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San Juan Coal Company 

June 20, 2011 

Ms. Roslyn B. Fontaine, Chief 
Regulatory Development Division 
Office of Standards, Regulations, and Variances 
Mine Safety and Health Administration 
1100 Wilson Boulevard, Room 2350 
Arlington, Virginia 22209-3939 

Dear Ms. Fontaine, 

• • bhpbilliton 
future 

BHP BIIUion Umlled 
Coonty Road 6800 
Walerllow, New Mexk:o 87421-Q561 USA 
P08ox561 
Waterflow New Mexico 87421-os61 USA 
Tell 505 598 2153 Fax 1 505 598 2246 
bhpbiUfton.com 

RE: RIN 1219- AB64- Comments Submitted on behalf of San Juan Coal Company 

I am currently the Manager, Safety & Regulatory Compliance for San Juan Coal Company. 
I have over 38 years of experience in the mining industry. Over 36 years of that has been 
in the underground coal mining industry and over 21 of those years have been spent 
working in the area of safety and health management. 

I have had the good fortune to have spent my career working for companies with a very 
strong safety & health culture. Through acquisitions, mergers, sales and job changes I 
have worked for such companies as Coastal Corporation, Canyon Fuel Company, Area 
Coal Company, and Arch Coal Company. I currently am employed by BHPBilliton, the 
world's largest natural resources company. 

We have participated in a joint project through Crowell & Moring and have participated with 
the National Mining Association in the development of specific detailed comments to this 
rule. These additional comments will deal with some specific concerns. Specifically those 
concerns are: 

1- Full-shift exposures: 
I started my career as a miner and in that capacity have operated roof bolting machines, 
continuous miners, cutting machines, coal drills, diesel powered LHDs, multiple types of 
shuttle cars, and all of the elements on a longwall system. In these capacities I have also 
participated in the dust sampling that has been required under 30 CFR. Especially early in 
my career, many of those dust samples were above the established standard for that 
occupation code. The exposure that was sampled wasn't a personal one/ it was a shared 
one and was only for an 8-hr sampling period, regardless of the actual shift length which 
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ranged from 8 hours up to 12 hours each day. The majority of those shifts were longer than 
8 hours. 

This raises a huge concern with regard to the referenced proposal. After in excess of 30 
years of sampling, miners today still do not know what their personal full shift exposure to 
coal dust or silica has been because as in my case, (I operated the cutting machines, coal 
drills, continuous miners or the shearer for just half the shift, then went on to other 
assigned activities), the sampling pump was passed to the miner taking over that 
occupation from me. With the pump gone, a miner could then be assigned to go build cribs 
in the tailgate or on a CM section, find yourself roof bolting in the return. What will make 
this situation even worse is that if this proposal becomes final in its present form, 30 years 
from today a miner still won't know what their personal exposure has been. If the agency 
really wants to protect the health & safety of miners it must mandate that this sampling is 
an individual exposure sample, not an occupational/environmental one. Miners need to 
know what their individual, full shift exposures are not what the exposure to a location has 
been. 

2- Validity of the science used in determining the need for a change: 

The following NIOSH study was published on May 19, 2011, 'Coal workers' 
pneumoconiosis In the United States: regional differences 40 years after 
implementation of the 1969 Federal CoaiiiAine Health and Safety Act'. 
This study clearly shows that the prevalence ratio was significantly higher than predicted in 
Districts 4-7. That same study shows that this same prevalence ratio was significantly 
lower than predicted in other regions. The paper goes into more detail about the analysis 
methods and data that was reviewed. I have attached a copy of that paper as an 
Addendum to these comments. What this latest scientific data shows is evidence of an 
effective current standard that is protecting miners to an even greater degree than had 
been predicted. This latest study is very supportive of the findings detailed in the 
comments prepared by Crowell & Moring on behalf of a collection of U.S. clients. 

The study also shows some statistical outliers in which an increased prevalence of disease 
is occurring. The appropriate response to this information should be to focus on those 
statistical outliers. Identify the causal factors and eliminate them through the application of 
the hierarchy of controls. This can be effectively done today without the need of new 
standards and would be focused on the specific troublesome issues and locations, not a 
shotgun approach based on outdated and erroneous information. 

MSHA should closely evaluate this latest scientific evidence and then reformulate its 
strategy for dealing with this clearly Regional issue based on the latest available science 
even if that means starting over with what that strategy will be. That strategy should include 
a review of whether different ranks of coals should have varying exposure levels. The 
NIOSH report indicates there may be a need to do this. It also suggests that the real culprit 
behind the increases in cases is silica exposure, not coal dust. MSHA should focus the 
remedy on the real culprit. 

3- Application of the Hierarchy of Controls 



Standard industrial hygiene practices for almost any other contaminant require operators to 
apply the full scope of the hierarchy of controls. That should be the MSHA approach with 
regard to respirable coal dust and silica. The agency should endorse the use of the most 
effective tools when and if available. This endorsement should include use of respiratory 
protection whether it is the use of respirators or even more effective tools such as 
powered-air purifying respirators such as Airstream helmets. Continuing to obstruct the use 
of such tools simply reduces the protection that could be available to miners. 

