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ABSTRACT

Background: There are enormous health problems associated with the use of coal as energy. Dust
emitted during the mining processes is identified as a specific risk factor for Coal Worker Pneumoconiosis
(CWP) and other respiratory health problems.There is little published evidence on various health
measures and their effectiveness in controlling CWP.This review seeks to provide a summary of the
published literature on various health measures taken to reduce CWP in coal mines.

Methods: We searched Google Scholar, PubMed, MEDLINE, EMBASE and occupational health databases for
published research articles, evaluation reports, official documents and regulations. Reference lists of relevant
papers were hand-searched.VWe retrieved a total of |, 049 articles out of which |7 merited criteria for
inclusion. Papers presenting evidence of the prevention of CWP among coal miners were included.

Results: Many technological interventions are currently available to promote primary prevention of CVWP
by ensuring reduction in inhalable dust.This review identified laws and regulations, surveillance, direct dust
control measures, risk assessment and compensations as ways of minimizing exposure to dust among coal
workers, as means of preventing CWP.

Conclusion and Implications for Translation: There is little evidence on the various measures
stipulated in mining regulations that are adhered to and the extent to which they have been effective.
The public health strategy that combines various health measures, including training of workers on safety
measures, may be effective in preventing CWP.
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|. Introduction

Coal mining is the extraction of coal from the earth
for use as fuel. Coal may be found either as surface
outcrops or in underground seams.' Burning coal is
viewed as the single largest cause of global warming,
which the world’s leading medical journal, The
Lancet, has described as “the biggest health threat of
the 2Ist century.” Health problems associated with
using coal as an energy source in Australia alone have
been estimated to cost $2.6 billion per year.' Dust
emitted during the mining processes is identified as
a specific risk factor for respiratory health among
miners.? According to the US National Institute for
Occupational Safety and Health (NIOSH) there is
a considerable burden of pneumoconiosis in many
countries, but stresses that underground coal miners
were vulnerable to other lung diseases, notably
chronic obstructive pulmonary disease (COPD), and
asthma.?

Pneumoconiosis is a progressive disease whose
severity depends primarily on the cumulative mass
of coal mine dust inhaled and, to a lesser extent, on
other factors such as dust composition, duration
of exposure and age.* Pneumoconiosis is strongly
related to excessive coal dust exposure exceeding
the Maximum Permissible Exposure Limits (MPELs).®
It occurs as a reaction of the lung tissue parenchyma
to the foreign coal dust particles, which accumulate
in lung parenchyma cells.®

Exposure to dust at the workplace is the
major cause of other ailments. Occupational
asthma, for example is the limited airflow related
to workplace dust exposures.” In the developed
world, occupational asthma is the most common
occupational lung disease. This is evidenced by
the results of physician notification schemes for
occupational respiratory disease, established
in several western countries, including the UK,
Finland, Canada, the USA, South Africa and
Australia. While reliable figures are difficult to
find,® it has been estimated that up to 15% of
new asthma in adults are directly attributable to
occupational exposures.

According to the World Health Organization
(WHO), COPD is “a disease state characterized by
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progressive development of airflow limitation that is
not fully reversible. The airflow limitation is usually
both progressive and associated with an abnormal
inflammatory response by the lungs to, noxious
particles or gases.” COPD prevalence is difficult
to determine since the condition does not manifest
until midlife.There is an estimated 90,000 diagnosed
cases in England and Wales, and an estimated
2 million people are thought to have the disease but
remain undiagnosed. Occupational agents reported
to cause COPD with varying degrees of supporting
evidence include coal mine dust, silica, asbestos,
agricultural dust, dust from rubber, iron/steel and
smelting, welding fumes, isocyanates and other
chemicals.'®'2

