights and
equal surface ares, small particles become relatively
unimportant, they are even less imporiant on a number
basis.

2.1.5 7The difference between soluble snd

ingoluble substances when inhaled:
(22)

In 1923, Mavrogordato said: 'When we are
dealing with readily solub}e toxic particles, these
ultra-microscopic counts become very important; dindustrial
metaliic poisoning, for instonce, is closely relatel to
them, but the dugt of free milica, if it is soluble in
the tiopues, as I believe 1t to be, is too slowly
soluble to afifect the 1ungé uniess it stays there for
some time'.

The followlbg explanation by Roach(23> ig of

intereot in this connection: Iparticles which have been
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deposited in the alveoli may remain in the lungs
indefinitely if they are insoluble, so that the amount of
dust in a men's lungs is roughly proporfional to the pro-
duct of his age and fthe average concentration of dust to
which he has been exposed since birth.

‘On the other hand, a relatively soluble dust
guoh ag lead, is absorbed in the lungs so that it fairly
rapidly accumuletss in the blood, tissues and skeleton,
end is eventually excreted. The rate of solution
increages 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 & 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.

1In contrast to cosl and silica, the lead in
the body is rlowly excreted when sxposure ceases and the
lead content usually reaches normsl values within about
18 monthe (Kehoe, Thamenn and Cholak, 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 thot within the previous few weeks,

'The period of accumulation is even shorter in
the case of harmful geses. 1For exomple, with & vapour
such 4g benzine, saturation of the blood is reached
within a few minutes; and saturation of the tissues
is reached in two or throe days',

10nce this state of equilibruim Lls attained the
amount sccumulated in the body iz independent of the

dv~ation of exposure and if the eiscts on the men are
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non progressive the risk to health is & function of the
atmosphere concentration and the duration of exposure mey
safely be ignored. »

'Hith materials which are for all practical
purposes insoluble, bthe @mount zccumulated in the body
incresses steadily at o constant rate proportional to the
atmozpheric concentrution. The material remains in the
lungs more or less permanently, even after exposure
cenges.'

2.2 Dust Measurement.

2,2.1 ¥hat perameter should be messured,

megg, surface arew or aumber of

particles?

Wynn and Davves(24) (1952}, when considering the
gizse distribution of dust in British coal mines and the
lung retention of different sized particles obtained
curves, {(figs. 14(a) and (c¢) of Research Report Nao, 28))
which 'suggest that the count in the range 0.5 - §
microns as determined from the thermal precipitetor is
valid as an index of the surface of particles less than
5 microns in the air nund also of the area retained in
the lung (Fig. 144), and hence of the hezerd of the dust,
In like fashion the sount in bthe range 1,0 - 5.0 microns
ix an index of the hazard of the dust, if the hazerd is
proportional to the currace area of the dust In the
lung!,

The question was further considered by \'{yxm(25>
(1952) who stated: 'Before methods of assessing aire
borne dust concentration can be discussed, it is nege~
spary to decide upon ways of desoribing the concentretion

of airborne dust that are relevant to ite capacity to
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cause disease. Methods of measuring airborne dust
concentration which give an approximate estimate of the
hazard of health of the environment are %o be preferred
to methods of dust measurement which measure purely
arbitrary paremeters. Measurenents of duat may be
regarded as satisfectory from this point of view only if
they measure & paremeler which is approximately propor—
tional %o the quantity of dust retained by the lung. This
may be achieved within the limits of accuracy of exisbing
experimental knowledge in 2 number of different ways.

It has often been postulated that ti. 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 totel surface srea of the dust particles should

be agsessed’ .

2.2.2 The "Average! versus the “"Peak!
bypothesig:

In order to decide between these two theories,
B4, Wright(28) (2953) considered the mechanism of dust
inhalation and retention and summarised the position as
follows: ®it appears thut there is no definite physical
or physiological basis for the concept of a threshold
below which lunge free themselves completely of dust ....
on the contrary, the lungs would be expectvd to start
¢ollecting dust from the fired breath, and continue to do
80 throughout their owner!s life. We are left then with
‘he conclusion that there is nothing in our knowledge of

‘the relationship between dust exposure and disease

ineddence / v.vius
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incidence, or the mechanism of inhalation and retention
of dust, to substantiate the 'peak’ hypothesis or o

conflict with the 'average' hypothesis."

2,3 [The Konimetfer,

A vast umount of work has been published on the

konimeter and it ia proposed ta 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 ‘o the introduc-
tion of the konimeter with the microscope system and the
glide treatment fechniyue of today.

L 2.3.1 DThe Kotze konimeter and microscope
systen:

v The well known Kotze konimeter was introduced by
4 (27}

the liiners Phthisis Prevention Committee and has been

in nse since 1916. The microscope system(aa) 'is that

of a 2/3) inch objective with an occular megnifying ten or
twelve times! giving '‘a megnificeelon of about 150!,

i The light field system of lighting was used, initially,
making the lower limit of detectibility about 4 miecron.

The present day konimeter dust counting

ij microscope has the following specifications:
Eye plece sveovcoea.se X15 Compensating.
Objeotive +vvuvrisvae. 16 mam. N.AL 0,30,

i Tube length +vusveesre 160 mam.
Condensor s..avviesvas Abbe N.A. 1.2

‘ Jondensor Stop +vseues 8 m.m.(zg)

Ovex the years, the Depurtment of Mii.s has

gradually gone over from the old to the new type.

2.3.2 Dark fisld system of lighting:

A

In order to desrcase the lower Limit %o which

particles could be detected, the dark field system of
lighting / oivves.
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THERMAL PRECIPITATOR WORK
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1000 L.F.
Obser- ool %150 4.f.
‘ velton | Partioles X 1000 L.F.
Ha. in 6X.0087 | p.p.c.c.
., strips
1 752 2770 .75
2 574 2820 74
3 480 2720 86
& 382 2370 ‘89
H 329 2220 83
& 570 4200 78
7 205 1260 1.04
8 329 1630 '35
H 486 2100 Rt
: 10 482 1890 ‘16
b 130 490 .85
12 122 320 ‘87
13 160 540 )
i 213 750 Rt
- 15 285 430 23
] 194 200 1ii5x
i7 240 510 83
18 263 140 .86
19 236 510 ‘92
20 136 300 85
a 278 840 ‘o8
A i3 440 1.06
e 323 680 %
25 ol 5 £
2 192 350 -89
2a 176 770 I
28 325 1000 156
Total 22,5
Aversge 0.80 (sd = O.
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lighting was introduced (1923) and in this connection
(30)

A. Havr-rordato pointed out that the menner of
applying the dark fisld method of counting konimeter
spots would not be found in any text bock on microscopy
apd thet in fact, sll the rulee of darkgrouwnd illumination
were deliberately ignored, so as to evade the ultra-
microscopic effect as far ns possidle whilst retaining the
contrast afforded by the dark background. He pointed
out that it was probably impossible to cut owi the ulira-
microscoplic effect altogether, but that the counts
obtained showed thet the method followed, wert far in that
direction.

As syated before, the reason for eliminating
the finest particles was because it was believed that
wlira-microscopic particles were not injurious.
Mavrogordato(n) algo pointed out that when working out &
dark ground technique for use with the konimeter,
G.5. Gray carried out the following experiment: ‘'4A spot
was examined by the dark ground metnod which had since
been adopted on the Witwatersrand', using @ sector micro-
meter, 'the portion of the spot within the segment was
dravm sector by sector, the 2/3 inch objective and the
derk ground outfit were then replaced by @ 1/12¢th inch
imwersion lens, and the gpot was redrawn, using ordinary
divect lighting. The two piotures corresponded, for it
was found that the dark ground method had not disclosed
any particles that the immersion 1/L2th inch failed to
revealt, The concluglon, therefore, wes that the method
of dark grouad illuminstion, as used by Sir Robert Kotze
in connection with his konimeter, did not reveal ultra-

microscopic particies, but did revesl all particles down

to/ Prreaban




TABLE 2.3.I.(b)

SIZE DISTRIBUTION ~ AVERAGE OF 28 COUNTS -J

F—I__F

i

POTAL 100.16

Size in Per Cumu~
Microns Cent. lative.
Less than
0.2 51.5 100.18
0.23 24.8 48,66 s ¢
0.46 14.3 23.86
0.84 6.2 9.56
1.37 1.9 3.36
1.82 .66 1.46
2.40 .27 .80
2.85 .12 .53
342 12 41
4.56 1L .29
5.7 L1 .18
Larger than
3.7 07 ’ .07
]
) | —
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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 detectobility of the micro-
scope system used is 1/5 %o 1/6 miocron.

This size may be defermined by conducting size distribu-
tion counts under high powsr on thermal precipitator
samples and by then counting the sume samples under the
konimeter microscope system, viz. at X150 under dark
field illumination.

The results recorded by the author during such
a comparison are given in table 2.3.1, The meén ratio
of the low power count %o the high power count came %o
0,80 (for 28 cbeservations). The results all refer to
rock drill ‘esta,

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 occcurs in the neighbourhood of
0.17 micron. (The exact size 18 of course not known due
to the uncertainty of the lower Llimit of debectidility of
the high power microscope system.)

2.3.4 Performunce of the konimeter:

LLXIOImancs: oF AR LORLAgier.

2.3.4.) The Miners Phihisis Prevention

COmmittem(27) in paragraph 37 of
their Final Report (1919), submits the results of tests
with a konimeter with two noszles in seriss, which seemed
to indicete that 'the dusty contained in 5 ¢.c. of air

sampled ..... was ell caught, if the number of particles
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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 going
under 500 p.p.c.c. and to 7 or 8 per cent Tor double that
number.

2.3.4.2 Mavrogordato(n) after considering
five investigations on the efficiency of the konimeter,
with the method of treatment of the slides and the count-
ing technique then in Vogue (1923) folt thet they were
vieft rather in the air as to the efficiency of the
konimeter' but he was of opinion that it was not so much
the sbsolute 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 Bs 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
not.

The conclusion of importance brought oul by a
consideration of the whole subject {{by 1923)) was: ‘'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 4lluminstion adopted and, to a minor
extent, with the oveerver'. {(P. 39).

2.3.4.3 1.5, Pagberson‘33) (1937) compared

the efficiency of the konimeter with that of the thermal
preciyitator <nd concluded: “for sizes between 5 and 2
microns there is general agrecment between the two curves
((ingtruments)), but below 2 microns the divergence
inereases, until at & size of 0.5 micron the konimeter

only glves a small fraction'.
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g
(Two thermal precipitators were used and kenimefex- ' "
samples were taken at one-minute intermals over pe ¥
a period of 30 minutes) .
P
Ignition - Tmmersion - Ignition
TEST at x 150 darkfield. K/1P L
NO. RATIO X
Average Count 4n p,p.c.c. I -
s oo} BV
Thermal g5 B 4
Konimeter Precipitator } ¥ [T .
'}'53053!&‘ M
L 2290 3100 T4 centon ol 37 25T
2 1055 1555 .68 e
3 840 1170 72 o thg LiATL,
4 340 420 81 e
§ 500 580 .86 4
6 320 430 T4
7 425 480 89
8 1300 2160 .60
9 270 . 400 67 s
10 410 530 .80
1 390 460 .85
12 400 495 .83 .
12 12«2 0 2190 -56 a Rt sl
15 i zg oo o R gy
1 T 280 61 - W
1 ggo 340 .88 H 21,
18 0705 265 1.00 Bt g,
= 290 .93 :&’mi"' i
— s ey 5,
Wi -
Wean = 0.76 ipge s
,\'\r a.d. = 0.03
— ey
ER)
h:‘l)c;, e idg Ly
by %"“!@ 8
“‘%Mq‘ ly s,
iy "t
by, Py
tqf )
the P




ater
ver

/TP
\TTO,|

T4
.68
1R
.81
.86
JT4

+60

.83

TR

- 20 -~

((In this connection, it should be pointed out
that the konimeter slides were first immersed in acid and
then ignited, whilet the thermal precipitator slides were
only ignited, and this difference was mainly responsible
fyr the smaller number ¢f fine particles left on konimeter
slides.)})

Inability of the konimeter to deposit all
perticles down to the limit of detectibility of the
konimeer 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
precipitater and by counting the slides of both instru-
ments under the mioroscope system used for the konimeter.
An example of such results obtained by the author, is
given in tadle 2.3.II. The results were recorded during
rock drill tests.

As can be seen, the mean konimeter count came %o
avout 75% of vhe meun thermul precipltator couat.

Relatively higher concentrations of particles
on konimeter than on thormal precipitutor slides may have
been responsible for a portion, bub not the whole reduc-
tion in konimeter counts.

These tests, therefore, supports the conclusion
that +ae konimeter does not depowsit all particles down

to the limit of detectibility of the microscope sysiem

used.
2.3.4.4 Tembrachte(3*) in 1940, conoludsd
as follows from his series of investigations: ‘For most

types of dust likely to be encountered in Witwatersrand
mines the konimeter has & collecting efficlency almost

equal to that of the Thermal Precipivator. For certain
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qusts, such ag ore-bin dust in which aggregstes of
particles are likely %o occur, the konimeter may have an
apparent efficiency exceeding that of the Thermsl
Precipitator, due o the bresking up of aggregates by the
former', 'Generally spesking, the konimeter with the
new (ignition~-immersion-ignition insbtead of the Acid-
Vapour) method of treatment, should give an entively
reliable indication of the dust risk at the time and pluce
of sampling'.

In reply to discussions of his papey,
Tembrecits(35) points oub that when submitting dust slides
to the ignition~immereion-iinition method of treatment
and counting them under a magnification of X150 with dark
tield illuminastion for both konimeter and thermal
precipitator, 'the general agreement between counts
obfained during 2 representative number of invesiigations
covering such processes as scraping, drilling and lashing,
hes been reasonably closge ......'. In 1945,
Lambrechta(36) submitted & graph which indicates that for
counts up ta 1,00C p.p.c¢.c. by therpal pracipiteter @
X1,006 light field, the konimeter count @ X150 derk field
i approximately 60% of that obiainsd by thermal yre-
cipitator. Above 1,000 p.p.c.c. (by %.p.) the konimeter
count graduslly becomes . smeller proportion of the
thermal precipitator count {scecording to Lembrochts
curve) until it ie about 40% &% 5,000 p.p.c.c.

2.3.4.5 Rabnon(37) {1946) compared the

gircular konimeter with the thermal precipitator and
concluded: !The Konimeter, in correct adjustment and
with the recommended film of adhesive on the slide, is
cepable of catching up $o 90% of the dust (viz. the

incombustivle / .i...e
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incombustible acid~in-soluble rock particles) in the air;
«vsaesss the oollecting efficiency of the konimeter begins
to fall only at the finest particles, 0.2 microns in size
and less, ......... 1% compares very favourably with the
Thermal Precipitator at particles over 0.2 microns. 17
the slides are first ignited before acid treatment, the
jelly is burnt away and the particles appear to become
Yfixed" Yo the glide, so that in the subsequent acid
treatment only a small loss of rock particles ocours, and
it oan be taken that over 90% of the particles remein on
the slide; The visibility of particles with dark field
1llumination 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.o. the counting sfficiency may be taken
ag 70% without serious error; ........ the overail
efficiency of the circular konimeter {1.e. the one having
a 3" straight cylindrical jet) with the ignition first
technique, is:

0.9 x 0,9 x 0.7 = 60%."

((It im generally accepted on the Witwaversrand,
that for routine purposes, there is not a significent
difference between the results recorded by the ciroular
konimeter and the Kotsze konimeber.

The madn difference between the two konimeters
boing the 4" cylindrical jet of the circulsr konimeter as
against the 1" tapered jet of the Kotze konimeter.))

2.3.4.6 Davies, Aylverd and Teacy3T)

(1951), when comparing n Kotze konimeter with e thermal
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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 Kotze konimeter agreed well with the
thermal precipitator for particles between 9 and 2 micron
in dismeter but over estimated the number of smaller
particles,

Thie over estimation of smaller particles was,
under the conditions of their tests, not attriduted So
shattering of large particles but to disaggregation of
particles, especially that of small particles veing pulled
off large particles during the ascceleration of the
particles at the intake end of the konimeter nozzle.

Their experiments alsc indicated (P. 382) that
a veloclty which was below 200 m/sec. did nob cause fine
guartz particles to fracture on impact.