4- Implementation of the CPOM 

San Juan Coal Company has deployed CPOM units as part of our overall industrial 
hygiene monitoring processes. We've found that the device can be a helpful tool for miners 
in that they can see what their exposure for that shift has been and can take steps to 
manage that exposure. The downside to the unit is the overall size and weight, the labor 
intensive maintenance requirements and the labor requirements for collecting and 
managing the data collected. The Secretary should continue to move forward with further 
deployment of the devices however, based on factors of reliability and accuracy this should 
be a phased approach, not one that immediately assigns these devices for the purpose of 
compliance sampling. 

5- CPOM Management Plans 
Our concern with regard to the CPOM Management Plan proposal is that from experience, 
we know that MSHA has completely underestimated the resources that will be required to 
implement what has been proposed. Ten years ago here at San Juan Coal Company we 
were using similar methods of exposure monitoring and data collection with regard to 
hydrogen sulphide exposures. That data was compiled on a weekly basis and submitted to 
the District Manager. This process involved approximately a dozen miners each week. The 
raw data collected amounted to more than 10 MB of data. It completely overwhelmed the 
ventilation officer responsible for our mine's ventilation plan. The Ventilation Plan Approval 
process became paralyzed by that activity. The process required 4 people at the mine and 
two at the District to compile, review and report on the data collected. At that time there 
was just one mine involved. What the Agency has proposed with regards to the CPOM 
Management Plans, data collection and reporting is a process that will be several orders of 
magnitude higher in scope, complexity and personnel resourcing. If this proposal is 
adopted and no additional resources are provided for the Districts, the already broken plan 
approval processes will be further paralyzed thereby delaying needed plan improvements 
and their expected outcomes. A better approach would be to phase in the use of the 
CPOM which will allow the manufacturer to better understand operational flaws and make 
design improvements that can improve the reliability of the device. 

MSHA should also work closely with the manufacturer so that a second generation device 
can be developed that does not have a caplamp integrated into the unit. This would allow 
for a reduction in overall size and weight of the unit, reduce the complexity and increase 
the acceptance of the device by the miners who must wear it. This is an important aspect 
as some mines report that units are being intentionally damaged so that the miner does not 
need to wear it that shift. 



6- Medical Surveillance 
Our view is that participation in a medical surveillance process should be mandatory for all 
underground miners. The process should include the sharing of surveillance results so that 
an operator can have the ability for early detection and equally important, to take remedial 
actions to prevent that miner's condition from becoming worse. This medical surveillance 
process would be an essential tool in helping MSHA and NIOSH to understand where and 
what the issues are in these areas of the country where there has been an increase in 
CWP and silicosis cases. Knowing more about the causes will lead to reductions in 
exposures and ultimately reductions in the numbers of cases. 

The medical surveillance questionnaires need to include information collection with regard 
to the use of tobacco products, particularly to miner's smoking histories. 

That overall surveillance process should also include a requirement for a miner who has 
presented evidence of disease to be transferred to a less dusty job. It should not be left to 
the discretion or option of that miner. Allowing for miners to choose not to participate, 
allowing them to choose to not exercise their option of a job transfer simply perpetuates the 
problem. 

7- Single shift sampling 
We support the content of the NMA and Crowell & Moring comment sets with regard to 
single shift sampling. Nothing has changed with regard to the laws of physics or with the 
sampling tools to have made this method suddenly reliable. The use of multiple samples 
was found to be necessary in the past and we find that just because someone at MSHA 
says that is now a reliable method is simply not supported by science and this section of 
the proposal should be eliminated. 

8- Cost of Implementation 
It is apparent that the cost estimates are incorrect. Our estimates indicate the following 
costs of implementation at San Juan Coal Company: 

Item Frequency Cost 
Cost of purchasing the required 
additional units 
Cost of 5 technicians to administer 
and maintain the system 

Consumable parts for the devices 

Computer and server space for compiling 
and storing data. 

Total First Year Cost SJCC 

Total Ongoing Annual Cost to maintain 
the CPOM rocesses. 

First year and 
then every 5 years 
Annual 
expenditure 

Annual 

First year and 
then every 5 yrs. 

$750,000 

$500,000 

$20,000 

$3,000 

$1,273,000 

$525,000 



These costs are based on sampling 3 mechanized mining units, 1 longwall arid 2 
continuous miner sections. The estimate includes sampling of some designated areas/work 
positions that' were previously established. The estimate includes the need to have 
technicians available 24 hours per day, 7 days per week in order to process the sampling 
data within the required timeframes. 

Given a single mine would be spending over $1 million it is evident that actual costs are 
very likely to far exceed $100. 

Based on the information in the previously referenced NIOSH study, the benefit analysis 
MSHA has used is also flawed since such a large portion of the mining industry is already 
delivering better than expected results under the existing standard. 

San Juan Coal Company appreciates the opportunity to provide these comments regarding 
this topic and request that they will be considered in the next steps the Agency takes. 

If you have questions or need additional information, please contact me at (505) 598-2153. 