In China, the State Administration of Work
Safety'® estimated an unprecedented 4,648 cases of
casualties caused by 105 coal dust explosions from
1970 to 2014."* Many of these explosions resulted
in Coal Worker’s Pneumoconiosis (CWP) which
is estimated as the most common disease caused
by coal dust.'>'® Again, the China National Health
and Family Planning Commission'” revealed that
more than 105 thousand coal miners developed
CWP from 2009 to 2013, accounting for 94.5% of
the total increase of pneumoconiosis victims. The
most intriguing part of the situation is, longwall
mining has increasingly been adopted due to its
high productivity, neglecting the risk it poses to
the miners. What is more alarming is the absence
of inhalable dust concentration limits in Chinese
mining regulations compared to their Australian
counterparts. The Australian regulation limits the
concentration of inhalable dust to 10 mg/m3.'®

In general terms, the body of evidence is stronger
for coal mine dust, silica, grain and textiles and less
strong for the other identified exposures.'”Workers
in numerous occupations (other than exposure-
type) are at increased risk of COPD, supported by
varying levels of evidence.® A study conducted by
Goldyn, and colleagues, revealed micro-nodular
opacities along with restrictive pattern of pulmonary
function in simple pneumoconiosis among coal
miners whereas in Pakistan, an increased prevalence
of pneumoconiosis was found among coal miners
of Cherat district Nowshera.”2 The study revealed



Ayaaba et al.

International Journal of Translational Medical Research and Public Health (2017),Vol. I, No. 1,4-13

that 71% had signs and symptoms of Occupational
Respiratory health problems and 49.50% of the Coal
Miners showed prevalence of pneumoconiosis.”?The
overall situation of Occupational Safety & Health
Measures in Cherat coal mines does not foster a
safe and healthy working environment leaving miners
under hazardous conditions.?? In Baluchistan, a study
to determine the health impacts of coal mining
showed that higher concentration of coal dust
(Carbon and Quartz) resulted in asthma, drowsiness,
shortness of breath and pneumoconiosis, and other
respiratory illnesses.?

In spite of these revelations, there is little
published evidence to assist employers and
workers in coal mines when considering either
how best to reduce the risk of COPD, asthma and
pneumoconiosis related to work, or how best to
identify and retain those with COPD, asthma and
pneumoconiosis in the work environment. Miners
must be made aware of the potential health risks
associated with breathing excess respirable dust as
well as the controlling hazards to eliminate illnesses
and injuries, including those that arise from changing
mining conditions. The aim of this study is to review
the existing literature on measures to control
pneumoconiosis in coal mining.

2. Methods

The target population consisted of mineworkers from
both high and low-income countries. The healthcare
measures included all forms of measures undertaken
to prevent the CWP and asbestosis. The targeted
sources of evidence included reports, journal articles,
conference proceedings, legal documents etc. The
search was conducted in PubMed, Medline, Embase,
Google Scholar and database of occupational health
and injuries. Information was synthesized from any
of the aforementioned sources provided it met the
inclusion criteria. Out of the 1,049 articles extracted,
17 were included for review after meeting the inclusion
criteria (Figure 1). We conducted our search using
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). This study did not focus
on quantifying the interventions but presenting the
qualitative evidence of prevention of CWP among coal
miners globally.

3. Results

3.1. Health measures

Dust exposure and resulting ailments have been a
major health concern since the inception of coal
mining. The pneumoconiosis is primarily caused by
the exposure to dust during the mining process.
Primary disease prevention therefore aims at efforts
that minimize or eliminate completely the exposure
to dust in coal mining. Exposure to dust during coal
mining does not only lead to pneumoconiosis, but
could also cause other illnesses such as bronchitis.
This review identified key measures being taken to
control dust exposure as an effective health care
measure in coal mining. The identified measures
included laws and regulations, health survey and
assessment, direct exposure control through
appropriate technological applications, research
and development and instituting risk management
systems.

3.2. Enactment of laws and regulations

Enactment of laws and regulations has been a widely
used means of ensuring miners’ safety. With regard
to dust control, these regulations ensure that mining
processes are structured to minimize dust emissions,
institute procedures to detect health risks at the
early stages as well as equip the miners to operate
safely. This review found that most countries have
instituted Mine Acts as a form of regulatory tool for
mining operations. In the United States of America,
the “Mine Act of 1977 gives authority to the Mine
Safety and Health Administration® to write standards,
inspect mines and impose sanctions in case of non-
compliance. Similar acts were identified in South
Africa,??® and in Ghana. These Acts ensure miners’
safety mainly through regulating mining operations,
providing technical assistance, ensuring provision of
surveillance systems, research and training of miners
on health and safety.