2.3.4.7 Beadre(t) (1951) when comparing the

circular konimeter with "immersion first" treatment of
slides against the thermal precipitator with “ignition
first" treatment of slidem soncluded: 'The collecting
efficiency of the konimeter is found to depend %o &
large extent on the size distribution of the dust sempled,
and elso on the concentration. ...,..... With a low
concentration of coarse dust the konimeter appears to
have a high efficioncy und gsometimes gives counts
significently higher than the thermal precipitator, due
possibly to the bremking up of aggregates or large
particles. With fine dust the efficiency is low, end
veecomes still lower with higher concentration.!

2.3.4.8 Hasencl(werug) (Bons, Germany,

1955) compared ‘the Sertorious

Konimeter with the thermal precipitator for particles

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

With similar microscopic magnifications, the
konimeter + thermal precipitator counv for less than five

H micron particles varied between 0.84 and 1.32, with a

mean of 1.07. Six tests were condueted. (P, 427).
Hesenclever also submits graphs showing konimeter and
thermal precipitator counts that were teken in varieus
types of dust viz., in ceramic industries, asbestos
industries, & "workshop" aud a lead factory. In spite
ot the variety of dusts and the great differences in the
dust ooncentrations the assessments of the two instru-
ments agreed well with each other.

Hasenclever concluded that provided a sufficient
number of konimeter samples were teken within the sampling
i period of the thermal precipitatoxr, one might put the
konimeter value for particles over 0.7 mioron equal to
thet of the thermal precipitator, % 15%. He also
concinded that with & coarse dust, on account of the
difference in the principles of operasion of the ftwo
instruments, it could be expected that the konimeter
would glve a higher count than the thermal precipitaﬁov;
and that for dusts with 87% to 100% of the particles
less than 5 mioron end where larger than 20 mioron
; particles were absent, the figuves of the two instru-

l ments were compareble.
I 2.3.4.9 poonor(0) (1957, cermeny),
discusees in detail the theory underlying dust measurement

VY /i
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by konimetry. He points out thet ideally, a konimeter
should really sample continuously but that nevertheless,
a well designed hand konimeler was very suiteble 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
satigfied that dust in the size range 0.5 to 5 micron was
the dust to be measured for hygienic purposes.)) He was
also of opimion that the unfavourable judgements often
wade 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 semples were not *iken at sufficiently shors
time intervals. {(He mpecifically refe.s to Beadles(l)

and Feryy, ferr and Hartman's(4l)

work in this respect.))

2.3.4.20 Summa.. wnd comments: In view of
what has been szid about the performance of the konimeter,
it is evident +hat the suitebility sf the konimeter
depends on the charmcteristics of the dust clouds inm which
it is used.

There are three main factors which influerces
the performance of the konimeter. “hey are: (1) the
ezse with which particles are fractured, (2) their
concentration and (3) their size distribution.

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

The particles to be meesured in Witwaltersrand
mine dust are mostly free gilica and silicates, which,
when below 20 micron, do not appear to fracture under the

conditions of konimeter sampling.

M/ eiieaans
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In Witwatersrand mines, dust concentrations are
low. Most samples taken are below 200 p.p.c.c. whilst
500 p.p.c.c. are exceptional. Underestimation due to
high concentrations cen, therefore, not have o large
effect on the mean count recorded.

The mean size distribution of the incombustible,
a¢id insoluble particles sampled, lies somewhere between
that of drilling and that of ore bin dust.

The number -, surface aren -, and veiume
distribution with respect to size of these two dusts are
depleted in figures 2.2, 2.3 and 2.4. The figures
contail eumulative curves for number, surface area and
volume of particles againat particle size. Eeadle(l)
and Lambrechts<34) showed that the konimeter tends to
over zstimate for 4 coarse dust @as compared with its
efficuoney for a fine dust.

Tigures 2.2, 2.3 and 2.4 reveal that for equal
number concentration of purticles breathed, & larger
volume, 2 larger surface area and even a larger number of
particles is likely %o be rutained in the alveoll when
coarse dust (by South African gold mining standards) is
inhaled than when fine dust is inhaled.  ({In computing
the proportions retmined in the alveoli, .Brown's<42>
alveolar retention curve wam used.)) In being more
efficient for a coarse than for a fine dust, the konimeter,
therefore, errs in the right dircotion.

2.4 General corrulations between konimeter counts

As pointed put by Lam‘orechtsu“ in 1740: ‘the
konimeter hus been very closely asscoiated with dust
control in Witwatersrand mings since 1916 and the method

of using it has undergone various chenges. Yet it has
BIWAYE / iieeres
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always been accepted that on an average the konimeéer
does indioate, even if only very approximstely, the
silicesis risk %o which persons are exposed underground,
and it can be claimed thet in general, actual resulis as
reflected by silicosis dncidence rates, have borne out this
assumpbion,!

In the following sections this “agreement® is
considered in greater detail.

2.4.1 Reduced dust concentrations versus

reduced silicosig hazerd.

The reduction in dust concentration at six
stretegic points is deploted graphically in Jigure 3.7
whilst the reduced silicosis hazard is illustrated by the
following indices:

{(8) TIncrease in the underground service before
contracting silicosis,

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

(e} Decreasing silicosis response with calendar
years,

2.4.1{a) Increase in underground service

before silicomis is contiacted.

The change thattook place over about 20 years
is evident from the results in table 2,4.I which is
depicted graphicelly in figure 2.5 which conteins two
fregquency histograms of the "new" cases of silicosis
against years of mervioe 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 / «vens
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{(During the earlier period the "new" cases were
termed the "ente-primary stage" whereas by 1940, the "new
cages 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 ars
22 years apart, are submitited in table 2.4.IF, mnd depich-
ed in figure 2.6.  The two ourves 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 silicosis response for equal years of service,
during the later than during the earlier period. Bg.,
wherees 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 niseteen forties.

2.4.1(e) Falling response with calendar yeaps:

The decreasing silicosis response is revasled by
the results in tadle 2.4.IIT, which im grephically
illustrated in figure 2.7. Three main service co-horts
are considered viz. the 5 - 10 years, the 10 ~ 15 years
and the 15 - 20 years garvice groups.

((Por purposes of comparison, the mean dust
curve obtained for: the botioma of intake shafts, main
intake airweys, stopes, 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 Expogure-Responses.

In a paper on "permissible dustiness" HatchM“
(1955) said: Ysystematic studies of health hazards in

the / saveiis
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the dusty trades have demonstrated a direct relationship
between
(2} the magnitude and Quration of dust exposure and
(b) 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 yprobability of silicosis
developing, even in its earliest and non-disabling stage,
is low."

Hateh followea Roachs' (43) method of obteining
an exposure~vrsegponse 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 Medicel
Bureau for the year March, 1951(43)). This plot, hased
upon yearly examinations of 25 - 30,000 individuals, -¥v-ws
‘the progressive development of silicosis in several
tgenerations® of underground workers whose periods of
employment began at various times prior ti 1950 back to
1920, s.ivees.. He Bubmits graphs on probability paper
which reveal a linear relatiouship between accumulated
exposure and the proportion with silicosis.

The dust exposure is expressed BS 4 mass concen-
tration viz,, in milligrams per cubic metre, as determined
by means of the sugar tuve. He points out that: 'ghe
different experiences of the several generations in
respect to the development of silicosis fall on the seme
line when tho "Jose" is expressed &3 the product of
concentration snd years of exposure'.

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

comparison / v..eiaans
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. TABLE 3,2.1.
- (1952)
WORKING |- TOTAL AND
e e
DESCRIPTION OF SAMPLE
: s.e. | s [6. | s Jo [ 8 (e
1. Air entering down- B B e B B B B
onst shafte ab
surfoos,
2, 4t shaft loading box
platforn in downcpatb
shafbe -
- - 150]
1) Vertical -]~ | 2s0j160 260
zag !::Ii:: -l 124{112) - -] 124j112
3, Air leaving downcast
shafte before passing | 538; 69| - - | - | -| 538] 59
tipping stabions
4. Tlpping stations in
main intake alrstream | 358] 67| 904[135; 392{ 102 1,662 | 112]
5, Other tipping stattonc | 184 101! 584|165| 176 126/ 944 { 145
6, Atr in main intoke air 616] 68 - - - - 616 | 886
weys awey .rom downcast
[ a. ¢
7. Sbopes (including back 3,262 85 9,914|14813,270 | 118| 16,445 | 129
stopes),
8. Developaent enda~ e
(1) Drives and 2,138 | 81| 3,518)135! 2,218 | 118| 7,574 | 118
orogecute,
(2) Wingas 3041 90/ 528|164l gBa | 129)1,12¢ ) 135
(3) Raiges 7081 93|1,1041156) 676 | 138 2,428 | 132
9. Shaft stnking «
(1) Vertical 41 97 1v6izedl 4y 9% 1s4 | asg
{(2) Incline 60) 63} 1s0l128) B6 | 108 276 | 109)
10, At shaft leading
box platforms in
vupcast shafte -
(1; Vorical - - 24] BU . - 2l 8
(8) Incline - - 44! ogl . - 41 58
22, Upcast shaft
shations during - - .
hoisting of chifty 6| 73 B6 | 7
afber blasting,
12, Main raturn airveys, - - N 288 | 86l 288 | 86
18, Air leaving upomnt - _
shafis at parfage, “ |- W8 e o8| &1
1
4, Other samplea 761 96} B32i110) 96 1117 nos {11y
AL ¢
i 8428 | 82an.97107 7,628 | 118|5a,028 |14
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comparison, the kenimeter results for six strategic under-

W X N
Lt f T ground points of Witwatersrend mines are also depicted in
NN figure 2.8. As can be seen, the konimeter results varied
i ‘! I?a! 5 in a menner similar %o that of the sugar tube results used
} L
i g o by Hateh, and hence, it seems logical that & similar
: ; reletigiship will be obiained if konimeter results are
t t used instead of sugar tube results.
T S0 :
Sl omimg S
! l l 3. THE MAIN INVESTIGATION. i
~, e8| 3.1 The dustiness of mine air at _a number of

strategic points.
. The results of konimeter samples taken during

routine underground inspections by Government Inspectors

MULATIVE NUMBER “OF FARTICLES OVER SwE. ~

of Mines are publishad in the Annual Reports of the

Government Mining Engineer.

re | 11g] 08 | oo 3
3 Table 3.1.7, 48 & copy of the form in which the

E; il e | 1 : results are pudlished. As oan be seen the number of i

Eg P AT samples and the mean counts at specific classes of under- &

&‘-§ 725 4,438 | 130 ground points are given. ({Pable 3.1.I are the results ’

4j a_,i el recorded by the Department of Mines in 1952)).

g Mig 574 § 19 The Transvasl and Orenge Free State Chamber of

HMines also published results of konimeter dust determina-

tions ag recorded by officisls of the mining industry ‘but

d cal 9
i : ;“'ii ': 4he zuthor decided to base this investligetion on the 4
s '1..é s M ' results recordsd by the Mines Department only. v
1I The main ressons for this decision are as follows:
g5t L8% “l .1 %the author is more familiir with the data ‘
2 recorded by the Mines Depurtment then those \

recorded by the Chamber,
.2 @ll the mines did not always submit refurns

P to the Chumber; eg., in 1936, returns were
submitted by only 24 vut of the 35 working

mines / vivvienas
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mines(m),
.3 the Chamber of Mines stopped publishing
results of dust determinations by 1950,
+4  the different mines did not always use the
same treatment fechnique, eg. in 1936 'some
mines used acid treatment whilst others used
other treatments', (46)
«5 only by 1950, did the Chamber change over
from immersion-ignition %o ignition~immersion-
ignition treatment whereas the Mines
Depuriment changed to the latter method as
early as 1942,
+.6 the konimeter samples taken by the Chamber
were not cast in the same classifications as
those of the Department of Mines which would
meke a combination of the two sets of datae
very difficult, Although the Chamber's
figures were based on & much larger number
of samples, it classifications were not
suitable as the Department's for an investigaw
+tion such ae the present one.
i .7 In view of the above, it was doubtful whether
the ‘time and labour necessary to ocombine the
Chumber's results with those of the Department
f would warrant bthe probable improved accuracy
; of the estimates.
? Tor the purpose of thims investigation it was
‘ aseided %o use the resulbs recorded ab the six strategic
]‘ points mentioned below as indicetors of the underground
‘ dust conditions.
The six points are:
A/ e
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J1  Alr entering downomst shafts at surface,
((referred to as point "1 in table 3.L.1.))°
+2 Alr leaving downcast shafts before passing
tipping stetions ((referred to as point "3")).
-3 Adr in mein inteke airways sway from downcast
shafts ((referred to as point "6")),
+4 Alr in stopes ((referved to &s "7 working
point",))
5 Alr at development end faces {(veferred to
a8 "8 working point®)).
<6 Air in sinking shafts ((referred to as "g
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.,
(1} At shaft lozding box platforms
(classifications 2 and 10);
(ii) At tipping stations (classifioations
4 and 5);

(b) The points cannot be associated with specific

occupations, eg.,
(1) Main return airways (12),
(11) Adr leaving upcast shafis at surface (13);
(o) The claspifications were introduced compara-
Fively recently such as “intake air” and “return
air" in stopes, development euds and sinking
shafta,
{d) The classifications represented excepbional
conditions, eg., at upcast shaft stations
during hoisting of shifts after blasting.

Note: The present form of the table was introduced in

1940 / Laina
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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 redurn air of stopes, development ends

and sinking shafts.

Note on development ends (classification "8"):

As can be seen in teble 3.1.1 the results that
wers recorded in the three main classes of development
ends viz. (1) drives and orossonts, {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 sexvice 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 und 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 Ffaces of the three classes of ends.

A eriticism of this estimate may be that an
Inspector of Mines will no% climb up a raise if he ocan
help it but, the counter argument is that a developer
will also not do so unnecessarily.

The meun proportions in which spots were taken
in the thrae classes of developmend ends over the period
1931 to 1950 were approximately 66% in drives und cross

euts, 11% in winzes and 23% in reises.

Sinking Shafts:

The counts ptecorded in vertical end inclined
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shafts were also combined into one figur:. The reason for
this being that no disbtinetion 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 numver of spots taken in
vertical te thet taken in inclined shefts for the period
1931 - 1950 was approximately 55 to 45 and for the purpose of
arriving at a mean coynt, the two working places were
weighted in this proporiion.

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

The annusl mean counts recordeu between the
yeers 1931 und 1955 at each of the above six classes of
points were snalysed,

"Beat estimates" of the dust concentrations ab
these points by about 1950, are summsrised in table 3.1.II.

3.2 The variation in the dust count of mine air

with calendar years.
10 be able to eptimate the vorintion of the dust

count with calenday yours, it was necessary %o eatimate es
acourately as possible, the effects of the various
techniques introduced over the years.

Tuig was done by anklysing the results recorded
for each period during which the dust determinabion
technigue remained unaltered. A significant difference
in the count between the end of one period end the
beginning of another was agsuned to have baen brought about
by the change in the technique.
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TABLE -3.2.1.

ATR ENTERTNG DOVNCAST SHAFTS OF SURFACE
Number of Mean
spots Count.
LA, Sount.
1931 375 54 pPpsC.Qe
2 205 59 "
3 422 37 "
4 776 32 n
5 722 21 u
6 1,236 13 "
7 662 28 "
8 730 28 "
Pl 510 30 "
» 241 24 "
1 240 26 "
2 kit 33 "
3 282 24 »
4 180 24 "
5 260 30 "
6 260 29 w
7 240 32 "
8 160 32 u
9 376 - 38 [
1950 505 4 "
i 166 37 "
2 192 45 "
3 160 38 "
4 236 8 f
5 308 10 "
6 316 3w
1 272 50 u
10,093
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The results recorded at the six strategic
points selected, are given in tables 3,2.1 to 3.2.VI.
Ay cen 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 microscepe used.

Some Inspectorates #till use the old type. Had the
change over been ¢omplete 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 posgsible to test the effect of the change over and it
was therefore ignored.

The following table details the various

techniques in vogue since 193L:

Period. Treatment.
1931 ~ 1941 Aeid Vapour.

1940 and onwards. Intake, working point and return air
somples taken in stopes, development

ends and sinking shafts, classified

geparately.
1942 - 1948 Ignition-immersion-ignition.
1949 and onwards. v1% vaseline in xylol" #

% The "1% vaseline in xylol" did not replace the
ighition-immersion~-ignition treutment 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 un improved field.

3.2.0 7/ wienins
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3.2.1 Bome festures of the recorded gust counts.

