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This paper is based on a thesist dealing with the problem of basing the current rate at which money is collected
from mine owners to pay compensation for pneumoconiosis in the future, on the current dust hazard on mines.

The certification of pneumoconiotics and the incidence of pneumoconiosis are discussed against the background
of existing legal provision for collecting funds for compensation.

The various pneumoconiosis indices are considered. In the data analyzed, the only pneumoconiosis index
common to a number of classes of mines is the time it takes to develop pneumoconiosis. Sets of dust indices
and pneumoconiosis indices are computed.

Expressions are derived for the time it takes to develop pneumoconiosis as a function of the dust hazard, and
for the collection of funds as a function of the time available for collection. From these two expressions follows
an expression for the rate of collecting funds as a function of the dust hazard.
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DEFINITIONS

It is appropriate to define certain terms used.
Alveo/i- The millions of terminal air sacs in the lung.
Certification-The finding by a medical committee that

a person has pneumoconiosis in terms of the act in force
at the time.

Controlled Mines-Mines which have been declared
controlled in terms of the Pneumoconiosis Compensation
Act of 1962. Mines are declared controlled if the Minister
of Mines has reason to believe that the performance of
work by persons in dusty atmospheres at those mines has
caused or is likely to cause pneumoconiosis in such
personsl.

Dusty Atmosphere-In terms of the Pneumoconiosis
Compensation Act, an atmosphere is 'dusty' when it
contains dust of a type and concentration which is likely
to cause pneumoconiosis in persons employed therein.

Equivalent Diameter-The diameter of a sphere of unit
density which has, in air, the same free falling speed as
the particle in question2.

Maximum Levy Index Equivalent Shift-This express-
ion denotes the number of shifts worked in dusty atmo-
spheres at a given levy index converted to the number of
shifts worked at maximum levy index. The conversion
t': t

.
th t

. levy index applicable
lac or IS e ra 10. .

maxImum levy Index
For example, 800 shifts at levy index 50 per cent is

equivalent to 400 shifts at levy index 100 per cent.

.Chief Inspector of Mines, Air Quality Section, Department of
Mines, Johannesburg.

tUniversity of the Witwatersrand, 1968.
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Mines of Group A-In practice these are gold mines
which belong to the Chamber of Mines of South Africa.
They contribute to fund A.

Mines of Group B-Controlled mines not in group A.
They contribute to fund B.

Pneumoconiosis risk-The risk persons run of being
certified with pneumoconiosis.

Projected diameter-The diameter of a circle with area
eC).ualto the area occupied by the particle as seen by
mIcroscope.

Pure service-Service gained on only one class of mine
e.g. Chamber gold mines (group A), other gold mines,
coal mines, asbestos mines, etc.

Steady State-A mine or group of mines is in a 'steady
state' when the mine has been in operation for long
enough for such variables as: total number of persons
at risk, the annual number of persons certified for pneu-
moconiosis, the annual number of persons newly
employed and retiring, etc., to remain constant and
where external forces to upset the balance such as an
altered standard of certification, or a war, etc., are not
at work.

Risk-Pneumoconiosis risk unless otherwise stated.
Stokes Diameter-The diameter of a sphere with the

same density and free falling speed in a viscous medium
as the particle in question.

Unit Density Sphere (U)- The sphere whose density is
unity and which has the same free falling speed in a
viscous medium as the particle in question.

1. INTRODUCTION

1.1 The statement of the problem
Some of the persons employed in dusty atmospheres at

controlled mines contract pneumoconiosis and they are
by law entitled to monetary compensation.

Certain types of dust may cause pneumoconiosis and
persons who contract pneumoconiosis receive monetary
compensation for the disease. Pneumoconiosis takes
many years to develop and one cannot wait until it has
developed before providing the money with which to
pay the compensation. Dust, however, can be measured
when it is made. Hence, if compensation is related to
pneumoconiosis and if pneumoconiosis is related to dust,
it follows that compensation is related to dust.

From this follows that money may be collected as and
when persons are exposed to dust to provide the funds
from which to pay compensation for pneumoconiosis.

The problem facing the authorities is to find the
functional relationship between dust and pneumoconiosis
and between pneumoconiosis and compensation.

1.2 The legal position
The legal position may be summarized as follows:
(a) A fund has been established to which employers

are obliged to contribute as and when persons are
exposed to dust.

(b) Machinery has been set up for deciding when a
person is to be granted compensation.

(c) The amount of compensation a person (and his
family) shall receive per month is stipulated.3

(d) The General Council for Pneumoconiosis Com-
pensation must estimate from time to time, in
consultation with an actuary, the amount likely
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to become payable for work performed during the
period in respect of which it is intended to impose
levies. (In practice, these estimates are made
annually and they should represent the present value
of the sum to be paid out in time to come, to
compensate for the damage done during the past
year).

(e) The required sum is then obtained by means of a
quarterly levy on the mine owners; money from
mines of Group A goes into the A-account and
money from mines of Group B goes into the
B-account.

(f) This levy must be distributed among the various
mines according to the pneumoconiosis risk of
each mine and the number of shifts worked in
dusty atmospheres on each mine.

(g) Every mine which was operating before it became
controlled, pays in an appropriate amount for the
damage already done by the time it becomes a
controlled mine.

(h) Finally, the State assumes the liabilities of those
mines which are unable to meet their liabilities
owing to closure.

1.3 The certification of persons with pneumoconiosis

Consider briefly HOWand WHENa person is certified
as suffering from pneumoconiosis.

The Pneumoconiosis Compensation Act of 1962 pro-
vides for a Miner's Certification Committee.4 The
function of this committee is "to determine. . . upon
application by a person who is working, or had worked,
at a controlled mine. . . whether that person is
suffering from pneumoconiosis. . .".5

The Certification Committee brings out findings in
terms of the Act, which defines pneumoconiosis as:
"permanent disease of the cardio-respiratory organs
(by whatever means diagnosed) which has been caused
by the inhalation of mineral dust".

In addition to this definition, a standard has been
laid down for the certification of pneumoconiosis. This
standard takes the form of five regulations. 6

1.4 The classes of mines controlled

More than twelve main classes of mines
trolled mines as at 31st March, 1967.

They were as follows:

were con-

CLASS OF MINE
Mines of Group A:
(These are all large and relatively deep gold mines
in the Witwatersrand Geological System) ..
Mines of Group B:
Asbestos (amosite, crocidolite and chrysotile)
Chrome
Coal
Copper..
Diamond
Gold (in a variety of rock formations)
Iron
Manganese
Tin
Platinum
Quarries
Others..

Total-Group B:

Total-Group A plus Group B:

NUMBER OF MINES

57

59
24
73

2
5

38
7
4
6
1

66
15

.. 300

.. 357
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Average number of persons
Class of mine Total

Bantu Coloured White

1. Amphibole
Asbestos .. 12640 135 470 13 245

2. Gold.. .. 15 120 870 15990
3. Copper .. 3620 135 555 4310
4. Diamond.. 5780 870 6650
5. Coal .. 47900 150 1800 49850
6. Iron.. .. 1700 315 2015
7. Tin .. 1630 120 1750
8. Serpentine

Asbestos .. 2000 90 2090
9. Quarries .. 2320 165 135 2620

10. Chrome 1530 75 1605
11. Platinum.. 5130 375 5505

Total .. .. 99370 585 5675 105630

1.5 The population at risk

The exact number of persons at risk is not known.
For White and Coloured persons there are three main
sources from which the number at risk may be estimated.
These are:

(a) The number of persons at work (as obtainable
from various records),

(b) the number of persons with periodical certificates
of fitness to work in dusty atmospheres, and

(c) the number of shifts worked in dusty atmospheres
per unit period (as reported to the Pneumo-
coniosis Compensation Commissioner by mine
owners).

Source (a) under-estimates the number of persons
at risk, because those at risk are not always at work,
due to some being on leave, some being indisposed, etc.
etc.