Most mining acts entail prescriptions for
the mining practice. These include ventilation
requirements, roof support and the required level of
dust produced. In the “USA Mine Act” for example,
statutory permissible limits are set for exposure
to respirable coal mine dust?”’ The Mine Acts also
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Figure |: Flow diagram of the review process, measure to control pneumoconiosis in coal mining (adopted from PRISMA tool)?

make provision for regular monitoring to ensure
compliance with these standards. In the United
States, the Mining Safety and Health Administration
is required to conduct frequent inspections. These
include quarterly inspections of underground mines
and semi-annual inspections of surface mines. The
“Mine Health and Safety Act of South Africa” also
stipulate the establishment of regional inspectorate
divisions for the purposes of administering the
act and ensuring compliance.”’ The administrators
of these Acts are sometimes even empowered
to shut the mine if they fail to comply.?” In Ghana,
for instance, the Inspectorate Division (ID) of the
Minerals Commission was established following
the 2006 Minerals and Mining Act to enforce the
Mining Regulations, 1970.22 The ID is empowered to
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review proposed mining projects and, if satisfied with
the instituted health and safety measures, issue an
operating permit.

In  China, the government enacted the
“Occupational Safety and Health Regulations in
Plant” as far back as 1956.3°This called for the closure
of equipment, which sends out dust, harmful steam
and gases, and possible installation of ventilation
equipment and dust workers operating under
wet conditions. In this regulation, the factories
were also mandated to provide dust-proof masks,
protective glasses and gas masks for workers who
engage in dust and other harmful steams. Chinese
State Council also issued the “Prevention and
Cure Regulations on Pneumoconiosis in 1987
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As part of this regulation, there is a call on mining
operators to ensure that dust density does not
exceed the national sanitary standard. It also
empowered workers to refuse operating when
dust density exceeds national sanitary standard.
The Industrial and Commercial Hygiene Standards
sets limits for mine dust concentration and the
Safety Regulations in Coal Mine stipulate that all
coal mines should take active measures to ensure
that mining dust does not exceed these limits.'®
However, there is little evidence of the level of
compliance of these Acts, especially in low and
middle-income countries. It could be deduced
from the rising level of pneumoconiosis in many
countries globally, that these regulations might not
fully adhere.

The mining regulations in most countries call
for a provision for surveillance of CWP. Under
these regulations, workers are required to report
all injuries to help compute crude rates and to
identify near-miss incidents. The “Mine Health and
Safety Act” of USA states that safety managers
should establish systems of medical surveillance
and keep records of hazardous work and medical
surveillance. Operators are required to make
provision of chest x-rays for underground miners
when first employed and during regular intervals. It
further states that these x-rays facilities should be
certified by the National Institute for Occupational
Safety and Health (NIOSH). This was to monitor
the progress of CWP and offering miners with
positive films the opportunity to be transferred to
a less dusty job.

Training and employee empowerment is another
key aspect of most Mining Acts. Employers are
required to equip employees with the requisite
knowledge to be able to work safely and avoid risk
and exposure to hazardous materials. Training coal
mineworkers on how to minimize dust exposure
for instance, is a major prevention strategy for
CWP.The South African Mine Health and Safety, for
example, requires that mine operators ensure that
every employee is properly trained to deal with risk
pertaining to their health or safety associated with
any work they have to perform.

3.3. Public health measures
3.3.1.Surveillance

Surveillance is an effective way of detecting and
controlling disease occurrence and spread in the
mining industry. It is important to ensure regular
health surveillance for all workers in the coal mining
industry. However, although stipulated in most
Mining Acts, there were few identified surveillance
programs being rolled out. In the United States,
an x-ray surveillance program in the coal mining
industry was initiated in 1970. Evidence shows
marked reduction in the prevalence of CWP since
the inception of the program (drop-in prevalence
from 28.2% to 3.3% from 1973 to 1999 among
workers with over 25 years or more experience).?