3.2.1.1 Degres of bias: On the question’
of whether the results re¢corded by Inspectors of Mines
are biased, 2 parsgraph in the Government Mining Engineer
Annual Reports around the 1936 period is of interest and
will therefore be guoted, but it should be pointed out
that this statement was specifically appliceble to the
1936 pericd 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 nrumber of which
are obtained in the course of inspsctions where conditions
are sugpected or definitely kaown %o be bed, are not
taken on @ pianned, well-balanced system, and conseguent-
1y do not represent the average conditions in the mines,
they are sufficiently numerous and well-distributed to

give an indication @& fo the conditions."(47)
One of the main reasons for taking dust samples

18 +o "pmell" out places with uneatislactory dust condi-
tions, and having found them, to keep on taking samples
there until conditions are satinfactory. Hence, if
there are two places to choose from, en Inspector will
be inclined to go to the place whore poorer condivions
are sugpected or known to exist.

On the other hand, the Inspector of Mines has
not always gob such & cholee, because it is expected of
him to take a sertain minimum number of spots every month.
Being kept very busy on other dquties, he can not always
choose where o go to, but mostly has o ‘take dust
samples in places where his routine inspections lead him.

0n/ srviens
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TABLE 3.2.111.

R IN INTAKE AIRWAYS AWAY FROM DOWNCASYT
ATR TN b SHAFTS.

Number of
Year. gpots,
1931 186
2 308
3 152
4 519
5 129
3 476
7 798
8 1,666
g 1,078
1940 525
1 266
2 460
3 456
4 488
5 624
6 358
7 432
8 540
9 1,522
150 1,656
1 624
2 616
3 272
4
2
6
7

#

202 p.p.c.c,
149
10
181
105
78

Hean
Qount .,

El
it

TOTAL 18,391
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on the whole, therefore, the author is of the opinion
that the vast majority of dust semples taken, are
unbiased.

Hence, the results recorded at different
olasses of underground pluces over the same period, msy
be compared. Similarly, the results recorded over
different periods at the same class of place, may be
compared, provided the dust assesement technique did not
glier, and if altered, was allowed for.

3.2.1.2 Lines of beat Lit: To estimate the

variation in the dust count at a particular class of place
over & particular periocd, the mean annual counts recorded
at that clase of place were plotted against calendar years,
and the line of best £it to the plots found according to
the method of least sguares.

For the purpose of this inve -“igation, the
snnual counts were treated as if they were drawn at
random from & normal population. To allow for the
assumed small but unknown smount of bias, & significant
difference was not decided at the usually accepted 95%
level of the t-distribution, but at a higher level viz.
the 57.5% level. (For development work there existed
additional uncertainty snd to wllow For this additional
uncerfainty, decisions were made at & still higher level
namely at the 98% level.

3,2.1.3 The three periods of gtead
conditions: As slated before; there

were thres periods during cach of which the dust
assessment technique remained prac tically unchanged.

They were:

L/ eeeesenes
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11931 - 2941%

.2 1942 to 1948.

.3 1949 and onwards,

% As stated above, an altered classification was
introduced in 1940 when a distinction was made between
dust samples %uken in inteke, working point and return air
of points Y7", "8" and "9", and only Z.years later, viz.,
in 1942 was the ignition-immersion-ignition technique
invroduced, so that in the case of stopes, development
ends and shafts, & difference between the first and the
second period was due to the combined effect of these two
chenges.

In the analyses that follow, the periods will be
considered in the reversé ordzr, becayse it 18 the inten~
tion to extrapolate the results of earlier techniques to
results that would have been rscorded hed the present
technigque been in vogus.

Significant differences between the lines of
best £it estimates, for the same point, and for a
calendar date at which & change was introduced, was
assumed to have been dbrought about by the change.

3.2.1.4 The difference in the anmual
number of spots teken vpor point:

Although the annual number of spots token at each class

of working point varied considerably, it did not prove
worth while to weigh annual aversges according to the

number of spote taken.
3.2.2 The counts recorded at the six selegted

points:
3,2,2.1 Air entering downcast shafts: The

resultas recorded are depioted in figure 3.1.

3,2.2.3L / ceinirienies
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TABLE 3.2.V. L
DEVELOPMENG ENDS.
& Mean
Yeay Nu?bfra?f Count.
859 348 p.p.c.Co
1931
2 1,362 295 ::
3 1,408 346
4 2,526 235 "
5 2,122 159 !
6 5,006 150 B
7 7,098 277 "
8 5,997 159 " et <
9 7,144 166 " s §
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3.2,2.1.1 Period 2949 ty 1955: There
is no stetistical cevidence of a change in duast count at
this place over the period 1949 to 1955, The mean count
recorded wes 40 p.p.c.o.

3.2.2.1.2 Period 1942 to 1948: Theve
is again no statistical evidence of & chenge in dust count
over the period 1942 %0 1948, The mean count recorded
was 29 p.p.c.cC. There is, therefore, & difference of
11 p.p.c.e. between the mesns of the two periods. The
differerce veached the 99.9% level of the t~distribution
which was coneidered significant and attributeble to the
improved methed of applying the adhesive film.

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

There 18 no statisticnl cvidence that the change
whion was introduced in 1942, affected the results
recorded as point "1¥, There is statisticsl evidence of
& lowering of the dust count over the 1931 - 1541 period.
(There is therefore, cvidence that downcast sir was
contaminated during soriier years,)

3.2.2.1.4 Allowing for the 1048 change:
The question of whether the effect of 4he 1948 change
would be proportionel to the count or to o constant
increase of 11l p,p.c.c., was congidered and the latter
favoursd on sccount of the fact that the change caused
an improved field.
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The 1931 - 1941 line of best £it, estimates the
count for point "LY by 1931, av 45 p.p.c.’c. With 11
p.p.c.c, added, the count for that time is brought up to
56 peD.C.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.c.c. by 1831 to about 4C p.p.c.c. by
1940 at which level it remained constent up to the present
time.

3.2.2.2 Air leaving downcast shafts
before passing tipping stations ~
gew fig., 3.2,
This position in the mine is referred fo as
point 43¥.
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, mnd the mean for
the seven years iy estimated 2t 59 p.p.c.c. with a
standard deviation (s.4.) of 10 p.p.c.<s

.2 Period 1942 - 1948: There
is also no stebistical evidence of a chenge in the dust
count over the 1942 ~ 1948 period and the mean couni is
estimated at 59 p.p.c.c. with a s.d. of 3 p.p.c.c. There
is no difference between the two meane and, therefore, +the
two periods were combined.

.3 Period 1942 - 1055: The
mesn for the combined pericds comes 0 59 Pip.c.c. with
a ».d4. of 3 p.p.c.o.

.4 Period 1931 = 1o4%:  Tor
this set of results the log transformation sesmed better
and it was, therefore, applied.

Thare-is statiztical evidencs that the quat
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count was reduced duving 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 1041.

5 Effect of the 1942 change:

There is stabistlcel evidence that the counts recorded at
this point was increased by the chonge introduced in 1942
viz., from 41 p.p.c.e. %0 5% p.p.c.o. which represents an
increase of 44%.

It is reasonable %o assume that this effect
would he proportional to the count so that the estimates
for a1l years prior to 1942 should, for this point, be
inoreased by 445%. Hence, at this point the dust count is
esbimated &% 144 p.p.c.c. by 1931,

3.2,2.3 Air in main intake sirways away
from downcast shafts -~ see fig.
33
3.2.2.3.1 ZThe 1949 - 1955 Period:

There is no statistioul evidence of & change in the dust

concentration during the 1049 - 1953 period and the mean
for the period is estimeted et 84 p.p.c.c., 8.4, =5
P.p-0.C.

' .2 The 1942 ~ 1948 Period:
There is again no statistical evidence of a change in the
dust coneentration during this period and the mean dus¥
count is estimated at 81 p.p.c.c., 8.4, 6 p.p.c.c.  The
difference between the means is not significant.

The 1942 - 1 Period: The
hypothesis of a chenge in dust count with time, was
rejected on o visusl 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.o. with a

Eade / aeiraaniaes
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s.d. of 4 p.p.c.c.

«4 Thr 1931 - 194) Period:
There is statistical e, 2 of a reduced dust concen-—
tration over this perior ; from an estimated count
of 167 p.p.c.c. by 193%, 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 becouse of this, the results of the two
periods were not combinéd. A summt.cy of the variation
with calendar years of the dust count st point "6Y is: a
. eduction from about 163 p.p.c.c. by 1931 to about BO
P.psc.c. DY 1942, where it remeined constant.

3.2.2.4 Air in stopes - see figs. 3.4(i),
(34) and (iii).
3.2.2.4.% 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.d. of 3
p.p.C.C.

.2 The 1942 - 1948 Pexiod:

Once more, there is no statizlioal evidence of & change in
duet count ovar the 1942 ~ 1848 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 wag no change during this perioed
seemed reasonable und n gtatistical analysis did not lead
t0 ifs rejection. Phe mean dust count ia estimated at

149 p.p.c.c, with a s.d. of 2 p.p.c.c.

I AT
% Point Y6" = air in main inteke airways away Irom
downcast shafis.
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At this stage it was noticed that the 1940 and
1941 results could ressonably be considered as belonging to
the 1942 - 1955 population rather than to the 1931 - 1941
population.

There is justification for this step because
there was o change of classification in 1940,

-4 The 1940 - 3959 Period: In-
cluding the 1940 and 1941 results in the 1942 -~ 1855 set of
results oause 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 - 1939 period:

Over this period, the logarithms of the counts approximate
mere closely to @ straight line than the normals of the
counts and, therefore, 2 straight line was fitted to the
logarithms of the counts (see fig. 3.4(ii)). There is
statistical evidence thet the count decreased over this
period viz. from atout 240 p.p.c.c. by 1931, to about 120
p.p.c.c, by 1939 (pre 1940 technique).

.6 gombined effsot of the 1940

and 1942 changeg: This =
estimated by comparing the 1931 - 1939 results wily
1940 ~ 1955 resulbs.

Phe effect was to increas¢ the count by sbout
27%,

The proportion of the number of spots that were
taken in intske and veturn air to the number of spots that
wers taken ot the working points of stopes, naturally had
a bearing on the incvease recorded. This ratic may not
have been constant over the 1931 bo 1939 period, but for
the purpose of extrapolating the pre 1940 stope counts,
to that of the present technigue, it wag assumed that the

ratic was constent. M/ e
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An inoresse of 274 was applied to the 1931 -
1939 line of "best® £it reaults,
Summayy: The stope working point count is, therefore,
estimated %o have decreased from approximately 310
p.pecic. by 1931 to about 150 p.p.c.c. by 1940 where it
remained steady wp to the present time.
3.2.2.5 Development Ends - see fig, 3.5(1)

and (ii): As pointed out in

section 3.1, in the Government Mining Engineer's annual

Jeports, the dust counts recorded at drives and crosscuts,
raises, and winzes arg tabulated separately, 8o that the
annpal counts of the three clasges of development ends had
%o be combined into a Bingle count for development ends,
By this combination an additional uncertainty
may have been introduced and in an endeavour ‘v allow for
this, the “t'-level at which fo decide a signifiocant
difference was arbitrarily increased from 97.5 to 96.0.
3.2.2,5.) The 1249 ~ 1955 period:
There is no statistical evidence of a chenge in the dust
level over this period &ad the mean is estimeted at 147
pep.c.c. with @& £.d. of 5 pip.c.ce
' .2 The 1940 - 1948 period:
There is statistical eviduncu vhat the dust level was
lowered gradually over this pericd. Idine of best rit
estimates are, 190 p.p.c.¢. by 1940 and 156 p.p.c.c. by
1948.
The 1949 change did not affect the results
recorded significantly.
.3 Dhe 1931 - 1939 period:
There was an abrupt change i;q the trend of {he annual
counts recorded after 1935.. This change in trend

co~incided / ii.u..
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co~incided with & very large increase in the annual number
of spots teken in development ends and in view of ¥his, it
was decided to consider the results recorded during the
two periods separately. (The 1935 count was included in
voth sets of results,)

The question of whether or not the results
recorded prior to 1935 included a «isproportionate number
of samples taken in development ends where canditio'ns
were worse than average, was considered but rejected, on
the strength of statements in the Government Mining
Engineer's annual reporits over this period which were to
the effect that conditions in development ends in general
were 8%1ill unsatisfactcry.<48)

+4 The 1935 - 1939 persocd: The
mean annual count versus calendar years over this period
do not suggest a chenge in dust count. This leads to an
satimate of 1862 p.p.c.c as the annual mean with & s.4. of
20 p.p.c.c. This count is about 19% less than the 1940 -
1948 line of best fit estimate for 1940.  The difference
reach the 98% level of the {~distribution and was decided
significent and attributable to the combined effect of the
changes introduced in 1940 and 1942.  These changes are:
reclassification in 1940, and the change from acld vapour
to ignition-immersion~ignition in 1942.

.5 The 1931 - 1935 period: The
line of best fis to theme five annual counts, estimates
the dust level in development ends as having decreased
from about 380 p.pec.c. by 1931 to about 190 p.p.c.c. by
1935 (pre 1940 technique). The slope of the line
reached the %99 level and is, therefors, signifiocent.

By ellowing for the +l9% effect of the 1940 and

1942 / evaenvas
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1942 changes, the "developmenl 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 dust
level in development ends decressed rapidly from about 450
p.p.c.c. by 1931 to about 200 p.p.c.c. by 1938 from wheve
: it decreased slowly to about 150 p.p.c.c. by 1955,
3.2.2.6 Sinking shafts:
é The results recorded in sinking shafts are
depicted graphically in figures 3.6(u) and (b).

To arrive gt an estimate for the mean count in
sinking shafts, the following factors were allowed for:
(a) The results recorded up Yo 1947 represent
essentially the dust conditions during

operations other than blowing over.

{o) The results recorded during 1949 and 1950

P represent espentially the mean count for

{UMBER

the whole shaft sinking shift because most
of these samples were taken during full
shift dumt sPudiesn,
() The results recorded during 1952 to 1955

MULATIVE

inelude & disproportionately large number

of gamples thut were taken during blowing

over operations becuuse special attention

wae then given to this mepect of shaft

pinking in en effort to improve conditions.

" Bffest of blowing over operations on the mean count:

It is eshimated that on an average, blowing
over sceurs during sboub 5% of the time spent oh the
ayole of shaft sinking operations (vertical end inelined
shafts combined).
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1942 changes, the "development end" count by 1931 is
estimated at approximately 450 p,p.c.c. (i.e. 376 x
1.19).

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

3.2.2.6 Sinking shafts:

The results recorded in sinking shafts are
depicted graphicelly in figures 3.6(a) and (u).

To arrive at an estimate for the mean count in
girking shafts, the following fretors were allowed for:
(2) The results recorded up Yo 1947 represent
esgentially the dust conditions during
operations other than blowing over.

{%) The resul¥s recorded duving 1949 and 1950
represent essentially the wean count for
the whole shaft sinking shift because most
of these samples wers taken during full
ehift dust studies.

(¢} The resulte recorded during 1952 o 1955
include a disproportionately large number
of gamples that werc taken during blowing
over operations because specisl atteniion
wag then given to this aspect of shaft
singing in an effort to improve conditions.

Bffeot of blowing over operabions on ‘the mean couni:

It ie eshimabed that on an average, blowing
over ccours during about 5% of the time spent on the
oyele of shaft sinking operations (vertical and inelined
shafts combined),

When / ceeveriias
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Wuen blowing over is done, a dust count of
about 5 times the mean count ror other shaft sinking
operations prevails,
Phe mean for the whole oycle of operations
{vertical and ineclined shafts combined) is, therefore,

about 20% ({19 x1 + 1 x5 = 1.2)) higher than the cycle

of operations excluding ble “ng over, Similarly, the
mean for the operations exclu - .; “lowing over is abouf
178 ((%g% = 0,83)) lower then ti» mean for the whole cycle
of operntions.

In view of the above, only the resulis recorded
prior to 1949 wers considered, ond an 2llowance made for
the effect of blowing over operations as explained, As
osn be geen from the graph, the estimated mean agree well
with the setual 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,
4 decision had to be made an to whether the 1940 and 1941
counta should be included with the 1931 - 1933 results or
with the 1942 - 1948 results.

