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J. Nathan Noland, President 

Office (317) 638-6997 
Fax (317) 638-7031 
a dmin @indianacoal.com 

June 20, 2011 

Ms. Roslyn Fontaine 
Acting Director 
Mine Safety and Health Administration 
Office of Standards, Regulations, and Variances 
1100 Wilson Boulevard, Room 2350 
Arlington, VA 22209-3939 

INDIANA COAL COUNCIL, INC. 
150 West Market Street, Suite 400 
Indianapolis, IN 46204 
www .indianacoal.com 

Re: RIN 1219-AB64; Comments on MSHA Proposed Rule for Lowering Miners 
Exposure to Respirable Coal Mine Dust, Including Continuous Personal Dust 
Monitors 

Dear Ms. Fontaine: 

The following comments regarding the above-referenced proposed rules are submitted by the 
Indiana Coal Council, Inc. ("ICC"), a trade association formed to foster, promote, and defend the 
interests of all Indiana coal producers and related business entities. All Indiana underground 
coal mines will be affected by these proposed rules. The ICC is also a member of the National 
Mining Association ("NMA") and,.to minimize repetitive comments, the full comments ofNMA 
are incorporated herein. ICC incorporates herein all comments of its members, including Black 
Panther Mining, LLC and Five Star Mining, Inc. (Collectively all the foregoing are referred to 
herein as "Comments/Objections.") 

Pursuant to 30 U.S.C. § 811(a)(3), ICC's Comments/Objections state ICC's "written objections" 
to the proposed rulemaking concerning mandatory health and safety standards, as well as "the 
grounds are therefore." Further, pursuant to Section 811(a)(3), ICC hereby requests "a public 
hearing on such objections." 

The ICC generally objects to the proposed rulemaking because MSHA fails to satisfy the 
requirements of Section 811(a)(6)(A): MSHA fails to demonstrate that the proposed rulemaking 
was based on "research, demonstrations, and experiments," fails to demonstrate that it "use[ d] the 
latest available scientific data in the field," fails to demonstrate that the proposed rules are 
technologically feasible or economically feasible, and fails to demonstrate that such arc based on 
experience gained under the Mine Act. In fact, the rulemaking is contrary to experience under 
the Mine Act, particularly in District 8. 
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Indiana currently produces approximately 36 million tons of bituminous coal annually, and one­
third of the state's production is from underground coal mines. Indiana cunently has 10 
permitted underground coal mines, with 7 ofthose mines in active production status. Indiana's 
underground coal mines cunently operate 36 Mechanized Mining Units ("MMUs"), with 26 
MMUs utilizing fish-tail I split air, ventilation. Fmihetmore, Indiana's underground coal mines 
fall under the jurisdiction of Mine Safety and Health Administration ("MSHA"), District 8. 

District 8's jurisdiction spans Illinois, Indiana, Iowa, Michigan, Minnesota, Northern Missouri 
and Wisconsin and the fact ICC's members are a pmi of District 8 is important. If this proposed 
rulemaking is implemented, the ICC's members-and all underground coal mines in District 8-
would be asked to assume the compliance costs of a regulation that: (A) is completely rejected 
by medical evidence gathered in District 8; and (B) would be difficult, if not impossible, to 
comply with in District 8. 

The facts are clear, simple, and unavoidable. District 8 sees some of the highest average 
respirable dust levels in the United States.' At the same time, Coal Workers' Pneumoconiosis 
("CWP") has been virtually eliminated from District 8's underground coal mines, which operate 
in such conditions on a daily basis. In fact, District 8 has the lowest observed prevalence of 
CWP in the entire nation. Specifically, 0.4% of miners examined in the Enhanced Coal Workers 
Health Surveillance Program ("ECHWSP") were diagnosed with CWP (Category 1/0+). 
Moreover, the numbers used by ICC's members to claim victory over CWP in District 8 are 
inherently more reliable than the targeted and selective screenings upon which MSHA has built 
this proposed rulemaking. 

Simply put, while the "hot spot" areas of prevalence for the disease, within Appalachia, were 
screened selectively and with limited participation by the general population of miners, District 8 
saw the highest participation in the Coal Workers Health Surveillance Program ("CWHSP") of 
any district in the country. More specifically, medical screening data gathered by the National 
Institute of Occupational Safety and Health ("NIOSH") revealed that "[ f]or the period of 2006 
through 2010, there was an estimated employment [in District 8 underground coal mines] of 
2,073. Of those 2,073 employed, there were 2,720 examined for a participation rate of 131%. 
The number ofminers examined exceeds the estimated number of miners employed [in District 
8]. This may be due to the incomplete mine rosters or fluctuation in employment."2 Using 
NIOSH's own screening data, the rate of CWP for underground coal mines in District 8 was 
clearly shown to be lower than the background prevalence rate for chest opacities (Category 
1/0+) both within North America and worldwide. 

According to a study ofthe official publication of the American College of Chest Physicians/ 
the background prevalence for chest opacities graded as Category 110+ ranges from 0.21 to 11.7 
percent of the general population. In North America alone, the background prevalence for 

1 See Table Summary of Average Concentration Levels of Respirable Dust, by MSHA District, Since 1986, attached 
as Exhibit A. 
2 See 
h ttp://www2.cdc.gov/drds!WorldReportData!FigureTableDetai1s.asp? Figure Table! D = 2 5 51 &GroupRefNumber'= TO 
2-17 
3 See Meyer, John D., eta!., "Prevalence of Small Lung Opacities in Populations Unexposed to Dusts: A Literature 
Analysis", CHEST (1997), attached as Exhibit B. 
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Category 110 +was approximately 1.6% of the general population. Meanwhile, the pooled 
background prevalence of Category 1/0+ disease was 5.3% of the general population. Again, 
District 8-which screened 131% of its miners-resulted in only 0. 7% of miners being 
diagnosed as Category 110+. In terms of raw numbers, NIOSH data from January 1, 2005 
through December 31, 2009, for both Indiana and Illinois combined revealed only one miner 
with Progressive Massive Fibrosis ("PMF"). The ICC has not sought out personally identifiable 
background medical history for this sole miner with PMF in District 8. However, it is entirely 
possible that the miner relocated to Illinois months or years after developing the disease-either 
from working in other parts of the country or from causes umelated to the miner's profession. 
Ultimately, however, the primary fact that cannot be avoided is only 0.4% of miners screened in 
District 8 showed any signs of Category 1/0+ disease and that level of prevalence can be 
attributed to any number of sources, including causes completely umelated to underground coal 
mining in Indiana and Illinois. 

The underground coal mines in District 8 have shown, definitively, that the need does not exist 
for a nationwide rulemaking on an issue that is distinctly regional in nature and is based upon 
flawed research that uses selectively analyzed data gathered from a small group of miners in the 
regional areas that are known to have higher prevalence rates for the disease than other regions 
of the country. The reasons why MSHA focused so heavily on selective miner screening in 
regions with known higher prevalence rates and, then, used that information as the basis for a 
nationwide rulemaking is open for speculation. However, the fact such bias exists in MSHA's 
proposed rulemaking has been clearly exposed.4 

Indisputable facts support District 8's coal operators' position here: a nationwide, 
comprehensive and complex regulatory enforcement effort is not necessary to eliminate CWP. 
ICC urges MSHA to withdraw the proposed rule and start anew. 

