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DUST EXPOSURE AND PNEUMOCONIOSIS IN MINES

Abstract

Attempts to develop Threshold Limit Values together
with the correlation between results of wvarious

sampling instruments are described.

The main objectives of the investigations were: to
establish the relstionship between dust exposure and

the development of pneumoconiosis, to study the effect
of free silica content of dust on the development

of silicosis, to study the concentration of respirable
dust encountered in various mining occupations and to
establish acceptable limits based on the gravimetric
dust samplers. A subsidiary objective was to establish
a correlation between mass and particle number concentra-

tions.

The miners involved in the study were those suffering
from pneumoconiosis. Their stages of pneumoconiosis
were related to cumulative dust doses to which the
progression of pneumoconiosis was determined on the
basis of ILO u/c Internationél Classification of
Radiographs of Pneumoconiosis, of 1971 using 1968
standard films for comparison. The cumulative doses
to which the individual miners were exposed were
compared with the profusion categories and the Nodule

size progression. The hazard of silicosis was
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evaluated by determining the free silica content of
the respirable portion of dust breathed by mine

workers.

Dust samples were collected from the breathing zones
of miners with the use of gravimetric samplers.
These samples were then analysed using X-ray
diffraction. Free silica was determined, both
gualitatively and quantitatively. The amount of
quartz was determined by comparing the intensities
of diffraction peaks of quartz in the samples with

those of corundum.

Tt is concluded that the maximum allowable concentrations

of 350 particles per cubic centimetre in force on the

zambian Copperbelt and 2 mgm-3 adopted at Wankie

Colliery can be considered as adequate standards for

guarding against the hazards of pneumoconiosis.
cumulative doses for total dust of 275 mgmonthm—3 and

700 mgmonthm_3 are recommended for the Zambian

Copperbelt and Wankie Colliery respectively. Cumulative

dose for free silica of 55 mgmonthm-3 was set for the

Zzambian mines.

The comparison between the results of the sampling
instruments showed that the particle concentration
measured by the Konimeter did not correlate with the
mass concentration measured by gravimetric dust samplers.
Of all sampling instruments, MRE 113A was found to be

reliable and for control purposes this instrument should

be used as a standard sampler.
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CHAPTER I

INTRODUCTION

Pneumoconiosis is one of the many health and safety
problems associated with mining. As a condition it is
serious in terms of suffering and financial cost.
Pneumoconiosis is a condition of respiratory system caused
by inhalation of airborne dust over long periods of time

(17, 33, 80, 112, 40).

To reduce the incicence of pneumoconiosis, it is necessary
to provide a relatively dust free working environment.

This means that the dust concentration at the working place
should be lower than the maximum allowable concentration.
Various governments prescribe different Threshold Limit
Values e.g. 350 particles per cubic centimetre of scheduled
areas in Zambia. It is the airborne dust particles in the
range of 0.5 to 7.0 microns which cause pulmonary damage
(63, 65, 9, 100, 62, 15). In this study the word "dust"
therefore implies airborne particles less than 10 microns

in diameter.

The pathological action of the dust on the lung alveoli
is not clearly understood (75) . The means of treatment
are also not well known at the moment. This implies that
the control of dust in mines is a very important

preventive measure in the fight against pneumoconiosis.



At present the known techniques in controlling pneumoconiosis
are based on engineering and medical procedures. Both
approaches of pneumoconiosis control program are used at
all times.
The main techniques employed for the reduction of airborne dust
in the mine air include (25, 39):
i. Procedures directed at reducing or stopping the
production of dangerous dust;
ii. Methods designed to prevent the escape of dust
into the mine air;

iii, Use of individual respiratory protection;

iv. Dilution of dust containing mine air with fresh
air;
V. Isolation during blasting.

Pneumoconiosis or specifically silicosis is predominant

on the Zambian Copperbelt (13). On the Zambian Copperbelt
alone 281 new cases were certified as stage 1 of simple
pneumoconiosis and were receiving benefits for pneumoconiosis
disability between 1977 and 1983 while in the same period
there were 353 men certified to have silico-tuberculosis.
Out of the 281 pneumoconiosis cases, 204 were from Mufulira
and the remaining 77 cases were "from other mining divisions
of Zambia Consolidated Copper Mines Limited while out of
353 silico-tuberculosis cases, 130 were from Mufulira mine
alone. Coal workers pneumoconiosis prevalence at Wankie
Colliery Limited was quite low, less than 10 cases were
discovered from records. The number of cases of sickness

due to dust in these mines is not decreasing at present



although the fight against dust is gradually improving,

because of improved working conditions. It is this

alarming rate of pneumoconiosis which prompted the
investigations into dustiness conditions in working
places.

The main objectives of the investigation were:

i. to establish a relationship between the
development of Pneumoconiosis and dust exposure
in order to predict the possibility of a miner

" contacting pneumoconiosis after working for
a specified number of shifts at a specific
concentration;

ii. to study the effect of free silica content of
dust on development of silicosis;

iii. to study the concentration of respirable dust
to which men are exposed in various mining
operations and identify hazardous operations
from pneumoconiosis point of view;

iv. to establish acceptable concentration levels
based on the gravimetric dust samplers.

Subsidiary objectives were to establish, if possible

a correlation between gravimetric and Konimeter concent-

rations. An attempt was made to meet the aforementioned

objectives with the following experimental measurements:
mass and particle concentrations of airborne dust as
determined by gravimetric and Konimeter dust samplers;
free silica in the respirable dust, duration of exposure;

and dust particle size.



Sample of miners involved in the study were those with
pneumoconiosis. Their stages of pneumoconiosis were
related to cumulative dust doses.

The progression of pneumoconiosis was determined on

the basis of ILO u/c International Classification of
Radiographs of Pneumoconiosis, of 1971 using 1968
standing films for comparison. The cumulative doses

of the individual miners were compared with profusion
category and nodule size progression.

The establishment of Occupational Exposure Limit is a
two step process. The investigations concentrated on
the development of recommended"health-based exposure
1imit" derived from data on "exposure-effect"and
"exposure-response” relationships. The interpretation
of these "health-based exposure limits" into"operational
1imits" (a second step) requires taking the following
factors into account: the views of governments,
employees and workers, as well as the social, cultural,
economic and technical aspects.

., Experimental work involved gqualitative and quantitative
analyses of settled dust,)}ncombustible dust and rock
samples from three mines: Mufulira, Luanshya and Wankie.
The analyses were done with the use of X-ray diffraction,
microscopic and chemical methods. The results were

analysed using regression analysis techniques.



The details of the investigation are presented
beginning with Chapter II which gives a review of

mine dustiness. Chapter III deals with methods used
in the investigation. Estimation of dust concentration,
free silica (Sioz) determination in samples,
radiological data and occupational histories are
explained in this chapter.

Field measurements are presented in Chapter 1IV.

The results are discussed in Chapter V which gives a
summary of experimental results.

Chapter VI covers the conclusion drawn and an outline of
future work in connection with dust exposure.
Appendix A gives cumulative dosage in relation to time
contributing to the exposure for various profusion
categories.

Appendix B gives a comparison between cumulative total
dust and silica dose to profusion categories.

Appendix C shows a comparison of exposure to nodule
size classification for total and silica dust.
Appendix D covers detailed results of individuals'
dust exposures.

Finally, Appendix E includé; sampling results for

various occupations.



2.1

CHAPTER II

2. REVIEW OF MINE DUSTINESS

Relation Between Exposure and Dust Content in

the Lungs

Pneumoconiosis is regarded as a criterion for
determinjng health-based exposure limits.
This section describes relationships between
dust exposure and measure of pneumoconiosis

in post mortem material.

Tt has been shown that the amount of dust
retained in lungs of miners without pneumoconiosis
is not directly proportional to the duration

of exposure, but reaches a steady-state value
after about 20 years of work underground (97).
The amount of dust found in lungs of miners
after the same duration of exposure ranged from
a few grams to more than 50g. The differences
may be due to different levels of exposure or
by inter-individual variation in retention rate.
For this reason, the dust content in the lungs
does not seem to be a good indicator of the
level of exposure to dust in non~-pneumoconiosis

workers. Several researchers have examined the



dust content in the lungs and pneumoconiosis.

Einbrodt and Kloster Kotter (27) evaluated the dust

content of 65 affected coal miners. They positively
correlated the massive fibrosis with both free silica

content in the lung tissue and dust residence time. The
concept of residence time (27) is given by the formular below:

" time of exposure in years + interval until death in years
2 .

and is based on the consideration that the free silica
containing dust does not lose fibrogenicity when present

in lungs. In massive fibrotic cases, a high silica

(100 mg/100000 mg dry lung tissue) was associated with a
residence time of less than 20 years. Lower silica levels

(500 - 1000 mg/l00000 mg) were associated with residence

times of 20 to 40 years. Naeya (72) also found a positive
correlation between the number of crystals of silica in

the lungs and radiological stage of pneumoconiosis in

coal miners of Pennsylvania (bituminous coal rich nin ash).
There was also a significant correlation between the duration

of exposure and the number of crystals. He found about 250
crystals of silica in the lungs of miners without pneumoconiosis
and with pneumoconiosis radiographic category 1, 560 in

category 2 - 3 and above 1,500 in categories with large
lopacities. Rossiter (82) reported good correlation between
dust content in the lungs of 88 deceased British coal workers and

radiographic category of pneumocéniosis. The average total dust e



of lung was 1029 mg (range 900 to 35300 mg), the total
silica content 950 mg (range 150 to 7100 mg) and the
guartz content of 280 mg (range 10 to 3360 mg). The
average total dust content in radiographic categories
0, 1, 2 and 3 were 4170, 10310, 13310 and 19080mg
respectively. Silica content followed the same pattern.
The same author (81) and Casswell et al. (12) have also
demonstrated a very good relationship between radiographic
category of pneumoconiosis and the coal content, other
minerals, quartz and iron in the lungs of deceased
British coal miners. A report by Davis et al. (18)
showed a similar relation between lung quartz content
and X-ray appearance in 74 British coal miners. They
found dust content of abaut 6 to 16 g in both lungs
while in the progressive massive fibrosis lesions, the
dust concentration was found to be 2-3 times higher, on
average, than the concentration in the rest of the lung.
Another study of 20 deceased coal miners and 29 control
subjects found, in the right upper lobe, 12.78 + 9.40 x lO3
mg dust per 100000 mg dry tissue in miners and 890 + 650
mg in controls, as averagéé and standard deviations.
Approximately 15% of the dust in the lungs was silica,
whereas the silica content in the mine dust was only
3% (lo). Dobreva et al. (20) examined the lungs of

25 deceased miners from metal-ore mines and tunnelling

and quarry operations, who had been exposed to dust



containing 20 - 25% free silica. The amount of dust
was in the range 800 to 8000 mg per 100000 mg dry
tissue, the mineral residue 300 to 7000 mg/100000 mg
and the free silica content 20 to 1810 mg/100000 mg.
There was no significant correlation between lung
deposition and the duration of the work, but there

was a correlation between the quartz content and the
radiographic category of silicosis. It can be noticed
that most studies have included only workers with many
years of dust exposure. However, three cases of sub-
acute silicosis have been described in metal-ore miners
which developed after 4 to 5 years of underground work
and resulted in death 5 years after leaving work (100).
The total dust content in the lungs was 9.01, 16.19 and
17.39 x 103mg and the quartz fraction represented

18.0% to 24.0%. In three control persons, the total

dust content in the lung was less than 1500 mg.
Relationship between Exposure to Dust Pneumoconiosis

There are many published papers describing pneumoconiosis
risks in different occupations. However, the over-
whelming majority of them” do not include quantitative
data on levels of exposure or concentrations of dust

in the air. "Exposure" implies here the product
(concentration X time), and all these variables have to
be documented, explicitly or implicitly in order to

establish exposure - effect, or exposure - response



relationships. "Effect" implies a biological reaction
(in this case radiographic category of pneumoconiosis)

measured on a continuous scale.
2.2.1 ~Silica

Incidence of silicosis in Vermont Granite Sheds has
been analysed by several researchers. The earliest
report is by Russel et al. (83) who studies 972 granite
shed workers, dividing them into four exposure groups
according to average dustiness: 37 - 40, 27 - 44, 20,
and 3 - 9 mppcf. In the group exposed at an average
of 20 mppcf there was little indication of severe
effects upon the health of the workers. The authors
concluded that one would hesitate to state positively
that no harm would come to persons exposed for many
years to a concentration under 20 mppcf. 1In the case
of the lowest exposure group, where the average dust
concentration was 6 mppcf (range 3 - 9 mppcf). there
was no indication of any significant effect of dust
exposure on workers. The authors concluded a safe
limit of dust exposure ly%pg between 10 and 20 mppcf.
In his later studies, Russel (84) revised his original
estimates of 10 - 20 mppcf as the desirable limit for
granite dust exposure. His new limit of about 10 mppcf
was based on a further complication of tuberculosis in
the highest average dust exposure group (27-44 mppcf) .
Supporting this decision was evidence that progression

of silicosis was marked in the highly exposed cutters

in contrast to workers exposed to lower concentrations



to dust, emphasizing that differences in reaction

to dust hazard were in direct propostion to the
dustiness. It was concluded that where average dust
concentrations were found 6 mppcf, there was no
indication of unfavourable effects. Following the
re-analysis by Russell (84) and enforcement of the

10 mppcf limit by the Vermont Department of Health,

dust control progressed in the granite sheds so that

by the time of the study by Hosey et al (44), few
exposures in the granite sheds studied exceeded

5 mppcf and a survey of chest roentgenographic showed

a reduction in the prevalence of silicosis from 45%

in 1937 to 15% in 1956. Confirmation of the safety

of the 5 mppcf level was reported by Ashe and
Hergstrom (5). Their study, 26 years after dust control
began, likewise found no cases of silicosis in workers
employed after the start of dust control. Environmental
data also indicated probable greater margin of safety
for dust exposure at the time of the study; average

concentrations were 3 mppcf.

The latest studies of Vermont granite workers by
Theriault et al (101, 102) used size-selective respirable
dust mass sampling coupled with gravimetric determina-
tions of dust concentrations, instead of impinger

counts, as in earlier studies. Theriault et al (102)

analysed estimated lifetime exposures in conjuction



with postero-anterior radiographs of 784 workers with the
response variable being category 1 or more silicosis. It

has been reported elsewhere that 50 percent of the workers
studied by Theriault et al. (10l1l) had radiographic evidence

of silicosis at 46 dust years (i.e. 46 years of exposure

at a dust level equivalent to about 50 mgm_3 of free silica).
Based on a plot of radiographically evident silicosis against
dust years, 30 percent.of the working population had
radiographic lung abnormalities compatible with silicosis

with no exposure in granite shade. 1In a routine survey

(89), 21 men showed rapid progression of simple pneumoconiosis
with low exposure to mixed coal mine dust. A case - control
study was thus organised. It revealed that the cases
progressing worked in average respirable coal-dust concent-
rations of 1.9 mgm"3 with 13% quartz, while controls were
exposed to 1.4 mgm_3‘with 8% quartz. Seaton et al. (89)

have related measures of quartz exposure to radiological
changes of pneumoconiosis, and a risk of disease in men with
cumulative exposure of O.1 mgm_3 guartz has been demonstrated.
The work done by the Japanese Association of Industrial Health
(55) on 1115 workers in whom radiographic evidence of silicosis
was related to environmental ékposure revealed that a 5%
attach rate of silicosis (by definition used - radiographic
category 2) corresponded‘to an average exposure of around

8.0 mgm-3 X years, and a corresponding attack rate of 16%

12



quartz yield an exposure level of 4.5 mgm-3 years. The
critical exposure level to produce a 5% attack rate for 30%
quartz was 13.2 mgmn3 X years. Thus, limits established on
the basis of 5% incidence of category 2 silicosis and 25

years exposure were suggested as shown in Table 2.1 below:

Table 2.} Exposure Limits in Relation to Free-Silica
Content of Respirable Dust at 5% Incidence of

Category 2 and 25 years of Exposure.

vvvvvvvv

Exposure Limit Free-Silica Content
(mgm_3) >
0.47 30
0.54 16
0.96 7

Mcdonald and Oakes (66) re-analysed previously published

data from a radiographic survey of 241 British gypsum

miners (74) from a view point of silica exposure. Instruments
used for sampling were personal and gravimetric samplers and
analysis of total and respirable dust were made. The results
revealed that in one mine, a ma; in a top - exposure job
(crusher) had an average exposure to respirable dust of

0.006 mgm"3 and to respirable quartz of 0.07 mgm—3, whereas

in another mine of 0.0028 and 0.12 mgm'3, respectively (74).
Chest x-rays from 221 men were assessed independently by

three readers using the 1971 ILO u/c classification. Among

64 miners with at least 20 years of service, 16 were detected

as having radiographic category 1 or more silicosis.



They found a linear relationship between the prevalence of
small radiographic opacities (category 1/0 or more) and
exposure. Cases of silicosis were observed in miners exposed
to concentration of 0.05 g quartz/m3 or higher. A threshold
model passing through the exposure axis at around 0.035 mgm—3
fits the rediographic data better than a non-threshold model.
Given such a threshold, the prevalence then rises by about
0.9% for each 1000 mgm-3 above that level. At respirable
quartz concentration of 1 mgm-3, about half of the miners
employed 20 years or more had radiographic changes. The
authors emphasize that the number of long-term gypsum miners
were small and that the exposure estimates were of limited
reliability. Gardner (34) found no evidence of serious Jung
pathology in men exposed +to diatomaceous earth dust but
intracheal instillation in animals caused progressive modular
fibrosis. Tabbens and Beard (99) exposed guinen pigs to
uncalcined distomaceous earth at an average concentration

of 60 mgm_3 for 37 to 50 weeks and observed no fibrosis,
although there were extensive gross and microscopic changes in
the lungs while Schepers (87) in his studies in the United
States of America found that rats exposed to a precipitated
amorphous silica for as long as one year, and guinea pigs and
rabbits for two years, at a concentration of 126 mgm_3, develop
no pulmonary fibrosis. Kovalevich (59) induced silicosis

in animals by intrachea instillation of diatomaceous ear#h
and by inhalation of concentrations of 0.075 to 0.13 mgm_3.

Timar (106) cited that dust of higher quartz content does not

14



cause progressive fibrosis in some cases by giving an example
of pearlite dust containing 25 percent. He did not mention
the reason to such cases. In rock tunnelling, he found that
the silica ranges between 50 - 80% and acute silicosis
developed from 6 to 18 months of continuous exposure. Early
studies of the Public Health Service of the United States of
America and others (44) showed that the results of engineering
and medical studies were consistent with a value k = 250
when Threshold Limit Value (TLV) was expressed in terms of
million particles per cubic foot (mmpcf) from the relation=-
ship.

TLV_ %

The formula would permit exposure to very high concentrations

of dust with low silica count, so in 1962 it was modified as:

TLWv _ 0250 . . mppcf
% quartz + 5

On the basis of the findings of Hosey et al. (44) and Russell
et al. (83) findings and in order to make the TLV consistent

with a nuisance dust of TLV of 30 mppcf, the formula was

-~

revised in 1970 to:

TLV _ 300 mppcf

% quartz + 10
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Results from anthracite region of Pennsylvania by Sayers

(86) and non-ferrous, metal mine study by Dressen et al.

(23) and studies of pegmatite workers by Dressen et al.
showed reasonable matching with the revised formula. Studies
of foundry workers by Reves et al. (78), Pottery workers

by Flinn et al. (31) and metal miners by Flinn et al. (32)
found chest roentgenograms consistent with silicosis in
workers who were exposed below this threshold limit wvalue

at the time of survey. Early limits for count concentration
of dust from South Africa, Australia, and Ontario reported
by Hamlin (41) were reasonably consistent with the count
formula even though sampling methods and counting procedures |

were somewhat different from the United States' practice.

Research by Dutoit (26) revealed that a mean dust exposure
limit of about 4 million particle hours can be taken as a
base for pneumoconiosis in the first stage and suggested
that the dust exposure should not get beyond this dose.