The estimoted variance (52) of the 1942 - 1948
results comes to 1680, und this reduces to 1173 if the
1940 and 1941 counte are added therete. It wes, thervefore,
degided that the two snnuul counts in question cen reason~
ahly be considored together with the 1942 - 1948 vesulis.

mhere 1s no statistical proof of any change in
the dust count over thin jeried. The meen count for the
period is estimated et 150 p.p.o.c. with & standard
devistion of 12 p.pec.Cs

2/ iiirdesaninan
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.2 The 1931 - 1939 period:
There is statistical evidence of a change in conditions
viz. of an improvement from an estimetbed value of 270
p.pee.c. by 1931 bo one of 160 p.p.c.e. by 1939.
Statistically it could not be proved that the
changed clasgification introduced in 1940 together with
the altered technigue ‘~troduced in 1942, had a signifi-
cant effect on the mean counts recorded.
.+3 Allowance for Blowing over
Qperations: When allowing
for blowing over operationr »3 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 remainsd more or less steady at that
concentretion.

3.2.2.7 fThe differgnce in mean counts

between the six selected points:

It was arbitrarily decided that where & signifi~
cant difference in the dust counts between two pointe
could be proved over mny period the two points would be
sonsidered separately over all the other periods whethexr
or not a significent difference could ke proved.

Points "L" and "3Y: The "best" estimate for 'the
bottom of downeant shafts" is 19 p.p.c.o. higher than that
for "the top of downcest shafis' by 1955,  The difference
resch the $99.9 level and was, thorefore, deoided wsignifi-
cant.

Points 3" snd "6": The "best" eatimate for "intake
air away from downecast shafte" is 24 p.p.c.c. higher than
that for "the bobtltom of downcast shafts', by 1955. The
diffevence also reaches tha $99.9 level,

Points / ceiriiians
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SUMMARY OF ALIOWANCES MADE FOR THE CHANGES

IN TECHNIQUE.
CHANGHS  MADE

Separption 19

of intake Aold Vnueline
Clagsification working Vapour to in

point ig,~im,~-ig. Xylol
and Teturn (1943) (1949)

counts ~

(1940)

Intake air nt tho top Not N1 x
of downcaet shafis applicable 11 p.p,
{1). c.c

Intake air at the ¥ob a4k § Ml
bottom of downcast ! applicable
shafts (3). ;

Mx in main intake Not LERY il
airways away from spplicedls
downoaat shafte (6)

Stopes (7) 278 ¢ N Hl

Dt(:v;lcpment ends 198 4 ML M1
8

Sbafts (9) w1 M1l N1

# The nuestion of whother the offoct of the change would
be proportional to the count wae coneidered tutb
rajacted in favour of & gonstant value on account of

the fact that the altered toolmique resulbed in an
improved field which would be indipendent of the

duat content of the air nampled,

$  Effect of 1040 and 1042 changea combined,
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Points 6" and “7": The "best! estimate Tfor "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 ©99.9 level.

Boints 7" and “8": The “best" estimate for "develop-
ment ends" is 76 p.p.c.c. higher then that for stopes" by
1938, and the differcnce reaches the t99.9 level.

No attempt was made fo prove the "beet" estimate
for "shafts" significantly different from any of the obther
places, but in view of ull the other points being signifi-
cently different from the rest of the points at one time
or another, "shafts" were slao kept separately.

Note: 4ll tests for significant differences were

done on the original c.%s of results and
not after uny effects for changes in
techniques had been allowed for.

3.2.2.8 Summary of sllowances made for
the altered technigques:

fable 3.2.VII summarises the allowances that
were made in order %o represent the counts that would have
been recorded had the sresent technigue been in vogue.

The changes may be summurised ae follows:

1. 1040, differentiote vetween samples taken in
wintake", Working point" ox Yraturn!
air for stopes, development ends and
shafte,

2. 1942, chonge from ipcid Vapour" o "Ignition~
Tnmersion-Ignition" treatment.

3. 1949, change from upplying adhesive to the
slides by hand to applying it es & 1%

solution in xylol by means of a Qropper.

3.2,2.9/ ciiiinns
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SUMMARY OF THD VARTATION IN THE DUST

TABLE 3.2.VIII

LEVELS AT THD VARIOUS POINTS FROM
1931 20 1955.

UNDERGROUND POINTS AND P.P.C.C.

T

yBAaR .1 .3 | 8] 7] .8 .9
167( 309 | 450 330
148 | 257 | 335 295
13¢] 215 | 250 260
110 178 | 210 225

95| 156 | 188 | 200
85] 149 | 183 | 287
821 149 | 177 | 180
821 149 | 170 180
821149 | 163180
82| 143 | 155 | 180
82| 149 {150 180
82| 149 | 147 180
821149 | 147|280
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3.2.2.9 BSmooth 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
curvae. TFigure 3.7 summarises the results graphically and
table 3.2.VIII givea the "best" estimates at two-yearly

intervals.,

3.3 Classification of kine Workers into Main Classes.

All underground Europesn mine workers fall in one

of two main groups, viz. Officisls and non-officisls of

which the latter group ic by far the largest.

For the purpos¢ of this investigation the non~
official class of workers were olassified according to the
position in the mine where the muin portion of the shift
is spent and on this basis, the following main oclassifica-
jions were made:

(1) Those emnloved ~~cintially in and eround

shafts,

(2) those employed sssentially along travelling~

ways,

(3) those employed cssentially along entrances

4o @nd exits from worlking places where rock

is excavated,

(4) thote employed largely along entrances to

and exits from, bub to a certein extent also

in working places where rock is excavated,

(5} those employed sesentislly on ‘the three main
methods of rock excavablon viz., stoping,
developing and shuld slnking.

3,3.1 The following occupations were included

in the first claps above:
Holgb / vreevivones
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Hoist Drivers,

Onsetters, Shaft Timermen,
Ugd. Banksmen,

" Storemen,

* Pump Attendants

" Riggers, ete. and they were referred to ag

SHAFY WORKERS,

3,3.2 Ihe following oceupations resort under
the second claegs above:
Loco Drivers, Haulage Timbermen, Underground
Artisens (e.g. Fitters and Flectricians), etc., and
they were referred to ag IRAVELLING WAY WORKERS.
3.3.3 The following oscupations were included in
the third clags:
Drive Timberm.n, Trammers, Pipe Litters,
Praclk layers, Reclaimers, Sand fillers,
Waste puckers, Haulagemen, etc., and they were
referred to as MISCSILANEOUS MINERS.

3.3.4 The following ocoupations were included
ir the fourth class above:

Eerly Examiners, 'I:eumer Miners, ¢.M.T.8. -
Apprentioes,
Assistant Minerr, etc., and they were referred to
a8 "3.D.M." standing for stoping, developing end
miscellancous.

3.3,5 fThe {irth class constitute the virgin -

rock breukeys and this group was subdivided into:

Stopera, referred bo as "5',
Developars, referred o a8 wpH

and Shaft sinkers, referred o as "Ss'.
Some / seviiiinas
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Some ocoupations were classified es combinations
of the above gsuch as development-cleanars,
"‘D_M.",

referred to as

stoping and developing, referred to as "8.D.",
stoping and timbering, referred to as 5., ete,
3.3.6 Officials:

Ihe mein olasses of mine officials were congidered
separately as follows:
A, Mining O0fficials;
(1) Shift Bosses.
{11) Mine 0verseera,’5
(111) Managers.®
B, Survey and Allied Officials:
(1) Junior Officimds,
(i1) Senior OTfficiale.f
C. Sawmpling:
(1) Junior Samplers.
(ii) Senior Samplers."
D. Engineering:
(1) Underground Toxemon.
(ii) Underground Engineers.’f
£ Very few of the cases studied wers employed in
these occupations.

# Nore fell in this class.

3.4 Duration of the Underground Shift of Mine Workers.

The duration of the underground shift differs for
the vistous clusses of underground workers o that an
equal number of underground shifis does not meun an equal
aumber of underground hours.

The following table indicates the orders of the
duration of thu undsrground shift of the mein classes of

WOrKer® / svvesiisnas
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workerg:
NON OFFICIALS:
Artisans ~ 7 hours,

ALl others - 8 hours.

OFFICIALS:
A, Mining:
(1) Shift Bosses - § hours
(il) Mine Overseers - 3% hours
(1ii) Managers® - 3 nours,

B. Survey und similar officials:
(i) Juniors - 4 hours.
(i1) Seniars’d ~ 3% hours.
0. Engineering officials:
(1) Underground Foreman - 6 hours.
(ii) Underground Enginsez‘s‘{ ~ 3 hours,

3.5 The Dustiness of the underground Shift of the
Yarious Oc¢upations.

3.5.1 Validity of the dust counts recorded

during routine Inspections:

4 question that arises is whether the observe-

tions made by Inspectors of Minus are reprs .entetive of
conditions over the whole shif$?  The main reason for
such & question is the fnet that the vast majority of dust
samples taken by Inspectors of Mines sre taken between
abeut 9 a.m. and 12 a.m., whereas the underground shift of
most occuputions extend for several hours on either side
of this period end for seme occupstions vver the full

24 Hours of the day. The angwer to the question lies in

the faet that all the mines concerned employ Ventilation

Officers who are "respongible" for, and exercise control

over / ciiiien.
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workers:

NON OFFICIALS:
Artisans ~ 7 hours,

A1l others ~ 8 hours,

OVFICIALS:

A, Mining:
(i) Shift Bosses - 6 hours
(ii) Wine Overseers - 3} hours

(ii4) Maenagers® - 3 hours,

B. Survey and similar officials:
(i} Juniors - 4 hours.
{1i) Seniors’f - 3% hours.

C. Engineering officials:
(i} Underground Foreman - 6 hours.
(ii) Undergrouna Enginesrs" - 3 hours.
3.5 The Duetiness of the underground Shift of the
Yarious Occupations.
3.5.1 Yalidity of the dust counts recorded
during routine Inspegtions:

A guestion that arises is whether the observe-

tions made by Inspesctors of Mines are representative of
conditions over the whole shift?  The main reason for
such a question is the foet that the vast majority of dust
sumples Yaken 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 houre on either side
of this period and for some occupations over the full

24 nours of the day. The answer to the guestlon lies in
the faot that all the mines concerned employ Ventilation

Officers who are "responsible" for, and exercise control

eVer / iiiviens
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over dust conditions in all mine workings where men are
employed, and in the fact that inspections by Gove.rnmen'b
Inspectors of Mines may be made and dust samples taken
whenever there is reason to believe that satisfactory
standards are not mainizined. Complaints to this effect
mey be made by any employee.

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

3.5.2 Dependence 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. Por 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 the 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 st the various classes of underground places
are known, the mean dust level to which they are exposed
per shift can be eatimated reasonably accurately. The
actual proportions are, unfortunately, not known and
estimates thereof huve, therefore, to be relied on.

3.5.4 Effect of errors in the proportions used:

Do petimote the mean dust level per shift of an
sceupation fyom the propbrtions of the shift spent ab the
verious dust levels, is the same 28 using loading factors

to arrive at weighted mean values. In such cases, the
acourasy / ieseiriie
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accuracy of the factors are not of criticael imporsance
veceuse & relavively large error in the loading factor,
affects the weighted mean value to a relatively small
extent. An exsmple to illustrate this point 18 given
below.

Consider two dust levels of, say, 80 p.p.c.c.
and 120 p.p.c.c.  Det the true exposure proportions be
50% at each level. The itrue mera 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:

20 + 90 = 110 p.p.c.c.

Pherefore, the error = + 10%.

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

60 + 30 = 90 p.p.c.c.

Therefore, the error = - 10%.

In genersl, therefore, the effect pf errors_in
loading factors may be summarised as follows:

A $0% error in the londing factors of two
quantities whieh differ as 2 is %o 3, results in an
error of only 10% in the weighted meen valuc.

3.5.5 Proportions of shift spent ab the vaiious

Dust Devels:
Babimates of the proportions of the shift spent

at the various dust levels for the main classes of under-
ground workers wers arrived at as explained below.

e pesults recorded during the full-shift time-
qust studies which were conducted in 1949 and 1950 were

gh it was not possible to actually

examined, and althow
sompute / sieisies
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compute the proportions of the shift aspent at or between
the six strategic points selected from the observations,
some useful indications of the proportions were cbtained.
Tzble 3.5.1 is an extract of the results recorded. 4s
can be seen from the table, the underground shift was
clagsified into four main portions viz,.,
1. A% shaft stations and travelling to and from
working places,
2. Inspeobing hanging, walking and generally
supervising at fuce,
3. At Miners' box,
4. Cherging and lighting up.
3.5.5.1 Stoperg: The first claseification
with respect to the underground shift, mentioned above and
in table 3.5.I, 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
preveiling at the bottom of downecast shafts (i.e. the dust
level represented by curve "3" in fig. 3.7) to about that
prevailing in mein intake airways away from downcest
shafts (i.e. to the dust level represente? by curve “&"
in figure 3,7).
The second und fourth olageificatlons correspond
o the stopers' dust livel rising to that prevailing in
stopes {oweve "7" 4n £ig. 3.7) close to which it remains
for the main part of these two portions of his shift.
The third clusaification corresponds to the stoper being
in air with & dust comtent well below that prevailing
in stopes namely in sir with & dust gontent more or less

nidway betwaen that of nir in stopes (vurve "7V) and thet

Of / viiiviiinian




ABLE 3.5.I.
RESULDS RECORDED DURING FULL SHIF®
TIHE STUDIDS.
SHIYT FROPURTION
Oless  of  Workmen
Shits Classificabion Sto— Deve~ Shaft
pers lopers Sirkera
1. At stations and 13% 14% 6%
travelling to and
from working places:
2. Inspecting hanging, 4R 535 73%
walking and generally
superviaing at face:
3. At miner's box: 19% 218 10%
4, Charging and lighting 20% 125 11%
up:
TOTAL 1009 100%% 100%
RETIE R
TABLZ 3.5.I1 : STOPERS Rk
e
Shift Classi~ Proportion Hean Dust "
fication, of shift Lavel., -
1 135 65p.p.C.C. K
2 48‘5’; 139p.p.c.c. o~
3 19% e T (N
1 4 20% 130 #
TABLL 3.5.1T1 : DWVDLOFTRS Bt i
PRt o
Shift Clagsification Proportion | Duat Luvel s
of Shift PiDaC G mh?";élc-«
1. 4% Stotions end Travelling ; Ellas ’
to and from “orking Pl.'ues. L 65 n gy
2. Ingpecting Hanging, wolling 5965 R,
and generally s)upérv:‘:mi;gb 33 1L i -
at face, 8 Sy
3. At Boa‘r. ) 2146 66 o, s
4. Changing and Dlghting up, 1e% 95 ™ ity
- i,
“ﬁ&n e
'“!emdk
#
%h"ia
L'} Ly,
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of air in main intake airways (curve "64),

During the full shift time and dust studies,
veferred to above, 67 stopers were followed. The mean
dust count recorded quring the four shift classifications
for stopers are submitted in table 3.5.II.

The first classificetion in tebls 3.5.II
incorporates all the time that the stoper is subjected to
dust levels "1" and "3", whils* {the second and fourth

classifications incorporate all the time that the stoper

ig subjected %o dust level 7" in addit.on to some time
that he is between levels "7" and "6".

In view of the sbove, it is reasonable to assume
that quring his underground shift 2 stoper is subjectéd to
the four dust levels 1Y, 3", “6" and "7", in the

proportions as given below:

oo s
30 - 10
ngw - 30%
wn - 55

3.5.5,2 Deyelopers: It may b‘e agsumed in
comparison with stopers that developers spend the same
proportions of the ghilt at dust levels "Lt and M3', but &
greater proportion at dust lavel "6" ond a correvpondingly
emaller proportion at tha working face, i.e. at dust level
UGN, Phe pemson for the smaller proportion of the shif%
being spent at dun level "8" ip thatb in & development
end, the "face" condition prevails over ¥ smaller propor-
tion of the working pluce than in a sfope. It is only
when the developer Lo right ot the face that he is
subjected to the "fuoo! dust 1evel, and for the vest of the
time he im in less dusby air, although he msy 85111 be din

the development end. DUTING / canreiis
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During the 1949 - 1950 full shift dust shudies,
43 developers were studied and the results that were
recorded, are given in table 3.,5,IIT. With the figures
in %bable 3.5.IIT as & basis, it is eetimated thet on an
average, developers are subjected o dust levels vlu. n34,
"% and “8% for 5%, 10%, 50% and 35% of the shift
respectively. Note: If 2 mine worker is estimated to
be subjested ¥o a certain dust level for a certain portion
of the shift such as, for 10% of the shift o dust level
“3%, 1% should not be taken to mesn that he remains on the
shaft station for 10% of ime shift, which is equivalent to
about 50 minutes if he works wn eight hour shift, but that
for 10% of the sphift he is between halfway towards the
intake side of that point and helfway towards the return
side thereof.

