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ABSTRACT 

Asbestos is a fibrous silicate which is ubiquitous in modern living 

because of its many usefu1 qua1ities. However, its inhalation may be asso-

ciated with undesirab1e, even 1ethal, bio1ogica1 effects. A study of 

the effect of exposure to asbestos on miners and mi11 workers was 

carried out in the chrysoti1e industry of Quebec; subjects were studied by 

questionnaire, radio1ogica1 and pulmonary function studies at rest and 

on exercise. The results of 1034 workers were re1ated with the dust 

and effort invo1ved in the jobs of the men. 

The ana1ysis of the results was based on a definition of pu1monary 

function profiles using five tests (residua1 volume, total 1ung capacity, 

maximal breathing capacity, timed vital capacity and maximal mid-expiratory 

f10w rates): 44.3% of the subjects were found to lie in normal 1imits, 14.9% 

showed a restrictive profile, 14.3% an obstructive one, and 26.5% a mixed 

undifferentiated profile. These findings contrast with the conclusions of 

other series in that the obstructive profile was much more prominent in the 

present series. 

The subjects in obstructive, normal and mixed undifferentiated profiles 

had as many and often more symptoms and specific radio1ogica1 changes compared 

to the restrictive group. 

When the subjects in these profile groups were compared in respect of 

dust, effort and smoking, it was found that the obstructive group had been 

exposed to more dust, effort and cigarette smoking than the restrictive one. 

The differences in the 1ung function profiles deve10ped by asbestos 

exposed workers can be exp1ained in theory at least by the dynamic concept of 

the respira tory system and the 1aws of deposition, retention and clearance 

of partic1es and fibers. 



. ~.) .. 

RESUME 

L'amiante est une fibre à base de silicates qui, à cause de ses 

multiples qualités, est indispensable dans le monde moderne. Cependant, 

l'inhalation de cette substance est associée à des effets biologiques indé-

sirab1es et souvent mortels. Une étude des effets de la chrysoti1e chez 

des travailleurs de l'industrie de l'amiante du Québec a été faite. Les 

travailleurs ont été soumis à un questionnaire et ont passé une radiographie 

ainsi que des tests de fonction respiratoire au repos et à l'exercice. Les 

résultats des tests de 1034 travailleurs ont été ensuite reliés en degré 

d'exposition à la poussière et à l'effort déployé durant leur travail. 

L'analyse des résultats s'est basée sur la définition de profils de 

fonction respiratoire utilisant cinq tests (volume résiduel, capacité totale, 

capacité respiratoire maximale, volume expiratoire maximal seconde et débit 

médian maximal): 44.3% des sujets se trouvaient dans des limites normales, 

14.9% avaient un profil restrictif, 14.3% un profil obstructif, et 26.5% 

un profil mixte non différencié. Ces résultats contrastent avec les conc1u-

sions des autres études publiées, en ce que le profil obstructif est plus 

fréquent. 

Les profils obstructif, normal et mixte non différencié avaient 

autant et souvent plus de sympt8mes et de changements radiologiques spéci-

fiques que le groupe restrictif. Lorsque l'association de ces profils a été 

faite avec la poussière, l'effort et la consommation quotidienne de cigarettes, 

cette association a été plus marquée pour le profil obstructif que le res-

trictif • 

Ces résultats peuvent être expliqués par le concept dynamique du système 

respiratoire et les lois de déposition, rétention et clearance des particules 

et des fibres. 
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1 - INTRODUCTION 

Asbestos is the name given to a group of fibrous minera1s composed 

of the silicates of magnesium and iron. Its unique combination of pro­

perties, such as resistance to heat and chemica1s and its non-conductivity 

of e1ectricity as we11 as modest cost, have resu1ted in this minera1 being 

increasing1y wide1y-used throughout the wor1d (Gilson, 1965). It is now 

a common materia1 of every day living and increasing quantities are being 

produced. The present production is more than four million tons a year, 

a remarkab1e increase compared to the three hundred tons of mineraI produced 

in 1879 (Brodeur, 1968). 

However, the inhalation of asbestos dust is associated with 

important undesirab1e bio10gica1 effects which inc1ude impairment of pu1-

monary function, asbestosis and cancer (Miner, 1965). As these effects are 

so 1itt1e amenab1e to therapy and can be incapacitating at an ear1y age, 

there have h~en many investigations such as the present one examining 

the nature of this association so that diagnosis, prophy1axis and treat­

ment may be more efficient. Asbestosis is, of course, one stage in 

the natura1 history of subjects exposed to asbestos dust and more complete 

data on the "pre or latent" asbestosis period is of great potentia1 and 

therapeutic importance. The present study a1so contributes to this area. 

Furthermore, the question has been raised as to whether the different 

types of asbestos have different bio10gical effects, and to what extent 

the process during which exposure occurs (i.e. mining, mi11ing or manu­

facturing) de termines the effects on man (Wright, 1969). 
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The asbestos industry of Quebec lends itself rather weIl to a 

study of the effects of exposure during the mining and milling of 

chrysotile asbestos. As shown in Figure 1-1, the industry is localized 

to that part of Quebec found to the east of Montreal known as the 

Eastern Townships, centered around the towns of Asbestos and Thetford­

Mines. 

The largest known asbestos deposits outside the Soviet Union are 

to be found in this area and are entirely chrysotile asbestos. Quebec 

accounts for approximately one-third of the world's chrysotile asbestos 

production which implies a reasonably large work force. 

In the narrow belt stretching north-eastward from Asbestos to East 

Broughton are ten mines, eight are of the open pit variety and two are 

underground operations (Figures 1-2, 1-3, 1-4). The ore is processed locally 

in millsand there are some manufacturing plants in the area. Thus, the re­

commendations of a Working Group on Asbestos and Cancer (UICC, 1965) to 

coordinate epidemiological studies of primary and secondary industry could 

be followed. 

Asbestos has been mined in Quebec for almost 100 years (since 1878) 

and the labor force has always been remarkably stable. Measurements of 

health such as questionnaire, physical examination and radiographs and 

measurements of dust exposure, such as dust concentrations and physical 

effort, are available on a large number of eÀ~osed workers over a long 

period of time. 
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FIG. 1-2 THE JOHNS-MANVILLE MINE, ASBESTOS 
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FIG. 1-3 THE KING BEAVER MINE. THETFORD MINE 

J 



FIG. 1-3 THE KING BEAVER MINE, THETFORD MINE 
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FIG. 1-4 
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THE MEGANTIC MINE IN FRONT AND THETFORD MINE IN THE RACK 

i. 
! 
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FIG. 1-4 THE MEGANTIC MINE IN FRONT AND THETFORD MINE IN THE BACK 
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In 1966, an epidemio10gica1 survey was begun by the Department 

of Epidemio10gy and Hea1th of McGi11 University to study the effects 

of asbestos exposure on the hea1th of these Quebec workers. Exp os ure 

was measured by dust counts and a detai1ed occupationa1 history, and 

several aspects of hea1th were examined in relation to dust exposure. 

Cohort studies examined the morta1ity rates attributab1e to respirato­

ry diseases, inc1uding 1ung cancer (McDona1d et al, 1971). A review 

of Il,000 chest radiographs on past and present workers described the 

re1ationship of changes in the chest radiograph to dust exposure. In 

a study of current workers, hea1th was assessed by a questionnaire, 

chest roentgenogram and tests of pu1monary function (Gibbs et al, 1971; 

1972; Beck1ake et al, 1970, 1972; McDona1d et al, 1972; Rossiter et al, 

1972). This thesis describes the resu1ts of the pu1monary function tests 

and examines their re1ationship with c1inica1 findings, dust exposure 

and smoking. 



2 - REVIEW OF THE LITERATURE 

1. GENERAL: historical review and definition of "asbestosis" 

2. PULMONARY FUNCTION IN ASBESTOS WORKERS 

a) Profiles: 

Restrictive 

Alveolar-capillary block 

Obstructive 
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Normal 

Associated diseases 

Incomplete data 

Group studies 

Specifie mechanics 

b) Profiles in Quebec asbestos workers 

c) Sununary 

3. RELATIONSHIP OF PULMONARY FUNCTION TO OTHER MEASUREMENTS OF 

HEALTH AND ASSOCIATED AGENTS 

a) Clinical findings and pulmonary function 

b) Radiological changes and pulmonary function 

c) Dust exposure and pulmonary function 

d) Cigarettes and pulmonary function 

e) Sununary 

4. CONCLUSIONS 
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1. GENERAL: 

Historical Review: 

The association between occupation and hea1th has been observed 

from very early times, for examp1e, an Egyptian papyrus describes the 

difficu1ties of those who must work (Sigerist, 1936) and the influence 

of certain occupations on hea1th was noted in the Greco-Roman wor1d. 

However, it was on1y in the 1ate Middle Ages that the re1ationship was 

systematical1y exp10red. Metal workers and miners were among the ear-

1iest occupationa1 groups to be studied because of economic and techno-

10gica1 developments. In 1472, Ulrich E11enbog, a physician of Augsburg, 

was responsible for the first publication to dea1 with the hazards facing 

an occupationa1 group (Rosen, 1964). The purpose of his eight page bro­

chure was to inform goldsmiths and others on how to avoid the poisonous 

effects of meta1s such as mercury and 1ead (Koe1sch and Zoepfl, 1927). 

The increased volume of trade during the fifteenth century demanded 

an expanding currency which cou1d on1y be met by a greater supply of 

gold and si1ver. The mines of Central Europe were deepened to meet this 

need but the occupationa1 hazards a1so increased, fostering the first 

books on diseases and accidents of miners. The first such account is to 

be found in a treatise on mining by Agricola in 1556 (Rosen, 1964). 

E1even years 1ater, in 1567, the first monograph devoted exclusively to 

the occupationa1 diseases of mine and sme1ter workers appeared at Diblingen 

in Germany. The etio10gy, pathogenesis, prevention, diagnosis, and the­

rapy were discussed by Parace1sus in it, and this had a stimu1ating 

influence on occupationa1 medicine. 
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This trend, begun by Agricola and Paracelsus, resulted in Ramaz­

zini's comprehensive Discourse on the Diseases of Workers, published 

in 1700. It is a synthesis of knowledge on occupational disease from 

the earliest times to the eighteenth century and established a new branch 

of medical study in which the patient's occupation was taken into account. 

Ramazzini wrote: "It must be confessed that many arts are the cause 

"of grave injury to those who practise them. Many an artisan has looked 

"at his craft as a means to support life and raise a family, but aIl he has 

"got from it is some deadly disease, with the result that he has departed 

"this life cursing the craft to which he applied himself." (Wright, 1940). 

He goes on to say that the lungs of miners are especially affected "since 

"they take in wi.th the air mineraI spirits and are the first to be keenly 

"aware of injury" and ''Renee, the mortality of those who dig mineraIs in 

'uines is very great, and women who marry men of this sort marry again 

"and again". According to Agricola, at the mines in the Carpathian moun­

tains, women have been known to marry seven times (Ramazzini in Rosen, 1964). 

Asbestos, the subject of this thesis, has been of increasing interest 

to the medical profession recently, but it is not a new material. Thousands 

of years ago, asbestos was in everyday use by Stone Age men and consequently 

they must have mined it or known where it could be obtained (Kiviluoto, 

1965). About 4500 years ago, it was used in Finland as a cementing agent 

in the preparation of clay pottery and such asbestos ceramics were used 

over a period of 3000 years. However, at approximately 500 AD, their use 

in Finland and its neighbouring countries slowly ceased and was only 

reintroduced some 1000 years latar (Meimander, 1954). 
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Definition of Asbestosis 

Exposure to asbestos is associated with a number of bio1ogica1 

effects. In 1907, Murray reported the first case of asbestosis, and 

six years 1ater, in 1913, Marchand and Fahr each presented to the Ham­

burg Medical Society a subject who died from this disease. Two autopsy 

series were reported in 1918: that of Hoffmann with 13 cases and that of 

Pancoast et al comprising 17 patients. Laboratory studies first appeared 

in 1927 when Cooke described the radio1ogica1 changes, and in 1929, when 

Wood reported the first pu1monary function measurement, a fa11 in Vital 

Capacity (VC) in one case of asbestosis. Stone confirmed this finding 

Il years 1ater in a further 13 patients (1940). 

The present concensus concerning asbestosis may be summarized as 

fo11ows. The inhalation of asbestos fibers and dust over some ten to 

twenty years can produce a pneumoconiosis known as asbestosis charac­

terised by pu1monary and pleural fibrosis. The gross patho1ogy of 

advanced asbestosis inc1udes widespread pu1monary fibrosis and diffuse 

pleural adhesions. Bu11ae are not infrequent and bronchiectasis may be 

present (Heard et al, 1961, Leathart, 1965). The microscopic patho1ogy 

has been recent1y described as "a diffuse, nonnodu1ar pu1monary fibrosis 

'which affects alveo1ar wa11s, inter1obu1ar septums, and pleural 

"surfaces." (Tepper and Radford, 1970). This is in contrast to ear1ier 

reports (Vorwa1d et al, 1951) which described the ear1y asbestotic 1esion 

as consisting of a dense peribronchio1ar fibrosis with dust-containing 

macrophages with, in some instances, a perivascu1ar fibros:Ls as weIl as 

an endarteritis with intimaI hyperp1asia (Lanza, 1963). 
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The principal symptoms reported are dyspnea and cough which increase 

in severity as the disease progresses (Murray, 1907; Wood et al, 1930; 

Roemhe1d et al, 1940; Luton et al, 1946; Bastenier et al, 1953; Gernez-Rieux 

et al, 1954;Wright, 1955; Sartore11i, 1957; Ams1er, 1958; Leathart, 1960; 

Williams et al, 1960; Scansetti et al, 1960; Bader et al 1961; Thomson et al, 

1961; Bo11ine11i et al, 1963; De Rosa et al, 1964; Pellet et al, 1964; Vaeren­

berg 1964; Porin, 1965; Schaaning et al, 1965; K1einfe1d et al, 1966a; Gandevia, 

1967; Hany et al, 1967; Ferris et al, 1971; Jodoin et al, 1971; Murphy et 

al, 1971; Smyth et al, 1971). Thoracic pain has a1so been reported (De 

Rosa et al, 1964; Pellet et al, 1964; Gracey et al, 1971). 

The major recognised signs are 1imited chest expansion (Wood et al, 1930; 

Stone, 1940; Roemhe1d et al, 1940; Luton et al 1946; Sartore11i, 1957; Leathart 

1960; De Rosa et al, 1964), decreased breath sounds (Stone, 1940; Porin, 

1965; Luton et al, 1946; Sartore11i, 1957; De Rosa et al, 1964; K1einfeld 

et al, 1966b; Gracey et al, 1971), basal crepitations(Wood, 1929; Stone, 

1940; Roemhe1d et al, 1940; Bastenier et al, 1953; Gernez-Rieux et al, 1955; 

Ams1er, 1958; Leathart, 1960; Williams et al, 1960; Thomson et al, 1961; 

De Rosa et al, 1964; Porin, 1965; K1einfe1d et al, 1966a; Hany et al, 1967; 

Harries, 1971; Murphy et al, 1971; Smyth et al, 1971), cyanosis (Wood, 1930; 

Roemhe1d et al, 1940; Bastenier et al, 1955; Leathart, 1960; Williams et al, 

1960; De Rosa et al, 1964; Porin, 1965), and c1ubbing (Wood, 1930; Gernez-Rieux 

et al, 1954; Leathart, 1960; Williams et al, 1960; Bader et al, 1961; 

Thomson et al, 1961; Porin, 1965; K1einfe1d et al, 1966a; Gracey et al, 

1971; Harries, 1971; Murphy et al, 1971; Regan et al, 1971). Cyanosis 

and c1ubbing are usua11y restricted to the 1ater stages in this disorder. 
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The chest roentgenograph characteristically reveals the presence of fine 

irregular opacities, diffusely distributed in the middle and lower lung 

fields. Involvement of the pleura may be detected as diffuse thickening 

or calcified pleural plaques and by the "shaggy heart" and loss of defi­

nition of the diaphragm (Wood, 1930; Lanza, 1938; Wegelius, 1947; 

Kiviluoto, 1960; B8hlig et al, 1970). 

The associated changes in pulmonary function measurements will be 

reviewed in detail later. 

The sputum may contain asbestos or ferruginous bodies (Wood et al, 1930; 

Clerens, 1950; Williams et al, 1960; Bader et al, 1961). 

The defiuitive diagnosis of asbestosis is open to doubt in the 

living subject. Even the histology may not be diagnostic because dif­

fuse pulmonary fibrosis is not uncommon in aIl walks of life, and because 

asbestos bodies are found in anywhere from 20% (Hourihane et al, 1966) 

to 50% (Anjilvel et al, 1966) of random autopsies of adults regardless of their 

occupation. No relationship was demonstrated by Gross et al (1971) between 

the number of ferruginous bodies, the number of naked fibers, and the 

total amount of dust so that such bodies are of little clinical use. 

McVittie (1964) of the Ministry of Pensions and National Insurance of 

England lists the following criteria in order to make the diagnosis asbestosis 

for compensation purposes: an adequate exposure to asbestos dust and two 

positive findings from the following: presence of basal raIes, finger cltib­

bing, radiological appearance and reduced transfer factor in pulmonary func­

tion studies. 
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Asbestosis is frequently associated with chronic bronchitis and 

emphysema. De Rosa et al (1964) noted chronic bronchitis and acute tra­

cheitis and tracheo-bronchitis in 35 of 85 asbestos workers, and 17 of 

them were non-smokers. In 42 subjects with asbestosis, 38 had acute 

tracheobronchitis. Pellet et al (1964)also reported similar findings in 

their 19 subjects. Leathart (1968) stated that chronic bronchitis 

is a feature of the later stage of asbestosis. The emphysema associated 

with asbestosis is thought by some to be of a localized rather than a 

diffuse obstructive type (Heard et al, 1961), similar to the irregular 

emphysema described by Heppleston (1969). Cor pulmonale is the major compli­

cation and the usual cause of death from the disease (Kleinfeld et al, 

1966a). Finally, there is an increased incidence of carcinoma of the 

lung, of mesothelioma, and of carcinoma of the digestive system in the 

asbestos exposed individual (Selikoff et al, 1966 ; Enterline et al, 

1967; McDonald et al, 1972). 

The syndrome of latent or pre-asbestosis is of great interest 

because in theory recognition of such a stage could lead ta measures 

which might prevent the overt form from developing. Once the clinical 

picture of asbestosis has developed, only palliative therapy is possible. 

Can a latent stage of asbestosis be recognized? The appearance of 

radiological changes is probably too late, but some workers believe the 

use of pulmonary function testing is promising. Thus, Williams et al 

(1960) found a reduction of the diffusing capacity in three of six ex­

posed workers, none of whom showed definite radiological changes. Recent 

reports suggest that impairment of gas exchange may indeed preceed 
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radiological abnormalities when gas exchange is evaluated by the sensitive 

measure of A-a oxygen difference (Wallace et al, 1971; Woitowitz, 1972). 

Brasseur (1963) has shown this to be true for coalworker's pneumoconiosis. 

Regan et al (1971) using the technique of principal component analysis 

found that a decrease in DL followed by a decrease of VC has the greatest 

power to measure the severity of asbestosis and obstructive disease, but 

little power in distinguishing between them. The best indicators were 

FEVl/FVC, phlegm, pleural thickening, cough and clubbing. Leathart 

(1968) found basal crepitations before pulmonary function and radiological 

Changes manifested themselves. 

Although the recognition of latent asbestosis should help the worker 

to avoid asbestosis, it must be admitted that the evidence is inconclusive 

(Holmes, 1964; Hunt, 1965). Furthermore, Leathart in 1968 suggested that 

loss of function is seldom arrested when the worker is transferred to 

other work, and that it may deteriorate. 