No regulation aimed at eliminating a disease can do so effectively without first ensuring the 
benefit of preventative diagnosis for those at risk for the disease. CWP is not ended effectively 
with the creation of a complex regulatory scheme that monitors the dust on each shift with 
technology not intended for that purpose. CWP is not ended effectively by punishing mine 
operators with civil penalties of such magnitude that mines will go out of business. CWP is not 
ended effectively by overburdening MSHA with an anticipated additional 725,000 respirable 
dust samples to analyze each year. Rather, keeping the cunent regulatory structure in place can 
and will succeed in the fight against CWP, when it is combined with mandatory, universal 
screening participation for the disease for all miners. 

Aside fi·om the obvious problems with the underlying reasoning behind MSHA's proposed 
rulemaking, the Mine Act requires proposed rules conceming mandatory health and safety 
standards to be based upon "the latest available scientific data in the field" and the "feasibility of 
the standards," both from an economic and technical perspective. On these points, 
implementation of the proposed rule at Indiana's underground coal mines will have a devastating 
effect upon Indiana's coal industry and the ultimate beneficiaries of coal, America's general 

4 See Comments of the National Mining Association on "A Review of Information Published Since 1995 on Coal 
Mine Dust Exposures and Associated Health Outcomes" (the Post-1995 Report). (September 25, 2010). 
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public. At each mine, initial implementation would require the hiring of additional mine 
personnel and continuous personal dust monitors ("CPDM"), which are currently produced by a 
single vendor. Additional capital investments will be necessary for mantrips, computer 
equipment, and laboratory equipment to attempt to ensure compliance with the new standard. 
Realistically, however, compliance with the new respirable dust standard will be difficult, if not 
impossible, to maintain. The CPDM is not designed for single shift compliance sampling (as set 
forth under MSHA's proposed rule). Rather, the CPDM is intended as a guidance tool to aide 
miners in determining the conditions in which they are operating. If used as proposed by 
MSHA, the CPDM will result in hundreds of thousands of citations and/or orders and millions of 
dollars in civil penalties for mine operators nationwide. 

Additionally, the ICC surveyed all Indiana underground coal mines to determine the expected 
economic impact from the rule proposal. 5 Initial first year expenses for all mines are estimated 
to be $63,447,185 and subsequent year expenses for all mines will exceed $38,423,817. This 
additional expense not only impacts the coal mine operators, but ultimately could affect coal's 
use to produce electricity and certainly impact electricity rate payers. All of this would be 
without sufficient scientific evidence that the new standards would improve coal miner health. 
Indeed, in District 8, these expenses would be incurred despite the fact that the disease the 
proposed rule is designed to prevent has already been virtually eliminated. 

The estimated expenses discussed supra are direct compliance costs and do not reflect costs 
associated with lost production. These additional costs could be substantial and are dependent 
upon MSHA approval of ventilation plans after a mine exceeds the proposed one milligram 
standard. Exceeding the proposed dust standard would result in the shutting down of a section 
until a new revised plan could be submitted, reviewed, and approved. With over 100 MMU's in 
District 8 we are very concemed that MSHA will not approve revised plans in timely manner. 
Under existing regulations the turn around time on plan approvals in District 8 is very poor. 
Even after plan approval, the mine personnel will have to be trained on the revised plan 
requirements before production can commence. The downtime losses could be very extensive 
based on cuiTent experience. 

Another part of the proposed rulemaking includes a prohibition of split air ventilation as means 
of ventilating the working faces for supersections in underground coal mines. The proposed rule 
seeks to set aside a rule which has been in place for well over 15 years. MSHA does not state, or 
set forth any evidence supporting that prohibiting split air face ventilation for each of two 
MMU's in a working section will improve air quality, or that such a prohibition is somehow 
correlated to CWP or required by experience under the Mine Act, much less could MSHA 
validate with experience and data that this prohibition should depend on whether one or two 
crews are working the supersection. Moreover, no consideration whatsoever has been given to 
the economic and operating impacts on Indiana underground coal mines which impacts arc not 
included in the economic impact estimates previously set forth in these comments. MSHA does 
not even address much less demonstrate that the elimination of fishtail ventilation and requiring 

5 Notably, the surveyed costs strictly addresses the economic impact oflowering the respirable dust standard and 
does not include the economic impact of the repeal of split air ventilation, which is also a component of this 
proposed rulemaking and is anticipated to have a significantly detrimental economic impact on the underground coal 
mining industry. 
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permanent ventilation for each MMU is economically or technologically feasible. Specific 
comments I objections regarding the proposed ventilation requirements follow: 

Fishtail ventilation for supersections was in use long before 1992 when it was specifically 
approved during 1992 rulemaking (57 FR 20868, 20883, May 15, 1992) which discussed the 
final rule allowing fishtail ventilation and the use of a supersection, stating "MSHA has long 
permitted supersections under existing§ 75.319. This experience has shown that supersection 
mining can be done safely provided mining equipment is not being used to cut, mine ... 
simultaneously in the same air current. To accommodate this type of mining, the current of air 
directed into the section must be split ('fishtailed') near the working places so that the two splits 
of intake air ventilate the faces. This provides a separate split of air for each set of mining 
equipment. The final rule continues to allow supersections with separate splits of air intake." 6 

Without a word concerning the history, background and experience of fishtail ventilation in 
supersections - the proposed regulation seeks to end fishtail split air face ventilation. The 
proposed Section 75.332(a)(I) requires that "each MMU" be ventifated by permanent ventilation 
controls, as opposed to each working section under the present rule, and defines two sets mining 
equipment "in a single working section as a single MMU" if only one production crew is 
employed," but as two MMU's if "two production crews are employed. . . ." See proposed 
Section § 70.2 Definitions. Just how or why two MMU's should be treated separately or as one 

6 The full discussion (57 FRat 20883) follows. 

"Sectio11 75.332 Working Sectious ami Working Places 

Paragraph (a) of this section is derived from existing§§ 75.319 and 75.319-1, while paragraph (b) revises existing 
§§ 75.311 and 75.312. The final rule requires that each working section be ventilated with a separate split of intake 
air directed by overcasts, undercasts, or other permanent ventilation controls. This provides miners on each section 
with at least one fresh air intake not contaminated with gases or dust from another set of mining equipment. 
Keeping with existing practice, the final mle allows more than one set of mining equipment on a split, with the 
(Footnote 6, continued) condition that only one set at a time may be used for cutting mining, or loading coal or rock. 
Thus, one set may be repositioned or serviced while the other set is mining. The rule defines a set of mining 
equipment to include a single loading machine, a single continuous mining machine, or single longwall or sh01twall 
machine. Thus MSHA considers a double dmm longwaii shearer to be one longwall machine. Also, consistent with 
existing Agency interpretations, MSHA does not consider a scoop a loading machine for purposes of requiring 
separate splits of air. 