Source (b) again, over-estimates the number at risk
because some persons with periodical certificates are not
employed in dusty atmospheres for various reasons.

Source (c) is probably the most accurate, but it also
contains an element of uncertainty because it is not
known exactly how many shifts are, on average, worked
in dusty atmospheres per person at risk per unit
calendar period. At 5 shifts per week, the annual number
amounts to 260.

The change in the number of White and Coloured
persons at risk with calendar time since 1916 is
depicted in Fig. 1.1. It is estimated that about 30 per cent
of persons with periodical certificates are not actually
employed in dusty atmospheres.

THE POPULATION AT RISK
0 WHITES AND COlOUREDS WITH PERIODICAL CERTIrICATES

MINES OF GROUP A & B

A WHITES AND COlOUREDS AT WORK IN DUSTY ATMOSPHERES
ON MINES OF GROUP A

't WHITES AT WORK UNDERGROUND ON MINES OF GROUP A
EJ WHITES AND COLOUREDS AT RISK ON MINES OF

GROUPS A & B.
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Fig.1.1-The population at risk

The distribution of the number of persons employed
in dusty atmospheres on the main classes of mines of
Group B during the period 1957 to 1963, is given in
table 1.1.

TABLE 1.1
THE AVERAGE NUMBER OF PERSONS IN DUSTY

ATMOSPHERES ON MINES OF GROUP B, DURING THE
PERIOD 1957 TO 1963

2. THE INCIDENCE OF NEW CASES OF
PNEUMOCONIOSIS

From 1912 to 1962 the mining industry lost about
30 000 White and about 300 000 Bantu workers as the
result of pneumoconiosis.7

2.1 The annual number of new cases of pneumoconiosis
from 1916 to 1967

Regular medical examinations of all White persons
employed underground in the large gold mines of the
Witwatersrand became compulsory in 1916.8

The annual number of new cases certified and the
annual number of new cases compensated for the period
1912-1968are plotted against calendar year in Fig. 2.1.

2.2 The annual proportion of new cases

The annual number of new cases of pneumoconiosis
is a functoin of the total number exposed.

The proportion of new cases is expressed as the
number of new cases per 1 000 persons with periodical
certificates of fitness. The variation in this proportion
from 1917 to 1968 is depicted in Fig. 2.2.

Bearing in mind that the number of persons exposed
to dust is about 30 per cent less than the number with
certificates of fitness, the graph in Fig. 2.2 would under-
estimate by about 40 per cent the true annual proportion
of new cases, if the number exposed at anyone time,
were the only individuals at risk.

The effects of the 1919, 1925, 1946, 1952/56 and
1962 Acts stand out dramatically in Fig. 2.1 and 2.2.

3. THE CHANCE OF CONTRACTING
PNEUMOCONIOSIS

Clearly, persons who are exposed to dust must stand
some chance of developing pneumoconiosis. It seems
obvious that, firstly, the more toxic the dust, secondly,
the higher the concentration of the dust, thirdly, the
longer the exposure to dust and fourthly, the poorer the
physical condition of the persons at risk, the greater is
the chance of developing pneumoconiosis.
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To determine the actual chance under a specific set
of conditions, such as may exist on a particular class of
mine, is a complicated and difficult matter.

The actual chance of contracting pneumoconiosis can
hardly ever be known accurately for any particular mine
or even for a particular class of mine.

3.1 Pneumoconiosis indices and their limitations

The difficulties associated with the establishment of
the true chance, risk or probability, often force one to
estimate the risk in an indirect manner by means of
indices which are designed to denote the severity of the
pneumoconiosis problem. The greater the pneumoco-
niosis index the greater is the chance of contracting
pneumoconiosis.

Commonly used indices of pneumoconiosis are:
.1 The accumulation rate,
.2 the exposure period to contract pneumoconiosis,
.3 the "incidence" of pneumoconiosis,
.4 the pneumoconiosis "response", and
.5 the "prevalence" of pneumoconiosis.
These indices are related to the chance, risk or

probability of being certified with pneumoconiosis, but
the actual relationship in each case depends on factors
which are peculiar to the population at risk.
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Exposure in years Annual average for five years

Mid point Number* Newt Response
Range (x) examined cases per cent (p)

0 to 5 2.5 8796 1 0.011 4
5 to 10 7.5 7170 5 0.069 7

10 to 15 12.5 5313 23 0.433
15 to 20 17.5 2460 53 2.16
20 to 25 22.5 1068 62 5.82
25 to 30 27.5 453 39 8.61
Over 30 35 196 26 13.3

(assumed)

Totals 25456 209

Cumulative
Service Per cent per cent

Up to 5 years 34.5 34.5
5 to 10 years 28.2 62.7

10 to 15 years 20.9 83.6
15 to 20 years 9.6 93.2
20 to 25 years 4.2 97.4
25 to 30 years 1.8 99.2
Over 30 years 0.8 100.0

Pneumoconiosis indices all have their limitations.
The two main limitations common to all are the facts
that it takes many years to contract pneumoconiosis,
and that the degree of pneumoconiosis cannot be
determined with accuracy. These two limitations result
in the following situation:

(a) Because of the lack of accuracy, a considerable
number of persons must contract pneumoconiosis
before an index of reasonable reliability can be
computed.

(b) Due to the time it takes to develop pneumo-
coniosis, a pneumoconiosis index always represents
the mean effect over many years and it cannot
indicate the current chance of contracting pneumo-
coniosis as can a condition which can be measured
at a specific time such as, for example, a dust
index.

An observed exposure response for mines of Group A
is given in Table 3.1.

TABLE 3.1

THE EXPOSURE-RESPONSE OF '1946-SILICOSIS' ON
MINES OF GROUP A FOR THE FIVE-YEAR PERIOD

1946/47 TO 1950/51

*The actual number of examinations is ten times the number of
persons examined because examinations were done twice per year
for a period of five years. The table is therefore based on some
250000 examinations. Being the mean for five years, the 209 new
cases represent a total of 1 045 new cases of '1946-silicosis' with pure
service on mines of Group A.

tPersons previously not certified but now certified. (The average
is given to the nearest whole number, as recorded in the published
report; fractions are expected because the figures represent the
means of five years.)

3.2 The overall mean probability of being certified on mines
of Group A during 1946to 1951

The most accurate method of determining the risk
of contracting pneumoconiosis is to study a large group
of persons with completed exposure. This method is
also the most difficult because a person's exposure is
only completed at death or certification.

Under "steady state" conditions, however, the com-
pleted exposure distribution of any observed population
may be estimated from its current service distribution.
This entails the assumption that the service distribution
will remain constant in the future as observed at a
particular period. It also entails the assumption that
"service" may be equated to "exposure".

In the case of the service distribution on mines of
Group A for the 1946/1951 period, these were considered
reasonable assumptions.
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The distribution of the period of service of White
persons employed in dusty atmospheres on mines of
Group A during the five years 1946-1951 is given in
Table 3.2.

TABLE 3.2
DISTRIBUTION OF THE SERVICE OF WHITE PERSONS IN

DUSTY ATMOSPHERES ON MINES OF GROUP A FOR
1946 TO 1951

If the observed service distribution remained constant,
one may estimate that for every 345 entrants to the
industry during any period of five years from start,
there will be left:

After 10 years from start, only 282,

"
15

"" " "
209,

"
20" ""

96,

"
25

"" "
,,42,

"
30

" "
18, and

after some lo~g period that cannot be defined
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Number with Mean Probability Number of
completed duration of (see Fig. cases

service exposure 3.1) expected

(n) (x) (p) (n.p.)
63 2.5 years .000 19 .012
73 7.5

"
.0021 .154

113 12.5
"

.014 1.58
54 17.5

"
.076 4.11

24 22.5
"

.25 6.00
10 27.5

"
.49 4.90

8 35*
"

.78 6.24

Totals: 345 (Sigma nx = 23.00
4 157.5)

-7-345, mean = 12.05 years

Mean exposure Annual mean number
(years) of cases Product

2.5 1 2.5
7.5 5 37.5

12.5 23 287.5
17.5 53 927.5
22.5 62 1 375.5
27.5 39 1 071.5
32.5 26 849.0

Annual total: 209 4 550.5

accurately, but which for practical purposes may be
assumed at 40 years, none will be left.
From this, it can be deduced that the completed service

will be distributed among the 345 entrants as given in
Table 3.3.