Health surveillance provides the avenue for
unraveling current levels of disease prevalence. CWP
is a progressive disease, which could be detected and
dealt with earlier if there are proper surveillance
and screening mechanisms. The Center for Disease
Control? also reported a two-month health screening
program conducted in five mine sites in bituminous
coalfields in western Pennsylvania (Altoona,
Clearfield, Farmington, Indiana, and Somerset)
and, in June 1997, at three mine sites in anthracite
coalfields in eastern Pennsylvania (Centralia,
Pottsville, and Wilkes-Barre) found a prevalence of
83 (6.7%) of 1,236 screened miners and marked
differences between eastern and western sites.
These surveillance programs expose the risk levels
of CWP among miners and pave way for necessary
preventive and curative actions. In Africa, the mining
sector is marked by weak surveillance systems.There
is scarce evidence of implemented surveillance
programs across mining sectors in Africa, and in
areas where efforts have been made, there are few
or no policy implementations to this effect.?

3.3.2. Exposure control

Efforts to control exposure to dust at mining sites are
key to controlling CWP among coal miners.This involves
providing appropriate data on the dust levels at the mine
site and instituting appropriate technological and safety
interventions to minimize them. The study by Fishwick
et al.® identified risk assessment and application of
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principles of good practice as key to minimizing exposure
to hazardous substances in the mining industry.The study
identified the “hierarchy of control” as mostly used to
decide the most appropriate controls. The hierarchy
involves elimination (completely removing the agent from
the workplace); substitution (replacing harmful agent
with an alternative); instituting engineering controls such
as total enclosure, partial enclosures with local exhaust
ventilation and general ventilation; and administrative
controls (including segregation of workers, job rotation
to minimize potential exposure time, good cleaning and
maintenance practices, providing hygiene facilities) and
providing personal protective equipment.*

The study by Joy** also identified a four-stage
process approach to risk management. These include
risk identification (identifying the potential hazard); risk
analysis (assessing the magnitude of risk); risk control
(deciding on appropriate measures to reduce or control
unacceptable risk); and implementation and control of
the measures to ensure effectiveness.

3.3.3. Dust controls measures

Water sprays and ventilating air have been identified
as the primary controls used for protecting
mineworkers from being over-exposed to respirable
dust. Water spray is an important primary dust
control mechanism among longwall face workers.
Although longwall mining has improved over the
years, significant increase in coal extraction rates have
led to increase in dust production. Longwall mining
equipment operates with shearers and all shearer-
cutting drums in operation since the late 1970s have
been equipped with drum-mounted water sprays.
All shearers in the US are equipped with water
sprays and these have shown to be very effective
in moving air and entraining dust in the direction of
airflow. Current inventions, including spray equipped
miners known as “wet head” miners have also been
underway in the US and evaluation report shows that
these could reduce dust at the mine operator ranging
from 0.2 to 0.5 mg/m3.3® Previous evidence suggests
the effectiveness of water spray technologies in
reducing dust exposure, as a way of preventing
CWP.The study by Courtney and Cheng* reported
that a typical water spray operating at 100 psi and
I-2gpm gives no more than 30% airborne capture
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of respirable dust. Raising the pressure of the sprays
was even shown to improve its effectiveness in dust
capture.A high-pressure system (2,300 psi, 3gpm), for
instance, gave 30% respirable dust reduction just as
conventional spray (100psi, 19gpm) but with much
less water.¥

Ventilation ensures reduction in dust levels by
diluting generated dust and transporting dust away
before it can migrate to breathing zones. This was
described as the most effective method of dust
control because it ensures the main work entry and
the continuous miner, as well as the shuttle car, are
exposed to fresh air.This involves bringing in fresh air
to the face in the working entry and installing tubing
within the entry to create an air separation and
further drawing dust-laden air from the face through
the tubing. Other reported ventilation measures
include equipping miners with fan-powered, flooded-
bed scrubbers, which mainly collect dust with water
droplets and removing them from the air stream
when a demister captures the droplets. In the United
States, miners are also equipped with external sprays
located on top of the miner booms, with the purpose
of wetting the coal as it is being cut and prevent dust
from being airborne.These measures help to minimize
the respirable air to the mineworker and help prevent
CWP.

