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Abstract

This paper presents an analysis of personal respirable coal dust measurements recorded by the Joint
Coal Board in the underground longwall mines of New South Wales from 1985 to 1899. 11,829
measurements from 32 mines were analysed and the results given for each occupation. for seven
occupational groups, for individual de-identified mines and for each year of study. The mean
respirable coal dust concentration for all jobs was 1.51mg/m3 (SD 1.08mglm°). Only 6.9% of the
measurements exceeded the Australian exposure standard of Smg/’ms, Published exposure-response
relationships were used to predict the prevalence of progressive massive fibrosis and the mean loss of
FEV,, after a working lifetime (40 years) of exposure to the mean observed concentration of 1.5mg/m°
Prevalences of 1.3 and 2.9% were predicted, based on data from the United Kingdom and the United
States respectively. The mean loss of FEV, was estimated to be 73.7ml

Introduction

tongwall mining was first introduced to New South Wales in 1962 [1]. Currently, there are 34 longwall
mines in Australia and 23 of them are in New South Wales [2]. Figure 1 illustrates the amount of coal
produced by fongwall, bord and pillar and open-cut methods in New South Wales for the period
1970/1971-1899/2000. Longwall preduction has increased substantially from 2.2Mt (4% of total coal
production) in 1980-81, to 24.5Mt (25% of total production) in 1990-81, to 43.5Mt (33% of total
production) in 1999-2000

In 1996/1967, New South Wales longwail production accounted for approximately 4.8% of world coal
extracted by longwalis [3,4].

The major coal deposits of New South Wales range from bituminous coking and thermat coals to sub-
bituminous thermal coals [4]. The coal is classified as medium to high rank.

The Joint Coal Board in New South Wales has undertaken personal gravimetric samples of respirable
coal dust in coal mines since 1984 [5]. Before 1984 the particle counting method was used [5]
Samples are collected by Joint Coal Board Officers at least every & months at longwall faces, during a
production shift. Samples are taken from the breathing zone of at least five operators including at least
one shearer operator, two roof support operators, a deputy, and cne other person selected by the
mine manager [5). SIMPEDS cyclones are used, which sample the respirable fraction of dust
according to the UK Medical Research Council curve. The samples are analysed at the Joint Coal
Board laboratory [5].

The Joint Coal Board also undertakes chest x-rays, on average every 3 years for current underground
miners, and every § years for current surface miners [6]. The entire workforce is sampled. The
prevalence of coal worker's pneumoconiosis in miners has declined substantially in recent decades,
from 16.0% in 1948 to consistently less than 0.5% during the period 1890 - 2000 [6-9]. All of the
current cases are below International Labour Office (ILO) profusion category 2 {7]
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Figure 1: New South Wales coal production from 1970 to 2000 (Courtesy of the New Scuth Wales
Department of Minerals Resources)

In this paper we present an analysis of the Joint Coal Board's longwall exposure data, for the years

1985 to 1999. The aims of the analysis are;

1. To determine recent compliance with the national exposure standard

2. To estimate the future prevalence of coal worker's pneumoconiosis and progressive massive
fibrosis and the mean loss of FEV, due to chronic obstructive pulmanary disease, in fifetime
miners (40 years exposure), using published exposure-response relationships.

Method

We analysed the Joint Coal Board database of personal respirable coal dust concentrations, for the
period 1985-1999. There were several identifiers in the database, including mine code, date and job.
We constructed seven occupational groups from 28 of the 41 jobs listed in Table 1, that we thought
were likely to stratify the longwall operation by exposure. The occupational groups and their
constituent job identifiers are presented in Table 2. A brief description of each constituent job is aiso
given in Table 2.

Attfield and Seixas have published predictions of the prevalence of coal workers pneumoconiosis and
progressive massive fibrosis after 40 years of exposure to various concentrations of respirable coal
dust [10]. Their predictions were based on data from the National Study of Coal Worker's
Preumoconiosis in the United States and data from the National Coal Board's Pneumoconiosis Field
Research in the United Kingdom. Their predictions based on the data from the United Kingdom drew
on previous works by Hurley and Maclaren, and Attfield [11,12]. A graph of the exposure-response
!'elationships they derived from the United Kingdom and United States data for high rank coal is shown
in Figure 2. We linearly interpolated the United Kingdom prevalences at a concentration of 1.5mg/m*
from the prevalences given for concentrations of 1.0mg/m® and 2,Omglm3 We used this graph to
make predictions of the prevalence of pneurnoconiosis and progressive massive fibrosis after 40 years
of exposure to coal dust in the longwalls of New South Wales, using the average measured respirable
coal dust concentration.