2.2.2 " Coal-Mine Dust

Suhanov (98) has described results from a multiple regression
analysis of post-mortem observations in coal miners from

the Donetsk basin. He estimated the total dust levels
associated with no lung damage after 7000 working shifts
ranged from 2 mg/m3 total dust for high rank coal with 2%
volatile to 9 mg/m3 for coal low rank (44% volatile material).
Gonzalez et al. (36) have reported results from a retro-
spective analysis of the relationship between dust exposure
and pneumoconiosis in Spanish coal mines. The probability

of developing radiographic category 1/1 pneumoconiosis after

35 years of exposure was estimated to be approximately 9% at




an average respirable dust level of 8 mg/m3, about 2.5%

at a level of 4 mg/m3, and about 1.5% at a level of 2 mg/m3.
They did not'give the range of silica content, but
constituted 8.6% of dust in one of the 22 mines. Vekeny (110)
developed a relationship between dust exposure and
pneumoconiosis in Hungarian coal miners. The probability of
developing pneumoconiosis radiographic category 1 or greater
after 6500 workshifts was estimated to be 80% at an average
respirable dust concentration of 4 mg/m3, 18% at a level of
about 0.5 mg/m3. The quartz content of the coal face dust
ranged from 3 - 10%, and that of dust - in the haulage ways
was 28-47%, the average mixed dust levels were 4.2 mg/m3

and 1.6 mg/m3,respectively. Hurley et al. (46) described
data showing classification of each of 2600 coal miner's
chest radiographs, using ILO radiographic classification

of 1972. The proportions of miners who developed category
2/1 or more Simple pneumoconiosis for different ranges of
cumulative exposure and at each of the 10 mines is shown in
Table 2.2. The results reported by Hurley et al. (46) show
also that in men with similar cumulative exposure those with
longer exposure times had higher ricks of developing
pneumoconiosis. They found that the average of the quartz
fractions in the 2600 mixed dust exposures was 5% and no
evidence that the quartz content of the exposures

affected the probability of developing simple pneumoconiosis.
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Jacobsen and Maclaren (53) showed subsequently that the
quartz-related unusually rapid progression of simple pneumoconiosis
in these men (2600) associated with a disproportionately
frequent occurrence of massive fibrosis while Seaton et al.
(89) showed that high quartz'levéls in low concentrations

of coal-mine dust can be linked to rapid development and
progression of simple pneumoconiosis over four years. A
survey of twenty British coal mines which begun in 1953
revealed a significant overall correlation betWeen the

number of steps of progression of coal workers pneumoconiosis
(CWP) per million shifts and the mean mass concentration of
respirable dust, Jackson et al. (51). The survey also revealed
that mass concentration (mgm-3f_gave'a far better correlation
(correlation coefficient r = 0.80) than particles
concentration (number of particles per cm3’ as measured by

a very accurate sampling instrument, the thermal precipitator
(r = 0.44). The same recorded the probability of
contracting 2/1 or above stage of pneumoconiosis for a
recommended standard concentration of 8 mgm_3’to be 0.05
while that for 1/0 or greater was of the order of 0.15

(see Figure 2.1). These probability figures were confirmed
in a later study by Hurley et.al. (46) in eight collieries
out of ten over a longer period of survey. Curve III in prig.
2.1 shows the probability of CWP in German coal workers

which slowly agrees with the US coal miners as reported by
Constantino (15). It is generally agreed that the risk of
development of complicated pneumoconiosis or progressive
massive fibrosis (PMF) does not arise before the stage 2/1

if simple pneumoconiosis and an assumption of this stage as
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a criterion for TLV is quite in order. A study in a Scottish
coal mine by Seaton et atl. (89) clearly established the role of
quartz in the progression of pneumoconiosis. Progression of CWP
was noticed in a group of 21 cases and an equal number of
controls over a period of 50 months even at low average dust
concentration of 1.9 and 1.4 mgm_B, respectively. Reports by
Jacobsen et al. (54) and Hurley et al. (46) gave comparisons

of pneumoconiosis rick estimates from their two studies, unger
various assumptions about mining condition and the distribution

of dust concentration at British coal mines as shown in Table 2.3.

2.3 Factors of Pneumoconiosis

Previous work on the aetiology of pneumoconiosis has emphasized
on composition (i.e. free-silica content), size, particle shape
of airborne dust, duration of exposure, concentration of the
airborne dust and individual susceptibility as responsible
factors of pneumoconiosis. Before the mass concentration
standard came in the 1970's most countries were using number

basis concentration of dust particles.

2.3.1. " Concentration

For silicosis to develop, the worker must be exposed to

relative high atmospheric concentrations of fine dust. When
the tolerance limit wvalue is pgssed, the disease develops at
a rate proportionate to the concentration of dust in the air

and the percentage of free-silica present in the dust.

Watson (112) reported on maximum allowable concentrations
adopted by the American Conference ©f Gogyernment Industrial
Hygienists for mineral dust as peasured by thermal precipitator

instrument as follows:
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Table 2.3 Pneumoconiosis Risk Estimates

Dust Concentrations

and Distribution of

Exposure Details CA* B**
197011977 | 1970 1977
Maximum allowable concentration in
the return airway during a working
shift (mgm >) 8 | 7 7
Longterm average concentration
likely to be experienced (mgm-s) 5.7 5 4.3 3.8
Estimates of Probabil}ties (a) Over 35
of developing category 2 years
or 3 simple pneumoconiosis working-
(% age) life 1969
study;
Jacobsen
et al.(54)
and
Jacobsen
____ (52) 7.8 5.3.‘ 3.4 2

29




Table 2.3 continued

(b) Over 35 years
x(1740 working
hours per
year); 1979
study;

Hurley et al;
46) | 85| 6.5 | 48 3.6

(c) Over a mine's
expected
working life
since about
1977 i.e 30
yearsx(1631
working hours
per year);
1979 study;

Hurley et al.

(46) ... | .3.8/ 2.8 | 2.0 1.5

*Men working continuously at coal faces that just meet the
standard
**Men working continuously in collieries where the dustiest face,

dust meets the standards.
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High (above 50% free Sioz) ceesevaas cecaen 5 mppcf
Medium (5 to 50% free Si02)............... 20 mppct

Low (below 5% free Sioz) cecescssccccscees 5O mppct

These values were considered on the basis of 1 million
particles per cubic foot equivalent to 350 ppcc.

Spurny f96) reported on maximum permissible dust concent-
rations of dust particles in the sphere of 0.1 to 3 microns

using midget impinger instrument as follows:

Si02‘content 2 USA (1957) FRANCE (1958 -
(ppcc) (ppce)

Over 50 176 180

S5&50 706 700

Under 5 1765 1770

He also reported that the permissible limits in the

USSR were 2 mgm—3vand 10 mqm—3 for dust with free-silica
content of over 5 percent and under 5 percent respectively.
Skochinsky and Komarov (93) recommended the permissible
concentrations for non-poisonous airborne dust in

industrial working as given below:

1.00 and 2.00 mgm-3 for dust concentration more than 70%
free silica and dust containing 10 - 70% free silica
respectively. ' These values were based on aspiration
ejector devices '(types A—P - 4, A—4M and A-»PA).

Ayer (6) recommended a Threshold Limit Value of

0.1 mgm—3 of respirable quartz value for the quartz

range of greater than 5% in ceal dust for the mines in USA.



Knight (58) suggested 0.1 mgm_3 as a safe level for
south African gold mines. Quilliam (77) cited a formula
for determining the Threshold Limit Value (TLV) of

respirable dust containing quartz as follows:

§ respirable quartz + 2 mgm

Carver (11) gave a threshold limit value of O.1 mgm_3

for quartz in South African gold mines and Canadian mines.

He also quoted a value of 3 mgm-3 for quartz content

less than 15 percent using SIMPEDS (SMRE) sampling instrument.
Knight and Cochrane (57) recommended the dust levels based

on Canadian mining personal dust sampler (CAMPEDS) as

follows:
Upper Level Lower Level Target
Total respirable dust 5 1.50 2
Respirable combustible
dust 3 0.50 1
Respirable quartz dust 0.50 0.05 0.1

These dust levels assume a working lifetime of 35 years at
8 hours per day, five days a week. American Conference for
Governmental Industrial Hygienists (1) specified a Threshold

-3
Limit Value - Time Weighted Average (TLV-TWA) of 0.1 mgm
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respirable free silica. American Conference for
Governmental Industrial Hygienists (2) reported on the
German MAC for fine dust containing quartz as 0.15 mgm-3
(for fine dust corresponding to mean aerodynamic diameter
of microns - Johannesburg Convention) while the Swedish
limit value for respirable silica using Johannesburg
definition was 0.1 mgm_3, accordingly the Japanese limit

3 for free silica ( 7 um

was reported to be 0.08 mgm
particle size). In order to give a method of maximal
simplicity for routine monitoring of dust concentrations,
a TLV 0.3 mgm_3 for crystalline silica total airborne dust
was provided by ACGIH (3). The margin of safety of the
quartz dust is not well known, it was recommended that
qguartz concentration be maintained as far below the TLV
for total dust containing guartz and the following formula

was suggested:

TLV 30 ¢ ‘ mgm
% quartz + 3

This formula corresponds to a TLV of 0.29 mgm_3 for dust
containing 100% quartz, which is essentially the same as the
proposed TLV of 0.3 mgm_3. Thus as with respirable dust, the

proposed TLV for total dust containing quartz represent a re-
evaluation of the toxicity of quartz. American Conference for
Governmental Industrial Hygienists (4) recommended the following

Threshold Limit for wvarious foEms of silica, Si0O., as shown

2
in Table 2.4 and accordingly recommended O.l1 mgnm 3 of respirable
quartz value for the quartz of greater than 5% in coal dust.

Sinha et al. (91) reported on Threshold Limit Value of respirable

dust for Indian mines as follows:

" Material Threshold Limit Value
Crystalline quartz (10 mgm'3/(% responsible quartz + 2
Crytalline quartz total (30 mgm-3/(% quartz + 3 for all sizes)

dust

Crystoballite 58% of quartz value



Table 2.4 Threshold Limit Values for Various Types of

Silica Dust

N ature of the Silica

Name of Silica

or Silicate

Threshold Limit

| 'Value"(mg'r'n*s)‘ '

Type of Bust

Quartz 0.1 Respirable dust
0.3 Total dust

Crystalline Cristobalite 0.05 Respirable dust
0.15 Total dust

Tridymite 0.05 Respirable dust
0,15 Total dust

Amorphous Silica 5 Respirable dust
...... 10.. Total dust

Silicates (<1%SiOZ) Diatomaceous 5 Respirable dust
Uncalcined .. .}. .. . 10 .. Total dust.

Precipitated Silica and 5 Respirable dust
Silica gelvv'vv 10 Total dust

ILO (48) released occupational exposure limits for silica and coal-

dust in selected countries as shown™in Table 2.5

™




Table 2.5 Occupational Exposure Limits-for Silica and Coal

Country Recommended Threshold Limit Values
(R = respirable dust; T = Total dust)
Audtralia R Recommended Value:
- coal dust with < 5% respirable free silica
(RFS) : M@fs
- silica containing dust:"ZSjm.gm._'3
SRS S
Belgium T Silica

- (a) amorphous, including diatomaceous earth:
700 particles/ml
-(b) Crystalline:
quartz; (i) particle count: 10,600

ppcc
%quartz+10
(ii) gravimetric: 30mgm >
%quartz + 3

R (iii) gravimetric: 10 mgm_3

% respirable quartz + 2
crystobalite, tridymite: half the limit
Value of quartz.
T silicates (with less than 1% of free silica)
: perlite, Portland cement: 6,060 particles/ml;

mica, steatite, talc.: 700 particles/ml. .




Table 2.5 continued

Czechoslovakia T Dust with predominant fibrogenic effect

Bituminous coal ..... 5 mgm_3

Ceramic clay, kaoline ..... 8 mgm_3

Dust in steel foundries ... 1 mgm_3

Other fibrogenic dusts:

free silica content: 10%....5 mgm_3
10%- 70% ..... 2 mgm-'3

70% ¢eeeeeel mqm_3

" Non=fibrogenic dust

brown coal ......0.. 8 mgm-'3

3

,,,,,,,,,,,,,,,,

Finland T Quartz: less than 1% ...... 10 mgm-'3

more than 1% ...... respirable

standard can

be used.
R fine dust (sizeless than 5 um-0.2 mgm-3
Cristobalite, tridymite ... O.1 mc_:;m'3
................. Coal dust ..... 2.0 mgm™ >
German Democratic T Crystalline silica 50%..100 particles/m!
Republic ’ 20%..250 particles/m:

5%-20%..500 "

5%...800 particle/ml




Table 2.5 continued

,,,,,,,

P

Fedral Republic

of Germany

R Quartz, cristobalite, tridymite..0.15 mgm
Quartz-containing dust......... 4.0 mgm-3

Coal-mine dust with 5% quartz..0.15 mgm_3

Silica -
T particles Count: 4,500
q + 3

particles/ml

where g numerical percentage of quartz

particles.

gravimetric: 30 mgzm_3

qg + 3
R gravimetric: 10 mgg_B where g % of
q+ 3 quartz

(mass)

For tridymite and crystobalite, 2g is wvalid.

Coal quartz content 1% - formula for quartz

can be used

1%-Tcount 1500 particles/m

mass 10 mgm'-3

R mass 3.33 mgm_3

3

R Cristobilite, tridymite 0.075 mgm
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Table 2.5 continued

Poland T Dust containing free silica:

Silica content 70%..... 1 mgm—3

10%-70%..... z.mgm'3

10%..... 4 mgm_3

USSR T Threshold

' Quartz, crystobalite, tridymite

Silica Content 70% ..... 1 mgm_3

10%-70% ..... 2 mgm >

2%-70% ..... 4 mgm-3

"Diatomit€eceseccecceccceces 1 mgm_3

Bituminous Coal with 2% silica: 10 mgm"3

USA (MSHA) ** T guartz: 30 mg/m3

% quartz + 3

R quartz: lO‘mgm—B

% resp. quartz + 2

Coal dust (silica (5%) .... 2.0 mqm.3

(Silica 5%) seveeenn 10’mgm_3

% 8102

D S T T T S TP

Z A



Table 2.5 continued

P A A

Yugoslavia T free silica content 2% ....10 mgmh3
2¢ - 5% ....1 mgm °

5% =50%.....6 mgm >

3

50% ..... 1 mgm-
R pure quartz fine dust: 0.07 mgm_
fine dust 2% free crystalline silica(f.c.s.)

= 0.07 ' x 100 mgm_>

¢ f.c.s.

fine dust 2% free crystalline silica 4 mgm-3

Brazil* R 8 mgm

% respirable quartz + 2

T A A

** MSHA =~ Mine Safety and Health Administration
* WHO Evaluation of exposure to airborne particles in the
work environment

WHO offset Publication No. 80. Geneva, WHO, 1984
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Silica fused as in quartz

Tridymite 50% of quartz value

Doyle (21) exerpted the standards recommended by the

United States Health Services in December 1968 as 1 mc_:jm—3 and
1.6 mgm.3 when measured by MRE instrument and AEC cyclone
respectively, these dust standards were based on data and
sources of information from Great Britain and studies made

in the state of Pennyslvania. At that time the available
technology could not permit all mines to meet these standards.
Therefore a feasible standard of 4.5 mgm_3 was suggested as
measured by MRE instrument until such a time when the
appropriate technology for meeting the 3.00 mgm_3‘standard
was available. Based on studies by Schepers (87) and

Wilson et al. (114), Threshold Limit Values of 5 mgm“3 for
respirable dust and 10 mgm"3 silica and silica gel were

recommended by the American Conference for Governmental

Industrial Hygienists in 1983.

The predominant component of coal mine airborne dusts is

the coal material itself. Coal is a non-uniform substance
with physical and chemical preperties which vary markedly
with coal 'rank'. This non specific term is used to indicate
the position of the coal in the carboniferous series: peat,
brown coal or lingnite (the lowest fank coal), bituminous
coal, and anthracite (the highest rank coal). Rank related
properties of coal may well affect the characteristics of
the dust produced during mining e.g. hardness, porosity or

moisture content.
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Watson (112) reported on standards of dustiness as follows:
Coal dust (anthracite only): 650 ppcc within the range of
particle size 1 to 5 microns. All other coal dusts were
set at 850 particles per cubic centimetre within the range
of particle size 0.5 to 5 micrometre. Skochinsky and
Komarov (93) recommended .the following permissible dust
the USSR as follows: 2.00, 4.00 and 10 mgm > for dust
containing more than 10% free silica, coal dust with no free
silica respectively. They also gave an account of mass of
dust inhaled as the criterion to be considered for harmfulness
of non-poinous mineral dust. Doyle (21) reported on mass
concentration of 2.00 mgm_3 for total respirable dust in
British coal mines while Carver (l11) gave a Threshold Limit
Value of 0.45 mgm_3 for quartz in South African coal mines.
Constantino (15) recommended a respirable coal dust standard
of 7.00 mgm-3 for return airways of the dustiest face in
British caal mines. Sinha et al. (91) reported on Threshold
Limit Values of respirable dust for Indian mines as given
below: Coal dust (Bituminous) - 2 mgrm_3 (for respirable dust
fraction with less than 5% quartz). Sinha (92) reported that
the average concentration of respirable dust in the mine
atmosphere during each shift shall not exceed the TLV as
follows:

it 15

TV = : ‘ ,mgm’_
% respirable quantity of free-silica in the dust

3

For coal dust, free silica is considered to be maximum of

5%, hence for coal mines TLV 3 mgm—3. Engineering and
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Mining Journal (28) reported about .the Swedish limit value
for respirable silica using Johannesburg definition as O.1

mgm-3.

2.3.2 Dust Particle Size

Dust particles of diameter less than 5 micrometre are the
relevant particles for silicosis as these are the ones which
get access to the lungs, the larger particles being removed
in the upper respiratory tract and the finer particles

offer a large surface area for dissolution of free silica

that leads to the development of silicosis.

Mavrogrodato (63) defined phith is producing dust particles
of free silica as particles of 0.5 to 5 micrometre in diameter.
Bloomfield and Dreesen (8); Bloomfield and Dallavale (9)
found that particles of less than 5 micrometre in size were
responsible for the development of silicosis. McCrae (65)
established that 70% of the particles in
silicotic lungs were less than 1 micrometre, and the largest
particles did not exceed 10 micrometre while Tebbens et al.
(100) found that the potency of quartz increased markedly

as one goes down from 3 to 0.6 micrometre. Skochinsky and
Komarov (93) reported on the work by E.V. Kukhrin that
silicosis started more gquickly from dust of size 2 - 3
micrometre than from coarser dust of 5 - 10 micrometre. The

American Conference for Governmental Industrial Hygienists

(ACGIH) and the British Medical research Councils defined
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the aerodynamic diameter limit differently as quoted by

Malik and Viswanathan (62), The British Medical Research
Councils' recommended aerodynamic diameter of less than 7
micrometre while ACGIH defined particles of less than 10
micrometre in aerodynamic diameter as responsible for
pneumoconiosis. Recent work in Britain by Constantino (15)
described particles of less than 5 micrometre as responsible
for ¢oal workers' pneumoconiosis. Guyaguler (40) found that
the average size of dust particles produced during drilling
operation in different rock type is around one micron. These
particles have a maximum probability of being retained in the

lungs during respiration.

2,.3.3 Composition of Dust

The ability of dust to cause lung injury is dependent upon
the content of silica in its free and chemically uncombined
state—SiO2 OFf silicon dioxide. Dust consist of finely
comminuted grain or particles composed of the same mineral
constituents as the parent material. It does not follow,
however, that the percentage composition of the airborne
dust is the same as that of the parent substance, there are,
on the contrary, two important factors that act to change
the composition: (1) differential disintegration and (2)
selective settling of the dispersed particles., Under the
action of the first, the material may shatter in such a way
that one of more constituents tend to break free as large

particles while others are released in the form of minute




particles. When all these particies are thrown out into the
air, the large ones, because of their much higher settling
velocity, are rapidly removed from the air. This leaves the
finer particles which may be of different composition in
suspension. These finer particles are subsequently inhaled

by the exposed miners. Selective settling is also affected

by the shape of the particles, and for a given size, flat or
platy particles will remain longer in suspension than

roundish particles; this may cause a further change in the
percentage composition of the suspended dust. The importance
of these factors was emphasized by Jones (56) for the South
African gold mines. Moir (71) pointed out that many particles
in mine air, particularly after blasting, are not quartz, but
come from the aluminous matrix of the banket: particles of
sericite, chlorite and rutile are comparatively frequent in
air after blasting, and when water blasts are in use, seem

to resist wetting more than quartz particles do, and consequently
remain unlaid. Work at the University of Birmingham (107)
confirmed the importance of differential disintegration and
seléctive sampling. Analysis of air-borne dusts produced

by rock drills showed almost invariably that the'free—silica
content is appreciably less than fdr the coarse borings from
the same rock. Hurlbut and Beyer ( 45) showed that the selective
settling of certain foundry dust resulted in the rapid
concentration of sericite in the air-borne dust so that the
dust inspired by the foundry workers was rich in sericite in

spite of its very low concentration in the original foundry sand.
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2.3.4. Duration of Exposure

Silicosis normally requires years c# exposure to silica
dust before it can develop. The rapidity of extent of
development are related directly to the number and size ranges

of particles that enter the lungs and are retained.