Dust avoidance is another effective way to control
dust exposure.This refers to the movement of either
the dust cloud or the workers so they are upwind
of the dust. One effective means of avoiding dust
on mining machinery is the use of remote control.
Evidence shows that this control measure enabled
shearer operators to move upwind [5-20ft, and
reduced dust exposure by 68% by avoiding direct
contact with dust from the head gate-end shearer.®
In another study by Divers et al.* this measure
enabled the operator to step back |2ft from intake
and reduced dust exposure level by 50%.

3.3.4. Compensation

Mineworkers’ compensation is a very important
issue related to the control of health issues such as
CWP. Mining Acts emphasize the need for operators
to institute appropriate compensatory schemes for
mineworkers in the advent of disease, disabilities or
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death due to their involvement in mining activities. In
South Africa for instance, there is statutory provision
for compensation under two pieces of legislation; the
“Compensation of Occupational Injuries and Diseases
Act” (Coida) and the“Occupational Diseases in Mines
and Works Act” (Odimwa), with the Odimwa being
specifically applicable to the mining industry.?% In
the United Kingdom, there exist the Coal Health
Claims, which are two claims run by the Government
and exist to compensate UK coal miners and their
families in relation to respiratory diseases. Previous
evidence suggests that most mineworkers, especially
from low-income countries, do not benefit from
compensations in times of injuries or disabilities.
A study by Roberts® among 205 former miners in
Eastern Cape, South Africa reported that about 85%
of respondents did not receive the statutory medical
compensation when leaving the mine and about 99%
were not aware of the existence of the Compensation
Acts and its benefits. Another study by Steen*' on
304 former gold miners living in Thamanga, Botswana
also reported that only a few eligible miners had been
compensated and in the study by Trapido et al.?¢ on
former gold miners living in Eastern Cape, South
Africa only 2.5% had been fully compensated with
62% of those eligible not compensated.

In China, the government included asbestos
pneumoconiosis in the list of legal occupational
diseases under “Law of the People’s Republic of
China on Prevention and Control of Occupational
Diseases” from 2001.Under this law, pneumoconiosis
patients could receive free medical treatment
catered for by the insurance fund of the occupational
injury. In the same vein, the Insurance Regulations of
the Occupational Injury issues in 2003 by the State
Council also highlight various treatment rights and
interests due to the occupational disease patients.

4. Discussion

Pneumoconiosis was a major occupational health
burden globally, that caused about 260,000 deaths
in 2013.2 This review was conducted to explore
healthcare measures aimed at preventing CWP and
asbestosis mainly resulting from exposure to dust at
the mine. Laws and regulations were by far the most
identified control measure for occupational injury and
improved the health of workers. It provides an avenue

for setting up regulatory bodies and empowers them
to monitor, evaluate and ensure that coal mining
operators work within set up regulatory standards to
ensure hygienic working environments. Some mining
acts stipulate the requisite operating requirements
for setting up mines and ensure these are in place
before operation begins and provide avenues for
training of staff on appropriate health and hygienic
measures. In the industrialized world, adherence to
mining regulations has reduced inhalation exposure
in the past decade.The passage of the Mine Act in the
United States for instance, led to marked reduction
in fatal injuries at the coal mine.” On the other hand,
there is little evidence of miners’ cooperation and
enforcement of mining regulations by appropriate
authorities. Most mine regulations also do not set
a limit for inhalable dust concentration. A recent
review of dust control practices in China and
Australia identified that Chinese regulations have
no limit in inhalable dust concentration whereas in
Australian regulations, the concentration is limited to
10 mg/m3.*Regulatory bodies mandated under these
acts should ensure thorough enforcement of these
regulations, which could help improve the hygienic
standards of coal mines.

