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Abstract

Background: Exposure to respirable coal mine dust can cause pneumoconiosis, an irreversible
lung disease that can be debilitating. The mass concentration and quartz mass percent of respirable
coal mine dust samples (annually, by occupation, by geographic region) from surface coal mines
and surface facilities at U.S. underground mines during 1982—-2017 were summarized.

Methods: Mine Safety and Health Administration (MSHA) collected and analyzed data for
respirable dust and a subset of the samples were analyzed for quartz content. We calculated the
respirable dust and quartz concentration geometric mean, arithmetic mean, and percent of samples
exceeding the respirable dust permissible exposure limit (PEL) of 2.0 mg/m3, and the average
percent of quartz content in samples.

Results: The geometric mean for 288 705 respirable dust samples was 0.17 mg/m3 with 1.6% of
the samples exceeding the 2.0 mg/m3 PEL. Occupation-specific geometric means for respirable
dust in active mining areas were highest among drillers. The geometric mean for respirable dust
was higher in central Appalachia compared to the rest of the U.S. The geometric mean for
respirable quartz including 54 040 samples was 0.02 mg/m?3 with 15.3% of these samples
exceeding the applicable standard (PEL or reduced PEL). Occupation-specific geometric means
for respirable quartz were highest among drillers.
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Conclusion: Higher concentrations of respirable dust or quartz in specific coal mining
occupations, notably drilling occupations, and in certain U.S. regions, underscores the need for
continued surveillance to identify workers at higher risk for pneumoconiosis.
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1]

INTRODUCTION

The prevalence and severity of pneumoconiosis in U.S. coal miners have steadily increased
in the last two decades.? Prevalence of the most severe and debilitating form, progressive
massive fibrosis (PMF), has reached unprecedented levels, 2 as have the associated
consequences including increased lung transplantationl> and a higher percentage of federal
Black Lung benefits claims awarded.8 A recent study identified a cluster of 416 cases of
PMF, primarily among former miners from Virginia or Kentucky, and 10% of these cases
were in surface miners.# Although the prevalence varies by region and by state,
pneumoconiosis has been observed among contemporary coal miners in each state where
coal is mined, including miners who work at underground and surface operations.”®

To better inform our understanding of the pneumoconiosis trends in the U.S., we recently
summarized the annual mass concentration and quartz mass concentration of respirable dust
samples collected during 1982—-2017 for compliance purposes in underground coal mines by
Mine Safety and Health Administration (MSHA) inspectors.10 The primary findings
demonstrated that the mean percent quartz content in Appalachian underground coal mines
consistently exceeded 5% and nearly one-third of U.S. coal mines had a least one section
placed on a reduced standard. Our initial focus was to summarize the exposures of
underground miners because the majority of coal mine dust-related respiratory health
research has focused on underground miners. However, pneumoconiosis and other
occupational respiratory diseases also occur in surface coal miners, which is noteworthy
given current differences between the surface and underground coal mining industries in the
United States. In 2017, surface operations produced 500 million short tons of coal,
compared with 271 million from underground mines; there were twice as many surface
mines than underground mines, and surface operations employed 17 800 more miners than
underground operations (29 000 underground miners).11

Investigations in the 1980s12-14 identified pneumoconiosis with radiographic characteristics
of silicosis among drillers at surface coal mines and analysis of inspector dust samples
collected at surface coal mines identified drilling occupations as having the highest quartz
exposures.1516 More than two decades later, severe pneumoconiosis continued to be
identified among surface coal miners, with evidence suggesting drillers continued to be at
highest risk.47:8

We are unaware of any recent scientific study summarizing the results of air samples
collected during inspections at U.S. surface coal mines. In light of the long-recognized
hazard of silica and other hazardous dust exposures in surface coal miners, we analyzed 36
years of MSHA inspector-collected respirable dust and quartz (crystalline silica) surface

Am J Ind Med. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Doney et al. Page 3

coal mine data to describe trends over time, by occupation, and by region. These data can be
used to inform public health decision-making.