TABLE 3.3
COMPLETED SERVICE DISTRIBUTION

Range
Number with Assumed mean

completed service completed exposure

0- 5 years
5-10

"10-15
"15-20
"20-25
"25-30
"Over 30 years

(30-40 assumed)

345-282 = 63
282-209 = 73
209- 96 = 113

96- 42 = 54
42- 18 = 24
18- 8 = 10
8- 0 = 8

2.5 years
7.5

"12.5
"17.5
"22.5
"27.5
"35
"

Total = 345

With this completed exposure distribution, the expec-
ted number of cases from the 345 entrants may now be
estimated with the aid of an appropriate probability
curve. This curve is depicted in Fig. 3.1 which was
developed from the actual exposure response observed
from Mines of Group A. 9

The number of persons expected to contract pneumo-
coniosis from 345 entrants who complete their service,
with the normal depleting agents assumed to be in
operation, is computed in Table 3.4.

TABLE 3.4
CASES OF PNEUMOCONIOSIS AMONGST THOSE WHO

COMPLETE SERVICE

*35 years assumed for the 'more than 30 years' cohort. With 23
cases expected from 345 persons at risk, the overall mean probab-

ility is estimated at
3~5 = 0.066 6, i.e. a pneumoconiosis risk,

therefore, of 1 in 15.

Having estimated the pneumoconiosis risk of one
population, the pneumoconiosis risk of any other
population may be estimated indirectly by comparing
corresponding pneumoconiosis indices which are deter-
minable.

The only pneumoconiosis index common to a number
of other populations at risk and the one chosen for this
comparison, is the mean service prior to certification.

In respect of those populations for whom this index
is known, the next important item to estimate is the main
calendar periods of exposure involved.
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3.3 The exposure prior to certification of pure service cases

3.3.1 On Mines of Group A

The mean exposure of the 1 045 pure service cases
certified during the five year period 1946-1951 is com-
puted from the data in Table 3.5 according to which
the case-weighted mean exposure is estimated at
4550.5 -7-209 = 21.8 years.

TABLE 3.5
EXPOSURE DISTRIBUTION OF PURE SERVICE CASES

CERTIFIED DURING PERIOD 1946-1951

The end of this 22 year period relating, on average,
to the middle of the 1946-1951 period, i.e. to the year
1949, say, the beginning of the 22 year period is
estimated to relate to the year 1927. The 22 year period
during which the main exposure of the 1 045 cases on
mines of Group A occurred is therefore estimated as
from 1927 to 1949.

3.3.2 On Mines of Group B
The cases with "pure service" on mines of Group B

were collected from the names of persons on the
Pneumoconiosis Compensation Commissioner's Pension
Roll as at May, 1964, and from the cases certified under
the 1962 Act during portions of the period 1st October,
1962 to June, 1966.

For this collection of cases, those persons who had
spent all their time on a single class of mine were termed
"pure service" cases, and all other cases were rejected.
If there was a gap of more than ten years in the service,
or if more than ten years had elapsed from the time of
the last shift worked to the date of certification, then the
case was also omitted. Cases with tuberculosis were
also rejected.

The classes of mines for which nine or more pure
service cases were available were considered.

The results are summarized in Table 3.6. Also included
in Table 3.6, for the sake of completeness, are the
1 045 cases with pure service on mines of Group A
mentioned above, as well as another group of 527 cases
on mines of Group A certified during 1962-1966.

4.0 THE ASSESSMENT OF THE HAZARDOUS DUST
CONCENTRATIONSIN MINE ATMOSPHERES

Theoretically, all airborne particulate matter should
be included in dust measurements irrespective of the
size of particle, however large or small, and irrespective
of what it consists of. If this is done, every size and type
of particle included should be weighted according to
the damage it can do to the human lung. Such a pro-
cedure would be laborious and, in practice, dust
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Class Number Average Main calen-
of of service Standard dar period

mine cases (in years) deviation (from-to)

Amphibole
Asbestos 115 15.2 8.9 1942-1958
Coal 186 26.2 10.4 1927-1964
Copper 14 20.3 8.8 1935-1957
Diamond 9 26.6 10.4 1928-1956
GoldB 32 19.5 8.2 1933-1953
Gold A 1045 22.0 7.0 1927-1949

(1946/51)
Gold A 527 25.2 6.1 1936-1963

(1963/66)
Total 2928

TABLE 3.6
AVERAGE SERVICE PRIOR TO CERTIFICATION

FOR EACH CLASS OF MINE

measurements are limited to the range and types of
particles which are believed to cause most of the damage.

Size:
There is an upper and a lower size limit to consider,

and there are three expressions for the size of dust
particles, namely, the projected, the Stokes and the
equivalent diameters; (see definitions).

Particles with a free falling speed of less than that of a
5 micrometre unit density sphere, constitute the bulk of
lung dust. Also, from a study of the literature1O-17, it
was concluded that the bulk of lung dust occurred above
an equivalent diameter of about 0.5 micrometre.

Composition:

Certain types of dust have a greater potential to cause
pneumoconiosis than others and in this connection the
strategy was followed of classifying the different types
of dust into a few broad categories as has been done
by others 18.a. b. c.

In consultation with Webster19 (who has conducted
animal experiments with the classes of dust mentioned
below and who has examined the lungs of deceased
persons exposed to the various types of dust) a number of
classifications were made and a relative toxicity was
estimated for each class. The assumptions are applicable
only to the dust sampling techniques employed. It is not
claimed that the relative toxicities are absolutely correct,
but it is submitted that they are reasonable for the
purpose of an investigation of this nature.

It is stressed that the relative toxicity factors are
intended solely for the purpose of computing dust
indices from number-concentrations because the relative
toxicity factors combine into one and the same figure
the difference in composition and the average difference
in size of particle. This is of special significance in the
case of coal particles and of asbestos fibres.

The classifications made and the relative toxicities
estimated are as follows:
Long* amosite and crocidolite (amphibole) fibres
Long chrysotite fibres
Short amosite and crocidolite (amphibole) fibres
Short chrysotite fibres
Quartz particles
Silicate particles
Coal particles
Insoluble metal oxide particles
Serpentine particles
Acid soluble particles

2.0
1.5
0.4
0.2
1.0
0.2
0.2
0.2
0.1
0.0

Unfortunately, the absolute composition of any dust
sample is indeterminable during ordinary dust sampling.
As far as this investigation is concerned, two minerals
received attention. They were quartz and asbestos.

Asbestos fibres are readily identified under the micro-
scope due to their elongated shape.

As the proportion of quartz is a major factor in-
fluencing the toxicity of a type of dust, it was necessary
to estimate the proportion of quartz particles in the dust
produced by each of the classes of mines dealt with.

One requires the proportion of quartz in the air which
reaches the alveoli, i.e. in the "fine" or the "respirable"
or the "minus 5 micrometre" fraction of the dust. This
is required for every type of dust dealt with.

Unfortunately, this information was not available.
The next best criterion was the quartz content of the full
size range of airborne dust. This information was
available for some of the classes of mines, but not for
all the mines, so that even this criterion could not be
utilized. The third best criterion was the quartz content
of the minus 325 mesh (i.e. the minus 44 micrometre)
fraction of the minerals handled on each class of mine.
An estimate of this parameter could be made for every
class of mine dealt with in this investigation.

The significance of limiting quartz determinations to
the minus 325 mesh fraction lies in the fact that it
constitutes an attempt to simulate airborne dust-the
325 mesh screen separates the bulk of the particles
which are likely to become airborne during handling
from those which are not.

