
  

  

  

  

  

  

  

1990 
Addendum, 1993 

Prepared by: 

Dr. D. Linn Holness 

Respirologist 

With supplemental information provided by: 

Dr. David C.F. Muir, Director 
Occupational Health Program, McMaster University 

This medical discussion paper will be useful to those seeking general 
information. It is intended to provide a broad and general overview of a topic 
and is written to be understood by lay individuals. Discussion papers are not 
peer reviewed and do not necessarily represent the views of the Tribunal. A 
vice-chair or panel may consider and rely on the medical information provided 
in the discussion paper, but the Tribunal is not bound by the discussion paper 
in any particular case. It is always open to parties to an appeal to rely on or 
distinguish a medical discussion paper, or to challenge it with alternative 
evidence. 



 
 

  

  

Chronic Obstructive Lung Disease (COPD) 

CHRONIC OBSTRUCTIVE LUNG DISEASE 

The question of whether occupational exposure to dusts in a general sense, 
or specific types of dust can cause chronic obstructive pulmonary disease is 
controversial and has produced much debate within the medical community. 
Ideally, we would like detailed exposure information including the specific 
mineralogic data, the size of the dust particles and the level of exposure. On 
the health outcome side of the equation detailed lung function results and 
pathological information would be useful. Unfortunately, at this time the 
medical literature does not provide studies which address all of these issues 
and provide clear-cut answers. Rather information on which to consider the 
question comes from a variety of different types of studies of communities or 
working populations with have examined broad categories of work 
exposures and respiratory symptoms and/or lung function. There are also a 
number of studies examining exposure to specific types of dust and 
respiratory outcomes such as chronic obstructive lung disease. These 
include silica (gold mining), coal dust and asbestos or a mixture of various 
dusts. The studies have used a variety of outcome measures, usually 
symptom reporting and lung function results but some have also examined 
pathological material. 

Following are brief summaries of some of the studies which have suggested 
an association. Also included in the bibliography are three editorials which 
have appeared over the past 4 years (Soutar, 1989, Lancet, 1990 and 
Seaton, 1991). All have a similar message, and while recognizing that our 
current picture isn't complete, all state that there is enough current evidence 
to suggest a relationship between such exposures and chronic obstructive 
lung disease. 

Silica and Chronic Obstructive Lung Disease 

There are several studies which examine silica exposed workers. These 
studies have the advantage that the exposure information is often based on 
actual measurements and detailed job histories and tends to be better than 
available in community studies. On the other hand, because these studies 
tend to be cross-sectional in nature, various selection biases may pose a 
greater problem than in community studies. Following is a brief description of 
the results of some these studies. 
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Wiles and Faure examined 2209 South African gold miners between the 
ages of 45 and 54 who had worked underground for at least 10 years. Dust 
exposure was quantified as the dust counts (respirable surface area) for the 
various job titles multiplied by the length of time in each job. They found that 
symptoms of chronic bronichitis increased as dust exposures increased. The 
effect was smaller than that associated with smoking. Lung function values 
decreased as dust exposure increased, this effect was reported to be similar 
in magnitude to that of smoking. There was no difference in chronic 
bronchitic symptoms and lung function between heavy and light (<15 cig per 
day for 25 years) smokers. There was a tendency for the values to level off 
in the very high exposure categories. A number of possible explanations 
were suggested, one being that those who were susceptible to the effects of 
dust exposure had developed the effects at a certain point whereas those 
who weren't susceptible continued to have exposure and ended up in the 
higher exposure groups without any adverse effects. They noted that those 
who had left employment had a somewhat higher rate of chronic bronchitis 
and lower lung function, suggesting that there was no improvement with 
removal from exposure. 

Irwig and Rocks carried out a cross-sectional study of 1973 South African 
gold miners between 45 and 54 years of age. They compared the 134 
workers with findings of silicosis (p/q/r greater than 1/0) with the 1839 who 
did not have findings of silicosis. Exposure was measured as the respirable 
dust level for each job (respirable surface area) multiplied by the length of 
time in each job. There was no difference in the reporting of chronic 
bronchitic symptoms between those with and without silicosis. There was a 
slight decrease in the FEV1 and flow rates in those with silicosis compared 
to those without but no difference in FVC. They found that there was no 
difference in smoking between the two groups but those with silicosis had 
higher dust exposures. When they selected 116 pairs matched for age, 
smoking and exposure they were no differences in lung function between the 
silicotics and non-silicotics. When they used the entire data set and 
performed analysis of co-variance (age, height, dust level) the only 
differenece between those with and without silicosis was a decrease in flow 
rates. They concluded that the difference was due to higher dust exposure in 
the silicotic group, there were a 0.4L and 0.6L/s difference in FEV1 and 
FEV25-75 respectively between those with high and low dust exposures. 

