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Abstract

Coal workers’ pneumoconiosis (CWP), commonly known as black lung, is caused by the
inhalation of respirable coal mine dust and is a disabling and potentially fatal lung disease with no
cure. Historically, CWP has taken a tremendous human and financial toll in the US coal mining
industry. Recent health surveillance data indicates that CWP continues to occur at elevated levels.
Respirable coal dust exposure must be controlled to prevent the development of CWP. The
Pittsburgh Mining Research Division of the National Institute for Occupational Safety and Health
(NIOSH) conducts laboratory and mine-site research to identify control technologies that can be
used to successfully reduce respirable dust levels. Various technologies, using multiple methods of
control, can be applied in order to reduce dust levels. An overview of CWP’s impact and a general
methodology for controlling respirable dust in underground coal mines are discussed in this paper.
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1 Introduction

During the mining, transport, and processing of coal, respirable-sized dust (defined as less
than 10 um in diameter) can be released into the ambient mine air. Inhalation of this
respirable coal mine dust can lead to the development of coal workers’ pneumoconiosis
(CWP), commonly known as black lung [1]. CWP is a disabling and potentially fatal lung
disease that occurs in simple and complicated forms, with the severity determined through
chest radiograph standards established by the International Labour Office (ILO) [2]. In the
ILO system, specific scarring characteristics that appear on chest radiographs are used to
numerically rank simple CWP as Category 1, 2, or 3. The complicated or most severe form
of the disease is known as Progressive Massive Fibrosis (PMF) with severity ranked as

Jay F. Colinet, JColinet@cdc.gov.

Compliance with Ethical Standards
Conflict of Interest The author declares that he has no conflict of interest.

Disclaimer The findings and conclusions in this report are those of the author and do not necessarily represent the official position of
the National Institute for Occupational Safety and Health, Centers for Disease Control and Prevention. Mention of any company name,
product, or software does not constitute endorsement by NIOSH.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Colinet

2

Page 2

Category A, B, or C. Figure 1 contains chest radiographs illustrating healthy and diseased
lungs, with dust deposition and scarring appearing as white spots/areas in the lungs. The
damage caused to the lungs by CWP is irreversible and can continue to progress even after
dust exposure ceases, so the goal is to reduce respirable dust exposure to prevent initial
development of the disease.

The Mine Safety and Health Administration (MSHA) is responsible for enforcing
regulations applicable to mining in the USA including respirable dust regulations, which
were first established by the Federal Coal Mine Health and Safety Act of 1969 (Public Law
91-173). This act created a respirable coal mine dust exposure limit of 2.0 mg/m3, limited
respirable crystalline silica exposure, required periodic respirable dust sampling by mine
operators and federal inspectors, created a Black Lung Benefits Program, and specified that
a respiratory disease surveillance program be created for underground coal miners. The
benefit program is administered by the Department of Labor and provides monetary and
medical benefits for coal miners disabled with CWP and their surviving dependents [3].
Within the Centers for Disease Control and Prevention (CDC), the National Institute for
Occupational Safety and Health (NIOSH) administers the Coal Workers’ Health
Surveillance Program (CWHSP) to monitor respiratory disease in miners [4]. In this
surveillance program, each miner is required to have a chest radiograph at the beginning of
their mining employment and can then volunteer to have subsequent radiographs on
approximately 5-year intervals. If NIOSH determines that a miner has CWP, the miner is
notified and has a legal right as defined in the Code of Federal Regulations [5] to work in an
area of the mine with a maximum dust standard of 0.5 mg/m?3 while retaining their regular
rate of pay. The CWHSP has allowed NIOSH to examine miners and compile data on the
prevalence and severity of CWP in the US mining workforce since 1970. The historic and
ongoing impact of CWP on the health of the mining workforce and the financial impact of
the Black Lung Benefits Program will be discussed.