Soutar and Hurley have estimated the average loss of FEV;, attributable ‘o cumulative coal dust
exposure, to be 0.76ml per ghm'J [13). In a review of coal mining and chronic abstructive pulmonary
disease, Coggon and Newman Taylor concluded that this figure was a reasonable best estimate [14].
If oneaworking year is assumed to be 1600 hours, then 0.76ml per ghm'3 is equivalent to 1.22ml per
mg/m-yr. We used this figure to predict the average loss of FEV; after 40 years of exposure to coal
dust in the longwalls of New South Wales, using the average measured respirable coal dust
concentration.
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Table 1. Respirable coal dust exposures for each of the 41 occupations.

JOB n (total) n (valid) % Mean s.d.
Apprentice Fitter 3 3 0.03] 0.73] 0.40]
Boct End Man 72 72 0.61 072 0.41
[Check Inspector 1 1 0.01 0.3 B
fChack Transporter 13 13 0.11 0.74 0.24]
Chockman 3158 3143 26.57 161 119
[Chockman M/G 501) 500 4.23] 1.38 1.08]
IChockman+M/G Man 71 70 0.59] 1.65] 1.19
[Chockman T/G 18] 17] 0.14] 248 1.94]
[Crusher Attendant 1 1 0.01 1.72) 1
Deputy 2202} 2189 18.51 1.29] 0.8§
Driller 2] 2 0.02] 0.90] 0.14
imco Driver 1 1 0.01 1.03]
Electrician 205 207 1.7 1.1§} 0.81
Electrician+Chockman 3 3 0.03] 0.91 0.41
IFace Operator 17} 17 0.14] 0.79] 0.88]
Fitter 777 769 6.50] 1.19] 0.86}
Fitter+Chockman 24 24 0.204 1.12) 0.74§
|General U/G E E 0.04} 0.68] 0.19]
[Machine Man il 1 0.01 0.60] 1
IM/G Boot 7] 7] 0.0} 1.24 0.8}
IM/G Dropover 24| 24 0.20] 0.51 0.26]
Man 353 352 2.98] 1.57} 1.45|
/G Man+Shearer Op 48] 47| 0.40} 1.01 0.73
/G Operator 97 EE 0.80] 0.61 039
Materials Driver 1 1 0.01 0.30) 9
ule Driver 7] g 0.0¢] 0.74 0.17]
Outbye Man 3 3 0.03) 0.38] 0.03
[Pantechnicon 173 173 1.46] 1.0} 0.91
[Push Operator 22| 22 0.19 2.88] 1.77
hearer Operator 2141 2134 18.02) 1.81 1.2
hearer Op 1st 165] 165} 1.39] 1.73] 1.04)
hearer Op 2nd 151 1508 1.27] 1.45| 0.84
hearer Op M/G 873 673 5.698 149 1.01
hearer Op 1/G 657} 655 5.54) 179 114]
IShearer Cp MG+TG 25 2§ 0.21 1.54] 0.79]
?rer Op + Chockman 91 91 0.77} 164 0.81
hiftman 1 1 0.01 1.90] 1
iSupport Op 171 171 1.45) 1.38] 0.88]
[Timberman 1 1 0.01 1.50 1
Undermanager 1 1] Q.01 1.40] B
fagner Fork Lift 2 2 0.02] 0.86{ 0.79)
[Sum 11889 11829 100]

M/G: Maingate, T/G: Tailgate, U/G: Underground, Op: Operator.
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Table 2. The seven occupationat groups constructed from the database and their conssituent
accupations.