Yours sincerely, 

David C. Hales CMSP 

Health & Safety Superintendent 
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Coal workers' pneumoconiosis in the United States: 
regional differences 40 years after implementation of 
the 1969 Federal Coal Mine Health and Safety Act 
Eva Suarthana, 1•2 A Scott Laney,2 Eileen Storey,2 Janet M Hale,2 Michael D Attfield2 

ABSTRACT 
Objective To assess whether the recent increases in the 
prevalence of coal workers' pnewnoccniosis (CWP) in 
the USA reflect increased measured exposures over 
recent decades, and to identify other potential causative 
factors. 
Methods The observed CtNP prevalence was calculated 
for 12 408 underground coal miner participants in the Coal 
Workers' Health Surveilance Program for the period 
2005-2009. stratified by the Mile Safety and Health 
Administration (MSHA) geographical distrK:ts. The 
predicted prevalence was estimated using a pubfished 
exposure-response model from a large epidemiological 
study among US coal miners using dust exposure, tenll"e, 
miner's age and coal rank as predictors. ·i Testing was 
perfooned to colrQ)are the observed versus predicted 
CWP prevalence. 
Results Observed prevalence was significantly hp 
than predicted prevalence in MSHA districts 4-7 (central 
Appalachian region) ( 10.1% vs 4.2%; prevalence ratio (PR) 
2.4; p<0.001) and significantly lower than predicted in 
other regions (1.6% vs 3.6%; PR 0.4; p<O.OOI). The 
central Appalachian region had a significantly older 
workforce with greater mining terure, a lower proportion 
of mines with 200 or more employees, and lower seam 
heights. Signifrcant lower average COI11Jiiance dust 
concentrations were reported fa this region. 
Conclusioo The observed f:INP prevalence substantially 
exceeded pradicted levels in central Appalachia. However, 
the increased prevalence was not explained by the 
measured levels of dust exposures. Ukely contributing 
factors include mine size and low seam mining. which 
may be associated with higher exposure to smca. Ftrther 
study is needed to characterise the respCilSible factors for 
the elevated CWP rates in central Appalachia. 

INTRODUCTION 
Prior to 1970, dust concentrations in US under
ground coal mines averaged 6 mglm5, substantially 
higher than the current federal compliance limit of 
2 mglm3

•
1 .M a result, and as revealed by a number 

of independent epidemiological surveys, the preva
lence of coal workers' pneumoconiosis (CWP) in 
longer-tenured (eg, 30 or more years) miners 
exceeded 40% in some geographical areas.2 This, and 
the safety issues manifested by the coal mine 
disaster at Farmington, West Virginia in 1968led to 
the enactment of the 1969 Federal Coal Mine Health 
and Safety Act (1969 Act). The act established the 
current federal exposure limit for respirable coal 
mine dust, and created the Coal Workers' Health 
Surveillance Program (CWHSP) administered by the 

.,.. Regiorial,difference~ in. t~ prevalenctt of coal 
wOrkers' pneumoconiosis {CWP) were observed 
that couJd. not be explained by re,spifl!bh! dust .. 
concentrations derived from compliance 
measurements. 

.,.. In perticiul8r, CWP prevalence in centrale Appa
lachia {southern West Virginia, western. Virginia 
and eastern Kentucky) was considerably higher 

.. than predicted. . . .·•· ... · • .: . < 
~ Small mine size and low seam helghUikaly ·. 

contributed to this excess. · .. · · :.: ,: ! , , 
.,.. . Our ·;findings •. carl Jor tieuer· control; Of >dUst 
: •• produced duiioo•rOck cutting ~· enh8nced 
; <training and reSources for satety and' health in 

small mines. . . ~. ' ' . . 
'' ".{~,' ''\ 

National Institute for Occupational Safety and 
Health (NIOSH), among other provisions.3 

The CWHSP is a national worker monitoring 
program enabling working underground coal 
miners to obtain free periodic chest x-rays. If 
certain signs of CWP are seen on their x-ray, the 
miner is entitled to work in a low dust environ
ment. Data from the CWHSP provide the means to 
assess national and regional distributions in CNP 
prevalence, as well as evaluate temporal trends.3 

Following passage of the 1969 Act, the overall 
CNP prevalence among underground coal miners 
declined from 11.2% for the period 197Q-197 4 to 
2.0% for 1995-1999. However, since 2000 the 
prevalence of CWP has increased to 3.3% for 
2005-2006.2 The increasing prevalence of CWP 
since 2000 has led to enhanced surveillance and 
epidemiological studies to find explanations for the 
increasing trend. These studies identified changes in 
the epidemiology and clinical disease course of 
pneumoconiosis among coal miners characterised 
by an increased disease severity, geographical clus
tering in eastern Kentucky and southwestern 
Virginia, rapid disease progression and advanced 
disease in younger miners.4- 7 

These findings led NIOSH to intensify CWHSP 
efforts through the introduction of an enhanced 
surveillance program.8 This program sought to 
increase program participation rates in CWP 'hot 
spot' locations by use of a mobile examination unit 
to obtain radiographs at or near mine sites. The 
enhanced surveillance combined with the estab
lished CWHSP demonstrated that miners in 
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Kentucky, Virginia and West Vuginia had radiographic patterns 
consistent with excessive silica exposure in more recent years,9 

and that miners in mines with fewer than 50 employees are at 
increased risk of CWP and progressive massive fibrosis (PMF).1() 

These findings, that CWP and PMF are more prevalent in small 
mines and that miners are possibly being exposed to excessive 
concentrations of crystalline silica, have been further supported 
by a recent investigation into dust exposures and mining prac
tices in southern West Virfinia, eastern Kentucky, southwestern 
Virginia and elsewhere.1 Overall, these recent studies have 
clearly demonstrated that there is a troubling excess of respira
tory disease in US coal miners in recent years. However, many 
questions remain as to what are the most important factors 
contributing to the recent trends in pneumoconiosis. 