2. PULMONARY FONCTION IN ASBESTOS WORKERS 

In this section, a comprehensive review of the literature of asbestos 

workers is reported, carried out in order to group the subjects according 

to their profile of pulmonary function. A discussion of what constitutes 

each profile is added. The review includes 375 individual cases repor­

ted in enough detail to allow them to be grouped in pulmonary function 

syndromes (Table 2-1), and reference is made to the results of a further 

2669 subjects reported by mean and standard deviation or range (Table 2-2, 

page 28). Finally, reference is made to 777 subjects in whom some measu-
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TABLE 2-1 - PULMONARY FUNCTION PROFILES IN IND1VIDUAL CASE REPORTS OF ASBESTOSIS 
(Details in Appendix l, Tables 1-1 to 1-7 inc1usive1y) 

REFERENCES 

First 
Author 

Wood 

Roemhe1d 
Baldwin 

Bastenier 
Gernez-Rieux 
Bastenier 
Gaffuri 
Marks 
Sartore11i 
Read 

Leathart 
Williams 
Bader 
Heard 
Rubino 
Thomson 
Bo1line11i 
Bjure 
De Rosa 
Pellet 
Sartore11i 
Vaerenberg 
Vecchione 
Bader 
Kleinfe1d 
Hany 

poggi 
Gracey 
Smyth 

TOTAL 

Percent age of 
Total 

Date 

1929 

1940 
1949 

1953 
1954 
1955 
1957 
1957 
1957 
1959 

1960 
1960 
1961 
1961 
1961 
1961 
1963 
1964 
1964 
1964 
1964 
1964 
1964 
1965 
1966b 
1967 

1970 
1971 
1971 

CASES 

Total Total 
reported c1assified Definite 

16 1 

19 17 
39 1 1 

1 1 1 
3 3 
9 8 1 

30 30 7 
31 1 
1 1 

28 22 12 

21 21 
40* 18 4 
17 17 2 

6 6 1 
5 5 3 

39 39 6 
1 1 1 
8 8 4 

85 42 28 
28 28 2 
18 17 
11 11 
16 16 
17 13 
21 21 8 

8 8 

17 17 1 
1 1 
1 1 

537 375 82 

21.9% 

* 22 already reported in 1959 by Read et al. 

RESTRICTION 

With 
Normal 

ALVEOLAR­
CAPILLARY 
BLOCK 

RV or TLC Probable 

2 

1 

1 

1 
4 6 
1 

7 6 

1 

1 
5 
9 

14 

3 1 
1 

16 32 16 

1 
12.8% 4.3% 



CASE REPORTS OF ASBESTOSIS 
inc1usive1y) 

RESTRICTION 

With 
Normal 

ALVEOLAR­
CAPILLARY 
BLOCK 

RV or TLC Probable 

2 

1 

1 

1 
4 6 
1 

7 6 

1 

1 
5 
9 

14 

3 1 
1 

16 32 16 

1 
12.8% 4.3% 

OBSTRUCTION MIXED ASSOCIATED NORMAL INCOMPLETE 
DISEASES DATA 

Dominant 
Definite Probable Rest. Obst. 

1 
4 1 

2 2 2 10 
6 1 
1 
5 2 

7 1 
1 2 2 

1 2 
1 
4 9 3 

2 1 
5 2 1 
7 9 -1 

11 
2 
2 

1 7 1 
3 2 

8 2 

41 27 44 25 

10.9% 7.2% 11. 7% 6.7% 

1 

17 

1 1 

1 1 

21 
3 2 

1 
1 

4 

6 
5 3 

1 

3 10 

2 

3 3 
1 

1 

23 11 58 

6.1% 2.9% 15.5% 
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rements of specific pulmonary mechanics were carried out (Table 2-3, 

page 2~). 

a) Profiles: 

Restrictive Profile: 

Robin in Harrison's Textbook of InternaI Medicine (1970) defines 

the restrictive disorders in terms of pathophysiology, namely a decreased 

expansibility of the lung. The diseases responsible involve the chest 

wall or the pleuropulmonary structures in such a way as to significantly 

affect pulmonary compliance. Examples in which the chest wall is involved 

are kyphoscoliosis, thoracoplasty, spondyloarthritis, neuromuscular dis or-

ders, pain and phrenic nerve paralysis; examples involving the pleuropul-

monary structures are thickened pleura, pneumothorax, pleural effusions, 

atelectasis, pneumonia and pulmonary fibrosis. He described the asso-

ciated changes in lung function as a reduction in aIl volumes with minimal 

evidence of airflow obstruction and an impairment in intrapulmonary gas 

mixing. 

For the purpose of the present review of the literature, one would have 

prefered a definition of the restrict.ive profile more like that of Rubin 

(1961) with detailed lung function criteria as follows: an increased venti-

lation (V) and frequency (f); decreased lung volumes (residual volume, RV 

and total lung capacity, TLC); normal RV/TLC ratio, flows and distribution 

(ME); normal or decreased DL and decreased static compliance (Cst); increased 

elastic recoil (Pel max); and decreased arterial oxygen tension (Pao2 ) and 

carbon dioxide tension (PaC02 ) with a compensated respiratory alkalosis. 



( 

18 

However, a definition as detailed as this was impractical for two 

reasons. When one is reviewing the earlier reports of pulmonary function 

in asbestos workers, one must be content to diagnose a restrictive profile 

on much less complete evidence, for example, on decreased lung volumes 

with maintenance of normal RV/TLC ratio, and normal flow rates, eg the 

ratio of forced expiratory volume as a percentage of vital capacity 

(FEVl%) and Maximum Breathing Capacity (MBC). Furthermore, in the pre-

sence of milder degrees of fibrosis, VC may even be normal. In addition, in 

the present study the large number of individuals tested in a field laboratory 

precluded the inclusion of such tests as compliance and arterial gases. 

In accordance with the suggestions of Robin (1970), it was therefore 

decided to classify asbestos workers as having the lung function profile 

of restriction on the following criteria: RV and TLC decreased by 10% 

and FEVl% over 70%. 

Eighty-two (82) of the reported cases reviewed were classified as 

having a restrictivE; lung function profile (Table 2-1; details of each 

case in Appendix l, Table 1-1). In another 16 cases, certain key tests 

were normal, such as RV, but a restrictive profile was suspected, based 

on TLC and FEVl% measurements (Table 2-1; Appendix l, Table 1-2). 

A further 32 subjects were classified as having an incomplete restrictive 

profile, largely because of missing data. 

As mentioned previously, the restrictive syndrome may be the conse­

quence of pulmonary or pleural disease or a combination of the two. Since 

l 
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pleural and parenchymal diseases commonly coexist, it is not easy to 

separate their respective contribution to the pulmonary function profile, 

particularly in view of high prevalence of pleural disease (fibrosis, 

plaques and calcification) following asbestos exposure. Among the cases 

classified as restrictive in Table 1-1, pleural changes alone were repor­

ted in only one case, and pleural changes associated with small irregular 

opacities in 16 subjects of the 81 subjects in this group. AlI other cases 

were thought to have some evidence of parenchymal disease on the chest ra­

diograph. 

Leathart (1965) found no functional abnormality in five patients with 

plaques, and he attributed the functional changes in the sixth to early 

parenchymal disease. Worth et al (1968) confirmed this lack of func­

tional change with pleural plaques in 21 patients with asbestosis. Beck­

lake et al (1969) suggested that the non-descript pleural thickening had a 

small but consistent effect on pulmonary function; in their study for any 

degree of radiological change in pulmonary parenchyma, additional pleural 

change was associated with a small but significant reduction in static and 

dynamic lung function (Becklake et al, 1970). Zolov et al (1968) reported 

also that radiologically evident plaques were associated with restrictive 

syndrome. Woitowitz (1971) studied Il asbestotic subjects without plaques 

and Il with plaques. He found a higher VC, a lower FEVl%, a higher RV and 

RV/TLC ratio, a higher resistance and a lower P02 in subjects with plaques, 

Table 1-7). 

In summary, one manifestation of asbestos exposure is the restrictive 

syndrome. It was present in 82 (21.9%) of the 375 reviewed cases; another 

48 (12.8%) subjects have a probable restriction. Pleural changes were 

j 
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noted in about 20% of the cases with restrictive syndrome, usually in 

association with parenchymal changes. 

Alveolar-capillary block profile: 

The term alveolar-capillary block was introduced by Austrian et 

al (1951) to describe a pattern of pulmonary dysfunction characterized 

by " (1) reduced lung volumes, (2) maintenance of a large maximum breath­

"ing capacity, (3) hyperventilation at rest and during exercise, (4) normal 

"or nearly normal arterial oxygen saturation at rest, but a marked reduction 

"of the arterial oxygen saturation after exercise, (5) normal alveolar oxy­

"gen tension, (6) reduced oxygen diffusing capacity and (7) pulmonary 

"hypertension". The diseases responsible for this syndrome had in 

common diffuse finely dispersed pulmonary lesions in the alveolar-capillary 

septa which were thought to alter the properties of the diffusing surface. 

One of the diseases implicated was asbestosis (Baldwin et al, 1949; Tepper 

and Radford, 1970). 

Baldwin et al (1949) had previously reported 14 cases, including one 

with asbestosis, which were comparable with Austrian's 12 cases in that the 

mechanics of breathing were not altered and the distribution of gas was not 

abnormal. They suggested that "alveolar respiratory insufficiency •••• results 

'~oth from perfusion of large are as of fibrotic tissue which cannot be venti­

"lated and impairment of the adequate diffusion of respira tory gases across 

"a greatly thickened alveolar septa, or reduction in the area of alveolar­

"capillary interface". 

_. ---
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In the 12 cases of Austrian et al (1951), the mean VC (% predicted) was 

43%; RV, 67%; TLC, 48%; MBC, 91%; and DLCO 45%. Oxygen saturation was 87% 

at rest and 83% after exercise. They commented that "the low diffusing 

"capacity may either be due to a reduction of the total area of alveo1ar 

"membrane which is available for the diffusion of gases, or to a reduction 

"in the permeability of the membrane per unit area, or to both". They 

concluded, however, that "the observation of rather widespread thickening 

"of the alveolar-capillary septa suggests that the reduction in permeabi-

"lity per unit are a is the major reason for the low diffusing capacity. 

'~ether the area of alveolar-capi1lary interface is also reduced under 

"resting conditions cannot be determined". 

In 1957, Marks et al studied the pulmonary function of 31 patients 

with diffuse fine parenchymal lesions on radiograph including one with 

possible asbestosis and found that lung function was less affected than in 

the cases of Austrian et al (1951). Thus, VC was on the average 80% of the 

predicted value, RV 119%, TLC 91%, MBC 94% and FEVl% 75%. Resting 02 satura-

tion was 93%; DL for carbon monoxide, steady state method (DLcOSS) was 36% 

and DLco single breath (DLCOSB) was 56% of the value of the control group. 

The decrease in DL cou1d not be fu1ly explained by the diminution of the 

surface area as suggested by Baldwin et al (1949), Thomson et al (1961), 

and Becklake (1965). Marks et al also stressed the absence of obstruction 

in their cases. 

In 1959, Read et al, in a study of 17 subjects with apparently pure 

interstitial diseases of the 1ung (13 with asbestosis) and Il subjects 

with interstitial disease comp1icated by cyst formation or probable emphy-

sema (9 with asbestosis), demonstrated that marked1y uneven ventilation 

i 
1 
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in presence of uniform b100d f10w was found in the former group, and 

both uneven ventilation and b100d f10w were common in the latter. Bjure 

et al (1964) a1so attributed the decrease of P- in their cases to uneven 
a02 

regiona1 distribution of ventilation in relation to b100d f10w (V/~), even 

in those cases with advanced impairment of diffusion. 

In the same year, the va1idity of the term a1veo1ar-capi11ary b10ck 

was questioned by Bates and Christie who noted that "there is some doubt 

'~ow far the observed lowering of arteria1 saturation or tension in these 

"patients is ascribab1e to the lowered diffusing capacity and how far it 

"is caused by ventilation-perfusion distribution abnorma1ities". They 

referred to a paper by Fin1ey et al (1962) which conc1uded that an increase 

in the thickness of the a1veo1ar-capi11ary membrane of six to eight-fo1d 

must occur before an increase in A-a difference of 1 mmHg wou1d be observed. 

In addition, the associated patho1ogica1 changes support the concept 

of ~/~ disturbance rather than a mechanica1 a1veo1ar-capi11ary b1ock. Thus, 

although Bader et al (1961) and Wright (1955) stated that the major anatomi-

cal change was thickening of the a1veo1ar wa11s, others report that the 

fibrous tissue is found first around the bronchioles (Vorwa1d et al, 1951) 

and arterio1es (Lanza, 1963), and that this fibrous tissue extends inter-

septa11y toward the periphery of the parenchyma. Furthermore, Scheepers 

(1965) noted that fibrous tissue does not usua11y lie between capi11aries 

and a1veo1i, no fibrotic membrane has been found 1ining the a1veo1ar sur-

face, except in terminal cases, and extensive a1vèo1ar epithe1ization has 

rare1y been observed. 

l 
~. 
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A review of the literature on asbestos workers has not revealed 

a single subject with the alveolar-capillary block syndrome precisely 

as defined by Austrian et al (1951). This was largely because evidence 

of pulmonary hypertension or changes in some of the other tests were not 

looked for or at least not reported. 

In view of this difficulty, it was decided that for the purpose of 

this thesis, the term "alveolar-capillary block" would refer to those 

cases with normal volumes, normal RV/TLC ratio and normal flow rates 

but in whom there was evidence of impaired gas exchange ego decreased 

02 saturation or decreased diffusion. Table 2-1 refers to 16 such cases 

in whom asbestos exposure ranged from 6 to 34 years, and radiological changes 
were. 
hreported in eleven of them, (Details in Table 1-3). 

In summary, none of the 375 cases reviewed individually were consi-

dered to have alveolar-capillary block as defined by Austrian et al (1951) 

because measures of pulmonary hypertension were lacking, but 16 (4.3%) 

who had normal volumes, RV/TLC ratio and flows, did show impairment of ~ 

and/or oxygen saturation. 

Obstructive profile: 

Although the profiles of restriction and of alveolar-capillary block 

have been considered to be characteristic of asbestos exposure, there is 

evidence that the obstructive profile may also be so related. 

The concept of the obstructive profile has been recognized in one 
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form or another for many years. Lagnnec, in his classical desGription 

of emphysema notes the expiratory difficulty encountered in this disorder: 

"Les poumons au cours de l'emphysème font saillie hors du thorax; il est 

"difficile de les aplatir et de les rendre flasques." (1819). Rubin (1961) 

defined the obstructive disorder as a functional disturbance caused by narrow­

ing of the airways. In the chronic state, such as emphysema, the TLC is 

normal or increased, the two-stage VC may be greater than the one stage, 

and the RV and RV/TLC ratio are increased. The FEVl% is decreased as is 

the MBC. 

When one considers the reports on asbestos workers, there appears to be 

considerable disagreement on the frequency of the obstructive profile with 

asbestos exposure: German, Belgian, Italian and French have found it to be com­

mon whereas English workers with the exception of Leathart, and American wor­

kers consider it to be rare. Thus, Gernez-Rieux et al (1954), Basternier et 

al (1955), Gaffuri et al (1957), Scansetti et al (1960), Pellet et al (1964), 

Sartorelli et al (1964), Leathart (1965) and Worth et al (1968), aIl sub­

scribe to the former point of view, whereas Wright (1955), McGrath et al, 

(1960), Williams et al (1960), Bader et al (1961) support the latter. 

Furthermore, most workers consider the association to be coincidental 

(Wright, 1966; Bader et al, 1965). For example, Pellet et al (1964) exa­

mined 18 subjects exposed to asbestos dust with a reticular pattern on 

their radiograph and found nine with a predominantly obstructive profile. 

Despite these findings and while admitting that the pathology of asbestosis 

might weIl f~vor the obstructive syndrome, they concluded that the associa­

tion was accidentaI. The following year, in 1965, Pellet gave further details 

of the function studies in the 18 subjects, eight of which had the obstructive 
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syndrome, and a further five a mixed obstructive and restrictive profile. 

From the patho1ogist's viewpoint, G10yne (1933) stated that bu11ae 

were occasiona11y seen at autopsy whi1e Wege1ius (1947) commented radio-

logical trans1ucency of the upper zones. Heard and Williams (1961) found 

mi1d centri1obu1ar emphysema in five cases and severe emphysema in the 

sixth of their series, but conc1uded these were incident al findings to 

asbestosis. 

In the present review of the individua1 cases, the fo11owing criteria 

were used to c1assify a subject as having the obstructive profile: ~ 

increased RV, normal or increased TLC, and decreased FEV1% and/or MBC. 

Using these criteria, 41 subjects were considered to have a definite obs-

tructive profile with no evidence of other associated ones (Tables 2-1, 

1-4). Another 27 subjects cou1d on1y be c1assified as having incomp1ete 

obstructive profile, most1y because of missing data. Six out of the 41 

subjects in the obstructive group had pleural changes, and on1y one out 

of 27 c1assified as having the incomp1ete obstructive profile. 

In summary, of the 375 case reports of asbestos workers reviewed, 

68 (18.1%) with radio1ogica1 and c1inica1 symptoms of asbestosis have 
Aéf,,,tte.. 

an obstructive pulmonary function profi1e,~in 41, suggestive in 27. 

Mixed profile: 

A certain number of the individua11y reported cases appeared to have 

a mixed functiona1 profile i.e. they were not clear1y restrictive, alveo1ar-
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capillary block or obstructive in nature. The number of subjects falling 

into this group is 67 (Tables 2-1, 1-5) of which 44 were considered to show 

a predominantly restrictive and 25 a predominantly obstructive profile. It 

is interesting to note that 13 out of the 42 classified as having a mixed 

restrictive profile have pleural as weIl as parenchymal changes, and 5 out 

of the 25 classified as having a mixed obstructive profile. 

Thus 44 (11.7%) of the 375 subjects reviewed had a mixed restrictive, 

and 25 (6.7%) a mixed obstructive profile. 

Normal function: 

Only eleven case reports on workers exposed to asbestos (2.9% of the 

cases reviewed) were found to have pulmonary volumes and flows within nor­

mal limits (Tables 2-1, 1-6). Nine of these Il workers had radiological 

changes. This indicates that the prolonged exposure to asbestos may not 

necessarily affect function; alternatively this type of pulmonary function 

may represent a latent phase or the results of two disturbances acting in 

opposite directions, i.e. restriction and obstruction. 

Associated diseases: 

In 23 of the case reports reviewed, associated diseases were present 

which might weIl have influenced pulmonary function (Tables 2-1, 1-6). These 

included bronchiectasis (Thomson et al, 1961; Poggi et al, 1971); pulmonary 

tuberculosis (Pellet et al, 1964); mitral stenosis (Read et al, 1959; Heard 

et al, 1961); lung cancer, (Williams et al, 1960; Bader et al, 1961; Hany, 
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1967; Poggi et a1~ 1970); cancer of the stomach (Bader et al, 1961); 

cancer of the breast (Thomson et al, 1961); obesity (Thomson et al, 

1961); mesothe1ioma (Thomson et al, 1961; Gracey et a1~ 1971); pleural 

effusion (Thomson et al, 1961; Gracey et al, 1971); 1ung resection and 

lobectomy (Pellet et al, 1964; Poggi et al, 1970). Other cases not 

reported in this table had hypertension (Thomson et al, 1961, patient 

A24) and coronary artery disease (Bader et al, 1965~ subjects 12 and 13). 

Incomp1ete data: 

In 58 of the case reports reviewed, data was incomplete and they 

cou1d not be c1assified (Tables 2-1, 1-6). Many of these cases were reported 

before 1950. Others studied primari1y to e1ucidate diffusion were usua11y 

found to have a lowered oxygen saturation. 

Group studies: 

A further 2669 subjects have been reported in epidemio1ogic studies 

with mean values or range being given (Tables 2-2~ 1-7). Subjects were usu­

a11y grouped according to radio1ogica1 Changea (Wright~ 1955; Gregoire et 

al, 1958; Scansetti et al, 1960; Teirstein et al, 1960; Kleinfeld et al, 

1966b; Leathart, 1965; Smither, 1969; Regan et al, 1970; Barries, 1971; 

Jodoin et al, 1971; Woitowitz, 1971); by job and exposure (Ferris et al, 

1971; Harries, 1971; Murphy et al, 1971); by age (Sluis-Cremer~ 1970); 

by pu1monary function (Hunt, 1965; Bader et a1~ 1970); and also by cli­

nical features based on exposure, questionnaire~ radiology and pulmonary 



TABLE 2-3 

CRITERIA 

No sma11 
irregu1ar 
opacities 

With sma11 
irregu1ar 
opacities 

Without 
pleural 
Changes 

With 
pleural 
changes 

Misce11a­
neous 

SPECIFIC MECHANICS IN ASBESTOS WORKERS 
(Details in Table 1-8) 

STATIC DYNAMIC RESISTANCE 
COMPLIANCE 

No. 
Subj •. 