This review also identified practical measures
such as improved technologies targeted to reduce
respirable air at the coal mine. Exposure control
measures that eliminate or substitute harmful
agents and other control measures are enforced in
most industrialized settings. Wetting and ventilation
technologies are available in most industrialized
settings and these are effective in reducing exposure
to dust. In China, application of water infusion before
mining operations has been shown to reduce dust
up to about 60%.* This technology has also been
successfully applied in Australia since 1987. In the
United States, miners are equipped with fan-powered,
flooded-bed scrubbers, and these are helpful in
collecting exposable dust during mining operations.
There are currently ongoing efforts to further
improve these technologies but the extent to which
they are used and evidence of their effectiveness
is not much known. More interventional research
is needed to show the effectiveness of these
technologies especially in middle- and low-income
countries.
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Compensation mechanisms could compel mining
operators to institute appropriate public health
measures to prevent CWP. Evidence, however
points to the fact that miners, especially from low
resource settings are not aware of the existence of
compensations and most benefactors do not get
the compensations due to them. This points to gaps
in workers’ right and enforcement of legislation to
ensure payment of compensations. Enforcing mining
regulations together with appropriate technologies
to control mine dust could go a long way in ensuring
the safety of coal workers.

5. Limitations

The strength of this review reflects the various
themes identified and their consistency with
previous studies. Although we tried to search for
all appropriate studies, we might have missed some
and that may affect the generalization of our findings.
However, we believe that the results identified are
compelling and show consistent pattern scarcity of
findings and inadequate public health measures to
ensure mine safety, especially in limited-resource
settings.

6. Conclusion and Implications for
Translation

In conclusion, this review shows varied efforts
to control respirable dust in coal mining. Many
technological interventions are currently available to
promote primary prevention of CWP by ensuring
reduction in inhalable dust. These, however, could
be better implemented through the enforcement
of mining regulations. Health and environmental
surveillance systems, which are stipulated in most
mining regulations, are important in unraveling levels
of exposure and infections among coal workers.
There is, however, a scarcity of evidence to this
effect, especially in low-income countries. The public
strategy that combines various health measures,
including training workers on safety measures, will
be much more effective in preventing CWP. More
research is required on the effectiveness of public
health interventions and safety measures in mining
to improve the level of evidence and make room for
improvement.
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- Key Messages h

e Little evidence exists in the literature on the
level of adherence to and effectiveness of min-
ing regulations.

e A combination of public health strategies that
include health measures and training may be
effective in preventing coal worker pneumoco-
niosis.

e Efforts to control exposure to dust at mining
sites are important in controlling coal worker
pneumoconiosis.

References

I.  Biegler T. The Hidden Costs of Electricity: Externalities
of Power Generation. Australian Academy of
Technological Sciences and Engineering; 2009.

2.  Centers for Disease Control and Prevention.
Advanced cases of coal workers’ pneumoconiosis
-- two counties,Virginia, 2006. Morb Mortal Wkly Rep.

2006; 55(33):909-913.

3. National Institute for Occupational Safety and Health.
Criteria for Recommended Standard: Occupational
Exposure to Coal Mine Dust; 1995. DHHS Publication
No. 95-106.

4. Kenny LC, Hurley F, Warren ND. Estimation of the risk
of contracting pneumoconiosis in the UK coal mining
industry. Ann Occup Hyg. 2002;46(1):257-260.

5. Kumar V, Abbas AK, Aster JC, Fausto N. Robbins and
Cotran Pathologic Basis of Disease. 8" ed. Philadelphia:
W.B. Saunders; 2010.

6.  Li HX, Zhai PY,Yan JFE Bone mineral density changes



Ayaaba et al.

International Journal of Translational Medical Research and Public Health (2017),Vol. I, No. 1,4-13

in coal workers’ pneumoconiosis in two and
triple stages in increasing ages. Article in Chinese.
Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi.
2012;30(8):593-594.

Malo J, Chan-Yeung M. Occupational asthma. | Allergy
Clin Immunol.2001;108(3):317-328.