Watkins Pitchford (111), Mavrogordata (64), Sayers et al.

(85, 86); Bloomfield and Dreesen (8) emphasized on the
duration of exposure to silica as one of the parameters
responsible for silicosis. Lambie (60) found no silicosis

in workers exposed up to 8 years to 'tripoli' dust in
concentration first measured by midget impinger while Cooper
and Crawley (16) found only doubtful linear - nodular changes
in workers exposed only to amorphous silica dust for five
years or more in the United States. Deuguldre (19) reported
that an overall gravimetric dose greater than 70 - 80 mg

year m-3 was found to be dangerous, whatever the nature of the
coal dust. Doyle (21) reported on the study in the United
States of America that no silicosis was detected in workers
with less than 5 years' of underground experience while on

the basis of data of the National Coal Board in Britain,

the critical dose for the development of simple pneumoconiosis
was found to be in the vicinity ©f 70 mg year m"3 (35 years

x 2,00 mgm-3). Malik and Viswanatham (62) reported that with
up to 0.1 mgm-3 of respirable free silica the workers could

be exposed repeatedly for a normal eight~hour workday,
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40 hours a week, without adverse effects. Constantino

(15) reported on the coal dust exposure in Germany that a

miner who experienced an average exposure of 5 mc_:[m-3 for

35 years would have approximately a 4.3% chance of

developing coal workers' pneumoconiosis of category 2 or higher.
Seaton (90) emphasized on the cumulative dose of respirable

dust to which a man has been exposed as one known factor of

quartz and non-quartz induced progressive massive fibrosis.

2.3.5 - Individual Susceptibility

This may be a factor in the development or progress of

the disease because of structural or functional variations
in individuals. Persons equally exposed do not necessarily
develop the disease simultaneously or to the same degree,
and some escape it altogether. Only few factors to this
effect are known but generally the final amount of deposited
dust depends on the total amount of dust inhaled and its
quality,the anatomical cnnditions of the respiratory tract,

and the individual bronco-pulmonary clearance mechanism.
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2.4

Dustiness, Measuring Techniques and Relation.

Exposure to airborne particulate matter results in
retention of a certain amount of dust in the lungs. This
amount cannot be measured directly in man. Exposure
levels are assessed indirectly according to the
concentration of airborne particles, duration of work and
lung respiratory rate. Determination of concentration of
particles in the air can be done in two ways:
determination of the number of the particles in a given
volume (particle count) or their mass (gravimetric
method). The particle count method was almost
exclusively used up to the 1960's, but has since been
replaced in an overwhelming majority of countries by

the gravimetric method. Particle-count assessment
reméins; however, the dominant method for the

determination of fibrous dust,:e.g. asbestos:.

2.4.1 Measuring Techniques

The sizes of airborne particles in the work environment
range from smaller than one micron to about 50 um
aerodynamic diameter, above this size particles settle
rather quickly and do not réﬁain airborne for very long.
Also, the intensity of suction at the mouth and nose

as a result of breathing is not high enough for

inhalation of particles above 5C um. Therefore, such

particles are not usually considered as "inhalable",
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Field methods of dust sampling and analysis can be classified into
three broad categories, as follows (113):
(a) Collection without size segregation (total dust sample) ,
Dust samples thus collected can be further analysed by
techniques such as particle counting (optical microscopy),
gravimetric analysis (weighing of the gample), and
chemical analysis. Such samples can also be analysed
for particle size distribution through techniques such as

microscopy, elutriation, and sedimentation.

(b) Collection with size segregation, This type of sampling

involves some kind of separation of portions of the
collected dust sample, according to particle size, at

the sampling stége. This can be, for example, the
separation into two portions respirable and non-respirable.
or into multiple portions, each covering a range of
particle size, eg elutriators, impactors . Such samples
can be further analysed by gravimetric analysis, particle

count or chemical analysis,

(c) Sizing without collection. The particle size characteristics

of the dust cloud can be esﬁéblished, for example, by
electrical or optical size analysis, without collection
of a sample, In some countries, standards for exposure
to airborne particles are given both in terms of total

and "respirable" dust; in others, only in terms of
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"respirable dust" and "total dust".

Different types of instruments can be used for total dust
sampling according to the type and level of exposure, e.g.
personal samplers with membrane filters, high volume samplers
with filters, electrostatic precipitators, all with the basic
elements like air mover, flowmeter and sampling head. The basic
elements of a sampling system for respirable dust are those as
for the total dust, with the exception that the sampling head
consists of a precollector. The most common - instruments

are described by I.L.O. (49).

2.4.2 Count=-Weight Relations

In order to make older measurements based on particle count
comparable with gravimetric values, attempts have been made
to convert particle counts to mass concentration. This is
possible only in cases where the particle size distribution
and the relative density of dust is known. For industrial

dust, no general conversion factor can be given.

Comparative wmpinger~-counts and gravimetric size-selective

" mass measurements pe¥mitted conversion of particle count to

mass of guartz. It was concluded that 10 mppcf of granite

dust (containing approximately 25-35% free silica) was egquivalent
to 100 ’.zg/m3 of free silica (108) while Russell et al.

(83) in their study of granite dust showed that the 9-10 mppcf

concentration contains 0.1 mg/m3 of respirable quartz.
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Bedford and Warner (7) found acceptable correlation
between count as measured by midget impringer and Weight only
when the weight was confined to the fraction of dust smaller than
5 micrometre and the count, to particles larger than 1 micro-
metre. They reported that the count - weight ratio for coal dust
was 65 x lO6 particles per milligram and for typical mineral
dusts, 1lmg was equivalent to 30 million to 50 million particles.
Calculations by Bedford and Warner (7) on samples of coal dust
in South Wales, United Kingdon produced a figure of about 12.5
mgm equivalent to 850 particles per cubic centimetre, 1-5
micrometre particle sizes. These results were different from
those given by Fay (29) who reported that the "approved"
level of 850 particles per cubic centimetre for non-anthacite
coal dust corresponded to about 21mgm—3 of respirable dust, with
a standard deviation of 4mgm—3. The discrepancy between the
two findings was due to the use of an elutriated Hexhlet in
the former sampling work., Skochinsky and Komarov (93)
related weight standards to dust count standards based on
aspiration ejector devices as lmgm—3 corresponding to
approximately 200 dust particles (up to 2 micrometre) per
cubic centimetre, Jacobsen et al., (54) reported on trials
set~up at each colliery in which thermal precipitators and
NCB-MRE gravimetric dust samplers type 113A were operated
side by side and the results were compared. The first results

showed that the ratio between the two measurements was very

variable from one colliery to another, varying between 7.8
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and 38.2 mgm-3 per thousand particles per cubic metre with a
mean of 16.4, They established that the ratio could not be
reliably estimated from the number concentration size
distribution and other data available from the thermal
precipitator sampling. Doyle (21) noted that 25mppcf when
measured by midget impinger was equivalent to approximately
2.OOmgm—3 when measured by AEC cyclone for the coal mines in
U.S.A. American Conference for Governmental Industrial
Hygienists (4) endorsed equivalent threshold Limit Values in
mppcf and mgm_3 (respirable mass) for mineral dust as shown
in Table 2.6

Table 2,6 Equivalent Threshold Limit Values in mppcf and

mgm_3 (Respirable Mass) for Mineral Dust.

Threshold Limit Values
Total pmass

Count . Respirable -3
Substance (mppcf) . .. .| Mass (mgm™3) (mgm 7).
$i0, (silica) 20 (3) * (6)*
Cristobalite 1.50 0.05 0.15
Fused silica _ 3 . _ 0.10 ‘ 0.30
Quartz 1 T 0.10 .. 0.3
Tridymite 1.50 _ 0.05 0.15
Coal dust (12) * 2 (4)*
( ) * represent newly calculated values based on equivalence

of é6mppcf = lmgm-3 respirable mass and respirable mass = 5%

total mass,
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Dustiness in Zambian Mines

The Konimeter.is widely used on the Zambian Copperbelt
for routine sampling of respirable dust. A modern
modification to this instrument is the addition of a
'size~-selecting pre-impinger' which is designed to
produce clearer and easier-to-count dust spots by
removing aggtomerates. However, the use of this
pre-impinger also reduces the actual dust count and the
South African Research raboratory has shown that this
reduction is approximately 20% of the original dust
count. The maximum allowable concentration on the
copperbelt is fixed at 350 p.p.c.c. as measured by a

Konimeter.

Extensive work done on the Zambian Copperbelt regarded
concentration as one of the factors responsible for
silicosis. Lambretchs (61) suggested that in the case
of Northern Rhodesia Copper Mines a maximum dust count
of 600 p p ¢ ¢ could be viewed as the TLV in the
first instance, using Kotze Konimeter, He reported on
Mufulira Mine average dust concentration from his
survey of 133 working places as 580 p p c ¢ and their
distributions were as follows: percentage working
places with counts < 600 was 48.1 and, percentage
wofking places with dust eount > 1000 was 38.8. Annual

report by Zambimn Mines Department (67) gave average
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counts for various operations in 1969 as follows: 484, 172,
138, 191, 160, 200, 240, and 139 p p c. ¢ for blasting,
drilling, handlashing, mechanical lashing, tramming, skip-

loading, underground crushing and miscellaneous respectively.

The maximum allowable concentration for intake to faces,
coal plants and face conditions recommended were 200, 900
and 350 ppcc respectively.

The same report showed the following average counts for 1970
as 103, 184, 154, 240 -, 170, 455 and 179 p p ¢ ¢ for the
corresponding operations stated above. A survey done on the
copperbelt by Mines Department (68) found the following
concentrations: 213, 340, 212, 323, 270, 269, 274, 319,

165 and 132 p p ¢ ¢ for drilling, secondary blasting,

hand lashing, mechanical lashing, tramming, box loading,
underground crushing, tipping, scrapping and miscellaneous
mining activities respectively. Charman (13) reported that
the avérage concentration of total particulate (particle
size between 0.5 - 5.00 micrometre) for mechanical lashing
and rock drilling as 4.40 and 2.l3mgm“3 respectively using
time averaging Hexhlet gravimetric sampler. He also
reported that the average concéhtratibn of particulate
pollution occuring in the general body of air underground in
the absence of any adjacent mining operation was O.7lmgm_3.
The average concentrations for drilling and mechanised

lashing were 18% and 8% ' free silica respectively whileg the
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other operations have high free silica content with values
ranging up to 26% . in respirable size fraction (13).
Irvine et al. (50) in their report concluded that there was
a definite incidence of silicosis at Mufulira mine while

at the other mines on the copperbelt only isolated cases
occurred, Lambretchts (61) in his report concluded that
Mufulira mine all work is done in rock of high silica content
while in other mines on the Zambian Copperbelt, most work
was done in rock of relatively low free silica content
although the rock could be considered siliceous.

Ritson (7?) reported that in native miners, silicosis began
to manifest after 72 months of service and by reason of
intermittent service it probably indicated 8 to 10 years'
employment and he registered dust counts of 200 to 1000
particles per cubic centimetre as measured by Konimeter in
various working places. Z2Zyambo (115) reported on Mufulira
Mine, that the average dust count for all underground
operations was.l44 P p ¢ ¢ as measured by Konimeter,
Similar.dy he reported on average dust count in intakes and

faces as 83 and 119 p p ¢ ¢ , respectively.
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CHAPTER III

3. MATERIALS AND METHODS

Field dust sampling in various typical mining operations we¥re
conducted at Mufulira, Luanshya Divisions of Zambia Consolidated
Copper Mines Ltd and Wankie Colliery Company Limited of
Zimbabwe, between December 1983 and February, 1985. The
question of the most advantageous and most correct method of
taking dust samples in the working place is made more complex
by the fact that the samples taken must be characteristic not
only of the dust content of air at the given working place,
but also of the type and quality of air breathed in by the
operative during a shift. The method of collecting the most
correct characteristic samples was just as difficult as the
whole method of measuring. The measured quantities should
represent the most correct and typical concentrations of dust
in the place where measuring is carried out. Most of the
sampling was done over a period of eight hoursy i.e. a shift .
Typical operations selected for the measurement were based

on a survey of typical dusty operations the miners affected
with pneumoconiosis had been involved in. Case histories

of miners who have contracted silicosis and coal workers
pneumoconiosis were studiéd and’their X-ray radiographs

examined in order to establish the degree of pneumoconiosis.
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Estimation of Dust Concentfation

Dust concentrations were determined in two ways namely
number of particles per unit volume and a weight of
particles per unit volume, From the mass concentration
approach the following information was obtained from
the sample: total respirable mass; percentage quartz
(by X-ray diffraction) and, hence, mass of respirable
quartz (i.e. percentage quartz X average total
respirable dust concentration). The éualitative and
quantitative analysis of free silica was done with the
use of an X—ray'diffractometer. The analysis was done
at the Mining Industry Technical Services (MITS)
Laboratory in Kalulushi, Zambia; the Geological Survey
X-ray Laboratory in Lusaka, Zambia and further ana lysis
was done by the Institute of Occupational Medicine -
United Kingdom., The various peaks were identified by
using conversion tables for the Mathews coordinate
index (95) while the gqualitative X-ray diffraction
approach for free silica, utilised a method developed

by Chung (14). A reference intensity ratio was

‘measured on a diffractogram using an artificial sample

composed only of equal péits by weight of quartz and

corundum,

There was no reliable previous data available which
could associate change in ventilating practice, total
installed ventilating capacity and mining techniques

in order to extrapolate the results over the relevant



period of study. However, there were coefficient of
variations of 17% and 22% over the period based on dust count

concentrations and air tonnage ratios respectively.

3.1.1 Mass Concentration Determination

Two gravimetric dust samplers, type MRE 113A; two Hexhlets
and two casella personal samplers were used for the Mufulira
part; four MRE 113A were uSed at Wankie Colliery; three

MRE 113A were used in Luanshya. For representative results
of underground conditions the location of sampling instrument
plays an important role.

The Hexhlet and MRE 113A samplers were placed at a height of
1.5m from the floor and the Hexhlet was about 5m on the
return side of the face. Sampling using MRE 113A samplers
started immediately after the miner to be sampled has

boarded the cage down to his working place. The sampling
helper followed the miner in his routine work up to the end
of the shift. In this case MRE 113A, was used as an
occupational sampling instrument. Casella personal samplers
were normally worn by the miners. All instruments (except

C asella personal sampler) are recommended to be stood or hung
in a horizontal position. In cases where the air velocity
was over 4 - 5 m/s, the MRE 113A was placed at right angles
to the wind direction and where the air velocity was under 4m/s
the instrument was facing into or sometimes placed at any

angle up to 90° to the general direction of air flow. Hexhlet
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was allowed only up to a maximum of i59 deviation from the air

flow direction.

Hexhlet sampler comprises of a vacuum source which is provided
by an air ejector operated by compressed air; a critical
orifice in the filter holder which controls the rate at which
air is drawn through a millipore membrane filter. The
sampling rate of Hexhlet air sampler remains constant,
irrespective of the pressure of the compressed air or dust
loading on the filter paper. The function of an elutriator
was to ens$ure that only the respirable fraction of dust was
sampled. MRE 113A is battery operated and its design is based
on particle selection principles which simulate the behaviour
of the human respiratory tract in a dust cloud. Casella
personal sampler works on the same principle except that it
carries a cyclone instead of an elutriator. The details on
the reproducibility and lumitations of gravimetric sampling
in8truments have been reviewed in their instruction leaflets
(37,38,43), Millipore membrane filters were used for
Hexhlets and personal dust samplers whereas GDS 113A - 5cm
dia mounted glass filter papers were used for MRE 113A.
Regarding the work d&ne in Wankié and Luanshya both types of
filters (millipore and GDS 113A) were used in MRE 113A
sampling procedures. Millipore membrane filters were of the

following specifications:
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Mean Pore Size R R R TR 1.2 micrometre

Flow rate ...iiieieeittieennnncns «eo.. 15 litres per minute
per cm2 @ 70cm Hg.

Thickness ..v.veievieveeeeeneeneness. 150+ 10 micrometre

POTOSItY tevivevonceanrsoseseanssnaness 80%

These filters were ashed and washed while glass fibre
filters were neither washed nor ashed. The filters were
prepared according to the specifications of the sampling
instrument, Filters of diameters 69mm of Hexhlets, 37mm
for personal samplers and 55mm for MRE 113A were cut out
from filters sheet. Filter holders were stored in
dessicators containing silica gel., The filters were
weighed by means of E. METTLER grammatic balances with
sensitivity of 0.0lmg. The weighing was done only when the
relative humidity in the laboratory was less than 80%

One hour after the first weighing, a second check weight was

taken.

The least weight was considered for calculations and
designated as the clean weight. ’GDs 113A fibre glass

filters were already prepared but were stored in an activated
silica gel dessicators. Every weighed filter was given

a serial number at the time of weighing
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and a number sticker was affixed to the top cover of the
plastic petric dish in which the filter was stored until
required, After sampling, the used filters were individually
placed in desiccators for overnight drying. The dry filters
were weighed when the room relative humidity was less than
80% too. The stable weight was taken for calculations as the
laden weight. The mass concentration of the air sampled was

calculated using the following formula:

Laden Filter Weight(mg)-Clean Filter Weight (mg)

Concentration = 3
Air Volume Sampled (m")

The mineral composition of dust samples was assessed by the
following method to give mass concentrations of various
constituents mainly soot, mineral oil and incombustible dust.
After the laden weight had been established the filters were
individually washed in 30ml of clean fresh xylene for 5
minutes in order to dissolve away any soluble hydrocarbons on
the filter. The filters were then removed and placed in clean
glass petri dishes which were covered with lens tissue paper
and left to dry for an average period of 5 hours while the
extraction fan was running to extract the xylene vapour. The
filters were transferred to the desiccators for overnight
drying. Weighing of the filters was repeated accordingly as
in the previous mentioned procedures. The stable weight was

taken for calculations as the washed laden weight. In order
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to assess the quality of incombustible dust on the filter, the
residue was ashed. Pre-weighed clean platinum crucibles were
used and each filter was ashed individually. Some isopropyl
alcohol was sprayed onto the filter and ignited. After the
filter had charred, the crucible was placed on the furnace at

a stabilized temperature of 550°C for 2% hours in order to
achieve a camplete combustion, Finally, after ashing, the
crucibles, were placed in the desiccators to cool for 20 minutes
The cool crucibles were weighed and the crucible laden weight

was obtained.

3.1.2 Particle Number Concentration

These values were ascertained by means of circular type
Konimeter which superseded the original Kotze type. 1In
Wankie no particle count sampling was done. The Luanshya
and Mufulira projects covered two types of konimeters the W
series and the RO series but the RO series results were used
for computations, The glass slides were prepared by cleaning
using good quality linen cloth. This eliminated any spots
from previous work. The slides were examined after this
cleaning to ensure that no spots from previous ignition have
fused on it. Then one side 6f the slide was smeared with
xylene and sometimes Vaseline was used. After sampling, the
slides were heated to 550°C and immersed in a solution of
hydrochloric acid to remove solid or liquid organic

\
|
substances. The particles were counted under the microscope |



in a dark field at a magnification of 150. The slide
carrying the samples was mounted on the microscope

stage and eyepiece graticule adjusted until the two

18° sectors cover a representative section of the spot.
The area covered by the two 18° sectors being one tenth
of the whole spot. As each spot is obtained from 5ml

of air, the count represents the dust counted in 5x0.1ml,
i.e 0.5ml. Therefore, concentration in particles per
millilitre equals 2x actual count,i.e. 2n, where n is

the number of particles in a sector.

