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CASE SCllNARIOS 

Thr patient is a 68-year-old male presenting with progres­
sive dyspnea of S-year duration and shortness of breath 
with one flight of slairs or with carryi ng groceries uphill. He 
denies dyspncl\ al rest, is withoul paroxysmal symptOlllS, 
and has only occ<lsional wmplaints of wheezing. 

I-Ie was an active cigarette smoker from age 14-30 with a 
maximum of Ph packs per day (24 pack-yellrs total), quit­
ting 40 years previously. He had done extremely dusty work 
with exposure to copious amounts of inorg<lnic dus\. This 
involved grinding large concrete display tanks as an exhibit 
preparator in an aquarium, work which he performed fo r 
7 yrars. He reported less exposur .. over the following 5 ye<lrs 
<It which point he retired due to ase. The work W<lS suffi­
ciently dusty that there was a spirometry-based workplace 
respirator fit testing program as part of his rmployment, 
even though he did not use an)' personal protective equip­
ment on a rout ine basis. Becausr of abnormal findings on 
serial lung fun ction testing, he was told at the time to con­
sult his private physician regarding his results, but hr did 
not do so. 

On init ial examination he is thin but not cachectic, with a 
prolonged expiratory phase but no wheezes or rhonchi. 
There is no increased pulmonic component to the second 
heart sound and no dubbing of the extremities. Initial pul­
monary function testing (PFT) demonstrates obstruction 
without reversibility and a red uced diffusing capacity for 
carbon monoxide (Duo) that does not improve substan­
tially adjusted for thr observed lung volume (VA) (DLeo, 
59% height and age predicted; DLeoN,\, 69% predicted). 
Follow-up PITs after a course of systemic corticosteroids do 
not demonstra te any improvement. A computed tomogra­
phy scan of the cbest demonstrates bilateral lower lobe­
predominant emphysema. A serum alpha- J -anti trypsin 
(AlAT) assa)" documents a "ZZ" phenotype and a quanti­
fied value of24 uni ts (normal ~90). 

Employment-based serial spirometry ovrr 12 years of 
employment is ava ilable through his workplace rrspira­
tor-fit surveillance program, along with nearly 5 years of 
subsequent follow-up data after his inin,11 presenta tion for 
medical evaluation (following a 6-year dat<l gap). Based on 
J 8 scrial measuremell\S taken over 24 I months, the patient's 
forced expiratory volume in one second (FEY]) fell by 
77 mUyr. Using the US National Insti tute fo r Occupational 
Silfrt)' and I-Iealth (NIOSI-I) Spirometry Longitudinal Data 
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Analysis (SPJROLA ) software for analysis of lung function 
time trends, the change in FEV, during the employment 
exposure prriod (- I 28 mLlyr) demonstra tes an acceler:lted 
decline relative to projected normal (- 42 mUyr), crossing 
the 95th prrcent ile lower limit of norlllal (LLN) approxi­
mately midway in th is dusty elCposure period. ,\fler retire­
ment and in the context of diSCOll tinue<\ exposure, the FEV, 
remained below the- LtN, but with a decline (- 46 mUyr) 
nr:lr the expected (I). 

I NTH OI) UC n ON 

Long bcforr personal cigarette smoking was widespread, medi­
cal wrilers recognized th~t "dusty trades" were associnted with 
various lung disrase-s. "Miner's phlhisis" was prototypical of 
such diseases. This and related conditions (e.g., "grinder's rot'·) 
were associated with exposure to inorganic dus ts and can best 
he understood by tmlay's nosology as one or another of the 
pneumoconioses (with or without superimposed tubercu lar 
disease). Clinical syndromes consistent with chronic bronchitis 
or airway obstruct ion, in particular among persons experienc­
ing heavy organic dust inhalation, were already well describe-d 
throughout the 19th century (2,3). 

By the mid-20th centur)" occupational exposures in the vari­
ous dusty trades werr generally presumed to be contributors 
to chronic bronchitis specifi cally and, by extension, to airway 
disrase more broadly defined. For eX<lmpk, a key 1953 analysis 
of mortality data from the 19305 found that work in dust)' 
trades, even within the smne social class, was linked to bronchi­
tis morlality (4). [n 1958, f' letcher noted th:lt "men who work in 
dusty trades, especially cO:l lminers, have a higher prevalcncl' of 
S)'rliptOlllS of bronchit is and emphysema .. .. " (5). [n the early 
1960s, the '"Dutch hypothesis" was articulated, holding that 
bronchi tis and chronic airflow obstruction fell along :t spec­
trum, with the ultimate pathophysiological manifestations of 
disease dependent on a combination of host and environmen­
tal fac tors (6) . Fletcher's landmark studies, which came to 
downplay the role of chronic bronchitis in the progression of 
airway obstruction, coi ncided with the ascendancy of cigarette 
smoking as a major independent r isk factor for airOow limita­
tion-defined chronic obstructive pulmonary disease (CD I'D). 
This fit in with the "British hypothesis," which viewed COI'D 
and asthma:ls separate processes with distinct causal pathways 
(7). The paramount importancr of smoking in eOI'D tended 
to eclipse all other potenti:ll associations. This was espccially 
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true of considcrntion of pusslble links between occllpntional 
eXposures and COPD, with or without concomitant chronic 
bronchitis. 

Since the late 19605 nnd particularly throughout the J 970s, a 
number of industry-specific cohort studies, particularly of 
investigations of mining populations, nccumulated data on 
progressive airflow decline associated with coal and inorganic 
dusts (predominantly silica, in pnrticular Ihe gold mining 
industry in South Africa, where COPD in this industry was 
recognized as work-related in the 19705). The textile industry 
was also extensively studied during this period, in particular 
the associated disense process of byssinosis. Although this dis­
ease process was clearly manifested a~ airflow limitation, it ha~ 
typically been approached <l£ a variant of occupational a&!hma 
rather than a model ofwork"related COPD, in part because of 
the reversibility of obstruction in the carly stages of the disease 
and the lack of a link between byssinosi~ and emphysema (8). 
Industry-specific occupational exposure to cadmium proved 
to be an important source of data relevant 10 emphysema 
pathogenesi~ (9). 