Cowie and Mabena studied 1197 South African gold miners who had a 
mean time underground of 25 years, 857 with silicosis and 340 without. 
Exposure categories were defined on a dust level and amount of physical 
work. They found that the duration of exposure underground was associated 
with decreases in FEV1 and flows and the size of the effect was similar to 
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that from smoking. Lung function results varied with degree of silicosis 
(profusion), dust exposure (years) and smoking (pack-years). They 
suggested that all miners were at risk of developing chronic airflow limitation 
whereas only a minority developed silicosis. Kreiss et al carried out a 
community-based prevalence study in a "one-industry town" (molybdenum 
mine (20-35% silica)) in Colorado where individuals were categorized as to 
whether or not they were miners. Cumulative dust exposure was calculated 
by using the historical respirable dust measurements for each job title 
multiplied by the length of time in each job. Increasing cumulative dust 
exposure was associated with decreasing flow rates when controlled for age, 
height and smoking. They found that for non-smokers, as the dust exposure 
increased the lung volumes decreased and the flow rates and diffusing 
capacity decreased consistent with obstructive disease. The mine had been 
closed for at least five months and therefore the effects observed were not 
thought to be acute in nature. 

Manfreda et al examined several groups of workers including 95 
underground hard rock miners and compared them to 382 controls in a 
cross-sectional study. For the miners, duration of employment was inversely 
related the lung function values suggestive of obstructive changes. They 
conducted a follow-up study 4 years later. They found that FEV1 and 
FEV1/FVC decreased significantly more in smokers compared to non-
smokers and FEV1/FVC decreased significantly more in mining industry 
workers (underground and smelter) than in controls. 

Three studies have examined pathological material. Becklake et al carried 
out a case-control study of autopsy specimens from 44 gold miners with 
emphysema and 42 without emphysema between the ages of 51 and 71. 
Exposure was based on classifying exposures as high, moderate or low. The 
presence and grade of silicosis and bronchitis were similar between the two 
groups. The predictors of emphysema were years worked in high dust 
exposure (Odds Ration 13, p=0.0004), age (Odds Ration 27, p=0.01) and 
number of cigarettes smoked per day (Odds Ratio 30, p=0.00001). These 
effects were independent. 

Hnizdo et al studied types of emphysema in miners. They found that miners 
with a 20 year history of high dust exposure had 3.5 risk of having a 
significant degree of emphysema at autopsy than a miner not in a dusty 
occupation. They suggested that smoking may potentiate the effect of silica 
on emphysema and that in the absence of smoking emphysema in miners 
was unusual. 



 
 

  

  

Chronic Obstructive Lung Disease (COPD) 

Churg et al examined pathological material from 53 workers who had been 
hard rock miners, or who had worked in the asbestos, construction or 
shipbuilding industry and compared them to 121 workers without dust 
exposure. They found changes which they characterized as mineral dust 
airways disease in 13 of the 53 exposed workers compared to only 1 of the 
121 controls. These changes were associated with obstructive pulmonary 
function results. The authors concluded that abnormal small airways are 
present in some workers exposed to mineral dusts and these changes are 
associated with abnormalities of lung function greater than that induced by 
cigarette smoking alone. They also noted that the presence of the changes 
in only a proportion of workers could explain why other studies find 
conflicting results regarding obstructive lung disease and dust exposure. 

Wright et al carried out an experimental study exposing rats to iron or silica 
(high and low) or no dust. There were no pathological differences between 
those with no dust or iron dust exposure. The rats exposed to silica dust had 
airflow limitation which was greater in the high exposure group. The airflow 
limitation correlated with morphometric findings of emphysema and 
thickening of airway walls. These effects were increased in the high 
exposure group. 

In summary, these studies examining the effect of silica dust exposure on 
lung function have suggested that chronic obstructive lung disease and 
emphysema can develop in silica exposed workers, particularly in smokers. 
The question of individual susceptibility has been raised, namely that a small 
group of exposed workers appear to be particularly susceptible to this effect. 
When large population based studies are carried out, the group of 
susceptibles with a significant effect are diluted by those who do not develop 
problems, and therefore an overall adverse effect may not be detected. The 
relationship appears to have dose-response characteristics and those with 
higher exposures appear to be at greater risk. Because of the differences in 
dust sampling technique it is difficult to directly compare the results or 
provide a definite answer regarding the magnitude of effect at any specific 
level of exposure. 

Community or Population Based Studies 

There are several studies examining the health of communities which also 
examine the possible association between workplace dust exposure and 
lung disease. 
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There are a number of community based studies which had been carried out 
over 20 years ago. They are summarized in an article by Higgins who 
reviewed the results of studies carried out over a 20-year period ending in 
the late 1960's. He noted that the results of the studies were fairly consistent 
and demonstrated a higher prevalence of bronchitis and a lower mean 
ventilatory capacity among workers exposed to dust. He noted that the 
differences could not be explained solely on the basis of difference in 
smoking habit and that there were variable results regarding exposure effect 
relationships. 