Rock and Settled Dust Sampling.

This involved a collection of rock and coal samples
from development and stope faces across various
orebodies and coal seams, gettled dust samples from
various locations were also collected. The aim of
this exercise was to determine the mineralogical
composition of different types of rock formations

from which mine dust originates.

3.2.1 ~Free Silica Determination in Rock Samples

A representative portion was cut from each hand

specimen, generally about 1 of the volume and
3
perpendicular to the bedding where this structural

feature was evident., The seperated portions were

then reduced to minus 10 mesh and the powder riffled
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inAorder to obtain a manageable sample for mineralogical
examination. The examination in transmitted light was
carried out on minus 100 mesh material, this size being
ideal for identifying and quantifying both major and
accessory rock forming minerals by their optical
properties., Several samples contained significant
amounts of opaque material and polished briquettes were
prepared from these in order to identify the opaque

minerals. No coal sample was treated in this manner.

3.2.2 ~Silica Determination in Settled Dust Sample

Because of the very fine nature of the dust samples,
optical mineralogical methods were not used, thus
total silica was obtained by chemical analysis and
free silica (quartz) was derived from quantitative X-ray
diffraction method. The chemical analysis of free
silica was done using pyrophosphoric acid, however it
was found that the platinum crucibles were being
damaged very quickly and therefore the determinations
were suspended. The quantitative X-ray diffraction
approach for free silica utilizes a method whereby a
reference intensity ratio of the major peaks of quartz
~and corundum (A1203) was measured on a diffractogram
using an artificial sample composed only of equal
parts by weight of quartz and corundum. Once the

reference intensity has been established, a known
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weight of sample for examination and the peak heights of
quartz and corundum can be used to calculate the weight and
percentage of quartz present in the sample. This method has
been tested on known composition samples with reasonable
results., Evaluation of free silica percentage in a sample
was done as follows: the major peaks of the mineral to be

analysed (quartz) and of corundum were measured to give Ki

factor.
K, - 1
i 7 =
I.
C
where Ii = peak height of mineral to be analysed (quartz)
IC = peak height of corundum (reference mineral),.

The weight fraction of the mineral to be analysed in an
unknown sample with a known amount of corundum. The

weight fraction was calculated from

X % i
i~ k. I
1 C

where Xi = Weight fraction of mineral i
XC = Weight fraction of corundum
Ki = Reference intensity of mineral i
Ii = Peak height of the strongest peak of mineral i
I. = Peak height of the strongest peak of corundum.
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The grain size distribution in settled dust samples
were obtained by means of the Leitz TAS Image Analyser.
A very small portion of the dust sample was placed on
a glass slide and evenly spread using optical clove
0il and then examined in transmitted light with a
cover slip in place. The grains now appear in partial
silhouette and using a x16 objective an 'electronic
sieve interval' of 5.6um was selected for use in the
grain size programme.l The results are expressed in
Yarea percentage' which means that x area percentage
of the total area of all grains examined fell in the
O-5.6um size category and y area percentage fell in
the 5.6-11.3um size category and so on, The average
grain size is obtained mathematically using a 'weighed
average' method. A tbtal of 200 fields of view were

automatically examined for each sample.

Incombustible Dust Samples

These dusts consist of the residue left from high
temperature ignition of millipore filters from Hexhlet,
MRE 113A and personal respirable dust samples used in
the research. Due to very small quantities and low
weights the dusts were composited on the basis of
location and operation. The composite was mixed with
a very small volume of ethanol which when left to

evaporate on a circular glass slide placed in the
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sample holder, produced a thin but reasonably

uniform layer suitable for X-ray diffraction work.
The same quantitative X-ray diffraction technique for
quartz used on the settled dust samples was employed
again and extended to cover microcline feldspars. The
other minerals that constitute most of the remainder
of the composites were tentatively identified using
minor diffraction peaks. This technique was chosen
over other techniques due to the following reasons:
it is not destructive since the sample remains intact
for further analysis if necessary; the method does
not require bigger samples. The wet chemical method
is not as fast and accurate for this particular .
application and required a high input of materials -
while the infrared method is certainly fast but
interference is a serious problem when dealing with
samples from hard rock mines and it 1is hard to get
good resolution of peaks. Aluminium oxide and quartz
as standardised respirable dusts were also

successfully used by Smith et al. (94).

59



3.4

Radiological Data and Occupational Histories

3.4.1 Radiological Data

Physicians experienced in the radiology of
pneumoconiosis classified the chest radiographs of the
mean separately independently and in random order
according tothe ILO u/c International classification of
Radiographs of Pneumoconiosis (47), using 1968 standard
films for the cases of Mufulira and Luanshya Divisions,
Additionally, the readers classified all cases on the
viewing box. The Deputy Director of Pneumoconiosis
Bureau in Kitwe, Zambia assisted the researcher to
re-read the films for a check. Chest radiograph records
for Wankie Colliery Co. Ltd were not counterchecked

by the researcher due to little cooperation from the
Chairman of the Pneumoconiosis Board. Two letters and
physical presentation to the Chairman of the Board did
not produce fruitful results. The analysis of the

results was based on a report sent to Wankie Colliery Co. Ltd

-~
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ambulance officer, The records were lacking the extended ILO
classification of pneumoconiosis, The International Labour
Organi sation (ILO) classification of simple pneumoconiosis
subdivides the appearance of simple pneumoconiosis according
to a four point scale of increasing abnomality. The
instructions were to classify the film in the usual way into
one of the four categories, O to 3, and if, during the process,
neighbouring categary 2/1 is a film which is category 2, but
category 1 could be considered as an alternative. The basic
ILO categories of 0O-3 have been subdivided into O/-, 0/0, 0O/1,
i/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3 and 3/-. These sub-
divisions show the levels of profusion. Simple pneumoconiosis
is only slightly disabling and does not progress from one
category to the next in the absence of further exposure to dust.
The nodules were classified according to the approximate
diameter of the predominant opacities namely p,m and n, where
p indicate rounded opacities up to about 1.5mm diameter; m,
rounded opacities exceeding about 1.5mm diameter and up to
about 3mm diameter; and n, rounded opacities exceeding.about
3mm diameter and up to about 1Omm diameter, The higher the
category of simple pneumoconiosis, the greater is the chance
that it may change to the seconé.form known as progressive
massive fibrosis (PMF) which is seriously disabling and which
progresses in the absence of further dust exposure. This form
of the disease is classified as A, B and C with increasing
size of the massive fibrosis. Large opacities category A are

those opacities with greatest diameter between lcm and 5cm,
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or several such opacities whose sum of greatest diameters

g does not exceed 5 cm. Category B opacities are those larger
é or more numerous than those in category A and those whose
combined area does not exceed the equivalent of the right
upper zone area and category C are those large opacities
whose combined area exceeds the equivalent of the right

upper zone.

3.4.2 Occupational Histories

To determine the etiological significance of the total exposure
on a worker a complete occupational history has to be studied.

A sufficient number of miners who had contracted pneumoconiosis

et Attt ettt A e i

were selected for the case of Mufulira Mine and miners

who have working histories between 120 to 400 months of

SO i c

exposure were selected for Wankie Ceolliery Co. Ltd and Luanshya
Division of Zambia Consolidated . Copper Mines. Only those

with 'pure' environmental histories in the sense of having
worked primarily at Mufulira, Luanshya Mines and Wankie
Colliery Co. Ltd were sampled and their occupational records
taken. The mining population selected within the company

was divided into occupational_ groups based on place of work

and occupation. Details of men's occupations other than
mining work were obtained from the divisions central records
office and central registry in the case of Wankie Colliery
Co. Ltd. The time spent working in nopn-mining and mining
operations were both summarised in months. There were other

approaches to this study, like the extraction of a number
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of men from various 'pure' exposure categories, e.g.

'pure driller', 'pure crusher men' and so on. Another
possibility was to select men who contracted silicosis or coal
workers pneumoconiosis regardless of having worked at other.
The 'pure' exposure approach was not possible due to
insufficient number of men available. It was difficult to get
enough cases of men with silicosis or coal workers pneumoconiosis
who were involved in only one mining operation throughout
their mining life. The 'random' selection of men was also

not possible due to lack of operational average dust concent-
rations from .other mines. The mining operations extracted
from men's occupational histories from the two Copperbelt
Mines were drilling,crushing, tramming, secondary blasting,
timbering, conveying, hoisting, tipping and service work
underground while in the case of Wankie Colliery there was
need to classify workers into main groups. The following

main classifications were made:

1. Virgin Rock Breakers - those employed essentially
on the three main operations of coal extraction, viz.,
stoping, lashing and development. This group is
subdivided into: drill-operator, cutting machine
operator, production lashing crew, coal drill operator

and shot firer or charging crew.
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2. Mine Officials - these were treated in such a way
that the dustiness of their underground shift would
approximate the mean dustiness of the main groups
on non-official workers who they supervise. The
sub-divisions included miner in charge, shift bosses,
mine captain and underground manager.

3. Surface workers - include screen operator, chaker

attandant and belt attendant etc.

4, Miscellaneous - those workers employed essentially in
and around the shaft, travelling ways (haulages) and
entraces to working places, e.g. hoise drivers, shaft
timbermen, hanger men, tub cleaners, track layers,

pump attendants etc.

For Luanshya Division of Zambia Consolidated Copper Mines,

the workers were classified into 8 main groups including the
officials. Officials and non-officials were considered
seperately. The non-officials were classified according to the
position in the mine where the main portion of the shift is
spent and on this.basis, the following main classification

were made:

1. Drilling workers - those employed essentially in
working places where rock is excavated which include

main and sub development drillers and stope drillers etc.

2. Hand Lashing Workers =~ it constitutes miners employed
in cleaning spilages in main, sub-development ends and

haulages.



Blasting Workers - those miners employed essentially
in the rock breaking areas, €.g. grizzley, aecondary

blasting,etc.

Conveying Workers - employed essentially in ore/waste
transfer points. This category includes tips, conveyors,

chutes, etc.

Crushermen - those employed in size reduction points

€.9. primary crusher, secondary crusher and tertiary

crusher, etc.

Mechanical Lashing Workers - this class essentially
involves those workers employed in loading and tipping
of ore and waste to locomotive or tips e.g. diesel

loader operators, scraper operators and cavo operators,

etc.

Miscellaneous Miners - this ¢lass includes timbermen,

trammers, traéklayers, pipe fitters, etc.

Mine Officials - were treated differently. 1In this case
it was argued that the dustiness of their undergronnd
shift would approximate the mean dustiness of the main
group of non-official woékers whom they supervise. The

following figures were considered reasonable estimates

of the duration of underground shifts:
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" Non=-officials

Artisans - 7 hours

All others - 8 hours

"Officialé

A. Mining:

i. Shift Bosses =~ 6 haurs

ii, Mine Captains (this occupation did not "come up).

iii, Managers = 3 hours (this occupation did not "come up").
B. Survey, Geology and similar officials:

i. Juniors - - 6 hours(this occupation did not "come up")
ii; Seniors - 3% hours (this occupation did not "come up")
C. Engineering Officials:

i. Underground Foremen =~ 6 hours

ii. Underground Engineers - 3% hours

These figures were used to compute the dust exposure as the
product of time (expressed in hours), and gravimetric
concentration.

The average dust concentrations were determined from a survey
of typical dusty operations the miners affected with
pneumoconiosis were involved in. The sum of products, (Months
worked in occupation x average dust concentration in an
occupation), was taken as a measure of individuals' total
exposure' to respirable dust for the mining services duration.
Exposures to quartz during this pexiod were obtained in the
same manner. The exposure units are mg. months per cubic

metre of sampled air (mg months mg—3

). An individuals'

cumulative dust exposure were divided by the total number of
working months to give a measure of the average dust concentration
experienced by the man. The concentration units are

milligrammes per cubic metre of sample air (mgm-3).
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3.5

Statistical Methods apnlied
To analyse the collected data and to find the reliability of the

results some statistical methods were applied.

3.5.1  Mean and Standard Deviation

The mean values of the population were calculated using simple

arithmetic mean formula given below:

1 ¥ x
x = i1t
where n is the total number of data points.
Once the correct value has been estimated the extent of scatter
around this value was established. The measure of scatter was
given by the standard deviation, o, which is a particular measure

of dispersion. This is expressed by the formula:

. e n _2‘
o=\/1 x X, =X
na |1

where X is the mean and n is the number of samples

3.5.2  Reliability of Collected Data

Control limits on the results weré.calculated by making use of
their standard deviations. The region around the mean within which

the true mean is to be found was computed from the standard error

of the mean given by

i

67




where n is the number of readings taken. At 95% confidence
level: the true mean will lie within
' g

2 n of the estimate.

3.5.3 Regression Analyses

The general tendency of the data was determined by
regression analyses, 1In this way equation of lines
expressing the relationship between particle concentration
and mass cohcentration were determined. The least squares
methods were used. The variable being examined is the
dependent or regressed variable, designated Mi.

Deviations of Mi from the fitted line were minimized.

The other variable is the independent or regressor
variable and is denoted by Ki‘ The fitted line will

cross the M; axis of a point b, (the intercept) and will
have a slope bl; The equation of this line is M; = bo +
blKi' M and K are mass and particle number concentrations
respectively. A simplified form of the method can be

expressed in a matrix form:

n K b M

K ZKZ b IZMK

Solving the matrix expression, the regression line can

be determined.

68



3.5.4 Determination of Correlation Coefficient

Correlation is the ratio of the covaviance of two

variables to the product of their standard deviations:

The procedure used is as follows:

n —

where SP.k is the sum of the products between variables

In computational form, this becomes:

j and k.
n n n
- . = =
SPay = él i 5%5) — oy i3 i=1 Kix
n
where (Xijxik) is called the Uncorrected sum of products
and in all cases studied j and k were similar e.g. j =k
n n n
SP.. =£—(X..X..) - X.. = X..
33 i=1 13 1] i=1 i] j=1 *J
n
n 5 n 2
= i Xij - /Z le = SSj
i=1 ~ 1=l

Covjk = 73k

where Cov.k is covariance between variables j and k.
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CHAPTER IV

4. MEASUREMENTS

Measurements were carried out for three mines namely

Mufulira, Wankie and Luanshya.

4,1

Dust Sampling Results

4,1.1 ~ Mufulira Mine

To measure the dust concentration to which each
occupational group was exposed and the correlation
between instruments, three gravimetric dust sampling
instruments were used. The results are shown in Table
4.1. For finding the relationship between Konimeter-
Casella personal sampler and Konimeter-Hexhlet sampling
was done for different operations. Results are shown
in Tables 4.2 and 4.3. Details or these results are

given in Appendix Tables E-1 to E-9.

4.1.2 ~ Wankie Colliery

Dust concentration measurements of the respirable
fraction were performed using MRE 113A sampling
instruments and the results are shown in Table 4.4

and detailed in Appendix Tables E40 to Ei15.

4,1.3 ~ Luanshya Mine ~

All investigations on dustiness at Luanshya were
done by means of MRE 113A and the Konimeter.

Dustiness conditions underground for various

occupational groups are shown in Table 4.5. Table
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4.6 shows count- weight relationships as measured

by MRE 113A and the Konimeter.
results are shown in Appendix Tables

E - 22,

The details of the

E - 16 to

Table 4.1 Average Occupation Dust Concentration

Results for Various Mining OperationsUsin

Casella Personal and MRE 113A Sampler.

g Hexhlet,

- Average Concentratlon/Standard Deviation

Mining Occupationyj ... . .. .. .. ' (mgm 3)
Casella Personal
Hexhlet : MRE 113A
....... Sampler o .
TL.ashing 1. 369/0 914 1.766/1.210 2.390/1.260
(25) "“(62) """ (13)
Conveying - ‘fl;l73/0;710".,.‘."0.996/0.860
Crushing 4, OO/l 910 1, 970/1 06 2.600/1.570
(12) o ‘(‘2’9‘)‘ - (15)
Ty ing 0.763/0.109 ; .299/1.030 1.280/0.696
(4) (39) (18)
Timbering - 0.671/0.530 -
V'(lO)
brilling 1.140/0.790 - 1.594/0.910
- (25) (17)
Tipping ,3'346/4'219,v - 2.410/2.279
‘ sy (15)
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Table 4.4 Occupation Dust Concentration Results for Various

mining groups using MRE 113A

Mining Occupation Number of Average
Group Samples Concentration

................................ (mgm™>)

Cutting Machine

Operator 19 | 2,145
Virgin Rock Production/Development
Breakers ‘ téshing Cfew  ‘  ‘ﬂ  | 14 0 4,00

Shot Firer/Charging

crew =~ 14 2.53

‘Coal‘Drill’Operator 16 3.61
Mine Officials|Production Gang Leaders

shift Bosses, Mine

Captains etc. 2,61%
Surface Screening Plant 1 5.90
Workers Belt Attendant' ' "  " "5‘ 0 2.33
iscellaneous |Haulagemen, Beltway

Attendants, Timber-

men etc . 110 - 0.78

* Details are given in Chapter 3
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Table 4.5 Continued

Main and sub - 0.173 0.493 | 0.320/0.109
Hand development
Lashing ends cleaners
etc 10 (0.0167) | (0.051) | (0.0285) /0.011
Crushermen Crushing 18 0.463 1.490 0.865/0.304
(0.114) |(O"865) | (0.465) /0.227
Tinbermen, 0.867 1.950 1.250/0.340
Miscellaneous| Tramrers,
Workers Pipe fitters 9 (0.638) |(1.434) | 0.890/0.250
Track
_____ | ‘1ayers etc

* Incambustible dust results
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Petrographic Analyses
Petrographical analyses of rock samples airborne
(incombustible) and settled dust were undertaken for

samples from various locations of the three mines.

4,2.1 ~ Mufulira Mine

In order to determine free silica and total silica in
the rock samples, thin sections were prepared and viewed
through a microscope. The results together with those
from chemical analysis are shown in Table 4.7.
Incombustible dust analysis of airborne dust was done by
means of X-ray diffraction method and the results are
indicated in Table 4.8 while for settled dust both X-ray
diffraction and chemical methods were used and grain
size distribution analysis was carried out. The results

are given in Table 4.9.

4,2.2 Wankie Colliery

Qualitative analyses of the collected coal samples from
various production areas of the colliery were conducted
and silica contents determined as shown in Table 4.10.

In order to determine the free silica content of stone
dust which is used in stone dusting operation four samples

were examined and the results tabulated in Table 4.11.
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Table 4.9 Analysis of Settled Dust Samples: Grain Size and Silica content

Sample Average Weight |Weight Free 'éiliéaxloo
ITdentity | Sample Location Grain Percenta—-| Perce- Total Silica
size ge ntage (percentage)
m)  |silica |Total
(BY TAS) | (Quartz) |Silica
(BY XRD) (By B
chemical
|Analysis) |
A P3 Construction 11.80 |17.80 27.50 64.70
Shop 660m level
B 49-50m Haulage 7.50 35.20 53.80 80.30
730mL
C 49-50m Main 7.80 36.00 54.10 66.50
Haulage 810niL
D 51-52 Hanging 16.70 40.20 59.30 67.80
Wall Drive
660mL
E 46-47m Main 5.10 {32.90 48,70 67.60
Haulage 81QmL
F 49m P9 26.40 58.90 72.50 81.30
Haulage 66QmL #
G 17 Imp BL 20.90 [40.90 57.80 70.80
Haulage 660mL
AH 58-59m Loop 44.20 45,50 68.50 66.40

730mL
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Table 4.9 Continued.