3.5.5.3 Miscellaneous miners: In this

group were included occcupations such as Pipe Fitters, Drive
Timbermen, Trammers snd the like, i.e. workers who would
be in "intake air" For a greater portion of the shift then
stopers and developers, and who would spend less time inside
sbopes and at development faces.
This group wae estimated to be subjected o dust
levels "L4, w3v, “gM, nT" gand 8" for:
5%, 30%, 50%, 10% and 5% of the shift, respectively.
3,5,5,4 §.D.M. Group: This group include
Barly Examiners, Aspistont lilners, Learner Miners, G.M.T.5.
Apprentices and the like, and they were .onsidered to be
subjected o the mean of the three groups -~ Stoper: .
Developers and Miscelluneous Miners.
3,5.5.5 Travellingway vorkers: Iilters,
Electrioians, TLiogo Drivers and the iike, were considered

together / «oveie
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- i el
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Shaft Jorkers P Il i B B ith o
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Kiscellaneous Hinera | .10 | .25 .50 [0 [ .05 | - 1,0 el .y
Developers 051,10 .50 | - [ .35] - 1.0 miréi“esm':
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together, and as their duties seldom take them up to
stope and development faces, they wers referred to as
wpravelling-way workers' and estimated to be subjected to
aust levels "L, "3 und 6" for 20%, 50% and 30% of the
shift, respectively.

3.5.5.6 Shaft workers: Underground Hoist
Drivers, Underground B3unksmen, Underground Storemen, Pump
Attendents ond the like were considered together, and as
thelr duties keep them in the immediate vicinity of the
shaft, they were collectively referred to ss "Shaft
workers", and they were estimeted to be subjected to dust
levels "1" and "3" only, for equal proportions of the shift.

3.5.5.7 ghatt sinkers: Shaft sinkers were

estimated to be subjected to duast levels 1, “3" ang "g",

. for 5%, 10% and 85% of the shift respectively.

3.5.5.8 gkipmen: Skipmen presented a
special proolem because slthough they do not leave the
Whaft area, the mean dust level to which they are subjected
ig above that for the shaft. The increased level is
brought zbout by the puffs or Jdust, prevailing around shaft
boxées during the £illing of skips, to yortions of which
skipmen are subjected, when rock is hoisted. A large
propertion of the Skipman's shift is spen¥ on the £illing
of skips, To allow for this, it wos arbitrarily essumed
that skipmen would on un uverage be subjected to a dust
count which would be 50% higher then that of "Shafd
Workexra,t

3,5.5.9 pummary: Table 3.5,1IV sumnarises
the proportions of the underground shifi which the main
non~official type of workers were agsumed to spend 8t the
verious dust levels.

3,56/ vireiirennn
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3.5.6 Mine Officials:

Unfortunately no time dust studies were conducted
of mine officials in the seme way as for non-officials.

However, it is logical for the Qustinens of the
underground #1ift of & 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 officiels were based on this mssumption.
The unweighted mean of the groups concerned was used in
sach cese.

3.5.6.1 Underground Foreman and Engineers:

Underground Foreman and Underground Engineers supervise
pssentially the work of the classes referred to as "shaft
workers" and "Travelling-way Workers", and the dustiness
of the underground shift of underground Foremen and
Engineers was estimated 28 equal %o the mean of the above
two classes,

.2 Shift Bosses: Shift Bosses
supervige escentially the work of stopers, develcpers,
miscellaneous miners and travelling-wey workers and the
dustiness of the underground shift of Shift Bosses was,
therefore, eotimated as equal to the mean of these four
groups.

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

n W*: Tor Mine Managers,
the dustiness of the underground shift was agsumead equal

to thet of Mine Overseers.

(% None of the cases drawn {nolude Mine Managers.)

5(a) / aerienvaninn




TABLE : 3.5.VI(&)

TLETIMALES VERSUS OBSLRVED

MEANS - 1950,
Shift Dustiness Number
r Worker
Gless of Ho Bstimated t Observed Obgerved
1. Travellingway 65 ppec ' 66ppec 6
Workers
2. Skipmen 7% 78 " 13
3. Migoellancous g3 0 5 0 16
liiners ;
4. Barly Dxaminers L vk 1 03 M 27
5. Developers w3y o | gc " 43
6. Stopers 216 : 126 v 67
7. Shaft Sinkers 61 v To180 ¢ 8

% As the me.n of gtopers, develoyers and miscell~
ancous miners.

PARuL + 3.5.VI(b) - 1926

Mean Jounts p.yp.c.o,

s - - Extro- Lxpected +
lass of Torl.er aggved Cba1.3 ng;l:ated "Obgerved
1926 from
1931
fiacellaneous
Miners 185 241 240 1.00
[Barly ¥xaminers | 206 268 300 1.13
Stopers aneé 281 320 Loa4
Davelovers 316 AL0 366 0,89
Stiaft Sinkers 284 382 378 0.99
Samplers 240 313 325 1.04
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+5(e) Miscellancous Officisls: Under
this classification was included survey, study srd sllied
officials, bui not samplers, The dustiness of their
underground shift was essumed equal to that of Mine
Qverseers.

.5(b) Samplers: In view of the fact
thet some dust is produced by saempling 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
sumerises the combinations on which estimates for mine
officials were based.

3,5.7 Bstimates 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 Bhaft Workers:

(a) Ordinary Shaft Workers: The dust

level proportions decided on are:
50% et "1% and 50% 8t “3",
The corresponding dust levels for about 1950 as given by .

£ig., 3.7 are: 40 p.p.c.c, und 60 p.p.c.c, respectively.
The ghift dustiness, therefore, becomes
20 + 30 = 50 p.p.c.ce
(b) Skipmen: According to ssction
3.5.5.8, the shift dustiness for skipmen 19 estimated at
1.5 % 50 = 75 p pic.Cs
.2 Travelling-woy Workevs: The dust

level proportions decided on avet 20% at "1Y, 50% Bt “3*

and 30% at "6, The corvesponding dust levels eve:
40 p.pecicey 60 PP CaCe and 82 p.p.C.Ce
The / vavvevsas
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The shift dustiness, therefore, becomes: 8 + 30 425 = 63

pepeCiC,

-3 Miseellaneous Miners: The dust

ievel proportions decided on are: 10% at "1v, 254 at w3n,
50f 8% "6", 10A at "7" and 5% =% "8v.  The dust levels
aret

40, 60, 82, 150 and 153 p.p.c.c. respectively.
The shift dustiness, therefore, becomas:

4+ 15 + 41 + 15 + 8 = 83 p.p.c.c.

.4 Developers: The dust level propor~
tions decided on are: 5% at "1, 10% at "3, 504 at G2
end 35% at "8", and the corresponding dust levels are:

40, 60, 82 and 193 p.p.c.c., 50 that the shift
dustiness becomes: 2 + & + 41 + 54 = 103 p.p.c.cs

+5 Stopers: The dust level propor-
tions decided on are: 5% at V1Y, 10% at “3", 304 at "6
and 55% at “7",

The corresponding dust levels are: 40, 60, 02
and 150 p.p.c.o. respectively, and the shift dusbiness
becomes:

2+ 6+ 25 + 83 = 116 p.p.c.c.

.6 $haft Sinkers: [The dust level
proportions decided on axe: 5% at "1Y, 10% av ‘3" and
85% at "9" apnd the corresponding dust levels are: 40, 60
end 180 p.p.c.e.  The shift dustiness, therefore,
becomes: 2 + 6 + 153 = 161 p.p.c.C.

,7 Qomparison of getimates for 19350

with the results oblained during

ul) shift dust studies doue in

1949 and 1950

This is done in table 3.5.VI(2).

As can be seen,

the estimates compave well with the results of the full
onift / vivanen
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TABLE 3.5.VI11. ij: it
NON - OFFYCIALS, gt
2.P.0.C. ‘ gt o
T [ 1~ , Miscel~ Shatft meﬂst ’ 13
Year Wm-wke;s ; f‘ff’ém;n, 1t:;juwayf 1a:§ous 2:::7 Stopers Sinkers) giﬁlaﬁsw "
} 86, W) ' Workare, | Miners | - i 4t v
1081 | 101 18 134 168 260 288 298 pﬁm i diep =
al s 142 n7 152 208 208 | 265 o
5 78 114 101 131 166 0 | 283 iy 10 %
7 67 100 87 ni 140 142 202 ! i izt e
9l & 86 4 o6 126 123 | 79 st e e ¥
1941 B4 81 88 88 118 118 168
3 50 75 63 84 111 115 181
B 50 7% 53 84 109 16 p1:x
k4 50 % B3 63 106 15 161
] 50 7% 63 83 104 1186 151
1951 B0 75 B3 83 102 116 161
80 7% (1 83 101 115 161
B 50 7% 63 82 101 115 161

The resilts are depicted in {ig, 3.8,
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shift dust studies,

3.5.8 Full Shift Results Recorded in 1926:
Tull shift dust studies similer to those done in

i 1949 and 1950 were also done in 1926(49) and it is of

interest to compare the resulte recorded then with

estimates based on assumptions of the propertions 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 ' !
2 202 1931 back to 1926 and, secondly, to allow for the changes E%‘;
o | w ’ in technigque. Due to changes in vechnique the 1926 5 :
0 " reaults would have been say, 30% higher, hed the present E‘
s o : technique been followed. Estimates for, and cbaerva- E
s - tions on, six classes of workers are given in table g
. 0 3.5,VI{b). The sgreement is wnexpectedly close. E
sl 3.5.9 The Variation of Shift Dustiness with N
s ™ Calendar Years: : §;
s 1w . The dusiiness of fhe underground shift of eny ' § :
5 161 r/ occupation would vary with calendar years as the dust 'é‘
__.—J X levele at the main points, weighted in the proportions E:
3 of the shift spent ot the vorious dust levels.  TFor the g
3

purpose of this investigation, it wae sssumed that these

proportions remiined constant over the yenrs at the values Ty

- arrived at in section 3.5.5,  An example of the
computation of chift duetiness oguinsb oulendar years,

for non-officinls, is given in teble 3.5.VIL.
((The dust levels for the various underground

g Points wers taken from iuble 3.2.VIII.))
4 gummary of shift dustiness egainst calendar

Years for the various classes of non~officials is given

in table 3.5.VrII. An exemple of the computation of the
GalEt /i
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ghift dust studies,

3.5.8 Pull Shift Results Recorded in 1926:
Full sbift dust studies similar to those done in

1949 end 1950 were also done in 1926(49) and 1t is of
interest to compare the results recorded fthen with
egtimates based on ussumplions of the proportions of the
shift spent mt various dust levels. To do such a com~
parison it is also necessary, firstly, %o extrapolate the
dust counts recorded at the main points underground from
1931 back to 1926 and, secondly, teo allow for the changes
in technique. Ine to changes in technigue the 1926
results would have been suy, 30% higher, had the present
fechnique been followed. Estimates for, and observa-
jions on, 8ix classes of workers are given in table

3.5,VI(b), The agreement is unexpoctedly olose.

3.5.9 The Variation of Shifi Dustiness with

Calendar Years:

The dustiness of the underground shift of any
occupation would vary with calendar years as the dust
levels at the moin points, weighted in the proportions
of the shifi spent at the various dust levels.  TFor the
purpose of this investigation, it wase aasumed that these
proportione remiined constant over the years at the values

arrived ai in section 3.5.5. An example of the

computation of shift dustiness aguinst culendar years,

for non-officiole, is given in table 3.5.VII.
((Tne dust levely Lor the verious underground

oints vere taken from bable 3.2.VIII.))
& pammary of ehift dustiness aguinst calendar

Years for the various classces ¢f non-officials is given

An example of the computation of ¥he

in table 3.5,VIII.
BRLEE / veerieian




T4BLE 5,5, IX

TEB "GOM® . NON OFFICIAD GROUP
2.5, 0.0,
Yoar | Miscold- Total Shif't :
(2} | laneous Stopers | Dovelopers | (24+4) Dustinese
Kinora {3) (4) () (543
{2)
1931 | 168 288 60 666 208
3| 12 208 208 563 188
5| 131 70 166 467 162
7 oan 142 140 ava 131
9l o 123 125 344 115
1941 | 88 9 116 323 108
3| 84 15 11 210 108
57 8 15 109 308 103
7| es 115 106 304 101
s 8 115 104 302 101
1951 | 83 115 w02 300 100
g e 115 01 298 9
L o) us 01 0 20 0
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shift dustiness of the "8.DM. "~clags, againgt calendar
years is given in table 3,5.1X, The anift dustiness for
sach of the classes into which mine officials were cast,
wag oomputed in a similar manner. A spummary of the shift
¢ustiness of the various classes of officials againgt
calendar yeexs is given in table 3.5.X%.

The “"speotium” of ghift dustiness against

calenday years is depisted graphioally im figurs 3,8.

J.6 Post Mortem Pindings with Reppecy to Silicosis

in e Selectud Wumber of Deceased Mine Workers.
It was decided to base the investigation on
508t mortem wabher than on X-rey findings, This
tecision was made beciuse medical auwthorities favoured
‘the former es the more reliable finding. It meant that
decensed mine workers only, gualified for selection.
Phe caunse of death, whether by accident; from sickness
br from any ofher csuse 4id not matfer.
Only cases on whee: lungs histologicalﬁ examing-
tions were done, were included,
6 Where sections of the lung are examined under the
microseope,
3.6.1 Qonditions laid down for the selection
of nasent
Apart from the condition 1e4d down above, all
the cmses selected had to satisfy the following conditionst
They had 16 be Duropean mine workers:
1 who were found free from tuberculosis,
.2 who commensed underground mervice after 1925,
.3 who worked in conbrolled gold mines of the
Witwatersrand and Bxtensions snd the Orenge
Frea / coivienen
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rree State,¥
4 who did not have bresks from underground
service totelling more than 5 years,
5 -who continued to work underground up to within
5 years of death,
.6 who became 3Jeceased after 1955,
.7 who had more than 10 years service.
# Thet used to be referred to as "scheduled" mines.
The reasons for laying down the above conditions
are given helow.

Only Buropeon mine workers were considered

becanse gecurate service records are not meintained for

Natives. Tubercle~cages were excluded beceuse

tuberculosis is believed to accelerate the progression

of silicosis. Cases with underground service prior to
1926 were excluded because the records of konimeter counts
{taken by Govem‘ment Inspectors of Kines, are available
since 1931 only, and a limi$ hazd to be pleced on the fime
when underground service commenced. One would have
liked to put this limit at 1931 but that would exclude

& ugmber of tk;e already smell selection and 1926 was
decrded on 2s a compromive.

Work 4in mines that used to be known as
"soheduled” mines, wis necesspry becsuss acourete records
of servios were, in the past, meinteined on such mines
only, and because the dust doterminatione refer to such
mines only.

Gonditions "4" and "5S¢ which limited the periods
of service bresks and intervals between stopping of work
and death were nesessary in ordsr to limit any effect due

t0 the possible progresoiveness of silicosim, as well es

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

Condition "6"'was enforced by circumsbences
asgociated with the provision of facilities %o conduct
nistological exeminations on all deceased mine workers as
the normal routina.

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

3.6,2 Poot Mortem Examinations:

Post mortem oxeminations were done by pathologiste
of the Pneumoconiosis Unlt of the Jouth African Institute
for Medical Research. Permiosion 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 Medicsl Research. The cases selected
were examined by either Dr. I. Webster, Senlor
Pathologiet at the ineumoconiosis Unit, or else by his
Assigtant, Dr. C. Wagner.

Tull histological examinations were done on all
the cases selected.

3.6.) Clesaificabions with Resyect %o Silicosis:

At poot mortem examinntions, the condition of
the lungs with regard to silicosis, uay be oaut into the
following broad clessilications:

0. HNo dust reticulinigation,
L. Dust rebioulinisation,
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2. Dust reticulinisation with collagenisation,
3. Occasional islet, i

4. Few islets,

5. Moderate number of islets, ...,.... II
6. Targe number of islets, ........... III '
7. Conglomeration. e rtsacreniaaereees IV

in the absence of pulmonary disebility, a
decensed mine worker will, after the introduction of the
Pneumoconiosis Ack; 1956, be certified for "pneumoconiosis®
according to the roman figures on the right hand side of
the above tadble, where:

"g*  {ndicates no pneumoconiosis,

“I" indicutes pneumoconiosis in the first stage,

"II" indicaies pneumoooniosis in the second stage,
"III™ indicaies pneumoconiosis in the third stage, and
YIV"  indicates pneumoconiosis in the fourth stags."