Earli~r, large population-based cross-industry studies of 
symptoms and lung fUllctioll provided an important set of 
additional imights into the question of occupation in relation to 
COPD. These investigations treated occupational factors as little 
more than a controlling cofactor to be considered in multivari­
ate modeling that focused on cigarette smoking and ambient air 
pollution. Despite this limitation, these studies yielded surpris­
ingly consistent findings of a link between higher exposure jobs 
as a group and bronchitis or airflow obstruction. Thus, begin­
ning in the mid-1980s, wider biomedical interest grew in the 
potential role of occupational exposures in the causation of 
chronic bronchitis, COPD, and emphysema. The seminal work 
of Dr. Margaret lkcklake was critical in this regnrd. Early on, she 
had observed the association of airway obstruction of irritant 
gas inhalation among miners exposed to explosive blast fumes 
and had also shown that lung function decline among gold min­
ers need not be linked to the extent of radiographic disease 
(10,1 J). Beginning in J 985, she authored a series of review~ and 
lJlformal meta-analyses systematically compiling the epidemio­
logical evidence that had been accumulating in the medical lit­
crature (12-16). Initially, this work relied on findings reported 
from industry-specific cohort studies, in particular coal miners, 
showing nirflow decline or pathologically confirmed emphy­
sema. It later widened to multiple large population-based stud­
ies, all showing that a longitudinal decline in airflow or a greater 
prevalence of nirtlow obstruction was associated with work­
related inhalation of gase~ and vapors or fumes and dust or both 
categories of exposure. 

Other reviews followed on this work 07-21). A major sys­
tematic review by the American Thoracic Society (ATS) pub­
lished in 2003, for which Dr. Becklake was a coauthor, marked 
a turning point in the general recognition of the occupntional 
contribution to COI'D (22). 

Over lime, the Dutch nnd British hypotheses have come to be 
seen less as polar opposites and more as constructs that both 
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can be applied to questions of COPD and asthma, each con­
stnlct yielding its own potential insights (23). The inclusion of 
a chapter devoted to chronic airway disease in this book on 
occupational asthma, first introduced with the third edition of 
this text (24), underscore~ this more inclusive view. This chap­
ter .)lso takes into nccounl the evolving recognition that along 
with COPD, chronic bronchitis, and emphysema, bronchiolitis 
is nnother occupationally related form of nirflow obstruction, 
and moreover, of emerging importance. In thIS chapter, we will 
first present the epidemiological evidence linking occupation 
to COPD fwm a population-based perspective, including 
review of the population attributable fmction (PAF) of worked­
related COPD and chronic bronchitis. Next, we wiI! review the 
literature for industry-specific cohorts exposed to coal du~t, 
inorganic dusts, nnd selected metal fumes. Finally, we will dis­
cuss occupatioll311y related bronchiolitis syndromes following 
acute and longer term inhalation exposure~. Organic dusts, 
such as cOttOll and grain, are addressed in a separate chapter in 
this volume (see chapter 25) that considers both asthma-like 
responses and less-reversible airflow obstruction in relation to 
such exposures. 

COPD FROM AN EPIDEMIOLOGICAL PERSPECTIVE 

Defining Disease and Measuring Risk 
COPD is defined by airflow limitation that, in practical terms, 
requires spirometric assessment. The criteria for carrying out 
spirometry and the application of cut poinls for abnormality fire 
discussed elsewhere in this volume nnd have beell the focus of 
position papers by rclevant international professional societies. 
A standardi:r.ed definition of COPD, staged by severity, has also 
been attempted through the application of the Global Initiative 
for Obstructive Lung Disease (GOlli) criterin. Beyond lung 
functioIl-based definitions of airflow limitntion, emphysema 
can be defined by compl1teri:r.ed tomographic (CT) or patho" 
logical criteria (although inferences can also be drawn from dif­
fusing capacity measurements) and chronic bronchitis cun be 
defined by standardized questionnaire responses (nlthough 
pathological cnteria can be applied, for example, using airway 
biopsies). Despite these distinctions, the label "CO PO" is often 
applied imprecisely in clinical practice and can be driven by 
diagnostic biases that are particularly relevant to occllpational!y 
related COI'D. The clinical diagnosis of COPD is more likely to 
be given iflinked to a history of cigarette smoke exposure. \Vhen 
another respiratory condition is present that might account for 
fixed airflow obstruction, for example, long-stnnding asthma in 
a nonsmoker, the concomitant diagnostic label of COI'D may 
not be applied. ,,,rhen emphysema is present along with airflow 
obstruction, a patient may simply be told of the former diagno­
sis but not recei\'e a label of"COPD." Of note, occupational fac­
tors in emphysema arc generally not considered in clinical 
pmctice, even in the context of A1AT deficiency (exposure that 
was clearly relevant to the case scenario presented). \Vhen 
chronic bronchitis is combined with COPD, the latter diagnosis 
alone is frequently applied, nnd chronic bronchitis may not be 
captured evell in medical records. 
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For epidemiological research sludie~ that indudc thc direct 
collection of spirometric data in the ficld, airnow limitation can 
be qu~ntified directly. In epidemiologic~1 research and clinical 
outcomes studies using other methods (e.g., questionnaire­
b~sed survey or interrog~tion of eleelronic medical record 
data), the c~se definition of COPD may hal'e to take into 
account thc clinical bases noted above, ~s well as the availability 
of ancill~ry d~ta. Thus, COPD, emphy~cma, and chronic bron­
dlitis, even though separate diagnostic entities, are sometimes 
studied together as a mixed diagnostic group, with conditioll­
specific subcategories stratified insofar as the data ~!low. This is 
particularly relevant to the question of emphysema, givcu that 
even epidemiological studies that have carried out spirometric 
assessment may not have carried out systematic CT scanning. 
A related, more overarching category of chronic obstl'llctive 
lung disease (COLD) includes ~sthma along with the previous 
three conditions. The COLD calcgorizJtion will nol be con~id­
ered further in this discussion. 

The epidemiologicJI perspective on COPD in relation to 
occupJtionJI factors focuses on associations of risk, most 
through estimation of relative risk (RR) and a related measure, 
the odds ratio (OR). The study of occupationally related 
COPD has Jlso been informed by estiJl1<1tions of population 
attributable risk percent, which is also known as the popula­
tion attributable frllelion (PAr). This measure integrates the 
magnitude of the RR or OR together with the prevalence of 
exposure 10 the risk [actor in que . .,tioll among populations. For 
example, II putative risk factor (Exposure I) may be associated 
with a markedly elevated RR/OR for COPD, but thi~ exposure 
may be limited to a smllll proportion of the popuilltion at 
large. Under that scenario, the actual number of COPD c~ses 
induced by (attributed to) Exposure I may be quite small. Were 
another risk factor for COPD (Exposure II) to have a much 
lower RR in absolute terms but be far more common, the 
number of C<lses induced by it could be much greJter. The epi. 
demiological cJ1culation of the PAF Clln be performed using 
various algebraic equatiom and this (lin be done post hoc 
using published risk and exposure pre\'alence daln. \Vhatever 
the method of calculation, the PAl: provides an imporlant esti­
mate of disellse caused, at least in part, by the factor in ques­
tion. Another W<1y of considering this question is to ask what 
burden of disease would be removed were this faclor elimi­
nated. Further, because two factors may act upon each other to 
magnify risk, removing either one could reduce the burden of 
disease. Indeed, the PAF values estimated for multiple risk fac­
tors for the same outcome may yield a combined value of more 
than 100%. This is particulnrly rclevant to consideratiom of 
combined occup~tional exposure and cigarette smoking in 
COPD cnusatioll. 