I

o =2 = [

)

M2 Shaft Cross cut

960mL

Subvertical Shaft 500mL

13Imp BL Main Haulage
50QmL

49m P5 Tip 8lQmL

11 Main Haualge 580mL
40m Block 730mL

41mP5 76QmL

51-42m Crosscut North
716w

34 Imp Bl Store 660mL
42 Imp Main Haulage
19 Imp BL Main
Haulage 660mL

41m P5 Crosscut
North 775mL

O1-OlE Imp BL Draw
Point 55QmL
Subvertical Shafts

Hoist Room 500mL

 50-51 Access Ramp

880
900mL Crusher Station

51-52m Loop North

| M2 Substation 960nL

12,00

15.50

27.20

28.40
19.90
14.40
65.30

27.30

23.50

15.20

8.40

66.50

12.20

15.60

4.70

6.70

3.80

4.60

29,80

21.00

48.50

52.00
32.90
31.60
52.30

28.20

31.90

32.10

25.40

35.70

44 .50

19.30

36.00

31.30

34.30

32.10

45;20

47.80

55.20

56.40

34.80
45,50
64 .60

41;90
45.70
44,80
39.60
55.20
61.30
39.40
44,90
45,60

45.60
62.30

65.90

43.90

87.80

92.20
94.60
69.50
80.90

67.30
69.80
71.70
64.10
64.70
72.60
49,00
80.10
68.60

75.20
51.50
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Table 4.9 Continued

8

DD

IT

JJ

PP

01P3 Orepass 500mL

M2 Shaft Station 88QmL

M1 Shaft Between 880mL -

23m Main Crosscut
North 730mL

44 Tmp Ramp Raise
Below 66QmL

36-31 Ramp Raise
Below 660mL

24m Drill Steel Shop
810mL

24m CatShop 810mL
26m P7 Crosscut South
880mL

25m Substation 880mL
22m Main Haulage
West 8lOmL

25m Ramp Raise 777-
26m Main Haulage
810mL

11 shaft substation
580mL

23 Main Haulage
580mL

11U5-11U6 Transfer
11U4-11U5 Transfer

Point 805mL

17.70

- 6.50

6.20

27.20

19.70

18.30

8.00

5.80

7.20

5.60

7.60

16.30

17.60

43.30

32.10

17.50

20.50

33.90
26.10

25.30

23.40

20.10

28.10

28.10

34.10

24.90

28,00

34.70

20.30

37.80

26.50

22,20

23.40

43.30
58.00
51.50

39.00

42,50

36.70

45,50

45,50

60.90

48.30

48.90

60.50

31.90

49.10

47.60

45,20

40.40

78.30
45.00
49.10

61.00

55.10

54,80

61.80

61.80

56.00

51.60

57.30

57.40

63.60

77.00

55.70

49.10

47.90
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Table 4.9 ¢ontinued

S5

&

37-38m Ramp Raise
762mL

30~31m Haulage 730mL
23Main Haulage 660mL
12 Shaft Main Cross~
cut 550mL

12 Shaft Station

25,30

20.50

21.40

21.40

31.80
42.50

42.50

52.90

60.70

64.50

50.30

50.30

79.80




Sample Identity Free Silica Remarks
(8 age) |
1 (14.50 All samples were
2 4,80 from sections six
3 4,50 and seven production
4 4,30 stopes
5 5.0
6 4,20
7 4.00° .

Sample Identity Free Silica +350ﬂm(%age) -350um
(% a‘g,e.) ‘ . .‘ . . ‘. o . .(%. .alg_e‘) .....
A 2.50 25.00 75.00
B 2.70 23.50 76 .50
C 2.60 22.70 77.30
D 2.80 23,40 | 76.60
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4,2.3 ' Luanshya Mine

Silica determination of the rock samples was done by means of
thin sections viewed under a microscope. The silica contents
of the rock from various geological systems of the mine and
for ségﬁled dust samples are shown in Tables 4.12 and 4.13

respectively. The silica contents for settled dust were

determined using chemical and X-ray diffraction methods.
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Table 4,12 Rock Samples and Silica Analysis Results
Sample No. System Rock type Total Silica
....... . . by Weight
1 Basement Complex Grey Granite 73.81
(Lufubu and Muva)
2 Katanga (ore Ore shale 55.46
formations) (Argillite)
3 Katanga Foot wall 80.10
(Unmineralized Quartzite
rocks )
4 Katanga Foot wall 66,50
(unmineralized conglomerate
|xocks). .. p T
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This

5.1

5.3

CHAPTER V

RESULTS AND DISCUSSIONS

chapter includes six parts as follows:

The free silica content of rock;

Settled dust and airborne respirable dust results

together with mass concentration; the relationship

between profusion and large opacities.progression

against cumulative dust dose;

Cumulative exposure to dust in relation to time

contributing the exposure for various profusion categories

of pneumoconiosis;

Cumulative total respirable dust dose against Nodule

Size by various instruments;

The comparison of dust concentration measured by

gravimetric instruments and the Konimeter;

Coal workers pneumoconiosis at Wankie Colliery with stage

1 or more.

5.1.1

Silica -

Free silica (quartz) values for all rock
samples were high (51 -72%) except for Lower
Dolomite, Banded Shales Dolomite and Mudseam
samples with low silica content of 5, 25 and
39% respectively as shown in Table 4.7. The
same applied to the weight percentage of total
silica, the former had higher values whlle

the latter had lower values. The free silica
content in coal samples was found to be

between 4.00 and 5.00% as shown in Table 4.10.
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Total silica content of Luanshya rocks ranged
between 55.46 and 86.10% as shown in Table
4.12. The analysis of free silica content

of the rock was not conducted for Luanshya
Mine, but investigations conducted by
Lambretchts (61) showed that Mufulira rocks
had silica content at an average of 69% while
for Luanshya the average was 45%.

Weight percentage quartz (free silica) in the
airborne respirable dust was found to be
greater than 20% for most of the operations
except in sublevel development drilling which
showed silica content between 19 and 26 percent
as shown in Table 4.8. It was found that the
percentage composition (free silica) of the
airborne dust was different from the rock
samples (parent rocks). This was probably due
to the following factors which acted to change
the composition: (i) Differential disintegra-
tion and (ii) Selective settling of the
dispersed dust particles. Under the action of
the first, the material may shatter in such a
way that one, or more constituents tend to
break free as large particles while others are
released in the Hrm of minute particles. When
all these particles are thrown out in the air,
the large ones, because of their higher settling

velocity, are rapidly removed from the air.
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This leaves in suspension the finer particles,
possibly, with a different composition to be
inspired by the workers. Selective settling is
also affected by the shape of the particles,

and for a given size, flat particles will remain

longer in suspension than rounding particles,

this may further change the percentage composition

of the suspended dust.

Settled dust composition is shown in Table 4.9.
The average grain size of the 49 samples
collected was 18.81 microns while percentage
free silica by X-ray Diffraction method was
31.43 + 2,74 and 41.76 * 3.72% for Mufulira and
Luanshya respectively as shown in Table 5.1.
The same Table shows the average total silica
compositions for Mufulira and Luanshya mines as
47.88 + 2.83% and 51.17 * 3,20% respectively.
Generally speaking, Luanshya settled dust is
more siliceous fhan Mufulira dust. This was a
contrast from the results found by Lambretchts
(61) in rock samples.

-~

Concentration

Crushing operation recorded high mass concentra-

3, 2.60 mgm_3 and 1,97 mgm_3

tions of 4.00 mgm
when measured by Hexhlet, MRE 1134 and Casella

Personal Sampler respectively as shown in Table

5.2.
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o

The exhaust tunnel from the crushing station
on the 900m level was always dogged with dust
thus rendering the exhaust fans ineffective.
At the same time standing instructions
regarding a cushion of ground to be left at
the crusher fingers to prevent dust being
raised by air surges due to tipping above

the crusher are ignored. These could be the
reasons for high concentrations. Lashing also
showed high dust concentrations when measured
by the same instruments, this Was probably
partly due to long forgotten installation of
water blasts as stipulated under mining
regulation. It was also noted that the
mechanical lashing was done without watering
the rock in some cases. High concentrations
in lashing were also due to unsatisfactory
return system especially in mechanised stopes.
The auxilliary fresh air intake fromdraw points
on the extraction level is the footwall drive.
In a production stope, the draw points are
always full of ground, so that air ventilating
the draw points return to the footwall drive
where it mixes with fresh air. Running the two
operationsjyi.e. watering down and lashing in
parallel is not practised, may be because the

loader drivers become too wet.
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- Table 5.1: Settled Dust Samples Grain Size and Silica Results

Wéight Percentage Average Grain
’ - Size (microns)
Mine by XRD by Chemical
o Analysis
Mufulira 31.43x2,74 [47.88+2.83 18.81+4.00
Luanshya 41.,76+£3.72 |51.17+3.20 -

Table 5.2: Respirable Dust Concentrations for Mufulira Mine

Total Dust Concentration (mgm-jy_r

Operation MRE 113Aa Casella Personal Hexhlet
Lashing 2.390%0.670 1.766+0.312 1.369%0.372
| Conveying 0.996+0.,460 1.173+0.470 0.505%0.476
Crushing 2.600%£0.840 . | 1.970+0.400 4.000+1.152
Tramming 1.280+0,338 1.299+0.333 0.763+0.073
Drilling 1.594%0,455 - 1.140+0.323
Tipping 2,410£1,218 - 3.346%2,363
-‘Timbering - 0.671+x0,355 -

Table 5.3: Respirable Dust Concentrations for Luanshya Mine

Total Dust Concentration

Occupation (mgm~3) by MRE 113A
Blasting Workers 1.500 + 0.465
Drilling workers } 2,100 * 0,643
Conveying workers 0.820 * 0,090
Mechanical Lashing workers 2,430 * 0,396
Miscellaneous workers 1.250 + 0.240
Hand Lashers 0.320 = 0,073
Crushermen 0.865 + 0.147
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The same Table 5.2, reveals that tipping
operation produces substantial amount of dust.
This may be due to the fact that the tip
station on 730m level is also a dust source in
addition to the levels above. The dust due to
falling ore from top levels comes to 730m L and
gives a combined effect with that from 730m L.
The tip attendants at this station have high
risk of silicosis. Mechanical lashing workers
in Table 5.3 are experiencing high dust concentra-
tions followed by drilling workers (2.43 t0.396
and 2,10 +0,643 mgm_3; respectively)., It was
noticed in some circumstances that mechanical
lashing was done without watering the muck and
this could be one of the factors for the high
dust concentration. The crusher chamber at

18 shaft &8 ©properly ventilated., The crusher
chamber is equiped with exhaust duct and exhaust
raise to 2020'L, Similarly at 14 shaft, 1930'L
there is an exhaust pipe leading to a return
airway. Screening operation showed high dust
concentration of 5.90 mgm-3. This kind of
~operation has very little impact as far as
pneumoconiosis prevalence is concerned since
there are few people working there and the time

of exposure is quite short in a shift.



Virgin rock breakers are exposed to high

concentrations of 4.00 mgm-3 followed by Coal

drill eperators with 3.61 mgm ° as shown in

Table 5.4.

The normal practice at Wankie

Colliery is that most mining operations are

performed dry.

Table 5.4: Respirable Dust Concentrations for Wankie

Colliery

Occupation

FT'etal Dust Concentration
(mgm=3) by MRE 113a

Cutting Machine

o Operator 2.145 * 0,825
Virgin
Production/Develop
Rock ment Lashing 4,000 +0.,675
Shot firer/Charg-
Breakers | ;g crew 2.530 £ 0.653
Coal Drill
Operator 3.600 £0.790
Surface Screening Plant 5.900
Workers Belt Attendant 2.330
Mine Officials 2.610°
Miscellaneous 0.780

The Relationship between Profusion Progression and
Cumulative boses -

The average cumulative total respirable dust dose as

well as the average cumulative free silica dose against

the stage of pneumoconiosis were investigated and the

results are shown in Figure 5.1.

dose values used in Figure 5.1 are shown in Table 5.5.

104

The average cumulative



LEGEND
sLor Total dust dose
————— Silica dust dose
&0 F ° Average vafues -
-
[}
) Upper and lower limits for Silica -
- [ ]
700+ 1 u Lo
pper and ltower limits for total dust
T =
? T /
o
€ .
£ 600
(=
Q
x
£
— S00
@
n
[+]
°
w 400
2
©
@
2
S 300
2
E
2
o
200

[ER10]

L i i ]

1 1 i i '
0/0 on 1/0 111 112 Tan 212 213 3/2 3/3

Profusion progression

Fig51 THE RELATIONSHIP BETWEEN PROFUSION PROGRESSION
AND CUMULATIVE DUST DOSE.



ToAsT

OL"PT+/06°OTF|OL E€TF|CZL €T+ |TZ°GT |00°SF |{00°GF |06°€F |OT*¥+ 0G°ZI+F SOUSPTIUOD GG

OV LLT|OZ 08T |0S 69T |OL*ZVT|OT 6TT|OF° LTIT|09°F0T|05°26 |OT S8 0% °69 ‘Tenx@3jul TeTonprd

9s0d 3sng ®OTTTS

. . . . . . . . . - Y U.Q.S.Q

Ov"LLT|OZ"08T [0S 69T |OL*ZFT|OT 6TT|OV LIT|09°%¥0T|0S 26 |OT S8 o769 eOTTTS obeioAy

: I2A91

OT*L9%|0%°GEF |0S°SSF |0V ¥ T+ |09 ' €TT|OE 6T+ |OT €T+|00°ZTF 0T TTF| OS°*ZT% SOUSPTIUOD 2G6

00°0€L |00 %09 |08°965|0Z*62S|0OL ¥S¥ [06°TV¥ |00°G8€E 0L 9%E |06°STE| OT*T9Z ‘TeaJs3ul TeTonpTd

9s0d 3sng Te30L

00°*0€L oo,¢0w 08°965(0C'6ZS|0OL ¥S¥ |00 TH¥|00°G8E[0OL9%E|06°STE| 00°T9Z 3snp Te3o3 sbersay
€/¢ Z/¢€ €/2 Z/C /2] 2/1 /1 0/1 T/0 0/0

Aaobsje) uoTrsnjoxg

(o uijuowbuw) asop
m>mmmasﬁso mmmuw>4

saTI0bo3e) uoTsnyoigd o3 oansodxy

JO SOOTPUI JO SONTBA UBSK :G°G SRl

AN




The curves show a straight line relationship between the
progression of pneumoconiosis and the cumulative dose

of total respirable dust or free silica, either of which
give a good correlation. The silica content of the
respirable duét at Mufulira was fairly high ranging
between 19 and 34% of different dust samples with an
average of 25,50%. However, more significant than the
average dust dose is the lowest cumulative dose at
which silicosis is observed. The lowest cumulative
total respirable dust dose at which 0/1 stage of
penumoconiosis is observed is about 275 mg month m_3.

The corresponding lowest cumulative free silica doses are
55..mg month m_3 and 85 mg month m_3. In Figure 5.2,

the lowest cumulative dose at which Stage 0/1 of
pneumoconiosis is observed is about 285 mg month m_3 while
that for Stage 2/1 is about 690 mg month m-3. There was only
one case with Stage 2/1. Lack of good number of cases leads
to deficiency of supporting data in Stage 2/1. For Stage

0/0 there is a case with cumulative dose of abuut 695 mg month
m - and cumulative time of 331 months and this case progressed

to 2/2 after 193 month of retirement. This single case of

695 mg month m-3 may be rejected on grounds of accuracy.

Table 5.6 gives Progressive Massive Fibrosis (PMF)
category with Cumulative Total dose as well as

cumulative silica dose.
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It was found that the cumulative doses of both total
dust and free silica increases with the category of

PMF (i.e. the higher the category, the higher the
cumulative dose). 468 mg month m-'3 and 580 mg month m'-3
were the average cumulative doses for categories A and

B respectively while in the case of cumulative free
silica about 126 and 148 mg month m-3 were found for the
same categories. Similarly in the case of Luanshya mine,
it was found that about 256 and 399 mg month m-3 were the
cumulative doses for category A and B respectively,
except for one case which showed about 695 mg month m"3
for category A. As mentioned earlier on, this case can
be rejected since there could be a mistake in reading
the radiographs.

Figure 5.3 shows a plot of cumulative total dose against
profusion category. Pneumoconiosis stage 0/1 was found
at a lower dose of 170 mg month m-3 which is contrary to
results of Figures 5.1 and 5.2. 2/1 stage of
pneumoconiosis is also lower than in Figure 5.1 (corres-
ponding values from Fig. 5.1 are 275 mg month m—3 and
300 mg month m-3 while for -the case of 0/1 in Figure 5.2

3.

is 285 mg month m
The curve in Figure 5.2 was fitted based on the average
Cumulative dose not on lower dose levels where pneumoco-
niosis occurs. Figure 5.4 shows a plot of cumulative
free silica against Profusion Progression. The levels

for 0/1 and 2/1 stages of pneumoconiosis were 45mg month m-3

and 51.25mg month m-3 (as per lower dose value),
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The fitted curve shows a level of 45 mg month m_3
and 75 mg month m-'3 for 0/1 and 2/1 stages of
pneumoconiosis respectively while the corresponding
values from Figure 5.1 were 55mg month mm3 and 85
respectively. While cumulative dust dose should be
taken as a criterion determining the possibility and
progression of pneumoconiosis, dust control measures
require a minimum standard to be set in terms of Mass
Concentration. Bésides, it has been observed by
Hurley et al. (46) that for the same cumulative dust
dose the progression of pneumoconiosis is higher with
longer duration of exposure than with a shorter exposure

time.

Cumulative Exposure to Dust in Relation to Cumulative
Time

The average dust concentration to which a person is

exposed during his occupational history can be obtained

by dividing the cumulative dose by the cumulative time

of exposure.

In Fig. 5.5 except for one case which shows stage 2/2

development in three successive lung radiographs at a
cumulative dust dose of 225 mg month m_3, it can be
generalised that all cases of Pneumoconiosis are

defined by a lower boundary of cumulative dose ABC.
Point B on this boundary corresponds to the highest

value of average respirable dust concentration to which

a miner can be exposed over a long period without

112
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contracting pneumoconiosis. This value is obtained

by dividing the cumulative dust dose by cumulative

time of exposure at point B and is equal to 1.1 mgm_3.
An average concentration of 2.25 mgm_3 can be tolerated
for a shorter period of exposure of 120 months (point

A in Figure 5.5). If stage 2/1 is taken as a tolerable
limit of disability due to Pneumoconiosis, the maximum
permissible dust concentration can be raised to 1.28
mgm_ (point B in Figure 5.5), Figure 5.6 gives a plot
of cumulative silica dose against cumulative time of
exposure. Here also a lower boundary of Pneumoconiosis
can be defined by ABC. The tolerable average concentra-
tion for prolonged exposure (corresponding to Point B)
is found to be 0.25 mgm_3. This figure is two and a
half times higher than the TLV of 0.1 mgm-—3 recommended
by American Conference of Industrial Hygienists - ACGIH
(3). 350 p.p.c.c. has been adopted as a wvalue of
concentration of rock dust in intake and face at all work-
ing faces on the Zambian Copperbelt. This value was
probably worked out on the basis of the 1972 ACGIH
publication of Threshold Limit Values. To arrive at

350 particles per cubic centimetre (p.p.c.c.) from the
formula, the average quartz content of the respirable
fraction of the rock was taken as 20% by weight,
Extending this TLV to gravimetric value a further TLV

of 0.5 mgm™> can be used.
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Assuming 350 p.p.c.c. corresponds to O.Smgm"3 then

this value is less than half the average concentration

at which silicosis was observed at Mufulira. Even if

the exceptional case mentioned earlier is taken into
consideration, the permissible concentration falls to

0.76 mgm_3 which is higher than the standard adopted

on the Copperbelt. At 25.5% free silica, a dust
concentration of 0.128 mgm_3 which is almost half the
concentration at which no silicosis was observed at
Mufulira. Figure 5.7 gives a plot of cumulative silica
dose against cumulative time of exposure., Here also a
lower boundary of pneumoconiosis can be defined by ABC
except for three cases of stage 2/2, one which shows
development at a cumulative dose of about 209 mgmonth m_3.
However, it can be generalised that all cases are defined
by the boundary. Point B on this boundary corresponds to
the highest value of average respirable dust concentration
to which a miner can be exposed over a long period without
contracting pneumoconiosis. This value is 285 mg month m-3
at a cumulative time of 348 months which is equivalent to
O.82mgm—3 for 348 months.” An average concentration of
l.60mgm_3 can be tolerated for a shorter period of exposure
of 180 months (Point A in Figure 5.7)., If stage 2/1 is
taken as a tolerable limit of disability due to pneumoco-
~niosis, the maximum permissible dust concentration can

be raised to 2,10 mgm_3 (i.e. 690 mgMonthm"3

at 324
months). The results from Fig. 5.7 are comformable with

those in Fig. 5.6 and earlier discussion holds also for
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Figure 5.7. A plot of cumulative coal-mine dust dose

against time of exposure is giveniaﬁ%S.S. This

figure does not have the detailed extended classification

of pneumoconiosis profusion. A lower boundary of cumulative
dose is shown in line AB. Boundary AB gives a limit of
cumulative dose of 700 mg month m-3. Above this boundary
sickness was observed és detailed in Appendix Table D-2

and below this boundary no sickness was noticed. If stage I in
this case is taken as a tolerable limit of disability due to
pneumoconiosis, then the maximum permissible dust concentration

can be 3.10 mgm-3 (i.e. 700 mg month m~>

at 225 months).
This value is higher than that recommended by ACGIH (4) of
2.0 mgm'-3 for coal dust (silica content 5%). A TLV of