Blanc PD, Toren K. How much adult asthma can
be attributed to occupational factors? Am | Med.
1999;107(6):580-587.

World Health Organization. Global Strategy for the
Diagnosis, Management and prevention of Chronic
Obstructive Pulmonary Disease. Draft Executive
Summary. Geneva, Switzerland; 2002.

World Health Organization. Chronic Obstructive
Pulmonary Disease (partial update). National Institute
for Clinical Excellence; 2010

Bala S, Tabaku A. Chronic obstructive pulmonary
disease in iron-steel and ferrochrome industry
workers. Cent Eur | Public Health. 2010;18(2):93-98.
doi: 10.21101/cejph.a3548

Dement JM, Welch L, Ringen K, Bingham E, Quinn P.
Airways obstruction among older construction and
trade workers at Department of Energy nuclear
sites. American Journal of Industrial Medicine. Am |
Ind Med.2010;53(3):224-240. doi: 10.1002/ajim.20792

China State Administration of Work Safety. http://
media.chinasafety.gov.cn:8090/iSystem/shigumain.jsp.
Accessed May 15,2016.

ZhengYP, Feng CG, Jing GX, et al.A Statistical analysis
of coal mine accidents caused by coal dust explosions
in China.J Loss Prev Process Ind. 2009;22(4):528-532.

Centers for Disease Control and Prevention.
Pneumoconiosis and advanced occupational lung
disease among surface coal miners --16 states, 2010-
201 1. Morb Mortal Wkly Rep. 2012;61(23):431-434.

Scarisbrick DA, Quinlan
respiratory disease in
2005:55(1):72-73.

RM.  Occupational
mining. Occup Med.

National Health and Family Planning
Commission. Bulletin for occupational disease
prevention and control work in 2009-2013.

http://www.nhfpc.gov.cn/jkj/s5899t/201406/
€d8ed220d0b74010bcb6dcd8e340f4fb.shtml.
Accessed May 15,2016

State Administration of Coal Mine Safety. Safety
Regulations in Coal Mine; 2008.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Oliver LC, Miracle-McMahill H. Airway disease in
highway and tunnel construction workers exposed
to silica. Am J Ind Med. 2006;49(12):983-996. doi:
10.1002/ajim.20406

Lamprecht B, Schirnhofer L, Kaiser B, Studnicka M,
BuistAS.Farmingand the prevalence of non-reversible
airways obstruction: results from a population-
based study. Am | Ind Med. 2007;50(6):421-426. doi:
10.1002/2jim.20470

Goldyn SR, Condos R, Rom WN. The burden of
exposure-related diffuse lung disease. Semin Respir
Crit Care Med. 2008;29(6):591-602. doi: 10.1055/s-
0028-1101269

Ishtiag M, Nawaz, R, Khan KU, et al. Prevalence of
pneumoconiosis among coal miners of Cherat,
district Nowshera - Pakistan. | Postgrad Med Inst.
2014;28(2):139-44.

Salahuddin DA, Magsood AK, Muhammad IG,
Shereen K. Health impacts of coal mining in
Baluchistan. Pak | Med Res. 2013;52(3):88-91.

Moher D, Liberati A, Tetzlaff ], Altman DG. The
PRISMA  Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097. doi:
10.1371/journal.pmed.1000097

Suarthana E, Laney AS, Storey E, Hale JM,Attfield DM.
Coal workers’ pneumoconiosis in the United States:
regional differences 40 years after implementation
of the 1969 Federal Coal Mine Health and Safety
Act. Occup Environ Med. 2011;68(12):908-913.
doi:10.1136/0em.2010.063594

Trapido,AS, Mqoqi NP, Williams BG, et al. Prevalence
of occupational lung disease in a random sample of
former mineworkers, Libode District, Eastern Cape
Province, South Africa. Am | Ind Med. 1998; 34(4):
305-313.

Government of South Africa. http://www.dmr.gov.
za/syllabi-part-c/summary/30-mine-health-and-
safety/376-mhs-act-29-of-1996.html. Accessed May
15,2016.