The essential features of the remainder of the classes
of minerals for which the relative toxicities were
estimated are as follows:

Firstly, the harmful dust produced on mines results
mainly from the rock handled. Secondly, rock consists
mainly of quartz, silicates and metal oxides. Thirdly,
silicates (except serpentine which is also a silicate) and
insoluble metal oxides having been estimated to be
equally toxic (relative toxicity = 0.2), there was no
necessity to distinguish between these two classes of
minerals. Hence in cases where a type of dust was known
to consist of quartz and minerals the relative toxicity of
all of which was estimated to be 0.2, and having esti-
mated the proportion of quartz, the relative toxicity of
the remaining portion of the dust was assumed to be 0.2.

Coal particles, as all other combustible particles, were
only considered in cases where they formed the bulk of
the dust sample as in the case of the dust produced on
coal mines. In all other cases, such particles were either
eliminated from the dust sample by heating to about
580°C or else, they were considered together with the
portion of the dust which was not quartz.

If acid soluble particles were present in significant
proportions, they were removed by acid treatment.

41. Dust measurement

As this work concerned itself with past records, the
question of the ideal instrument will not be discussed.
All that will be done is to indicate what was achieved in
practice on controlled mines in the Republic of South
Africa.

Number concentration was the main parameter
determined during the period covered. As pointed out,
the proportion of quartz particles was estimated in an

*The dividing length between 'long' and 'short' asbestos fibre
was arbitrarily assumed at 5 micrometers.
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Class of mine Period Number of samples

Amphibole asbestos 1940-1952 6000 (underground-two
cross-sections)

(i.e. amosite and 1947-1952 4000 (on surface-two
crocidolite) cross-sections)

1953-1962 2000 (on surface)

1964-1966 4000 (underground and surface
combined and 200 Lp.
samples)

Amphibole asbestos
Total 1940-1966 16000

indirect manner from quartz determinations on the
minus 325 mesh fraction of samples of the rock handled
and, in isolated instances, from quartz determinations
on airborne dust samples.

Combustible particles were, in all cases except coal
dust, removed by heat treatment, and acid-soluble
particles were removed by immersion in hot 15 per cent
hydrochloric acid.

4.1.1 The instruments used

Three types of instruments were used. They were:
The Sugar Tube, the Konimeter and the Thermal
Precipitator.

4.1.2 The number of samples taken

It is shown in section 4.3.1 that 1 mg/m3 with the
Sugar Tube (during about 1930) is estimated at about
400 p.p.c.c. by Konimeter and from comparative tests
between Konimeter and Thermal Precipitator, it is
estimated that the lower limit to which a konimeter
count of about 200 p.p.c.c. of average Witwatersrand
mine dust refers is of the order of 0.5 micrometre.2o

4.1.2.1 On Mines of Group A

In 1916 some 10 000 sugar tube samples were taken.
This figure rose steadily to about 35000 during 1919,
but came down to about 17 000 during 1936.21

On mines of Group A, Government Inspectors of
Mines take 20 000 to 30000 konimeter samples per
annum during routine inspections. These results are clas-
sified into 36 different classes of places and they are
published annually.22 Of these results, the author
utilized the dust levels recorded at six strategic classes
of places to reveal the trend in dustiness with each
calendar year.

The six classes of places selected were:
(a) At the top of downcast shafts,
(b) at the bottom of downcast shafts,
(c) in main intake airways away from downcast shafts,
(d) in stopes,
(e) in development ends, and
(I) in sinking shafts.

The number of samples taken at each of the six
strategic places since 1931 is summarized in Table 4.1.

TABLE 4.1

NUMBER OF ROUTINE KONIMETER SAMPLES AT SIX
STRATEGIC CLASSES OF PLACES

Class of place
-----

Year (a) (b) (c) (d) (e) (I)

1931°t~~67 112799 27331 22210 178002 104 632 ~

Of the results recorded by the Government Department
of Mines the author utilized a second batch of samples,
namely, those taken during full shift dust studies. These
results were used to estimate the mean dust level to
which the average person employed in dusty atmospheres
was exposed during the years 1949 and 1950. Some 17 000
konimeter samples were available23.
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4.1.2.2 On Mines of Group B
The total number of samples taken per class of mine

depended on a variety of factors, the main ones being
the severity of the dust conditions and the number of
persons exposed to dust.

For purposes of computing dust indices, individual
mines of Group B were grouped together to form
classes. The results of all the dust surveys on a class of
mine were then combined into a single index for that
class.

Due to this combination, every index for a class of
mine was based on a large number of konimeter samples.
The number of samples taken on the various classes of
mines is summarized in Table 4.2.

TABLE 4.2
NUMBER OF KONIMETER SAMPLES TAKEN PER CLASS

OF MINE OF GROUP B MENTIONED IN TABLE 3.6

Copper
Diamonds

1946-1953 1 300
1948-1953 2750

GoldB 1946-1965 44000 (Numerous cross-
sections)

Coal Mines:

The dust surveys on coal mines differed from those on
other mines in that the samples were taken by means of
the thermal precipitator and were classified according
to the major classes of operations performed, such as
cutting, loading, drilling, attending to haulages, etc.
To arrive at an average dust index for a coal mine, the
mean dust counts recorded for the different classes of
operations were weighted according to the number of
persons employed on each class of operation.

4.1.3 The distribution of the samples

To ensure a representative sample of all the places
of a mine, the strategy was to visit every working place
of a mine and to take samples if persons were actually
encountered in a working place.

There is no doubt that the dust samples utilized in
this investigation were well distributed with respect to
places.

As the work to be done dictates the distribution of
the persons in a mine, it follows that the samples were
also well distributed amongst the persons exposed to
dust. The periods within which the dust surveys of the
various classes of mines were done are given in Table 4.2.
It will be seen that there are long periods during which
no dust surveys were done. However, it should be
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pointed out that the mines were always under supervision
of Government Inspectors of Mines who took dust
samples regularly to check the situation. Although the
records of these determinationI'. are available, it is not
possible to process them in such a manner as to be
proportional to the dust indices computed from the dust
survey results.

4.2 Dust indices and their limitations

Dust indices are measures of the health hazard due
to dust. It is not possible to express this hazard in an
absolute manner. All that can be done is to arrive at
an index which is related to the hazard. Hence there is
no limit to the variety of dust indices that can be
computed.

Dust indices commonly refer to a particular type of
dust measured by means of a particular type of
instrument over a particular period or during a par-
ticular cycle of operations.

If different types of dust are to be compared, the
relative toxicity of each type of dust must be known and
allowed for. Relative toxicities may be looked upon as
conversion factors to make concentrations of different
types of dust comparable with one another.

A conversion factor may allow for the difference in
the method of assessment of two dusts. Furthermore,
composite differences such as mineral composition,
size distribution, and method of assessment may be
allowed for in a combined conversion factor.

The dust indices computed in this paper are intended
to represent the overall dust hazard for individual
groups of persons at risk.

Being a study in retrospect the author was obliged to
utilize, as best he could, available information. Under
such circumstances it was inevitable that there would be
gaps in the network of information and that these
gaps would limit the reliability of the indices arrived at.

4.3 Dust indices for Mines of Group A

The following dust indices were computed for mines
of Group A:

(a) The annual average dust index as computed from
the annual average dust concentration recorded
at each of six strategic classes of working places.
This gives the trend in dustiness of mines of
Group A from 1901 to 1967.

(b) The mean of the annual indices for the 22 year
period 1927 to 1949.

(c) The overall shift index from two surveys covering
the full shift of underground workers, done during
1949 and 1950.

(d) The overall shift index for the 22 year period 1927
to 1949.

The main index required for mines of Group A is
the overall mean shift dust index for the period 1927 to
1949. This index is required for purposes of comparing
the dust index with the pneumoconiosis indices which
had emerged by 1951.