2| METHODS

2.1| Permissible exposure limits

In 1972, the MSHA permissible exposure limit (PEL) for respirable dust was reduced to 2.0
mg/m?3.17 However, when the quartz content of the respirable dust sample exceeds 5% in an
average of multiple samples, the PEL for respirable dust is reduced for that area of the mine
based on the following formulal’:

10mg

m3

MSHA PEL = 7 Quartz

The PELs were based on time-weighted average concentrations sampled over an 8-hour
work shift. Sampling devices must be worn by a specified mining occupation and remain
operational throughout the entire shift or for 8 hours, whichever time was less. Each sample
was compared to the historic PEL of 2.0 mg/m3 for the respirable dust analysis (MSHA
reduced the PEL to 1.5 mg/m?3 on August 1, 2016 and required sampling for the full duration
of the miner’s shift, even if longer than 8 hours).

2.2 | Respirable dust and respirable quartz data

Data consist of respirable dust air samples collected by MSHA inspectors at surface mines
during 1982-2017 to assess for compliance with dust regulations and included a subset of
samples analyzed for quartz content. NIOSH received 1982-1999 respirable dust data from
MSHA’s Laboratory Information Management System database and 2000-2017 data were
publicly available.1® Respirable quartz data for 1982—-2017 were received from MSHA’s
Pittsburgh Quartz Database. Respirable dust data include the date the sample was taken, the
concentration of respirable dust, the sample type (eg, designated work position), the
occupation code, and the MSHA mine ID. For respirable dust samples analyzed for quartz,
the concentration of airborne respirable quartz, and the percentage of quartz (by weight) in
the sample were also calculated.

The respirable dust and respirable quartz samples were included in the analysis if they met
the following criteria: (a) sample was taken at a surface coal mine or at surface facilities of
an underground coal mine; (b) designated by MSHA as valid; (c) occupational “full-shift”
(ie, at least 8-hours) sample; and (d) sample was collected by an MSHA inspector.
Additionally, respirable quartz samples were included in the analysis if the quartz content
was greater than or equal to zero. Concentrations were imputed for respirable dust and
respirable quartz samples with a value of less than the minimum quantifiable concentration
(MQC) based upon the distribution of quantifiable samples MQC/v2.19

2.2.1| Occupations—MSHA collected samples from a variety of surface miner

occupations with most from previously-established higher risk occupations (eg, highwall
drill operator, bulldozer operator, and blaster/shooter/shotfirer). The occupation-specific
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geometric mean, arithmetic mean, and percent of samples exceeding the MSHA PEL for
respirable dust and respirable quartz were calculated. Not all results exceeding the MSHA
PEL led to an MSHA citation; for example, there was no upward adjustment for sampling
uncertainty. Surface miner occupations with fewer than 400 respirable dust samples were
combined. Occupations were also combined to summarize results for samples collected in
specific areas of work including the strip mine (active mining area), shop/maintenance
(includes work in the shop and maintenance work throughout the facility), and coal prep
facility. Within the strip mine area, we created a combined drillers occupation group that
consisted of highwall drill operator and helper, rock driller, blaster/shooter/shotfirer, and
coal drill operator and helper.

2.2.2| Geographical areas—MSHA coal mining districts are comprised of counties
where a mine is located. Although MSHA districts changed during the study period, we
assigned all samples to the current MSHA district as of the preparation of this manuscript. A
map of the MSHA districts can be found at https://www.msha.gov/about/program-areas/
coal-mine-safety-and-health. Data from MSHA Districts 4, 5, and 12 were combined
(central Appalachia) and compared with MSHA Districts 2 to 3 and 7 to 10 combined (rest
of the United States). Detailed methods and maps are available in a recent publication.10

Data analysis

Data were analyzed by the calendar year, occupation, and MSHA district. For respirable dust
and quartz, the number of samples, the geometric mean, arithmetic mean, 95th percentile,
and percent of samples over the PEL were calculated. The mean percentage of quartz was
also reported for respirable quartz samples. All analyses were conducted using SAS (version
9.4, SAS Institute, Cary, NC). Data from central Appalachia were compared to the rest of
the United States using Proc TTEST Cochran in SAS and a statistically significant
difference was determined at £ < .05. Figures were created using SigmaPlot (version 12.5,
Systat Software, San Jose, CA).

RESULTS

Summaries of the respirable dust samples and respirable dust samples containing quartz
collected by MSHA inspectors during 1982-2017 are presented. The driller occupations had
the highest respirable quartz concentrations. Central Appalachia had statistically higher
respirable dust, respirable quartz, and percent quartz in samples compared to the rest of the
United States.

Respirable coal mine dust

The percentage of respirable dust samples exceeding the PEL, by year, is shown in Table 1.
There were 288 705 respirable dust samples collected during 1982—-2017 included in this
analysis; 6479 samples (2.2%) were less than the MQC and were imputed, and 4520 (1.6%)
of the respirable dust samples exceeded the MSHA PEL.