In a continued effort to describe and understand the extent and 
reasons for the current increase in CWP in the USA, we turned to 
examination of dust exposure data derived from the US Mine 
Safety and Health Administration's (MSHXs) Standardized 
Information System (MSIS) in conjunction with the medical data 
from the CWHSP. The primary objective of this analysis is to 
assess whether the increases in disease are reflected in increased 
exposures over recent decades and to examine additional factors 
of potential importance that have previously gone unreported. 

METHODS 
Participation in the CWHSP is voluntary. The methods and 
procedures for data collection were approved by the NIOSH 
Human Subjects Review Board, and an approved form is signed 
by each participant. Detailed information describing the char
acteristics of the SUlVeillance program, including data collection, 
institutional review board ap.froval and patient consent, have 
been previously described. 1 3 6 

Radiograph readings, miner age and tenure, coal type, mine 
size (ie, the number of underground miners per mine) and mine 
location data were obtained from the CWHSP, and restricted to 
radiographs of underground coal miners 16 years of age and older 
acquired from 1 January 2005 to 31 December 2009. Data on 
seam height and hours worked per miner per year were obtained 
from MSIS for the same time period. Inspector-measured coal 
mine dust concentration data at mine level were obtained from 
MSIS for the period 197D-2008. Complete information for all 
variables was required for inclusion of an individual's data into 
the dataset for analysis. We excluded underground coal miners 
from MSHA district 1 due to the small number of participants 
(n=55) and difference in coal type (anthracite) compared to the 
other districts in the analysis (bituminous). We also excluded 
one mine with 17 miners with a reported seam height of 1 inch 
leaving 12 408 underground coal miners for analysis. 

The radiographs were classified by NIOSH B readers for the 
presence of lung parenchymal abnormalities consistent with 
pneumoconiosis using the ILO Classification of Radiographs of 
Pneumoconioses. 12 A final determination of the classification of 
each radiograph was made using a standardised procedure, 
requiring agreement between at least two of the readers, as 
previously described.3 8 For the present analysis, presence of 
CWP was defined as an ILO classification of profusion category 
1/0 or greater. 

The obselVed CWP prevalence was calculated and stratified by 
MSHA district. There are 10 MSHA districts distributed 
regionally across the bituminous coal fields, essentially from 
Pennsylvania in the north to Alabama in the south, and to 
Colorado and Utah in the west. Of particular interest are MSHA 
distritts 4-7, comprising southern West Virginia (district 4); 
western Virginia (5); eastern Kentucky (6); and central Kentucky, 

North Carolina, South Carolina and Tennessee (7). Predicted 
CWP prevalence was estimated using the Attfield and Marring 
exposure-response model calculated as follows: ( -5.03 + 
(miner age X 0.0339)) + (1.74 X miner tenure X coal mine dust 
at mine level X (0.0153 X medium!low volatile bituminous 
coal) or (0.0078 X high volatile bituminous coal in the Appala
chian region) or (0.0053 X high volatile bituminous in the 
Midwest region) or (0.0031 X high volatile bituminous in the 
West region)). 19 The original model used mean job-specific dust 
levels. In the absence of dust level information specific to all 
jobs, we estimated dust exposure using the mean mine-specific 
dust level based on MSHA compliance data. These data reflect 
the exposures of coal face workers, who are the highest exposed. 

1..2 Testing was performed to compare the observed versus 
predicted CWP prevalence. Due to non-normal distributions of 
the continuous variables, we used the Wilcoxon rank-sum test to 
compare the values for age, tenure, number of employees per 
mine, coal seam height, measured dust concentration and hours 
worked per mmer in a year. 

RESULTS 
The observed and predicted CWP prevalence among miner 
participants in the CWHSP are presented in table 1 by age group 
within MSHA district. Of note, the obselVed CWP prevalence 
exceeded that predicted in miners aged 40 years and older in 
MSHA districts 4-7, while all other districts showed the 
opposite. Furthermore, high CWP prevalence (2-4-fold higher 
than predicted) was observed among young miners aged 
40-49 years in MSHA districts 4-7 and not in other districts. 

Figure 1 shows the obselVed CWP prevalence (black bars) 
versus the predicted CWP prevalence (grey bars) in underground 
coal miner participants in the CWHSP stratified by MSHA 
district for the period 2005-2009. Observed prevalence was 
significantly higher than predicted in MSHA districts 4-7 and 
significantly lower than predicted in other districts. Therefore, 
for the rest of the analyses we aggregated MSHA districts 4-7 
(the central Appalachian region) versus other regions. 