To assist mine operators with controlling respirable dust exposures, research on identifying
and evaluating dust control technologies was initiated in the 1970s at the US Bureau of
Mines (USBM). This research was subsequently transferred to NIOSH in 1996. Laboratory
and mine-site research have identified numerous control technologies that can successfully
reduce respirable dust levels in continuous and longwall mining operations [6]. These
technologies use a variety of methods to control respirable dust exposures in underground
coal mines. A general methodology on how to approach controlling respirable dust by
utilizing these different types of controls will be discussed in the sections that follow.

Impact of CWP on US Coal Mining

In the 1969 Act, the CWHSP was only made available to active underground coal miners.
Promulgation of a new dust rule by MSHA in 2014 [7] expanded the surveillance program to
include surface coal miners and contractors, as well as adding pulmonary function testing
(spirometry). Coal miners can voluntarily participate in the surveillance program at no cost
to themselves. During the conduct of this program, it takes approximately 5 years for
NIOSH to complete a round of surveillance for the nationwide coal mining industry. Figure
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2 illustrates CWP prevalence data summarized over these 5-year surveillance intervals for
miners with different lengths of service in the mining industry [8].

As shown in Fig. 2, the longer the tenure of the examined miner, the greater the likelihood of
developing CWP. During the 1970-1974 surveillance period, approximately one out of every
three examined miners with 25 or more years of work experience was diagnosed with CWP
Category 1 or greater. The prevalence of CWP in subsequent 5-year surveillance intervals
dropped dramatically, reaching less than 5% for the longest tenured miners in the 1995—
1999 period. However, since that time, the prevalence for the longest tenured miners has
increased so that it is above 10% for the last 5-year surveillance period for which complete
information was available.

Even more disturbing is the prevalence of PMF that is being found in the mining workforce.
For those miners filing for benefits under the Federal Black Lung Benefits Program, the
percentage of these miners that are found to have PMF has increased over five-fold as shown
in Fig. 3 [9]. Similarly, an unprecedented number of PMF cases have been identified over
the last several years in the central Appalachian coal fields. Using data from NIOSH’s
CWHSP, more than 5% of working underground miners with 25 or more years of experience
who were screened in Kentucky, Virginia, and West Virginia over the last full 5-year
surveillance period were found to have PMF [10]. At a radiology practice in eastern
Kentucky, 60 cases of PMF were identified in former miners examined between January
2015 and August 2016 [10]. Between 2013 and 2017, 416 cases of PMF among former and
current coal miners were identified at a small network of federally funded black lung clinics
in southwestern Virginia [11].

In addition to CWP surveillance, data is available that monitors coal miners’ deaths with
CWP as the underlying or contributing cause. From 1970 through 2016, 75,178 deaths are
attributed to CWP [12]. Beginning in the mid-1980s, the number of yearly deaths from CWP
has shown a declining trend that is likely related to a combination of the declining size of the
mining workforce and the positive impact of the 1969 Act. After the passage of this act, coal
industry employment peaked at over 260,000 in 1979 but dropped to less than 83,000 in
2018 [13].

From a financial perspective, federal benefits, including monthly compensation payments
and medical expenses, paid through the Black Lung Benefits Program are documented by
the Department of Labor. For 2018, over $250 million in benefit payments were made with a
total of $46.9 billion in payments made from 1971 through 2018 [14]. Furthermore, lung
transplants in patients with CWP have become more common over the past 10 years, with 51
completed since 2008, each costing an average of $1.2 million, and most being paid with
some form of public insurance [15].

It is apparent that CWP has taken a tremendous human and financial toll in the US coal
industry. Unfortunately, recent medical data indicates that CWP continues to afflict the
mining industry at unexpectedly elevated levels. In order to prevent future development of
lung disease, effective control technologies must be implemented, properly utilized, and
maintained to reduce the dust exposure of mine workers.
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3 Methodology for Controlling Respirable Coal Mine Dust

Many control technologies have been identified and implemented that can successfully
reduce respirable dust levels in underground coal mines. These controls can vary in the
method by which they reduce dust levels and where the controls are applied. A general
methodology for implementing control technologies is listed in Table 1. A discussion for
each of the individual goals with examples of each type of control follows.