. . . . . .. 

28 

3 

10 

L/cmH20 

.133 
to 

.310 

.130 
to 

.313 

.055 
·to 
.100 

COMPLIANCE 

No. 
Subj • 

41 

56 

46 

L/cmH20 

.090 
to 

.662 

.018 
to 

.192 

.020 
to 

.270 

Inspiratory 

No. cmH20 
Subj./LPS 

23 2.0 

5 4.1 
to 

8.2 

6 1.5 
to 

8.0 

Expiratory 

No. cmH20 
Subj ./LPS 

5 2.3 
to 

3.6 

6 3.0 
to 

12.0 

Total 

No. cmH20 
Subj ./LPS 

46 1.0 
to 

10.0 

23 1.0 
to 

9.0 

.. ~ . .t 

.. 11 

Il 

3.0 
~ 

1-:-0 

3.5 
+ 

2-:-8 

466 1.8 
to 

9.0 

- ~, 

l 
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TABLE 2-2 - PULMONARY FONCTION PROFILES IN ASBESTOS WORKERS: REPORTS OF GROUPS 
(Details in Appendix 1, Table 11-7) 

REFERENCES 

First 
Author 

Stone 

Wright 
Grégoire 

Leathart 
Scansetti 
Teirstein 
Eliseo 
Hunt 
Leathart 
Schl;laning 
Thomson 
K1einfe1d 
Gandevia 
Arda1an 
Smither 

Bader 
Sluis-Cremer 
Ferris 
Jodoin 
Harries 
Murphy 
Regan 
Woitowitz 

TOTAL 

Date 

1940 

1955 
1958 

1960 
1960 
1960 
1964 
1965 
1965 
1965 
1965 
1966a 
1967 
1968 
1969 

1970 
1970 
1971 
1971 
1971 
1971 
1971 
1971 

_ -CASES RESTRICTION 

Total Total Definite Probable 
reported classified-

148 13 

57 57 
35 12 

23 
34 34 14 
10 10 
28 24 

450 450 110 
78 78 
11 11 Il 
28 28 
56 56 56 
41 41 
22 18 
53 32 

598 598 172 
179 179 
185 185 185 

24 24 24 
369 369 
195 195 195 
210 210 53 

22 22 

2847 2669 215 605 

ALVEOLAR­
c.APILLARY 
BLOCK 

OBS RUCTION 

- Definite Probab 

29 7 

44 

73 7 



ŒERS: REPORTS OF GROUPS 

:QN 

,able 

72 

35 

~5 
53 

)5 

ALVEOLAR­
GAPILLARY 
BLOCK 

OBS RUCTION MIXED 

. Definite Probable Predominant 
Rest. Obst. 

12 

12 

29 7 

44 
Il 

73 7 11 24 

I~ERTERMI­

NATE SYN­
DROME 

57 

8 

78 

28 

.41 
18 
32 

369 

104 

735 

NORMAL 

340 

390 
179 

Il 

920 

INC0MPLETE 
DATA 

13 

23 

10 
24 

70 
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function (Bader et al, 1970). Resu1ts will, of course, depend on how 

the samp1e was chosen. Neverthe1ess, it is of interest that some groups 

have a restrictive profile (Scansetti et al, 1960, group 3; Gandevia, 

1967; Jodoin et al, 1971, group 2) and others possib1y have a restrictive 

profile, but some data are incomp1ete (Wright, 1955; Teirstein et al, 

1960; Schaaning et al, 1965; K1einfe1d et al, 1966a; Jodoin et al, 1971, 

group 1; Woitowitz, 1971, group 1; Murphy et al, 1971; Ferris et al, 1971). 

Severa1 groups have a mixed profile (Gregoire et al, 1958; Scansetti et al, 

1960, groups 1 and 2; Thomson et al, 1965; Leathart, 1968; Harries, 1971). 

Certain groups seem to be within normal 1imits (Sluis-Cremer, 1970; Bader 

et al, 1970; Woitowitz, 1971, group 2). Fina11y, incomp1ete data do not 

permit any conclusion in some surveys (Stone, 1940; Eliseo et al, 1964; 

Leathart, 1965; Arda1an, 1968; Smither, 1969). In other words, the conclu­

sions are in accord with those reached on the basis of ana1ysis of individua1 

case reports. 1t shou1d a1so be noted that most individua1 and group reports 

refer to workers in the secondary industries; on1y those of Grégoire et 

al (1958) on workers in open chrysoti1e mines and those referred to by 

Sluis-Cremer (1970) on crocido1ite miners, dea1 with exp os ures in the 

primary processing. 

Specifie mechanics: 

To complete this review of the pu1monary function in asbestos workers, 

reference will be made to reports on 1ung mechanics (Tables 2-3, 1-8). 

The range of values for static comp1iance was large and was not different 

in the presence or absence of sma11 irregu1ar opacities; lower values were 

found in the misce11aneous group. Dynamic comp1iance was on the who1e lower 
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in presence of small irregular opacities than in their presence or in 

the miscellaneous group. Different degrees of resistance were found 

in the different groups. Woitowitz (1971) and Jodoin et al (1971) found 

resistance significantly increased with higher dust exposure even in 

absence of radiological changes. 

b) Profiles in Quebec asbestos workers: 

Because the present study is concerned with Quebec workers, previous 

reports on this working population by Gregoire et al (1952) and Wright 

(1955) were reviewed. They described the respiratory function of 57 men 

who had had a long exposure in the mines of Quebec, and radiographie evi­

dence of advanced asbestosis. They were found to have reduced lung volu­

mes with relative preservation of ventilatory efficiency. Alveolo-arterial 

differences in oxygen pressure (A-a02) were usually increased at rest, and 

always on exercise, indicating an impairment of gas exchange. This pattern 

differs little from that described e1sewhere. 

It should be pointed out that Quebec asbestos workers in the present 

study are unusual in that they are almost aIl engaged in primary industry 

whereas most other reports of the effects of exposure are in secondary 

industries. This difference in exposure has genera11y been considered 

of little importance. However, Wright (1969) under1ines the differences 

between chrysotile and the five amphiboles, and suggests they may have 

different biological effects: "In view of the great variation of chemical 

"and physical properties, it is most unsafe to predict that the biologie 

"reactions of one variety of asbestos will be mimicked by another in terms 

.J 
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"of ei ther actua1 consequences or mechanisms. To interpret the biologie 

"action of asbestos, it is imperative that the character of exposure in 

"terms of concentrations, size and types of fibers be known. This sort 

"of data is seant or often inexistant at present with respect to exposure 

"of humans." 

The different physica1 and chemica1 characteristics of chrysoti1e 

cou1d perhaps exp1ain why, in another study, Grégoire et al (1958) found 

a mixed obstructive profile in the 12 subjects they studied. Chrysoti1e 

is known to penetrate 1ess deep1y and be expe11ed faster (Timbre11 et al, 

1971). Moreover, Jodoin et al (1971) have demonstrated in chrysoti1e 

workers sma11 airways changes which support the concept of a 1imited dust 

penetration. This thesis based on subjects working in chrysoti1e on1y 

can possibly help to demonstrate if differences in bio1ogica1 effects 

~o indeed exist between the different types of asbestos. 

c) Summary: 

The genera1 consensus of medica1 textbooks is that the pu1monary 

function of asbestosis is that associated with fibrosis i.e. the restric­

tive profile and/or a1veo1ar-capil1ary b1ock. The predominant features 

are sma1l 1ung volumes, decreased diffusing capacity and increased A-a 

oxygen difference due to reduced surface area of the a1veolar-capi1lary 

membrane, thickening of this membrane and/or V-Q disturbance. The 

obstructive profile is considered to be coincidental. 
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Most of the published reports on the subject reach the same con­

clusions as those in the textbooks. However, a detailed analysis of 

375 workers whose results are reported individually (Table 2-1) revealed 

a somewhat different picture. Thus, only 21.9% had a definite restrictive 

profile and 12.8% a possible restrictive profile, 10.9% had a definite 

obstructive and 7.2% a possible obstructive profile; 18.4% had a mixed 

profile, only 4.3% an alveolar-capillary block, while 2.9% had normal 

function and 6.1% associated diseases likely to have affected their lung 

function. Fifteen percent (15.3%) could not be classified because of 

incomplete data. 

The data on 2669 workers reported as groups in epidemiological stu­

dies was less susceptible to this type of analysis by lung profile, both 

because ~f the choice of population, and because the results were less 

complete or impossible to classify. 

It can therefore be concluded that restriction is often associated 

with asbestos exposure, but that normal and obstructive function profiles 

are also found in an important proportion of subjects. 

3. RELATIONSHIP OF PULMONARY FUNCTION TO OTHER MEASUREMENTS OF HEALTH 

AND TO ASSOCIATED AGENTS 

A brief reference to reports on the relationships between pulmonary 

function and other measurements of health i.e. symptoms, signs and 
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chest radiography on one hand, and associated agents such as dust, ef­

fort and cigarettes on the other, will complete this review of the lite-

rature. 

Clinical Findings and Pulmonary Function: 

Wright (1955) and Bastenier et al (1955) concluded that symptoms 

and signs did not correlate closely with pulmonary function changes. 

Leathart (1960) showed some relation of dyspnea and tachypnea 

to decreased dynamic compliance, but not to oxygen saturation. Bader 

et al (1961) and Kleinfeld et al (1966a) described a poor correlation bet­

ween clinical and functional changes in their material. Nevertheless in 

another report on the same material (1966b) they note that those with 

dyspnea and lung crepitations had a significantly lower mean VC and TLC 

than those in whom these findings were absent. The DL was also lower in 

the group with crepitations, but no relation could be established with 

clubbing. Pellet et al (1964) noted the following paradox: oxygen satu­

ration on effort decreased in subjects with only dyspnea but not in 

subjects with dyspnea, cough and sputum. 

By contrast, Williams et al (1960) found a significant relationship 

between the severity of dyspnea and grade of finger clubbing on the 

one hand, and the standardized ventilation, the dyspneic index (ratio of 

standardized ventilation to the maximum ventilatory capacity) and the 



34 

reduction in DL on the other hand. Bader et al (1965) stated that in 

half of their 17 cases, the progression of dyspnea on exertion eorrelated 
weIl with the decreased VC. Hunt (1965) noted a good correlation between 

lung function results and elinieal findings in advaneed cases. Harries 
(1971) suggested that there is a relationship between dyspnea and values 

for exercise ventilation, standardized ventilation and DL. Murphy et al 
(1971) in a study of shipyard workers demonstrated a relation between 

dyspnea, raIes and clubbing on the one hand and deereased VC on the other. 

These were also related to duration of exposure. 

Radiologieal Changes and Pulmonary Funetion: 

In 1955, Wright eoneluded that in asbestosis one may find "(1) 

"physiologie abnormality without definite roentgenologie abnormality, 

"(2) roentgenologie abnormality plus physiologie abnormality, and (3) 

"roentgenologic abnormalities without any physiologie abnormality." 

As Wright suggested in his first proposition, Bastenier et al (1955), 
Amsler (1958) and Leathart (1960) suggested that physiologieal changes 

may precede radiologieal changes; the last author suggested that a low 

eomplianee and a decreased DL with a history of asbestos exposure may sug­
gest the diagnosis of asbestosis before any radiologieal change. Hunt 

(1965) also eoncluded that asbestosis ean be deteeted by lung funetion 
before radiologieal changes. Bader et al (1970) showed that pulmonary 
function abnormalities appear much earlier (5 to 9 years exposure) th an 
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extensive radiographic changes, 2 and 3 (20 years of exposure). They 

do not comment on the relationship of pulmonary function changes and 

early radiologic changes. 

By contrast, Roemheld et al (1940) and Gaffuri et al (1957) showed 

a relationship between loss of VC and the increase in radiological changes. 

Bader et al (1961) found in general a relationship between physiological ab­

normalities and radiological changes when these became definite (grade 1 

and 2 + ). Pellet et al (1964) found no significant pulmonary function 

abnormalities if the radiogram was normal, but some changes if it was not. 

Becklake et aI (1970) on the same group of men reported in this thesis, 

found a significantly decreased VC and FVC with doubtful (0/1) radio­

logical changes when compared ta the men with normal radiogram (0/0). 

VC was aIso progressively reduced in relation with the increase in radio­

logical changes, but DLCOSB and DLCOSS were only affected when radiologic 

change was marked. In men with no parenchymal changes (0/0), pleural changes 

were associated with minimal but significant reduction in RV, TLC, FEV75, 

FEVl% and VASB. Similar small differences were seen with advancing paren­

chymal involvement (0/1-), but without reaching significant levels. In 

most measurements of lung volumes, flow rates and diffusion, values were 

consistently lower in the presence of pleural changes. Another point 

of interest was that the VC of workers with no parenchymal or pleural 

changes on the chest radiograph was slightly lower than the mean VC in 

many normal series. Harries (1971), in his study of shipyard workers, 

came ta the same conclusions as Becklake et al. 

Finally, Williams et al (1960) showed a significant correlation between 

reduction in diffusing capacity and radiological grade of mottling. Reduc-

'~. 
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tion of inspiratory capacity and TLC were also related, but less closely 

so, to radiological changes. Hunt (1965) found that at the more advanced 

stages, the lung function results correlated very weIl with radiological 

changes. Bader et aI (1970) also stated that in men after 30 years of 

exposure, the prevalences of function and radiologie abnormalities were 

similar. 

Dust Exposure and Pulmonary Function: 

Wright (1955) commented that a gross correlation might be expected 

between the intensity and duration of exposure and physiological changes, 

but that some subjects do remain normal even with a prolonged and very 

intense exposure. Bader et al (1961) agreed with this point. They could 

find no correlation between the degree of functional impairment and the 

number of years of exposure to asbestos, and this was aIso true for inti­

macy of exposure. Kleinfeld et al (1966a) were also unable to demonstrate 

a relationship between the duration of exposure and functional changes. 

However, more recent studies have generally supported such a corre­

lation. Thus, in 1970, Bader et al, examining the relationship of VC and 

FEVl% with exposure in 598 workers, showed a relation between the decrease 

of function with an increase in exposure after five years of exposure. 

The results of Harries's survey (1971), using an independant assess­

ment of lung function, also provide evidence of an association between 



37 

the deve10pment of 1ung function abnorma1ities and the intensity of exposu­

re but not the duration of exposure. Jodoin et al (1971) demonstrated that 

even before radio1ogica1 changes, the intensity of exposure had an influen­

ce on respiratory function, as measured by increase in the static e1astic 

recoi1 and the upstream resistance. The data reported in this thesis was 

a1so examined for such a re1ationship and it was found that IC and VC 

(or FVC) decreased with increasing dust both in non-smokers and smokers, 

and MMF and FEV1% in high dust exposure (Beck1ake et al, 1972). In 

addition, in non-smokers, DL dropped with increasing dust exposure. 

Cigarettes and Pu1monary Function: 

Although smoking is known to alter pu1monary function, its influence 

has been assessed on1y infrequent1y in asbestos workers. One of the first re­

ports to do so was that Ferris et al (1971), who found a higher than 

expected preva1ence of breath1essness in pipe coverers in genera1 and espe­

cia11y in those who smoked more than 25 cigarettes per day. Likewise, VC 

and DCOSB was 10wer in pipe coverers than in two other groups, but a1ways 

10wer in the smokers in the three categories. In the measurement of total 

resistance as we11 as the vo1ume-f1ow curves, no difference was shown 

between smoking categories. 

Jodoin et al (1971) studied 24 men in two categories of dust exposure 

and found more upstream resistance in the higher dust category. On the 

basis of the smoking history of their subjects, they conc1uded that the 

increase could not be attributed to smoking. On the other hand, Harries 
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(1971) found that VC and TLC, transfer factor and Dm were lower in smokers 

than in non-smokers in his groups. He made the comment that the smoking 

history is often not reliable, the subjects underestimating the number 

of cigarettes during their working time. 

McDonald et al (1972) ar.~~ysed the smoking habits of the s~bjects 

of the present study and found that smoking was related to cough and phlegm, 

but not to breathlessness. On the same material, Becklake et al (1972) 

showed that with increasing dust exposure VC and TLC decreased in both 

smokers and non-smokers, RV increased in smokers; there was also a greater 

decrease in MMF and FEVl% in smokers than in non-smokers whereas DCOSS 

on exercise dropped less in smokers than in non-smokers. 

Summary: 

In relating the clinical symptoms and signs with pulmonary function 

changes, dyspnea and raIes seem to correlate weIl with changes in VC, 

exercise ventilation and transfer factor whereas clubbing and cyanosis 

show only a poor correlation with functional changes. In early asbestosis, 

the pulmonary function may be altered before the chest radiograph changes, 

but as the disease advances, changes in pulmonary function parallel changes 

in the radiograph. Lung function changes appear to relate to the intensity 

rather than the duration of asbestos exposures while volume (VC, TLC) and 

flow measurements (MMF, FEVl) are lower and RV higher in smokers than non­

smokers. 



39 

4. CONCLUSIONS 

The review of the literature has shown that many reported cases 

of asbestosis cou1d not be c1assified into pu1monary function profiles, 

data being incomp1ete or impossible to assess individua11y. However, 

in 375 cases reported in sufficient detai1 to be c1assified, 2.9% were 

normal even in the presence of radio1ogica1 changes, about 35% had a res­

trictive profile, 18% an obstructive profile, 18% a mixed one and 4.3% 

a possible a1veo1ar-capi11ary b1ock; sorne 15% cou1d not be c1assified 

or had other associated disease 1ike1y to have affected 1ung function. 

In genera1, pulmonary function changes were re1ated to dyspnea 

and crepitations, advanced radiologica1 changes, intensity of exposure 

aI1Ù smoking; the re1ationship was 1ess evident with cyanosis and c1ub­

bing, normal or ear1y abnorma1 radio1ogica1 changes and duration of 

exposure. 
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3 - MATERIAL 

1. SELECTION OF SUBJECTS FOR TESTING. 

2. SUBJECTS TESTED AND RESULTS ANALYSED. 
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1. SELECTION OF SUBJECTS FOR TESTING: 

The purpose of studying the current working population was to get 

information on the relationship of asbestos exposure to health. To this 

end, it was decided to draw a random sample, stratified for age, and 

weighted towards the older men, who it was thought would be most likely 

to show health effects of exposure because of their more lengthy exposure. 

The subjects of the study were then chosen in the following way. A 

complete list of aIl the current workers in the eight constituent companies 

of the Quebec Asbestos Mining Association was made on 31 October 1966 and 

contained 6180 male employees. These are grouped in Table 3-1 according 

to their age in the employment records and to the company for which they 

worked. The companies are designated by letters. There are nine letters 

but only eight companies because the factory workers on one company, the 

larges t, are separated from those i.n its mine and mill. 

The selection of the group continued with the exclusion of one hundred 

and two men because they were under 21, and 37 because they were more than 

65 years of age. From the 6,041 remaining, an age-stratified, random sample 

was selected by dividing them into five-year age groups, and sampling so 

far as possible in such a way that the ratio of subjects in each group as one 

proceeded from youngest to oldest was 4:5:6:7:8:9:10:11:12. Thus, for 

every four workers sampled from the age range 21-25 years, five were sam-

pIed from the age range 26-30, six from 31-35 and so on until 12 were in-

cluded in the group 61-65. This ensured that the sample included a relati-

vely higher proportion of older men with long exposure. 



TABLE 3-1 - MEN EMPLOYED AS OF 31 OCTOBER 1966~ CLASSIFIED BY AGE 
AND COMPANY AND MEN CALLED FOR PULMONARY FUNCTION TESTS 
IN 1967, 1968* 

COMPANY 

AGE 
B)( Yrs A C D E F G H l TOTAL 

16-20 14 9 42 13 2 1 21 102 

21-25 82 56 153 24 34 45 19 7 420 
(12) (6) (12) (6) (6) (8) (4) (4) (58) 

26-30 73 22 128 30 46 5 103 29 3 439 
(15) (7) (15) (7) (7) (5) (10) (5) (3) (74) 

31-35 122 34 195 80 64 19 126 41 9 690 
(18) (9) (18) (3) (9) (6) (12) (6) (6) (93) 

36-40 309 28 289 76 59 23 114 32 25 955 
(21) (11) (21) (11) (11) (7) (14) (7) (7) (110) 

41-45 372 37 425 70 49 29 100 27 33 1142 
(24) (12) (24) (12) (12) (8) (16) (8) (8) (124) 

46-50 264 48 370 54 25 31 58 19 27 896 
(27) (13) (27) (13) (13) (9) (18) (9) (9) (138) 

51-55 226 33 294 37 29 24 35 6 8 692 
(30) (15) (30) (15) (15) (10) (20) (6) (8) (149) 

56-60 149 51 234 30 12 18 15 2 5 516 
1967 (33) (17) (33) (17) (12) (11) (14) (2) (5) (144) 
1968 (120) 

.,.. 