When two or more sets of mining equipment are simultaneously engaged in cutting, mining, or loading coal or rock 
from working places within the same working section, each set of equipment must be ventilated by a separate split 
of intake air. Thus, methane or dust produced during production activities by one set of equipment does not harm 
miners working with another set of equipment. This requirement also applies to longwall or shortwall sections if 
more than one longwall or shortwall mining machine is used. 

A conunenter expressed concern that paragraph (a) allows the use of a "super section"; that is, two sets of mining 
equipment operating simultaneously and sharing a conunon dumping point on the same section, with each set being 
ventilated by a separate split of intake air. MSHA has long permitted super sections under existing§ 75.319. This 
experience has shown that super section mining can be done safely provided mining equipment is not being used to 
cut, mine, or load coal or rock material simultaneously in the same air current. To accommodate this type of 
mining, the current of air directed into the section must be split ("fishtailed") near the working places so that the two 
splits of intake air ventilate the faces. This provides a separate split of air for each set of mining equipment. The 
final mle continues to allow super sections with separate splits of intake air." 
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MMU depending on whether "only one production crew is employed ... " is nowhere explained. 
The absence of an explanation is because there is no rational basis, and because the changes seek 
to address a non-existent problem, as set forth infra. More important - it is impossible to 
separate the air splits by permanent controls on a working section and haul coal to a single 
loading point. If MSHA believes otherwise, then it should demonstrate how such is possible, as 
well as technologically and economically feasible. 

While in the preamble, 75 FR at 64449, it is stated: "MSHA believes that, together, proposed 
§ 75.332 and the proposed MMU definition ... would improve miners' health by reducing their 
exposure to respirable dust. ... " - this is the only place in this entire proposed rulemaking that 
attempts to explain why the rule is being changed. No evidence, facts, science, experience or 
anything else is offered to support the change - only a "belief." Where there is a history of the 
practice and regulation allowing supersections with fishtail split air ventilation, more than a 
belief must be offered to support such dramatic change. Minimally, MSHA must demonstrate by 
investigation and data that the practice has adverse impacts on air quality which is somehow 
correlated to CWP, or how the elimination of fishtail ventilation would change such, or why two 
MMU's with one crew with fishtail ventilation would not have such adverse effect. 

History and practice are to the contrary of any adverse impact by fishtail split air ventilation. 
Section 75.332(a)(l) implements the Federal Coal Mine Health and Safety Act of 1969 Section 
303(r) (30 U.S.C. §863(r) that requires "each mechanized mining section" to be "ventilated by a 
separate split of intake air. ... " The purpose was to prevent the smoke and gases if a fire 
occurred on one working section from flowing to another working section, and to prevent the gas 
and respirable dust generated from mining coal with one set of mining equipment from flowing 
over another set of mining equipment. Fishtail ventilation for working sections with two MMU's 
does not pe1mit the contaminants from one MMU to flow over another MMU - and neither 
MMU is "down wind" of the other. The proposed amendments requiring a separate split of air 
by permanent ventilation for each MMU in the working section (where two MMU's are worked 
by a single crew) are not "based upon research, demonstrations, experiments" or other valid data 
or information as required by Section 8ll(a)(6)(A). Rather as set forth infra, the amendments 
seek to cure a non-existent problem and are based on confusion. 

In fact, as will be demonstrated at the requested hearing, MSHA District 8 has encouraged the 
use of fishtail ventilation to lower exposure to respirable coal mine dust. Before the regulations 
required fishtail ventilation, many District 8 mines previously used single-split ventilation on 
working sections with two continuous miners. One continuous miner would cut and load coal 
while the other miner was being repositioned and readied for the next cut. If the mine operator 
had respirable dust compliance problems using single-split ventilation with two continuous 
miners, District 8 would recommend using fishtail ventilation. The use of fishtail ventilation 
lowered the respirable dust concentrations versus what had been found on single-split ventilation 
units that had two continuous miners. A reading of the proposed rules indicates that MSHA 
proposes the opposite of this experience. 

Worse yet, the situation MSHA says it seeks to address- two MMU's ventilated by a single split 
of air - is not allowed under the present regulation. (See 1992 rulemaking, infra.) The 20 I 0 
preamble, 75 FR at 64449, states: "MSHA is proposing this change to address the situation 
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where operators operate two sets of mechanized mmmg equipment on a working section 
ventilated by a single split of intake air, and mining activities from the upwind set of mining 
equipment expose miners working downwind to respirable dust and quatiz. MSHA believes 
that, together, proposed § 75.332 and the proposed MMU definition, discussed elsewhere in the 
preamble related to proposed§ 70.2, would improve miners' health by reducing their exposure to 
respirable dust." The "situation" addressed simply does not exist. Where there are two MMU's 
on a working section, there must be two splits of air- one for each MMU. See 57 FR at 20883, 
supra. The quantity of air generally is the same at each MMU and would be the same as at a 
single MMU working section. The air splits on the working section by the tailpiece provide two 
separate splits of intake air- one for each of the two continuous miners. Moreover, the preamble 
does not state where the respirable dust and quartz would come from to "expose miners working 
downwind." Only one continuous miner is on a split of air. No more dust and quartz would be 
generated on one side of a fishtail working section than would be generated on a working section 
that has one continuous miner. 

MSHA does not address, much less demonstrate, that the elimination of separate splits of air for 
each MMU by fishtail ventilation and new the rule requiring pennanent ventilation for each 
MMU is technologically required or feasible, or economically feasible. As will be demonstrated 
at the requested hearing, if the rule comes into effect as written at least one Indiana mine would 
close and probably others in similar circumstances. The mine employs 360 persons and mines 
about 3.5 million tons of clean coal. The mine could not convert the fishtail working sections 
into single-split sections. The mine does not have the reserve capacity in its ventilation system 
to add additional intake belt air splits and overcome the additional air loss because of the 
additional stoppings. The mine cannot mine enough coal to meet coal sale contracts with 
reduced MMUs. Adding additional shafts and another main mine fan is not warranted because 
of the remaining volume of reserves. The coal would not be mined. Additionally, the cost to 
mine coal per ton would increase because only four MMUs could operate. The outby 
maintenance costs for such items as belts, examinations, rock dust, pumping, roof control, and 
roadway maintenance would be spread over about two thirds of the production. See also, Herzog 
Testimony, 2115/11 Hearing, Washington, D.C., Transcript, pp. 70-77. 