The overall observed and predicted CWP prevalences were 
10.1% and 4.2% in the central Appalachian region (PR 2.4; 
p<0.001) and 1.6% and 3.6%, respectively in other regions (PR 
0.4; p<O.OOl). When the analysis was restricted to miners with 
over 20 years of tenure, the same pattern was observed with 
14.9% observed prevalence compared to the 5.2% predicted in 
the central Appalachian region (PR 2.9; p<O.OOt) in contrast to 
the other regions where the observed prevalence was 3.4% 
compared to the 5.4% predicted (PR 0.6; p<0.001). When the 
analysis was restricted to miners with 20 years or less of tenure, 
the observed prevalence was 2.7% compared to the 2.8% 
predicted in central Appalachia (PR 1.0; p=0.90) in contrast to 
the other regions where the obselVed prevalence was 0.6% 
compared to the predicted 2.6% (PR 0.25; p<0.001). 

As shown in table 2, compared to all other regions, central 
Appalachia had a significantly older workforce {median age 48 
(range 19-74) years vs 44 (range 17-74) years; p<O.OOl) with 
greater mining tenure (median tenure 25 (range 0-44) years vs 
9 (range 0-50) years; p<O.OOl). 

The size of the mine where participating miners worked 
differed between central Appalachia and the other regions 
(table 3). The former region had a significantly lower proportion 
of mines with 200 or more employees compared to other 
regions. Overall, the median number of employees per mine was 
73 (range 1-423) in central Appalachia compared to 273 (range 
4-709) workers per mine in the other regions (p<0.001). The 
average coal seam height was lower in central Appalachia than 
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Tabla 1 Observed and predicted CWP prevalence In miners who par1icipated in tha NIOSH Coal Workers Health Surveillance Program by age and 
MSHA district, 2005-2009 

Aa• NumiMir"' Olderved PredlciM Obs.ved CWP Prtdicttd CWP 
MSHA diacriat , ..... mlnen; ••lnt41 IMimber af CWP aumhlr .. CWP prenfellce('Jol prevllence I'Jol 

2. BilunWJous coal regians in PA :S19 1 0 0.0 0 
20-29 84 1 1.4 1 
30-39 129 0 2.9 0 2 
40-49 142 3 5.4 z 4 
50-59 471 14 25.5 3 5 
ot60 84 4 6.0 5 1 

3. MD, OH. northern WV :S19 10 0 0.1 0 1 
ZD-29 148 2.3 1 2 
30-39 207 0 4.5 0 2 
40-49 218 8 8.1 4 4 
50-59 785 23 42.9 3 5 
2:60 136 7 9.8 s 7 

4. Solllhem WV :s19 0 NA NA NA NA 
ZD-29 106 0 1.7 0 2 
30-39 216 I 5.1 0 2 
4D-49 282 23 11.6 8 4 
50-59 607 89 36.8 15 6 
::io60 69 12 5.5 17 8 

5. VA :S19 0 NA NA NA NA 
2D-29 29 0.5 0 2 
30-39 79 1.8 1 2 
40-49 242 25 8.6 10 4 
so-ss 316 30 15.2 9 5 
ot60 23 B 1.5 26 6 

6. Eastern KY :S:19 0 NA NA NA NA 
2D-29 29 0.5 0 2 
30-39 70 1.6 0 
4D-49 174 28 6.3 16 4 
5o-59 132 29 6.9 22 5 
co:60 18 1 1.2 6 

7. Cenlnll KY. NC, SC. TN :s19 6 0 0.1 0 1 
ZD-29 67 1.1 0 2 
JD-39 103 2.4 2 
4D-49 192 19 6.9 10 
50-59 143 28 7.2 20 
2:60 11 1 0.8 9 

8. 1., IN, lA. MI. MN, oonfllm MO, WS :S19 43 0 0.5 0 
2D-29 682 2 10.5 0 2 
JD-39 613 2 13.2 0 2 
4D-49 564 1 19.4 0 3 
50-59 729 10 38.2 1 5 
::io&O 82 1 5.7 7 

9. Statea west ol the Mis$iss~pi river" :S19 73 0 0.9 0 
20-29 666 12.3 0 2 
3D-39 529 14.0 3 
40-49 524 8 18.2 
50-59 464 13 21.3 3 
::io60 75 1 4.6 6 

10. Western KY :S19 28 0 0.3 
ZD-29 339 2 5.1 2 
30-39 346 2 7.5 2 
4D-49 m 10 7.6 3 
50-59 240 12 11.7 5 
2:60 15 I 0.9 6 

11. Al. GA. FL. MS, PH, VI :S19 3 0 0.0 0 
20-29 64 D 1.0 0 2 
30-39 91 0 2.0 0 2 
40-49 175 6.7 2 4 
50-59 424 10 23.0 2 5 
~60 68 6 4.9 9 7 