The importance of the period 1927 to 1949 flows from
the fact that the main exposure of the group of miners
examined during the five year period 1946 to 1951 took
place during this period, and from the fact that the
"basic" probability of being certified was computed
from the medical results recorded on these miners.

4.3.1 The annual dust index on Mines of Group A

The following sources of information were utilized:
(a) The earliest results as recorded by Mavrogordato.24
(b) The general average sugar tube results for six

strategic classes of places as recorded by Dust
Inspectors since 1915.25

(c) A summary ofthe mean konimeter counts recorded
by Government Inspectors of Mines at six strategic
classes of places since 1931.26

Allowance for a Negative Bias

A negative bias was observed. This bias was attributed
to a human element.27

There are many facets to an allowance for this
negative human bias but three feasible approaches will
be considered. They are:

(a) Assume that the bias was operative to its full
degree (this was estimated to be 40 per cent low)
right from 1931 up to 1960. In this case, the
observed count should be multiplied by 1.67.

(b) Assume that the bias did not exist at the start, but
that a bias developed shortly after 1931 (due to
pressure from the "top" for better conditions) and
that it became more and more serious as the years
went by, until it reached a maximum (of 40 per cent
low, say) at some period before 1960 (during 1951,
say) at which level it remained constant.

(c) Accept the gradual ooange mentioned in (b) and
assume that the bias was operative over the three
high classes of samples only, namely, over the
samples taken in stopes, development ends, and
sinking shafts on account of which the annual
indices computed from the six strategic samples
should be corrected for half the (b) bias.

Arguments may be advanced in favour of each
approach, or combinations of approaches, and for this
reason sets of annual indices were computed from all
three approaches.

The annual dust indices are plotted in Fig. 4.1 to depict
the trend in dust index with calendar year for mines of
Group A.

Conversion between Sugar Tube and Konimeter Results:
Sugar tube results are available up to 1936 and

konimeter results are available from 1931 onwards.
Sugar tube results are expressed in terms of milligrams
per cubic metre, whereas konimeter results are expressed
in terms of particles per cubic centimetre.

These two sets of dust indices were processed by
Roberts28 in a computer programme to produce two for-
mulae one of which gives the dust index in mg/m3,
whilst the other gives the dust index in p.p.c.c. for any
year. From these formulae were obtained the conversion
factor between Konimeter and Sugar Tube.

The konimeter results are not corrected for bias
(because a bias was not considered to have operated
until after 1931) and were utilized in the computer pro-
gramme. The following two formulae were obtained:

K = e (-0.2379 t + 12.68) + 126.1 p.p.c.c. . .4.1 and

S = e (-0.317 t + 6.274) + 0.7973 mg/m3 .4.2.

Where t = time in years from 1900 as origin,
K = the konimeter index,
S = the sugar tube index,
e = the base of Napierian logs = 2.718.
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Main exposure
Mine period of pure Index.

service gases (Q.E.P.P.C.C.)

1. Gold Group A 1927-1949 187
2.

"
1936-1963 147

3.
" "

B.. 1933-1953 220
4. Amphibole asbestos.. .. 1942-1958 420
5. Coal ..

"
.. 1926-1954 112

6. Copper .. 1935-1957 144
7. Diamond .. 1928-1956 140

From equations 4.1 and 4.2 it may be calculated that
during 1930 the annual index by Konimeter is estimated
at 277 p.p.c.c. as against 0.84 mgfm3 by Sugar Tube.
The two indices overlap by 6 years. Unfortunately, they
have different trends, and one has to decide at what
year to convert from one index to the other. From
Fig. 4.1 it is obvious that a different conversion factor
will be obtained between the two indices depending on
the year chosen to compare indices.

Two aspects are important in the choice of the year
at which the two indices should be compared. One is
the possibility of the Sugar Tube having reached its
lower limit at about 0.8 mgfm3 (i.e. by about 1930) and
the other is the possible bias developing in konimeter
results after 1931. These two factors will be eliminated
if the conversion factor is computed at the introduction
of the Konimeter, namely, during 1931. It can be shown
that for 1931, the konimeter index was 327 p.p.c.c. as
against 0.825 mgfm3 for the Sugar Tube index. Hence,

the conversion factor is estimated a 1 mgfm3 = 0~;;5

= 396 p.p.c.c. = 400 p.p.c.c. say.
This conversion factor may be applied to convert

number concentration to mass concentration and
vice versa, as well as to estimate the size of the mass
average particle in sugar tube samples. The estimate
amounts to 2.1 micrometres.

4.3.2 Average dust indices for Mines of Group A for the
periods 1927to 1949and 1936to 1963

The mean annual dust index for the period 1927 to
1949 according to the b-approach depicted in Fig. 4.1,
amounts to 246 p.p.c.c.

This is an important dust index for purposes of
comparison with dust indices obtained for other mines.

In order to have a common basis of comparison, dust
indices were expressed in terms of quartz equivalent
particles per cubic centimetre. It was assumed that the
relative toxicity of quartz particles was 1.0 as against
0.2 for the remaining airborne dust particles occurring
in mines of Group A.

From these assumptions the dust index as based on
the average annual counts recorded at the six strategic
classes of places for mines of Group A during the
period 1927 to 1949 becomes:

246 (0.70 X 1 + 0.30 X 0.2) quartz equivalent p.p.c.c.
= 187 q.e.p.p.c.c.
A dust index representative of the overall shift mean

dust exposure of the persons employed in dusty atmos-
pheres was also required. For this purpose the mean of
the full shift dust studies were compared with the mean
of the annual dust indices.29 From this comparison it
was concluded that the annual average index as computed
from the six strategic classes of places, as a happy
coincidence, was also an estimate of the overall shift
mean of the persons employed underground. Now turn
to the 1936-1963 period.

With reference to Fig. 4.1, a dust index for the years
1936 to 1963 was, according to the b-approach, com-
puted at 194 p.p.c.c. At 70 per cent quartz and at relative
toxicities of 1.0 for quartz and 0.2 for the rest, the
quartz equivalent dust index is estimated at 194 X 0.76
= 147 q.e.p.p.c.c.

4.3.3 A current (1965) dust index for Mines of Group A

Two estimates of the dust exposure of the population
at risk underground on mines of Group A under current
conditions are available.

One investigation3O was done in 1963 when one third
of the mines of Group A were selected at random and
when a konimeter spot was taken for every person
encountered during an underground traverse of the mine.
The other investigation was done during 1964 and 1965
when 46 mines of Group A were visited and when one
konimeter spot was taken for every third person encoun-
tered during an underground traverse of the mine.31

During the first investigation some 37 000, and during
the second investigation some 60 000 konimeter samples
were taken.

The mean count recorded by the first investigation
referred to above, came to 234 p.p.c.c., whereas that by
the second investigation came to 247 p.p.c.c. The two
estimates, therefore, differ by only about 5 per cent.
This small difference is quite remarkable and it fosters
confidence in the mean value. In view of this, one is
confident that an estimate of the order of 240 p.p.c.c. is
a reasonale estimate of the current (1965) dust index of
persons at risk on mines of Group A.

At 70 per cent quartz, 240 p.p.c.c. amount to:
182 quartz equivalent p.p.c.c.

4.4 Dust indices for Mines of Group B
In Section 3, pneumoconiosis indices are computed

for a number of classes of mines of Group B. These
indices refer to conditions which prevailed during
specific calendar periods (see Table 3.6) and the next
step was to estimate a mean dust index applicable to
each calendar period during which the main exposure
occurred of each cohort of pure service cases collected
from each class of mine.

The classes of mines, the estimated dust indices and
the periods to which the .dust indices apply, so as to
match the main periods of exposure of the pure service
cases, are given in Table 4.3.

TABLE 4.3
SUMMARY OF DUST INDICES

.Best estimate from the available records.