Job Category ‘Job Identifier in JCB | Job Description

Database
Deputy Deputy Manages and supervises a coal
producing longwall face operation and
alt employees working therein. Monitors
the condition of mechanical belt splices,
and looks for rips in the belt.
Shearer Operator | Shearer Operator .| Operates M/G and T/G shearer drums
Shearer Operator M/G Operates shearer from M/G to mid-face
Shearer Op 1% and fram mid-face to T/G.
Shearer Operator T/G Operates the shearer from T/G to mid-
Shearer Op 2™ face and from mid-face to the T/G.
Shearer Op MG+TG M/G and T/G shearer operators switch
jobs during the shift.
Chockman Chockman Advances chocks from M/G to T/G and
Support Operator from T!G to M/G.
Chockman M/G Advances chocks from M/G to mid-face
and from mid-face to M/G
Chockman T/G Advances chocks from T/G to mid-face
and from mid-face to T/G.
Maingate Man M/G Operator Monitors the control panel if the panel is
Main Gate Man at M/G. Examines MG area for

hazardous conditions. Watches for
blockages at the transfer point and if
necessary stops the AFC to clear coal
build up. Operates the first few M/G
chocks. Ensures the whole operation
runs smoothly.

Face Operator Face Operator Advances the chocks from M/G to T/IG
and from T/G to M/G. Also operates the
shearer from M/G to T/G and from T/G
to MIG

Chackman + M/G Man Workers switch jobs during a shift.
Shearer Op + Chockman Workers switch jobs during a shift.

M/G Man + Shearer Op Workers switch jobs during a shift.

Push Operator Pushes the AFC forward as the fongwail
is retreated.
Boot End Men Boot End Man Monitors coal transfer through crusher,
M/G Boot BSL ard baot end onto conveyor belt.
M/G Dropover
Crusher Attendant A pantechnicon operator is in charge of
Pantechnicon a pantechnicon. The pantechnicon is a

train of sieds carrying auxiliary
equipment, and  monitoring  and

communication equipment.

Tradesmen Fitter Performs general maintenance of the
Apprentice Fitter mechanical equipment and other related
tasks.
Fitter + Chockman Workers switch jobs during a shift.
Electrician Sets all the transformers for the longwall

face and performs general maintenance
of the electrical equipment and other
related tasks.