•Except MiMHOta. Iowa and northsn MissourL 
Dislric!s are libeled wkh twa litter US 8IM8 abbreviations. MSHA dl$lrict m•ps ant milablo It hltp'J/Www.msha.(IClv/DISTRICT/tOAUIOME.HTM. 
CWP, coal worlun· pneumoconiosis; MSHA. Mine Safoty and Heald> Admilistralion; MOSH, Notional Institute lor Occupetionll Safety and Health. 
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Figura 1 The observed CWP prevalence !black bars) versus the 
predicted prevalence (grey bars) over MSHA districts in undergrol.lld 
coal miners who participated in the CWHSP for period 2005-2009. 
CWP, coal workers' pnetmoconiosis; MSHA, United States Mine Safety 
and He11lth Administration. 

in other regions (median seam height 60 (range 26-138) inches vs 
79 (range 31-168) inches; p<0.001). In addition, slightly more 
hours were worked per miner in a year in central Appalachia 
compared to other regions (median 2280 (range 218-2981) h vs 
median 2265 (range 568-3433) h (p=0.856)). Unexpectedly, 
however, MSHA compliance coal mine dust exposure data 
revealed a lower average measured dust concentration in central 
Appalachia compared to other regions (median measured dust 
concentration 0.68 (range 0.18-3.08) mglm8 vs 0.99 (range 
0.30-1.70) mglm3

; p<0.001). 

DISCUSSION 
Our findings confirm an elevated prevalence of CWP compared 
to predicted levels based on age, coal rank and cumulative 
respirable coal mine dust exposure principally in one area of the 
USA centred in MSHA districts 4-7 or central Appalachia 
(mainly southern West Virginia, central and eastern Kentucky, 
western Virginia and Tennessee). 

Epidemiological modelling of CWP prevalence and incidence 
undertaken on underground coal miners in the USA and elsewhere 
has shown that the main predictor of CNP is cumulative exposure 
to respirable coal mine dust. 13 14 Based on this well established 
observation, we adjusted for cumulative exposure in this analysis 
using self-reported tenure and MSHA compliance respirable dust 
concentrations. Therefore, although the median mining tenure 
differed substantially between MSHA regions, tenure effect was 
accounted for in our models in terms of cumulative dust exposure 
estimate (ie, the product of tenure and dust level}. Therefoce, the 
disparity between the observed and the expected CWP prevalence 
cannot be explained by the longer tenure of the miners. 

It is important to note, however, that for the present analysis 
the mine~specific, and not the job~specific, measured level of dust 
exposure was used due to the lack of job-specific data. However, 
since most of the dust samples collected for compliance purposes 
were from high exposure jobs (eg. coal cutting occupations at 
the face), we would anticipate that these dust exposure data 
overestimate levels when applied to all miners. Therefore, 
because our analysis was not restricted to coal face workers, the 
excess prevalence we report would have been even greater had 
job-specific dust measurements been used. 

Other important effects we included in the model were coal 
rank and miner age. We included coal rank due to the previously 
established research demonstrating that the effect of respirable 
coal mine dust is modified by the rank of the coal to which the 
miners are exposed. 15 Lastly, age appears to play a role in 
influencing the prevalence of small opacities reported at the 
lower profusions of abnormality. 16 This may be due to the effect 
of ageing on the lung as well smoking. Note that the prediction 
model was derived from observations made on coal miners 
around 1970. The age effect may now be overestimated owing to 
the general reduction in smoking that has taken place. This may 
account for the apparent lower observed than predicted preva
lences reported in MSHA regions outside 4-7, as well as the 
similar tendency seen in younger age groups. Note also that the 

Table 2 Age and tenure of miners who participated in the NIOSH Coal Workers Health Surveillance Program by MSHA district 2005-2009 
MSHA district 

2 3 4 7 8 9 10 
IL IN. lA. States wm 

BiUiminDIIII MD,DH, Central MI,MN, of the 
Reiioul caal regloll$ •arthem Soutltem Eamn ICY. NC, northern Missiulppl Weatem 
••ploymem PA W'l wv VA KY SC, TN MD,WS river• KY 

Millers' cllaracteristics n .. 911 n=1504 n-1280 n=-&89 8=423 8=522 R-"2713 n=2351 nco1190 

Age median (range) 52(18-70) 62(18-74) 50 (2D-68) 49 (21-67) 46 (2D-74) 44119-65) 40 (17-74) 37(18-70) 36 (18-68) 
Age(lli} 

<20 years 0.1 0.7 0 0 0 1.2 1.6 3.1 2.4 
20-29 y111rs 9.2 9.8 8.3 4.2 6.9 12.8 25.1 29.2 28.5 
30-39 yeali 14.2 13.8 16.9 11.5 16.6 19.7 22.6 22.5 29.1 
40-49 ye111 15.6 14.5 22.0 35.1 41.1 35.8 20.8 22.3 18.7 
50-59 yaars 51.7 52.2 47.4 45.9 31.2 27.4 26.9 19.7 20.2 
:!:60 YIIIIFS 9.2 9.0 5.4 3.3 4.3 2.1 3.0 3.2 1.3 

Tenura median (range} 25 (0-44) 22 (0-50) 25 (D-441 Z7 (0-42) 24 (0-44) 20 (0-421 5 (0-45) 5 la--..2) 5 (0-40) 
Tenure ('1.) 