In sum, we urge the MSHA to withdraw these proposed rules. There is no evidence in the 
proposal that the proposed changes will enhance miner health in MSHA District 8, as the disease 
has been statistically eradicated through heavy participation in screening for the disease and 
effective controls used to substantially reduce average dust concentrations during normal mining 
operations. The NIOSH study of CWP found that the incidence of CWP in the Illinois Basin was 
the lowest in the country. In fact, the proposed rule's only potential accomplishment within 
District 8 would be to effectively destroy the economic viability of coal mining in this region of 
the country. The proposed elimination of fishtail ventilation of supersections, but only if two 
MMU's are operated by a single crew, is based on what can at best be described as confused 
thinking, and is not based on "research," "experiments," "experience," or "scientific data" as 
required by Section 811(a)(6)(A). 
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EXHIBIT A 

Average of Conce1 Column Labels 
Grand 

Row Labels C01 C02 C03 C04 C05 COG COl COB C09 C10 C11 Total 

1986 0.25 0 83 1 17 0 72 0 33 113 0 80 

1987 0.23 0 76 1 09 0 36 100 0 92 0 31 1 05 0 86 

1989 0 48 0 60 0 91 0 79 0 89 0 33 0 79 1 08 106 1 04 0 71 0 84 

1990 0 67 0 68 0 62 0 67 0 78 0 84 0 75 1 09 0 89 1 06 0 83 0 76 

1991 1 06 0 76 0 74 0 80 0 83 0 98 0 82 0 97 1 04 1 52 0 89 0 88 

1992 0 44 0 75 077 0 91 0 78 0 86 0 71 0 96 0 85 1 03 0 81 0 82 

1993 0.46 0 :,g 0 67 0 78 0 71 0 68 0 68 0 80 0 73 1 01 0 74 0 70 

1994 0 38 0 69 0 74 0.81 0.81 0 71 0 73 1 06 0 89 113 0 88 0 79 

1995 039 0 81 0 77 0 90 0 78 0 74 0 81 1 24 1 07 1 21 0 90 0 85 

1996 0 38 0 74 0 75 0 38 0 71 0 72 0 68 1 25 0 97 1 22 096 0.82 

1997 0 36 0 81 0 72 0.83 0 71 0 73 0 66 1 19 0 91 1 16 0 89 0 79 

1998 036 0 72 0 63 0 78 0 68 0 73 0 67 1 21 0 83 1.07 0 83 0 76 

1999 0 40 0 70 073 0 76 0 68 0 74 0 70 1 25 0 38 1 07 0 87 077 

2000 0 44 0 64 0 71 0 76 0 66 0 64 0 70 1 21 0 78 1 02 0 77 0 73 

2001 0 39 0 61 0 74 0 74 0 64 0 63 0 65 1 18 073 1 04 073 0 71 

2002 0 41 0 60 0 71 0.68 0 60 0 GO 0 58 118 0 69 1 07 0 69 0 67 

2003 0 39 0 57 0 67 0 63 0 52 0 ~~3 0 54 1 13 0 73 0 97 0.72 0 64 

2004 0 31 0 55 0 72 '0 64 0 55 0 58 0 58 1 13 0 68 1 01 0 70 0 65 

2005 0 33 0 59 0 70 0 GG 0 54 0 61 0 54 113 0 64 1 08 0.66 0 65 

2006 0 29 0 66 0 68 0 74 0 57 0 62 0 58 1 o~. 0 70 111 0 62 0 69 

2007 0.32 0 64 0 69 0 64 0 56 0 60 0 55 1.07 0 69 0 97 0 64 0 65 

2008 0 33 0 56 0 63 0 56 0 53 0 54 0 48 0 89 0 63 096 0 ~.7 0 59 

2009 0 27 0.51 0 61 0.54 0.54 0 53 0 47 0.76 0 58 0 89 0.59 0 57 

2010 0.35 0 49 0.60 0 50 0 54 0 54 0 51 0 74 0 59 0 81 0 54 0 56 
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Prevalence of Small Lung Opacities in 
Populations Unexposed to Dusts* 

A Literature Analysis 

john D. "Meyer, MD, MPH;' Syed S. Islam, MBBS, Dr.PH; 
Alan M. Ducatman, 1HD, MSc; and Hobert]. ll!cCunney, MD, MPll, MS 

~~1:tt:.~~~~.:~~!!~ t~:,;v~~i~~~~~fo~~s1n::ii::~~~~~.~~i~~~;·~~:~l::i~~~~~~;;:.~~~:~0~u0~~0~-·~l 
populations unexposed to dusts. Prevalence studies of radiogmphic ch:mgcs consistent with dust 
iuhalation, as classified by the system, would be more meaningful if thet·e were bette1· understanding 
t·egarding the e~tenl of abnonnalities in unexposed populations. 
Design: To detem1ine small opacity pt·evalence in unexposed populations, a review of :uiicles 
published since H)70 that used the ILO system to classify radiographs of the unexposed, eithe•· as 
subjects or control subjects, was perfonned. Ct·itcria for inclusion in tins re~iew included ascertain­
ment of the lack of c11:posurc of subjects to occupational dusts, and independent reading of 
radiographs by at least two readers ct•tiificd in the ILO system (B readers) or experienced in its use. 
A total of eight published at·ticles presenting data on nine study populations were included in this 
study. 
Restilts: The prevalence of small opacities graded 110 OJ' gr·eater· varied widely, with a range from 0.21 
to 11. 7%. A meta-analysis of the published data }icldt~d a JXlpulation prevalence of 5.3% (95% 
confidence interval [CI]=2.9 to 7. 7%). The prevalenc(l was significantly greate•· in Eumpe than in 
North America (Europe, 11.3%; 95% CI= 1 0 .. 1 to 12.5%; North America, 1.6%; 95% CI=0.6 lo 2.6%). 
A subset of the studies contained information on gender that showed hrreater· prevalence of lung 
opadties in male subjects than female subjects (male mbjects, 5.5%; 95%·CI=3.4 to 7J.J%; female 
subjects, 3.5%; 95% CI = 1.:3 to 5.8%). Based on estimated age infonnation, the .~tudies wt~re divided 
into two strata (mean age <.50 years vs 2:50 years). The age·spedfic pooled pr·evalence was higher in 
the studies witl1 mean age 2:50 years than studies with mean age <50 ye:u·s in both Em·opt~ (11.7% 
vs 9.(i%) and North America (2.3% vs 0.6%). Prevalence of lung opacities r·cmained significantly 
higher in .Em·ope than in North America in each age stratum. The large difference in the prevalence 
between l~uropc and North America <.'<mid not he explained on tl1e basis of age, gender, o1· smoking 
history, although available agt~ and smoking data are less mbust. 
Conclu.~ioJL~: These results indkate that a hackgwund level of opacities conshtent with the radio­
gmphi<' ·appcamncc of pneumoconiosis exists in populations (•onsidered to he ft·ce of occupational · 
dust exvosm·e. Environmental and unaccounted IK,cupational exposures, as well as t·eadcJ' vatiahility, 
all may play a wle in the detenuinalion of small opacity prevaleuce in these subjects and may explain 
the large differences between Europe and Nmth America, Thonmgh ascertainment~ of occupational 
and mwironmental cxp<>sm·es ;u·e essential lo determine the h·ue significance. of opacities in 
populations who are not exposed to dust. (CIIES1' 19!>7; 111:404-10) 

KC)' words: JLO classil1cation; hmg op:witie': m<'la-aualysis: nondusty; llllt,~posed 

Abbreviations: CI ~conlkknct· inl<'IYal; !LO= lntema!ir>JI:l! l ,thor Organil<Jtion 

'From the Department of (kcnpalion:tl Medicine, Boston tJJii­
versity Medical Ceu!er Hospital (Dr. 1\feycr), tlu• luslillllC' of 
Occ-upatioual and Enl'irotJJttcntalllealth, \Vest Virginia Univer· 
sity School of lvf<>didtH' (Dts Ducalm:ttl a11d lslalll), Morgan· 
town, and the \lassachusl'tl> lustitute of Tt·chnolop;v (Dr. 
McCunnt'Y). Boston. . 