The overall geometric mean and arithmetic mean for respirable dust exposure were 0.17;
0.35 mg/m3, respectively. The annual respirable dust geometric mean and arithmetic mean
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are shown in Figure 1. Although the mean exposures declined over time, the 95th percentile
averaged 1.13 mg/m3 during the time period analyzed (Table 1).

Aside from drilling occupations, occupations2? in the strip mine with the highest geometric
mean and arithmetic mean respirable dust exposures, respectively, included groundman
(0.20; 0.32 mg/m?3), auger helper (0.19; 0.31 mg/m?3), scraper operator (0.19; 0.33 mg/m?3),
refuse truck driver/backfill truck driver (0.16; 0.30 mg/m3), auger operator (0.16; 0.27 mg/
m3), bulldozer operator (0.15; 0.29 mg/m?3), and coal truck driver (0.14; 0.26 mg/m3) (Table
2). For the combined drilling occupations (highwall drill operator and helper, rock driller,
blaster/shooter/shotfirer, coal drill operator, and helper) the respirable dust geometric mean,
arithmetic mean, and 95th percentile, respectively, (0.26; 0.61; 2.10 mg/m3) were all higher
than the overall means for each of those metrics (Table 2). The coal drill helper is not
individually presented in Table 2 but is combined into drilling occupations. Occupations
were also combined by areas of work where the samples were collected such as strip mine,
shop/maintenance, and prep facility (Table 2). The concentrations of respirable dust for the
strip mine were lower than the other areas of work.

Overall, the geometric mean and arithmetic mean for respirable dust, respectively, were
significantly higher in central Appalachia (0.19; 0.38 mg/m3) than the rest of U.S. (0.15;
0.33 mg/m3), P< .05.

Respirable quartz dust

The annual percentages of respirable dust samples containing quartz that exceed the PEL or
the reduced PEL are shown in Table 1. Of the 54 040, respirable quartz samples collected
during 1982-2017 included in the analysis; 10 245 samples (19.0%) were less than the MQC
and were imputed, and 15.3% of the samples exceeded the applicable dust standard (PEL or
reduced PEL). The overall respirable quartz geometric mean and arithmetic mean were 0.02
and 0.06 mg/m3, respectively. In general, there was a decline over time in respirable quartz
concentrations, but the mean percent quartz in the samples was similar over time and
remained above 5% in all but 1 year (2010) (Table 1). The annual respirable quartz
concentration geometric mean and arithmetic mean are presented in Figure 2. Although the
mean exposures were declining over time, the 95th percentile averaged 0.20 mg/m3
indicating there was substantial exposure to respirable quartz during the time period
analyzed (Table 1).

The occupations with the highest geometric mean and arithmetic mean respirable quartz
exposures included highwall drill helper (0.09; 0.24 mg/m3), rock driller (0.07; 0.17 mg/m3),
highwall drill operator (0.06; 0.16 mg/m3), blaster/shooter/shotfirer (0.05; 0.07 mg/m3),
scraper operator (0.05; 0.10 mg/m3), coal drill operator (0.05; 0.15 mg/m3), and bulldozer
operator (0.04; 0.08 mg/m3) (Table 2).

Among the drilling occupations, more than 32% of quartz samples exceeded the PEL. The
respirable quartz arithmetic mean for the drilling occupations was 0.15 mg/m?3, which was
nearly three times higher than the average of all other occupational exposure (0.04 mg/m3).
The mean percent quartz in drilling occupations samples analyzed for quartz was nearly
double the average (13.2% vs 7.2%). The results for respirable quartz for the strip mine were
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higher than the other areas. Occupations in the prep facility area including the scalper-screen
operator, crusher attendant, car dropper, coal sampler, and fine coal plant operator had over
10% of the respirable dust samples containing quartz that exceeded the respirable dust PEL
(or reduced PEL).

The mean percent quartz in samples was significantly higher in central Appalachia
compared to the rest of U.S. (7.5% vs 7.0%; P < .05). The mean percent quartz was usually
above 5% in all MSHA coal mine districts. The geometric mean for respirable quartz was
slightly, but significantly higher in central Appalachia (0.021 vs 0.020 mg/m3; P< .05).