2 mqm"'3 has been adopted as a value of concentration of
éoal dust in Zimbabwean Coal mines, this seems to be lower
than the level at which no pneumoconiosis was observed at
Wankie. Fixing the Threshold Limit Value at 700 mgm-'3

and fixing dust levels at the adopted coneentration of 2.00
mgm-3, 350 months will be required for a man to contract
penumoconiosis. The reliability data for cumulative doses
of 23 men with doeses greater or equal to 700 mg month m--3
is given in Table 5.7. -

5.4 Cumulative Total Respirable Dust Dose against Nodule size
investigation regarding the correlation between nodule

size and cumulative dust doses was conducted. The

nodules were classified accodﬁdg to I.L.O0. (47) as follows:
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(i) P=rounded opacities up to the approximate
diameter of 1.5 mm.
(ii) m=rounded opacities exceeding about 1.5 mm and
up to about 3 mm in diameter.
(iii) n=rounded opacities exceeding about 3 mm and up
to 10 mm in diameter.
A plot of cumulative total respirable dust doses against
nodule size is given in Figure 5.9. A boundary is
defined by a dotted line which cuts the cunmulative total
dust dose axis at 170 mg month m_3 and through a lower dose
of about 181 ng month m™ > for nodule size P. Nodule
size m was found at 199 mg month m_3sWhile n occurs at
203 mg month m-3. Figure 5.10 gives a plot of cumulative
free silica dose against nodlle size. Here a lower boundary
of pneumoconiosis can be defined by the dotted line. The
line cpssses the cumulative free silica dose at about
56mg month m_3. Pneumoconiosis was found at 67.50, 80.00
and 91.50 mg month m-3 for nodule sizes P, m and n respect-
ively. The figure suggests that a dose of 67.50 mg month m—3
is a tolerable exposure of free silica. This value is slightly
lower than that found to correspond with stage 2/1 of pneumoco-
niosis in Figure 5.1 1In genefal there is a correlation between
cumulative free silica dose with nodule size. Figurev5.ll

shows a plot of cumulative total dose against Nodule Size.
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The tolerable level is shown by the region below the
dotted line. This puts a minimum dose of about

255mg month m_3 for nodule size P, 301 and 348mg month m-3

for m and n, respectively. These results are absolutely
different from those in Figure 5.9. Figure 5.12 gives

a plot of cumulative free silica against nodule size.
Pneumoconiosis was found at a cumulative dose of about

45mg month m-'3

for P. This value is lower than that
found in Figure 5.10 (67.50mg month m—3). The average
values correspond slightly with those in Figure 5.10
(70, 89 and 105 mgmonthm-'3 for same nodule sizes p,
and n, respectively), Figure 5.13 gives the same plot
as in other Figures. The tolerable cumulative dose was
fixed by the dotted line at 208 mgmonthm'-3 for all
Nodule Sizes.

Generally speaking, fixing a safe cumulative dose
using Nodule Size classification criterion gives a
lower tolerable limit value than those profusion

category criterion.

Comparison of Dust Concentrations Sampled by Various
Instruments

The correlation of various sampling instruments was
determined by running the instruments parallel (parallel
sampling). The instruments used for this kind of task
were: Hexhlet, MRE 113A, Casella Personal Sampler and

Konimeter for Mufulira mine; and MRE 113A and the

Konimeter for Luanshya mine.
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Regression Analysis Technique was used for each

MRE 113A and Personal Sampler, 27 konimeter samples

were taken while only 6 konimeter samples were taken

for each Hexhlet sample. The Konimeter Concentrations

were averaged and plotted against the concentration of

each gravimetric sample.

5.5.1 MRE 113A, Hexhlet and Casella Personal Samplers

The average respirable dust concentrations as
determined by the MRE 113A and the Casella
Personal Samplers for four different mining
operations are given in Figure 5.14., The average
concentrations measured by the two instruments
can be related by te following equation with a
correlation coefficient r=0,993; MA=1.436+2.O95Mc
where MA = mass concentration by the MRE 113A

sampler, and

M_ = mass concentration by Casella personal

sampler in mgm-3.
The average respirable dust concentration as
determined by the MRE 113A and Casella personal
sampler against that determined by Hexhlet is
given - Figure 5.13. It is clear from the
figure that the Hexhlet over estimates the dust
concentration at higher values.

Hexhlet, MRE 113A and Casella Personal Sampler

with Konimeter

A comparison of respirable dust concentration as
determined by Hexhlet and Konimeter for three

mining operations (crushing, drilling and lashing)
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is shown in Figure 5.16. The concentrations
measured by the two instruments can be related

by a regression line having the following equation
together with a correlation coefficient were:

r = 0.652; MH ==0.232 + 0.003071 K

where MH = mass concentration by Hexhlet sampler
(MH in mgm_3), and
K = particle number concentration

(K in p.c.c.c.).
Similarly, Figure 5.17 shows a plot of respirable
dust concentration as determined by MRE 113A and
Konimeter, the correlation coefficient and the
relationship between Konimeter and MRE 1132 were:
r = 0.734; MA = 0.089 + 0.002184 K
where MA = mass concentration by MRE 113A and K
as given in Figure 5.16. Figure 5.18 gives a plot
of respirable dust concentrations as determined by
Casella personal sampler and Konimeter. A regression
line with the following equation Mc = 0.285920 +
0.001993K can be established and the correlation
coefficient was found to be poor (r = 0.33).
While some correlation can be established between
concentrations measured by MRE 1132, Hexhlet and
the Konimeter, the correlation between Konimeter on
one hand and Casella personal sampler on the other

is poor.
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5.6

The number of Konimeter samples for each sample
of Hexhlet was rather small and this could
contribute to some extent to the correlation
established between Hexhlet and Konimeter
concentrations. In general, however, it can

be said that Konimeter Sampler cannot be relied
on to give an accurate estimate of mass
concentration of respirable dust.

The equation established between gravimetric
sampler concentrations with the Konimeter for
various mining operations are given in Table 5.8.
The comparison of these concentrations together
with the correlation coefficients for the overall

operations are shown in Figures 5.16, 5.17 and

5.18.

Coal Workers' Pneumoconiosis Prevalance at Wankie

In order to establish an exposure limit and pneumoco-
niosis prevalance, a random sample of 148 miners with
exposure duration between 100 and 400 months was taken.
The number of men involved in the study and percentage
of men classified as stage 1 or more of Coal Workers'
pneumoconiosis at Wankie are detailed in Table 5.9.

The Table shows that CWP occurs when cumulative dose is
about 700 mgmonthm-3 and the probability of having Cwp

of stage 1 or more was found to be 13% (or 0.13).
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The population involved in the study aged between
30 and 59 years (standard deviation = 6.50,
mean = 48.14 and number of miners = 148) 23 miners

were found to have more than 700 mgmonthm_3.
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6.1

CHAPTER VI

6. CONCLUSION AND FURTHER WORK

Conclusion

It can be concluded from the study that the maximum
allowable concentrations of 350 particles per cubic
centimeter or 0.5 mgm_3‘adopted on the Zambian
Copperbelt and 2 mqmm3 inforce at Wankie Colliery can

be considered as adeqamate standards for guarding workers
pneumoconiosis provided that the maximum durations of
exposure are not exceeded. However, in view of the

high silica content of the two Zambian mines, it may

be desirable to adopt the free silica standard of 0.1

mgm recommended by ACGIH (4).

Simultaneously, it may be desirable to set a standard
for the cumulative respirable dust and silica dose.

To leave adequate margin of safety and on the analogy

of concentration these standards could be set at 275
mgmonth m-'3 for total dust and the Mufulira dose of

55 mg month m-3 for free silica can be extended to
Luanshya Mine as well. Beyond these levels, the followinc
steps could then be takén to retard their dust exposure
accumulation rate. This could be achieved in a variety
of ways such as: reducing the dust levels of their
working places, moving them to working places with lower
levels, getting them to use dust protective equipment,
shortening their underground shift, reducing the

number of their underground shifts per week and so on.



For the coal dust a safe level of 700 mg month m-3 is

suggested. In view of the adopted safe level of 2 mgm_3

a miner will take 350 months before experiencing coal
workers' pneumoconiosis. Beyond this period a miner

should be removed to a non-dusty operation. For comparison

of the performance of different dust sampling instruments,

the following conclusions can be made:

1. Good correlation can be established between mass
concentrations measured by MRE 113A and Casella
Personal Samplers, though Hexhlet usually over

estimates the concentration at high values.

2. Correlation between particle concentration
measured by the Konimeter is poor with the mass
concentration measured by the gravimetric dust

samplers.

3. Of all the gravimetric samplers, MRE 113A was
found to be the most reliable and could be used
as long as (over a shift) sampling is done without
variation of flow rate. The Casella personal
sampler showed diminishing flow rate towards the
end of the shift as the filter get clogged. The
Hexhlet filters got cldgged faster, i.e. within an
hour or so owing to the faster rate of sampling
but the flow rate remained constant. Besides
Hexhlet samples had to be restricted to locations

where compressed air supply was asgailable.
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From the control point of view MRE 113A should

be used as a standard sampler.

The correlation between cumulative dust doses with

Nodule sizes the following conclusions can be drawn:

1. Good correlation can be established between
nodule size and cumulative concentrations

measured by MRE 113A.

2. Correlation between cumulative dust doses (as

measured by Hexhlet) and nodule size is poor.

3. Correlation between cumulative dust dose (as
measured by Hexhlet) and profusion categories

is poor.

Standards or Threshold Limit Values can be based on
MRE 1137 sampling results and on cumulative dose as

related to profusion categories.

Further Work

The Health-Based Exposure Limit derived from data on
Exposure-Effect and Exposure-Response relationships
can be extended further into Operational Limits consi-
dering environmental coiAditions.

Further work should be conducted for the formulation
of Koniotic index (degree of hazardous) using the
results. The dust risk of a working place can be
marked using this value which is a function of the

concentration of respirable particles,
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the content of SiO2 crystals in this concentration,
the degree of aggressiveness of the dust in the
working place concerned, the degree of ventilation

of the operative, and the possibility of retention

given by dust dispersal.

A further study on the correlation between Hexhlet,
Casella Personal Sampler, MRE 113A and the Konimeter
is proposed in order to establish sound instrument

factors for the Zambian Copperbelt mining conditions.
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APPENDIX A

Total Dust and Quartz Dust Exposures in Relation to Time

Contributing to the Exposure for Various Profusion Categories
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APPENDIX B

Comparison of Exposure (Cumulative Total Respirable
Dust Dose and Cumulative Free Silica Dose) to

Profusion Categories and Large Opacities




Appendix Table B-1 Comparison of Exposure (Cumulative total
respirable dust dose and cumulative free

silica dose) to Profusion Category 0/0

Profusion Category ":7"CuﬁﬁlafiQé‘Résﬁiréﬁlé7Dﬁ§ttDose'(mgmonth‘m*S)'
o lrotal | Free silica | ‘Total | Free Silica
241.40 68.50 283.10 77 .80
194.00 | 34.10 222,10 59.30
267.70 | 69.00 234.20 67.90
240.80 | 68.10 200.30 52.00
265.80 | 72.70 227.20 59.00
298.80 | 83.90 240.60 65.40
200.80 | 58.20 $340.20 98.50
270.60 | 77.10 254.10 53.50
0/ 262.40 | . 70.00 258.50 57.60
277.80 | 74.00 234.20 67.90
267.80 | 41.60 272.30 77.90
250.20 | 64.90 235.50 65.20
271.10 | 77.10 291.60 84..60
272.10 | 77.30 ' 284.10 80.40
223.60 | 59.30 222.90 59.20
223.20 | 59.30 ° 283.70 70.50
283.50 | 82.10 241.90 63.90
347.90 | 90.40 | 345.60 89.60
359.30 | 90.10 226.60 64.90
,,,,,,,,,,,,,,,, 268.80 | 69.90.. ... .| 265.30 | 71.00 .




Appendix Table B-2

Comparison of Exposure (Cumulative total

respirable dust dose and cumulative free

silica dose) to Profusion Category 0/1

Profusion Category  Cunulative Respirable Dust Dose (mgmonth m )
""""" Total | Free Silica | Total | Free Silica
328.10 82.30 386.10 | 99.70
285.40 81.00 361.00 | 93.60
303.40 57.40 200.80 |  82.40
293.20 78.00 280.80 |  73.60
298.80 86.70 287.20 | 73.40
1310.00 - 78.10 291.40 |  78.10
280.00 79.90 300.40 |  80.40
0/1 310.30 87.80 1 368.10 | 106.70
317.30 89.60 288.40 |  81.00
324..40 91.50 1317.10 | 89.40
291.60 85.60 317.20 | 89.40
388.90 108.10 1317.30 | 89.40
317.40 89.40 317.50 | 89.50
339.40 98.40 281.40 |  72.10
368.90 106.80 287.10 | 65.90
315.80 74.30 344,50 | 82.60

176




Appendix Table B-3 Comparison of Exposure (cumulative total respirable

dust dose and cumulative free silica dose) to

Profusion Category 1/0

Profusion Category | Cumilative Respirable Duse Dose (mgmonth m™>)
Total ‘Free Silica'|  Total = | Free Silica
357.30 87.80 308.50 82.00
325.10 84.20 316.20 84..00
327.10 84.70 323.80 86.00
300.80 80.00 341.80 99.10
346.90 83.30 399.10 115.80
349.30 84.00 392.30 99.30
1/0 347.40 95.30 - 308.00 86.80
1338.70 83.00 319.80 90.00
405.20 104.30 | 376.40 97.60
391.70 101.60 411.40 119.90
321.50 90.40 35630 93.20
300.70 80.50 306.70 82.10
322.10 86.10 348.20 97.70
377.60 107.70 348.30 91.50
362.70 95.70 367.70 102.80

l




Appendix Table B-4 Comparison of Exposure (cumulative total respirable
dust dose and cumulative free silica dose) to Profusion

Category 1/1 and 1/2

Profusion Category| — Cumlative. Réspirable Dust Do_s‘e (mgmonth m™>)
........... " betar | Free sitica | Total | Free Sitica

393.10 98.50 355.50 | 101.40
387.20 85.50 371.50 |  106.00
343.70 119.40 1385.80 | 110.10
468.50 123.30 400.20 | 114.30
381.20 92.90 370.50 |  104.70
398.40 111.10 371,30 | 99.50
363.70 88.10 376.40 |  100.80

1/1 347.50 95.30 351.00 | 91.10
347.80 95.50 363.00 |  103.00
396.10 99.60 367.00 | 104.60
374.90 107.80 427.80 | 124.10
377.80 73.50 355.60 |  99.50
391.50 109.10 470.80 |  136.50
355.40 91.30 37450 | 104.80
392.00 109.10 414.80 |  106.60
468.40 135.90
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1/2

424.40
439.90
399.10
405.10
441.50
452.30
483.50
514.70
545.90
577.10
592.70
592.70
608.30
623.90
427.80
428.20
386.90
398.80
442..20
456.50

417.50

121.30
114.70
111.00
114.20
128.20
132.40
113.40

116.30

426.70

446,90
336.20

357.90

365,60

373.30
399.20
445.60

475.60

408,70
408.70
427.80
378.00
435.40
436.20
436.50
436.70
436.70
406.50
423.50

451.80

425.70
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Appendix Table B-5 Comparison of Exposure (Cumulative total respirable dust
dose and cumulative free silica dose) to Profusion

Category 2/1

Profusion Cétegory ""7CﬁﬁuiativefRespiréb1e'DuSt'DOse‘(mgmonth‘m73)
: Ry Total = FreeSillca ‘Total | Free Silica
405.10 109.90 | 465.00 125.10
420.50 120.50 | 492.10 131.70
445.80 128.90 | 363.90 92.60
452.40 131.50 | 390.70 98.20
461.10 134.50 | 398.30 100.20
480.70 130.70 | 390.70 104.70
" 496.10 135.80 | 448.40 113.70
503.80 137.80 | 472.70 130.30
$399.20 88.70 447.00 117.00
435.10 98.30 471.90 132.50
444.00 100.50 | 486.20 136.70
456.00 103.80 | 453.90 126.50
467.90 104.00 | 482.60 134.80
411.10 99.80 554.50 160.80
423.10 101:70 | 504.30 144,40
429.00 102.90 | 518.60 148.60
435.00 104.20 | 427.10 119.40
461.80 132.50 | 455.70 126.40
| 490.50 |  140.80 | 470.30 134.50

AN N



Appendix Table B-5 continued
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420.80 85.90 486.70 138.50
428.50 87.90 383.20 111.00
441.30 91.30 426.20 123.50
467.70 116.20 | 438.20 126.90
399.40 103.60 | 467.20 164..40
473.60 117.50 | 656.50 125.00
407.10 105.60 | 429.00 111.40




Appendix Table B-6 Comparison of Exposure (cumulative total respirable dust

dose and cumulative free silica dose) to Profusion

Profusion Categorf ©Cumulative 'Re'S'piI"able'v'DUSt Dose - (mg‘mo’nth m_'s) R
| |Total | Pree Silica | Total | Free Silica
512.70 140.10 504.80 193.70
520.40 142.10 533.50 145.00
524.30 143.10 571.81 153.30
465.90 116.70 470.80 164.40
481.60 120.60 485.20 136.50
497.60 124.50 513.90 140.70
510.10 127.80 456.60 149.10
2/2 523.10 131.00 474,90 95.30
515.30 131.10 489.20 130.10
530.90 135.00 546.60 134.20
546.50 138.90 589.60 150.90
572.50 141.50 601 .60 163.30
588.10 145.40 485.20 166.80
455.90 149.30 499.50 140.70
470.20 130.50 509.10 144.90
534.80 134.70 528.20 147.20
438.40 153.40 534.20 151.80
467.10 125.40 | 412.80 153.10
639.50 133.70 470.20 120.40
655.10 157.30 484 .50 137.00
o laza0 | 161200 | sioso 141,20




Appendix Table B-6 continued

2/2

656.50
567.60
696.30
710.70
739,30
796,70
647,30
564,30
616.90
449,50
411.20
490.00
531.60
543,20
614.80
509.10
540,30
555.00
600,10
615.70
631.30
459.00

492.90

.504.80 .

125.50
129.60
156.30
164,60
168.70
177.10
165.10
152.50
164.30
179.60
106.90
109.10
124.10
134,50
144,90
155.30
139.40
147.40
151.10
162.20
166.10
170.00
120.20

129.20 .

510.80

590.90
611.22
462.90
440.10
523.70
568.80
661,70
690.30
465.30
494.00
519,90
444,40
502.10
509.70
517,40
532.80
449.80

478,50

347,80

348,00
458.90

498 .40

. .500.90

145.30
148.80
159.20
163.30
120.40

128.30

162.50
158.90
163.00
171.40
128.70
135.60
142.00
140.50
142.50
144 .50
146.50
150.50 .
113.10
121.50
95.40

95.50

133.10
142,10 .
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Appendix Table B-6 continued

540.80
500.30
514.90
529.20
497.00
511.30
535.20

578.20

129,

141

140.
145,
149,
139.
140.

150.