3.1 Minimize Respirable Dust Generation

The first goal in controlling respirable dust exposure should be to minimize the amount of
respirable dust created. If respirable dust generation is minimized, then a lesser quantity
must be controlled with other technologies. Efficient cutting is needed to minimize the
amount of respirable dust generated. Efficient cutting is obtained through proper drum
design for the mining conditions, appropriate bit selection, maintaining sharp cutting bits,
and effective cutting techniques. Research has shown that cutting bit selection can impact
dust generation, with bits having large carbide inserts with smooth transitions between the
insert and bit body resulting in less dust [16]. If roof rock must be extracted, undercutting
the roof rock and then backing up to cut the rock allows breakage to a free face, which
produces less respirable dust [17]. Also, reducing cutting drum rpm while maintaining the
same advance rate will result in greater bit penetration and generation of fewer fine-sized
particles [18]. Figure 4 illustrates these concepts.

3.2 Prevent Respirable Dust from Getting into the Ventilating Air

Once dust generation has been minimized through efficient cutting, the next goal is to
prevent the respirable dust that has been generated from being entrained into the ventilating
air- stream. This is accomplished by wetting the dust at the generation point and enclosing
the dust source to physically prevent the dust from getting into the ventilating air. Different
types of water sprays are available, and each type is best suited for different purposes.
Research has shown that full-cone (Fig. 5, left) and flat-fan type sprays are typically
effective in wetting material at the breakage point [19]. In addition, the selected sprays
should provide full coverage of the area where coal breakage is occurring. To provide
effective wetting, the sprays typically should be located close to the dust generation point.
On longwall faces, spray nozzles are located immediately in front of or behind the cutting
bits on the drums (Fig. 5, center) with the spray directed at the cutting tip of the bits. On
continuous miners, sprays are typically located behind the cutting drum in the boom, with
top-mounted sprays directed at the top bits in the cutting drum (Fig. 5, right) and under
boom sprays directed at the bottom of the cutting drum and into the gathering pan. For
wetting dust at the generation point, water flow quantity is usually more important than
water pressure.

Dust generation sources can also be enclosed to physically prevent the generated dust from
reaching the ambient ventilating airstream [20]. Examples of commonly enclosed dust
sources include the stageloader/crusher on longwall faces (Fig. 6, left) and conveyer belt
transfer locations throughout the mine. Depending upon the mining operation, enclosures are
often made from steel plate or conveyor belting. For water sprays operating inside these
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enclosures (Fig. 6, right), caution should be used to not over-pressurize the enclosure in
order to prevent airborne dust from being forced out of the enclosure by the elevated water
pressure. Full product coverage with the spray patterns should also be obtained, with full-
cone and flat-fan sprays typically utilized.

3.3 Remove Respirable Dust from the Air

The next step in controlling dust exposure would be to remove as much of the dust that gets
airborne from the ventilating air as possible with powered dust collectors and water sprays.
Research has shown that fan-powered, flooded-bed scrubbers (FBS) are one of the most
effective dust control technologies currently used in underground coal mining operations.
The FBS is installed on continuous miners and pulls dust-laden air from the face through
ductwork on the machine. This air passes through a filter panel (Fig. 7, left) that is wetted by
water sprays mounted in the ductwork. The dust particles mix with the water droplets, which
are then removed from the airstream with a wave-blade mist eliminator. Depending upon the
density of the filter selected for use in the FBS, respirable dust collection of over 90% can be
achieved [21] as shown in Fig. 7 (right). If space is available, FBS units have also been
installed at stageloader/crushers to improve dust capture.

The majority of roof bolting machines in the USA are equipped with dry dust collection
systems. These systems create a vacuum to pull dust-laden air through the drill steel and
hosing back to a collector box mounted on the roof bolting machine. These collectors can be
efficient in removing dust at the drill head, but a concern for worker exposure occurs during
cleaning of the collector box. As shown in Fig. 8 (left), unconsolidated dust must be
periodically cleaned from the collector box by hand, which allows dust plumes to rise into
the breathing zone of the worker and also potentially contaminate clothing. A retrofit system
is available where a collector bag (Fig. 8, center) can be installed to capture most of the dust
pulled into the collector box (Fig. 8, right). When tested underground, the use of the
collector bag reduced dust levels in the collector exhaust by 85% and also reduced dust box
cleaning time from 4 min to 30 s [22].