DISCUSSION

To the best of our knowledge, a comprehensive assessment of respirable dust and respirable
quartz exposures at U.S. surface coal mines has not been conducted. During 1982-2017,
greater than 15% of respirable coal mine dust samples analyzed for quartz content exceeded
the MSHA respirable dust PEL or the reduced PEL. Furthermore, nearly one-third of
samples from drilling occupations exceeded the respirable dust PEL or reduced PEL,
consistent with the epidemiological data indicating this surface mining occupation is at a
higher risk for pneumoconiosis. In addition, MSHA has a surface mine drill dust control
standard (30 CFR 72.620) that is enforced by inspector observation and is independent of air
monitoring. Since 2000, MSHA has issued nearly 2200 citations for inadequate drill dust
controls. We found higher respirable coal dust and quartz concentrations in central
Appalachian surface mines compared to those in the rest of the United States. Annually, the
surface mine national mean percent quartz was 5% or greater for nearly the entire study
period (1982-2017), with a peak of 9.9% in 1998. The mean percent quartz was
significantly higher in central Appalachia (7.5%) than the rest of the United States (7.0%).
Importantly, both were higher than the underground mine samples mean percent quartz
(6.7%) for central Appalachia and the rest of the United States (3.9%).10

Excessive exposure to respirable quartz can lead to silicosis, an irreversible and often
progressive occupational respiratory disease. Silicosis has been previously documented in
surface miners and excessive exposure to quartz has been implicated in the resurgence of
severe pneumoconiosis in underground miners.21-23 Previous studies have investigated the
quartz content of MSHA samples and found that even in samples with less than 5% quartz
content, 26.3% of these samples exceeded 100 pug/m? of respirable quartz, which was the
equivalent of the PEL for samples containing quartz.24:25 Particle size may also be a factor
and Mischler et al26 found that smaller crystalline silica particle size with a geometric mean
of 0.3 um had increased mitochondrial reactive oxygen species generation compared to
silica particles with a geometric mean of 4.1 pm. Johann-Essex et al27 found that samples
from mines in mid-central Appalachia (MSHA District 4) had a higher percentage of very
small particles and quartz than mines in more northern Appalachia. The characteristics of
occupations and areas of work are key to understanding the distributions of exposures.
Occupations in the strip mine such as drilling occupations, scraper operator, and bulldozer
occupations disturb overburden and have the highest mean respirable quartz concentrations,
while occupations in preparation facilities and shop/maintenance had higher respirable dust
concentrations than strip mine occupations.
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The respirable dust and respirable quartz exposure findings presented in this study could
inform our understanding of differences in the distribution of respiratory disease and help
guide interventions to reduce exposure. The MSHA 2014 rulemaking and subsequent
NIOSH medical surveillance standards made a number of enhancements to the prior
regulatory requirements including reductions in the PEL and establishment of medical
surveillance for surface miners. We anticipate this surveillance will help identify cases of
pneumoconiosis and help prevent the progression of the disease.

It is important to characterize the exposures of surface coal miners and understand the
occupations at greatest risk of developing dust-related respiratory illness so steps can be
taken to reduce preventable occupational lung diseases associated with surface coal mining.
Data presented in this report can support that effort. It is also important to adequately
characterize respiratory morbidity among U.S. surface coal miners. To that end, in 2010,
NIOSH launched an initiative to conduct respiratory disease surveillance among U.S.
surface coal miners. Our next objective will focus on the respiratory disease burden of U.S.
surface coal miners using data that is currently being collected.

5] CONCLUSIONS

There was a decline over time in the number of respirable surface coal mine dust samples
exceeding the 2.0 mg/m3 PEL. Overall, the respirable dust geometric mean was higher in
central Appalachia compared to the rest of the United States. Additionally, both the
respirable quartz geometric mean and the mean percent quartz in central Appalachia were
higher than the rest of the country. We found that 1.6% of surface mine respirable dust
samples exceeded 2.0 mg/m3 and 15.3% of respirable dust samples containing quartz
exceeded the respirable dust standard or the reduced standard. Overexposures to respirable
dust containing quartz continue to occur at U.S. surface coal mines, particularly among
miners in drilling occupations. Enhanced efforts to control quartz exposures is warranted.
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FIGURE 1.
Annual geometric and arithmetic mean respirable coal mine dust by year, 1982-2017

Am J Ind Med. Author manuscript; available in PMC 2021 March 01.

2015

2020



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Doney et al.