T he International Labor Organization (ILO) 
system for the classification of radiographic 

<tbnonnalities was designed to reduce variability and 
improve comparability in epidemiologic studies of 
ptH·>nmoconiosis. Nevertheless, variability in classi/1-
cation of' radiographs continues to he apparent. J-:l 

Thn B-readi11g program li1r applying th1~ IJ.O system 
in the United States has been subjected to recent 
scmtiny i11 response to this clocunwnted variabili· 
ly.' r; Findings suggest that rigorous rpl<liity assur­
an<'l' meas11rcs an' required fi>r cmt.~isli•nt results in 

1Currcutly. at till' lnstitutt• of Occupational nucl l·:n,·ironuumtal 
llf>otlth ,)f \Vest Virginia Universitv School of" Ml'dicinc, Mor·· 
ganlown. 

Manusc-ript r('cl'iwd July :11. 1'!95: revision acccpt<'d J11ly 2G, 
19\J() 
llq.1riul n'!(III'Sis: Dr. John JJ M'~'f~'~", Tnstitufi' ofOccu/)(1/ioal all! I 
Em:iroiiiiU:Il!al llm!tlt, /'() Box !JJ'JO. \V"VU Srhool •if Mudir:ine. 
:l:l/3 /ISS, Aforganlorcn, HT 2fi501i-9/9!J 
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radiographic reading. Contributing to the problem of 
variability are low reading volumes among most 
certified ILO interpreters, and use of the IID 
classification f(Jr other purposes, such as medico­
legal clisputesi.G Variability in reading may aflect 
assessment of the unexposed as well as workers with 
histories of dust inhalation. 

Efforts at determining the prevalence of pneu­
moconiosis or chest radiograph opacities must 
contend with the following: (1) variability inherent 
in the application of the ILO system; (2) dispari­
ties in data collection or presentation (eg, assign­
ment of differing cutoff values for abnormal radio­
graphs or consensus vs independent readings); (3) 
demographic variables, such as age and smoking 
history, which may affect the frequency of paren­
chymal opacities; and (4) real dust exposure or 
other environmental differences in "unexposed'' 
populations. Cigarette smoking has been <lssoci­
ated with increases in the prevalence of op<lciflca­
tions in asbestos-expost~d workers 7 Age and smok­
ing habits have been postulated to produce 
radiographic parenchymal abnormalities in unex­
posed populations inclislinguishable from occupa­
tioually related pulmonary Hbrosis:~.!J Local varia­
tifms in the extent of other pulmonary diseases, 
such as tuberculosis, may also affect prevalence 
f"igures. 10 I)atient size and chest wall thickness 
influence radiographic quality and observer inter­
pretation.·~ \Vithin the extensive literature on tlw 
dust-related lung diseases, estimate.~ of the popn­
lation prevalence of radiographic features consis·· 
tent with pneumoconiosis in unexposed popula­
tions differ by nearly two orders of rnagnitude.llTJ 

The purpose of this study is to review the 
published literature 011 the prevalenee of radio­
graphic ahnonnalitics that may appear consistent 
with prwumoconiosi.~ in persons without l<nown 
(~xposun) to dusts. Two sources of" data, which 
differ only in the IT!t)ans by which unexposed 
subjects were chosen for study, were available for 
such an analvsis. The first involves studies with the 
diwct pu rp(Jse of assessing parenchymal abnor­
malities in populations with little or no occupa .. 
tiollal exposures to fibrogenie dusts. The S('cond 
inclt!dcs cross-sectional studies of asbestos vvork­
('J"S and other occupational cohorts at risk for 
pneumoconiosis that used a control group of nn 
~~xpowd workers for comparison. Both types of 
studies represent a resource for tlw determination 
of tlw prevalence of Slllall opacities Sl'ml on radio­
graphic examination of unexposed populations. 
This information is likelv to he valuahl(• in inter­
preting the results of po}ndation st11dh~s d!'signed 
to asSl'SS pneumoconiosis <tnd in ("Ollllllllllicating 
the significance of resnlts to affected workers. . 

MATEHIALS AND METHODS 

t\ listing of articles using the ILO classilkation of the pneu­
moconcos~s ( 1971 ami l91l0 revisions) ffor either epidemiologic 
studies of pneumoconiosis or evaluation of unexposed subjects 

was obtained through a MEDLINE search coveJing the years 
from 1971 to the present. He,~ew and cross-checking of the 
bibliographie.> of relevant articles were also performed in an 
effort to reclnco underascertainnwnt. In aclclilion, indexes of 
joumals freguently publishing studies of pneumoconiosis (jour­
nal of Ocwp(ltional Medidrzc now Joumal of Occupational a11d 
En1Armmumtal Medici11c, American Joumal of liid~Jstrial Medi­
cine, American Repiew of Hespiralory Diseases, British Jounwl <~( 
Industrial Medicine JJow OccrlfHllional awl Em;imnmental 1\.fed­
icine, Chest. and Scandin<n;itm Journal of\l'ork Enuironment and 
Health) were systematically searched for· any rel"vant articles that 
may have been missing. The articles thus obtained were exam­
iJJed for the presence of either (J) an occupational control group 
without exposurt· to dusts or fibers or (2) an unexposed cohort in 

which the prevalence of radiographic opacities was determined. 
Artir·lr's Wl'l"<' selected f(Jr fiuthcr rovicw if" data on Ont' of these 

populations wen~ reported. 
Criteria wen' developed for cnclusion of results in this analysis 

to standardize comparisons across studies. These criteria in­
cluded the ftJllowing: (J) some speeillcation of the age of control 
subjeets or tlw llll<:~xposed population; (2) ascertainment of the 
lack of ''xposum to flbrogenic dusts and fibers; and (;3) specifka­
tion that radiographs were read independently hy at lf'ast two 

readt•rs either ''"rtifled hy exanJination i.n the ILO classilkation 
(""B"" readers) or sp<'cifkally J!Ott>d as having e.xperipuct' in its usc. 
This last critt,rion is consish•nt with gori<IP-Iines developP.d by tire 
ILO ar1d other organizations' 1 1·'' f(Jr reading of mdcograplrs in 
epidemiologic stodics. lhHliographs scowd as a profrrsion grad<·' 

of category I or greater (l!O or higher on the ILO 12-point scale). 
which indieai<'S tlw definitive JliTSI~ncc of' Slllall opacitic's, ,., were 
recorded and tts<'d in this arralysis. 