The Occupational Burden of COPD 
The ATS statement, Occupntional Contribution to the Burden 
of Airway Disease, noted previously, provided a benchmark 
system.llic review of the occupationally associated PAF for 
COPD (22). Although published in 2003, it reviewed data 
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through 2000 only, emphasizing population-based studies 
across populations rather than industry-specific cohorts. 

Table 26.1 summarizes the ATS findings on the occupational 
PAF in relation to COPD based on spirometry, breathlessness 
by questionnaire Ins a surrogate for COPD), and chronic bron­
chitis. As the table shows, the epidemiological cohort~ <1Jlalyzcd 
included a large subject pool and all the analyses were smoking 
adjustcd. The ATS concluded that 15% WllS a reasonable esti­
mate of the work-related burden of COI'D. 

A number of reviews and editorinls on the question of occu­
pational factors in COPD have followed the publication of the 
ATS Statement (25-31). As importantly, the pace of new epide­
miological research nddressing this topic has increased rapidly. 
This led to a follow-up, 2007 systematic review of 14 addi­
tional publications, most of which had appeared since the pre­
vious ATS analysis (32). These further findings, summarized in 
Table 26.2, \'>'ere in line with the previous literature. 

Of note, additional data have emerged, specifically address­
ing the occupationally associated PAF for COPD among llevcr­
smokers: These estimates range from 26% to 53% (33-37). 
Studies have also begun to address the potential interaction 
be\\lleen work exposures (which can be defined as regular con­
tact with vapors, gas, dusts, or fumes in one's longest held job) 
and cig~rette smoking. In one of the flrst such analyses (using a 
definition of disease based on physician-diagnosed COPD, 
emphysema, or CB and using nonsmoking, nonoccup~tionally 
exposed subjects as the referent group), the OR [or COPD was 
1.4 for occupational exposure alone, 2.8 for ~moking alone, and 
6.2 for both rhk faelors combined; for COPD or emph),sema, 
excluding chronic bronchitis alone, the effect was stronger, with 
estimated ORs 0(2.4, 7.0, and 18.4, respectively (38).ln another 
study thnt yielded an occupationally associated PAF ror COPD 
between J 3% and 33% (depending on the measure of exposure 

Table 26.1 ATS Findings on the Occupationally Associated 
PAF forCOPD 

Outcome Studied PAr: Subjects 

Median (%J Range (%j " 
Airflow obstruction '" 12-55 > 12,000 

Brcalhlc.'sncss D 6-30 >25,000 

Chronic brollcbiti, C; 4-24 >}~,OOO 

Auureviatimo: PAE popul.lion ~llributablc fraclion. 

Table 26.2 Additional Studies on the Occupationally 
Associated PAF for COPD 

Studies 

N 

" , 
" 

Outcome Studied PAl' Subjects Studies 

Media" (%) 

Airflow ubslrnctiml tS 
Chronic hronchiti' t5 

Range (%) 

)-37 

0-34 

Abbreviation: I'AF, popubtion .1l\ribUlablc fraction. 

" 
>339,000 

>9,0()O 

N 

" " 
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used), there w~s also a step-up jn risk for combined occupa­
tion~1 and smoking exposures: relative to no occup~tion~1 
exposure and no smoking, occup~tion~1 f~ctors doubled the 
risk of COPD, smoking alone c~rried a sevenfold excess risk, 
and combined exposure carried a 14-fold increased risk, a 
cross-product increase that is consistent with an additive elTeet 
(39). The combined occup<ltional exposure and smoking effect 
was also ~ssessed in a lO-year COPD incidence that also sug" 
gested an additive but not synergistic relationship for the two 
risks combined (,W). 

Other risk estimates havc appcnred since both the ATS and 
the later systematic review consistently observe a substantial 
contribution of work-reLlled exposures to the burden of COPD 
(41--45). Studies from out&ide of Europe and North America 
arc contributing to thb growing body of data, including from a 
study from South Africa estimating that, depending on the 
definition of disease used, the occupational PAF for COPD 
ranged from 8% to 45% (44). An ecological, population-level 
analysis frOID 45 sites of three international studies (the Burden 
of Obstructive Lung Disease study, the Latin Amcrican Project 
for the Investigation of Obstructive Lung Disease, and the 
European Community Respiratory Health Survey) included 
data from developing as well as developed economies, suggest­
ing that a 20% reductiun in the burden of COPD could be 
achieved by an 8.8% reductiun in the prevalence of occupa­
tional exposurcs (42). Data on occupation and COPD disease 
severity arc sparse, but suggest a potential relationship (46,47). 

EXPOSURE TO INORGANIC DUSTS, 

COAL DUST, AND METAL FUMES 

Overview 
Occupational exposure to inorganic dUM occurs in many work 
settings worldwide. Occupational inorganic and coal dust 
exposures can be broadly catcgorized as strongl)' fibrogenic 
dusts (silica, asbestos, and coal) and other inorganic dusts and 
metal fumes that may aho be associated with adverse respira­
tory effects (e.g., iron, emery, graphite, gypsum, marble, mica, 
perlite, plaster of Paris, Portland cement, silicon, silicon carbide, 
soapstone, talc, and welding fume particles) (48). Dust-induced 
pneumoconioses [silicosis, asbestosis, and coal workers' pneu­
moconiosis (CWP)] and associated tuberculosis have been the 
main nOIl-GlllCer causes of morbidity and mortality attribut­
able to highly fibrogenic dust exposure. Industry-specific 
epidemiologic~1 studies have demonstrated, however, that 
exposure to inorganic dusts, primarily the more highly fihro­
genic types of dusts, in addition 10 their links to restrictive rus­
case, is also associated with incrcil5cd levels of obstructive lung 
function impairment ~nd increased prev~lence of chronic 
bronchitis (14,15,17,49). These associations were also shown in 
those with lower exposures that may not lead to r~diological 
signs of pneumoconiosis (50,51). 

There may be multiple pathophysiolugical mechanisms by 
which highly fibrogenic dusts, independent of fibrosis, may 
pOlenti~lly initiate lung injury leading to airflow obstruction, 
chronic bronchitis, or emphysema considered col1ectively under 
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the rubric of eOI'D. Upon deposition, dust particles can reach 
two criticaltargct cells in thc lung: macrophages and epithelial 
cells (52,53). Macrophage ingestion of variOU& dust particles 
(phagocytosis) has been shown to lead to mKrophage activa­
tion, resuiting in an increased release of a wide range of prod­
uels that may react with various target cclls in the lung to cause 
tissue damage. The potential mechanisms of cell injury include 
cytotoxicity (53-56) leading to generation of reactive oxygen! 
nitrogcn species (56) and secrction of proinflammatory factors 
(57), cytokines, chemokines, elastase (56,57), and fibrogenic 
f.1ctors (58,59). Dusts analyzed in tcrIllS of these mechanisms 
and found to be toxic include not only crystaUine silica and <:oal 
dust but also kaolin, talc, bentonite, and feldspar. 