61-65 78 30 132 22 11 5 4 2 7 291 
1967 (36) (18) (36) (18.) (11) (5) (4) (2) (7) (137) 
1968 (121) 

66 + 19 99 5 1 3 37 

TOTAL 1689 348 2281 445 336 156 621 177 127 6180 
1967 (216) (108) (216) (108) (96) (61) (116) (49) (57) (1027) 
1968 ( 241) 

* Number of men ca11ed for test in brackets under the number of men emp1oyed. 
X Factory. 
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The final aspect of the selection was to include in each age group 

subjects from all eight companies in such a way that comparison between 

them could be facilitated since the characteristics of asbestos does 

differ somewhat from mine to mine. The smaller companies were more fully 

representea- than thelarger ones by selecting the stibjects in proportion 

to the square root of the totalnumber of current male emploYees. 

In theory, the random sample should have included 1,080 men but when 

actual namès were being selec~"ed, only 1,027 were included (Table 3-1 >-. 

For example, it was found that the actual age of sorne men differed from 

that listed in the company records and they were actually over 65. Also, 

in sorne companies there were not enough older men to complete the groups. 

Finally, when the factory workers of one company were separated from those 

of the mine and mill, there were not enough factory workers to fill aIl 

age groups. 

An additional survey was considered necessary when it was found that 

only 71 (8%) of the original random sample had radiographic evidence of 

small' irregular opacfties and only eigh"t of ti-iese were placed in catego­

ries 2/1 oZ'''greater. Therefore, a secol1:d field study was carried out 

in the summer of 1968 to increase the number of older men in the survey. 

To this end aIl men, aged 60-65 in 1968, and not previously tested in A, 

B, C, were invited to participate (Table 3-1). 

2. SUBJECTS TESTED .AND RESULTS ANALYSED 

From this random sample of 1,027 men selected in 1966, 85 (8%) were 



TABLE 3-2 -, SAMPLE SELECTED. CALLED. TESTED AND ANALYSED 

AGE 'CURRENT 
EMPLOYEES 

SUBJECTS' !CHOSENx ' 
FOR TESTS 

'SùBJECTS TESTED* RESULTS ANALYSED 

1967 196-8 196'7' 1968 1967 1968 

16-20 102 

21-25 420 5'8 -40 40' 

26-30 430 74 72 72 

31-35 690 93 69 69 

36-40 955' 11û 107 ,107 

41-45 1142 124 105 103 

46-50 896 138 136 136 

51-55 692' 149 118 118 

56-60 516 144 120 128 33 128 28 

61-65 291 137 121 105 151 97 135 

66 + 37 5 2 

TOTAL 6180 1027 241 885 184 871. 163 

1268' l069' 103~ 

x c1assified as to age at the 1st of October 1966. 

* c1assified as to age at the time of testing. 
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not avai1ab1e in 1967 when the testing was done because they had retired, 

were sick, had died or were not given an appointment (clerical error); a 

further 57 (6%) were unwi11ing to participate (Table 3-2). Fina11y, 

on1y 871 sets of tests were actua11y ana1ysed because 14 of the subjects 

were unab1e to adequate1y perform aIl the tests required because they 

could not tolerate the mouthpiece, could not follow the technician's di­

rectives, or were too tired. 

With regard to the 1968 group, 241 were se1ected from A, B, C in­

dustries but only 184 were examined, 38 (16%) not being avai1ab1e and 

19 (8%) dec1ining the invitation to participate (Table 3-2). On1y the 

tests of 163 were actua1ly ana1ysed, as the other 21 subjects were unab1e 

to complete aIl the tests for the same reasons as mentioned for the first 

survey. 

In summary, the total number se1ected, tested and ana1ysed in both 

surveys is shown in Table 3-2. From the 6180 current emp10yees in 1966, 

ana1ysis of the results of pulmonary function tests on 1034 individuals 

will be inc1uded in this thesis. 
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1. GENERAL 

Although the present report is more concerned with the methods of 

col1ecting and ana1ysing the pu1monary function data, this section in­

cludes a general description of the entire McGi11 survey of the Eastern 

Townships asbestos worker and his environment. Emphasis will be given on 

how information was obtained on the c1inica1 aspects, dust exposure, anthropo­

logy and how the radio1ogica1 classification of pu1monary abnorma1ities 

was done. 

2. PULMONARY FONCTION 

Laboratory: 

The apparatus for testing pu1monary function was designed and 

constructed for mobi1ity. Within a few hours, it cou1d be crated, moved 

and reassemb1ed e1sewhere despité the comp1exity of circuits and number 

of accessories. It was first assemb1ed in Montreal in the winter of 1966-

1967 and moved to Thetford Mines in April, 1967. In September, the labora­

tory was transferred to Asbestos and in November returned to Montreal. In 

June 1968, it was again insta11ed in Asbestos, and the fo1lowing month in 

Thetford Mines. 

The equipment was initia11y tested and ca1ibrated over a three mon th 

period in Montreal. When the 1aboratory was moved to Thetford Mines in 

April 1967, a complete re-testing of circuits was done by the engineer and 

technicians and the entire calibration was repeated. Each month, one full 

day was taken for further calibration procedures. In addition, daily cali-



TABLE 4-1 PULMONARY FUNCTION TESTS LISTED IN THE SEQUENCE PERFORMED 

TEST 

HbCO 

FRC 

RV 

M% 

VC 

FVC 

FEV 

MMF 

DCOSS 

1) rest 

2) exercise: 
200, and 
400 or 
600 KgM/min. 

CIRCUIT 

Henderson Circuit 

Collins Helium Circuit* 
and Rustrak Recorder** 

Stead-Wells Spirometer* 

METHOD 

Rebreathing techniques, 
Henderson and Apthorp, 1960 

Closed-circuit helium 
Bates et al, 1962 
Goldman and Becklake, 1954 

Expiratory and inspiratory VC 

Forced vital capacity calculated 
from the best of 3 
FEVO.75 sec. 
FEVl.O sec. 

Collins Box-balloon* Single breath technique 
McGrath and Thompson, 1959 

Pengelly-Bartlett circuit Steady-state technique 
with analysis of expired 
gases (CO-02-C02)*** 

End tidal sampling 
Bates et al, 1955 

Elema-Sch8nander Six minutes of exercises 
Ergometer Mostyn et al, 1963 

* Warren E. Collins, Boston, Mass., U.S.A. 

** R.O.R. Associates, 21 Polack Drive, Scarborough, Ontario, Canada. 

*** pengelly, D., Faculty of Medicine, Hamilton, Ontario, Canada. 
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bration procedures were carried out and recorded before the first sub-

ject in the morning and before the first in the afternoon. These readings 

were compared to the preceeding ones so that any deviation could be prompt­

ly investigated and corrected. 

The personnel of the laboratory consisted of two research technicians 

who performed aIl the tests and the daily and monthly calibrations, an 

engineer who maintained the equipment, and three physicians who supervised 

the techniques, checked the calculations and were present during the exer­

cise studies. 

The tests were performed in the sequence given in Table 4-1. Stan-

dard techniques were used with the exception of the steady-state diffusing 

capacity at rest and on exercise, which is described in detai1 in Appendix II. 

Subjects were alternative1y a1located to each technician during the survey, 

so that any inter-technician differences wou1d not bias any one group stu­

died. 

Recording of Data: 

The data on each subject was hand1ed in the fol10wing manner to ensure 

the greatest possible accuracy. The technician who performed the subject's 

tests extracted raw data from her readings on the ana1yzers and entered 

them on the raw data sheet (Fig. 4-1). One of the three physicians checked 

the technician's work and completed the necessary calcu1ations for the raw 

data sheet. The sequence of ca1cu1ations and how they were done is to be 

found in Appendix II (Table 11-1). Another physician, usual1y the author, 

rechecked comp1ete1y this transfer of data and the ca1cu1ations, and ensured 



Card No. 1 

1 Case no. 1 1 1 1 
71r.;t,.cl no. 
8 Surname 1 1 1 1 

14 First name 1 1 1 1 
20 Age yr. 

22 Ht. ins. 1 1 
26 Wt. lbs. 1 1 
30 Day r-
32 Month l-
34 Year 

36 PB 1 1 
40 Temp. (room) 1 
43 PW for temp. (room) 

45 III 1 

Questionnaire 
50 Cougn (yes to Q5) 

51 Sputum (yes to Q10) 

52 Chest U1ness(yes to Q21 
53 Breath1essness (0-3) 

54 Other disease 

55 No. cigs./day 1 
58 Years of emp10ymend 

61 X-ray 
Operators for 

76 HBCO 
77 F10wrates 
78 FRC 
79 Dco SB 
80 Dco SS 

L 

FIGURE 4-1 - DATA SHEET FOR THE COMPUTOR 

McGill University, Depart. of Epidemiology and Experimental Medicine 
1ease initial each 

Pulmonarv }!'unctl.on lJata iJJ;erat:ors - .P, - -

Card No. 2 Card No. 3 Card No. 4 

1 Case no. 1 1 1 1 Case no. 1 1 1 Case no. 1 1 1 

1 7 Card no. 2 7 Card no. 3 7 Card no. 

8 1 8 CO (rebreathe) 8 Load kgm/10 

12 1 10 Heart rate 

16 Temp. 1 11 FI-He % 13 FA1CO units 

19 PW for T 1 15 FI-CO-units 15 FICO units 

21 ERV 1 19 VI 18 FECO units 

;--
24 IC 23 Time 1 secs. 21 V 1 1 1 

f-
27 VC (total) 26 FA - He % 26 V 2 1 1 

30 FEV 0.75 30 FA - CO units 31 Time min. 

33 FEV 1 32 sec. 

36 FVC 34 f 

39 MMF 36 FEC02 % 

42 1 1 1 1 39 FE02 % 1 

,..- 49 Temp. 2 36 FIO . 43 Total time min. 

52 PW for T 2 40 Loaa kgm/10 - rest 
-

54 F - He % 1 1 42 Heart rate 44 Load kgm/10 
-
- 58 F - He % 2 1 45 FA1CO units 46 Heart rate 

1- 62 Temp. 3 47 FICO units 49 FA1CO units 

65 Switch diff. + 50 FECO units 51 FICO units 

68 O2 diff. ± 53 FA2CO units 54 FECO units 

71 ERV 2 1 :56 V 1 1 57 V 1 1 r 

'--- 75 VT 1 1 61 V 2 1 62 V 2 1 1 

.-- 79 Breaths to 90% '-- '--- 66 Time min. r-- - 67 Time min. 

1-
67 sec. 1- :.... 68 sec. 

1-
69 f 70 f 

1-
71 FEC02 % 73 FEC02 % 

1-
74 FE02 % 76 FE02 % 1 

17R l'I'nt-<l' time min IRO ITota1 time min. 

~ 

1-

1 

0-

4 

f-

~ 

L-. 

1-

~ 
'-J 

J 



TABLE 4-2 - FLOW-DIAGRAM OF DATA CALCULATION AND RECORDING 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Raw data sheet. 

Raw data cards and listing lst verification 

Calculation and print out of results 2nd verification 

Corrections of pro gram and calculation 3rd verification 

New program for 2nd, 3rd and 4th phase. 

Calculation and listing of aIl results 4th verification 

Correction 

Data prepared for analysis for 
a) statistician 

- cards: 
1) Volumes and flows 
2) DLcoSS rest, DLCOSB 

technicians 
3) DLcoSS exercise 
4) General data 

- tape 

b) Physiologist 
- cards: 
1) General data, technicians 
2) Volumes, flows, (results) 
3) Volumes, flows, (predicted) 
4) DLCOSB - (results and 

predicted) 
5) DLcoss rest (results and 

predicted) 
6) DLcoSS 200 (results and 

predicted) 
7) DLcoSS 400 or 600 (results 

and predicted) 
8) % predicted 

tape 

Step 8 - Preparation of a 9nd card to facilitate analysis. 
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that the raw data sheet was correct in every detail. The values were then 

punched on four raw data cards to be processed on an IBM 360 computer using 

a program calculating the pulmonary function results. A print-out of the 

results were obtained from the computer, and after corrections, a print 

and a card output were produced for use in the statistical analysis. The 

flow diagram for the handling of the data prior to analysis is shown in 

Table 4-2. 

Control of Quality and Validity of the Results: 

Inter-observer differences were studied by repeated sequential mea­

surements on two subjects. No significant difference was found between 

the results of the two technicians testing the same subject, nor between 

morning and afternoon testing (Table 4-3). From this it was concluded 

that neither inter-observer nor within-subject variation was likely to 

have been important in this study. 

As the study conducted in two cities lasted several months, the in­

fluence of place, season, increasing experience of technicians and the 

state of the apparatus might aIl have contributed to the between-subject 

variation. An overall check of the laboratory quality was obtained by 

testing 31 men twice, once in Thetford Mines, once in Asbestos. The two 

sets of results were compared (Table 4-4). No significant difference 

was found in tests where cooperation was not required; a slight increase, 

significant at the 0.05 level was found in tests such as VC and those 

conducted during exercise where training could play a role (Fournier-Massey 

et al, 1970). 



TABLE 4-3 - REPEAT PULMONARY FUNCTION MEASUREMENTS ON TWO SUBJECTS 
(BETWEEN MORNING AND AFTERNOON MEASUREMENTS) ANALYSED FOR 
INTER-OBSERVER AND WITHIN SUBJECT VARIATION ** 

SUBJECT A. S ~ , 

no mean 
of 
tri 
aIs 

TEST 

VC L. 23 4.70 
FRC L. 23 2.46 
RV L. 23 0.81 
TLC L. 23 5.63 

ME 7- 23 63.40 

FEV75 L. 23 3.73 
FEVI L. 23 4.08 
FVC L. 23 4.81 
FEVI 7- 23 86.10 
MMF L/sec 23 4.20 

DLCOSB ** 23 36.00 
Keo cc/min 23 5.93 

DLCOSSrest 22 13.84 
200 22 20.13 
600 22 26.05 

ExtCO 7-
rest % 22 39.60 
200 KMm 22 41.50 
600 KMm 22 33.90 

Heart min 
rest 22 84.20 
200 KMm 22 ' 97.60 
600 KMm 22 139.10 

VE L/min 

1 

rest 22 11.20 
200 KMm 22 16.50 
600 KMm' 22 

! 
33.80 

V02 L/min 1 

rest 22 ! 0.31 
200 KMm 22 0.63 
600 KMm 

1 

22 1.31 

1 

1 

S.E. Standard error 
x P = 0.05 
* Variance analysis 
** ccCO/min/mm Hg 

within' 
subject 
diff. 

- 0.05 
- 0.10x 
- 0.02 
- 0.02 

- 2.36 

- 0.04 
- 0.02 

'- 0.00 
- 1.28 
+ 0.06 

+ 5.78~ 
+ 0.94 

+ 0.30 
+ 2.13 
+ 2.75 

- 1.15 
- 0.39 
+'0.76 

+ 8.83 
+13.41 
+ 6.25 

- 0.16 
+ 0.63 
- 0.64 

+ 0.02 
+ 0.03 
+ 0.06 

SUBJECTR.K'. 

S.E. 
, 

inter- no me an within' 
of a observer of subject 
single diff. tri diff • 
obser- aIs 
vation 

0.09 + 0.01 15 5.99 - 0.05 
0.10 - 0.05 15 4.16 + 0.06 
0.10 - 0.04 15 1.66 + 0.07 
0.12 - 0.01 15 7.82 + 0.07 

' 9.91 - 4.80 15 57.90 + 2.34 

' 0.09 + 0.07 15 4.63 + 0.05 
0.09 + 0.08 15 5.19 + 0.05 
0,.07 + 0.04 15 6.13 - 0.04 
2.24 + 1. 76 15 86.00 - 0.90 
0.36 + 0.11 15 5.18 .,. 0.23 

3.40 + 1.68, 15 41.50 ' + 2.26 
0.54 + 0.21 15 5.19 + 0.12 

1.62 + 0.38 
1.78 + 1.40 
1.95 + 0.05 

2.78 + 0.57' , 
2.19 + 1.61 

' 1.63 + 1.04 

10.00 - 0.87 
Il.75 + 3.12 
9.88 + 2.82 

1.71 - 0.30 
1.35 - 0.47 

' 2.80 - 1.59 

0.02 + 0.04 
0.03 - 0.02 
0.06 - 0.05 

S.E. 
, 

inter-
of a observer 
single diff. 
obser-
vation 

0.15 - 0.13 
0.16 + 0.01 
0.03 + 0.00 
0.13 - 0.13 

7.37 + 1.00 

0.11 + 0.00 
0.11 + 0.02 
0.13' + 0.15 
2.36 - 0.22 
0.37 + 0.26 

3.40 + 5.22 
0.61 + 0.59 

i 
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TABLE 4-4 - RESULTS OF 31 SUBJECTS TESTED AT THETFORD AND AT ASBESTOS 

TEST No. of FIRST TEST CHANGE 
Subjects Mean.!. S.D. Mean.±. S .D. 

VC L. 31 3.99 0.71 + 0.16 0.29* 
FRC L. 31 3.03 0.61 + 0.02 0.25 
RV L. 31 1.64 0.36 - 0.06 0.26 
TLC L. 31 5.97 0.88 + 0.08 0.23 
ME % 31 56.10 7.80 - 0.10 14.60 

FEV75 L. 31 3.27 0.55 + 0.03 0.20 
FVC L. 31 4.35 0.81 + 0.10 0.26 
FEV1 % 31 83.40 7.40 - 2.30 4.80* 
MMF L./sec. 31 4.02 1.18 - 0.14 0.60* 

DLCOSB ccCO/min/mmHg 30 34.00 8.70 - 0.90 4.80 
K ccCO/min 30 5.57 1.63 - 0.18 0.64 
VASB L. 30 5.61 0.82 + 0.03 0.42 

DLcoSS ccCO/min/mmHg 
rest 30 13.70 3.80 - 0.30 2.90 
200 KMm 30 27.10 9.40 - 1.90 3.90* 
400 KMm 6 27.00 5.40 - 3.90 1.90* 
600 KMm 13 38.20 6.10 - 3.70 3.80* 

ExtCO % 
rest 30 43.00 6.00 0.00 5.00 
200 KMm 30 43.00 7.00 0.00 4.00 
400 KMm 6 33.00 4.00 - 1.00 3.00 
600 KMm 13 39.00 5.00 - 2.00 2.00 

Heart min 
rest 30 81 1 - 3 9 
200 KMm 30 102 2 - 4 11 
400 KMm 6 121 6 - 1 7 
600 KMm 13 134 1 - 3 9 

VE L./min 
rest 30 10.30 3.20 0.10 1.80 
200 30 18.20 5.30 - 1.30 3.20 
400 6 32.50 4.20 - 2.80 3.70 
600 13 35.40 3.70 - 1.00 2.40 

V02 L./min 
rest 30 0.26 0.70 0.00 0.30 

j 200 KMm 30 0.69 0.09 - 0.02 0.12 
400 KMm 6 1.04 0.12 - 0.05 0.10 
600 KMm 13 1.37 0.09 - 0.02 0.07 

* P <0.01 t-Test for paired values. 