H.esults fi·01n studies nwding tlw ahove criteria wen" cornpilt'd 
and n mcta .. an<tlysis perl(mncd lc>llowing til(' proccdun·s dc'­
scrib,~d by Frtllflkifl and lkrlinH' ami Velanovich' 7 llridlr, the 
prc:valt•n,:c of lung opal"ll'ii'S (P) is a random variable ,;.ith a 
vMiaHce of 1'(1-J')/n. The: pooled prevalence was obtained as a 
weightc•d average. wh<•n' weights wc·n· assigncc:l as the i11verse of 
tht~ variances. Sep<trale pool,•d pn'valences were oiJtained for 

European and North American study populations: younger 
lrnean 11ge <SO years) and older (nrean age 250 years) popula­
tiom. as well as male and krHalc· subjects. A 05'k confhleuce 
interval (CI) was calculah'd for each prevalence estirnate. Of the 
nine study popuiMions. three were in Europe and six were in 
North Anf\'rica. Two n.wently publisll<'d artid"s from Finbnd"·'" 
presented data on an unexpm<'d populatio11 and included inf()r­
rnation o1r gpndl'r. age, and sllloking. The otht•r two European 
study populations did not illdude female subjects.'"·"" One~ North 
Anwrican study cmrtaining two pupulatiom did not provide 
inf(m-..ation Ofl geruler. 2 ' \V1• nsed seven popnlations fen· prcva­
],;m·e estifllation in rnal<" suhj<'ch and five populalions ICn 
prevalent'<' I'Slinwtion in fl'rnalc suhjt·ds. On<' North ,-\rnerican 
stud:· had zc•ro <::L"" oh,""""'·'d <1fnong fi.'male suhJt'<"l.s. 1·1 To avoid 
ddc·tion of this studv frolll rllt'ln·analvsis, we suhstitull'd O.!'i to 
the rulln(•.ratnr to c;.1;-ry 011t gendt·r--sp;_,_cifk lll<·~ta~an<dy~is. 

Arhilrarv suhstituliom such as this an· usd"ul for ratio nwamrcs 
to avoid c;lfHj>lt.'l<· dnldion of a stratflnl."" Mean age, SD. arrd 
r;mg<' wc:n· cstinJ;~(,·d fi·onl the rcporlt'cl age data ~\cross tlw 
studit'S using wriorrs slallslic,d tedruicpws outlirrl'd l>y Sncdccor 
and Cochran.:~.! Basvd Oll l'Stirnatc·d lll<'(Ul aw·. studiPS \\'('!"(' 

cat<•goriwd into two gronps (thnsP ?:SO y<'ars vs <!)0 wars). 
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H.ESULTS 

Among numerous studies on asbestos, silica, crnll 
dust, and other pulmonary fibrotic disorders, only 
eight published reports described the prevalence of 
parenchymal opacities in unexposed persons and 
fulfilled the critetia noted above for review. 10 1'3.1.<;, 21 

Two articles had two separate control groups within 
the study, with each repmied sepamtely. 1'3·31 There­
fore, this meta-analysis contains data on nine unex­
posed populations reported in eight articles, includ­
ing two from Zitting et aJI~>.w reporting on tlte same 
unexposed population. Table l summarizes the 
source of exposed populations, number of readers, 
and prevalence of small lung opacities ~ l/0. The 
prevalence of opacities across these study popula­
tions ranged from 0.2.1 to I 1.7%. The follmving 
methods were noted in inclividual studies for the 
resolution of intcrreader cliff(crences: median reading 
(two studies), consensus (three), average reading 
(one), and highest reading (one). Table 2 shows the 
clistrilmtion of age and smoking vvithin European 
and North Ametican studies. There were consider­
able variations in smoking, gender, and age distribu­
tion between studies. Because of these differences, a 
separate meta-analysis W<lS performed by age and 
gender as well as for European and North American 
studies. 

Tlw overall pooled prevalence was .5.:3% (9.5% CI, 
2.9 to 7. 7%) for opacities graded ~ 1/0. When Euro­
pean and North American studies were analyzed 
separately, the pooled prevalence for three Euro­
pean populations was 1 1.:3% (95% Cl, 10.1 to 
12 . .5%). The pooled prevalence for six North Atner­
iean populations was 1.6% (lJ.Sff(; CI, 0.6 to 2.6% ). To 
evaluate whether this large difference .in prcvalt~nce 
between Europe and N orlb America could lw ex­
plained by differencPs in age, gender, or smoking. \~f' 
stratified studies by age category (mean age ~.:)() 
years and <50 years) and gender. Tlw pooled prev-

alence in the older age group was greater than that of 
the younger age group in both Europe and North 
America, although in each age stratum, European 
studies reporteJ siguiflcantly. higher prevalence of 
lung opacities (Table 3). In the younger age group 
(<50 years), the European studies had a pooled 
prevalence of 9.6% (95% CI, H.2 to I 1.1 %) com­
pared to only 0.6% ( -0.2 to 1.4%) in the North 
American populations. Only one European and three 
North American studies could be classified in the 
older age group. The European study had signifi­
cantlv hi"her r)l'evalence than the pooled prevalence~ 

• /:'> ) 
of tbree North American studies ( 11.7% vs 2.3%. 
The gender-specific prevalence estimate showed 
greater prevalence in male subjects than in female 
~ubjects and this is true across European and North 
American studies (Table 4). 

If a large Emopean studyH) is exduded, the overall 
pooled prevalence drops to 2.8% (9.5% CI, 1.6 to 
4%). This population was in the older age category. 
However, this particular study had the lowest prev­
alence of smoking among all studies presented and 
had a greater proportion of female subjec:ts, <~emu­
graphic factors that favor lower prevalence of lung 
opacities. Therefon\ the drop iu the ov('rall pooled 
prevalence wlwn this study is excluded cannot be 
explained on the basis of smoking and gender. It also 
appears unlikely to he due to age effect alone. Three 
North A111erican study populations 1 l· 21 who were in 
the similar age category had significantly lovver prev­
aleace of lung opacities compared with the large 
European stndy.HJ 

DISCUSSION 

The l LO system was devised to standarclize re­
porting and comparison between obscrvm.,s and be­
tween studies in epidemiologic studies of pneumo­
t'oniosis. J.J.2· 1 It: provides a means by which outcome 

Table 1-l'remlence of Small Opacities (?:.110) in Subject.s Utwx,wsed to Dusts 
:: -;:;-;:-::::::-.::::-:::::: .. ::::::=:::::::::-.:::::. ·-·-~------.. --. ___ ,::..-- ------------ -~:::::·::.: .... ::::.... ... _:_::.._ ____________ ..•.•.. 

Published Studies. 
First Author (yr) 

F:urope 
Clovr·,r"' t lfJ.~Ol 

Jakohssou''" ( 1 98,5) 
Zitting 1 ~1 ( 1985) 

North Atnvrica 
Ep.stein 11 

( I!JH4) 
Castdlan 12

· 09H;)) 

Kt!bum" (HIRG) 

K''"'"'dy
21 

(lmJI) 

406 

Me11 cho.>en frotn c,Jectoral rolb, N Wales 
\\'llit<e collar worh·r< from asbestos cement planL Swed('n 

lkpr<>Sentali\'<' s.nnpl" of Finni.<h l"'l'"l:tlion mer age .10 yr 

Adults admitkd to " lltJh·<:rsitl' nwdiml c<'nlcr. Philadvlpl>ia 
Hlne collar e1nplop·~~-li in notH.lusty johs. soutiH'r'll United StatP.L; 

a. Stratified .<HIII]llc of population in Michi)(<lll 

h. I ""g lkad1, Calif C:<>nsus I rad 
a. E!nployt•d bus Jli<'Chanics. Canada 
b. }\I'( ired grain dtld civic wor~ers 

No. of 
Huaders 

·> ,, 
5 
2 

2 
:.) 