20

.90

90

20

10

10

500.90
593.70
609.30
455.90
502.10
533.30
564 .00

142.10
145.10
149.00
152.90
128.10
139.30

145.00
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Appendix Table B-7 Comparison of Exposure (cumulative total respirable
dust dose and cumulative free silica dose) to

Profusion Categories 2/3, 3/2 and 3/3

Profusion Category" " Cumulative Respirable Dust Dose (mgmonth 'm"3)' '
""" Total | Free Silica'| Total | Free Silica =
479.60 118.80 | 608.20 169.80
639.90 171.60 | 627.30 177.50
2/3 654.20 175.80 | 646.50 179.10
668.60 179.90 | 449.70 179.90
597.50 173.30 - .
52260 131.20 | 610.30 176.80
580.00 147.90 | 659.20 182.20
702.00 189.60 | 668.80 184.50
3/2 725.90 196.60 | 678.30 186.80
749.00 202.60 | 698.30 191.40
611.80 177.40 | 687.10 186.80
683.50 198.20 | 581.60 168.50
33 618.80 154.70 | 743.60 177.90
650.00 162.50 | 774.80 189.70
650.00 162.50 | 774.80 189,70
681.20 162.30 | 808.00 193.50
837.20 | 20130 | - | -
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Appendix Table B-8 Comparison of Exposure (cumulative Total Respirable and

and Free Silica) to Large Opacities

Large Opacity Total Respirable Dust Dose Free Silica
......... ,5.,7}..](mgmonth.mf3).‘.,,..,,,,,......Dost.(mgmonth nS)
504.80 132.40
540.70 141.90
543,20 144.90
614.80 » 155.30
390.70 104.70
A 498.80 145.30
510.80 148.80
479.60 118.80
522.60 ’ 131.20
456.50 132.40
470.80 136.60
485.20 140.70
513.90 149.10
581.60 168.50
610.30 176.80
242.50 63.90
242.60 ) 63.90
242.80 64.00
456. 50 129.60
456,00 103.80
567.90 107.00
B 580.00 - A 0 147.90




-

Appendix Table B-9 Comparison of Exposure (cumulative Total Respirable

Dust Dose) to Large Opacities (Luanshya mine)

Large Opacity

Cumulative Total

Cumulative Time of exposure

Category Dust Dose (months)
......... GhgronthwTSy |

A 695.10 512
695.10 524

B 399,30 468
208.70 406
208.70 458
208.70 482

C... . 399.30.. ... . .




APPENDIX C

Comparison of Exposure (Cumulative Total Respirable Dust
Dose and Cumulative Free Silica Dose) to Nodule size

classifications -p, m and n.



Appendix Table C-1 Comparison of Exposures (cumulative total respirable dust
dose and cumulative free silica dose) to Nodule size

classification P

Cumulative‘Respirable'Dust Dose” Cmg‘month'm 5
Nodule size
classification. | Total | Free Silica |. .Total. | .Free Silica...
393.10 98.50 420.80 85.90
424.30 106.30 428.50 87.90
387.30 85.60 441,30 91.30
399.20 88.70 456.60 95.30
435,10 98.30 308.00 86.80
444 .00 100. 60 470.80 136.50
456.00 103.80 485.20 140.70
467.90 107.00 374.50 91.30
P 357.30 87.80 392.00 | 116.30
381.20 92.90 414.80 104.80
371.50 105.00 391.70 109.10
385.80 110.10 411.40 106.60
452.30 114.40 420.30 101.90
483.50 122.20 306.70 119.90
514.70 130.00 322,10 114.30
545,90 137.00 " 399,20 82.10
577.10 141.70 447,00 86.10
370.50 104.70 459,00 104.30
427.80 121.30 445,60 117.00
371.30 99.50 471.90 120.20
,,,,,,,, 376.40 |  100.80 . | .453.90 | ..124.90 o




351.00
363.00
374.90
386.90
398.80
427.80

363,70
435.40

' 347.80
436.70

455.90

91.10
103.00
104.60
107.80
111.20
124.10
84 .00
92.30
95.40
123.50
128.10

125.00

482.60
468.40
408.70
427.80
346.90
349.30
378.00
347.50
436.50
436.70
502.10

132.50
126.50
106.70
118.50

123.10

83.30

88.10

108.90
123.40
123.50

139.30




Appendix Table C-2 (Comparison of Exposures (cumulative total respirable dust
dose and cumulative free silica dose) to Nodule size

classification - m

Nodule size":Cdmulétive:Respirable'Dust'Dosef(mgmonth_m's)

""" | Total = | Free silica 73‘T0ta1j'j'_"Free silica
405.90 109.90 467.10 125.40

420.50 120.50 492,70 133.80

480.70 128.90 608.30 145.60

496.10 180.70 423.90 149.50

445,80 135.80 639.50 153.40

503.80 137.80 655.10 157.30

512.70 140.10 442.10 161.20

520.40 142.10 323.90 125.50

. 524 .30 143.10 540.30 129.60
439,90 110.20 462.50 114.70

465.90 116.70 424.20 123.00

481.50 120.60 452.90 156.30

497.10 124.50 567.60 113.10

343.70. 88.20 461.80 121.50

468.50 119.40 _490.50 132.50

515.30 123,30 ~ 300.60 140.80

530.90 131.10 308.50 80.00

399.20 135.00 316.20 82.00

409.10 96.60 442.20 84.00

,,,,, 411.10 .| 97.90.. . |...618.80. | 86.00




—dn

l

470.20
400.20
488.40
430.70
430.70
399.40
407.10
429.00
462.90
425.70
440.10
523.70
564.30
616.90
426.70
445,90
465.00
492.10

..368.90 .

109.10
144.90
120.40
137.00
124.00
110.50
103.60
105.60
111.40
120.30
124.10
128.30
152.50
164,30

179.60

. ..115.90 .. ..

681.20
743.60
423.50
467.70
319.80
355.60
391.50
499.50
451.80
500.30
514.90
529.20
511.30

535.20

578,20

554,50
568.80
509.10
597.50
611.80
683.50
317.50
348.20

504,30

| 518.60 . .

128.
154.
162.
162.
177.
107.

116.

20
70
50
30
90
00

20

90.00

99.50

129.
132,
141.
136.
140.
145.
149,
139.

143

150.
162.
135.
160.
165.
173.

177.

20
40
90
70
80

20

.10

10
50
90
80

30
40




336.20
357.90
492.80
504.80
540.70
486.20

- 348.00
498.90
317.30
520.90

533.30

478.50

120.50
125.10
131.70
109.10
113,70
124.70
134.50
139.50
147.20
151.10
162.10
89.80

95.40

~'110.00

95.40
133.10
98.60
130.80
145.00

647.30
398.40
427.10
455.70
471.30
486,70
494,40
502.10
502.70
517.40
532.80
383.20
426,50

°347.80

458.90
493,40
324 .40
578.10
564.00

198.

20

89.50

87.70

111.

119

126

134,
138.
140.
142,
144,

146

150.
123,

10

.40

.40

50
50
50

50

.50

S0

95.50

142,

10

91.50

145,

153.

10
00




Appendix Table C-3 Comparison of Exposures (cumulative total respirable
dust dose and cumulative free silica dose) to Nodule

size classification

Nodule size -"~"7cumu1ative'Respirablejnustepose'(mgmmonth‘m‘3)"‘
classification | = Total .. Free Silica. ,..Tota1.4,'.Free.Silica.

510.10 131.50 580.00 |  131.20
523.10 134.50 509.10 147.90
546.50 127.80 528.20 147.20
556.90 131.00 543,20 151.80
572.50 138.90 596.90 141.20
588.10 141.50 611.20 148.80
534.80 145.40 398.30 159.20

N 696.30 149,30 499,50 163.30
710.70 164.60 390.70 171.60
739.30 168.70 540.30 175.80
796.70 177.10 614.80 179.90
504.80 193.70 615.70 189.60
533.50 145.00 631.30 196.60
571.80 153.00 365.60 202.60
456.80 164.40 373.30 104.70
476.80 132.40 661.70 144,90
485,20 136.50 690.30 155.30
513.90 140.70 348.30 166.10
774. 80 149.10 362.60 170.00
806.80 185,70 465.30 97.40
837,20 |, 139,50 . |  639.90 |  99.40




Appendix Table C-3 continued

474,90 201.30 | 654.20 91.50
489,20 130.10 668 .60 95.70
546.60 134.20 702.00 95.70
589.60 150.90 725,90 128.70
601.60 163.40 749.00 135.60

N 473.60 166.80 494,00 142.00
479.60 117.50 517.90 126.90
522.60 118.80 438.20 124 .30
567.20 168.50 581.60 176.80
610.20 170.20 608.20 169.80
627.30 177.50 627.30 179.10
646,50 179.90 649.60 182.20
659.20 184,50 668 .80 184.80
678.30 189.10 687.90 191.40
609.30 149.00
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Appendix Table C-4 Comparison of exposures (Total dust dose
and free silica dose) to Nodule size

classification n,p,m (Luanshya mine)

Nodule Size Cumulative Total Dust Cumulative time
classification Dose (mgmonth m-s) of exposure

...... | (months)
300.60 322

399.30 369

399.30 377

399.30 468

399.30 529

534.00 315

N 567.60 331

208,70 482

695.10 487

695.10 512

695.10 524

463.90 245

318.80 328

318.80 340

p 272,50 404

285.00 228

6 90 ¢ 30 .......... . . 324
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208.70 406
208.70 458
M
695.10 427
411.20 183




APPENDIX D

Individuals' Dust Exposure
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Appendix

Table D=-2: Cases with Cumulative Dust Exposure a 700mc_:;monthm-'3

Cumulative Cumulative [Average dust [Stage of
dosage time of concentration [Pneumoconiosis
Mine No (mgmonthm_3) (months) (mgm~—3)
10053 729.90 203 3.49
10435 1376.00 344 4.00
9250 706.90 193 3.66
9435 960.00 240 4.00
9462 722.90 225 3.21 1
11044 742,70 333 2.23 2
11686 823.10 228 3.61
11118 789.40 312 2.53
10122 706,20 216 3.27
10588 705.90 295 2.39
10621 886.50 353 2,51
11262 977.70 271 3.61
9288 715.90 216 1.73
10092 752.90 257 2.93 2
11537 783.50 207 3.79
11824 880.00 220 4,00
11697 831.30 282 2.95
11143 743.80 227 3.28
11129 760.00 233 - 3.26
10427 744.00 274 2.72
11629 830.20 239 3.47
11205 895.20 343 2.61
10386 823.9 371 2,22

N
KN
~




APPENDIX E

Occupation Dust Concentration Results for Various
Mining Occupations using Various

Sampling Instruments
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Table E-1: Occupation Dust Concentration Results for Lashing
using Casella Personal Sampler

Particle {Mineral | Soot Incombustible [Total
Number 0il Carbon |Dust Dust

Location (p.p.c.c) | (mgm~3) | (mgm=3) (mgm=3) (mgm=3)

700mL C73/57-P8

/P9 D,P.L.* N.D. 1.175 1.17 0.16 2.6225
" N.D, 1.175 1.17 0.698 3.043

775mL B81/41 P9

Vent Raise N.D. 0.28 2.12 0.35 2.75
" N.D. 0.42 0.325 0.525 1.27
" 430 0.41 0.50 4,24 5.15
" 360 0.13 0.82 4,73 5.71

700mL C73/57-P8

D.P.L, 300 0.09 0.03 0.29 0.41
" 320 0.95 0.40 0.06 1.41
" 350 0.14 0.14 0.57 0.85

700mL C73/57

Stope 150 0.01 0.01 0.43 0.45
" 150 NIL 0.109 1.315 1.424

700mL C73/57-P8

/P9 D,P.L. 290 0.61 0.50 1.00 2.11
" 240 0.21 NIL 0.70 0.91
" 270 0.46 0.39 1.38 2.23
" N.D. NIL 0.44 0.22 0.66
" N.D. 0.42 0.21 0.83 1.46

730mL C73/58

Stope N.D. 1.09 NIL 0.51 1.6

730mL C73/45-46

Slot Raise 240 0.25 0.61 NIL 0.86

810mL C81/48 P8

- D.P.Lo 520 0.35 NIL 1055 1.90
" 150 0.24 _ 0.95 0.02 1.21

730mL C73/49

Stope 40 0.85 2.15 1.23 4.25
" 40 0.97 1.71 0.68 3.36
" 300 0.17 0.05 NIL 0.22

*D.P.L. - Draw Point Loading
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Table E-1

Cont'd

730mL C78/49 P6
D.P.L.

730mL"C73/49 P6
DPL

865mL C81/24
Block

810mL B81/42 Pé6
-7 X/cut North

810mL B81/49 P6
D.P.L.

810mL C73/49 P5
Main Tip

730mL C73/49
Stope

200

N.D.
N.D.
N.D.

250

400
140
N.D.

90
220

300

290
170

0.17
0.605
0.885
0.355
0.26
0.37
0.106
0.190
0.42
0.31
0.31
0.28
NIL
0.10
0.46
0.6424
0.1063
0.1054
0.80
0.59
0.27
0.16

0.32
0.21
0.9758

0.29
0.24

0.07
Oo ll

0.22
0.283
0.933
0.135
0.26
NIL
0.638
0.26
0.15
0.32
0.15
NIL
1.34
0.11
0.05
NIL
0.4255
0.4746
0.40
0.21
1.99
0.16

0.90
0.006
0.21
0.52
0.418
0.16
1.17
0.68
0.96
3.47
1.67
0.36
1.35
0.63
2.01
0.2677
0.4255
0.5801
0.75
0.74
0.05
0.21

0.39

0.46
0.21
0.3796

0.92
3.86

1.29
0.896
2.03
1.01

0.938
0.57
1.914
1.13
1.54
4.10
2.110
0.64
2.69
0.84
2.52
0.9101
0.9573
1.1601
1.95
1.54
2.31
0.53

0084

1.09
0.58
2.8488

1.24
5.07

0.73
0.35




Table E-1 Cont'd

730mL B81/42-43,
Pl Vent Raise

760mL B81/42-43,
Pl Vent Raise

730mL C73/49
Stope

530

290

100

N.D‘

N.D.
N.D.
530

170

0.42

0.678

1.0638
1.186
0.26

0.58

1.923

1.0638
NIL
0.20

NIL

0.113

0.5319
0.494
0.97

2.24

2.714

2.6595
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Table E-2: Occupation Dust Concentration Results for Crushing

using Casella Personal Sampler and‘Konimeter

Particle |Mineral | Soot Incombustible |Total

. Number 0il -3 Carbgn Dust _, Dust_3

Location (P.p.c.c) [(mgm ~) | (mgm=3) (mgm ~) (mgm™72)

900mL C96/49

crusher 390 0.09 0.09 1.92 2.10
" 370 0.45 0.77 0.82 2,04
" 250 0.25 0.38 0.12 0.75
" 420 0.35 0.35 1.72 2.42
" 270 NIL NIL 1.54 1.54
" 430 0.04 0.99 3.05 4,08
" 390 0.30 0.30 1.22 1.82
" 280 0.0245 0.0245 0.78 0.87
" 250 0.07 NIL 2.99 3.06

11 Shaft Crusher

Station N.D.** 0.24 0.42 1.73 2.39
" N.D. 0.24 0.54 1.14 1.92
" 320 0.06 0.28 0.73 1.07
" 380 0.12 0.30 2.02 2.44
" 300 0.20 0.96 0.66 1.82
" 190 0.35 0.98 2.73 4.06
" 196 0.05 0.47 2.66 3.18
" 200 0.25 0.24 1.74 2.23
" 770 0.68 0.10 2.42 4,2
" 360 0.025 0.025 2.26 2.31
" 230 0.06 0.56 0.11 0.73
" 210 0.06 0.06 0.45 0.57
" 400 1.24 0.45 0.79 2.48
" 300 0.06 - 0.28 1.91 2.25
" 330 0.29 1.03 1.03 2,35
" 340 0.06 0.98 0.130 1.17
" 220 NIL 0.52 0.52 1.04
" 250 0.06 1.08 0.12 1.26
" 270 0.05 0.06 0.40 0.51
" 320 0.17 0.11 0.11 0.39

**N.D. - Not Determined.



TABLE E-3:

Occupation Dust Concentration Results for Conveying

Using Casella Personal Sampler and Konimeter
Particle [Mineral [Soot Incombustible |Total dust
Number |0il Carbon |Dust (mgm—3)
Location (pep.c.c)| (mgm~3) (mgm=3) | (mgm=3)
790mL-910ml~
1144, 1145
& 1ll4e6
Conveyors N.D, 0,06 0.56 0,11 0.73
" N.D, 0,06 0.06 0.45 0.57
" N.D, 1.24 0.45 0.79 2.48
" 330 0.00 0.28 1,91 2.25
" 250 0.06 1.08 0.12 1.26
" 220 NIL 0.52 0.52 1.04
" 330 0.29 1.03 0.03 1.35
" 340 0.04 0.98 0.13 1.13
" 270 0.05 0.06 0.40 0.51
" 320 0.17 0.11 0,11 0.39

~Table E-4: Occupation Dust Concentrati

(Cage Tender) using Casella

on Results for Hoisting
Personal Sampler and

Konimeter
Particle|Mineral | Soot Incombustible|Total Dust|
Number |0il Carbon |Dust (mgm=—3)
Location (P.p.c.c)| (mgm~3) | (mgm=3) (mgm=3)
430mL - 500mL
Lift shaft 40 0.19 0.19 NIL 0.38
" 40 0.25 NIL 0,14 0.39
" 40 0.13 NIL 0.26 0.39
" 40 0.10 0.10 0.10 0.30
" 260 0.32 NIL 0,13 0.45
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using Casella Personal Sampler and Konimeter

Table E-5: Occupation Dust Concentration Results for Timbering

Particle |Mineral |Soot Incombustible |Total Dust
Number 0il Carbon |Dust -3 -3
Location (p.pP.C.C) (mgm‘3) (mgm=3) (mgm ~) (mgm ~)
975mL, C96/47
-48 Ramp Winze 180 0.09 0.19 1.03 1.31
" 100 0.13 1.18 0.01 1.32
" 70 0.08 0.31 0.69 1.08
" , 180 NIL NIL 0.08 0.08
960mL C96/47
-48 Ramp Winze 180 0,09 1.19 1.03 1.31
" 130 0,19 0.19 0.13 0.51
975mL C96/47
~-48 Ramp Winze 100 NIL 0.07 0.28 0.35
500-880mL
M3 Shaft 40 NIL NIL 0.01 0.01
" 150 0.15 0.02 0.35 0.52
730mL Draw
Point C73/49
P6. 200 0.17 0.05 NIL 0.22

Table E-6: Occupation Dust Concentration Results for Hoisting (Top

Lander) using Casella Personal Sampler and Konimeter

Particle |Mineral |Soot Incombustible {Total Dust
Number 0il -3 Carbon |Dust -3 -3
Location (P.p.c.c) | (mgm )| (mgm=3) (mgm_~) (mgm )
11 Shaft Top 40 0.12 0.30 NIL 0.42
Lander
" 40 NIL 0.07 0,15 0.22
" 40 NIL NIL 0.19 0.19
" 40 0.27 0.13 0.20 0.60
" 40 NIL NIL 0.13 0.13
" 40 0.30 |0.06 0.06 0.42
" 40 NIL 0.07 0.14 0.21
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Table E-7: Occupation Dust Concentration Results for Conveying
using Casella Personal Sampler and Konimeter

Particle | Mineral | Soot Incombustible Total
Number Oil Carbon Dust Dust
Location (P.p.c.c.) | (mgm™3) | (om3) | (mgm™3) (mgm™3)
810mL C81/46-
47 Loop - 250 0.09 0.10 0.06 0.25
" 150 0.26 NIL 0.51 0.77
100 NIL NIL 1.71 1.71
" 40 0.28 2.80 1.12 4,20
" 100 0.42 0.69 2.50 3.61
" 40 0.06 0.80 0.12 0.98
" 340 NIL NIL 1.31 1.31
" 100 0.62 0.62 0.12 1.36
" 40 0.06 0.06 0.57 0.69
" 260 0.03 0.03 0.65 0.71
810mL C81/37~-
39 Loop North 440 0.26 0.26 1.06 1.38
" 490 0.21 0.21 0.72 1.14
" 340 0.21 0.32 0.42 0.95
" 500 0.16 0.16 0.86 1.19
" 300 0.39 0.06 0.83 1.28
" 420 0.41 0.23 1,57 2.21
" 860 0.44 0.38 3.45 4,27
" 380 0.50 0.52 0,52 1.54
810mL C81/42-
43 Loop North 190 0.32 0.64 0.32 1.28
" 280 0.67 0.07 0.32 1.28
" 260 NIL NIL 0.06 0.06
" 270 0.06 0.06 0.26 0.38
" 250 0.06 0.06 0.38 0.50
" 200 0.06 0.32 0.26 0.64
" 230 NIL 2.35 NIL 2.35
" 250 0.19 0.19 0.06 0.44
" 350 0.09 0.09 0.18 0.36
810mL C81/42-
43 Loop North 260 0.32 NIL 0.13 0.43
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Table E~7 Cont'd

810mL C81/26-
28 Blocks

810mL C81/26~-
28 Block

N.D.
160
90
140
300
50
240
210
170
230

300

0.057
0.16
0.31
0.10
NIL
0.20
NIL
0.11
0.13
NIL

0.91
0.80
0.42
0.02
NIL

0.18
0.34
0.23
0.37
NIL

0.51 -

0.54
1.02
0.02
0.59
2.60
0.78
0.57
1.31
0.33

1.48
1.50
1.75
0.14
0.59
2.98
l.12
0.91
1.81
0.33
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Table E-8: Occupation Dust Concentration Results for Various
Operations using MRE 113A and Konimeter
Operation/ {Potal Dust |Particle
Location Occupation | (mgm—3) Number
(Pep.C.C.)