Quartz (mg/m®)

0.25

Page 11

0.20 -

e

—_

(4}
]

0.10 -

0.05 -

0.00

—8— Geometric Mean
-0~ Arithmetic Mean

1980 1985 1990

FIGURE 2.
Annual geometric and arithmetic mean respirable quartz by year, 1982-2017

1995 2000 2005 2010 2015
Year

Am J Ind Med. Author manuscript; available in PMC 2021 March 01.

2020



Page 12

Doney et al.

Author Manuscript

1T02-286T ‘1eak Aq zarenb ajqe.idsal pue 1snp aulw [eod ajgelidsal sajdwes 1010adsul WYHSIN

T31avl

Author Manuscript

08
'8
¥'8
68
8'8
L'L
S'q
LS
'8
v'6
66
v'6
96
€6
99
S99
8'G
¥'9
9L
€L
69
8'g
79
99
T8
08
L8
z1end 9%

vt ST'0
SET qTo
09T 810
91 910
ST 91’0
90T 170
4] 800
LS 600
¢'al 91’0
8’1 670
S'6T T¢0
L'6T [440]
T0c [440]
14 120
¥'8¢ 9¢€'0
9'8¢ (0)40]
§0¢ 620
09¢ 4740
v'LiE L¥'0
T6€ 90
€9¢ LS50
G'ee (0)40]
WA 990
L'6€ 090
vy G0
(44 GS.°0
Tvv 6.0
13d<%  YIS6
sadwies ||

zuenb s|qeaidsay

L0TT
166
096

YETT

It

€0¢T

¢S6€

9109

¥¥0c

vL1¢
€161
12¢0C
0SST
9EVT
€6¢T
€0ET

[444%
L0V
<89
989
196
LTL
188
TLL

600T

L10T
GES

u

Author Manuscript

S0 8.0
90 ¥80
L0 /80
L0 880
90 /80
L0 160
80 60
60 V0T
TT 90T
0T 0T
0T V0T
TT GIT
[A N 4
L'T 02T
¢cec  ortT
9¢ Oort
§¢ 08T
TE 097
e 0LT
L' 0LT
8v 007¢
oy 08T
¢y 06T
e 0LT
0§ 007¢
Sy 007¢
L'e 08T
13d<%  UIS6
sa|dwies ||y

1snp s|qedidsey

SEY 0T
798
90LL
0698
06.8
T€C8
96
1966
0€L6

¥8T 0T
€EC6
S0SL
G199
T06S
¥9¢9
G899
€91y
698¢
199
1,99
0169
G99
66TL
616.
v18
2508
1588

Author Manuscript

800¢
100¢
900¢
§00¢
¥00¢
€00¢
¢00¢
100C
000¢
6661
8661
L66T
9661
S66T
¥66T
€661
¢661
T66T
0661
6861
8861
1861
9861
G861
¥86T
€861
¢861

JBaA

Am J Ind Med. Author manuscript; available in PMC 2021 March 01.



Page 13

Doney et al.

.mE\mE u1 3nusdJad Yise ‘Yige Nwij ainsodxa aqissiwiad ‘T34 :Suoneinaliqqy

A
L9
99
9
L'S
9L
88
8'8
6V
9'8
z1end %

€61 0¢0
0¢ L0°0
9¢ 100
6¢C 00
0¢ 900
€11 170
91T €10
T1T ST°0
€e 900
1T ¥T0
13d< % H1s6
sajdwres ||

zyenb s|qeaidsay

Author Manuscript

0¥0 ¥S
080¢
€ETC
LLEC
oove
[44]
€LL
¥6.
c0ce
911

u

9T €17
T0 190
¢0 190
¢0  ¥S0
T0 690
Y0 ¥90
¢0  ¥90
¢0 990
0 €L0
€0 S0
13d<% UIS6
sajdwres ||y

1snp ajqedidsay

S0/ 88¢
9169
Leel
98€8
€8¢8
6798

T0T OT
)20}
8¢S6

ToV 1T
u

Author Manuscript

[eloL
1702
9702
qT0C
102
€102
¢10¢
1102
0T0C
600¢
Jeap

Author Manuscript Author Manuscript

Am J Ind Med. Author manuscript; available in PMC 2021 March 01.



Page 14

Doney et al.