:3 
:l 
2 
2 
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Table 2-Demographic and Smoking Distribution of European and North American Studies 

Published Studies• N 

Europ<'an 
Glover 10 402 

Jakobsson2
" 29 

Ziltin,g1
H 3,494 

North American 

Epstein" 200 

Ca5tellan 12 1.422 

Kilburn (a)'" l, ](if 

Kilburn (b)"' 1,:3-n 

Kennedy (a)2
' ()() 

Kennedy (b)01 s:J 

*See T,thlc l. 

Age, yr, ll·lean±SD 
(Hang.-)' 

:30.2:!: 16fi 

OS-80) 
49:!: .5.67 
(31-66) 

.54 .. 1 :!: 13.47 

44.2:!:. 1:3.2fi 
(1.5-S4) 

3:3.8 :!: 12.07 

(16-70) 

42.-1 :~ :--lA 
(:'-iA) 

51.0 ± NA 

(NA) 
56.2 ± :n 

(4:5-67) 
(if) I:! 4.7 

(56-1-\-J,) 

M:F 

NA 

1:2 

l:lH 

1:1 

1:1 

NA 

NA 

%· Curreut 
Smokers 

59 

41 

17 

NA 

47 

NA 

NA 

Iii 

1:3 

% Current and 
p,,,t Smokers 

81 

79 

34 

NA 

61..5 

69M 
.)OF 
60\-1 

40 F 
73 

8.5 

'The rn~an agt' in years. SD. aud range werf' d~rived stati.>tic·ally from the existing reports 
'N A"" not m·ailable. 

variables mav be reducPd to a common metric across 
differing stt;~hes, to optimize uniformity of the re­
porting of results. It has hef~n uwd to facilitate 
review and analysis of studies employing differing 
populations_z.s Ideally, unifimnity of methods and 
criteria should apply across studies subject to review 
and analysis. It is possible, however, that these 
criteria are not met in ILO readings of clwst nldio­
graphs. Incomplete documentation of Lhe applica­
tion of !he ILO svstern, which may renect inark­
quate implt'mentation of standanli;,ed procedures, 

Table 3-Strafijkation of Studies by Mean Age of 
Study Population 

Europe 
<.SO 

Nort IJ Auwrica 
<.SO 

Ettropc 
;':.SO 

:\'orth Anll'ri{'t1 
,,~so 

*Set· Tahl<' L 

Studies' 

(-;l<)ver 11
> 

JakrllJSS(HJ'm 

Ep..;kin 11 

Castdlanu. 

l'r<'valt'n<'e of 
Opacities 
2:]10,% 

9.70 
(i.SO 

1.1011 
0.21 

I 170 

·1.50 
K(~Jlllt.'cl~- ihr?.l 4 .')o 
Kilh;~r~,··(h)'' 2.10 

Poobl Preval<'llC<', 
% (95% CI) 

!Hi(k.211.1) 

IU1 i 0.2:liA) 

2.:3 (J.J.;l.()l 

was noted in a recent report.:3 Misinterpretation of 
chest radiographs using liD rnethods lll<ty h~ad to 
misdiagnosis of conditions consistent with pneumo­
coniosis. 2•26 Hadiographic ovcrdiagnosis should not 
he confused with exaggeration or prevalence; au­
topsy data suggest Lhat pnt~urnoconiosis is Ilion• 
prevalent than radiographs may detect. 27 

The most provocative finding of this analysis is the 
difference in prevalence betwt~en European and 
Anterican studies. Although precise age distributions 
of the study popnlations were not available for both 
the Europ~an and 1\orth American study popula­
tions, an evaluation of the estirnated mean ages and 
ranges does not indicate that the Europeari study 
populations were significantly older than North 
American populations under consideration, Most of 
the study populations had an equal propmtion of 
male and ti::'rnalc subjects with tlte exception of the 
Zitting et al' 0 study that has a signific~mtly higher 
proportion of fcmak subjects. llowevcr, as female 
subjects had a signillcautly lower prevalence of lung 
opacities. the difference in pre\·alence hctween Eu­
ropt' ancl 1\;orth Alllerica could not he explained on 
the basis of gender. Similarly, the proportion of 
current and ever-smoh·rs was significantly lower in 
the Zitling et aJln study compared witlt other studies. 
Tlte higher prevalence of opacifications in Europe 
compared with North Alllcrica, I here fore, cannot be 
cxplairwd on the basis of smoking. Confounding 
cffecb of envinHIIIWnlal cxposn res, such as ambient 
air pollution or llJJaccotmtcd occnpational exposures, 
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Table 4-l'revalence of Small Opacities '2:.1/0 by Sex 

l!:urope;.lll pop11lations 

Glover'" 
Jakoh-;son20 

Zitting''' 
Pooled prevalen<'<" 
(H5% Cll 
i\orth American populations 
Epstein1 1 

( :ast ellan 12 

Kilburn (a)1'l 

Kilhurn (b)"' 
l'uoled pn•valcnce 
(flYYc C!i 

*See Table I, 

:19/40'2 
2/29 

147/1101 

10!11 
[1/20 
:3(,584 

25/67.3 

and reader variability may contribute to the large 
differences in proportion of opacities between Eu­
rope and North Ameriea. Differences between un­
exposed eontrol groups on the same continent may 
also be due to these fi1ctors. Kilburn et al 1'3 h)1JOth­
esized that undetermined exposures, such as unre­

corded work in shipyards and oil refineries, ll\ay have 
elevated local rates of opaeities of a California pop­
tt!ation in comparison to that of their Michigan 
control group. Bus mechanics used as orw control 
group may have had occupational exposure to asbes­
tos (frolll brake linings) and to other clusts. 21 Studies 
differed substantially in definition of' exposure, rang­
ing from 3 rnonths 10 to 5 years 12 of work in a dusty 
job bef(He a subject was considc~red exposed. 

In regard to environmental bctors, Glover et aJI 0 

surrnise that the high prevalence or opacities in 
workc·rs exposed to sbte dust as well as in um~xposed 
workers may be due to high rates of ]waled tuber­
culosis in North \Vales. A more striking observation 
of pneumoconiosis in those not occupationally ex·· 
posed is tlte prevalence of abnonnalities in high­
altitude villages in Ladakh, where ptt!monary opaeity 
rates of 20 to 4.5% presumably result from dust 
storms all(! soot from indoor kitchcns.2 ~ Data frotn 
the Mini-Finland llealth Survey show lung SJllall 
opacity profitsion of 2: l/0 in 14.Gck· of men without a 
past or present industri<tl cxposun~I·'>.w Variations in 
hoth work and enviromrwntal bctors among dill<"r­
ing populations an· therci(Jrc likely to substantially 
affect the estimation of occupationally rdatt'd pul­
monary OJ><lCil!cations. 