0-4 yean 20.1 20.6 11.0 7.8 8.5 14.0 49.1 47.0 49.4 
5-10 yea-s 11.5 12.9 12.1 6.5 10.9 11.5 14.1 14.6 16.2 
11-20 years 11.5 14.0 18.9 14.7 19.4 24.7 12.9 14.8 14.1 
21-30 years 28.2 25.3 26.7 44.0 40.9 33.3 17.6 18.0 13.4 
31-40 Yetli 28.3 26.5 3D.6 26.6 19.6 16.3 6.2 5.4 6.9 
>40 years 0.3 0.7 0.7 0.4 0.7 0.2 0.1 0.1 0.0 

"Except MiMeseta. Iowa and norlhlrn Mluoll"i. 
Diwtct.s are labeled with two lelttr US stm obbr~ntiatians. MSHA cfJStrict map& are availoble al http://www.msha.ggv/OISTRICT/COALHOME.HTM. 
MSHA. Mine Solety and Hullh Admlnlsllltion; NIOS\i, Nltlonal lnstitlie for O~ational Salsty and Health. 

11 

AL. GA. 
FL MS, 
PR, VI Total 

n=825 n-12408 

51 (18-71) 46(11-74) 

0.4 1.3 
7.8 18.0 

11 19.2 
21.2. zz.o 
51.4 34.7 

8.2 4.7 
24 (D-50) 14 (0-50) 

25.5 32.5 
6.6 12.7 

10.6 14.7 
40.1 24.3 
17.0 15.4 
0.4 0.3 

4 of 6 Suanhan.a E. laney AS. Storey E. et s/. Occup Environ Med [2011). dlli:1 D.1136/oem.2010.003594 



Downloaded from oem.bmj.com on May 23, 2011 - Published by group.bmj.com 

Table 3 Characteristics of mines employing miners wllo participated in the NJOSH Coal Workers Health Surveilance Program by MSHA district, 
2005-2009. 

MSHA dlsttlct 

2 3 4 5 i 1 8 9 1D 11 
ll.IN,IA, States 

Bitullllana MD.OH. Centre I MLMN. west ol the 
llegloaal DNI retiaas aorthem Southtnl Eate111 ICY, NC. nonllel'• Mississippi Western AL, GA. fl. 
emplovment PA wv wv VA ICY SC, TN MD, WS river• ICY MS. PR. VI Tllllll 

Minas· n•911 n· 15D4 n=1280 8=689 ""'423 n 522 n-2713 8=2351 "'"'1190 n=825 n=124D8 
characteristics 

Coal rank ('li) 
low 0.0 0.0 0.0 0.0 0.0 0.0 48.0 99.3 100.0 0.0 38.9 
Medilm 80.5 97.1 68.5 100.0 100.0 100.0 52.0 0.0 0.0 100.0 66.0 
High 19.5 2.9 31.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 
Unknown 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.7 o.o 0.0 0.1 

Mine size (\) 
Q-19 miners 0.0 0.1 0.6 2.2 5.2 1.0 0.0 0.0 0.0 0.0 0.4 
20-50 mlners 11.0 4.1 10.1 10.9 25.1 21.8 0.0 1.0 0.0 1.5 s.o 
51-199 miners 13.2 19.1 44.6 52.3 41.8 69.4 10.0 11.7 20.8 4.2 21.7 
200+ miners 75.9 76.8 45.8 31.8 27.7 6.7 90.0 87.3 79.2 94.3 72.7 
Unknown 0.0 0.0 0 2.9 0.2 1.2 0.0 0.0 0.0 0.0 D.Z 

Seam he~ (inches) 
Median 84 {36-96) 72138-104) 66(30-132) 62(28-81) 52 127-84) 50 (26-138) 75 (36-96) 108(66-1681 58(48-75) 85 131-113) 74 {26-168) 
!range) 

Maaswed dust concentration at !Tine IIMII (mgl'm3
) 

Median 0.79 0.96 0.80 0.55 0.75 0.69 1.14 0.98 1.14 0.99 0.96 
(range) (0.54-1.051 {0.46-1.20) {0.31-J.OS) (0.18-2.34)(0.36-1.17)(0.28-1.121 (0.13-1.70) (O.JQ-1.30) (0.76-1.21) (0.52-1.121 (0.18-3.081 

Worked holn per millll' il a v• 
Med'aan 2439 2213 2388 2084 2311 2498 2265 2057 2592 2244 2265 
(range) (1036-3434) (568-2434) 1756-29811 (219-2605)(328-2686) (505-2911) (1557-2700) (130Q-2732) (1814-2804] (1683-2467)(219-3434) 

"ElcclljlC: M•nnesota, Iowa and northlm Missouri. 
Dlilrict$ aralllblllled with two Iotter US slllt abbreviations. MSHA dis1rict maps ara IVIIilable at http://Www.msilo.gov/DlSTRICTICOAI.HOME.HTM. 
MSHA. Mine Salety and Hullh Administration; NICS H. Nationoll111tilute for Occupational Safety .nd Heahh. 

excess observed prevalences were seen also in the age-stratified 
findings shown in table 1. 