Author Manuscript

8y
0¢
61
0T
¥'0
(A
00T
98
98
4]
0L
96
(57
29
ey
1A%
6€T
1¢
TS
€8
9¢
00T
1474
TTT
GeT
60T
LET
z1end %

6'TT
9'¢
6'ST
TT¢
0'le
9'¢e
8l
8Vl
el
9'S
8’11
98T
L'y
¥'0T
T
6
9T¢
'S
6'8
T1€e
8¢
0'€e
6'¢
SVT
e
€'6¢
€y
13d< %

v1'0
v0'0
100
€00
v0'0
150
120
LT°0
ST°0
01’0
¢ro
8T°0
800
170
900
¢T’o
620
900
€10
ve0
100
090
100
LT°0
190
790
680
U156

¥0'0
100
¢00
100
100
ST0
800
S0°0
S0°0
€00
€00
900
c00
¥0'0
€00
¥0'0
800
¢00
¥0'0
010
€00
ST'0
€00
100
9T'0
LT°0
1744
NV

¢00 12€
100 86.
100 ¥6€C
100 e
100 68
900 87E8
€00 689G€E
200 189
¢00 9T
¢00 88¢
100 41
¢00 19T
100 %9
200 96
¢00 16
¢00 1444
00 TEECT
100 (014
¢00 8819
G500 €6¢
¢00 19€
S0°0 88
200 ore
500 6¢8
900 €0TL
100 10T
600 6T¢C
WD u

sajdwes ||

JA]
¥'0
9V
€L
[
'S
T
0
TO
20
0
4
€0
€0
4
0
80
S0
L0
ST
¥'0
¢
S0
TT
09
0's
'S
13d< %

00T
00T
00¢
ov'e
9
0T'¢
00T
S50
¥5°0
0.0
ev'o
690
0.0
00
190
(7]
00T
080
00T
00T
06°0
or'T
880
00T
24
S0'¢
0ce
U166

1€0
G0
650
iZA0]
00T
190
1€°0
910
LT0
(440}
810
0co
(440}
o
1¢0
9¢'0
620
120
00
€0
T€0
Ev'o
g0
9¢€'0
§9'0
090
190
A4

810 6T.L¢
€¢0 cLLE
0€0 98/8
SE0 0€0T
6€°0 eiti4
9¢°0 0.9 L¢
GT'0 806 €TC
600 ¥ST8
010 ¥¥8T
170 CESE
170 [44474
430 S68T
430 §06 S5
¢T’o 18€T
10 0T
10 <089
SGT0 92585
910 €8.€
910 0S¥ ¢€
670 986¢
610 ¥18¢
0¢0 4%
020 6ETT
174\ 9¢8¢
9¢°0 106 ¢¢
120 (0[0)4
6¢°0 686
WO u

sajdwes ||

/T02-286T uonednado Jsuiw adepns Aq zienb ajqelidsal pue 1snp aulw [eod ajgelidsal sajdwes 1010adsul YHSIA

Author Manuscript

z1aenb a|qeaidsay

¢ 31avl

Author Manuscript

1snp s|qedidsey

Jasealbis|io

UeIo1193|3

UNwsyIe|q/I8i0qe]

(doys-uou) Japjap

(dous) sapram

paulquiod (Q) stal|1p [eloL
aulw dins [e10]

Jo1esado soydoeg

J0jesado J0yeneaxs 18xong Alejoy
Jojesado Japeib peoy

Jojesado auijbeipyloresado sueld
Joyesado janoys Buiddiins

lapeo| pus Juoiy/oyesado Yi| ybIH
JojeladQ |9A0YS [e0D

Jojesado ona Jarepn

JOALIP Yon1) [e0D

Jo1elado Jazop|ing

Jojelado Jabny

JOALIP ONJ) [|J9G/I9ALIP onJ} asnjoy
Jojelado Jadelos

Jadjay Jabny

(@) Joyesado |11p [e0D
uewpunoID

(Q) saap30ys/18100Us/18)SE|G

(@) Joyesado (11 ([EMUBIH

(@) 481111p %00y

(@) Jeday 11up [remybIH
uonednaaQ

Author Manuscript

Am J Ind Med. Author manuscript; available in PMC 2021 March 01.



Page 15

‘safesane pue ‘sajdwes ||e Joy Arewiwns pue ‘osiw pue Aujioey daid ‘sourusiurew/doys ‘surw duis Buipnjoul UoNoss Yaes 1oy ‘018 ‘sabessAe ‘sa|dues JO JaquINU JO SBLIBLULLNS 81 SaNjeA Pjod 8y L

"gL/Bw 1nua21ad LIG6 ‘UIGE Mwi| a1nsodxd djqissiwiad “T3d gL/l Uea 9LIBLI0ED ‘NS ‘U0IedNI0 SIBYILP *(Q) ‘EW/BL UESL NIV NV SUOHIRIARIAQY

Doney et al.