Electrician + Chockman Workers switch jobs during a shift.
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Figure 2. Exposure-respense relationships for high rank coal. From the data of Attfield and Seixas
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Statistical Analysis N
The number, mean, and standard deviation of respirable coal dust exposures were calculated for each
occupation. The number, mean, 95% confidence interval for the mean, standard deviation, minimum 5
and maximum values were determined for the respirable coal dust exposures of each of the
occupational groups. A box and whisker plot of coal dust exposure for each of the seven occupational _5
groups was made. The significance of differences in mean coal dust concentrations between the ‘::c 4
seven occupational groups was determined using the Kruskal Wallis test. Six comparisons between =
occupational groups were then made, two groups at a time. using the Mann-Whitney U test. To 3
prevent error inflation due to multiple comparisons, a downward adjustment of the alpha level from 5 3
0.05 to 0.008 was made. A box and whisker plot of coal dust exposure for each of the mines was 9
made. Another box and whisker plot of coal dust exposure for each year of the study period was 9
made. The box and whisker plots do not contain outlier or extreme values because of the large coal a 2
dust exposure scale that would be needed. SPSS 10.1 for Windows was used for alf statistical ©
N Q
analyses following importation of the data from Microsoft Excel spreadsheets. )
1
Results 0
" = 89 3793 3831 447 247 277 1300
In total 11,829 valid measurements from 33 mines were analysed. The seven accupational groups we Ne o m Chock Face Oparator Tradesmen
derived from 28 of the 41 jobs, comprise 11,790 (99.7%) of the measurements. Deputy ockman ace Opel '
Shearer Operator Maingate Man Boot End Man
The respirable coal dust exposures (number, mean, standard deviation) for each of the 41
occupations are listed in Table 1 The_resplrgple coal dus; exposures (number, mean, 95% confid_ence Occupational Groups
interval for the mean, standard deviation, minimum, maximumj) for each occupational group are listed 3 . N 5 )
in Table 3 and the corresponding box and whisker plots are presented in Figure 3. Table 3 also fists Figure 3. Box and whisker plot of respirable coal dust concentration (mg/m®) for each occupational
the percentage of measurements for each occupational group that exceed 1.0, 1.5, 2.0 and 3.0mg/m*. group.
Table 3. Respirable coal dust exposures (mg/ms) for each occupational group Table 4 lists the total number of measurements takers\ at each mine and the number and p_ercentage of
measurements for each mine that exceed 3mg/m”. Figure 4 presents a box and whisker plot of
Occupational Group N Mean 85%ClfortheMean SD. Min Max %>1.0 %>15 %>20 %>3.0 respirable coal dust exposure for each of the 33 mines. The box and whisker plot represents the
Shearer Operator 3799 172 1.68101.76 116 010 17.00 72.4 45.1 278 9.1 exposures for all occupations over the period 1985 to 1999. During this period some of the mines
Chockman 3831 158 15410161 109 010 1308 67.0 398 226 76 opened, some closed and some changed ownership
Face Operator 247 157 143t01.72 116 020 868 587 372 275 101
Maingate Man 447 136 12410149 135 007 1528 488 280 168 B3 .
ach mine and the number and
Deputy 2188 129 12510132 086 010 697 540 277 136 35 Table 4. Theftotal number ctl c;altdus( mdeaasure/r;?nts for each mi
Tradesmen 1000 115 1.10t01.21 084 010 840 454 208 103 38 percentage of measurements that exceed 3 mg
Boot End Men 277 093 0.84101.03 679 010 818 321 144 65 11 )
Measurements Mine Number
All 41 Jobs 1828 151 14910153 108 007 1700 627 38 210 68 12 3 4 5 6 7 8 § 10 N
N 242 363 728 678 36 693 156 974 267 125 83
Kruskal Wallis N > 3 mgim® 5 19 64 7 113 45 59 3 1 N
The Seven Occupational Groups P<0.001 sig % > 3 mg/m’ 2% 52 88 10 28 18 288 61 11 08 133
WMann Whitney U Results
Shearer Operator - P <0.001 sig Measurements Mine Number
Chockman
= 12 13 14 15 16 17 18 19 20 21 22
:mg"z"fac;owam :’g;gf ne N 30 283 10 138 283 366 87 363 485 40 890
Man e enaste : * N > 3 mg/m® o & 0 15 10 4 2 20 77 0 108
Maingate Man - Deputy P=0.020 ns % >3 mg/m® 00 28 00 109 35 11 23 68 158 00 110
Deputy - Tradesmen P <0.001 sig
‘Tradesmen - Boot End Men P <0.001 sig
Measurements Mine Number
23 24 25 26 27 28 29 30 31 32 33
i ! ati N §87 689 804 154 157 128 268 336 212 205 747
There was insufficient data to characterise exposures during longwall installation and recavery. N>3 mg/ma % 1 2 3 19 83 32 20 3 5 15
% >3 mg/m® 125 16 77 227 121 414 111 59 14 20 25
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Figure 4. Box and whisker plot of respirable coal dust concentration (mg/m®) for each of the 33 mines.

Figure 5 presents a box and whisker plot of respirable coal dust exposure for each year from 1985 to
1998. The box and whisker piot represents the exposures for all mines and all occupations.
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Figure 5. Box and whisker plot of respirable coal dust corcentration (mg/m®) for each year from 1985
to 1999,
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The mean respirable coal dust concentration for all longwall jobs was 1. 51mg/m3 Predictions of the
prevalence of coal workers pneumoconiosis and progressive massive fibrosis after 40 years of
exposure to 1 Smg/m are given in Table 5. These are based on the predictions derived from the
United Kingdom and United States databases by Attfield and Seixas, as described in the methods
section.

Table 5. The predicted % prevalence of coal workers pneumoconiosis, after 40 years exposure to
1 :‘-’:mg/m3 respirable coal dust. Based on UK and US predictions by Atffield and Seixas.

Category Predicted % Pr (UK) F i % F {us)
WP 1+ 8 17
CWP 2+ 28 51
PMF 13 29

The predicted average Ioss of FEV; after 403vears of exposure to 1. 5mg/m is:
1.22ml per mg/m -yt x 1.51mg/m” x 40yr = 73.7ml
The derivation of this prediction was described in the methods section.

Discussion

Most of the 33-longwall mines comply well with the current Australian exposure standard of 3mg/m
[15]. However 16 mines (48.5%) have greater than 5% of measurements in excess of the 3mg/m
exposure standard. It is worth noting that 4 mines (12.1%) have had less than 50 measurements taken
in total and are therefore probably inadequately characterised.