Bakke et al studied a random sample of Norwegians to examine the 
relationship between occupational airborne exposures and respiratory 
symptoms and asthma. They found that a history of occupational exposure 
to quartz dust was associated with a number of respiratory symptoms with 
adjusted relative odds ratios between 1.7 and 3.3 for the various respiratory 
symptoms. 

Leibowitz reported on the results of general community study. Over 50% of 
the working males had had some exposure to potentially harmful 
substances. He noted that individuals who had had high exposure to silica 
had a higher rate of symptomology and lung function impairment than those 
who did not. 

Krzyzanowski et al conducted a 13-year follow-up study of residents of 
Krakow. The relationship between rate of decline of FEV1 and occupational 
exposure was assessed. They found that dust did have some effect on lung 
function decline, particularly in certain occupational sub-groups. They 
estimated these effects to be similar in magnitude to those of tobacco 
smoking, and that the effects of smoking and occupational exposures were 
additive in effect. 

Jedrychowski conducted a five-year follow-up study of workers in Krakow. 
They noted that levels of airborne dust exposure and fluorides were related 
to the prevalence of chronic bronchitis and decreases in FEV1 over the 
period of time. 

Pham et al examined a group of 196 steel workers over a five-year period. 
The control population consisted of workers in a clean environment. They 
noted that steel workers had a significant deterioration in all of their lung 
function values, whereas the unexposed workers had decreases only in the 
diffusing capacity and the RV/TLC ration. The changes over the five years 
were greater for the steel workers. 
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Kjuus et al carried out a case reference study to examine the association 
between emphysema and occupational exposure to industrial pollutants. 
They analyzed 36 workers with emphysema and 72 controls matched for 
age and smoking habits. The estimated risk ration for those exposed 
(greater than ten years in polluted workplaces) for developing emphysema 
vs those non-exposed (less than ten years exposure) was 3. They were not 
able to define any further dose response effect. 

Kauffmann et al conducted a follow-up study of over 500 men in Paris. They 
noted that FEV1 decline was related independently to occupational 
exposures in addition to smoking. They found that the slope of decline was 
greater in those with increased intensity of exposure to dust. Those who had 
changed jobs to a lesser exposure had a decrease in their decline. 

Korn et al reported the results of occupational exposures on the respiratory 
status of 8,515 adult residents of 6 cities in the United States. Occupational 
information was recorded and total years of exposure to dust, gases and 
fumes was calculated for each subject. 31% of the population reported 
occupational dust exposure. Those individuals with dust exposure had 
increased odds of having respiratory symptoms and the frequency of 
symptoms increased with increasing length of exposure to dust. COPD was 
defined as a FEV1/FVC less than 0.6. Individuals exposed to dust had an 
odds ratio of 1.68 for COPD compared to non-exposed individuals (1.87 for 
current exposure, 1.61 for past exposure only). There was no difference in 
risk attributed in length of exposure between the different smoking 
categories and no significant interaction in multiple logistic regression 
analysis. 

Coal Dust Exposure and Chronic Obstructive Lung 
Disease 

There have been a large number of studies carried out looking at the 
relationships between exposure to coal dust and respiratory status. Some of 
these are briefly described below. 

Marine et al studied over 3,000 British coal miners to assess the 
independent contribution of smoking and exposure to respirable dust to 
significant changes in lung function. Coal dust exposure was monitored over 
a ten-year period. They found that dust exposure could be related to an 
increase in prevalence of the various respiratory abnormalities they defined. 
There was no evidence that smoking potentiated the effect. They found that 
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with intermediate and high dust exposure levels, respiratory dysfunction in 
non-smokers was similar to that in smokers with no dust exposure. The 
concluded that both smoking and dust exposure can cause clinically 
important respiratory dysfunction. 

Soutar and Hurley examined a group of men in the British coal-working 
industry who had been followed for over 22 years. They found that exposure 
to respirable dust could cause severe respiratory impairment in some of the 
workers. They found that in non-smokers the pattern tended to be one which 
suggested a restrictive defect, whereas in the smokers a more classic 
obstructive pattern was observed. Hurley and Soutar selected a subgroup of 
199 miners who had left the industry and who they thought would be at 
greater risk. They found that this subgroup had a much larger decrease in 
lung function, demonstrating that some miners could have significant 
impairment. 

Rogan et al studied a group of British coal miners over a long-term 
prospective study. They noticed a progressive reduction in FEV1, with 
increase in cumulative exposure to airborne dust. There was no difference 
between those with and without pneumoconiosis. 