5.0 EXPOSUREVERSUS DUST INDEX

In Section 4, dust indices are computed for different
classes of mines. These indices are expressed in terms of
the number concentration of quartz equivalent particles
per cubic centimetre (in the size range 0.5 to 5 micro-
metres). The various classes of mines produced 7 groups
of pure service cases of pneumoconiosis, with a minimum
of 9 cases in each group. A dust index has been com-
puted for the main exposure period of each group. The
dust indices and the service periods of the 7 groups are
summarized in Table 5.1. The scatter diagram of dust
index against exposure period for these 7 groups is
depicted in Fig. 5.1.
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Exposure in Dust index
Class of mine Number years in

and of
M~an 1s:D.

Q.E.P.P.C.c.
main exposure cases

period d

1. Gold-A:
1927-1949 1045 22 7.0 187

2. Gold:
1936-1963 527 25 6.1 142

3. Gold-B:
1933-1953 32 20 8.2 220

4. Amphibole
Asbestos:
1942-1958 115 15 8.9 420

5. Coal
1926-1954 186 26 10 112

6. Copper:
1935-1957 14 20 8.8 144

7. Diamond:
1928-1956 9 27 10.4 140

Total 1928
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Fig. 5.1-Dust index versus period of service prior to certifi-
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302 MARCH 1970

5.1 The functional relationship between dust index and the
exposure prior to certification

A statistical analysis of the time and dust data32 given
in Table 5.1, reveals that if t is the mean exposure prior
to certification and if d is the corresponding dust index
in q.e.p.p.c.c. then the relationship may be represented
by the equation: t = 208 d-o.43 (5.1)

Rough and Ready Application

For rough and ready applications, a constrained
regression line of the form t = kd-o.so was fitted to
the two sets of data.

The resulting estimate of constant k comes to 297
from which we have the relationship:

t = 297 d-o.5O (5.2)

There is no significant loss in accuracy by rounding
the value of k = 297 off to 300.

Progressive Pneumoconiosis

From Fig. 5.1 it is seen that the line of best fit is
steeper towards the time axis than is expected if certi-
fication takes place at a constant dust dosage. At a dust
index of 200 q.e.p.p.c.c., the exposure period is
estimated at 21 years. This amounts to a dust dosage
of 4200 q.e. particle-years. From this dust dosage, a
dust index of 100 q.e.p.p.c.c. is expected to result in an
exposure period of 42 years. The line of best fit, however,
estimates the exposure period at only 29 years. A dust
dosage, therefore, of only 2900 q.e. particle-years.

This reduction in dust dosage suggests a progressive
type of pneumoconiosis.

Provision for the Type of Pneumoconiosis which is NOT
Progressive:

In view of the fact that some types of pneumoconiosis
e.g. that caused by inert minerals such as carbon, are
believed not to be progressive, it will be of value to
express the exposure prior to certification as a function
of the dust index for the situation where pneumoconiosis
is not progressive.

The dust dosage at certification, on which to base this
functional relationship, may be estimated from the
scatter diagram of dust versus time at the position around
which most of the observations scatter. Hence, at a dust
index of about 150 q.e.p.p.c.c. This index relates to an
exposure of about 24.2 years.

It follows that for a type of pneumoconiosis which is
not progressive and if certification takes place for a
constant amount of dust, the functional relationship
between dust index and exposure time t is given by:

d.t = 150 x 24.2 particle years
- 3 630 particle-years

3630
Hence, t - -r years .. .(5.3)

If the dust concentration is expressed in terms of
mgfm3, and at 1 mgfm3 = 400 p.p.c.c., the exposure prior
to certification is given by:

9.08
t = d years (5.4)

6.0 THE COLLECTION OF FUNDS FROM WHICH TO
PAY COMPENSATION FOR PNEUMOCONIOSIS AND

THE LEVY RATE

Vast sums are involved in compensation for pneumo-
coniosis and in this connection, compensation and other
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forms of monetary assistance to pneumoconiosis
sufferers and their dependants from the earliest days
have cost South Africa about R260 million33.

The annual sums levied and compensated are depicted
in Fig. 6.1. It will be noticed that the current annual
sum compensated amounts to almost R9 million.
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Fig. 6.1-Annual sums levied and compensated

The money required for compensation must, by law,
be provided by the owners of mines.

Three main principles are written into the 1962 Act
in connection with the collection of funds from mine
owners:

The first principle is that the money should be col-
lected when the exposure to dust occurs.

The second principle is that the money should be
collected so as to be just enough by the time that com-
pensation has to be paid out.

The third principle is the equity rule to ensure that
each owner shall pay for the damage caused on his mine.

These three principles provide powerful incentive
towards improvement in dust conditions.

Having to pay now for damage done now is important
because pneumoconiosis takes many years to develop
and it is quite possible that a mine which causes
pneumoconiosis now will no longer be in operation by
the time persons who have worked on the mine are found
to have pneumoconiosis. Secondly, having to pay now
for the damage done now, provides added incentive to
eliminate, or at least minimize, the damage done.
Thirdly, if the money is not collected now, the present
owner pockets money which he is not entitled to.
Fourthly, this money will later have to be recovered
from a future owner, or perhaps from the State.

6.1 The money balance

For a particular population exposed to dust, the money
collected from those exposed to dust must be in balance

with the money paid out in compensation to those
contracting pneumoconiosis.

The extent to which there was balance on mines of
Group B between money actually levied in the past and
money actually compensated was investigated by plotting

a levy check factor ~ ~ against the dust index for differ-

ent classes of mines of Group B where,
L % is the percentage of the levy of a particular class
of mine, for a given period.
C % is the percentage of the compensation in respect
of work on that class of mine for the stated period.

The ideal is for ~ ~ to be unity.

Although the percentages paid out in compensation
are the best estimates ofthe relative risks, these estimates
will be in error due to cases with mixed service. This
error will be in the same direction as the error in the risk
estimate. In other words the estimates will be high for
mines the risks of which were over-estimated and they
will be low for mines the risks of which were under-
estimated. Fig. 6.2 depicts the scatter diagram obtained
for the classes of mines with a levy percentage of more
than one.
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shown in brackets

The scatter diagram reveals that in the past there was
a tendency for mines (of Group B) with low dust indices
to be overlevied and for mines (of Group B) with high
dust indices to be under-levied. This aspect is discussed
further in the next section where hypothetical levies, as
computed from the observed dust indices, are again
compared with the amounts actually paid out in com-
pensation.
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In the case where money is collected periodically and
where compensation is paid out periodically, the ac-
cumulated sum at compound interest of the periodical
sum collected must be equal to the present value (at the
point in time when penumoconiosis is contracted) of the
future periodical benefit.

The accumulated sum at compound interest of an
annual levy for nl years is given by:

A.S. = L
(l + i~nl - 1 (see Fig. 6.3) .(6.1)

I

The present value of an annual future benefit C for
time n2 years is given by:

1
1-(l+on2

P.V.=C (6.2)

where i is the annual interest rate expressed as a
proportionS4 (see Fig. 6.4).

u1
<i:.
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0
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(I+l)n'-t
A. S. = L .

l

At i = 0,05 and nI = 10,

AS = t2'4 L

n,
"I
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Fig. 6.3-The accumulated sum
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Fig. 6.4-The present value of future compensation. Note
that calendar time progresses from left to right and that a
shift in the calendar time of certification to the right decreases

the magnitude of n.
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For the two sums to balance, A.S. = P.V.;
In other words, the levy index for a state of balance is
given by:

1
L

-
1 - (1 + on2

C - (1 + onl ~ 1
.(6.3)

(see Fig. 6.5)

We may express nl and n2 as functions of time, t,
prior to certification.

.JIU
11

x
w
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Z
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1 -
(I +

l)n,

(I + i)k,
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l)n, - I -,
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>-w
Z
0
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n, n,

~Ik.z

CALENDAR T I ME

Fig. 6.5-The accumulated sum and the present value

Considering nl (the time availablefor collecting money):

In the case of White and Coloured persons, nl is the
time up to debarment from further exposure to dust
which is longer than time, t, prior to certification for
pneumoconiosis in the first stage.