L €G9T 0¢0 900 <00 OvovS 9T €TT S€0 [LT0 S0.L88¢C suo1yedna0 pue seale |[e [ejoL
x4 09 900 <¢00 T00 8.1 TT OTT [L&€0 9T0 c18¢ sa|duwes 1snp 0> Y sgor
x4 76 900 ¢00 TOO 66T 9¢ 09T 90 ¥20 660L ISiw [e101
6'C 6'€ L00 ¢00 TOO LL TO 890 0¢0 TTO 0v8 Uewloy apisino
8¢ 8G 900 <¢00 T00 6ET ¢0 090 0c0 <10 816 Jojesado Yo
9¢ ¢¢t 110 v00 ¢00 86 ¢¢ 09T 90 G20 G89 Jojesado JoAsnuod
v'e ¢8 900 ¢00 TOO 5014 LT T€T ¥0 120 ¢0ctT uew JoAsAuod/uew jeg
L'T T1T G600 ¢00 TOO 870T G 0TC 0.0 €¥0 §/9¢ uew dnues|o
87T €8 G600 ¢00 TOO Geeot 9¢ 09T 6¥V0 920 669 6€ Aynoey daad exol
€1 9v €00 T00 TOO 59 T0O 190 LTO 0TO L19T uewybism
ST ¢¢€ €00 TOO T00 29 T0 090 00 <10 L00T epusye abieg
v'e 09 €00 TO00 TOO ¥8 90 ¢L0 S¢0 9T0 [4<11 J3pe0] Jed/I3WwL) 1ed
X4 8T 00 ¢00 TOO 89T €0 160 0€0 8TO 260T  J030a11p Ajages uewsaioy Jueld uoneredald
ST ¢'¢l  S00 ¢00 7100 06 60 ¢60 0€0 8T0 0LET Jaddoup sed
ST ¥6 G00 ¢00 TOO [474" 9¢ 6vT 90 €20 T0EL Joyesado ajddi
X4 GG G600 <¢00 TOO CEEC ST <¢€T ¢v0 ¥20 GT99 uew Aunn
SC TTT 800 €00 <200 0s€ €¢ 19T T90 G20 19T Jajdwes [eod
(587 vl €10 v00 <00 viv ¥¢ 09T 6¥V0 2120 669T juepuane Jaysnio
A’ 8G v00 T00 TOO ¥ST¢e 8T €&rT 0S50 820 LECL Joyesado jueld Buiues|d
87 6'€ v00 <¢00 T00 80Y €T ¢rT 6¥0 1€0 G9ET JojesadQ Jaysem
1 68 ¥00 TO00 TOO 8G¢ e 08T 690 6£0 v€8 Joresado JakiQg
0¢ €¢¢ 010 €00 <00 Tev €0T 08¢ v60 6¥0 08¢T Joyesado ussios-1ad|eds
I L'0T S00 ¢00 7100 ¢6ST ¢9 0¢¢ 080 6v0 €LLE Jojesado jueyd 202 sui4
1 ¥. €00 TO0 TOO cle TL 9€¢ L60 ¥L.0O 6.¥ Joyesado |190 yioi4
6T STT 900 <¢00 7100 CET9 6'¢c €9T V0 €20 666 L¢ aoueudurew/doys ejoL
97 9, v00 TOO T00 LS0¢ ¥T 0T 9¢0 8T0 €¢16 JlUBYIIN
7end 9% 13d<%  Yse NV IND U 713d<% Uis6 NV NS u uoiyednadQ
sojdwes |1 sojdwes |

Author Manuscript

z1aenb a|qeaidsay

Author Manuscript

1snp a|qe.idsay

Author Manuscript

Author Manuscript

available in PMC 2021 March 01.

Am J Ind Med. Author manuscript



	Abstract
	INTRODUCTION
	METHODS
	Permissible exposure limits
	Respirable dust and respirable quartz data
	Occupations
	Geographical areas

	Data analysis

	RESULTS
	Respirable coal mine dust
	Respirable quartz dust

	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1
	FIGURE 2
	TABLE 1
	TABLE 2