In addition to macrophage-mediated effects, which include 
cytokine networking with epithelial cells, epithelial cells may 
interact directly with deposited particles. This may lead to 
hyperplasia of mucus-producing glands and increased mucus 
production in the bronchus as well as infl.\mnlatory processes 
in conducting and peripheral airways and in alvcolar tissue 
leading to bronchitis (53,60) and emphysema (56,57,60-64). 
Particul~tes can also cause epithelial cell injury that facilitates 
penetration of the particles through the walls of small airways 
and localized fibrosis (58,59,65). 

Mineral dust ainvay disease (MDAD) defined by focal fibro­
sis in respiratory bronchioles aSSociated with mineral dust 
exposure has been reported as a pathological process causing 
airflow limjtation in mineral dust-expo~ed workers (66-68). 
Although data on direel pathological correlates of airflow 
obstruction in mineral dust exposure are limited, findings of 
emphysema have often served a~ a surrogate marker for the 
concomitant risk of COPD in mineral dust-exposed workers. 
The following sections provide mainly epidemiulogical evi­
dence relevant to the particular type of exposure and various 
COPD outcomes. 

Silica 
Despite the dramatic reduction of silica dust exposure levels in 
most developed countries during the last century, airflow limi­
tation and associated COPD remain worldwide health issues in 
workers exposed to silica dust (51,69). Epidcmiological studies 
show that silic~ dust exp05ufe can lead to airflow limitation in 
the absence of radiological signs of silicosis (14,15,17,51) and 
also that airflow limitation associated with silica dust exposure 
can occur in many different types of industrial operations as 
will be discmscd in the following section. 

large studies of hard rock miners demonstrated that the 
FEV" forced vital capacity (FVC), ~nd FEV,tFVC ratio, 
adjusted for agc, height, and tobacco smoking, decreased with 
increasing cumulative respirable dust exposure in both smok­
ers and nonsmokers (70--76). The average loss in lung function 
attributable to silica dust exposure, estimated for South African 
gold miners exposed for about 24 years to standard exposure 
levels was equivalent to an average excess loss of 8-9 mUyr 
of FEV, and 9.0 ml/yr of FVC (51,71-73). Decreased lung 
function was also observed among Canadian hard rock miners 
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(74), \Vestern l\ustralian miners (75), and US molybdenum 
miners (76). 

Further Epidemiological studies of morbidity have affirmed 
that silica dust exposure also constitutes a hazard for airflow 
limitation in many non mining industries (genernl population 
study of silica cxpo~ure, granite crusher5. tunnel workers, con­
,truction worken, brick-manufacturing workers, slate workers, 
stone carver~ and grinders. ceramic worker5, refractory ceramic 
fiber, molder~ and coremakers handling furan resin sand, sili­
con carbide industry, and iron foundry and smelter workers) 
(77-98). A dose-dependent relationship between exposure 
(quantified duration of employment, dust level, or cumulative 
dust exposure) and lung function level or lung function decline 
was found in some of these studies. The effect of employment 
in silica dust-exposed occupations was even detected in a large 
general population-based cross-sectional study of Norwegian 
men of 30-46 years of age (77). Workers with 15 or more years 
of silica dust exposure had a statistically significant excess loss 
ofFEV, of 4.3 mt [95% confidence interval (CI) 1.1-7.5] with 
each year of exposure; the exposure-response relationship was 
similar among nonsmokers, ex-smokers, and smokers. 

Several mortality studies of cohorts of silica dust-exposed 
workers reported increased mortality from nonmalignant 
respiratory disease (NMRD) ~nd COPD (99-105). Generally, 
NMRD combines deaths from pneumoconiosis and COPD. 
Some clinical studies have shown poor correlations between 
spirometry and profllS!Oll of nodules on the chest radiograph 
and CT scan, while significant inverse corrdations were found 
between CT emphy~emasco[e and FEY, and DLCO (106-109). 
An exposure-response n:btionship between silica dust expo­
sure and emphysema assessed on paper-mounted whole-lung 
sections at autopsy was also observed (110-112). Silic~ dust 
exposure appears to be associated more with emphysem~ than 
asbestos dust is (113). Nonetheless, the degree of emphysema 
found in silica dust-exposed miners with about 20 years of ser­
vice who were never-smokers was relatively small and not cor­
related with lung function measured 5 years prior to death 
(114). However, emphysema found at autopsy was found to be 
the most important predictor of lung function measured 
5 ye~rs prior to death in another autopsy-based study (115). In 
a high"resolution CT (HRCT) study of 79 construction work­
ers, neither rounded opacities (predominant profusion of I/O) 
nor cumulative dust exposure correlated with emph}'sem~, 
while tobacco smoking was a significant predictor (116). 

In summary, the epidemiological evidence from large studies 
of hard rock miners demonstrates a positive exposure-response 
relation for airflow limitation and silica dust exposure that is 
not associated with the presence of silicosis. Industry-based 
studies show that the silica dust-associated airflow limitation 
can occur in a variety of industrial settings. Any work setting 
associated with sufficient silica to cause pneumoconiosis 
should be assumed to carry risk of COPD as well. Some types 
or scellarios of exposure have not yet been studied well in terms 
of airflow limitation due to small numbers of exposed workers 
or because new sources of cxposure have emerged only in 
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recent year; (such as sandblasting applications in the textile 
industry or constructioll work with high-crystalline silica con­
tent of artificial stone). Whatever the SOl]rCe of exposure, pre­
vention in any ~ilica dmt work environment is important. 

Coal Dust 
Large epidemiological studies of British, US, and Italian coal 
miners have established the existence of an exposure-response 
relationship betwecn cumulative coal dust exposure and 
decreased lung fUllction, respiratory symptoms, and mortality 
(50,117-130). The association has been seen among smokers, 
ex-smokers, and never-~mokcr5, and across all age groups. 
Studies demonstrated that the severity of the impairment asso­
ciated with coal mining dust exposure puts coal miners at an 
increased risk of clinical COPD comparable to smoking. 
Because of this t:viclence, COPD (i.e., chronic bronchitis 
and emphysema) became a compensable occupational disease 
among coal miners in some countries. Moreover, there is epide­
miologic.]1 evidence, showing thut current permissible concen­
trations of coal mining dust (2 mg/mJ in the USA) can increase 
the risk of COPD, especially in the absence of CWP (50). 

