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Abstract

Background: This study summarized the mass concentration and quartz mass percent of
respirable coal mine dust samples (annually, by district, and by occupation) from underground
coal mines during 1982-2017.

Methods: Respirable dust and quartz data collected and analyzed by Mine Safety and Health
Administration (MSHA) were summarized by year, coal mining occupation, and geographical
area. The older (before August 2016) 2.0 mg/m3 respirable dust MSHA permissible exposure limit
(PEL) was used across all years for comparative purposes. For respirable dust and quartz,
geometric mean and percent of samples exceeding the respirable dust PEL (2.0 mg/m3 or a
reduced standard for samples with >5% quartz content) were calculated. For quartz samples, the
average percent quartz content was also calculated.

Results: The overall geometric mean concentration for 681 497 respirable dust samples was 0.55
mg/m3 and 5.5% of the samples exceeded the 2.0 mg/m3 PEL. The overall respirable quartz
geometric mean concentration for 210 944 samples was 0.038 mg/m3 and 18.7% of these samples
exceeded the applicable standard. There was a decline over time in the percent of respirable dust
samples exceeding 2.0 mg/m3. The respirable dust geometric mean concentration was lower in
central Appalachia compared to the rest of the United States. However, the respirable quartz
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geometric mean concentration and the mean percent quartz content were higher in central
Appalachia.

Conclusion: This study summarizes respirable dust and quartz concentrations from coal mine
inspector samples and may provide an insight into differences in the prevalence of pneumoconiosis
by region and occupation.
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coal mine dust; MSHA; MSHA Districts; occupational groups; quartz

1| INTRODUCTION

The Federal Coal Mine Health and Safety Act of 1969 (Coal Act) was enacted to improve
“the working conditions and practices in the Nation’s coal mines to prevent death and
serious physical harm and to prevent occupational diseases”, particularly coal workers’
pneumoconiosis (CWP) or “black lung.” The Coal Act mandated regular inspections of coal
mines and established the federal permissible exposure limit (PEL) for respirable coal mine
dust (respirable dust), with a reduced dust limit if the sample contains more than 5% quartz.!
Subsequently, the Federal Mine Safety and Health Act (Mine Act) of 1977 created the Mine
Safety and Health Administration (MSHA), which enforces health and safety standards in
the mines, including compliance sampling for respirable dust.2 From the mid-1970s through
the late 1990s, the prevalence of CWP among long-tenured coal miners decreased from
more than 30% to 5%, and the most severe form of CWP, called progressive massive
fibrosis, was nearly eradicated.? Since that time, there has been a resurgence of CWP, and
the prevalence of progressive massive fibrosis in the central Appalachian region has
surpassed any historical precedent. The persistence of pneumoconiosis-related illness and
deaths among coal miners prompted MSHA in 2014 to revise its standards for occupational
exposure to respirable dust, with the goal “to end black lung” in the United States.# The new
standards included a reduced PEL for respirable dust, increased sampling frequency,
introduction of continuous personal dust monitoring technology, and expansion of medical
surveillance services for coal miners. Pneumoconiosis in coal miners is only caused by
exposure to respirable dust. Although there is a sizable literature describing morbidity and
mortality from coal worker’s pneumoconiosis in the United States, we are not aware of any
contemporary scientific study summarizing the results of air sampling data collected during
coal mine inspections. The purpose of this study is to summarize 36 years of compliance
sampling data for respirable dust, and for respirable dust containing quartz (quartz), as
collected by MSHA coal mine inspectors in US underground mines, which can inform our
understanding of observed patterns of pneumoconiosis in the United States.

2| METHODS

2.1| Permissible exposure limits

In 1972, the PEL for respirable dust in coal mines was reduced to 2.0 mg/m3 concentration,
unless the quartz content of the respirable dust sample exceeded 5%.° When the quartz
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content exceeded 5% in an average of multiple samples, the PEL for respirable dust was
reduced for that area of the mine based on the following formula:

10mg

3
m

PEL= %Quartz

The PELSs were based on time-weighted average concentrations sampled over an 8-hour
work-shift. Sampling devices must be worn by a specified miner 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/m3 on August 1, 2016, and required sampling for the full duration of the
miner’s shift, even if longer than 8 hours). For the quartz analysis, a PEL of 2.0 mg/m3 was
used if the percent quartz in the sample was less than or equal to 5%. A reduced PEL,
calculated using the formula above, was used if the percent quartz in the sample exceeded
5%.