TABLE 4-5 - ASSIGNMENT OF CODES TO RESULTS OF THE FIVE TESTS USED 

TO CLASSIFY PULMONARY FONCTION PROFILES 

TEST % OF PREDICTED VALUE CODE 

Volumes: RV and TLC <.70 7 

70 - 79 8 

80 - 89 9 

90 - 110 10 

111 - 120 11 

121 - 130 12 

131 < 13 

F1ows: FEV75 and MMF < 70 13 

70 - 79 12 

80 - 89 11 

90 - 110 10 

111- 120 9 

121 - 130 8 

131 < 7 

Flow-Volume: FEV1% < 84 13 

85 - 89 12 

90 - 94 Il 

95 - 105 10 

106 - 110 9 

111 - 115 8 

116 > 7 
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First Analysis of Results: 

In arder ta classify subjects according ta their lung function profile, 

comparison with expected values was necessary. Those of Goldman and Beck­

lake (1959) were used for the volumes; those of Needham (1954) and Bates et 

al (1962) for mixing efficiency; those of Cotes et al (1966) for flow rates; 

those of Cotes (1965) for DLCOSB; those of Bates (1962) for DLcoSS and Done­

van et al (1959) for that on exercise. The formula of these predicted values 

are found in Appendix II, Table 11-2. 

The second step was ta classify each subject by his pulmonary function 

into restrictive, obstructive, a mixed or normal pulmonary function. The 

third step was ta group subjects with similar results together. 

The lung function profiles were determined from the following five mea­

surements, each expressed as % expected: RV, TLC, FEV75 , MMF and FEVl%. Codes 

were assigned ta each of these five tests (Table 4-5) in such a way that 

when added, a low score indicated a restrictive profile and a high score an 

obstructive one. The sum of the five codes gave scores ranging from 37 ta 

65 (Table 4-6). 

Score 50 could be obtained by aIl five codes having a value of la 

(normal profile) or by a mathematical balance of codes under, equal ta and 

over la (undifferentiated profile). Score 49 and under could result from 

aIl five codes ranging from 7 ta la inclusively (restrictive profile) or 

codes ranging from 7 ta 13 but predominantly under la (dominant restrictive 

profile). In the same fashion, scores 51 and over could result from codes 

for aIl tests lying between la and 13 (obstructive profile) or by the com­

bination of codes from 7 ta 13 with a predominance of· codes over la (dominant 
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TABLE 4-6 LUNG FUNCTION TYPES BASED ON SCORING SYSTEM 

TESTS AND CODES SCORES PROFILES 

AlI tests have code 10 50 NORMAL 

Tests have codes 7 to 10 incl. 38-49 DEFINITE RESTRICTIVE 

Tests have codes 10 to 13 incl. 51-65 DEFINI TE OBSTRUCTIVE 

Tests have codes 7 to 13 incl. 

equally divided below & above 10 50 UNDIFFERENTIATED 

most tests under 10 40-49 DOMINANT RESTRICTIVE 

most tests over 10 51-58 DOMINANT OBSTRUCTIVE 

It was impossible to have the scores 35 to 37, because if volumes are 

decreased severely, flows usually drop, and the codes will then be under 

10 for the volumes (small volumes) and over 10 for the flows (small flows) 

giving a mixed profile. 
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obstructive profile). 

For example, a low score of 42 could result from the addition of 

five low codes ( 8, 8, 8, 8, 9) or three low, one normal and one high 

( 7, 7, 7, 10, Il). The former would be classified as a definite res­

trictive profile and the latter as a dominant restrictive one. Like­

wise, the score 58 could be given by the addition of one 10 and four 

over 10 ( Il, 10, 13, Il, 13) or by the combination of one under 10, 

one 10 and three over 10 ( 9, 10, 13, 13, 13). 

The results of the 1034 men were separated in this way in six 

profiles: normal or undifferentiated function, definite or dominant 

restriction, and definite or dominant obstruction. 

3. ASSOCIATED INFORMATION 

The following additional information was obtained on each subject: 

Anthropology: 

Height, weight and arm span were measured when the subjects came 

for their pulmonary function tests. 
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Clinical Data: 

Each subject, who presented himself for pulmonary function testing, 

also answered a questionnaire in French or English. This was essentially 

a modified form of British Medical Research Council questionnaire (Fletcher, 

1966, Appendix II ). Questions 1 to 31, dealing with cough, phlegm, 

breathlessness, wheezing, effect of weather, nasal catarrh and history of 

chest illnesses were used without any modification. 

The occupational history was recorded in greater detail and five 

questions were added on arthritic and rheumatic symptoms. These represent 

diseases which could influence the pulmonary function at rest and on exer­

cise. Finally, questions were asked concerning trauma, pulmonary and 

pleural problems. 

Radiology: 

The most recent chest radiograph taken within the previous 12 months 

was assessed by an international panel of six readers: Dr. L.J. Bristol 

(U.S.A.), Dr. J.C. Gilson (U.K.), Dr. J.K. Sluis-Cremer (South Africa) and 

Drs. P. Cartier, T.R. Grainger and J.C. McDonald from Canada. The classi­

fication used has been described previously (B8hlig et al, 1970). It is 

based essentially on the presence and profusion of small opacities, round 

and/or irregular; it allows for comment on large opacities, pleural thic­

kening, poorly defined diaphragm and for cardiac border, and pleural calci­

fication as illustrated in Figure 4-2. The profusion of the small opaci­

ties was graded by an expansion of the usual four point scale (0, 1, 2, 3) 

to a 12 point scale (0/-, 0/0, 0/1, 1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 
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3/4) in the manner suggested by Liddell (1963). Each radiograph was 

allocated to a category according to the second highest score of the 

six readers. 

Dust exposure and effort: 

The influence of the working environment was assessed by develop-

ing indices based on the dust concentration and on the physical effort 

involved in any job, using a method developed by Gibbs and already reported 

in detail (Gibbs and Lachance, 1972). 

The occupational history of each employee was obtained from the 

cardex of every company where he had worked. The cardex provided the 

date when he began and left each position and what he had done during 

that time. 

Each of these positions was rated for dust exposure and physical 

effort involved. Dust measurements have been made in the Quebec As-

bestos industry for many years. A dust sampling engineer was appointed 

by the Quebec Asbestos Mining Association about 1952, but some five years 

prior to this date, the same individual began to carry out a number of 

dust measurements in the industry while employed by the Quebec Government. 

AlI these figures were available, and were arranged as to year and job 

location. The dust concentration was classified into thirteen categories. 

The physical effort of each job was assessed by designing a scale for 

physical effort and physical application based on the nurnher of pounds 

lifted per hour, and points were assigned for each job. For those posi­

tions whose title had become obsolete, a correlation was made with existing 

positions. For those positions which had disappeared, descriptions were 
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obtained from personnel records and the older employees. 

Three indices were calculated: one involving the dust exposure 

only, the two others the dust exposure and the physical effort required 

for each job. The dust index (Dust 1) for each person was calculated 

by adding together the product of time spent in each job, in years or 

fraction of years, and the average estimated dust concentration in 

millions particles per cubic foot (MPPCF). For example, a man who worked 

for three years at 80 ~CF, seven at 10 ~F and eight at 15 ~CF would 

be assigned an index of 430 (240 + 70 + 120). This procedure implies that 

biological significance of a given dust index is essentially the same 

whatever the combinat ion of years and dust concentrations. Though the 

method is commonly used because it gives a more quantitative evaluation 

than the number of years of work in the industry, the underlying assump-

tion may not be wholly valid. 

The accumulated dust exposure weighted for physical effort 

was also calculated in a similar fashion as the accumulated sum of the 

product of the physical factor (based on the number of pounds lifted per 

hour) and the accumulated dust exposure for each individual job. A third 

index took into account not on1y the rate of work, but also the duration 

of effort. In this thesis, the third index was preferred to the second 

to 
one and will be referred &9W as Dust II. 

Smoking Habits: 

From the Questionnaire mentioned previously (Fletcher, 1966), questions 

on smoking were adapted in a very minor way to the local idiom. Smoking 

histories were examined by a classification based on the number of ciga-
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rettes (or equivalent) currently smoked per day. Non-smokers were de­

fined as those who never smoked as much as one cigarette a day for as 

long as one year. 

As for the pulmonary function tests results, aIl data on the mea­

surements of health and the associated factors were transferred on cards 

for subsequent analysis. 

4. STATISTICAL ANALYSIS 

Pulmonary function results were described by using the means and 

standard deviations of the means for groups of individuals divided on 

the basis of their lung function scores. Other measurements of health 

and associated factors were related to function by determining prevalence 

rates for different groups of individuals as defined above. 

Principal component analysis was done in two steps: the first one 

includes 18 principal variables in which the five tests used to separate 

restrictive and obstructive profiles were included, and the second one 

where they were omitted, leaving 13 variables. By this technique, those 

factors, which apparently play a part in determining the pulmonary diseases, 

could in theory be separated into those which are important and Independant 

and those which are less important. The initial set of correlated variables 

was treated by linear transformation to give a new set of uncorrelated 

components. Each component was th en 



57 

extracted in order of its contribution to the total variance of the 

original variables: the nature of the variabi1ity which remains can be 

ignored. The component score for each individua1 was then calcu1ated 

as a weighted sum of the values of the original variables after they 

have been standardized by substracting the mean and dividing by the 

standard deviation. When the individua1 scores are p10tted against 

the axis of the components, meaningfu1 trends may emerge. 

To eva1uate the importance of each co ding test in the definition 

of the profiles, a mu1tivariate path or a dependance ana1ysis was done. 

This type of analysis, which is an extension of the multiple regression 

coefficient analysis, defines the causal linkages of input variables 

(five coding tests, plus 13 other ones) over dependant variables (code) 

(Heise, 1969). 



5 RESULTS 

1. GENERAL. 

2. PULMONARY FUNCTION IN RELATION TO ASBESTOS EXPOSURE. 

Distribution of subjects by pu1monary function scores. 

Pulmonary function in the subgroups c1assified by profile. 

Pu1monary function profiles by decade. 
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3. ASSOCIATION OF PULMONARY FUNCTION PROFILESWITH QUESTIONNAIRE 

AND RADIOGRAPH. 

Questionnaire. 

Radio1ogy. 

4. PULMONARY FUNCTION PROFILES IN RELATION TO: 

Duration of work in the industry. 

Dust exposure - Dust land Dust II. 

Cigarettes. 

Dust II and cigarettes. 

5. PRINCIPAL COMPONENT ANALYSIS. 

Ana1ysis with 18 variables inc1uding the five tests used to de ter­

mine profiles. 

Analysis with 13 variables exc1uding the five tests used to determine 

profiles. 

6. SUMMARY. 



TABLE 5-1 - DISTRIBUTION OF SUBJECTS BY PULMONARY FONCTION SCORE 
IN THE 1967 AND 1968 SURVEYS 

DEFINI TE PROFILES DOMINANT PROFILES 
FONCTION 
SCORES 1967 1968 Total 1967 1968 Total 

38 1 1 D 
39 4 4 0 

M 
R 40 9 2 11 IR 1 1 
E 41 Il 3 14 NE 
S 42 25 1 26 AS 
T 43 26 5 31 NT 9 1 10 
R 44 33 1 34 TR Il 1 12 
l l 
C 45 35 3 38 C 6 2 8 
T 46 43 4 47 T Il 1 12 
l 47 42 6 48 l 18 1 19 
0 48 37 6 43 0 20 5 25 
N 49 36 1 37 N 33 11 44 

NOR- 50 27 27 00- 47 10 57 
MAL DIFF. 

51 22 3 25 D 29 9 38 
52 27 3 30 0 26 6 32 
53 30 6 36 M 15 11 26 

0 54 38 8 46 10 12 5 17 
B 55 31 7 38 NB 13 1 14 
S AS 
T 56 29 6 35 NT 13 2 15 
R 57 13 5 18 TR 7 1 8 
U 58 19 9 28 U 5 1 6 
C 59 21 2 23 C 
T 60 7 4 11 T 
l l 
0 61 9 2 11 0 
N 62 10 4 14 N 

63 6 3 9 
64 2 2 
65 2 2 

SUMMARY 

38-49 302 32 334 109 22 131 
50 27 27 47 10 57 
51-65 265 63 328 121 36 157 

TOTAL 594 95. 689 277 68 345 
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1. GENERAL 

Every worker examined had been exposed to asbestos; the results were 

analysed so that three major questions could be answered: 

1) What is the prevalence of lung function profiles 

in these workers? 

2) How are these profiles related to clinical or radio­

logical findings? 

3) In what way are dust and cigarettes responsible for the 

functional changes? 

The answer to the first question was obtained by examining the 

distribution of pulmonary function scores in the workers tested, and 

analysing the results in terms of six main profiles. Ti:1\:: second was 

answered by correlating these profiles with clinical symptoms and ra­

diological findings, and the third one by assessing the influence of dust 

exposure, physical effort and smoking, which have been implicated in the 

pulmonary function alterations in asbestos workers. 

2. PULMONARY FUNCTION IN RELATION TO ASBESTOS EXPOSURE: 

Distribution of subjects by pulmonary function scores: 

The distribution of subjects by pulmonary function scores (the 

score derived from RV, TLC, FEV75, FEVl and MMF as indicated above) 

is shown in Table 5-1 (opposite page). A score of 50 (i.e. indicating 
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results ± 10% of expected estab1ished the demarcation between the 

decreasing scores of the restrictive profile and the increasing scores 

of the obstructive one. 

It will be seen that there are no men with scores indicating 

marked restriction (be1ow 37), because if" volumes were marked1y reduced, 

f10ws were automatica11y decreased, and the subject wou1d then be c1assi­

fied as having a dominant rather than a definite profile. 

On1y 27 subjects were found to have a score of 50 in the 1967 survey 

and no one in 1968. However, 302 and 32 subjects (in 1967 and 1968 res­

pective1y) had scores be10w 50, i.e. fe11 into the restrictive side, and 

265 and 63 respective1y scores above 50 in the obstructive area. In sub­

jects who were c1assified as having dominant patterns, (47 subjects in 1967 

and 10 in 1968) had a score of 50 (i.e. undifferentiated abnorma1 pattern), 

109 and 22 respective1y fel1 below 50 (dominant restrictive), and 121 and 

36 above 50 in the range indicating a dominant obstructive pattern. 

Figure 5-1 indicates the contribution of each test to the score and 

its relative importance in c1assifying the subjects, results of the 1967 

and 1968 surveys being combined. In subjects classified as dominant, sco­

res a1so fe11 in the same ranges but had a muCh greater standard deviation. 

An ana1ysis of dependance was performed to define what tests were more 

important in defining the codes, definite and dominant. The definite codes 

depend primari1y on MMF (correlation coefficient - 0.545), 1ess on RV, FEV1% 

and FEV75 (0.441, -0.351 and - 0.320) respectively, and very little on TLC 

(0~086). The dominant codes were based more on RV (0.523), about equa11y 

on MMF and FEV75 (- 0.453 and - 0.450) and 1ess on TLC and FEV1% (0.276 and 



TABLE 5-2 - CLASSIFICATION OF SUBJECTS ACCORDING TO PULMONARY FUNCTION SCORE 

SCORES . PROFILES 

38-44 RESTRICTIVE 

Defini te 

Dominant 

45-55 "NORMAL" 

Normal 

Undifferentiated. 

56-65 OBSTRUCTIVE 

Defini te 

Dominant 

TOTAL Defini te 

Dominant 

TOTAL 

SUBJECTS 
Number 

1967 - 1968. 1967-68 

109 12 121 

21 2 23 

367 47 414 

231 62 293 

118 36 154 

25 4 29 

594 95 689 

277 68 345 

871 163 1034 

Age 
Standardized 

% % of 
Total Total 

11.7 12.8 

2.2 2.1 

40.0 44.3 

28.3 26.5 

14.9 12.2 

2.9 2.1 

66.6 69.7 

33.4 30.3 

100.0 100.0 
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- 0.226). 

The analysis of the 45 groups according ta pulmonary function scores 

alone and with the measurements of health and associated factors would have 

been difficult from a practical point of view. Results were first examined 

with the subjects divided into 12 groups according to their lung function 

score (7 definite and 5 dominant profiles); to further simplify the analysis, 

sub-groups were then amalgamated, reducing the number to six profiles. As 

this did not seem to modify the conclusions, results are so reported here. 

Table 5-2 lists the number of subjects in each profile, in both 

surveys, separately and combined. Three definite profiles are listed: 

restrictive, normal and obstructive; and three dominant ones: restric-

tive, undifferentiated and obstructive. More subjects were classified 

into the definite obstructive profile (118 and 36 in 1967 and 1968 res-

pectively, or 14.9%), than in the definite restrictive profile (109 and 

12 in 1967 and 1968 respectively, or Il.7%). Likewise, there were more 

with a dominant obstructive profile, (25 and 4 in 1967 and 1968, respec-

tively, or 2.9%), than with a dominant restrictive profile (21 and 2 in 

1967 and 1968 respectively, or 2.2%). A normal profile was found in 367 

subjects in 1967 and 47 in 1968, or 40.0%. The undifferentiated abnormal 

profile was present in 23L subjects in 1967 and 62 in 1968 or 28.3%. Fi-

nally, more subjects with definite as opposed to dominant profiles were 

found in the 1967 survey than in the 1968, in the proportion of two-thirds 

to one-third respectively. 

,~ ' .. . The selection of subjects had included progresslvely more in the older 

age groups (Le. was age-stratified). In order to draw conclusions about 



TABLE 5-3 - MEANS AND STANDARD DEVIATIONS OF PULMONARY FONCTION RESULTS IN 
EACH DEFINITE AND DOMINANT PROFILE. COMBINED 1967-68 SURVEYS. 

NORMAL UNDIFF. 
PROFILE 

RESTRICTION 
DEFINITE DOMINANT 

OBSTRUCTION 
DEFINITE DOMINANT 

Mean"tS.D. Meani'S.D. MeantS.D. Mean~S.D. Mean:tS.D. Mean~S.D. 

No Subj 414 293 121 23 154 29 
Age yrs 46.3 12.·1 49 .. 6 12.4 46.1 12.3 48.7 12.4 53.2 10.2 55.0 8.4 
Ht cm 169.1 6.7 167.3 6.4 169.8 5.6 169.2 6.8 166.8 6.1 168.7 7.3 
Wt kgs 73.2 11.3 70.7 11.9 78.1 11.4 74.1 10.4 69.7 11.6 71.8 10.5 
Tests chosen for definition of Erofi1es 
RV % P 96.9 17.6 100.3 63.3 74.6 14.9 95.8 22.4 138.6 24.8 126.1 26.9 
TLC % P 98.3 8.3 96.6 16.5 90.0 10.3 99.5 18.5 109.3 11.1 100.3 22.3 
FEV75 % P ,101'.8· -1.1.,7 . 99.~ 19.1 113.5 14.2 121.4 25.0 79.1 16.7 79.6 29.5 
FEV1% % P 103.2 6.3 102.9 7.4 113.1 5.0 115.0 5.0 87.3 10.4 90.7 12.6 
MMF % P 92.7 18.9 87.6 61.7 133.7 20.2 145.7 36.2 49.1 18.5 52.9 19.7 
Other tests 
VC % P 92.1 10.3 89.8 17.4 90.8 12.6 . 95.6 21.0 86.8 13.9 79~0 23.8 
FRC ï. P 90.5 16.7 90.8 20.4 74.7 15.2 90.7 21.5 112.8 16.7 103.6 19.9 
FEV1 % 79.8 5.2 79.0 5.8 87.4 3.8 88.5 4.8 66.6 8.1 68.8 9.5 
ME % P 95.0 22.2 94.8 22.8 100.8 26.5 101.0 23.1 83.4 24.5 95.3 24.0 
FVC il . 4.-0 . 0.8 ··-3.7·' 0.9 3.0 '. {lo8, '4.0 1.0 3.4 'O~8 3.2 1.1 

No subj 179 131 48 9 ',··86 ,13 

DLCOSB * 30.0 7.7 25.3 6.6 28.4 6.3 27.6 7.2 25.6 7.1 25.4 7.1 
Keo -4..9' 1 .. 0 4.6. -1..D 5.1 0: .. 9 ,4'.3 ,1.1 - 4.2 0.9 4.2 1.0 
VA L 5.7 0.8 5.2 1.1 5.2 0.8 6.0 1.1 5.6 0.9 5.6 1.1 

REST 
No subj 410 290 120 23 15-2 c, ·29 
DLCOSS * 12.8 4.3 11.6 4.2 13.9 5.1 12.6 3.2 10.8 4.1 10.3 4.0 
ExtCO. 'f. . 42..3 5.9 -40.7"'6.5 . 42.5 6.,5 42'.9 7'.9 39· .. 0 7.7 38.7 6.3 
V + 9.4 2.3 9.5 2.6 10.2 2.6 9.7 3.2 9.6 2.5 9.7 2.0 
V02 + 0.27 0.05 0.26 0.05 0.29 0.05 0.27 0.05 0.26 0.05 0.27 0.07 

200KMm 
No subj 363 248 110 18 130 24 
DLCOSS * 23.6 5.5 22.0 6.1 24.3 6.8 24.0 5.3 20.6 6.6 19.1 4.5 
ExtCO % 40.4 5.3 38.8 6.0 40.7 5.7 41.6 5.2 37.0 6.6 36.2 5.8 
\r + 19.2 3.3. 1.9.6 3.3 19.8 3.6 18.9 3.1 20.0 4.4 20.6 4.0 
\r02 + 0.7'3 0.13 0.72'0.12 0.74 0.13 0.72 0.11 0.70 0.14 0.73 0.11 

400KMm 
No subj 158 114 52 10 59 12 

DLcoSS * 28.2 5.5 27.3 5.4 28.6 5.2 31.5 11.4 26.8 6.0 25.6 4.2 
ExtCO. % 35.,~ 4.? 35.1 4~8 36.1 ,4.5 39.,2 4.~ 33~9 5.8 34.4 4.1 
V . + 30.3 4.3 30.8 4.6 31~0 4.6 28.0 3.4 32.3 6.5 30.8 5.6 
\r02 :1- ,,1..240 •. 15. 1.220,.17 1:.24 P.15 1.24,0.14 L.2~ p.;L6 1.,26 0.11 

600KMm 
No subj 86 38 17 3 8 1 
DLCOSS * 35.8 5.6 36.7 6.6 37.9 9.2 36.6 9.3 37.1 5.0 26.3 
ExtCO % 37.0 3.8 37.2 4.5 40.2 5.7 41.3 7.0 38.6 4.9 35.0 
V + ,3.7~1 4.3 37.2, .5.1. 33.8 3.5 31.4 ~ ~9. 3?.3 ,5 .• 8 32.1 
V02 + 1.63 0.22 1'.64 O.Ù 1.65 0.17 1.59 0.08 1.64 0.14 1.03 

- cc/m:i.n *'- ccCO/min/mnffig + - Llmin 

Î 

--, 
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the parent population of asbestos workers of the Eastern Townships the 

age-standardized prevalence of the different lung function profiles was 

calculated (Table 5-2); it can be seen that 12.8% of the subjects showed 

a profile of restriction and 12.2% one of obstruction. The prevalence of 

a normal profile'was 44.3%, of undifferentiated ab normal function 26.5% 

and of the dominant restriction and obstruction, 21% each. Thus in this 

working population, the obstructive profile was observed as often as the 

restrictive one, and mixed syndromes were found in 30% of the cases. 