Several industry-wide surveys of more than 30,000 British coal 
miners, initiated during 1953--1958 with follow-up studies up to 
1991, have shown excessive dose-dependent losses of FEY, with 
cumulative dust expowre independent of the presence of CWP; 
the loss wns fOllnd to be greatest in younger men and in men with 
respiratory symptoms (117-123). investigating the severity of 
the impairment associated with coal dust exposure, a study 
reported that the risks of having symptoms of chronic bronchitis 
and FEY, <80% predicted and <65% predicted were almost dou­
bled in men with the highest exposure category of 348 gr~l)l­
hours per cubic meter (ghm-J) (122). The excess loss of FEY, 
persiskd even after dust levels were ,ubstantially reduced in coal 
miners employed after 1970 (50,124). British ~tudies of miners 
who did not have radiological signs of pneumoconiosis also 
found that adjusted FEY, was on average 155 mL (95% Cl 
74-236 mL) 10\'I,'er in miners than in population controls (50). 

The findings of the National Study of Coal Workers' Pneu­
moconiosis (NSCWP) in USA coal miners were similar (125-
127); ill addition, coal mining dust was also associated with 
higher rate of decline in lung function (126,127). Other occu­
pational risk factors associated with excessive rate of decline in 
lung function included work practices such as lack of use of 
respiratory protection, participation in explosive blasting, roof 
boiting, and use of dust control sprays that used water that had 
been stored in holding tanks (128). Furthermore, excessive 
decline in FEY, of 60 mUyr or more was associated with cady 
retirement from coal mining, increased risk of respiratory 
morbidity, and increased mortality from nonmalignant respi­
ratory disease (129). An exposuR~reSpOnse relationship of 
~irflow obstruction and coal mining dust was also found in a 
longitudinal study of Italian coalmincrs (130). Relationships 
between exposure to coal mining dust and increased mortality 
from COPD have also been found in British, US, Indian, and 
Dutch coal miners (129,131-135). Among new Chinesc coal 
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miners, a sharp early decline in fEV, during early ages is asso­
ciated with the development of bronchitic symptoms (136). 
Autopsy studies of coal miners find typical focal emphysema 
caused by coal dust deposition forming the coal macula 
(137-139). Severity of emphysenla in coal miners can be com­
parable tu that of tobacco smoking (139). In sllmrnary, studies 
show a positive exposure-response relationship between vari­
ous uutcomes of COrD (morbidity and mortality) and coal 
mining dust exposure. It has been estimated that 8.0% (95% 
Cl 3.4--13.7%) of nonsmoking coal miners with a cumulative 
respi-rable dust exposure of 123 ghm .l (considered equivalent 
to 35 years uf work with a mean respirable dust level at current 
alluwed limits of 2 mg/m') could be expected to develop a 
clinically important (>20%) loss of FEV, attributable to dust 
(17). Amung smoldng miners, the estimate attributable to dust 
was 6.6% (95% CI 4.9-8.4%) (17). The combined effect of 
dust and smoking can potentially account for a large number 
of cases of COPD attributable to dust through the cumbined 
effect (140). Coal mining dust contains predominantly coal 
dust, a fossil organic material; it can, however, also contain 
high degree of silica from adjacent rocks. The concomitant 
presence of silica can complicate the analysis and interpreta­
lion of exposure-response relationships for coal dust and 
obstructive lung deficits. 

Asbestos 
Historically, occupational exposure to asb~stos dust occurred 
most heavily in mining and quarrying, asbestos products man­
ufacturing, and workplaces where asbestos was used for il5 heat 
insulation properties (e.g., shipyards). In the presence uf asbes­
tosis, lung function impairment associated with asbestos dust 
exposure is primarily a restrictive ventilator deficit (141,142). 
Nonetheless, multiple epidemiological studies have shown that 
exposure to asbestos can be associated with obstructive as wen 
as restrictive lung function impairment (143~150). This sug­
gests that asbestosis-related functional changes can be coexis­
tent with dust-related airwa}' disease. In a longitudinal study, 
workers with heavy asbestos exposure had a steeper decline in 
both FEV, and FVC in comparison to workers exposed to 
cemmt and polyvinyl chloride; this steeper decline was found 
in nonsmokers and smukers {l49}. Other occupational groups 
potentially expo;ed to asbestos and investigated for asbcstos­
related lung fUllction impairment that could include obstruc­
tive deficits were electricians (lsI), boilermakers (152), and 
plumbers and pipefitters (153) from the construction industry 
in Edmonton, Canada. 

Portland Cement and Other Inorganic Dusts and Fume 
A variety of dusts that are kss fibrogenic than coal, silica, and 
asbestos nonetheless have been found to b~ associated with air­
flow limitation. Some studies reported significantly lower FEV

1 
% 

values in workers exposed to cement in comparison to unex­
posed workers, suggesting that exposure to occupational factors 
jn cement plants may lead to obstructive impairment (I54-157). 
One of these studies also reported very high respirable dust 
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exposure >40 mgfm'. Huwever, 1Il two olher studies, no rela­
tionship between exposure to Portland cement dust and airflow 
limitation was found (158,159). These results suggest that expo­
sure levels may play an important role in disease causation with 
Portbnd cement e.xposure. It should also be noted that Portland 
cement manufacture is also associated with irritant gas (sulfur 
dioxide) exposure; thus, cement exposure may be as relevant to 
the epidemiology of irritant gas as inorganic dust exposure. 
finally, it is also important not to confuse cement with concrete 
dust e},:posure, the latter being a source of silica as well; the clini­
cal relevance of conerete dust is highlighted by the clinical case 
scenario presented at the outset, specific to AIAT deficieJ)CY, but 
also generalizable. 

Airborne exposures associated with welding fume include 
inorganic materials such as volatilized metal and submicron 
particles from buth the welding rod and the base llletal being 
welded; fume from burning metal coatings, shielding gases, 
fluxes; and, often, dust or other airborne inorganic contami­
nants present in the surrounding workplace (historically, for 
example, asbesto~ from "welding blankets"). Tbe nature and 
extent of exposures experienced by wdder& have been reviewed 
by mallY authors and have been shown to vary Widely and are 
often ill excess of regulated occupational expusure limits or 
guidelines (160-165). Most welding materials are alloy mix­
tures of metals characterized by different steds that may con­
tain iron, manganese, chromium, and nickel. Animal studies 
ha\'e indicated that the presence and combinati(m of different 
metal constituents is an important determinant in the poten­
tial plleumotoxic responses associated with welding fumes 
(164,165). 

Gas inhalation can also be important in welding, especially 
exposure to oxides of nitrogen-thi~ gas is addressed in a later 
section of this chapter in relation to bronchiolitis obliterans 
(OB). Some welders experience acute airflow obstruction dem­
onstrated by changes in airflow rates over a work shift (166,167) 
or changes in nonspecific bronchial responsiveness in response 
to welding exposures (168). 