As debarment is likely to take longer, the longer it
takes to be certified for the first time, one may postulate
that the time up to debarment, nl, is given by:

nl=klt (6.4)
where kl is a constant denoting the average ratio between
period up to debarment and period up to certification
for pneumoconiosis in the first stage.

Considering n2 (the time for which compensation is paid):
Time, n2, starts at certification for pneumoconiosis in

the first stage and extends beyond debarment, beyond
death of the miner up to the death of his last dependant.
(In most cases his last dependant happens to be his
widow).

As time t starts when the exposure to dust starts and
ends when n2 starts, we may postulate:

t+n2=k2 (6.5)
where k2 is a constant denoting the average period
between start of exposure and end of compensation.

Hence the period of compensation is given by:

n2=k2-t (6.6)
By substitution for nl and n2 it follows that the levy

index as a function of time t prior to certification is
given by:

(l + i)t

L
-

1 - (1
+ i)k2

C -(l+Oklt-l
(6.7)

Equation 6.7 provides an expression for the levy index
with exposure time prior to certification, t, as the only
variable!
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6.2 The persons who do not contract pneumoconiosis

In actual practice there are two more factors to allow
for, namely:

(a) The fact that somepersons leave the mines before
being certified, and

(b) the fact that somepersonsare more susceptibleto
pneumoconiosis than others.

In practice, a certain proportion of persons exposed
to dust drop out from amongst those exposed before
they contract pneumoconiosis for various reasonswhich
are completely divorced from the dust hazard. Two
reasons for dropping out are death by accident and
change of occupation. The persons so dropping out
represent a gain to the pneumoconiosis fund because
money is collected in respect of their exposures although
they do not share in the compensation sum.

If the annual proportion of persons who drop out
(from amongst those exposed to dust) before certification
is denoted by "p", the annual proportion left, i.e. those
who continue to be exposed to dust, will be denoted
by lop.

The proportion left after two years will therefore be
denoted by (l_p)2 and the proportion left after t years,
will be denoted by (l-p)t.

Hence, if the proportion with average susceptibility
to pneumoconiosis is denoted by "S", the proportion
of persons certified t years from the start of exposure
to dust of a group of persons, may be denoted by
S. (l-p)t.

Hence, to allow for the facts that somepersonsescape
certification by dropping out and that some individulas
are more susceptible to pneumoconiosis than others,
the expression for the levy index is given by:

(1 + i)t
L 1 - (1 + i)k2

C = S(1-p)t
(1 + i)klt - 1 .. . . . . . . . . . . (6.8)

7.0 THE LEVY INDEX AS A FUNCTION OF THE DUST
INDEX

Having derived an expression for the levy index as a
function of the exposure time prior to certification and
having also derived an expression for the exposure time
prior to certification as a function of the dust index,
the next step is to derive an expression for the levy index
as a function of the dust index.

7.1 Theory

From equation (6.8) the levy index is given by:
(1 + i)t

L t
I -

(1 + i)k2

C - S. (l-p)
(1 + i)klt - 1

. . . . . . . . . . . . (7.1)

where t denotes the exposure time prior to certification
for pneumoconiosis at a specified stage, and where S,
p, i, k1 and k2 are variables which can, for practical
purposes, be assumed to be constants.

It is shown in Section 5 (equation 5.2) that exposure
time prior to certification is given by an equation of
the form

t=k3db (7.2)
where d denotes the dust index and where k3 and bare
constants.

Hence, by substitution for t in equation (7.1), the
levy index is given by:

1 -
(1 + i)k3db

L (1+i)~
C = S. (1-P)k3db. (1 + i)klk3db - 1

With this equation, we have reached the final objective
of this investigation, because we can now compute a
levy index for any given dust index.

. . . . . . . . (7.3)

7.2Progressive pneumoconiosis

The orders of magnitude of variables S, p, i, k1 and k2
can be estimated, and variable k3 and b have been deter-
mined in Section 5 but a distinction must be made
between progressive and non-progressive pneumoco-
niosis.

For progressive pneumoconiosis, variables k3 and b
are estimated in Section 5.0, at 208 and -0.43 respec-
tively. For non-progressive pneumoconiosis, variable b
naturally reduces to -1.0 because the dosage d.t.
becomes a constant and this constant (k3) is estimated
at 3630 (equation (5.3) ).

The main effort of this investigation was spent on
determining the magnitudes of constants k3 and b which
rela~e .to what is believed to be progressive pneumo-
COniOSIS.

Hence, in examining the change in levy index with
change in dust index, the effort was also concentrated
on progressive pneumoconiosis, namely, on the time of
exposure as given by:

t=208d-o.43 (7.4)

By substituting the values 208 for k3 and - 0.43 for b
in equation (7.3), the levy index is given by;

(1 + i)208d -0.43

1 -
(1 + ")k~ - S (1 - )208d -0.43

I 2 (7 5)
C -. p

(1 + i)kl.208d-o.43- 1
.. .

Variable S:

The proportion susceptible to pneumoconiosis of any
given number of persons will always be uncertain but,
from Fig. 3.1 it appears that practically all persons will
contract pneumoconiosis provided they are exposed to
dust for long enough. From this may be concluded that
factor S, for ordinary persons, is close to unity. If, for
practical purposes, S is assumed to be 1.0, the levy
index will be over estimated somewhat. This is sound
strategy to allow for certain classes of expenses, such
as funeral benefits, training grants for dependants,
tuberculosis compensation, etc., which are by law to be
paid from the compensation funds, but which are not
directly related to the dust hazard.35

For these reasons, S was assumed equal to unity in
further calculations.

Variable p:

There are no reliable data available on p (the annual
proportion dropping out before certification) but p can
be estimated from the service distribution under steady
state conditions. An analysis of the service distribution
led the author to the impression that .05 and .03 were
likely upper and lower limits of p for a population at
risk such as the White persons on mines of Group A.36
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Magnitude of variable for the levy
index to be

Variable
Min~ Average Max~

p 0.05 0.04 0.03
i 0.06 0.06 0.06

k, 1.4 1.5 1.6
k. 50 50 50

Levy index (L)
Dust Exposure (C)
index time

(d) (t) Min.~ Average Max~

1613 10 0.351 0.430 0.529

533 14 0.159 0.207 0.270

390 16 0.105 0.147 0.197

232 20 0.0544 0.0770 0.109

186 22
*

0.0563 *

152 24 0.0272 0.0403 0.0617

126 26 0.0193 0.0300 *

90.4 30 0.00:}49 0.0158 0.0262

67.5 34 0.00607 0.00872
*

46.3 40 0.00326 0.00498 0.00753

37.1 44 0.00176 0.00281
*

27.5 50 Zero Zero Zero

Variable k1:
It was estimated that the average White person was

debarred from further exposure to dust after approxi-
mately 1.5 times the exposure prior to certification.37
In view of this, upper and lower limits for k1 were
assumed at 1.6 and 1.4 respectively.

Variable i:
There is no control over the interest rate i. The 1967

ruling interest rate of 0.06 was therefore selected for
purposes of calculating levy indices.

Variable k2:
A value of 50 appeared reasonable for k2 and this

envisages a period between start of exposure and end of
compensation, equivalent to a working life between the
ages 20 to 70 years.

With these values for S, p, i, k1 and k2, minimum,
average and maximum annual levy indices for different
dust indices were computed.

The combinations of S, p, i, k1 and k2 for minimum,
average, and maximum likely levy indices are summarized
in Table 7.1 below.

TABLE 7.1
COMBINATION OF VARIABLES FOR MINIMUM,

AVERAGE AND MAXIMUM LIKELY LEVY INDICES

Three sets of likely levy indices for different dust
indices were then computed. (Table 7.2) using the sets
of variables in Table 7.1.