Respirable coal mine dust and respirable quartz data

Respirable dust data were derived from air sampling of coal mining occupations performed
by MSHA mine inspectors during 1982-2017 to assess compliance with dust regulations.
They include the date of sample collection, the concentration of respirable dust, the
occupation code, and the mine identification number. The National Institute for
Occupational Safety and Health (NIOSH) received the respirable dust data from MSHA’s
Laboratory Information Management System database for samples collected during 1982—
1999, and accessed publicly available data for samples collected during 2000-2017.5 A
subset of the respirable dust samples was analyzed for quartz. Quartz data were received
from MSHA’s Pittsburgh Quartz Database; these data include the concentration of the
respirable quartz and the percentage of quartz (by weight) in the sample. Samples were
included if they met the following criteria: (1) collected underground; (2) obtained in the
United States or one of its territories; (3) desighated by MSHA as valid (not voided); and (4)
occupational “full-shift” (ie, at least 8-hours). In addition, for quartz data, the quartz content
must have been greater than or equal to zero. Concentrations were imputed for samples with
a value of less than the minimum quantifiable concentration (MQC) based upon the
distribution of quantifiable samples (MQC/V2).” The data were summarized by calendar
year, job category, and MSHA coal mine district. For respirable dust data, geometric means
for respirable dust concentrations were calculated. For quartz data, geometric means for
respirable quartz concentrations, and the percentage of quartz in each sample, were
calculated. Although coal mine operators collected samples for respirable dust, only MSHA
inspector samples were included in the analysis because relatively few operator samples
were analyzed for quartz.

2.2.1| Occupations—The overall and occupation-specific geometric mean
concentrations for respirable dust and quartz were calculated, as well as the percent of
samples exceeding the PEL during 1982-2017. Occupations with fewer than 1000 samples
were combined. The samples were collected for enforcement purposes and the majority were
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from high-risk occupations. For example, continuous miner operators and helper (designated
occupations), roof bolter (designated area), and shuttle car operator (nondesignated
occupation) are occupations mandated by MSHA to be sampled.

2.2.2| Geographical areas—There are currently nine MSHA coal mining districts.
MSHA districts changed over time so all samples from a given mine were assigned to the
current MSHA district corresponding to the county where the mine is located, as indicated in
Figure 1. To compare respirable dust and quartz findings in central Appalachia to the rest of
the United States, data from MSHA Districts 4, 5, and 12 were combined, and compared
with combined data from MSHA Districts 2 to 3 and 7 to 10.

Data analysis

The number of samples, geometric mean, and percent of samples over the PEL for the
respirable dust data and the mean quartz percent for the quartz data were calculated. All
analyses were conducted using SAS software version 9.4 (SAS Institute, Cary, NC). Maps
were created using Maplinfo Professional 15.24 (Pitney Bowes Software, New York, NY),
SigmaPlot 12.5 (Systat Software, San Jose, CA) and other figures were created using
SigmaPlot software.

RESULTS

Respirable coal mine dust

A total of 681 497 respirable coal mine dust samples collected during 1982—-2017 were
included in the analysis; 1212 samples (0.2%) were lower than the MQC and were imputed.
A total of 37 783 (5.5%) samples exceeded the PEL (Table 1). The overall geometric mean
for respirable dust was 0.55 mg/m3, while the geometric mean for samples over the PEL was
2.95 mg/m3. The geometric means and medians (shown respectively) of occupational groups
with more than 5% of the respirable dust samples exceeding the PEL included longwall
worker (1.02; 1.07 mg/m?3), continuous miner operator and helper (0.73; 0.76 mg/m3),
cutting machine operator and helper (0.67; 0.70 mg/m3), auger (0.65; 0.70 mg/m3), roof
bolter (0.59; 0.61 mg/m?3), stopping builder/ventilation man/mason (0.57; 0.58 mg/m3),
blaster and helper (0.50; 0.52 mg/m3), coal drill operator and helper (0.48; 0.50 mg/m3),
beltman/conveyor man/belt cleaner (0.46; 0.50 mg/m3), and loading machine operator (0.44;
0.40 mg/m3; Table 1).