730mL C73/62-63 Loop Drilling 1.23 67

" " 1.53 67

" " 0.63 45
760mL C81/47-P9 X/CN* " 0.45 41

" " 2.75 430

" " 1.55 360

" " 2.17 430

" " 1.68 280

" " 1.02 290
730mL C73/55 P5 Vent Raise " 2.30 380

" " 0.76 210

" " 2.60 ND

" " 2.80 370

" " 0.78 70
775mL B81/42 P3 X/CN " 1.86 320

" " 2,98 400

" " 1.88 290
900mL C96/49 crusher Crushing 1.50 375

" " 1.21 375

" " 0.39 90

" " 1.07 210

" " 1.29 330

" " 3.74 410

" " 3.27 402
11 Shaft Crusher Station " 4,67 450

" " 5.086 910

" " 1.28 1.87

" " 2.64 209

" " 3.96 390

" " 3.02 467

" " 1.09 198

*X/CN -

Cross Cut North
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Table E-8 Cont'd

810mI, C81/46-47 Loop North Tramming 1.38 286
" " | 0.37 100
" " 1.63 310
" " 0.48 120
" " 1.42 290
" " 1.54 300
" " 1.90 380
" " 1.70 330
" " 0.76 280

810mL C81/42-43 Loop North " 0.87 260
" " 1.13 239
" " 0.31 243
" " 1.39 300
" " 0.10 110
" " 2.90 560
" " 1.48 380
" " 1.87 190
" " 1.68 380

790-910mL 1144, 1145 &

1146 Conveyors Conveying| 0.08 38
" " 0.40 100
" " 0.34 40
" " 0.68 40
" " 0.62 210
" " 2.30 460
" " 0.25 58
" " 0.07 32
" " 1.20 380
" " 1.40 360
" " 2,63 340
" " 0.98 280
" " 0.80 110
" " 2.52 400
" " 0.67 250

810mL C81/49 P5 Main Tip Tipping 0.22 40
" " 2.01 356
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Table E-8 Cont'd

810mL C81/49 P5 Main Tip Tipping 2.67 400
" " 0.96 160
" " 1.80 290
730mL C73/49 P5 Main Tip " 0.44 80
" " 1.08 90
" " 6.70 720
" " 7.67 740
" " 1.92 296
" " 0.31 40
810mL C81/49 P5 Main Tip " 1.96 308
" " 0.73 120
" " 4.81 546
" " 2,72 470
700mL C73/57-P8/P9 D.P.L. Lashing 0.41 N.D.
" " 3.03 N.D.
" " 2,09 200
" " 2,50 247
700mL C73/57-P8/P9 DPL " 2.30 240
" " 1.80 218
" " 2.79 250
700mL C73/57 Stope Lashing 2.76 240
" " 0.84 160
" " 3.60 390
" " 2.10 200
" " 0.21 90
" " 4.20 520
" " 4.67 530

N
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Table E-

Miscellaneous using MRE 113A

10: Occupation Dust Concentration Results for

Location Mass
Concentration
(mgm=3)
45 East Haulage 1-2 X/cuts 0.99
82 North Ex 14 West Haulage 0.96
65 North Ex 14 West Haulage 1.27
3 South Ex 7 West Haulage 3X/cuts 0.82
21 East Ex 54 South Haulage 21X/cuts 0.83
4 West Ex Main South Haulage 0.46
6 West Ex 40 North Haulage 0.52
16 West Ex 40 North Haulage 0.85
16 East Ex 40 North Haulage 0,72
6 South Ex East Diagonal Haulage 1.39
7 North Ex 18 East Haulage 1.24
18 East Ex 18 North Haulage 1.97
4 West Ex Main South Haulage 0.31
27 East Ex 30 South Haulage 0.55
82 North Ex 14 West Haulage 1.22
65 North Ex 14 West Haulage 1.37
3 South Ex 7 West Haulage 1-2 x/cuts 0.47
22 East Ex 54 South Haulage 0.98
6 West Ex 40 North Haulage 0.87
16 West Ex 40 North Haulage 1,24
11 North Ex 16 West Haulage 0.90
6 South Ex West Diagonal Haulage 1.21
7 North Ex 18 East Haulage , 1.24
18 East Ex 18 North Haulage 0.95
65 North Ex 14 West Haulage 1.84
3 South Ex 7 West Haulage 0.49
22 East Ex 54 South Haulage 0.69
7 South Ex West Haulage 7/8 x/cuts 0.72
4 East Ex 7 North Haulage 0.35
7 North Ex 18 East Haulage 6 x/cuts 0.66
18 East Ex 18 North Haulage 8/9 x/cuts 1.44

Key: P/S - pillar Sliping



Table E-10 Cont'd

13 South Ex 6 West Haulage

6 West Ex 40 North Haulage 14/15 x/cuts
16 West Ex 40 North Haulage

23 East Ex 30 South 4/5 x/cuts

Section 8 B/C: Haulage

B/C: Haulage

T/C: Haulage

B/C: Haulage

B/C: Haulage

T/C: Haulage

B/C: "

B/C: "

T/C: "

B/C: "

B/C: "

B/C: "

B/C: "

B/C: "

B/C: "

P/S: Haulage 2/3 x/cuts
B/C: Haulage

B/C: "

" 12 P/S: Haulage 8/9 x/cuts
" 4 B/C: Haulage

B/C: Haulage

B/C: "

B/C: " ~
B/C: "

26 x/cuts Haulage

W o o o

e
N

W 0 o 9 v U1 e

=
o

: Haulage

0.51
0.12
0.67
0.29

0.40
0.55
0.27
0.13
0.70
2.49
0.12
1.06
0.24
0.14
0.39
0.60
0.88
1.06
0.17
1.00
1.60
1.14
0.59
0.46
0.13
1.34
0.14
0.50
0.90
0.16
0.34
0.35
0.50
0.08
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Table E~10 'Cont'd

Section 5 4 x/cuts Haulage

6 1 x/cut Haulage
1 Belt Road

3:

[ - )

2

Haulage 25 x/cuts
Haulage

Belt Road 1 x/cut
Belt Road 2 x/cuts
Belt Road 8 x/cuts

Section North Development Belt Road

Section

1
2
3:

4/5 x/cuts

Belt Road 1/2 x/cuts
Belt Road 7/8 x/cuts
Haulage 26 x/cuts

5 Haulages 10m Intake

Section North Development Belt Road

Section

Section

Section

1
2
4

5

3/4 x/cuts

Belt Road Intake

Belt Road 8/10 x/cuts
Belt Road 10 x/cuts
Belt Road 1 x/cut

North Development Belt Road

o o

w w

N oW
e ..

=
N
e

1)

'—l
H oo 1 O g W
o

3 x/cut

B/C: Haulage 6/7 x/cuts
B/C: Haulage
P/C: Haulage 2/3 x/cuts
B/C: Haulage

26 x/cuts Haulage
10 in bye )
16/18 x/cuts
Haulage 10m
Haulage 10m
Haulage 10m
Haulage 10Om

4 x/cut Haulage

1 x/cut Haulage

Belt Road 10 metres

0.67
0.10
0.08
0.60
0.60
0.37
1.20
1.19

1.35
0.30
0.62
0.23
0.77

0.20
0.57
0.47
0.41
0.63

0.29
1.06
0.17
1.00
1.6

0.90
0.16
0.89
0.34
0.35
0.50
0.08
0.67
0.10
0.08

Key: T/C - Top Coal



Table E-11: Occupation Dust Concentration Results for
Intakes using MRE 113A

Laden Clean Total |[Air Mass
Filter] Filter |Filter |Filter |Volume |Concent-
Location No. | Weight [Weight deposit|Sampled |[ration
(g) (g) (mg)  |(m3) (mgm~3)
B-A
B A B-A C <
16 South Ex
W. Diagonal | 32 0.63885 [0.63845 |0.40 0.224 1.79
Section 8
" 38 0.65172 (0.65020|0.52 0.797 0.65
" 75 0.63085 0.62965 1.20 0.652 1.84
" 74 0.6232010.621901]1,30 0.652 2.00
14 East Ex
6 South 15 0.62195{0.62120|0.75 0.585 1.28
6 South Ex
East Diag- 14 0.61910}0.61800(1.10 0.704 1.56
onal
Turn off
20 North 76 0.64500|0.64435]0.65 0.534 1.22
North
West 11 0.63580]0.63540}0.40 0.328 1.22
. Development
North
West 12 0.63180/0.63125|0.55 0.747 0.74
Development
" 23 0.62190|0.62170|0.20 0.219 0.91
22 South Ex
West Dia- 80A 0.64796]0.6470 |0.96 0.436 2.20
. gonal
22 Section
7 West 454 0.64444|1 0.6432111.230 {0.66 1.86
Diagonal
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Table E-12: Occupation Dust Concentration Results for

Lashing using MRE 113A

Laden Clean Total |Air Mass
Filter |Filter |Filter Filter |Volume |Concent-
, No. Weight |Weight deposifsampled [ration
Location (9) (g) (mg) | (m3) (mgm-3)
B A B-A C BZA
C
22 South Ex
W. Diag. 65 0.62695]0.62375(3.20 0.691 4.63
Sect. 7
" 16 0.61930({0.61675(2.55 0.618 4.13
" 31 0.6220 [0.61845(3.55 0.753 4.71
" 35 0.62535[0.62300(2.35 0.673 3.50
Section 4 62 0.64195(0.64060[1,35 0.562 2.40
" 58 0.64480|0.64155(3.25 0.675 4,81
" 72 0.65480(0.64950]/5.30 0.713 7.43
" 25 0.6594010.6571012.30 0.751 3.10
" 10A 0.65200]0.64910/3.10 0,727 4,26
*30 South Ex
W. Diag. 27 0.64362]0.64164(1.98 0.666 2.97
Sect. 6
" 9A 0.62470(0.62230(2.40 2.58
" 42C 0.65882]0.65720/1.62 0.511 3.17
North Main
Development 74 0.65232/0.64981(2.51 0.721 3.48
" 39Aa 0.65945{0.65720({2.23 0.575 3.88
*Ex - off
W - West
Diag. - Diagonal
N - North "
E -~ East

Sect. - Section
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Table E-13: Occupation Dust Concentration Results for
Drilling using MRE 113A
Laden Clean Total |Air Mass
Filter [Filter |Filter |Filter {Volume |Concent-
Location No. Weight |Weight |deposit|{Sampled |ration
(9) (g) (mg) | (m3) (mgm=3)
- B-A
B A B-A C G
14E. Ex 6
South 49 0.6275510.62405(3.50 0.562 6.23
Sect. 5
" 27 0.62475(0.62250(|2.50 0.661 3.80
" 33 0.63615|0.63580|0.35 0.174 2,01
" 36 0.6357010.63410]1.60 0.561 2.85
North West
Development| 53 0.63245(0.63050(1.95 0.716 |2.72
" 61 0.63410|0.63265(1.45 0.641 2.30
" 57 0.6402 |0.63725}2.95 0.492 6.00
" 69 0.63980(0.63785]1.95 0.696 2.80
" 24 0.61405]0.61265(1.40 0.447 3.13
North Main
Development| 52 0.63045(0.62900(1.45 0.653 2,22
" 4247 0.64379]0.64079(3.00 0.425 7.06
" 44B 0.6447910.64339(1.40 0.397 3.53
" 47A 0.64422(0.64290(1.32 0.320 4.13
Section 4 3A 0.64485]0.64334|1.51 0.620 2.44
" 1A 0.64332[0.64149}1.83 0.671 2.73
" 49A 0.644670.64304|1.63 0.436 3.74

N
\N
O




Table E-14: Occupation Dust Concentration Results for

Coal Cutting using MRE 113A

Laden Clean Total (Air Mass
Filter |[Filter |[Filter |Filter Volume |[Concent-
Location No. |[Weight |Weight deposit{Sampled |ration
(9) (9) (mg) (m3) (mgm=3)
B A B-A C -]?—C'-é
Section 4 64 0.65050]0.64920(1.15 0.72 1.60
15 South Ex
W. Diag. 19 0.63265(0.62870/3.95 0.657 6.01
Section 8

" 28 0.63875(0.63685/1.19 0.702 2.71

" 34 0.62920]0.628450.70 0.693 1.01
" 54 0.6150010.64110(0.30 0.591 0.510

" 51 0.63645/0.63640(0.20 0.497 0.40

14 East Ex
6 South 60 0.6304010.63005/0.25 0.708 0.35
Sect., 5

" 56 0.62955/0.62915]0.35 0.647 0.541

" 73 0.63015|0.6287011.45 0.748 1.94

" 13 0.65050{0.64980]/0.65 0.699 1.00

" 22 0.63040]0.63000(0.40 0.587 0.68
Section 4 45C 0.64446]0.64329(1.17 0.695 1.68
" 41B 0.64746 0.6460011.46 0.706 2.07

" 8Aa 0.64382|0.64259/1.23 0.707 1.74

" 5A 0.64316)0.64176(1.40 0.694 2.02

" 4A 0.64563/0.64413/1.50 0.752 1.99

North Main

Development 40A 0.64490}+0.6410013.90 0.691 5.64
" 44A 0.64726/0.64406(3.20 0,731 4.38

" 81A 0.64919]0.6464712.72 0,606 4.49

2L0



Table E-15: Occupation Dust Concentration Results for

Charging using MRE 113A

Laden Clean Total |Air Mass
Filter |Filter |Filter |Filter |Volume |Concent-
Location No. Weight [Weight |deposit|Sampled|ration
(g) (g) (mg) | (m3) (mgm~3)
B-A
B A B-A C o
15 South Ex
W. Diag. 50 0.64210(0.63870|3.40 0.691 4,92
Sect. 8
" 20 0.63835|0.63715/1.20 ©.390 3.10
" 30 0.64135(0.63910|2.25 0.638 3.53
" 37 0.63115/0.62815({3.00 0.775 3.90
Sectiaon 4 63 0.62765(0.62655(1.10 0.562 1.96
" 59 0.62835|0.62810/0.25 0.705 0.355
" 66 0.63350(0.63230(1.20 0.661 1.83
" 21 0.61820|0.61755[0.65 0.447 1.45
" 48C 0.644080.64336(0.72 0.458 1.57
15 South Ex ‘
W. Diag. 43A 0.6434910.64229|1,20 0.505 2.39
Sect. 8
" 43B 0.64488|0.64376(1.12 0.485 2.31
" 40B 0.6449710.64357(1.40 0.482 2.90
" 6A 0.644910.64331|1.60 0.470 3.40
" 41A 0.6456910.64460(1.09 0.598 1.82
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Table E~16: Occupation Dust Concentration Results for
Blasting Workers (18 Shaft) using MRE 113A

and Konimeter
Konimeter |Incombustible |Total dust

Location (p.c.c.c) |dust (mgm~3) (mgm~3)
1186 Grizzley/2140/2D 240 0.65 0.94

" 260 0.698 0.82

" 560 1.75 2.06

" 460 1.50 1.76
1186 Grizzley/2140/2D 440 1.24 1.46

" 500 1.65 1.94

2h2



Table E-17:

Drilling Workers using MRE 113A and

Occupation Dust Concentration Results for

Konimeter
Konimeter (Incombustible |Total dust

Location (p.c.c.c) |dust (mgm=3) (mgm=—3)
1152 RIB/2240/10D~18 shaft 400 0.786 1.152

" 460 1.002 " 2.43

" 360 0.782 2.120

" 240 0.52 1.42
1162 X/CN/2240/2D-18 shaft 840 2.065 3.24
488 STOPE/880L- 14 shaft 380 1.22 3.18

" 160 0.382 1.024
1192 EAST/2290/4D-28 shaf? 100 0.181 2.167

Table E-18: Occupation Dust Concentration Results for
Conveying Workers using MRE 113A and
Konimeter
Konimeter |Incombustible Total dust
Location (p.c.c.c) |dust (mgm=3) (mgm~3)
1930'L Conveyor-14 shaft 100 0.210 0.645
" 180 0.344 0.947
" 140 0.246 0.726
" 160 0.301 0.922
1930'L Conveyor-14 shaft 180 0.324 0.862
" 160 0.320 0.883
" " 120 0.226 0.742
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Table E-19: Occupation Dust Concentration Results for
Mechanical Lashing Workers using MRE 113A

and Konimeter

Konimeter |Incombustible [Total dust

Location (p.c.c.c) |dust (mgm~3) (mgm~3)
1176/2200/2D-18 shaft 380 0.916 1.684

" 800 1,945 3.16

" 680 1,52 2.95

" 640 1.35 2.93

" 360 0.923 1.92
1160 X/CN/2200/4A~18 shaft 540 1.741 2.691

" 480 1.201 1.81

" 380 1.243 2.64
1174 X/CN/2200/4A-18 shaf% 360 0.952 2.02

Table E-20: Occupation Dust Concentration Regults for
Miscellaneous Workers using MRE 113A and

Konimeter
Konimeter |Incombustible |Total dust

Location (p.c.c.c) |dust (mgm'3) (mgm'3)
1900'L X/CN-18 shaft 480 1.001 1.497

" 400 0.82 1.225

" 300 0.792 1.286
2200 shaft X/CN-28 shaft 280 0.862 1.0796
2290/4D - 18 shaft 320 1.052 1.430
2240/10D - 18 shaft 260 0.692 0.941

" . 360 0.638 0.867

" 420 1.434 1.95
229/4D - 18 shaft 280 0.707 0.962

201,



Table E-21: Occupation Dust Concentration Results for

Hand Lashing Workers using MRE 113A and

Konimeter »
Konimeter [Incombustible |Total dust

Location (p.c.c.c) [dust (mgm~3) | (mgm=3)
1228/2350'L/6D-28 shaft N.D. 0.0508 0.484

" N.D. 0.0182 0.1733
1158/2240'L/2D-18 shaft N.D. 0.024 0.2111

" N.D. 0.023 0.2047
1158/2290'L/2D-18 shaft N.D. 0.0192 0.344

" N.D. 0.0270 0.3041
1l16F/W DRIVE/2240'L/2D N.D. 0.0167 0.2885
-18 shaft

" N.D. 0.0312 0.3344

" N.D. 0.0354 0.3672
2200'L, SHAFT X/CuT '
N-28 shaft N.D. 0.0396 0.4930
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Table E=-

22: Occupation Dust Concentration Results for
Crusher men Using MRE 113A and Konimeter

Konimeter |Incombustible Total dust
Location (p.c.c.c) |dust (mgm=3) |(mgm-3)
1930'L crusher/14 shaft 160 0.32 0.590
1930'L crusher/14 shaft 120 0.188 0.463
1930'L crusher/14 shaft 140 0.255 0.591
2100'L crusher/18 shaft ND 0.114 0.657
1 1930'L crusher/14 shaft 220 0.40 0.736
" 140 0.246 0.631
" 120 0.273 0.591
" 160 0.370 0.664
" 240 0.450 0.88
" 340 0.965 0.965
2100'L crusher/18 shaft 320 0.613 1.313
" 460 0.80 1.44
" 400 0.69 0.69
Surface crusher/14 shaft 260 0.40 0.852
" 360 0,72 1.49
" ND 0.54 0.97
" ND 0.52 1.05
" ND 0.50 0.989

2L6