Laboratory studies have provided evidence that welding 
exposure is linked to oxidative stress, thus providing mechanis­
tic support for the hypothesis of inflammatory-mediated air­
way obstruction (169-171). Epidemiological studies have 
shown that welders experience increased COUgll and phlegm 
in ~s50ciation with measures of increased cumulative expusure 
tu welding (172,173); however, one study found that bronchitis 
symptoms were reversible and not associnted with lung func­
tiun decline over a subsequent 3-year period (166). The possi­
bility that the inflnmmatory response to welding fume 
components may be lessened by the development of "tolerance" 
has been suggested (174). 

Evidence of chronic airflow obstruction in relation to mea­
sutes of welding exposure hns been seen in most but not all 
studies designed to investigate this outcome. Severa! investiga­
tions of shipyard welders and burners found dose-related 
increased chronic bronchitis symptums and airflow obstruc­
tion, especially among welders who were current or former 
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smokers (175-177); one study also reported functional changes 
in small airways among nonsmoking welders (178), and in a 
longitudinal investigation of the same population of shipyard 
welders and burners in which welding-related functional 
abnormalities had been limitNl to smokers in cros~-seclional 
analysis, Chinn and colleagues found airflow obstruction in 
both smokers and nonsmokers that was linked to the nonuse of 
local exhaust ventilation while welding. Functional changes 
appeared to be reversible only among those welders consis­
tently using locnl exhaust ventilntiOll (177). An earlier study of 
welders in the engineering industry found that welders were 
more likely to be absent from work due to upper respiratory 
tract infection and that welders who smoked had some evi­
dence of small airway obstruction (reduced mid-maximal flow 
rates) compared to non-welders, but no dilTerences were seen 
comparing nonsmoking welders and non-welders (179). Also 
relevant, a large cohort study observed a small but statistically 
significant welding-associated decline among nonsmokers but 
not current or ex-smokers (J 80). 

In ~ddition to welding fume, which includes a complex mix 
of metals as noted, certain individual metals have specific 
links to COPD. Vanadium is a mclalthat is a natural contam­
inant of fossil fuels and is also mined and milled for use in 
steel-making and other industrial applications. Vanadium 
appears to be a strong trigger for mucin production experi­
mentally (18 J). It is associated epidemiologically with bron" 
chitis both in vanadium plant workers aud in boilermakers 
(182,183). Moreover, the vanadium content in oil field fires 
has been suspected as a contributory factor ill the ndverse air­
way effects of the acrid ~moke produced in such s(cnarios. 
Cadmium exposure is causally asso(iatcd with emphysema in 
animal exposure models (184) and is epidemiologically asso­
ciated with lung function decrements consistent with emphy­
sema in occupational exposure (9). A link between the 
cadmium content in cigarettes and smoking-related emphy­
sema has been suggested (J 85, 186). 

BRONCHIOLITIS AND RELATED CONDITIONS 

Pathological and Physiological Con~iderations 
Bronchiolitis is an umbrella term for inflall1lllatioll of the ter­
minal airways and can subsume a spectrum of diseases. Of 
these, bronchiolitis obliterans (BO) is pnrticularly relevant to 
occupationally related obstructive lung disease. BO involves 
inflammation and eventual scarring of the terminal and respi­
ratory bronchioles. In the conte:'lt of BO following exposure to 
toxicants, respiratory epithelial damage and sloughing are 
believed to be the key initial pathological event~, whether the 
associated exposure is acute or indolent. When this evolves into 
fibrosis, the airways involved are obliterated, resuiting in irre­
versible, fixed airflow obstru(tioll that is the hallmark of BO 
and is poorly responsive to treatment. This is sometimes 
referred to as a "wnstri([ivc" BO (187). An early postacute, pre­
dominantly inflammatory cellular manifestation of bronchiol­
itis has been characteri:r.ed as being "proliferative'· and noted to 
be responsive to corticosteroid or other immune-modulatory 

(q 2013 by Taylor & Francis Gwup, LLC 

interventions (188). Intermediate or transitional clinical syn­
dromes may o«ur with both proliferative and (onstrictive 
manifestations. 

In addition to BO in which disease of the small airways is the 
dominant pathophysiological manifestation of disease, there 
arc a number of other conditions in wbich bronchiolitis i& but 
one part a ll1ulticomponent process, in particular entities with 
prominent alveolitis or fibrosis. BO organizing pneumonia 
(BOOP), ruso referred to as cryptogenic organizing pneumonia 
(COP), is particul;lrly relevant to combined airway and alveobr 
involvement associnted \vith toxicant exposure. This entity 
includes a proliferative cellular bronchiolitis that extends into 
and prominently involves the alveoli. Of note, a COP-like pat­
tern semndary to a toxicant expo~ure typically manifests a 
restrictive, rather than obstructive ventilatory deficit (the clear­
est example being the "Ardystillung" syndrome) (189). The ter­
minology as used is complicated and can be confusing, because 
the pathological descriptor of a "COP-like" pattern has also 
been applied even when the presence of proliferative inflamma­
tion is limited to the bronchioles and docs not have a promi­
nent component of orgnnizing pneumonia. 

This review of no includes the subset of responses following 
acute or chronic exposures to toxicants III which a bronchiolar 
component is dominant. Restrictive disease in the c011lext of an 
organizing pneumonia pattern characteristic of COP will not 
be addressed further. \Ve will, however, address another form of 
bronchiolitis that is associated with a restrictive ventilatory 
defi(it (and rarely includes alveolar damage) characterized by 
lymphocytic bronchiolitis, peribronchiolitis, and lymphoid 
hyperplasia (190). Pathologically distinct from no or COP, 
lymphocytic bronchiolitis hns emerged as another important 
oc(upationally related condition. 

BO Following Acute Injury 
From its very first clinic-pathological descriptions, no was 
associated with irritant gas inbalation scenarios best character­
ized by nitrogen dioxide exposure (191). Acute, high-level 
nitrogen dioxide exposure (which can cause fatal lung injury) 
leading to BO has also long been associated with eJo.-plosives 
manufacturing or detonation (192,193). Beginning in the mid-
19505, BO as a sequela of nitrogen dioxide exposure in agricul­
ture began to be appreciated; this scenario of nitrogen dioxide 
overexposure is often referred to as silo filler's disease, because 
it typically ocwrs early in the process of loading airtight silos 
with high nitrogen content fresh silage (acute fatal nitrogen 
dioxide inhalation in farming was reported even earlier, but 
without BO, which is a relatively uncommon aftereffect even 
among serious exposure events) (194-197). Nitrogen dioxide 
exposure leading to BO continues to be reported sporadicnlly, 
including scenarios in which nitric acid interacts with metals 
or organic material to produce oxides of nitrogen de IWVO 