Quartz dust

The overall respirable quartz geometric mean for 210 944 quartz samples was 0.038 mg/m3;
39 519 (18.7%) samples exceeded the applicable PEL (Table 1) and 5650 (2.7%) samples
were lower than the MQC and were imputed. Occupational groups with the highest
geometric means were roof bolter (0.046 mg/m3), continuous miner operator and helper
(0.043 mg/m3), longwall worker (0.036 mg/m?3), auger (0.036 mg/m?3), and cutting machine
operator and helper (0.027 mg/m3; Table 1). Medians were calculated and approximately
equivalent to the geometric means. The continuous miner operator and helper and the roof
bolter occupation groups had 21.9% and 19.1%, respectively, of samples exceeding the PEL,
and represented 82% of samples exceeding the PEL. Thirty-one percent of the underground
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mines, at some time during 1982-2015, had at least one section on a reduced standard due to
quartz content in samples.

Respirable coal mine dust and respirable quartz dust by MSHA district

Figure 2 displays the geometric means for respirable dust concentrations in mg/m3, and the
mean percent quartz, by year and by MSHA district. Each district has had long-term
declines in mean respirable dust levels. During the analysis period, mean percent quartz
content of airborne respirable dust samples was consistently above 5% in central Appalachia
(Districts 4, 5, and 12).

Figure 3 displays the respirable dust geometric mean concentration by year and region
(panel A) and the percent of respirable dust samples containing quartz exceeding the PEL,
by year and region (panel B). Overall, the geometric mean concentration for respirable dust
was significantly lower (< .0001) in central Appalachia (0.486 mg/m3) than the rest of the
United States (0.647 mg/m3), and since approximately 1990, there has been a steady decline
in mean respirable dust concentrations for both areas (panel A). However, the geometric
mean concentration for respirable quartz was significantly higher (P< .0001) in central
Appalachia (0.05 mg/m3) than the rest of the United States (0.028 mg/m3). Medians were
calculated and approximately equivalent to the geometric means. The respirable quartz 95th
percentile was also higher in central Appalachia (0.225 mg/m? vs 0.126 mg/m?3). The mean
percent quartz was also significantly higher (P< .0001) in central Appalachia (6.724%)
compared to the rest of the United States (3.886%; Figure 4). The 95th percentile for mean
percent quartz was also higher in central Appalachia (15.2% vs 9.2%).

DISCUSSION

During 1982-2017, geometric mean respirable coal mine dust concentrations in samples
collected by coal mine inspectors were consistently below the PEL and concentrations have
been consistently lower in central Appalachia compared to the rest of the country. There has
also been a precipitous decline in the percent of respirable dust samples exceeding the PEL,
with a 17-fold decrease in central Appalachia since 1990. In contrast to the respirable dust
findings, mean percent quartz content in samples analyzed from central Appalachian coal
mines has consistently exceeded 5%, while mostly remaining below 5% in the rest of the
country. Miners are at an increased risk of silica-related disease, therefore the respirable dust
PEL is reduced when more than 5% silica is detected, to help protect miners from
respiratory impairment. Not all respirable dust samples are analyzed for quartz, however in
this time period, 31% were analyzed for quartz. At some point during 1982-2015, 31% of
underground US coal mines had at least one mining section placed on a reduced standard
due to an enforced violation related to excessive quartz. In addition, of all the US coal mines
on a reduced standard at some point during 2006—2015, nearly half (49%) were in central
Appalachia. The occupation groups with the highest mean respirable dust concentrations
included longwall worker, continuous miner operator and helper, cutting machine operator
and helper, auger, and roof bolter. These jobs involve active mining at the face in areas of
higher dust concentrations.
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Pneumoconioses in coal miners, such as CWP, silicosis, and mixed dust pneumoconiosis, are
caused only by coal mine dust exposure. In 1995, NIOSH published a respirable coal mine
dust recommended exposure limit (REL) of 1 mg/m3 and recommended that to “minimize
the risk of adverse health effects, exposure shall be kept as far below the REL as feasible
using engineering controls and work practices.” Cumulative dust exposure and dust content
(eg, coal rank or silica content) are important determinants of disease onset and progression.
Reports have demonstrated a sharp increase since the late 1990s in the prevalence of CWP
and progressive massive fibrosis in the central Appalachian states of Kentucky, Virginia, and
West Virginia.38 Silica (or quartz) exposure has been implicated as a possible explanation
for this resurgence.? From the 1980s through the early 2000s, there was an eight-fold
increase in the proportion of central Appalachian coal miners with radiographic patterns
consistent with silica exposure; during the same period, this measure did not change for the
rest of the country. A recent pathology study examined lung tissue from central
Appalachian coal miners with rapidly progressive CWP.10 Most cases had features of
accelerated silicosis and mixed dust pneumoconiosis rather than the classic lesions
associated with CWP. Yorio et al'! investigated lung disease and pneumoconiosis patterns
by MSHA district from 2006 to 2015. Districts 4, 5, and 12 (central Appalachia) contained
75% of all reported US CWP cases.