Inspection of the box and whisker plots of Figure 4 shows that to successfully comply with the 3mg/m®
exposure standard, longwall mines need to operate at a median exposure of less than 1,5mg/rn3

Given that most mines comply well with the exposure standard, it seems likely that improved

application of existing dust suppression and ventilation technology at the mines with the highest

cancentrations would enable compliance. A standardised survey of the mines may be of benefit, to

determine:

= Which of the known technologies are applied well in the mines with low dust concentrations

«  What are the barriers to the use of these successful methods in mines that have high dust
coneentrations

«  What known technologies are not used, that could further reduce exposure, and what are the
barriers to their introduction

The box and whisker plots of Figure § shows that the industry has been able to prevent substantial
increases in exposure during the period 1985-1998 while production has appreximately doubled.

There are significant differences in exposure between the occupatlonal groups. As expected, the
shearer operators have the highest mean exposure (1. 72mg/m }. They work closest to the shearer
where there is exposure to dust as coal is cut from the face and as it falls onto the AFC. They are also
exposed to dust from chock movement, spalling of coal, and collapse of the roof in the mined area
(formation of goaf} behind the chacks. Chockmen have the next highest mean exposure (1. 58mg/m®)
They are exposed to the same sources as the shearer operators, but are usually at a greater distance
from the shearer. The face operators consist mostly of people rotating between the jobs of shearer
operator and chockman. Their mean exposure (1. 57mg/m ) is slmllar to that of the chockmen. The
maingate men have a significantly lower mean exposure (1. 36mg/m }. This is probably because they
are at a greater distance from the above mentioned sources of dust except for when the shearer is at
the maingate. They are ajso usually at the upstream end of the face, in relatively fresh air, when U
type ventilation is in use. Maingate men are also exposed to spalling of coal, which may occur even
when the shearer has moved away from the maingate. The deputies have a similar mean exposure
(1.29mg/m°) to the maingate men. They supervise the longwall aperation and are on the face for only
a portion of their shift. Tradesmen have a significantly lower mean exposure (1 15mg/m®). This is
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probably because they are also on the face for only a portion of their shift and because the shearer
may not be operating. The boot end men have the towest mean exposure (0.93mg/m”). This is
probably because they usually work upstream of the face, in relatively fresh air, when U type
ventilation is in use.

Of the seven occupational groups, the shearer operators, the chockmen, the face operators and the
maingate men all have greater than 5% of measurements in excess of the 3mg/rn exposure standard
It seems clear that if improvements are to be made, they should be targsted at reducing exposure
along the face and at the maingate.

The predictions based on the exposure-response relationships published by Attfield and Seixas
indicate that if recent exposures are maintained. there remains a risk of pneumoconiosis and
progressive massive fibrosis for those people spending a working lifetime as fongwall coal miners. The
risk of the most serious form of pneumoconiosis, progressive massive fibrosis, is for lifetime miners
1.3% and 2.9%, based on data from the United Kingdom and the United States respectively. Miller
and Jacobsen reported survival rates for coal miners with and without pneumaconiosis over a 22-year
period [17). From their summary data it is possible tc caiculate the attributable risk of death of
progressive massive fibrosis. For the pre-retirement age group of 55-64 years. the aftributable risks
over a 22-year period were about 7.1% for category A, 10.3% for category B, and 23.1% for category
C progressive massive fibrosis. For younger age groups the attributable risks are higher because of
the lower mortality rates from other causes. If one assumes from the predictions that approximately
2% of lifetime longwall miners will develop progressive massive fibrosis at retirement, then one might
further predict from the attributable risks listed above that about 10% of this group wil die from their
disease. In other words approximately 0.2% or 1 in 500 lifetime longwall miners may die of
progressive massive fibrosis in their retirement. Given that most miners will probably work for
substantially less than 40 years the overall risk will be much less than this. By way of comparison the
recent fatal injury rate for the Australian mining industry is such that approximately 2 in 500 to 6 in 500
workers may die from occupational trauma in a 40-year career [18]

The predicted average !oss of FEV, of 73.7ml over 40 years of exposure to the mean observed
concentration of 1.5mg/m° seems tolerable. This equates to only 8% of the average FEV, of a short
elderly Caucasian male (1180ml for an 80-year-old of 145cm height) [18]. Even allowing for individual
variation and the effects of smoking, it seems unlikely that the loss attributable to coal dust exposure
at1. 5mg/m wauld be of clinical significance.