(198,199). Chronic airflow obstruction without documented 
BO has abo been associated with nitrogen dioxide from explo­
sives usc, but the relationship between su(h occupationally 
related COPD and no pathology is not clear (10). 
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Although nitrogen dioxide exposure has been a dominant 
exposure linked to acute high-level irritant inhalation and BO, 
there are convincing reports linking other toxicants to this 
pathophysiological re~pome. The~e include cnse report~ of 
exposuTC to sulfur dioxide (200), thionyl chloride (which 
breaks down to sulfur dioxide and hydrochloric acid) (201), 
bromine (202), ammonia (one case was included in a lung trans­
plant case series) (203), and thermal breakdown by-products, 
including particulate fly ash (204-208). The latter heteroge­
neous exposure grouping underscores that gases, aerosols, and 
particulate exposures Illay each be capable of inciting a BO 
response. Thi& is also consistent with a reported association 
between acute exposure to the heavy irritant dust environment 
of the World Trade Center di~aster and the later development of 
BO (209). It should also be remembered that another obstruc­
tive airway sequela of heavy irritant exposure, in particular 
frolll therm~l breakdown or combustion byproducts, is bron­
chiectasis. Such bronchiectasis can be combined with bronchi­
olitis or be an independent outcome (206,210,21 J). C]\vo other 
exposure scenarios afe also notable for their association with 
BO. The military usc of sulfur mustard (commonly referred to 
as a war "gns,"but actually an aerosol irritant) in the Iran-Iraq 
war resulted in a spectrulll of respiratory tract abnormalities, 
including BO pathology (212,213). On the basis of epithelial 
sloughing and animal models, some chronic respiratory out­
comes among survivors of the methyl isocyanate gassing inci­
dent in Bhopal, India, likely represent BO, even though 
confirmatory biopsy data have not been reported (214,215). 

Bronchiolitis Without Acute Injury 
Since 1996, three causes of occupationn] bronchiolitis emerged 
that had gone undetected for decades. These wefe butter f1avor­
ing~associated no, lymphocytic bronchiolitis and peribronchi­
olitis in nylon flock workers, and h.1llg disease in US mtlitary 
personnel e.l(posed to sulfm mine fires in lraq and burning of 
solid ami human wastes in Iraq and Iran. \Vith all of these new 
causes of disease, no accidental overexposures or acute injury 
occurred, ollset was usually insidiou&, and no evident change 
in exposure was recognized (216). Even more important in 
obscuring potential occupational causes was the absence of 
work-related symptoms by either worsening of symptoms Oil 

workdays or over a workweek or improvement following pro­
longed absence from work. The only way these new occupa­
tional associations could be suspected was the recognition of 
disease clustering in a workrorce. When occupational re&pira­
tory disease risk is not suspected, workplace surveillance is not 
undertaken, and the likelihood of a physician associating spo­
radic indolent cases over years with a partiCldar workplace is 
low, even if the disease is rare. \Vith recognition of disease clus­
ters from a particular workplace, the physician must take the 
~tep of mobilizing public health authorities to investigate expo­
sure-response relations in a worker population to substantiate 
that a workplace risk exists. The likelihood of a physician trig­
gering a multidisciplinary investigation from a government 
entity with authority to investigate a workplace is itself low. An 
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environmental cause of indolent OB related to ingestion of 
S(l!Irapm (llldrogYIlIiS for weight control pre~ented a similar 
chalIeng~ for linking exposure and effect (217). 

Flavoring-Related BO 
BO in microwave popcorn workers was recognized following 
the report of an eight-person cluster of former workers at a 
small microwave popcorn manufacturing plant in 2000 (216). 
The cases had occurred indolently with onset over several years, 
and had 1)0 close temporal pattern of symptoms in relation to 
work or exposure cessation. A cross-sectional evaluation of the 
current workforce documented that 25% of workers had 
abnormal spirometry, with a 3.3-foJd excess of obstrllctive and 
mixed obstructive and restrictive abnormalities. Cumulative 
exposure to the butter flavoring ingredient, diacetyl, was associ­
ated with decrements in FEV,. Laboratory animal work con­
firilled the plausibility of diacet}"l being a causative agent (218). 
Subsequently, industry-wide hazards of clinical EO were recog­
nized in both microwave popcorn production and flavoring 
manufacture (219,220). The early epidemiological work 
focused on fixed obstruction and mixed obstruction and 
restriction, but some flavoring-exposed workforces have pre­
dominantly pllre restrictive abnormalities (221). VVhether 
other flavoring chemicals account for restrictive lung disease or 
whether diacetyl causes a spectrum of lung disease and spiro­
metric physiologies from ob5truction to restriction is not 
known. Ruts exposed to 2,3-pentanl.Jionc (a common alpha­
diketone diacetyl substitute) (kvclop both intramural fibrosis 
(constrictive bronchiolitis) and intraluminal polypoid prolif­
eration (222). Thus, ,lI\ experimental basis exists for a spectrum 
of physiologies associated with flavorings ell."}Josllre, as seen in 
microwa\'e popcorn workers, flavoring workers, and case 
reports of workers with BO. 

Synthetic Flock-Related Lymphocytic Bronchiolitis 
The possibility of an occupational etiology for interstitial lung 
disease in two young workers making velvet-like upholstery 
from nylon fibers was recognized by an occupational medicine 
physician in Rhode Island who saw the cases at a IS-month 
interval (223). The cross-sectional study of the workforce iden­
tified eight caseS of histologic abnormalities consistent with 
interstitial lung disease or having bronchoalveolar lavage 
inflammation. He suggested that the company contact NIOSH 
for a health ha7.ard evaluation that later documented work­
related risks of respiratory and systemic symptoms associated 
with working on a flocking range, with departmental category, 
and with days and hours worked per week (224).A study in five 
additional fioel plants documented that, controlling for smok­
ing, respirator}, symptoms and repeated flu-like illnesses were 
aS50ciated with cleaning with compressed air and respirable 
dust exposure (225). A pathologist research panel reviewed 
biopsy malerial from 15 cases from five nylon flock plants in 
three US states and a Canadian province and documented a 
unique pathology of lymphocytic bronchiolitis and peribron­
chiolitis with lymphoid hyperplasia represented by lymphoid 
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aggregate, (226). The clinical present<ltion V"as of restrictive 
interstitial disease, and at least partial resolution over months 
away from work occurred in some cases. This ne\,' occupational 
disease was indolent in presentation over months to years of 
exposure and sometimes slowly reversible after exposure cessa­
tion. VVorkplace air contained respirable nylon partides that 
were much smaller than the flock used in making the product 
and came from the shearing off of nylon fragments during 
cutting of long nylon filaillents into flock. Animal toxicology 
documented the pro-inflammatory nature of the r~,pirablc 

particulate from the plant, as well as lab-created nylon dust not 
treated with finish or dyes used in the flock plant (227). The 
presumption that the bronchiolitis was nylon-specific was not 
borne out by subsequent reports of subclinical abnormalities 
or cases in Turkey due to polypropylene dust (228), in Spain 
due to polyethylene dust (229), and in the USA in workers 
applying rayon nock 10 greeting cards (230). 