TABLE 7.2
THE CHANGE IN LEVY INDEX WITH CHANGE IN DUST

INDEX FOR THREE ASSUMED SETS OF VARIABLES

*Not determined.

306 MARCH 1970

The increase in levy index as the dust index increases
from 30 to 500 q.e.p.p.c.c. is depicted in Fig. 7.1.

Testing the derived relationship between Dust and Money:
Hypothetical levies were then calculated for different

classes of mines, the levy indices being read from the
average curve in Fig. 7.1.
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Fig. 7.1-Levy index as a function of the dust index

The hypothetical levy check factor
~~~j

was then
computed for each of the different classes of mines and
this variable was plotted against the dust index.

The scatter diagram obtained is depicted in Fig. 7.2
and reveals a tendency in the reverse order to that in
Fig. 6.2.
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Fig. 7.2-Dust index versus hypothetical levy check factor

This reverse tendency is to be expected because it
was shown in Section 6.1 that a compensation per-
centage was, due to mixed service cases, likely to be
high for low dust index mines and to be low for high
dust index mines. Hence, the compensation percentage
being the denominator, the hypothetical levy check
factor is expected to be low for low dust index mines
and to be high for high dust index mines.
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Dust index Levy index Tine in years
in 3630

q.e.p.p.c.c. Min.~
I

Average Max.~ (J

363 0.35 0.43 0.53 10

227 0.11 0.15 0.20 16

187 0.05 0.08 0.11 20

151 0.03 0.04 0.06 24

121 0.009 0.016 0.026 30

97.5 0.003 0.005 0.008 40

72.6 Zero Zero Zero 50

A further step could be to recalculate the compen-
sation percentages as based on the new levy indices
and then to recompute a levy check factor for each
class of mine. This was not possible in the limited time
available for this investigation. In the light of Figs. 6.2
and 7.2 it can, however, be concluded that the average
curve in Fig. 7.1 does provide an estimate of the current
levy index from the current dust index which should
result in the amount levied being in reasonable balance
with the amount needed for compensation payments.

The suggested approach enables one to estimate the
shift levy rate from the current dust index of any class
of mine. For example, the 1965 dust index for mines of
Group A was estimated at 182 q.e.p.p.c.c. The "average"

curve in Fig. 7.1 gives ~ = 0.057 for a dust index of
182 q.e.p.p.c.c.

Hence, at an annual compensation sum of R500 per
case of pneumoconiosis, and at an average annual
number of shifts of 260, the shift levy rate is estimated
at:

0.057 x 500
R d

260
an

- 0.110 Rand = 11 cents.

Note that this estimate is designed to provide for
pneumoconiosis at stage "Pn 20 - 50%"* and that it
does not provide for the White and Coloured cases
certified post mortem for pneumoconiosis of a degree
"less than Pn 20%". The dependants of such persons
receive a "one-sum benefit" of RI 150 in the case of
a White person, and of R600 in the case of a Coloured
person.38 To provide the funds for this item, the levy
rate as estimated above should be raised. The exact
percentage by which it should be raised does not fall
within the scope of this investigation. It can, however,
be determined.

The actual levy rate in respect of the shifts worked
during the quarter ended 31st December, 1967, was
14.6 cents per shift. This seems fair agreement between
theory and practice.

7.3 Pneumoconiosis which is non-progressive

As some types of pneumoconiosis such as that
produced by pure coal dust is considered not to be
progressive, it is necessary to derive the functional
relationship between levy index and dust index when
dealing with a type of pneumoconiosis which is not
progressive.

In Section 5, it is estimated that if pneumoconiosis
is not progressive, exposure time t prior to certification
is given by:

3630
t = cl years.

H b b "
3630.. 208. .ence, y su stItutmg ---;r- lor dO.43m equatIOn

(7.5) and by assuming S = 1, the levy index is given by:

3360

~ = (l-p) tl

3630

(l+i){J
1 - (1 + i)k2

k 3630

(1 + i) 1 (J - 1
(7.7)

The levy index as a function of the dust index for
variables i = .06 and k2 = 50 with three combinations
each of variables p, and kl> is summarized in Table 7.3:

TABLE 7.3
LEVY INDEX AS FUNCTION OF DUST INDEX FOR

CERTAIN VARIABLES

For non-progressive pneumoconiosis, the increase in
levy index as the dust index increases from 0-300
q.e.p.p.c.c. is depicted in Fig. 7.3. As the main type of
pneumoconiosis produced on coal mines is likely to be
non-progressive and as coal mines employ the largest
number of persons on mines of Group B, Fig. 7.3 is
of special interest in connection with coal mines. For
this reason, the dust index in Fig. 7.3 is also given in
terms of coal particles per cubic centimetre.
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Fig. 7.3-Levy index as a function of dust index for non-
progressive pneumoconiosis at p = .04, i = .06, kl = 1.5,

k.=50

The average airborne coal particle was assumed to be
one fifth as toxic as the average airborne quartz particle
in the size range 0.5 to 5 micrometres.

When levy indices are compared, it is seen that the
levy index increases more rapidly with increase in dust
index for non-progressive pneumoconiosis than for
progressive pneumoconiosis. Alternatively, the levy index
decreases more rapidly with a decrease in dust index
in the case of non-progressive pneumoconiosis than in
the case of progressive pneumoconiosis.

Hence, there is a greater incentive to reduce dust
conditions in the case of non-progressive pneumoconiosis
than in the case of progressive pneumoconiosis.

*Refers to first stage of certification in life. (Pneumoconiosis
20 per cent to 50 per cent cardio-respiratory impairment).
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To demonstrate the difference, the two levy index
curves are depicted together in Fig. 7.4.
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Fig. 7.4-Levy indices for three functions of the dust index

A further point which emerges is the fact that if the
levy index is changed as the square of the dust index
with the common point as starting point, a curve is
obtained which lies between the two existing curves
(see Fig. 7.4).

From the observed central position of the square law
curve it follows that, for the situation where the type
of pneumoconiosis is a mixture of the two types, the
levy index if changed as the square of the dust index
should allow for the money collected being roughly in
balance with the money paid out in compensation.

The type of pneumoconiosis encountered in practice
is more likely to be a mixture of the two types than to
be purely of either of the two.

8.0 CONCLUSIONS

(I) It is shown in this paper that:

Within the limits of the data available, a clear con-
nection exists between current dust index and current
levy index, so that if the amount of the annual com-
pensation which has to be paid in respect of pneumo-
coniosis is to be apportioned amongst mine owners,
the levy index can be calculated precisely in a way
which meets the spirit of the legislation, namely that
money is to be collected "today" from owners of mines
to compensate in future for damage done "today". In
principle, it is also clear that not only classes of mines,
but individual mines could be more equitably assessed
on this basis. Whether the detailed computations which
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would be required to employ this approach would appear
to the industry and to the Government to be worthwhile,
is not a matter on which an opinion can be offered in
a paper of this type. However, it does seem clear that
the means are available if the authorities concerned
would desire to make use of them.

(2) It would also appear that if this method were to be
employed to estimate the actual levy rate per shift, then
the amount of fluctuation in the annual levy would be
considerably reduced. The levy rate would then not be
influenced to the same extent by fluctuations in the
current rate at which persons are certified.

(3) The following factors are important in connection
with the relationship between dust index and levy index:

p, the annual proportion of persons discontinuing
thei~ e,:-posure to dust before they develop pneumo-
COnIOSIS,

i, the annual interest rate on investments,
t, the mean service prior to certification,
ni, the mean time up to debarment from further

exposure to dust,
n2, the mean compensation period per (White and

Coloured) case, and
C, the mean compensation sum per annum per case

of pneumoconiosis.
Since all these factors are moving ones, it is necessary

to keep statistics in such a manner that the latest values
for these factors are readily available for purposes of
periodical levy and compensation comparisons.

(4) Except in the case of very dusty mines, a
relatively small reduction in the current dust index calls
for a relatively large reduction in the levy index and
this provides powerful incentive towards improved dust
conditions.
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