UN Department of Economic and Social Affairs. A
Report on Ghana’s Mining Sector for the |8th Session of
the UN Commission on Sustainable Development. UN
Dept. of Economic and Social Affairs; 2010.

Weeks JL. Occupational health and safety regulation
in the coal mining industry: public health at the
workplace. Ann Rev Public Health. 1991; 12:195-207.

www.ijtmrph.org



Control of CWP in Coal Mines

30.

31

32.

33.

34.

35.

36.

37.

Chunxian Y. The management of Asbestos dust
control in  China. https://www.jniosh.go.jp/icpro/
jicoshold/japanese/training/special_speeches/2006/
may/China_MsYuanChunxian.Accessed May 15,2016.

The Central People’s Government of the People’s
Republic of China. Regulations of the People’s
Republic of China on the Prevention and Control of
Pneumoconiosis. Order of the State Council of the
People’s Republic of China; 1987. No. 105.

Murray J, Davies T, Rees D. Occupational lung disease
in the South African mining industry: research
and policy implementation. | Public Health Policy.
201 1;32(suppl 1):S65-579.

Fishwick D, Sen C, Barber L, Bradshaw E, Robinson
JS, Sumner J; COPD Standard Collaboration Group.
Occupational chronic obstructive pulmonary disease:
a standard of care. Occup Med. 2015;65(4):270-282.
doi: 10.1093/occmed/kqv019

Joy J. Occupational safety risk management in
Australian mining. Occup Med. 2004;54(3):311-315.

Goodman GVR, Beck TW, Pollock DE, Colinet
JF, Organiscak JA. Emerging technologies control
respirable dust exposures for continuous mining
and roof bolting personnel. In: Proceedings of the
I Ith US/North American Mine Ventilation Symposium.
Routledge; 2006.

Courtney WG, Cheng L. Control of respirable dust
by improved water sprays. Respirable Dust Control.
Proceedings: Bureau of Mines Technology Transfer Seminars.
Pittsburgh, Pennsylvania, September 21, 1976, and St.
Louis, Missouri, September 23, 1976. US Department
of the Interior, Bureau of Mines, IC 8753.

Jayaraman NI, Jankowski RA. Atomization of water

www.ijtmrph.org

38.

39.

40.

41.

42.

43.

44,

45.

sprays for quartz dust control. Appl Ind Hyg. 1988;
3(12):327-331.

US Bureau of Mines. How to Reduce Shearer Operators’
Dust Exposure by Using Remote Control. Technology
News; 1984.

Divers EF, Jayaraman NI, Custer ]. Evaluation of a
Combined Face Ventilation System Used with a Remotely
Operated Mining Machine. US Bureau of Mines; 1982.

Roberts J. The Hidden Epidemic Amongst Former
Miners: Silicosis, Tuberculosis and the Occupational
Diseases in Mines and Works Act in the Eastern Cape,
South Africa. Health Systems Trust; 2009.

Steen TW. Prevalence of occupational lung disease
among Botswana men formerly employed in the
South African mining industry. Occup Environ Med.
1997; 54(1): 19-26.

GBD 2013 Mortality and Causes of Death
Collaborators. Global, regional, and national age—
sex specific all-cause and cause-specific mortality
for 240 causes of death, 1990-2013: a systematic
analysis for the Global Burden of Disease Study
2013. Lancet. 2014;385(9963):117-171.

Weeks JL, Fox MB. Fatality rates and regulatory policies
in bituminous coal mining, United States, 1959-1981.
Am | Public Health. 1983;73(11):1278-1280.

Yinlin J. Ren T.Wynne P.Wan Z, Ma Z. Wang Z. A
comparative study of dust control practices in
Chinese and Australian longwall coal mines. Int |
Min Sci Tech. 2016;26(2), 199-208. doi:10.1016/.
ijmst.2015.12.004

Cao GH, Zhao XL, Lian DX, He §J. B-ray absorption
dust concentration monitor system based on the
GPRS. Sci Technol Eng. 2012;20(6): 1405-1408.