The oificial cortvifications with respect te
preumoconiosis of the cases selected, are given in table
3.6 edjacent %o the post mortem finding, As will be
se¢n, the above correlation is confirmed, except that
where @ person was in life certified in & stage furfther
then what he is at post mortem found to be in, the officisl
certiricetion remsina ot the more advanced stage -
compensation once paid can not be recalled again,

£ Dr, P.J. Braomus, formerly Depuby Diyector,
Preunoconiosis Bureau (now resigned).

57 Ceses were selected, The details with re-
spect to theinr post mortem findings Bureau certification
with respect to poeumoconiosis, years of underground
service elo. are given in table .6

((The / cossacnns
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({The numbers of the cases given in the table
pear no relationship to any numbers attached to the
deceased persons in life.))

3.6.4 The Composition of the Sample Selected:

The cumposition of the sample selected with
respect to class of mine worker, is most provably not the
seme &8 that of the underground Buropean labour forct on
account of the limitations that had to be laid down for
cases to qualify for inclusion, However, a difference in
composition does not matier because the investigetion does
not concern the silicosis incidence of the present Buro-
pean lobour foree, bui the relationghip between the dust
exposure of a person and his degree of silicosis. Never-
theless, the factors and the direction .n which they
gould cause the composition to deviate from that of the
existing Buropean lubour force are of interest, and they

will be considered here.

{a) TDeath was the prime selectori 7 of
death did not matter, 1t could be anythi, sne died

Irom silicosis. 4 bies with respect to condivion of the
lungs is, therefors, excluded, but the workers employed
on the more dangerous occupations, e.g. the actual

winers, probably siocod a botter chance of being included

than other underground workers. Hence, the actual

mining clags of worker may pogeibly form 8 larger pro-

Vortion of the sample selected than it forms of the

Present underground Buropean labour fLerce.

(b) The smecond fector which oould causge the

composition of the semple o deviete from that of the

existing undonground Buropesn lubour force is the

Tollowing:
& e [/ esesieener
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The next of kin may receive increased (but not
gecreased) compensation us a result of POst mortem examina~
tions where the deceased was in life not vet certified 4o
be in the second stags, and the consent of the next of kin
must be obtained for such sxeminetions. Tecreased
compensation is not possible, .ucause even if the deceased
is at post mortem found in a stoge less advanced then he
was in life certiried to be, the compensation rate remaine
the same for the more advancud stage. The "better off"
next of kin, such as the next of kin of Mine Officials
may, therefore, be lees readily prompied to agree to post
mortem examinaztions than the next of kin of ordinary mine
workers, and this could further reduce the proportion of
mine officials being included in the sample.

{¢) The compensation factor also acted in another
way, viz., on sccount of the possibility of increased
compensation to the next of kin, preference is given %o
post mortem examinations on cases who were in life not
in the second® stage of pneumoconiosis, This is done fo
cause the least possible delay in the payment of increased
compencation where due.

# Mul. compeasation is peid o the next of kin from

the second glage onwards.

Ag fur =e the suthor con judge, factors " end
el are the ones which oould slrect the compoaition of
the sampls with rewpect to ola9s off worker.
probably also re-
tigation

Pactors "b" and Me! wore
sponaible For the stage risched during the inves
that, when 51 csees qualifivd Yor ineluoion, only two
08865 were beyond the stage described es Ufow iglets."
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It was then decided %o specially select from
there onwards, only cases beyond thig stage, Only six
cases could be found within the period aveileble to the
author, which sabisfied also the other conditions pre-
viously laid dowm,

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

{1} Certain religious groups invarigbly refuss
consent,

{1i) In other cases post mortem examinations are
not possible on account of the condition in

vhich the lungs arrive at the Bureau,

These two factors can, however, only act in 2
rvendon fashion on the composition of the semple with

respact o ¢lasw of worker.

0f interest also, is the legislation in exis-
tenne o encourage the conducting of post mortem exeming~
tions in 81l chsews except where such exsminations are

specifiocally refused.
In this reapect, the following extract from

Section 29 of 4he Pneumoconiosis hct of 1956 is of interest:

1A medical proctitioner «ewsces who attended

o deceased person ot the time of his death ..s..s OF Who

has opened the hody of such person and who knows or has

in'e controlled
hine, shall remove hisz cardio-respiratory orgens and send

the organs to the buredu ......i¢ No medicel prectitioner

shell oonduct a post mortem exgmination ...+ without
the qonsent of the widow or an agult near relative, if
such person cen readily be consulted.’

37/ ereenins
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TABLE 3,7,

Buresu Fo. "ZY.
NAMD ; %
BLASTING (ERTIFICAIE NO, Y%,
¥ature of Shifts v Shifte
Mine Employment per Fron ° bor
Ocatpar ning,
tion.
L |Zar. Sempler 78 |26, 7,36,
Lnr, Machines, 127
Pimberman gg
Pipes & Tracks,
Trammer. 226 30, 8,38.| 612
2 [AM.T, & W/Pke, 2 |81, 8,38,
AN, & Timberman 43 21,1158 | 88
B [AMT, & 445,07, 147 292,11,38.
Mach. Stoper 20 6.10,30 | 237
4. | Pramper 152 1B.10,89.
Tracks. 6
Mach, Dovelaper, 182 22,12,40 | 340
8. | Temp, Gon, Miner, 81,12,40,
Mmberpan 150
Stoper 841 28, 7.44.| 991
6. | A K, & Trammer 156 2, 8,44
Devaloper a2 81, 3.45,] 188
7. | Temp, Gen, Miner 126 8. 4,45.(10, 9.45.] 126
8, | Trammer 72 17, 9.456.
Stoper 2 28, 1,46, 94
9, | Binker 202 29, 3.46.
Sinkers Helpor 3
Spafy Timberman 29 3. 2.47.| 234
30, | Binker 329 13, 3.47
Sinking, Bankomen s 1.12,49,
Devaleoper 20 31, 7.48,] 383
11, | Stoper 1. |10, 6.48,026, 8.48.] 11
12, | tonlagoman 36 4
8.V, Banksman 50 L
Sinkors Halper B
Sinker 266
Developor 26
Snaft Timher 20 20, 6,50, | 478
i‘:‘ Tioborman 3 |24, 6.50.] 9, 8,60, 3.
N glzﬁlﬂ(‘::bemnn I:Z 11, 8,50,
< 13, 9,50, 38
P
o | & - 14 81, 8.51./29, 7,51, 238
17' . ﬂi" nd 8. 8.51.|12,11,51,| 69
+ | Bay
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| e tovestiges

et
diashen of ¥ Tmana
“Hass dop waese 4y 4R

exglepenn,




gy
Shifgy
Dor
Ring,
|
8.1 81z
) 88
91 a2y
0 340
4,1 am
=] 188
K.l 126
B.] 94
7.1 834
8.] 355
g.p 1
9,1 478
s, 8%
5, 28
1, | 238
.| e
%
[ |
Losenmmrmst

-1~

3.7 Records of Service:

At the outset of the investigation, the author
obtained the permission of the Pneumoconiosis Commission-
er® to study the copies of records of mervice 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 compsnsation,
and then only the records of service up to the time when
they riualified 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 exisfed, were essential to
fhis investigation.

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

Table 3.7 is an example of the information
extracted from the records of service.

¥ Then known as the Cheirmen of the Silivosis Board.
3.8 The Potal Time Spent Underground by Each Qase

Selected:

The mine workers' record of service reveals
every type of work that he was smployed un and the number
of shifte that he worked in each ocoupation.

Trom the estimates, meds in seotion 3.4 of the
duration of the underground shiit of each c¢lugs of work,
an egtimate could be mede of the ¥ime spent undergrournd on

each oceupation, As can be seen from Table 3.7, the

veoord of service details the Tfollowing information:
3.8.1 7 vasnienien
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TABIN 3.8.1.
SHIPTS, HOURS AND PARTIOLE ~ HOURS.

p. ¥ 0 O
1] 2|3 ¢ 5 6 ? i 2
Haw o | | B
| oo | S i | o) |50 | TR 6T
o, $100 | ¢ 100 10000 | 10000
1| me6| ea6 8| 42.6] 42,6 |28l | 98,4 | 98¢
2 169 | 695 8{ 15,56 B6.L | 234 816 | 18,0
3,1 | 201 896 8] 16,1] 2.2 | 159 ; 25,6 156.6
2| 29| ossa| 43| ws | o0 4.9 | 160.6
3§ 3831|1256 8| 26,5 | 01,0 | 147 89,0 | 198,5
4 268 | 1524 8| 21.4 { 122.4 | 133 38.6 | 28,0
5.1 | 114(1638 8f 9,1 23,5 125 1l.4 ] 239.4
2| salwas el v 1800 1 5,1 | 28,5
8 | 95|1827 8] 7.6 | 146.6 | 118 2.0 | 2575
4 | 13|18408| 10| 147.6 ] 180 1.6 | 280,1
6. | s30[2170 8| 26,4 | 1va.0| 13 34,6 | 298,7
2 | 29402466 8| 28,4 1974 | lo0 23.4 | 3w
8| 4eiesitel 8.9 201,83 16 4.9 | 822.0
4] @salosmme| 19| 2088 o5 1.8 | az3.9
6| 69{26068| 56| 308,7| o%a 5.2 | 29,0
7.y | w98 (avea 8| 14,2 ammo | 11 15,8 | 344.8
+2 1 134208 8| 10,7 | zaz.e | 119 12,7 | 387,58
8.1 | sus|me 8| se.6 | mo.z]| a7 57,9 | 415.4
2| solzmral 2.4 | sone| 116 2,8 | 48,2
91 7282|4063 6| 22,5 | ass,1| a4 18,9 | 4371
&' a3l4085 8! 18| meo| 6 12 | 4@8.8
G| 20|4use | 17 s | o1 L5 | 30,8
o R R h B ) R TN 0.1 | 49,9
1.2 | 271|437 8| 217 | ss0.4 83 18,0 | 457,9
W2 61398 6 «4 1 8508 | 90 0,4 | 488,5
1,1 o(amon e JL el | e 0.6 | 4589
.2 461448 81 8% | w5 | gg 31 | 462,0
181 4 131 14879 8 | 105 | ses.r | gg 8.7 | 40,7
2 0914688 8| 8.7 | wraa| g 24 | arme
.8 4614748 | 87 | grgn | g 3,1 | 4810
4 | 262 (6016 8 : 32,6 | 400,7 | gy 18.8 | 40,8
L: 1983 16979 8 1157,0 | spy.0 | g 72,5 | gve.s
e b

|
|

32 918

¢y pears zzd
entizate 9 ales 729

b gt swdepgrenid

4

e Jbd,

Tey Frwae
3 e Y

eeagatien,

£ ga
ey ::c;;m:,
Hebip o iy g,
Bl gt g, -ﬁ
b g,
(ececrdmg

ol
Rl Hedgpe i
the “ﬁ:at

By

b
y iy
g e g
mhm'ind. R

|
g (g,




0.5
95
8.0
9.4
8.5
7.5
9.1

° v w

® O o a

- 72 -

3.8.1 The name of the mine (this column was
ignored for the purpose of this investigation, except
that each mine was given & number);

-2 the nature of employment;

«3  the number of ehifis empLoyed in each
occupation;

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

+5 the number of shiftsworked in each
oceupation.

From his record of service, the period that a
mine worker spent underground can be computed and eXPresse
ed in years and in shifts. A reasonably accurate
estimate is also possible of the number of hours which
he gpent underground. An example of a computation of
the Yime spent underground is given in columns 1 to 6 of
tabi. 3.3.1.

The Firgt column contains the number of the
oorupation, the second column the number of shifts worked
in each ogoupation, the third column the progressive
number of shifts worked underground, the fouwth column the
number of hours underground per shifi in each occupation
(according to the estimates made in section 3.4), the Fifth
column the y.oduct of the second end fourth columns i.e.,
the eshimated hours spent underground im each ocoupation
and the sixth column the progressive numuer of hours
wderground. ’

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

3.9 Time Upderground versus Silicosis:
Of importance to the present investigation ig

$he / sievarinne
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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 konimedter~hour particles.

In order of sccuracy, estimates of the time
underground are:

a. years of underground service,
b. underground shilts, and
¢, underground hours.

The "years", the shifts and the hours that ea‘h
of the 57 cases selvoted spent underground are given in
table 3.6.

The relationship betwesn silicosis and “saars
is depicted in figure 3.9{a). As can be seen, there is
practicoally no association between the two measures.

The relationship between silicosis and under-
ground shifts is depicted in figure 3.9(b). As cen be
ssen, the association does not appesyr to be any belter
than that Yetween silicosis and underground years.

The wrelationship betwesn silicosis and hours
wnderground is depicted in figure 3.9(c).  Again no
improvement can be detected.

The total time underground is an estimete of a
person's dust exposure bub ag the dust exposure per unid
of time varies with different occupations and with
different ocalendar periods, the total time underground
is B poor estimate of a person's duyt exposure,

A more accurate cstimate mey be his ko . er
aount" exposure and the method of estimating the konimeter
count exposures of the cages selected, is deserived in

the next section.
3.0 / eevienain
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TABLE 8.10.1.

Occupation. DATES % Corresponding Mesn
No. [Growp| Frow | To | Dust | Tevels | ©o7.00
1 s | 0.1 | BL10 | 242 212 237
2 m | sL1g) sy | aso 218 34
31 | M s2.7 | 53,2 | 163 155 159
.2 s 33,2 | 85,8 | 21 21l 211
3 N 35,3 | 346 | 184 139 147
& ¥ 34.6 | #6.6 | 130 127 133
61 | M 5.6 | a8.11 | 2w 122 225
.2 H 35,11 %6.5 | 122 119 121
RN 36.3 | 86,7 | 119 115 118
4| s 36,71 8.8 | 189 158 159
6.1 | som| 6.8 av,02 | 138 124 131
Y 87,12 @.2 | 108 9 100
8 s 9.2 | 89.4 | 127 126 126
4N 39.4 | 9.5 | o5 95 5
R 39.5) w8 | 95 93 94
70 | sM | 8.8 404 | L3 110 12
.2 s 40.4 | 40,30 | 120 18 118
8.1 | ou 40,10 4312 | 89 84 a7
2 18 43,13 441 | 118 118 116
o1 | u 44.1] 45.2 | B4 84 B¢
2 | | sl a5 | s 64 64
B | @ | asal a4 my 91 0
4 | s 45,41 45,5 | 28 16 135
10,1 | ¥ 45,6 46,12 [ o3 8y 81
2 8 | o461 46| vo 90 90
1.1 ] 45,11 46,23 83 a5 3
2| ou 46,18 47,2 | gy 83 43
3.1 ] w2 4 | g o3 o
BN s | g | g 83 a3
ERIY 7.1z 48.2 | gy o5 83
Fam w21 4.5 | g 8 o5
B | sk 49.5 | 56.6 0 50 50
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T C 3.10 Ihe Konimeter Gount Exposwre of Bach Case:
Hean - The estimation of the konimeter count exposure
1";“:; entailed the following assumptions:
29 .1 ™sat all working places of the same class had
234 i the same dust count irrespective of the mine
159 or the position in the mine,
ji; ) .2 ‘that the dustiness per shift of all mine workers
1 of the same occupational group was the same and
125 equal to the mean for that group,
121 .3 that the occupetional groups were subjected te
118 the mean dust counts recorded during routine
159 ¢ inspections by Government Inspectors of Mines,
31 B weighted in the proportions given in section
1?0 3,5.5, for the various types of working places,
1:: In view of the above, bthe estimates of dust
94 ¢ exposures have very wide confidence limits.
11 . The dust exposure uf any underground career is
s equal to the sum of the exposures of ‘the various
1:: occupational periods constituting the career. The
8 exposure of each occupational period is the produet of:
64 undsrgrourd shiits,
91 ‘ hours per shift and
116 duotiness per shift.
o " The duatiness per shift of every ogoupation
ZZ varied with celendar time and, thervfore, it was necessgry
3 %o know the calendar period of occupstion to estimate the
92 dust exposurc of a specific occupational period, In
order to facilitate the sosessment of the meen dustiness
8 per shift of vach peried of occupation of & mine worker,
:: ‘ tatles of which No. 3.10.I is an example, vere drem up
50 2 for each ocase.
au i Phe / weierareans
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The following columns were incorporated in
these tables:

.1 In the £irst column waes recorded the numper
of every cccupation, ’

.2 in the second column the symbol corresponding
%o the cccupational group,

+3 in the third column the dates corresponding to
the beginning and the end of each oceupation,

+4 in the Tourth column the dnst levels correspond-
ing %o the terminal dates for the purticulur
occupation, and

«5 in the last column, the mean dust level,

The records of service revealed the dates of
enployment and of discharge on every mine.