One important factor not considered in this analysis was silica 
dust exposure. Previous work on British coal miners has 
demonstrated that high levels of silica (> 10% concentration of 
total dust) poses an unequivocal risk for the development of 
pneumoconiosis. 17 In particular, findings from a Scottish colliery 
showed that periodic high excursions of silica due to cutting 
through stone led to rapid development of pneumoconiosis. 18 In 
this case, the likely outcome in the miners was silicosis or 
a mixed dust pneumoconiosis. Consistent with this scenario, we 
observed in this study that the MSHA districts with excessive 
CWP had lower coal seam heights than the other districts. Thin 
seam mining poses particular difficulties because the rock 
surrounding the coal seam has often to be cut to permit equip
ment to be employed effectively. Pollock e1 a/11 noted that MSHA 
inspectors reported that rock cutting in the central Appalachian 
region was a common occurrence, and that the mines in this 
region had the highest percentage of mines with respirable dust 
containing more than 5% quartz. Additionally, a recent study 
undertaken on coal miners &om Kentucky, Virginia and West 
Virginia, showed that the proportion of radiographs showing 
r type opacities, which are typically associated with silica dust 
exposures, increased in the 1990s and 2000s compared to the 
1980s after adjusting for CWP profusion category and miner age. 9 

We recently reporterl that CNP and PMF were more prevalent 
in miners from mines with fewer than 50 employees than from 
larger mines after adiustment for age and within-miner corre
lation.10 Therefore, we assessed mine size (eg, number of 
employees in a mine) as a possible factor associated with the 
higher disease levels in the present study. Here the average 
number of employees was 72 in the Appalachian MSHA districts 

compared to 273 elsewhere. This finding is consistent with our 
previous work, although more extensive research will be 
required to subscribe a more specific mechanism to the small 
mine effect we have observed. However, it should be noted that 
there is an association between increasing CWP and PMF with 
decreasing mine size independent of region, coal rank, seam 
height and miner tenure and age. This sugge5ts that the mine 
size association is robust and not a spurious association or 
artefact. One plausible mechanism is that smaller mines may 
have fewer re5ources to devote to health and safety and 
prevention than larger mines. 

Working hours in coal mining have been increased from about 
1 BOO h per individual per year in the early 1980s to about 2400 h 
in 2008.19 Working longer hours likely leads to the inhalation of 
more dust into the lungs. For example, working 12 h leads to 50% 
more dust entering the lungs compared to a regular 8 h shift, 
assuming all other factors are equal (eg. exposure concentration 
and breathing rates). Additionally, the longer work shift reduces 
the time available between work shifts for the process of clearing 
dust deposited in the lungs. We did not find a significant differ
ence in the annual number of hours worked between miners in 
the central Appalachian region compared to miners in other 
regions. Therefore, based upon this analysis, working longer hours 
does not explain the elevated CWP prevalence in this region. 

The median dust concentration from the MSHA compliance 
program for the districts in the central Appalachian region for 
2005-2009 ranged between 0.55 and 0.80 mglm3

• We extrapo
lated what level of dust exposure would be required to give rise 
to the prevalence of CWP currently observed in the CWHSP. The 
reported dust concentrations, for equal tenure, age and coal rank, 
would have to have been on average fourfold higher to make the 
predicted prevalences comparable with those actually observed. 
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We are unable to determine whether this is due to under
reporting of exposure or other factors such as overexposure to 
silica dust. However, it is plausible that multiple factors are 
simultaneously influencing the increased prevalence of CWP in 
the central Appalachian region. 

An increase in the prevalence of CWP has been observed in 
recent years for British coal miners.20 Here, the prevalence of 
ILO profusion category 1/0 or greater increased from 0.2% for 
1994-1997 to 0.8% in 1998-2000. Possible explanations given 
for this rise were an increase in hours worked and differences in 
age. However, the authors also indicated that other (unspecified) 
factors may have been at work. They noted that revised dust 
limits would take account of the findings. 

The validity of any analysis is contingent upon the quality of 
the data being used. For the present analysis we used self
reported tenure in mining to derive the cumulative exposures. 
Because this information depends on memory recall, it may not 
be entirely reliable. However, past epidemiological studies of 
exposure-response relationships for CWP used similar infor
mation and identified dear trends in prevalence with increasing 
dust exposures. We used MSHA compliance dust concentration 
data. It is important to note as a limitation that the validity of 
these data has been periodicaUy questioned. 11 21 However, if any 
bias present in the exposure data is systematic and non-differ
ential with respect to MSHA district, the internal associations 
we present should be unaffected. Lastly, there may be an 
unmeasured factor responsible affecting prevalence that varies 
by MSHA district that our models are not accounting for, for 
example, use of personal protective equipment. 

To conclude, the observed prevalence of CWP substantially 
exceeded predicted levels in central Appalachia. However, 
the increased prevalence was not explained by the measured levels 
of dust exposures, reported tenure, age or coal rank. Coal seam 
height and mine size were likely factors contributing to this 
observation. While further study is needed to characterise the 
factors responsible for elevated CWP rates, the results point to 
a need for greater vigilance in controlling coal mine dust, espe
cially that which arises from rock cutting, and for better training 
and resources for safety and health in small mines. 
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