Hankinson et al studie over 6,000 coal-miners in the United States. They 
found that age and cigarette smoking had significant effect on flows at all 
lung volumes. They noted that prolonged underground exposure did have an 
effect on flow rates at high lung volumes and that the effects were 
particularly noticeable in non-smokers. 

Cockcroft et al carried out a post-mortem study of emphysema in coal 
workers and non-coal workers. They found excessive emphysema in coal 
workers compared to non-coal workers, even after correction for age and 
smoking. There was also an association between smoking and emphysema. 
When only smokers were considered, there was still an excess of 
emphysema in coal workers. Coal workers with PMF tended to have higher 
risk of emphysema, but even in those without the odds ratio was still over 5 
for coal workers compared to non-coal workers. There was further a greater 
number of workers who had high dust scores in the group with a greater 
degree of emphysema. 

Ruckley et al studied the lungs of 450 British coal workers. Cumulative 
respirable dust exposures were available for the majority of the workers. 
They demonstrated a significant relationship between the cumulative dust 
exposure and the presence of emphysema in workers with progressive 
massive fibrosis and a trend to such a relationship in workers with simple 
pneumoconiosis. 
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(1) What is COPD and how does it differ from chronic bronchitis?

C.O.P.D. (Chronic Obstructive Lung Disease) is a narrowing of the small 
airways of the lung which causes the patient to have difficulty in breathing. 
Chronic bronchitis, strictly speaking, refers to a chronic productive cough 
with sputum. It may or may not be combined with C.O.P.D. in the patient. 
The two names C.O.P.D. and Chronic Bronchitis are often used 
interchangeably to refer to narrowing of the small airways. 

(2) What is the natural history of C.O.P.D.?

The condition usually deteriorates when the cause continues (generally 
cigarette smoking). On stopping exposure it continues unchanged - the 
patient does not get worse but, unfortunately, does not get better. There is 
good evidence of this in the case of cigarette smokers. It may be that the 
same is true of industrial dust exposure although there is no documented 
evidence. 

(3) What is the underlying physiological mechanism of COPD? 

Constant irritation of the small airways leads to scarring (fibrosis) or even 
complete blocking of many small air passages. A separate mechanism is 
due to loss of elasticity of the lung in the condition of emphysema. 

(4) Is there an individual sensitivity of develop COPD? 

It appears that only certain individuals develop C.O.P.D. The reason for this 
is not known. In the case of emphysema there is a subgroup in the 
population who are at special risk. This tendency can be detected by a blood 
test (a antitrypsin). It is very uncommon and is not really relevant to the 
present discussion. 

(5) What is the cause of COPD?

The overwhelming cause is cigarette smoking. Dust exposure if heavy 
enough and for a prolonged period of time can have the same effect. Some 
unfortunate patients develop C.O.P.D. in the absence of dust exposure or of 
cigarette smoking. 
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(6) What is the general medical view on the relationship between COPD 
and dust exposure? 

This has been a bitterly disputed subject. Unfortunately both sides have 
exaggerated the situation. A McMaster paper summarizing our views has 
been published in the American Review of Respiratory Disease. * 

(7) Is there a dose/response relationship between COPD and cigarette 
smoking and dust exposure?

Yes. 

(8) Does the type of exposure to tobacco smoke matter: ie, cigarettes, 
pipe, cigars. 

Cigarettes are the main culprit. Pipe and cigars are thought to be less 
harmful. I have not done a formal literature search on this issue but will do 
so if it is relevant. 

(9) Does the composition and particle size of the dust exposure 
matter? 

The particles must be of a size which can be inhaled during breathing. For 
calculation of the effects of exposure it is essential that the appropriate 
particle sizes and concentrations are measured. The particles cannot be 
seen in the air because of their small size. Comments about the apparent 
dustiness of the air or dust on clothing are not usually relevant. The 
concentrations of silica (quartz) may be important. * 

(10) Is it known how irritants such as smoking and dust exposure 
cause COPD? 

No. 

(11) Does the type of COPD cause by dust exposure differ from that 
caused by cigarette smoking?

The two cannot be distinguished. 

(12) Is there any interaction between the effects of cigarette smoking 
and of dust exposure?

Probably not. This would require a very detailed perusal of the literature. I 
will do this if requested. 
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(13) Is it possible to apportion the degree of severity of COPD and 
exposure to dust or cigarette smoking?

Yes. What is required is an estimate of duration and concentration of dust 
exposure on the one hand and, if possible, the duration and intensity of 
smoking on the other. 

* Occupational Dust Exposure and chronic obstructive pulmonary disease, a 
systematic overview of the evidence. Andrew D Oxman, David CF Muir, 
Harry S Shannon, Susan R Stock, Eva Hnizdo, HG Lange; American Review 
of Respiratory Disease 1993 V 148:38-48. Paper available from the WCAT 
Library 