Stratifkatiou of results by Hlf'att age d(•tnouslT<IIes 

an increase in prevalence of opacilics 2: l/0 aCt<'r the 
f) fth decade of life. It is i mportaut to consider 
ag,:•-rdated c!Tects on small opacity profusion.2u For 
l'xample, snhjects with abnormal radiogmplts in one 
US study were old,•r than the population mcan12 

408 

9.7 
6B 

t:U 
IL2 

(:~.0-14.1) 

14.0 

0.1·1 
0.5 
.3.7 
].:3 

(0 27-24) 

None 
None 

261/2,393 

121!29 
2/702 

0.5/5S3 
.tf()7.1 

9.8 

9.:3 
0.211 
0.09 
!Hi 
0.4 

(-1).]1).[02) 

Age, collinearly related to both dust exposure and 
cigarette smoke, may correlate with iucreased pro­
fusion of opacitir~s in those exposed to either fac:tor.H 
The increased prevalence of opaciflcations seen in 
older workers in this smvey suggests tl1at at least 
some of" the variability is due to cumulative environ­
mental cxposums and perhaps age itself. Therefore, 
the inclusion of age data does not entirely mitigate 
the problern nf determining whether opacifications 
are due to environmental exposures, as age may be a 
snrrogate marker f(Jr exposure. 

The disparity between male and female subjects 
seen in this review mav reflect true differences in 
opacity development by gender; however, they are 
more likely related to other r:lctors dif1(.•riltg hetween 
the sews such as dusty jobs or smoking, since these 
risks were historically higher f(lr rnalc subjeds. U n­
aC'Comt!txl occupational exposures, occurring in rnil­
itmy St'rvice, part-time work, full-time work not 
obtained by history, or hohhies, cclllld produce the 
increase in opacities seen in male subjects. The 
dilh·n~nccs between male amlf(,male suhjeets noted 
in thes'~ data are an intportant clue that .not all the 
variability between and within study popnlations is 
mndom. Some of this variability appears to reflect 
tutaecounted dust exposure. 

Only mw studyi 0 in this n:view stratified results by 
smoking history. It demonstrated a threefold in­
creasr' in abnormalities in smokers when compared 
with nonsHJokers. The absence of qnantitative data 
on smoki11g li111its thl' ability of an analysis to deter­
llline i.l dose-related efft~ct or smoking on d)(: pwva­
kncc or small opacities ill th(' otlwnvisc· unexposed. 
lu a comparison hetwl't'll smoking and nollsmoking 
workers exposed to actylamick dust, as well as in 
those tnwxposed. parcnchylllal abnormalities were 
pn~sent in 20% of SIIIOkerS COltlJl<lred with 2.2% of 
nonsrtH>k('.rs, suggesting that smoking plays a role in 
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their development.9 Our meta-analysis is unable to 
determine the effect of smoking alone on unexposed 
populations. 

Finally, the question of variability in reading of 
radiographs remains. Methods for resolving inter­
reader disagreement varied considerably among the 
studies reported herein, a finding consistent with the 
results of a recent report. 3 A twofold prevalence 
range in interpretation of radiographs at lower levels 
of profusion is apparent from studies of interob­
server variability. 1•30·:Jt Population median value f(Jr 

opacities of categoJ)' 1/0 or greater in a sample of 
over 10.5,000 US Navv workers wa.~ 1.71 %, but the 
range for 2:3 certified observers reading randomly 
distributed radiographs was 0.0.5 to 10.9:3%.:12 This 
range is not vety different from the range in the 
supposedly unexposed populations reviewed in this 
meta-analysis, a startling similarity in view of the 
rnany shipyard and other dust-exposed workers in 
the l\avy population. The lack of description of 
interpreters, their habits, and quality assurance mea­
sures in many studic~s:1 may be hampering the ability 
to ac:ettrately make comparisons betwt-Y~Jl stndics. A 
sense of uncertainty has persisted as to the degree to 
which interstudy differences of exposed populations 
reflect disparities between populations or between 
the chest radiograph readcrs. 1-6·' 12 This phenomenon 
now appears also to be tnw for prevalence of 
opacities in unexposed populations. In particular, 
diHerences in opacity prevalence between European 
and North American populations may he partially 
accounted for bv reader habit cliff(~rences. 

A range of va;·iation exists in the clt'!Pnnination of 
the prcvalenc:e of radiographic Bnclings in popula­
tiollS considered to he unexpost'd to fibrogt-,nic dnsts. 
Dependence on historic prevalence figun•s for the 
unexposed may be confltsing because of this wide 
range. Aggregation of curnmt data suggests that 
there is a background level of opac:iflcations in 
populations considered unexposed. A mcla-aualvsis 
shows this prevalence to average 6.3% in existing 
studies, but the prevalence in any given mwxposed 
population may differ from this figure d,,pending on 
age, gender, past c~pns11n' status, and geographic 
location. The notably high pn··valencc• of' ahnonnali­
ties in European slttdies compared with North 
American st'JJ(lios appears most likr:ly to lw chw to 
dil'lc··n~nces in reader habits or unaceounted expo­
surt's, ratlwr than dC'n10graphic or smoldng dif'fi.:r­
ences. 

J1cCO/IIIIIOU/uti<IIIS 

Vari<ltion among studies in tlw reported pwva­
kncc of opacities in unexposed pop11lations indicates 
that Ltetors independent of d11st c:xposttn~ an~ opcr-

ating. Age and gender differences suggest that envi­
ronmental factors also play a role. The use of a 
control group corresponding in age, geographic: lo­
cation, and gender to the exposed subjects can serve 
as a means by which baseline prevalence of opacities 
can be determined within a population and the 
added burden of prevalenee due to occupational 
exposure can be more accurately assessed. In addi­
tion, radiographic inteqJreters should be formally 
blinded to the exposure status of the individuals 
whose radiographs they read. The need for closer 
attention to smoking history when compiling popu­
lation results, both in exposed workers and in control 
subjects, should be apparent in light of the persistent 
controversy that this issue engenders.H.fl.25 Proper 
asemtainment of exposures from occupational and 
environmental somccs is suggested to reduce mis­
classification of subjects and the resultant bias that 
t!Jis may introduce .. 

Close attention to quality assnrauce measures in 
using the ILO system is also rec:ommencled to more 
al'curately determine the significance of radiographic 
abnormalities in the dust exposed. Adherence to 
recommendations for multiple readers in epidemio­
logic: studies 11 · 1"• and thorough description of the 
reading process, inc:luding th(~ means by which in­
tern·:ader differences are reconciled;3 may produce 
data that can be better compared across studies. 
Continuous fi:,cdback to read<·~rs in comparison to a 
gold-standard reacling:l:J can aid in assessment of 
reader variability within a study. Continuous fi:~ed­
bac:k also pron;otes adlwrcnc~' to rnore uniform 
reading standards. 

Among these recomrnenclatiom, we believe the 
most important to be•. the ust• of tnwxposed control 
radiographs. The pres<·~nct' ol' blindly interprr:ted 
unexposed control radiographs within an epidemio­
logic study can serve the role of an internal compar­
ison for reading and aid in the control of the reading 
process as well as in the interpretation of results. 
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