Pulmonary Function in the subgroups classified by profile: 

Mean values of physical characteristics and pulmonary function tests 

for subjects in the six profiles in the combined survey are given in Table 

5-3. (The results of each survey separately and combined are included 

in Appendix III, Table 111-1). 

Mean age was slightly higher in the obstructive and dominant obstruc-

tive profiles compared to the others. By contrast, the subjects with 

restriction or dominant restriction were slightly taller and heavier than 

those in the other groups. 

Measurements ~ used to define the function profiles merit comment. 

The subjects with a restrictive profile had the lowest values for FRC, 

whereas ,those with obstruction and dominant obstruction had the lowest VC, 

a lower Keo, lower DLCOSS and extraction factor at rest and on most levels 

of exercise. In general measurements in subjects with the dominant obstruc-

tive profile were more impaired than those in subjects with definite obstruc-

tion. Little difference between the profiles was found in ventilation and 

oxygen consumption. 



TABLE 5-4 - PREVALENCE 7. IN EACH DECADE OF PULMONARY FUNCTION P·ROFTLES· 

PREVALENCE, OF PULM0NARY FUNCT,ION PR{)FILES 

DECADES No. of NORMAL UNDIFFE- RESTRICTION OBSTRUCTION 
SUBJECTS RENTIATED Definite Dominant Definite Dominant 

% 

21-30 112 48 26 16 3 7 

31-40 175 52 26 13 2 5 1 

41-50 239 45 25 , 12 1 15 . 2 

51-60 274 32 28 12 4 19 4 

61·+ 234 31 '35 8 1 21 4 
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In summary, subjects were classified into one of six profiles of 
"'-'" . 

pulmonary function, three definite and three dominant. The profile of 

definite obstruction was more frequent than that of the definite restric-

tion; one third of subjects had dominant profiles, most of them in the 

undifferentiated abnormal group. Subjects with the obstructive profile 

showed in general more abnormal lung function than those with restrictive 

profile, particularly in terms of VC, flows and DL at rest and on exercise. 

Pulmonary Function Profiles by Decade: 

The prevalence % of subjects in each decade included in each pulmonary 

function profile is shawn in Table 5-4. It can be seen that the prevalence 

of the restrictive profile decreased with age. Likewise, the prevalence 

of the normal profile decreased from the younger subjects to the older 

ones. By contrast, the obstructive profile increased in prevalence with 

age. The prevalence of the dominant restrictive was low and variable from 

de cade to decade. There was a rather higher prevalence of subjects with 

undifferentiated abnormal profile which, if anything increased with age. 

Likewise, there was an increase in prevalence of the dominant obstructive 

pattern with age. 

The mean values for pulmonary function tests for each decade in each 

profile are included in Tables 111-2,3,4. These values shown graphically 

in Fig. 5-2 are those tests on t:rhich the classification into function pro-

,r- files was based. MMF and FEVI% in every de cade separate restrictive, normal 

\.... and obstructive profiles better than FEV75, RV and TLC. 
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In summary, subjects were classified into one of six profiles of 
~. 

pulmonary function, three definite and three dominant. The profile of 

definite obstruction was more frequent than that of the definite restric-

tion; one third of subjects had dominant profiles, most of them in the 

undifferentiated abnormal group. Subjects with the obstructive profile 

showed in general more abnormal lung function than those with restrictive 

profile, particularly in terms of VC, flows and DL at rest and on exercise. 

Pulmonary Function Profiles by Decade: 

The prevalence % of subjects in each decade included in each pulmonary 

function profile is shawn in Table 5-4. It can be seen that the prevalence 

of the restrictive profile decreased with age. Likewise, the prevalence 

of the normal profile decreased from the younger subjects to the older 

ones. By contrast, the obstructive profile increased in prevalence with 

age. The prevalence of the dominant restrictive was low and variable from 

decade to decade. There was a rather higher prevalence of subjects with 

undifferentiated abnormal profile which, if anything increased with age. 

Likewise, there was an increase in prevalence of the dominant obstructive 

pattern with age. 

The mean values for pulmonary function tests for each decade in each 

profile are included in Tables 1II-2,3,4. These values shown graphically 

in Fig. 5-2 are those tests on which the classification into function pro-

files was based. MMF and FEVI% in every de cade separate restrictive, normal a,. 
and obstructive profiles better than FEV75, RV and TLe. 



FIG. 5-2 _ PUlMONARY FUNCTION PROFILES, MEAN ~ALUES OF THE FIVE SCORING TESTS. EXPRESSED AS % PREDICTED VALUE PER DECADE. 
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In Fig. 5-3, are included the other principal measurements. It can 

be seen that VC tended to be lower in obstruction than restriction in every 

decade. FRC, which varied by more than 307. of expected values between 

obstruction and restriction at aIl decades, increased only slightly from 

21-30 to de cade 61-. Mixing efficiency was normal in restriction and 

decreased in obstruction. FEVl% closely allied to the FEV75 which was 

used in classifying the profiles, was in consequence over 85% of FVC in 

restriction, less than 707. in the obstructive profile. There were less 

impressive differences of diffusing capacity between profiles, Thus, for 

DLcoSB the restrictive profile was associated with slightly lower values 

in the decades 31-40 and 41-50, and slightly higher ones in the other decades, 

while in the obstructive ~rofile there were generally lower values for DLcoSS' 

at rest and on exercise than in restriction. 

In summary, when lung function profiles were examined by decade, the 

obstructive profile was found to increase and the restrictive profile to 

decrease in prevalence with age. In general, VC and DL were lower in that 

profile compared to the others. 
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FIG. 5-3 

- PUL\!ONARY FUNCTION PROFILES, MEAN VALUES OF VOLUMES, FLOWS AND DIFFUSION TESTS, EXPRESSED AS % PREDICTED VALUES PER DECADE. 
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TABLE 5-5 - PREVALENCE % OF RESPIRATORY SYMPTOMS IN PULMONARY FUNCTION 
PROFILES WITHOUT AND WITH AGE STANDARDIZATION FOR TOTAL 
POPULATION 

PULMONARY 
FUNCTION 
PROFILES 

NORMAL 

UNDIFFE­
RENTIATED 

RESTRICTION 

definite 

dominant 

OBSTRUCTION 

definite 

dowinant 

No. of 
SUBJECTS 

407 

286 

120 

22 

149 

27 

COUGH 

3 mo. 
% 

49 
(48) 

56 
(53) 

36 
(35)* 

29 
(14) 

72 
(79) 

74 
(47) 

PHLEGM 

3 mo. 
% 

45 

45 

37 

33 

55 

48 

COUGH & 
PHLEGM 
3 mo. 

% 

34 
(33) 

35 
(31) 

21 
(20) 

24 
(10) 

49 
(44) 

44 
(25) 

BREATHLESS­
NESS )( 
(same age) 

7. 

16 
(14) 

26 
(17) 

18 
(16) 

19 
(7) 

38 
(22) 

26 
(39) 

* ( ) Preva1ence % age standardized for total population. 

'" ff·l.n ... fV'O I~ b . 

CHEST 
ILLNESS 

13 

13 

12 

29 

17 

19 
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3. ASSOCIATION OF PULMONARY FUNCTION WITH QUESTIONNAIRE AND RADIOGRAPH 

The association of lung function profiles with other measures of 

health i.e. questionnaire and radiology, was then examined. Although 

examined for both surveys independently, only the conclusions for the 

combined results will be considered here. 

Questionnaire: 

Some subjects who completed pulmonary function tests could not 

answer the questionnaire adequately, so results on only 1011 out of 1034 

are analyzed in Table 5-5. 

The prevalence of cough, phlegm and breathlessness was higher amongst 

those subjects showing definite or dominant obstructive profiles than in 

those with the restrictive profiles. The prevalence of chest illness was 

higher in the dominant restrictive group. 

The selection of subjects could have influenced the prevalence of the 

symptomatology in the profiles and not reflect the exact state in the total 

population. When prevalence of symptoms was age-standardized for the total 

population (Table 5-5), the group with definite obstruction showed the 

highest prevalence for cough, while the group with dominant obstruction 

showed a prevalence similar to the normal. Cough and phlegm were also more 

frequent in the obstructive profile. For breathlessness, the dominant 

obstructive profile had a higher prevalence followed by the obstructive one. 

The undifferentiated, restrictive and normal profiles had about the same 

prevalence. So even after standardization, the obstructive profile had a 



FIG. 5-4 RESPIRATORY SYMPTOMS AND RADIOLOGICAL CHANGES IN PULMONASY FUNCTION 
PROFILES. EXPRESSED AS % OF SUBJECTS PER DECADE. 
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higher prevalence of symptoms in its subjects than most of the other ones. 

When prevalence of symptoms was considered by decade (Fig. 5-4, 

Table 1II-5), it was seen that for restriction, cough was similar in 

each decade, whereas in obstruction it increased abruptly from the 

decade 21-30 to the two following decades, and decreased slightly in 

the last two decades. The prevalence of phlegm increased with age in the 

three definite profiles particularly that of obstruction. Breathlessness 

also increased with age in the three definite profiles, obstruction having 

a higher prevalence except in the de cade 21-30. 

In the dominant profiles (Fig. 5-4) no trend was evident, perhaps 

because of the limited number of subjects with restriction and obstruction. 

The prevalence of cough, cough and phlegm and breathlessness was quite stable 

with increasing age except for an increase in the last decade. 

In summary, the prevalence of symptoms increased with age in aIl the 

function profiles; in addition, there was in general a tendency towards 

a higher prevalence of symptoms in subjects with the definite obstructive 

profile. 

Radiology: 

The prevalence of radiological changes in subjects grouped according 

to pulmonary function profiles is shown in Table 5-6. The prevalence 



TABLE 5-6 - PREVALENCE % OF RADIOLOGICAL CHANGES IN PULMONARY FUNCTION 
PROFILES, WITHOUT AND WITH AGE STANDARDIZATION FOR TOTAL 
POPULATION 

PULMONARY NO OF NORMAL DIFF. IRR. PLEURAL DIFF. IRR. OPAC. 
FUN CT ION SUBJ , OPACITIES CHANGES AND PLEURAL 
PROFILES ALONE ALONE CHANGES 

1/0 + COMBINED 

% % % 

NORMAL 414 80 3 14 3 
(78) (3) (12) (7) 

UNDIFFE- 293 69 9 15 7 
RENTIATED (78) (6) (12) (4) 

RESTRICTION 

definite 121 84 4 7 5 
(89)* (3) (6) (2) 

dominant 23 92 4 4 
(93) (2) (5) 

OBSTRUCTION 

definite 154 69 5 19 7 
(78) (2) (16) (4) 

dominant 29 38 14 31 17 
(63) (9) (21) (7) 

* ( ) Preva1ence % age standardized for the total population. 
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of sma11 irregu1ar opacities was in genera1 10w; it was however higher 

in the dominant obstructive profile but simi1ar in the subgroups with the 

restrictive and the obstructive profiles. However, a higher prevalence 

of pleural changes and a1so of combined radiologica1 changes on the same 

radiograph was found in the obstructive profile groups. 1t was a1so evident 

that any of the six function profiles may be associated with a normal chest 

radiograph. 

As discussed above, the preva1ence of radio10gica1 changes in 

the profiles cou1d have been inf1uenced by the selection of subjects. When 

age-standardized for the total population (Table 5-6), the preva1ence of 

sma11 irregu1ar opacities a10ne was greater in the undifferentiated and 

dominant obstructive profiles, the definite restriction having a slight1y 

higher preva1ence than the definite obstruction. The dominant and definite 

obstruction had more pleural changes a10ne. For the combined radio10gica1 

changes on the same radiograph, the dominant obstruction and the normal 

profiles had the higher preva1ence, the definite obstruction having more 

changes than the definite restriction. 

As a1ready mentioned, genera1 conclusions about overa11 working po­

pulation must also be related to age to define the progression of the 

abnorma1ities. Thus, the radio10gical changes by pulmonary function pro­

files were compared by decades (Fig. 5-4, Table 111-6): an increasing 

preva1ence was found with increasing age in each profile. More pleural 

changes were found in the normal, obstructive and undifferentiated profiles; 

sma11 irregu1ar opacities a10ne occured in about equal proportion in each 

profile group. There was a1so a tendency to a greater preva1ence of ra­

dio10gica1 changes in subjects over 51 years. 



FIG. 5-5 ASSOCIATION OF PUL~ONARY FUNCTION PROFILES WITH OUST 
EXPOSURE AND SMOKING EXPRESSED AS MEAN YEARS OF WORK 
AND % OF SUBJECTS PER DECADE. 
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In summary, the overall prevalence of radiological changes was 

greater in the subjects with obstruction than those with restriction 

or normal function. Radiological changes were found to increase with 

age in every subgroup. 

4. PULMONARY FUNCTION PROFILES IN RELATION TO WORK, DUST AND CIGARETTES 

In the hope of drawing some conclusions about association and, by 

inference etiology, two associated fa~tors were specially studied in 

this survey: namely, work including dust exposure, and cigarette smoking, 

both factors known to influence pulmonary function. For reasons outlined 

above, the analysis was done by decades; however, analysis for the pro­

files without and with age adjustment for total population are shown 

for Dust Index l, II and smoking separate1y, and for Dust II and smoking 

combined (Tables 111-7-8). 

Duration of Work in the Industry 

The mean years at work in each de cade is essentially similar in 

each profile except in the 61 and over where the subjects with obstruction 

have had the longest work service (Fig. 5-5, Tables 111-9-10). 

Dust Exposure: Dust l and II 

TWo dust categories have been studied, below 200 dust-years and 
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above. The value of 200 dust-years is equiva1ent to five million 

partic1es per cubic foot (5 MPPCF) for 40 years or its equiva1ent i.e. 
~~ 

more dust in a shorter time or vice versa. Note~5 MPPCF was the Thr~sho1d 

Limit Value of the American Hygiene Society, based on Dreessen's study (1938) 

unti1 recent1y. New thresho1d 1eve1s based on the number of fibers per cc, 

were discussed and adopted in 1968 (Lane et al) but are not yet eva1uated. 

The preva1ence of subjects with high dust exposure (Dust l 200 +) 

in each pu1monary function subgroup increased with age (Fig. 5-5; 

Table 111-10), and tended to be slight1y higher in the subgroups c1assi-

fied as undifferentiated abnorma1 function as we11 as in the obstructive 

and dominant obstructive subgroups. 

In the index taking into account the physica1 effort (Dust II), 

the distribution of high dust indices in the pu1monary function subgroups 

was simi1ar to that described above. 

Cigarettes 

Four categories of smokers were ana1yzed and the resu1ts can be 

found in Tables 111-7-11. In Fig. 5-5 are i11ustrated resu1ts for non-

smokers, smokers of 1-20 cigarettes dai1y, and smokers of more than 

20 cigarettes dai1y. There were more non-smokers in the subgroups with 

dominant restriction and restriction, and 1ess in the subgroups with 

obstructive, dominant obstructive and undifferentiated profiles, and a 

simi1ar trend was found in the category of smoking 1 to 20 cigarettes 

per day. By contrast, the preva1ence of heavy smokers (21 cigarettes 

or more per day) was lower in the subgroups showing a dominant restriction 



FIG. 5-6 - ASSOCIATION OF PULMONARY FUNCTION PROFILES WITII OUST II 
COMBINED WITII SMOKING EXPRESSED AS % OF SUBJECTS PER DECADE. 
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and restriction, and the highest in subgroup with the definite obstruc­

tion. The prevalence of smoking patterns was surprisingly similar from 

one de cade to another. Caution must be observed in interpreting this 

data because it cannot be standardized for age-differences between the 

subgroups with different lung function profiles. 

Dust II and cigarettes 

In an attempt to look at the interrelation of dust, effort (Dust II) 

and smoking in relation to function profiles, the data in Fig. 5-6 were 

broken down according to smoking habits. The prevalence of non-smokers 

was higher, and the prevalence of heavy smokers lower in the dominant 

restrictive and the restrictive profiles with less dust and physical ap­

plication, whereas the prevalence of smokers is higher in the normal and 

undifferentiated profiles, the restrictive and obstructive ones having 

about the same prevalence. 

But in the higher dust category, the prevalence of smokers is higher 

in the dominant obstructive and the obstructive profiles and lowest in 

the restrictive, dominant restrictive and normal profiles. 

Caution must also be observed in interpreting the se data for the 

reasons given above. 

5 • PRINCIPAL COMPONENT ANALYSIS 

The many variables studied for this large group of men produced a 

wealth of data in which trends could be easily hidden. Furthermore, 



TABLE 5-7 - RELATIVE POWER OF EIGHTEEN PULMONARY FONCTION, CLINICAL 
RADIOLOGICAL AND ASSOCIATED VARIABLES TO EVALUATE LUNG 
DISEASE AND TO SEPARATE RESTRICTION FROM OBSTRUCTION IN 
996 ASBESTOS WORKERS. (RELATIVE POWER OF VARIABLES ARE 
EXPRESSED IN STANDARDIZED WEIGHTINGS) 

COMPONENT l COMPONENT II COMPONENT III 

(32.87% TV)* (12.28% TV ) ( 7.78% TV ) 

(Hea1th - disease) (Restriction - obstruction) (C1inica1 picture 
- exposure) 

10 FEV75 -.920x RV +.774 Ph1egm +.681 

20 VC -.845 TLC +.747 Cough +.668 

30 MMF -.794 FEV1 -.658 Cig. +.327 

40 Age +.776 Ht +.431 Dyspnea +.268 

50 Dust l +.665 MMF -.359 Dust l -.264 

60 DLCOSS -.647 Cig. +.328 Dust II -.255 

70 Dust II +.615 VC +.308 Age -.199 

80 Ht -.571 SIC -.175 DLCOSS -.187 

90 TLC -.566 Cough +.173 RV -.180 

100 Extco -.547 Ph1egm +.108 ExtcO -.174 

110 FEV1 -.474 Age +.102 FEV75 .... 085 

120 Dyspnea +.429 DLCOSS +.083 MMF +.084 

130 PC +.384 PC -.072 SIO +.083 

140 SIO +.381 FEV75 -.056 FEV1 +.081 

150 RV +.342 Dust l -.040 TLC -.059 

160 Cough t.280 ExtCO -.039 VC +.038 

170 Ph1egm +.187 Dust II -.018 Ht -.031 

180 Cig. "'.092 Dyspnea +.012 PC +.015 

* TV : Total Vari.ance 

x Standardized weighting 

, 

\ 

J; 
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it would seem reasonable that certain of the variables would prove 

more important than others in determining the results found. To cla­

rify these points, principal component analysis was done. 