It is important to note that the current practice of wearing particulate respirators at the coalface will
probably reduce the risk of respiratory diseases to below the estimates we have derived.

Predictions of the prevalence of coal worker's pneumoconiosis after 40 years exposure to the mean
observed concentration of 1. 5mg/rn (Table 5), greatly exceed the ohserved prevalence of less than
0.5% ILO 1+, for all coal miners in New South Wales. In addition the observed prevalence is
substantially less than that found in the fourth round of the United States Nationai Study of Coal
Worker's Pneumoconiosis (3.9% ILO 1+), undertaken 13-16 years after the introduction of the 2mg/m
standard [18). There are several possible explanations for these differences:

« The mean duration of work as a coal miner in New South Wales is likely to be substantially less
than 40 years, and may be less than that which prevailed in the United States during the National
Study of Coal Worker's Pneumoacaniosis survey.

« The sampling period in New South Wales is cribroom to cribroom whereas in the United States it
is portal to portal. Measurements under the same dust conditions in the United States are
therefore systematically lower.

* There may be a survivor bias, whereby miners with more severe pneumoconiosis have left the
industry and are not therefore included in chest x-ray surveiliance.

» Bord and pillar mining and surface mining may give rise to lower exposures, thereby diluting the
risk.

« Exposure may have increased substantially within a period less than the latent period for coal
worker's pneumoconiosis. However inspection of Figure 5 suggests this is unlikely, as there has
been no substantiai increase in exposure over the period 1985-1999,

« Secondary prevention may be more consistently applied and at a lower category of
pneumnoconiosis. However the predictions by Attfield and Seixas based on the United States data
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assumed removal of workers of category ILO 1+ to exposures less than 1 mglms. Itis unlikely that
secondary prevention in New South Wales is more conservative than this.

* The rank of coal may be lower than that of the high rank predictions of Attfield and Seixas. Higher
rates of pneumoconiosis are associated with exposure to higher ranks of coal [20-23]

* The crystalline silica content of coal in New South Wales may be lower.

» The exposure-response relationship in New South Wales may be different to that in the United
States and the United Kingdom. Befare being able to comment further on this. a comprehensive
study of the respiratory health of miners and ex-miners would be required.

+ Coal miners in New South Wales may have used respiratory protection more fregquently during the
study period 1985-1998, than did miners in the United States and the United Kingdom during the
earlier study periods. which resulted in the exposure-response predictions published by Attfield
and Seixas.

Qur analysis has some limitations, We have not included estimates of variability in the predictions of
prevalence and loss of FEV, after 40 years exposure. This is partly an intentional simplicity, but also
there is limited variability data in the published exposure-response relationships. We have not
attempted to estimate the future incidence of coal worker's pneumoconiosis in New South Wales, This
would require data on numbers of workers, their age and work duration. Instead we have used existing
exposure-response i ips to predict the p e of coal worker's pneumaconiosis in lifetime
miners (40 years exposure) as a means of risk assessment. Finally, two components of the longwall
process have not been studied:

1. Longwall changeout (installation and recovery) could not be characterised because of a fack of
data. We suggest more data should be collected during this part of the process in future,
especially given that ventilation is likely to be poor.

2. Longwall development was not clearly distinguished from bord and pillar development in the
database because these processes are regarded as being essentially the same [9]. We hope to
analyse development data in the near future.

Acknowiedgments

We are grateful to Ken Cram of the Joint Coal Board for making available the exposure data and for
his helpful comments.

We would also like to thank:

*  Paul Livingston of the Joint Coal Board for his assistance in defining the occupational groups.

+ Tim Harvey and Bruce Robertson of Anglo Coal Australia Pty Limited for making comments on our
occupational categorisation.

+ Tim Mayes of the Department of Mining, Minerals and Materials Engineering at the University of
Queensland for his technical advice on longwall mining operations and ventilation.

s Basil Beamish of the Department of Mining, Minerais and Materials Engineering at the University
of Queenstand for his advice on job descriptions and coal rarks.

«  Sharon Buckley of the Joint Coal Board for providing pneumoceniosis summary data.