Constrictive Bronchiolitis in US Veterans 
of the Iraq and Afghanistan Wars 
Evaluation of US soldiers with documented decrease in exercise 
tolerance after service in Iraq or Afghanistan yielded 38 cases 
with pathological constrictive bronchiolitis on thoracoscopic 
lung biopsy, 28 of whom had been exposed to ambient sulfur 
dioxide frolll a sulfur mine fire ncar their barracks (231). None 
of the 38 hJd reported symptomatic overexposure or had acute 
onset of symptoms; 13 had normal spirometry, lung volumes, 
and carbon monoxide diffusing capacity; and 19 had an iso­
lated low carbon monoxide difJi.lsing capacity. Three had 
restriction, two had obstruction, and one had mixed obstruc­
lion and restriction. Sixty-eight percent had normal HRCT. 
The finding of pathological abnormalities that explained their 
exercise intolerance sllgge,ts that constrictive bronchiolitis is 
likely missed in many persons, given the insensitivity of HRCT 
and spirometry. These findings call into questionllluch of whllt 
we know about inhalation-induced BO, which in the historical 
overexposure setting was likely diagnosed only in disabling 
cases. The insemitivity of spirometry and chest HRCT in 
biopsy-documented constrictive bronchiolitis has also been 
confirmed in long-term follow-up of Iranian victims of mus­
Illrd gas who were exposed on II single occasion (232). Previous 
reports of absence of long-term sequelae of acute toxic inhala­
tion mll)' have dismissed SYlllptoms of dyspnea when radiology 
llnd pulmonary function studies were normal (233). In work­
forces with indolent 30, pathological abnormalities may exist 
in the many symptomatic persons whose pulmonary (llllCtion 
te,ts are normal (216,22<1). 

FUTURE RESEARCH NEEDS 

Many aspects of the relationship between COPD and occupa­
tional exposures await further investigation. For example, the 
relationship between occupational factors and COPD disease 
severity remains to be explored more fully. Further, the role of 
occupational factors ill emphrsema (us opposed to airflow 
obstruction) is also not well delineated. The detrimental impact 
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of dusty work in AIAT deficiency, llS highlighted in the case 
scenario presented at the outset, underscores the biological 
plausibility of this association, which has been further sup­
ported by miner autopsy studies. 3eyond coal dust, silica, and 
asbestos, exposure·specific epidemiological studies in other 
cohorts, linked to experimental models, arc needed to further 
clarify the pathophysiology of occupationally related COPD 
and chronic bronchitis. This is also certainly true for organic 
dusts, as addressed elsewhere in this text. Tn terms of bronchi­
olitis, the research agenda is rapidly evolving. For example, a 
possible new cause of BO ripe for investigation is the fiberglass 
boat-building industry. Occupational physicians and pulmon­
ologists have assembled five cases in four boat yards, which 
occurred in Britain over a 20-ye'lr period (234), and this report 
stimulated recognition of a Cllse in fiberglass water tower man· 
ufacture in Taiwan (23S). Clearly, much remaim to be investi­
gated regarding prevention. For secondary prevention, this 
includes whether interventions can be based on excessive rEV, 
declines (yet within the normal range) ill workforces with 
indolent bronchiolitis; for tertiary prevention, the applicability 
of approaches borrowed from transplallt-assodated BO to 
work-related disease remains to be llssessed. For the entire 
range of occtlpationally related obstructive lung disease, fur­
ther elucidation of the mechanisms of injury arising from 
diverse agents that can lead to sllch i\ heterogeneous group of 
responses remains a research priority. 

SUMMARY 
Occupational exposures arc relevant to obstructive airway dis­
eases across a wide spectrum of diagnostic entities. For COPD 
and chronic bronchitis, the consistency of findings from mul­
tiple studies worldwide, using a variety of analytic approaches 
in heterogeneous populations and over a wide range of work­
ing conditions, strongly supports a causal association between 
occupational exposures and disease. Thus, it is reasonable to 
assume that 15% of COPD (3 in 20 cases) is attributable to 
work factors. Furthermore, as cigarette smoking declines, non­
smoking causes of COPD, including salaried and uJJsalaried 
working conditions (which can include biomass fuel cooking), 
will become even more prominent, an emerging importance 
underscored by an ATS Statement on this topic (236). 

For selected mineral dusts and fumes, multiple epidemio­
logklll studies have shown an association between occupational 
exposure lung fUllction impairment in both never-smokers and 
smokers, the latter after adjustment for smoking. There are 
likely to be vllrious mechanisms by which such exposure, can 
cause lung function impairment or chronic bronchitis. What­
ever the llndcrlying pathway, multiple epidemiological studies 
of large coal and hard rock mining cohorts have clearly estab­
lished that both coal and silica dust are associated with obstruc­
tive impairment due to the effect of dust itself, independent of 
the presellce of pneumoconiosis radiographically or a restric­
tive deficit physiologically_ Data for otber occupational faclors 
are more limited due to sman~r cohorts and more heteroge­
neous exposures. 
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Beyond COP!), diseases specific to the terminal airways are 
associated with many toxic occupational C}-l)osures. In settings 
of toxic inhalation, obstructive, restrictive, and mixed obstruc­
tive and restrictive spirometry have all beell described. Charac­
terization of these processes can be limited because of 
underrecognilion of disease, lack of pathological confirmation, 
or even, when aggre~sivdy studied, the potential imensitil'ityof 
lung biopsy sampling in the presence of patchy terminal bron­
chiolar invoh'ement in a disease process. While the causal asso­
ciation between BO and acute lung injury following a high-level 
exposure scenario is usually straightfonvard, thc emerging rec­
ognition of indolent bronchiolitis cven without an acute over­
exposure raises the specter that the occupational contribution 
to the burden of such disease may be IInderappreciated. 

Clinicians should be alert to the possibility that COPD, 
chronic bronchitis, or bronchiolitis Jllay be related to past or 
current occupational exposures. A history of smoking, in and 
of itself, docs not preclude a link between work and obstructive 
lung disease. For fibrogenic dusts, the presence of interstitial 
disease rndiographically or a restrictive ventilatory deficit by 
lung function testing docs not exclude the presence of concom­
itant dust-related obstruction. Similarly, mi:"ed obstructive and 
restrictive deficits may be seen with other scenarios as well, in 
particular in association with cxpo~ures suspected of cansing 
bronchiolitis pOlentially within a spectrum of pathological 
responses. When a clinical suspicion arises that a patient may 
have disease that is related to a novd exposure or may be part of 
a larger disense outbreak of occupationally related obstructive 
disease from an established risk factor, reporting to public 
health authorities may facilitate the recognition of a case cluster 
in a workplace and the prevention of further disease in cov'.'Ork­
ers. In the USA, clinicians may contact the Division of Respira­
tory Disease Studies of the Nntionallnstitute for Occupational 
Safety and Health (NIOSH) at 800-232-2114. 
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