Analysis with 18 variables including the five tests used to de termine 

profiles 

Nine hundred and ninety six (996) of the 1034 workers had data on 

aIl of the 18 variables selected for analysis (Table 5-7). The first 

three components so derived account for 52.9% of the total variance (TV) 

and the 15 remaining seem unworthy of further consideration. The Table 

5-7 gives the standardized weightings in decreasing order of magnitude 

for components 1, II and III. 

The first component is probably concerned with differentiating 

health and disease of the respiratory system. The important variables 

in this differentiation are FEV75, VC, MMF and DLCOSS as weIl as age 

and dust exposure. Component II is probably concerned with differentiating 

restriction and obstruction, and RV, TLC, FEVI are primary responsible 

for this separation. Component III relates symptoms more to cigarettes than 

dust, even for dyspnea. In Fig. 5-7 in Part A, the plot of 996 individuals 

using the scores of component l on the horizontal axis and those of com­

ponent lIon the vertical axis, and in ~art B, the scores of component l 

on the horizontal axis and those of component Illon the vertical one. 

Each subject was identified by his pulmonary function profile. To simplify 

the figures, only the extreme boundaries of each profile were drawn. The 

variables were added on the basic graphs to show visually their relative 

importance in the determination of the components (reducing by 8 times the 

value of their correlation coefficient). 
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FIG. 5-7 PULMONARY FUNCTION PROFILES IN RELATION WITH COMPONENTS l, Il and III. 
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TABLE 5-8 - PRINCIPAL COMPONENT ANALYSIS BY DECADES TO ELIMINATE 

SELECTION BIAS IN COMPONENT l 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

21-30 yrs 
(109 subjects) 

(19.5% TV) 

FEV75 -.877 

TLC -.761 

VC -.733 

Ht -.671 

MMF -.610 

Age +.461 

DLcOSS -.385 

RV -.373 

Dyspnea+.331 

Dust l +.243 

FEV1% -.236 

Dust 11+.198 

Cough +.141 

Cig. +.100 

Ph1egm +.072 

SIO -.010 

ExtCO -.009 

PC -.005 

COMPONENT l (Hea1th - disease) 

31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs 

(174 subjects) (224 subjects) (266 subjects) (233 subjects) 

(19.7% TV) (22.7% TV) (21.7% TV) (25.6% TV) 

TLC +.891 FEV75 -.887 FEV75 +-.870 FEV75 +.847 

VC +.866 VC -.793 VC +.795 VC +.838 

FEV75 +.770 MMF -.672 MMF +.688 DLCOSS +.652 

Ht +.714 TLC -.648 DLcoSS +.573 TLC +.636 

RV +.514 Ht -.586 Dust l -.501 MMF +.622 

DLCOSS +.483 DLCOSS -.535 TLC +.495 Dust l -.559 

MMF +.343 Dust l +.432 Dust II -.479 Ht +.549 

Dust l -.294 ExtCO -.410 Ht +.467 ExtCO +.543 

ExtCO +.274 Dust II +.373 ExtCO +.461 Dust II -.513 

Dust II -.262 FEV1% -.365 FEV1% +.379 SIO -.453 

Age +.150 PC +.350 Cough -.344 PC -.369 

FEV1% -.131 Cough +.335 Dyspnea -.310 Dyspnea -.348 

Dyspnea -.077 Age +.321 PC -.242 Ph1egm -.348 

PC -.051 Dyspnea +.319 Ph1egm -.239 Cough -.308 

Ph1egm -.042 SIO +.281 Age -.198 FEV1 +.306 

Cig. -.031 Ph1egm +.157 SIO -.180 RV +.115 

S10 -.029 RV -.051 Cig. -.105 Age -.101 

Cough -.027 Cig. .000 RV -.093 Cig. -.050 

-1 ---
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The less exposed subjects with good functional, clinical and radio­

logical findings are at the extreme left side of the X axis and the more 

exposed ones, with altered function and more clinical and radiological 

findings on the extreme right side. The restrictive profiles, definite 

(open circle) and dominant (closed circle) are in the lower left quadrant 

obstructive (definite, open triangle; dominant, closed triangle) 

are in the upper right one. Thus the Component l differentiated between 

health and·small exposure on one hand and disease with heavier exposure 

on the other. The Component II distinguished the restriction from the 

obstruction. The Component Illon part B of the figure related the impor­

tance of clinical findings, cough and sputum as well as dyspnea with smoking 

more than with dust. It was, however, less well defined than the first two 

components. 

The FEV75, VC, MMF and DLCOSS appeared to be the more important tests 

to differentiate between health and disease, whereas RV, TLC, FEVl and MMF 

de termine restriction or obstruction. Phlegm and cough were related to 

smoking, and dyspnea to smoking and dust. 

The age factor had a high weighting in Component l and is in fact 

related to most of the pulmonary function measurements. To evaluate if 

the first component was not simply an age axis·, the principal component 

analysis was redone by decades. As shown in Table 5-8, the age variable 

which was fourth rank in the total study (Table 5-7), progressively lost 

importance from the first to the last decade. Thus, the Component l is 

not based only on age but more on the deterioration of the pulmonary 

function, reflecting the concept Health-Disease. 



TABLE 5-,9 .PRINCIPAL COMPONENT ANALYSIS EXCLUDING THE FlVE SCORING TESTS 
(996 Subjects - 13 variables) 

A ANALYSIS ON THE TOTAL SURVEY 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

B 

COMPONENT l 
(31.38% TV) 

(Hea1th-disease) 

VC -.812 
Age +.749 
Dust l +.726 
DLCOS~ -.682 
Dust l +.680 
ExtCO -.610 
Ht -.576 
Dyspnea +.462 
SIO +.433 
PC .+.404 
Cough +.296 
Ph1egm +.209 
Cig +.078 

COMPONENT II 
(10.99% TV) 

(C1inica1 picture 
Pollution) 

Cough +.689 
Ph1egm +.682 
Cig. +.471 
Dust l -.249 
Dyspnea +.242 
Dust II -.236 
Age -.156 
ExtCO -.137 
Ht +.130 
VC +.122 
DLCOSS -.116 
PC -.049 
SIO -.016 

ANALYSIS BY DECADES 

COMPONENT III 
( 9.15% TV) 

(Po11ution-Radio10gy) 

Dust II +.594 
Dust l +.550 
DLcOSS +.409 
Ht +.318 . 
ExtcO +.314 
Cig. +.245 
PC -.217 
Cough +.138 
Ph1egm +.134 
VC +.133 
SIO -.067 
Dyspnea -.020 
Age -.006 

COMPONENT l (Hea1th - disease) 

21-30 yrs 31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs 
(15.8% TV) (18.2% TV) (21.0% TV) (21.3% TV) (25.7% TV) 

10 Age +.614 Dust l +.712 VC -.716 VC +.692 VC +.743 
20 VC -.612 Dust II +.693 DLCOS~ -.638 DLcos~ +.668 DLcos~ "'.685 
30 Ht -.555 VC -.583 Dust -.616 Dust -.610 Dust -.638 
40 Dust l +.534 ExtCO -.495 Dust II -.568 Dust Il -.589 ExtCO +.637 
50 Dust II +.459 Ht -.492 ExtCO -.550 ExtCO +.568 Dust II -.594 
60 DLCOSS "'.374 'DLCOsS -.472 Ht -.544 Cough -.439' Ht +.527 
70 Cig. "'.344 Age "'.443 PC -.350 Ht +.426 SIO -.512 
80 Dys;pnea +.298 nyspnea +.288 Dyspnea -.336 Dyspnea -.376 Dyspnea -.417 
90 PC +.229 Cig. +.132 Age -.295 Ph1egm -.336 PC -.376 

100 ExtCO -.209 Cough +.101 SIO -.285 SIO -.239 Ph1egm -.373 
110 SIO -.172 Ph1egm +.098 Cough -.278 PC -.233 Cough -.364 
120 Cough +.150 PC +.071 Ph1egm -.179 Age -.232 Age -.133 
130 Ph1egm -.054 SIO +.031 Cig. -.027 Cig. -.076 Cig. -.089 
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Analysis with 13 variables exc1uding the five tests used to de termine 

profiles 

In an attempt to verify if the tests chosen for coding were really 

adequate to separate restriction from obstruction, a second analysis was 

done on the same subjects excluding the five tests used to define the 

lung function profiles. 

The first three components account for 51.5% of the total variance. 

The other components were discarded after analysis because again they did 

not show a consistant trend. 

The Table 5-9A gives the standardized weightings in decreasing order 

of magnitude for the Components l, II and III. Fig 5-8 plots the 996 

individua1s in the same way as the study with 18 variables. The Component 

II (restriction - obstruction) has disappeared as illustrated by the posi­

tions of the profiles on the figure. However, this Component II sorts out 

the usua1 c1inica1 picture of obstruction having cough, ph1egm and smoking 

with the higher weightings. 

Again, as the age factor is important, the ana1ysis by decade was 

completed (Table 5-9B). Age has now the highest weighting in the first 

decade, but loses rapid1y its importance with increasing age. Pu1monary 

function tests and dust exposure continue ta define this hea1th-disease 

Component, radiologica1 changes and clinical picture having 1ess importance. 
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FIG. S-B PULMONARY FUNCTION PROFILES IN RELATION WITH COMPONENTS l, Il and III, 

SCORING TESTS BEING OMITED 
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6. s~Y 

The resu1ts of pu1monary function tests of a random group of asbestos 

and MMF), were divided into six pu1monary function profiles, three 

definite ones: restrictive, normal and obstructive; and three dominant 

ones: restrictive, undifferentiated abnorma1 function and obstructive. 

The principal component ana1ysis supported the choice of the coding tests 

as appropriate for c1assifying subjects into 1ung function profiles. 

It a1so suggests that the conventiona1 use of VC and DLco to separate 

restriction from obstruction may not be justified. 

More subjects showed a definite (154) or dominant (29) obstructive 

profile compared to the restrictive (121) or dominant restrictive (23) 

profile. In the obstructive profile, the VC was lower, the FRC higher, 

the DLcoSS at rest and on exercise lower than in the restrictive. In 

this group with obstruction, there is a greater preva1ence of cough, 

cough and sputum, breath1essness and chest i11ness, and also of sma11 

ir.regu1ar opacities and pleural changes a10ne or combined on the chest radio­

graphe 

When resu1ts were ana1ysed with the subjects divided by decades, the 

preva1ence of restriction was higher in the younger decades and obstruction 

in the older men. The preva1ence of symptoms increased with age and was 

more marked in those with the obstructive profiles compared to those with 

a restrictive one. The same trend was found for the radio1ogica1 changes, 

except in the men 61 years old or more where a lower preva1ence of sma11 

i~regu1ar opacities and pleural changes was found. In men with the undif­

ferentiated abno~a1 profile and dominant obstructive profiles, there was 

a higher preva1ence of radio1ogical changes compared to the other patterns. 
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With regard to associated factors, men with the obstructive profile 

had had the same years of service, greater dust exposure, and also had 

worked in jobs demanding a greater level of effort. There were also more 

smokers in this group compared to the restrictive one. 

The principal component analysis indicated that the restrictive group 

was younger than the obstructive one, even when the five co ding tests were 

omitted. It also confirmed that the subjects with obstruction had lower VC, 

DLcoSS' more symptoms and radiological changes, higher dust exposure and 

cigarettes consumption. These findings suggest either a natural selection 

of the subjects, (the restrictive ones leaving the industry earlier than 

those with obstruction), or another form of pulmonary function disturbance 

caused by high dust and/or association of dust and cigarette smoke. 
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2. PULMONARY FUNCTION PROFILES IN RELATION TO OTHER PARAMETERS OF HEALTH 

Function profiles and clinical aspects 

Function profiles and radiological aspects 

3. PULMONARY FUNCTION PROFILES IN RELATION TO DUST, EFFORT AND SMOKING 

Function profiles in relation to dust exposure 

Function profiles in relation to smoking 

Function profiles in relation to dust exposure combined with 
smoking 

Theoretical analysis of the depth of penetration, deposition 
and clearance of particles and fibres as important factors in 
the development of the pulmonary function profiles 

4. REVIEW ON PERTINENT PUBLISHED DATA ON PULMONARY FUNCTION PROFILES 
IN RELATION TO DUST EXPOSURE 

Harries (1971) 

Murphy (1971), Ferris et al (1971) 

Regan et al (1971) 

Muldoon and Turner-Warwick (1972) 
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1. PULMONARY FUNCTION PROFILES 

General 

In this study five pulmonary function tests have been used as the 

basis of a score by which the function of a population of asbestos exposed 

individuals has been classified into six profiles - normal, undifferentiated, 

definite and dominant restriction, definite and dominant obstruction (Table 

5-2). In the population studied, 44.3% had a normal profile (i.e. aIl five 

tests within 20% of expected values), a further 26.5% had an undifferentia­

ted profile. The definite and dominant restrictive profiles were shown in 

12.8% and 2.1% respectively, while the values for the definite and dominant 

obstructive profiles were respectively 12.2% and 2.1%. Clearly, in this po­

pulation, the functional change associated with exposure to asbestos was not 

exclusively that of a restrictive profile, but an obstructive profile was 

as common. 

These findings, although in keeping with the present author's cases 

review (see Chap. 2), are nevertheless at variance with the conventional 

teaching of textbooks that asbestos exposure leads to a pulmonary disease 

characterised by fibrosis (i.e. asbestosis) and that the associated lung 

function profile is restrictive or one of alveolar-capillary block (Tepper 

and Radford, 1970). 

Influence of methods on the study 

In view of the importance of these findings, the conduct of the trial 

and the method of analysis must be carefully reviewed to de termine if any 
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factor might have influenced the distribution of subjects in the different 

profiles. 

Sampling 

Only current workers were selected, those retired or compensated 

being excluded. This, of course, would be expected to bias the sample 

towards those who remain weIl enough to work, but to what extent cannot 

be said. Within the currently working population, the sampling was weighted 

towards the older individuals. Thus, there were subjects awaiting compen­

sation or near retirement giving a good picture of every stage of exposure. 

In addition, age standardization of the reported prevalence values was done. 

The results suggest that sampling had a negligeable influence in distribution 

of subjects into profiles (Table 5-2). 

Function tests 

The choice of function tests for the survey was made with a view 

to evaluating the health risk in relation to dust dosage (Becklake, 1972), 

and included the measurement of as many aspects of function as possible. 

Limiting factors were the time allowed for each subject, about 45 to 60 

minutes, and the need that the tests be simple and without discomfort. 

Thus, measurements of compliance and blood gases were excluded. 

The technical aspect of the survey has been already discussed and 

it was shown that very little intersubject variation could be attributed 

to apparatus, technicians, time in the day or change of season. 

Predicted values 

A control group of nonexposed individuals would have been useful for 
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reference, but in practice, difficult to choose. Holt et al (1964) de­

monstrated how easy it is for animaIs in a room adjoining asbestos expe­

rimentation to become affected, and Murphy et al (1971) found 46% of 

their "control" group to have abnormal function. Because of these dif­

ficulties, results of most of the tests were related to expected (predic­

ted values). This could theoretically introduce bias if they were 

consistently inappropriate to one subgroup and not to another e.g. to 

smokers, not to non-smokers. 

For volumes and flows Becklake et al (1970) compared accepted 

predicted values in the literature with the means of the results of 

function studies in those present subjects without radiological change, 

and found general agreement. The VC and FVC were sli.ghtly lower but 

they did not contribute to the code for determining lung function profile. 

More important, the values for the flows were comparable except perhaps 

for MMF which was lower in this study. This test is used in the code and 

could thus have increased the number of subjects classified in the obstruc­

tive profile. However, pulmonary function changes can occur in the absence 

of radiological change, and Jodoin et al (1971) have suggested that as­

bestos affects the small airways at an early stage. Thus, the low MMF may 

reflect early changes in these radiologically normal subjects. In the 

absence of a control group, the use of predicted values for volumes and 

flows chosen in the analysis was considered acceptable. 

With regard to the diffusing capacity, Fournier-Massey et al (1972) 

pointed out that the absolute values of DLCOSS rest in a small group of 

French-Canadians did differ significantly from predicted values based on 
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other ethnie groups. As the majority of the workers in the present study 

belong to this ethnie group, the use of predicted values could only have 

introduced a bias for this test in terms of absolute values, but not 

in terms of comparison of decades. 

Nature of Classification 

The definition of profiles was done using the results of five tests: 

RV and TLC which reflected the size of the lungs; FEV75 and MMF which re­

flected two anatomical levels of airway resistance, (the former being more 

dependant on the patency of large bronchi and to some extent of effort, 

the latter being less effort-dependant and more influenced by the state 

of the small airways); and finally FEVI% which permits one to assess the 

interrelationship of volumes and flow. Five tests were used instead of 

three, as employed in the literature review, in the hope of achieving a 

more precise differentiation of the restrictive and obstructive profiles, 

and of delineating more accurately the mixed profiles. 

It was of some interest to see to what extent this classification 

into three main function profiles, which is traditional practice amongst 

chest physician~ is in line with the findings in the essentially statistical 

principal component analysis. The principal component analysis of the 

present data, including the five coding tests (Fig. 5-1), clearly separated 

restriction from obstruction with the superposition of the dominant pro­

files on the definite ones. The normal and undifferentiated profiles 

were found between the obstructive and restrictive profiles with some over­

lapping, possibly due to large variation in the age of the selected subjects. 

Age and dust seem to be the elements which place the restrictive profile 

more on the left and the obstructive more on the right of the X axis. 

When the five tests are removed from the principal component analysis, 

1" 



TABLE 6-1 - PREVALENCE % OF HIGHER, NORMAL AND LOWER THAN PREDICTED 
VALUES FOR THE TESTS USED TO CODE RESULTS OF 1034 ASBESTOS 
WORKERS INTOFUNCTION PROFILES 

TESTS 
USED 
IN 
SCORES 

RV 

TLC 

FEV1/FVC 

FEV75 

MMFR 

REDUCED 
VALUE 
(79%~) 
% subjects 

21 

7 

11 

12 

40 

NORMAL 
VALUE 
(80-120%) 
% subjects 

. 57 

87 

72 

73 

46 

INCREASED 
VALUE 
(121%;; ) 
% subjects 

22 

6 

17 

15 

14 
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restrictive and obstructive profiles overlap markedly (Fig. 5-8). This 

suggests that the tests used to develop the codes in this thesis were valid 

in separating restriction from obstruction. 

Significance of the findings 

The first point of interest is the low percentage of subjects with 

a normal profile (44.3%). Perhaps this can be explained, at least in part, 

by the selection of the subjects which was weighted towards the older age 

group (Table 5-4) since the prevalence of normal function profiles drops 

to about 30% in the last two decades. However, MMF was strictly within 

normal limits (~207. predicted value) in only 46% of the subjects (Table 6-1) 

which is compatible with the possibility that many otherwise normal subjects 

have early changes in the small airways, either obstruction (40%) or restric­

tion (14%), a finding in keeping with the study of Jodoin et al (1971) in­

dicating that early disease manifested itself at that level. In addition, 

it must be remembered that this was a working population exposed to asbestos. 

The second and more important finding is that among those with abnormal 

profiles, obstruction is as frequent as restriction, and that one quarter 

of all subjects have a mixed restrictive and obstructive profile. Thus, 

asbestos exposure in these subjects, at least, appeared to be associated 

with any type of functional disturbance and not exclusively with the 

restrictive profile. This conclusion is furthermore in keeping with a 

detailed review of the literature (Tables 2-1 and 2-2) but does not accord 

with the generally stated conclusions of various investigators. 