To provide additional protection for roof bolter operators, particularly when working
downwind of the continuous miner, NIOSH developed a canopy air curtain. As shown in
Fig. 9 (left), this system uses a fan to pull entry air through a filter cartridge and then blows
this filtered air down over the roof bolter operator when positioned under the drilling
canopy. This system was tested underground and reduced dust levels while drilling by up to
53% [23]. The time that the bolter operator spends under the canopy impacts the overall
effectiveness. This technology has been adopted by the leading roof bolter manufacturer and
is offered as an option on their roof bolters (Fig. 9, right).

As noted previously, various types of water sprays are available with certain sprays being
more suited to a specific application than others. For capturing airborne dust, research has
shown that hollow-cone and air-atomizing sprays are the most effective. These sprays
produce smaller-sized water droplets that are traveling at higher velocities, which lead to
more effective capture of respirable-sized dust particles [24]. However, the adoption of air-
atomizing sprays into the mining industry has been hindered by the necessity of supplying
both water and compressed air to the spray nozzle and the greater likelihood for the smaller
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orifices in these nozzles to become plugged. As a result, hollow-cone nozzles are commonly
used for airborne dust capture.

3.4 Dilute Airborne Dust

The remaining airborne dust should then be diluted as much as possible with the ventilating
air. Increasing the quantity of air reaching the dust source will provide greater dilution, so it
is important to utilize all available ventilating air. For example, on longwall faces, the gob
area in the headgate often remains open longer than other areas of the gob because of roof
bolts previously installed in the belt entry. The incoming intake air to the face will readily
flow through the gap between the rib and first shield into this open gob area (Fig. 10, left).
This air may or may not reenter the longwall face depending upon the gob composition.
Even if the air returns to the longwall face, it may entrain dust and methane that is present in
the gob and carry it onto the face. In order to minimize the amount of intake air flowing into
the gob at the headgate, line brattice should be hung between the rib and first shield to turn
as much air as possible down the longwall face. During underground trials, the average face
air velocity increased 35% after the gob curtain was installed [25]. Some mines have
extended the brattice curtain along the back of the first few shields to further assist in turning
air down the face (Fig. 10, right).

Another means of improving dilution of airborne dust is to increase the distance between the
primary dust source and exposed mine workers. The increase in distance provides greater
opportunity for concentrated dust clouds to mix with the ventilating air and reduce the
overall concentration to which miners would then be exposed.

3.5 Prevent Respirable Dust from Reaching Miners

If respirable dust in the ventilating air does not reach the breathing zone of miners, it cannot
contribute to the development of CWP. Therefore, preventing airborne dust from reaching
miners can be an effective means of dust control. This can be accomplished by using water
sprays to direct dust-laden air or providing physical barriers to prevent dust from reaching
workers.

All water sprays induce airflow to some degree and can be used to direct dust-laden air. One
example is a directional spray system that has been successfully utilized on longwall
shearers [26]. Hollow-cone or venturi sprays are mounted on a splitter arm with additional
spray manifolds mounted along the length of the face side of the shearer body (Fig. 11, left).
Additional sprays are mounted at the tailgate end of the shearer to help control dust
generated by the tailgate drum (Fig. 11, right).

All of these sprays should have a downwind orientation and are designed to hold dust
generated by the shearer drums near the face to prevent this dust from migrating into the
walkway until downwind of the shearer operators. The splitter arm is a key component in
this system in that it creates separation of the air ventilating the face and allows intake air to
flow in the walkway, while the dust-laden air is held near the face. A key component of the
splitter arm is belting that is hung from the arm down into the face conveyor. This belting
provides a physical barrier that prevents dust released by coal landing in the face conveyor
from moving into the walkway.
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Research has also shown that blocking sprays mounted on each side of a continuous miner
can confine dust near the face and prevent it from rolling back along the sides of the miner
[27, 28]. This provides the FBS and boom-mounted water sprays a greater chance of
removing the dust from the air before it can be carried outby the continuous miner.