The dates when & change was mode from ong
occupation to another within the same mine were, as a
rule, not recorded unless the change was a mjor one such
ag when a daily paid worker became an official, However,
the verious occcupations and the number of shifts worked
in every occupation, were recorded conmsecukively end from
these details the dates of change of ocoupstion within
the same mine could be estimated fairly accurstely. The
dates of change so estimated were made o the nearest
calendar month.

3,10.1 Accumulation of urderasround shifts per

Accumuiation 0 M
unit of oalendar period:

In order o cobimate the terminal dates of
ocoupational periods rapdily where needsd, graphs were
constructed of underground shifts against period of
ssrvice for the various underground occupations. (See

Tigure 3.10).
The / eesresnren




PTABLE 3.10.1T

APFROXIMATE RATES AT WHICH UNDERGROUND SHIFTS
ARE ACCUMULATED.

W Underground shifts per
Gecupation
Weel | Year ;Eﬁgﬁ
Miners 6 280 1400
Shift Bosses & 280 1300 .
pigme &
Mine Overasers ! 5 240 1100 £ i
e Eteee 5 | 260 | 1100 2 T
Underground Manage.‘vs 4 190 850 il
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The graphs wers constructed from the data in
table 3.10.II.

Py - The number of underground shifts per year and

per 5 year period were arrived at as explained below.,
(The leave privilege figures were obtained from the
Secretary of the Underground Officials Associntion in a
private communication).

3.10.1.1 Non-Officiels: Miners were

[ ]

assumed to get 30 days leave por year,
365 - 30 = 335 deys per working year;
+ T gives 48 weeks yper working year;
x 6 gives 287 shifts par working year.
5 Shifts subvracted for Good ¥riday, Christmas
Day, Dingaens Day end 2 Medicul Bursau days, leaves 282
shifts per yeur and, therefore, 5 x 282 shifts per 5 y.~y

period, i.e. say, 1,400 shifts per 5 yeur period.
3.10.1.2 Officieds:® All Underground

Officiale were assumed to get 30 days leave per year plus
T days mccumulated leave in addition to a certain number
of days long leave which may be assumed at 65 for Juniox
Officials, 80 for Shift Bosses, 103 for Mine Overseers and
117 for Underground Managers.
% Only & very small number of the ceses ineluded
breame officinls ~ none becams MONAZErs.
3.10.1.2.% Shift Bosses: Leave
allowance for Shift Dosses werw assumed as:
30 days every year, plus
7 daya acéumulative leave per year, plus
80 days every £ifth year.

Therefors, uynderground shifts per year = (365 - 30) = 6/7

= 287.

T688 / coverenien
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Less 2 public holidays and 2 medical Bursau deys - 283,
A Underground shifts per 5 year period = 1,415
less the shifts absorbed by long leave allowance viz,
80 + 5 x 7 deys = 115 deys.
(115 + 7) x 6 shifts = 99 shifls.
S Underground shifts per 5 years = 1,415 - 99
«="1,300,
3.10.1.2.2 Mine Qverseers and Under-

w2 d S BRE CNACL

ground Enginesrs: Leave

allowances were agssumed at 30 days per yeazr plus 7 days

accumulabive per year, plus 103 days every 5 years.

(It wos assumed thet Mine Overseers went underw
ground 5 days per week).
Therefore, number of shifis per year = (365 ~ 30) x 5/7

=335 x5+ 7
= 240
and number of shifts per 5 years = 1,200 less the
shifts absorbed by the long leave peried of (5 x 7 + 103 =)
138 days, i.e,
less (138 x 5/7 shifts =) 100 shifts,
Therefore, number of undergrownd shifts wer 5 years =
1,200 « 100 = 1,100 shifts,
3.10.1.2.3 Miscellaneous 0fficials:
Por the purpose of setimuting dates from the number of
undervground shifts, thig group waeg aspuped the same as
Mine Overseers.
3,10.1.2.4 Ungderground Manogera:

(Such cases were not received bub the welative number of
shifte aye of interest.)

Leave allowances may be ssumed &t 30 days per

year plus 7 deys accumulative leave per year plus 117

days / veiverean
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days every 5 years.
{It may also be 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 = 10
and number of underground shifuvs per 5 year period =
5 x 190 = 950 less
the number of shifts absorbed by the long leave period
viz. (117 + 5 x 7) days,
ice. 152 x 4 + 7 = 89 shifts,

" Therefore, number of underground shifts per 5 year period =

950 ~ 90 = 860
= 850 say,

As stated before, the graphs were used in cases
where the deceased worked on the seme mine for meny years
as a result of which few dates, to mark off occupational
periods, éppaared on his record of sservice.

In cases where the deceased shiftved frequently
from one mine %Yo another his record of service hed meny
date checks snd in such cases reference to the grephs were
not necessary, Such cases aleo confirmed that the graphs
were sufficiently accurate to estimate the occupational

period from the number of shifts worked.

3.10.2 The dust exposureg of the various
oocupsbional perdoeds:
Thia wes computed from the number of shifts
Wworkad during esmch occupational period and the mean
dustineas per shift of the period.
The mean dustiness pex shift of each ocoupe~

tional period was computed from the curves of dugtiness

Der shift against calendar years.
Figure / cveren
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Pigure 3.8 depicts the variation in shift
austiness of the various cooupations wi.u celendar years.
The computation of mean dustiness per "ift for the
various occupational periods is shown in table 3.10.%,

The second column of the “3.10.I" tebles gives the
¢reupational group and the third columm gives the calendar
period of ocoupation.  From Pigure 3.8, the shift
dustinest for the various occupations sowld be read for
any celendar month. The shift dustiness so read, wag
entered in the fourth column of the ¥3,10.I" tables.

The number of readings taken per unit of calendar period
varied aoccording 5o the nature of the change in shift
dustinesns,

If the change in shift dustiness was non linear
with time, readings were tulken at suffiociently short
calendar intervels fer the change in dusbiness %o be
agsumed linear, so that the arithmetic mean of the com-
puted dust levels gave suffiocient accuracy.

The mean dust levels so calculated were then
transferred to the seventh column of the "3.8.II tables"
opposite the corresponding ocoupational hours. The pro-
duot of hours wnderground snd mean dust level geve the dust
exposuve (expressed in konlmeter particle-hours).

The eatimated dust exposure of sach ve¢ .ubional
Period wes entered in the sighth column of table . 3.II
and the nineth column geve the cumulative dust exposure.

3,11 Konimeter gount exposyre VErgus Silicosig:
Konimeter gount oxpafurl YOXRES

p between oilicosis and konimeter
There is

The relationshi

oount exposure is deploted in figure 3.1l.
4 the relatiouship between the

81111 n very wide scetter bu
er than that depicted in

two measures does geem to be betl
Figures / ierssies
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figures 3.9(a), (b) and (c),

In order %o %test the association between siligo-
sis and each of the four measures of dust exposure viaz,
ryesra®, shifts. hours and konimeter-particle-hours, the
results were enalysed sbetistically.

3.12 Statistical Analysig:
3.12.1 Random Theory:
A guestion that arises in connection with the
sample selected is whether random theory holds. To
provide the enswer to this quostion, the method of ob-
taining the sample will be restated briefly. The author
set up & "screen" for a certain period. ALl the cases
which passed the secreen wers included. This gave cases
Ne. 1 to 51, Only 2 out of these 51 cases were beyond
clesgification "4" on the Pathologiats' soale. The scresen
was taen nltered so as $o include only ocases beyond this
gtage from there onwards. This produced the final six
czses viz., Nos. 52 to 57.
45 explained before, the sample selected is
probebly not representative of the underground Burcpean
lebour force, neivher with respect to class of worker nor
with respect to the prevelunce of silicosis.
However, the sample may be olassified into
certain classes with respectto silicosis, and as far g8
the author can judge, the dust exposures in each cless is
& vendom sample of the popwlation of dust exposures of
that clags, ((There are Lour measures of dust exposure
viz.t
(1) “years" of underground service,
(2) underground shifts,
(3) underground hours, &nd

(4) xonimeber particle-hours.)) T/ eeeeins
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In view of the above, random e.vt;maticn theory
wag assumed to hold and the association between silicosis
and each of the four measurss of dust exposure, was tested.
The variance ratio Yast was neleoted. .

3.12.2 VYayiance Ratio Test(5°): The variance
ratio test gave the resulte (wee below) for the assodiation
petween degree of silicosis and each of the four measures
of dust exposure. (Por the actnal calculations, see
annexurc “4),

The vorienos ratio test compares the variance

berween classes with the variance within classes. As

there are 57 observations that could be cast into 7 classes,

there dre 50 degrees of freedom within classes, and 6

degrews of freadem Letween classes,

{a) For underground ysars of servigce, the variesnce

betwesn classes, came to 23.7, and the
variance within classes, came to 26.0.
Phe variance ratio, therefore, emuals 1.07.
For ¢ and 50 degrees of freedom, the variance
yatio is 0.903 for the 50% level snd 1.24 for
+he 706 tevel(51),  The varience ratlo, there-
fore, reaches ehout the 60% level, which is
not mignificant, i.e., there is ne evidence
that average number of years of sexvice
differed between the sersen classes of degree
of silicosis,

(v} For underground phifts, the verdance between

classes, came %0 3,08, snd the veriance within

The varianoce ratio,
therefove, equals 1.24. Tor 6 snd 50 degrees

of freedom, the veriance retio is 1.24 for the

0% /[ vevenene

clagpses, camé 0 2.48.




(¢)

(a)

~ B2 -

53
0% level.( ) The variance ratio, at this

level is better than that obteined for "yeaps"
but not yet significant as it is less than 95%
i.e., there is no marked evidence connecting
condition of the lungs with the number of
shifts.

Fer underground hours, the variance between

classes, came to0 3.29, and the varisnce within
classes, came to 1.37. The varisac: ratio,
therefore, equals 2.40, TFor 6 and 50 degrees
of frredom, the vafiance ratio is 2,29 for the
95% level and 2.67 for the §7.5% 1evel, (51)
The variance retio, therefore, reaches about
the 96% level, and mey 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.

For konimeter-particle~hours, the variém:e
ratio between classes, came %o 8,47, and the
variance ratio within olasses, came to 1.78.
The veriance rotio is, therefore, 4.76. For
6 and 50 degreea of freedom the variance ratio
18 4,51 for the 99.9% level and 4.93 for the
99,95% levyel. The variance radioc, therefore,
reaches beyond the 99.9% level whioh is very
signifiocant.

Thus, theve is strong svidence that the
renter the damage to the lungs the greater
of xonimeser-particle-hours.

&
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Summary:
The results of the statbistical analysis guggest
thet there is:
(a) No association between given degree of
silicosis and years of underground service;
(v} very little if any association between given
depyee of silicosis and underground shifts;
(c) some association between given Qegree of
silicosis and underground hours;
(d) & strong association between given degree
of silicosis and konimeter-particle-hours.

3.12.3 Distribution of years, shifts, hours

and particle~hours within classes:

The distridution within classes, of the four
measuresg 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.’E The points lie
on & reasonably straight line, in ell cases. Examples of
the plobte obtained are depicted in figures 3.12(a), (b),
{¢) and {a), The results suggest, therefore, that the
four messures are normelly distributed within classes.

*® Por the purpose of thip examination, grouping of
the sample into four mein olasses with respect to silicosis,
viz., Xo, XL, X2+3+4 and X546, suggented itself. ~ The
suffixes refer to the pathological olassification given in
seetion 3.6.3 and used in table 3.6.

3.12.4 The t-test:

In view of the reasonably normel distribution of

the four measures of dust exposure within classes, the
'ﬂ-test(%) was used o test differences ‘vetween mean dust

cxposures / sevvsveis
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exposures of the main classifications made Wwith respect
o silicosis. The following results wer: obtained:

{i) The difference between X2+344 ~. reachad:

(8) the %97.5 level for part wours,

{v) the %92 level for hours,

(e} less than the 475 1evel for shifta,

{8} less than the 50 level ron "years!

((X2+3+4 wes less than X)),
(i1} The difference vetween x5+5 and X2+3+4 reached:

(a) the $99.3 level for particle-hours,

(b} the 88 level for hours,

(¢) the 88 level for shifts, and

(d) the t99.0 level for ’yesrs’,¥®
% This is the exception and elthough the difference reaches
& significant level, it is lower then that for particle-
hours,

(111) The difference between Xg.4 end X, reached:

(a) beyond the t99.9 level for particle-hours,

(b) the t99.5 level for underground hours,

(¢) the 96,1 level for underground shifts,

and

(a) ‘1;115 %97 .4 level for “years",

Summary:

The results suggest that for two given degrees
of silicosis, the particle-hours will, in the majority of
tases, be separated further apart then sny of the other
three measures.

The t~tost, therefore, confirma the findings of
the varience ratio~test viz., that there is & stronger
agsociation between degree of silioosls and kondmster—
rerticle-hours than between degres of silicosis and any

of the other three measures of dust exposure. The / e ;

[ S P
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The relationship between degree of silicasi's
and mean dust exposure is depioted graphicelly in figures
3.13 to 3.16, for each of the four methods of expresging
duet 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 abucissae.

4. DISCUSSION:

4,1 The Question of Bias:

4.1.1  Post Mortem Findings:
When the Pathologist exemines the lungs he has

e record of the deceased's service as reported verbally
by the decessed to the Bureau during periodioal examina~
tions. The Pathologist, thersfore, has an idea of what
the person was employed on and for how long.

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

4.1.2 Particle-hours:

The author's orginal intention was to estimate

the dust exposures without prior knowledge of the post

mortem findings snd meny exposures werve so esbimated but,

‘unfortunately, this could not be persisted with due to

prectical difficulties. These difficulties were mainly
associated with the eliminetion of capes that were found
Yo have tuberculosis, o8 well as with ‘he special sele¢-
tlon of cases in an edvenced stege, towarde the end of the

investigation,
However, fhe author can vouch that prior know-

ledge of the post mortem findings were not allowed to
influence / vovioven
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influence the estimation of particle~hours of cases.

4.2 PFagtors which would tend to obsoure an

association between the two measures:

* (a) Any inacouracies associsted with the estimation
of the measures, will tend to obscure the funotional
relationship between the measures. The inaccuracies
asgociated with the konimeter-particle-hours have been
dealt with.

1% has alsc been indicated that only broad
clagsificationn, based on the terms used by pathologists,
of the degree of silicosis are possidble.

(b) Any variasion in the personal susceptibility to
contract silicosis would also tend to obscure the function-
8l relationship. Some factors which mey haye a bearing
on the personal susceptibility are:

{1) General physique,

(i1) Age range of occcupation,

(1ii) WNode of living, eg., heavy or light
smoker, excessive or moderate drinking,
ete.s efo.

{¢) The poseibly progressiveness of silicosis.

A1l the cuses investigated did not accumulate their dust
exposure at the same rate, nor over ‘the same period, nor
in the same pattexn. (By the same npattern’ is meant an
initizl high rate followed by a low rate ap against an

sven rate over the whole period or as against an imitial

lov rate followed by & high rete.)
fhese foclors wers completely ignored.

Tn view of the above, it seems logicel to expact

a better mgreement between degres of gilicosis end
r¢ than that obbeined with the

konimeter count exposu
yesults / ooavieien
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influence the estimation of particle-hours of cases.

4.2 Fagtors which would %end %0 ohscurs an

association betweon the fwo measures:

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

It has a2lso been indicated that only bread
classifications, based on the terms used by pathologists,
of the degree of silicosis are possible.

{b} Any veriation in the personal susceptibility to
contract silicosis would also tend te obscure the function-
el relaticnship. Some factors which may heve & bearing
on the personal suscepbtibility are:

(1) Gemeral physique,

(i1} Age range of occupation,

(314) Mode of living, eg., heavy or light
smoker, excessive or moderate drinking,
ete,, ete.

{¢) fThe possibly progressiveness of silicosls,

ALl the cases investignsed did nob accumulate their duet
exposure at the same rate, nor over +he same period, nor
in the same paticyn. {By the same tpattern” is meant an
4 initial high rate followed by & low rate as againet en

] even rate over the whole period or as ageinst en initial
low rate followed by & high rate.)