Dr Kizil's work is supported by a University of Queensland Postdoctoral Research Fellowship for
Women 2000/01.

References

1. Lama RD. Underground black coal mining in New South Wales. In: Woodcock JT, Hamilton JK,
editors. Australasian Mining and Metallurgy. 2nd ed. Melbourne: Australasian Institute of Mining
and Metallurgy; 1993. p. 1480-1500.

2. Cram K. Production from Australian Longwall Mines (for fiscal 1999-2000). Australia’s Longwalls
2000;Sept:44

3. Pandey P. Global and Indian scenarios of coal mining in 21 Century. Journal of Mines, Metals
and Fumes 1998 Annual Review:376-382.

4. Armstrong M. editor. 2001 New South Wales coal industry profile incorporating Joint Coal Board
statistical supplement. Sydney: New South Wales Department of Mineral Resources; 2001. p 1-
38.

3




312

o~ o

[ZENN]

S

20

2

22.

2

N

Joint Coal Board. Respirable dust in coal mines: questions and answers. 4th ed. Sydney: Joint
Coal Board; 1994. p. 1-16.

Personal communication: Joint Coal Board.

Joint Coal Board. 53rd Annual report 1999-2000. Sydney: Joint Coal Board; 2000.

Griffits B, Koelmeyer H. The and injuries prevalent in the New South Wales
coal mining industry. O ( health and rehabilitation technical bulletin. Sydney: Joint Coal
Board; 1991

Glick M, Outhred KG, McKenzie Hl. Pneurnoconiosis and respiratory disorders of coal mine
workers of New South Wales, Australia. In: Sefikoff [J, Key MM, Lee DHK. Coal workers
pneumoconiosis. Annals of the New York Academy of Sciences 1972:200:316-334.

Attfield MD, Seixas NS. Prevalence of pneumaconiosis and its relationship to dust exposure in a
cohort of U.S. bituminous coal miners and ex-miners, Am J Ind Med 1995;27:137-151.

- Hurley JF, Maclaren WM. Dust related risks of radiological changes in coalminers over a 40-year

working life: report on work commissioned by NIOSH. Report TM/87/09. Edinburgh, Institute of
Occupational Medicine. 1987.

Attfield MD. British data on coal miners pneumoconiosis and relevance to US conditions. Am J
Public Health 1992,82:978-983.

Soutar CA, Hurley JF. Relation between dust exposure and lung function in miners and ex-miners.
BrJ ind Med 1986,43.307-320.

. Coggen D, Newman Taylor A. Coal mining and chronic obstructive pulmonary disease: a review of

the evidence. Occup Environ Med 1998:53:398-407.

. National Occupational Health and Safety Commission. Adopted national exposure standards for

in the onal environment [NOHSC:1003(1995)]. Canberra:
Australian Government Publishing Service; 1995
Goodwin S, Attfield M. Temporal trends in coal workers pneumoconiosis prevalence. J Occup
Environ Med 1998;40:1065-1071.
Miller BG, Jacobsen M. Dust exposure, pneumaconiosis, and mortality of coalminers. 8r J ind
Med 1985,42.723-733.

. Donoghue AM. The design of hazard risk assessment matrices for ranking occupational health

risks and their application in mining and minerals processing.
Occup Med (Lond} 2001;51:118-123.

Pierce R, Johns DP. Spirometry: the measurement and interpretation of ventilatory function in
clinical practice. Melbourne: National Asthma Campaign; 1995.

Attfield MD, Morring K. An investigation into the relationship between coal workers
pneumacaniosis and dust exposure in U.S. coal miners. Am lnd Hyg Assoc J 1992;53:486-497.
Hurley JF, Alexander WP, Hazledine DJ, Jacobsen M, Maclaren WM. Exposure to respirable
coalmine dust and incidence of progressive massive fibrosis. BrJ ind Med 1987,44.661-672.
Bennett JG, Dick JA, Kapian YS, Shand PA, Shennan DH, Themas DJ, Washington JS. The
relationship between coal rank and the prevalence of pneumaconiosis. 8r J ind Med 1979;36.206-
210.

Attfield MD, Wagner GR. Respiratory disease in coal miners. In: Rom WN, editor. Environmental
and occupational medicine. 3rd ed. Phitadelphia: Lippincott-Raven; 1998. p. 413-433