3.6 Regular Maintenance of Controls to Retain Effectiveness

A number of successful dust control technologies have been discussed in this paper, with
additional information available in a NIOSH-published handbook [6]. However, for these
controls to retain their effectiveness in lowering dust exposures, maintenance of the controls
must be a required part of the mining operation and culture, with adequate time allotted to
complete this maintenance.

For example, NIOSH studies have shown that the filter panels of flooded-bed scrubbers
(FBS) can quickly become clogged after one cut and result in a reduction in scrubber airflow
of up to 35%. Twenty-layer filter panels exhibited this reduction in performance after being
used in 12.2-m (40-ft) extended cuts [29], while 30-layer filter panels had similar results
after being used in 6.1-m (20-ft) cuts [30]. Therefore, at these operations it should be
required by the mine operator that the filter panels be changed or cleaned after each cut to
maintain full FBS capability.

4 Summary

CWP has taken a tremendous human and financial toll on the US coal mining industry and
continues to be identified with increased frequency and severity. The 2014 MSHA dust rule
[7] includes a reduction in the respirable dust standard to 1.5 mg/m3 and requires increased
dust sampling with a continuous personal dust monitor. Although these are advances toward
lowering dust exposures, the ultimate goal must be the implementation and maintenance of
effective dust controls on a consistent basis in order to lower the daily dust exposure of coal
miners to prevent the development of future cases of CWP and PMF.

A related issue of great concern is mine workers’ exposure to respirable crystalline silica
(RCS) dust, with quartz being the most common form. Inhalation of RCS can lead to
silicosis, another disabling and potentially fatal lung disease with no cure. When examining
chest radiographs, the presence of r-type opacities has been associated with silica exposure
and silicosis pathology [31, 32]. NIOSH has reviewed radiographs from the last four decades
to quantify the presence of r-type opacities in examined coal miners [33]. Among
radiographs from Kentucky, Virginia, and West Virginia miners, there was a six-fold
increase in the prevalence of r-type opacities between the 1980s and 2010s. When increased
levels of silica are present in the mining environment, diligent application of dust control
technologies, potentially at elevated levels (e.g., increased airflow, water quantity), is even
more critical as silica has greater toxicity to lung tissue compared with coal dust [34].
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Fig. 1.
Chest radiographs of healthy lungs (left), simple CWP Category 2 (center), and PMF

Category C (right) (source: International Labour Office)
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Percentage of examined miners with CWP Category 1 or greater by tenure in mining
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Fig. 3.

Percentage of miners filing for federal black lung benefits by decade that were found to have
PMF
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Fig. 4.
Efficient cutting with proper bit design (left), undercut roof rock (center), and reduced drum
rpm (right)
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nozzles

Fig. 5.
Full-cone spray pattern (left), typical spray locations on a shearer drum (center) and a
continuous miner (right)
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sprays

Fig. 6.
Enclosed stageloader/crusher (left) and schematic illustrating internal spray locations (right)
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Fig. 7.
Miner removing filter from scrubber (left) and graph showing respirable dust reductions
with different density filters (right) (source: NIOSH)
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Fig. 8.
Cleaning dust from collector box (left), collector bag (center), and dust captured in bag

(right)
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Fig. 9.
Canopy air curtain provides filtered air to operator (left) and commercially available unit

(right)
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Fallen gob Fallen gob

Fig. 10.
Intake air flowing into gob at headgate (left) and gob curtain turning airflow down the face

(right)
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Headgaﬁrﬁ Tailgate side sprays &

Directional spray

Fig. 11.
Directional spray system on longwall shearer with venturi sprays mounted on the splitter

arm and hollow-cone sprays on shearer body (left) and tailgate-side sprays (right)
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