These factoxs wers completely ignored.

In view of the above, it seems logical %o expeot
e of silicosis and

obbained with the
results / ceeseriee

2 betbter agreoment between degre

konineter count exposure than thed
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results used by the author, if it were possible to allow
for the medical factors which may affect the onset of
gilicosis end if the true konimeter count sxposure wers

available.

4.3 Composition of the Sample of Jases:

The composition of the sample selected; with
respect to olass of worker, could unfortunately, ot be
studied scientifically due' to lack of time, but the author
hopes 0 be able to do so at a later date.

5. QONOLUSION:

There appears to be & strong assecistion between
degree of eilicosis ard konimeter-particle~hours.  Hence,
there is no need %o change the konimeter or the sampling
technique, before a significently closer agreement cen be
established between degree of silicosis and dus’t exposure,
2s 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 degres of silicosis, but this

cannot be obtained in practice. However, a8 & given

degree of silicosis has been found to be strongly

eascointed with the konimeter-particie-hours, the opposite
must follow viz., that a glven sumber of konimeter-particle~
hours must be strongly associated with the degree of

silicoais.
| In view of the wide soatter of the konimeter—

particle~hours pssocinted with a given degree of silicosis,

1% Wil not be of much practical use to attempt the pre-

a pergon from his

diction of the degree of silicosis in
konimeter=/ vevvo
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ronimeter-partlole-hour exposure as estimated in this
investigation,

Revertheless, the mean konimeter-particle~hours
asgociated with a glven degree of silicosis, may serve as
a ussful guide to eim at, in order %o keep the meen degree
of silicosis in a population of workers below a certain
level, eg. Trom the relationship hetween degree of
silicosis and konimeter-particle-hours {sse figure 3.16)
it can be seen that if it is required o prevent the mean -

- degree of silicosis in a body of men from getting beyond
that a2t which the mean certification is likely %o be for
pneumoseniosis iy the firet stage, their mean dust
exposure should not get beyond about 4 million konimeter~
particle~hours.

Example:

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

Pake developers. The satimeted 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 year,
1% will, therefore, take o developer, under present day
conditions, about 4,000,000 + {100 x 8 x 290) years i.e.
about 17 yemrs to accumulate 4 million konimeter~-hour-
torticles (Lf he wlways remains oh developnent).

A person camnot stert as a developer right from
*he £irst shift, beosuse experience in the 'miscallencous”
clags of work is easential, where she duat exposure is
less than that as & developer. Inis will lemgthen the

Poriod 4o eccumlate 4 million particle-hours of dust

exposure fowsrds, say, 20 and more years, which figure

compares / sosiiriis
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compares favourably with that founa in practice, As can
ve seen in figure 2.5 ((ourve (2) )) 29 - 25 years was
the most common underground service at which gilicosis in

the first stege wes contraated.

7. RECOMMENDATIONS:
7.1 Records of Scrvice:
As thers is no association hetween degree of
silicosls and years of service or number oi o1 if b,
which are the two measures of dust exposure .. sainable
from tne records of service as compiled at vregeny, and
as strong association cen be dobteined if only two additionw
al items were recorded, which are: the hours per shift
and the shift dustiness, it is recommended thet they be
added to all future records of service of employees on
mines vhers regulur dust sampling is done.
7.2 Recorded Dust Counts:
7.2.1 4s pointed out in section 3.2.1.1, the

dust counts recorded suffer from the disadvantage that
they include some observations which were taken where
conditions were suspecied or known to be bed and others,
which were teken to verify that conditions had been im-
proved. To eliminate the bias introduced hereby, it is
recommended that these two classes of observajions are
kept separate from these token at random.

7.2.2 The dust records also sutfer from the
disadvantege that individuel dust samples sre not record-
edi a0 that, with the method used, it is no% possible
to arrive at the distribution function of dust levels

in wine sir, and honoe, 1Y is not possiple to fix

confidence limite to meen dust odunts. In view of the

ahove / seisen
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sbove, it is recommended that records of dustsamples be
o compiled that the frequency distribution of dust levels

mey be computed therefrom,
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ANVEXURE ; A,1 t YEARS OF SHRVIGE
(b) CONDENSED CLASSIFICATION,

v8 = 1,980; et 3 58 4f,
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ANNEXURR : A.2 : UNDERGROUND SHIPTS,
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AWYEYURE : A.2 : UNDERGROUND SHIFYS.

. (b) Condensed Classification,
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ANNEXURB ¢ A.3 1 HOURS UNDERGEOUND
(a) ORDINARY GLASSIILCATION,

p.M. | Hours
Clag-} Under - n
oifi-| ground | | B¢ I a2 |5 (x-5F| 62

in
$ion.| 10000%

19| 65.51| 3,45 240,220 298,247 14,07| 0.%8

ghipznoby
LBEEERY
POBEENEEE
or3oaamg

3rF8A423G

A

79[ 8 34,44 4,31 165,961 148.609] 17,35 | 2,48

GORe |GenraoRNDaw
oo lwe
PR O 8

71 323,93 4,70 165,204} 154.630| 10,57 1,76

I
Vuwu®m
3888

3 16.56 3,65 5| 21.26] 4,25 99.26Y 90.312| B.95|23.24
+60

4 (3,17 2,69|10 | 34.65| 3.49| 130.088] 121,801 8.39| o.02

5 [5,44 5.58| 6| 28.83|4,77| 144,008 186,617| 7.58|1.52
3,60 3,01
6,36 4,85

6 15,06 4.22] 2 | 10.28 | 5,24} 54,682 62.839] 1.60 11.69

211
Olas 57 |287.89 | 4,00(999,361 | 911,088 88,50
atei] B8.07
oo~
bion
& 29
. Botwaen classos 3 ég‘;g ? 37
Within olaseos 50 8887 )
Tobal 56 :

a 2,40 (ahnut 9?}52}“91)
({tor (5,50) 2,20 = gs% and 5,67 =




JNNBRURE i A. 3 : BOURS UNDERGROUND.
(b) Oondensed Claseifiostion.

.M. 2
51;:: n Bx % Bx 2 Be-? 2
cations,
0 19 85,51 3,456 240,320 296,247 14,07 D.';S
1 8 34,44 4,31 165.961 148,603 17,35 2.48
24844 22 89,03 4,06 394,553 360,855 33,70 1,80
546 8 38,91 4,86 198,627 188,957 9.67 1.38
A1) 74,79
Clagaifin 67 237,89 4,00 9v9,361 911,088 88,27
catione,
af £.8.0.
Betwean clasges 3 13,48 4,49
Within olagses 53 74,79 1.41
Total 56 88,27

v2 = 3,18 (about 95 level)
(52)
((for (5,53), 8,17 = 95 snd 3,37 = 9765 ))




ANNEXURE : 4.4 @ PARTIOLE. HOURS,
(a) Ordinary Glassificetion,

2« 4,762 (6,60 4.f.)

zcompnre wib
and 4.5

%'4.93 0t 09.96% level
1 ot 99,9% lovel).

u‘;;‘z; Particle
hours in - -
gé;‘." nillions A x Bx? %3 B(x-7)° &8
0 244524 19 80,49 3,184 215,9209 192.5811 23,34
2.96 3,82 + 61 3488 1,297
3,22 2.28 with
2,86 3,69 o5
1,26 2,86
3,86 2,77
2,32 1,49
3,34 5,28
3,88 2,41
5.20
1 6.82 2.87 & 29,51 D.508 134.4632 109,0765 769 2.
598 1.9 et 2 15,3767 2,1967
8,20 2,63
4,60 3.45
2 5,56 580 7 25,60 4,204 132,5414 124,8214  8,2800 1,370
8,82 4,29 .02
5,78 4.2
2.3¢
3. 5,89 2.64 5 20,88 4,076 87.1636 83,0689  4,0037 1,023
4,54 4,03 £1,18
3,78
4 3,03 ¢.0% 10 36,15 3,815 158,6475 1455423 18,1082 1,456
2.22 3,73 £ .84
4,01 4,09
6,68 3,91
2,79 2.76
5 5,26 3,60 6 25.00 5,848 229,451 206,21B0 24,2061 4,847
3.31 6,38 £1.08
7,76 8,76
6 7,39 6.51 2 13,70 6,850 94,4203 99,8450 5832 ,GB3
£.88
P
B7 436,66 8,980 1042,6160 902,8202 lesgggg';
a8 a0 &
8  Botwesn classes B0, 8800 8,472 5
B0 within olopses 88,9687 1,779 = 1,835
56 Totol 139, 7937




ANNEXURE  t

Aa, (b)

CONDENSED CLASSIFICATION,

.
oassi-| n | me | % Y w |ae? | R
£i-
abion,
0 |19} s0.49] 8264 | 2159209 | 1925611 (25,348 (1,507
¥ o, '
ki
1 |re 20.54| 5.698 | 20,4552 | 109,065 |35.3%7 | 2,207
x .9
#ove | 22 | 88.08] 4,001 | 47,5615 | 352, 2405 (26,1110 |1.243
+ .56
56 | 848,79 | 6,008 | 3208623 | 297,6580] 26,3243 (3,761
£ .98
91,1608
57 |226,86| 3,980 |1042,6160 | 903,8242 | 130,7937
S8 bt
Betwoon classes 48,6320 B 6.1
Within clastes 91,1608 53 1,720
= nma?
Total 19,7987 56
@

9,48
((With 6,95 for (3,53) af

significance ab 99,955 level,))




SIGNIFICANCE TRSTS USING "4
et s ity USTNG "yt

1. % 234 - Xo:
1.1 PARTICLE-HOURS:
% =4.00 82 =1.24 n = 22
234 234 234
o =328 8] =130 noo= 19
A 95 s/’3234 * sﬁ“o £ =39

=0.82 ¥ 2,07 1,24 . .30
22 19

= 0.82 ¥ 2,02 } ©.0564 + 0.0684
= 0.83 ¥ 2,02 ',/ 0.1248
= 0.82 % 2,02 x 0,354 {0.82 + 0.352= 2.31;
= .82 % 0.7 for ¥ = 39,2.3l=tg, o)
Gonclusion: The difference is significant.
1.2 HOURS:
T =4.05; 5% =1.60; n =22
234 234 234

2 ; =
X, = 3455 s = 0.780; n, =19

¢ +
X - %y =060 % 495 7 ep

"'234 \ - 0.780 (£ = 39)

22 19

= 0.60%2.02 \0.0726 + 0.0410
= 0.60% 2,02 \ 0.1136

= 0.60 ¥ 2.02 x 0,337 (0.60 + 0.337 = L.78;

= 0.60 & 0,68 for £ = 39,176 = %gp)

Gonolusion: [he diffarence is noy significant.

- voa




g

1.3 SHIFDS:
%y = 5026 5% 2 2467 n =22

}—{c = 4.90; aﬁ = 2,42} n =19

% -X =0.361% 8
P X, = 0.36 t95\ /g34 - Béo (£ = 39)
=0.36 % 2.02 [2:46 , 2.42
22 19

= 0.36 £ 2.0 \, 0.112 + 0.127

= 0.3 % 2.02,/0.239

=0.36 £ 2.02 x 0.489 (0.36 + 0.49 = 0.74)
=0.36 £0.99  (For £ = 39, 0.74 = ty5)

Gonclusion: The difference is not significans.
1.4 XYEARY:

N.B. X ig less than ¥
234 °




"‘ﬂ'

x2+3+4 B
2,1 FPARIICLE~HOURS:

2. X5 -

2 .2
X506 = 6.10, 55,6 = 376, By = 3

" 2
Tpug = 4861 %56 . 1.3, ny o = 8

- 0
Fouzea 4095 85,34 = 1.60, 1y, 5,4 = 22

Cox

546~ F24304

"

= 0.8 g5 1_;.3151,,;;__

[0

2

2!

0.81%2.05 [6.172 + 0.073

= 0.81%2.05

0.81%2.05
0.8131.01

0.245
x 0.495

0.81 + 0.495 = 1.64¢1"
(for £ =28,1.64 = tgo |’

- _ 2
Xpu3pq = 400, 853, =124, n= 22
2 2 §
- - E) g
- = t + f=28
S Xgg - Ky ¥ 2400 F v [y o Fgseg 2
=2.20 ¥ 2,05 /3.76+ 1.24
\V 8 22
= 2.0 % 2,05 f 4,47 + 0,056
= 2.0 ¢ 2,05 } 0.526
= 2.10 ¥ 2,05 x 0,725
=2,10 ¥ 1.49
(2.10 + 0,725 = 2,903
for f = 28, 2.90 = tgg 3)
Conclugion: The difference is significant.
2.2 HOURS




. v‘,mr

gonclusion: The diitsrence is not gignificant.

The difference betwesn the means of the
nparticle-hours" reaches s higher level of
significence than the mesns of the “hours®.

Therefore, "particle-hours" is a better
measure of the condition of the lunge than "hours'.

3.3 SHIPIS:

ot 2
x5+6 = 6.21, 85,6 = 1.84, ng.g = 8

- 2 .
Koz = 5261 9343047 2460 Mgy = 22

.- - ) 505 \[LEE ; 25
o Mgy = Xpyges = 00952 2,054 Ty 22

=0.95 ¥ 2,05 \ 0.230 + 0.112
2 0.95 ¥ 2.05 {m

= 0.95 % 2,05 x 0.585

=0.95 ¥ 1,20

0.95 + 0.585 = 1.62;
fm(n $72 28, '1.62 = tgg )

+

Conclusion: The difference is not significant.




2.4 IEARS.

e 2
Teg = 243 855 =0T, mg o =8

- . 2
Taa3eq = 1976 52304 = 238, ng 4, = 22

Toi6 = Xayzeq = 47 3 2,05 '/14.7 , 238
L 22

2.05\[ 1,84 + 1.8

2.05‘\‘ 2.92

2.05 x 1,71

3.51
(4.7 + 171 = 2.75;
for =28, 2.75 = tgg)

"
~
i+

1+

b

Conclusion: The difference is significant, bub
reaches a lower level than that for:
Particle-hours viz. 2.75 as against

3o Xgg - F t

3.1 PARFICLE-HOURS
- 2 )
X5+6 = 6.10, B5.6 = 3.76, Nop = 8

X, = 3.18, sg =1.30, ny =19

.- - . .76 1.30 (f=25)
..x5+6—xonz,92iz,06}/l§7“* 19

JET—————

=202 % z.oaJ 0,470 + 0.068




=2.92 % 2,06 \[0.538

=2.92% 2,06 x 0.734

=2.92% 3,55
\..92 + 0,734 = 3.98;
Tor 2%, 3.72 = $9g, 9)

Conolusion: The difference is very significent.
3,2 UNDERGROUND HOURS:

T 2
Xg6= 4864 ‘5546 =138, ngo =8

Xy = 3.45, 85 = 0,76, n_ = Ig

[1.35 0.78
oz - e £ =2
N x5+6~xo=1.41f2.oe. -l 2

= 1,41 % 2,060,173 + 0.041

= 1.41 ¥ 2,06,/ 0.214
v

= 1.41 ¥ 2,06 x 0,465
+*

= 1.41 % 0.93  (1.41 + 0.465 = 3.05;
for 1225, 3.05 = tgq )

Conclueion: The difference is very significent.

3.3 UNDERGROUND SHIFTS:

2 -
Kgug = 621, 58,0 = L84, ng =8

= 4.50, sg = 2,42, n, =19

¢

- - Bh . B.A2 2.4
+ e My =P

Tg,g - g = 1.30 % 2.06 ‘ 19

= 1.31 ¥ 2,06, 0.230 + 027

=l o

o 1.3 % 2,06 0.357

= 1,30 % 2,06 x 0.598
+
=L (1,31 + O, 598 = 2,183
forf 25y 2.0 6 = g
2:38 =ty 5
JL2a8 = Ygg

Conolusion: The difference is significant.




R

34 ZEARS:

Fe = 2
Bsug = B3 s5.0= LT, g -8

X
o

N

Conclusgion:

=199, sf=34, n =19

o

u

tat 206 Jaa7 o a1
% i

= 4.4 22,06 184 + 1,65

= 4.4 2,06 v";‘?@‘
= 4.4 % 2,06 x 1,87
= 4.4 % 3.85
P R A A
97.5
and 2.06 = ‘(795)

The difference is significant but reaches
a lower level thap in the case of "par-
ticle~-nours®
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