In the central Appalachian districts, mean percent quartz was consistently above 5%, with a
peak of 8.5% in 1998. The rock layers bordering coal seams can contain substantial amounts
of quartz, and research has indicated that respirable quartz in underground coal mines is
primarily from rock adjacent to the mined coal seam.12 Coalmining in central Appalachia,
where seams tend to be thinner than in other coal mining regions, frequently involves cutting
large amount of rock along with coal to maintain clearances for modern mining equipment.
13,14 gyarthana et al® presented the median coal seam height by MSHA district and central
Appalachia had some of the lowest seam heights. A recent study found that dust samples
from central Appalachian mines had relatively higher percentages of quartz and
aluminosilicates, consistent with the practice of cutting rock along with the coal.1

Improving the timeliness of reporting for monitoring respirable silica exposures in coal
mines has become a priority in the field of occupational safety and health. Currently,
samples collected during compliance sampling are shipped to a lab for analysis, and it can
take days or weeks until analysis results are available. NIOSH is developing a method to
generate end-of-shift silica exposure data at the mine site. This method is currently being
piloted and is available for coal mines,1” and could provide more timely information to
workers and operators to inform evaluation of engineering controls and work practices to
reduce silica exposure.

The data analyzed in this study have well-recognized limitations. The dust samples were
collected for compliance purposes rather than for surveillance of worker exposures, and
might not represent exposures typically experienced by coal miners. Also, before the new
MSHA rule, full-shift sampling for shifts longer than 8 hours was not required. However,
these data provide the best available exposure proxy for the US coal mining industry, are
internally consistent, and are informative for assessing trends in inspector-reported dust
levels over time, and for comparing regions or groups of interest. We used geometric means
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as the primary measure to summarize these data. This is a common approach to present
industrial hygiene sampling data as the geometric mean is one way to manage skewed
sampling data, and decrease the effect of outliers. However, there are well-known limitations
to using this summary measure (as with any single measure). Therefore we calculated
additional summary measures, the medians for occupational data, and 95% percentiles for
the outliers for the central Appalachian and rest of the US regions. The findings were
consistent irrespective of the specific summary measures used.

5| CONCLUSION

Among more than 680 000 inspector samples analyzed over the last 36 years, respirable dust
concentrations have steadily declined in underground coal mines, and have been consistently
lower in central Appalachia. However, the mean percent quartz in these samples has
consistently been above 5% in central Appalachia, and consistently below 5% in the rest of
the country. These findings suggest an important role for silica exposure in the resurgence of
severe and rapidly progressive CWP in central Appalachia, and underscore the continued
need for effective dust exposure monitoring and control for all miners.
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FIGURE 1.

Mine Safety and Health Administration (MSHA) Coal Mine Districts—United States and

inset central Appalachia (Districts 4, 5, and 12 combined)
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