2. PULMONARY FONCTION PROFILES IN RELATION TC OTHER HEALTH PARAMETERS 

With this new concept of the pulmonary function changes following 



l 

85 

asbestos exposure a reexamination of the clinical and radiological 

parameters is indicated with a view to developing a more logical under­
standing of the syndrome of asbestosis and its natural history. 

Pulmonary Function Profiles and Clinical Aspects 

Most workers suggest that asbestosis is manifested clinically by 

dyspnea, with cough and phlegm being less frequently present (Wright, 1955; 
Leathart, 1960; Kleinfeld et al, 1966a; Tepper et al, 1970; Ferris et 

al, 1971). The present findings are in agreement. Thus, cough and phlegm 
were related to age and smoking habits, and perhaps also to dust exposure 
in non-smokers and light smokers (McDonald et al, 1972). By contrast, 
breathlessness on exercise was related to age and dust exposure but not 
to smoking. 

As regards the different function profiles, the symptomatology 

was twice as frequent in those with obstruction compared to those with 
restriction, even when results were age standardized for total population 
(Table 5-5). In every decade, more cough, and more cough with phlegm was 
found in the subjects with profiles of obstruction and dominant obstruction 
(Fig. 5-4). Dyspnea was also found more frequently from 31 years of age 
onwards in these profiles. The higher prevalence of breathlessness in the 
dominant obstructive profile may reflect a restrictive component compounding 
the ventilation: perfusion inequality. 

Contrary to expectation, the prevalence of symptoms was comparable 
in stibjects with normal function and in those with the undifferentiated 

but abnormal function profile. This observation is in keeping with the 

possibility that cur~'ent prediction values underestimate function in the 
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manual worker, and that their "normal" values in fact represent a 

deterioration from previously ''higher than normal" values. Moreover, 

even after symptoms developed , it is possible that the system of pulmonary 

defense could delay changes in pulmonary function by increasing clearance 

(see below). 

Pulmonary Function Profiles and Radiological Changes 

Exposure to asbestos may result in radiological changes in pleura 

as weIl as parenchyma (B8hlig et al, 1971) and these form a major basis 

for diagnosis and compensation. 

The estimation of pulmonary function changes from pulmonary radio­

logy has not proven very successful, and after asbestos exposure functional 

changes may occur earlier than radiological ones (Th,Jmson et al, 1965; 

Leathart 1968; Bader et al, 1971; Becklake et al, 1970). However advanced 

radiological changes appear to relate better to pulmonary function changes 

than early ones (Bader et al, 1971). 

In this study, the normal profile was associated with a prevalence of 

radiological change in 14 to 39% depending on the de cade (Table I1I-6). Of 

those with abnormal profiles 30 to 100% had normal radiographs. 

The discrepency between radiology and function is not too surprising 

if one considers that the former measures what will be important enough 

at parenchymal level to be seen on the radiograph, whereas the second tech­

nique reflects the sum of functional disturbances of the thorax, the bron­

chiaI tree, the parenchyma as weIl as of the pulmonary and bronchial circu-
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lation and sometimes the heart. 

When both functional and radiological changes are present, it is 

expected that these will be primarily of the restrictive type (Tepper et al, 

1970). But in this survey, of the 12.8% and 2.1% with definite and dominant 

restriction respectively, only those with radiological changes would have 

had the fully developed clinical picture of asbestosis, i.e. under 10% or 

15 subjects. On the other hand, in the subjects with definite and dominant 

obstruction, (12.2 and 2.1%, respectively) some 25% or 45 subjects had 

radiological changes, and in those with the undifferentiated profile (26.3%) 

22% or 90 subjects. Thus, this survey has shawn that many cases with asbes­

tos induced biological effects would have been missed if the criteria used 

were radiological changes associated with a purely restrictive functional 

profile. 

An interesting point was the higher prevalence of pleural changes in 

the obstructive and normal function profiles, leading to a possible expla­

nation of the development of the functional changes. Normally the thorax 

and the parenchyma have opposing forces, the first tending to expand and 

the second to retract. These opposing forces equilibrate at the end of 

a normal expiration. 

This point of equilibration can vary, for example, heavy workers 

have greater VC and TLC. It may also be different in disease. Usually, 

when fibrosis occurs in the parenchyma, contraction occurs increasing the 

lung recoil. If the thoracic cage and diaphragm are free, they will 

then follow the shrinking lung and a restrictive profile is found. However, 

if pleural thickening and calcification come early, as demonstrated in this 

survey (Table 111-6), the thoracic walls or/and the diaphragm might resist 
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the increased recoil of the parenchyma, and compensatory or irregular 

emphysema may develop. Functionally, these pathological changes could 

result in normal, undifferentiated or obstructive profiles depending 

on the initial pathology. 

3. PULMONARY FONCTION PROFILES IN RELATION TO DUST, EFFORT AND SMOKING 

Pulmonary function Profiles in relation to Dust Exposure 

There have been a number of studies of an epidemiologic nature having 

as their objective an evaluation of the health risks of asbestos exposure 

in relation to dust dosage (Bader et al, 1960, 1970; Harries, 1971; Ferris 

et al, 1971; Murphy et al, 1971; Becklake et al, 1972). In terms of pulmo­

nary function, this has usually been done for individual function measurements. 

Thus three studies (Harries, 1971; Woitowitz, 1972; and one based on the 

present material, Becklake et al, 1972) have led to the conclusion that 

a dust-dose relationship exists in terms of VC or IC, but not in respect 

of gas exchange weasurements. In a fourth study (Bader et al, 1970), a 

dust-dose relationship to function impairment was found; this was consi­

dered to be present when VC was less than 75% predicted and FEVI less than 

70% of VC. 

Definition of dust exposure has always been a problem: years of 

exp os ure , as used by Bader et al (1970) takes no account of exposure 

differences between jobs. Exposure estimated from current or principal 

job over the period of exposure, as used by Harries (1971) do es not allow 

for chmlges in jobs or improvements in indus trial hygiene. An index 

based on accumulated dust-time calculations, as used here, and by 



TABLE 6-2 - PREVALENCE % OF SUBJECTS IN RACH PULMONARY FONCTION 
PROFILE FOR DUST l AND DUST II CATEGORIES 
(age standardized for the total population) 

DUST l NO.OF NORMAL UNDIFF. RESTRICTIVE OBSTRUCTIVE 
SUBJ Definite Dominant Definite Dominant 

% % % % % % 

) 10 91 52.8 27.0 12.4 2.2 5.6 

10-100 453 43.7 25.6 13.8 2.9 12.5 2.0 

100-200 158 38.3 30.5 10.4 2.6 17.5 0.7 

200-400 133 39.7 27.8 13.5 11.1 7.9 

400-800 109 30.6 32.4 4.6 2.8 25.0 4.6 

800- 67 23.8 36.5 11.1 23.8 4.8 

DUST II 

'/ 10 248 47.6 26.4 10.5 2.4 8.5 0.4 

10-100 418 43.8 25.6 10.8 2.6 14.8 2.4 

100-200 150 31. 7 34.4 14.2 1.4 14.9 3.4 

200-400 114 32.3 26.6 11.4 1.9 20.0 7.6 

400-800 62 26.2 39.3 8.2 19.7 6.6 

800- 19 22.2 33.3 5.6 38.9 
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Woitowitz (1972) does not examine the influence of ~xposure patterns and 

dust storage in the 1ung; thus a given index may be the consequence of a 

heavy remote exposure with 1itt1e thereafteL, or a continuous pro1onged 

exposure to the present, or any combination of these. 

In the present study of a quite stable population, the mean number 

of years of work was simi1ar in each profile except in the 61- de cade 

where the subjects with obstruction had worked longer (Fig. 5-6). However, 

high dust exposure had a1ready occurred by the 31-40 decade; and there 

was a greater preva1ence of heavy dust exposure in the dominant restrictive, 

t:he obstructive and in the undifferentiated profiles groups. The same trend 

was noted when dust exposure was expressed by an index which took physica1 

application into account i.e. the 1eve1 of exercise app1ied to the number 

of hours when it was done. 

In an attempt to faci1itate comparison with previous reports, pre-

valence of function profiles in dust categories was ca1cu1ated (Table 6-2). 

Preva1ence of normal function profiles diminished as Dust land Dust II 

indices increased; restrictive profiles stayed almost stable. Undiffe-

rentiated abnorma1 function profile increased slight1y with high dust years 

whereas the obstructive profiles attain almost a four fo1d increase in pre-

valence. It thus seems that for same years of work, high dust and heavy 

effort 1ead to a higher prevalence of undifferentiated and obstructive 

function profiles than of restrictive ones. 

The pu1monary effects of asbestos dust (both in terms of fibrosis 
( 

and sma11 airway disease) are general1y thought to be re1ated to the 

amount of dust retained in the 1ung i.e. dust exposure 1ess dust c1ea-
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rance. A small change in the balance between these two processes will, 

in the course of time, result in very considerable differences in dust 

retention. AlI the indices cited above consider only exposure, and indeed 

there are at present no practical ways to measure long term clearance in man. 

However, there is enough experimental work, some of which will be discussed 

in more detail later to indicate that penetration on the one hand, and clea­

rance rates on the other, can be markedly influenced by factors such as 

depth and frequency of breathing, and by ciliary reaction and small airway 

neocrowing which may occur in response to dust and cigarette smoke. 

Pulmonary Function Profiles in Relation ta Smoking 

Smoking is known to be related to chronic bronchitis (Ferris, 1968; 

Bates et al, 1971) and to produce pulmonary function changes such as a drop 

in FEV75 (Wilson et al, 1960; Read et al, 1961; Zamel et al, 1963; Dawson, 

1966) in VC and RV (Whitfield et al, 1951) and in DLco (Martt, 1962; 

Rankin et al, 1965; Krumholz et al, 1964). In asbestos workers, some studies 

have suggested that smoking is the primary factor accounting for cough, 

phlegm, increased RV and decreased flows. (Harries, 1971; Becklake et al, 

1972; Ferris, 1971). 

As expected, most subjects with obstruction in this survey are 

smokers of 21 cigarettes or more per day (Fig. 5-7); by contrast, more non­

smokers and light smokers were found in the restrictive and dominant 

restrictive profiles. Age standardization for total population (Table 111-7) 

did not modify significantly these findings except by diminishing appre­

ciably the calculated prevalence of non-smokers in the dominant restriction 

group. 
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The principal component analysis related dust and smoking to cough 

and sputum, whereas dust was also related to dyspnea and both to the 

obstructive profiles. McDonald et al (1972) had also shown the rela­

tionship between symptoms and these associated factors. 

Pulmonary Function in Relation to Dust Exposure Combined with Smoking 

Although light dust alone was related more often to the restrictive 

profile, light and heavy dust associated with light or heavy smoking led 

to an obstructive profile (Fig. 5-8). It is difficult to reach any 

conclusion on the dominant groups because they are relatively small. 

When age standardization for the total population was done (Table 111-8), 

light dust alone or with light smoking was associated with an increase in 

the prevalence of the normal and restrictive profile whereas light dust 

and heavy smoking with an increase in the prevalence of obstruction. Heavy 

dust without smoking was too rare to be analyzed, but heavy dust with light 

or heavy smoking appeared to cause more obstruction. 

It seems then that dust can affect different levels of the respi­

ratory system, depending on the quantity of dust alone or whether it is 

associated with smoking; this would modify the laws of penetration, depo­

sition and clearance in the airways, essential parts in the defense system 

of the lungs. 
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Theoretical Analysis of the Depth of Penetration, Deposition and Clearance 

of Particles and Fibers as Important Factors in the Development of pulmonary 

Function Profiles 

The respiratory system is weIl designed to provide the 02 and eliminate 

the C02 necessary for aerobic metabolism of the body. It may be considered 

as five major functional parts: the gas pump and its control, the airways, 

the gas exchanger, the pulmonary circulation and its pump the heart, and 

finally the blood. The system as a whole adapts itself to multiple exogenous 

and endogenous stresses. The airways, with their properties of handling 

gas and foreign material, are the front line of defense and probably cons ti-

tute the major host factor in the development of the pulmonary function 

profiles. A review of these properties may facilitate understanding of 

the effects of dust and smoking. 

The airways were considered as a complicated system of tubes conducting 

gases to and from the gas exchanger during which time laminar and turbulent 

flows contributed to resistance. Recently, this concept has been modified 

in two ways. Firstly, air probably flows only to the 10th generation of 

bronchi and diffuses from that point on to the alveoli (Wilson et al, 1970). 

In other words, the me~nism of gas transport changes at the point of zero 

differential pressure, and movement of mole cules proceeds no longer by dif-

ferences in pressure but by differences in concentration. With increased 

ventilation, this zero point moves more and more towards the periphery as 

VT approaches VC. 

Secondly, the anatomical configuration of the bronchi, in which they 
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split into daughters of smaller calibre results in a system of non-uniform 

tubing. Turbulent flow probably occurs at high respiratory rates, although 

the transformation from linear to turbulent flow is progressive. The flow 

regime can usually be described as laminar but distorted in type (Jaeger et 

al, 1970; Sudlow et al, 1971). From this dynamic concept of gas movement 

follo\l7s the conclusion that the depth of penetration of particles or fibers 

into the airways, their deposition and their clearance must be variable. 

Besides variability in the host factor, a second major factor affecting 

the penetration, deposition and retention of foreign material is the beha­

viour by the particles themselves both in the normal bronchial tree, and in 

one altered by smoking. Finally, chrysotile asbestos is a fiber with im­

portant and distinct physical as weIl as ehemical characteristics. 

Penetration of particles appears to be largely dependent upon their 

size. Those larger than 5.0 microns do not penetrate very deeply and are 

removed by the defensive mucociliary blanket and cough (Gernez-Rieux et al, 

1961). Particles under 0.5 microns probably enter the acini only to be 

carried out to the atmosphere again, and it is particles of a rather limitet 

range of sizes only that reach and remain in the distal conducting tubes and 

acini. Should hyperventilation occur, sueh particles probably reach the 

smaller airways. The size of the particles also plays a role in their depo­

sition. In a study of regional deposition of inhaled aerosols in normal man, 

Lippman et al (1971) found that particles bigger than 2 microns were deposited 

in the larger airways by impaction, whereas smaller ones sedimented on the 

mucus escalator of small sized airways. Their deposition varied greatly 

from subject to subject, but each individual has a characteristic size vs 

deposition relationship. possibly due to individual properties of 
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the airways. 

Deposition may aIso be influenced by the breathing rate (Dennis, 1971), 

for example, the increased respiratory rate of exercise augments the percen~ 

tage of deposition. Variations in deposition could then be due to different 

breathing patterns. 

Inhalation rate has also a marked effect on the clearance which is 

faster at faster inhalation rates, possibly because shorter time of exposure 

does not permit sedimentation (Camner et al, 1971), so less deposition. 

A more complicated situation arises when the host is a smoker. Lippman 

et al (1971) demonstrated that tracheobronchial deposition of particles 1 to 

5 microns was very much greater in smokers than in non-smokers but less than 

in bronchitic patients. Moreover, Sanchis et al (1971) stressed the impor­

tance of ventilation distribution differences in smokers as weIl as non­

smokers because these differences can modify not only the depth of particles 

deposition but also the clearance. In fact, Camner et al (1971) have shown 

that clearance is faster if subjects have an acute exposure to tobacco smoke 

which seems first to stimulate mucociliary transport and later inhibit it if 

the dose increases beyond a certain limite 

Albert et aI (1971) have paid a particular attention to this point, 

trying to establish the sequence of changes produced by smoking. They 

found that the average clearance time for smokers was increased only at the 

90-100% level of bronchial deposition, and non-smokers differed little from 

this, whereas significantly increased clearance time was found in bronchitics. 

The paradoxical finding of ab normal clearance patterns without substantial 
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differences in bronchia1 clearance time between smokers and non-smokers can 

be explained by (1) the wide inter-subject variability in clearance regardless 

of smoking habits, (2) differences in individua1 susceptibi1ity to the effects 

of smoking and (3) the predominance of smoking effects in the trachea and the 

upper bronchi where clearance impairment has relatively little effect on 

total clearance times. 

Trying to explain the pathogenesis of bronchitis, Albert et al (1971) 

divided the effect of smoking into three stages. In Stage 1, the early 

effects of smoking are reversible and include a) increased mucus production 

which tends to accelerate 10wer bronchia1 clearance, b) bronchial cons tric­

tion which tends to increase bronchial deposition and shifts particle de­

position to the more proximal parts of the bronchial tree, causing an ap­

parent acceleration of the overal1 lung clearance, c) a ciliostatic effect 

which is greater in the trachea and larger bronchi than in the smaller ones, 

slowing upper bronchia1 clearance. In Stage 2, there is moderate1y advanced 

cigarette smoking in jury, or mi1d chronic bronchitis resulting in excess 

mucus production combined with upper airways damage to the ciliated mucosa, 

and in stasis and ref1uxing of mucus into the large airways and increased 

coughing. At this stage, cigarettes have an expectorant action facilitating 

clearance. In Stage 3, with the severe chronic bronchitis associated with 

exertiona1 dyspnea, the changes described in Stage 2 increase in severity 

and extend into the sma1ler airways, producing airflow obstruction. So 

the combined effect of smoking and dust exposure could favor a higher 

retention of partic1es at the level of the bronchia1 tree. 

How do these findings help in interpreting the observations in this 

thesis? Do these events apply to asbestos? The workers in this survey 



( 

96 

were exposed mainly to particles of rock and to fibers although other 

substances do occur. When asbestos is deposited, are the specific cha-

racteristics of chrysotile asbestos important in any subsequent tissue 

effects? 

Asbestos is composed of fibers whose size varies from over 100 microns 

to that where they can be seen only by electron microscope. Gibbs (1971) 

commented that the longer the chrysotile fiber, the more curved it is. 

However, the weathering factor which increases the harshness of the fiber 

tends to make it less curved. 

The important factor in penetration of fibers is the diameter whereas 

fiber length is a major one in retention as shawn by Timbrell et al (1971). 

So the wide range of lengths and possibly the curved configuration of 

chrysotile which will increase the sedimentation and the impaction on the 

wa1ls, make it likely that deposition of the fibers occurs more in the 

airways than in the alveoli, whereas penetration, a diameter dependant 

phenomen, will allow some fibers to reach alveoli as weIl as pleura. I~ 

~ 
must~oe forgotten that chrysotile is also the only type of asbestos which 

has an electric charge and that this might favor the clustering of fibers. 

At the deposition site, the high cytotoxicity of chrysotile (Robock et al, 

1971) could perhaps pro duce an inflammatory reaction of the bronchiolar wall 

and prevent a deeper penetration of the other fibers. 

In the light of this review of the laws of penetration, deposition and 

clearance or retention of fibers and the effect of smoking, an attempt will 

be made to answer the question: to what extent can they explain the deve-

lopment of the different lung function profiles? 
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Some subjects have a normal pulmonary profile. Perhaps in these indivi­

duals, rate of deposition and clearance of foreign substances is adequate 

to de fend them against such pollutants. In addition, the cross-sectional 

nature of the study must be born in mind, i.e. tests were done at one moment 

of the subjects' existence and results compared to predicted values. Many of 

these subjects were heavy physical workers who might have had unusually 

large VCs, small RVs and accelerated flows and when exposure to asbestos 

modified their function their results could fall within normal limits 

wh en they were tested. Only a longitudinal study could show the progression 

of their pulmonary function to one or other profile. 

The restrictive profile is probably related, at least in part, to 

straight harsh dust entering normal airways and settling at the terminal 

bronchioles and in the acini, and in due course causing a fine fibrosis. 

This fibrosis is the basis of the restrictive syndrome and/or alveolar­

capillary block. Dust exposure while exercising would be expected to 

result in increased tidal air and more uniform distribution of particles 

and the resultant fibrosis might be more uniform and severe. In the present 

survey, a restrictive profile was more frequent in the first three decades, 

i.e. in those subjects with lower dust exposure and little or no smoking, and 

also in non-smokers with high dust concentration. 

Many factors may have interreacted to cause the obstructive profile. 

Increasing age with its associated decrease elasticity, and hence elastic 

recoil and bronchial support, could favor the development of obstructive 

syndrome in the older worker, and in this study the prevalence of obstruc­

tion did indeed increase with age. 

Turning now to the influence of the particles themselves on the 
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development of the obstructive syndrome, it seems reasonable to conclude 

that as the concentration of fibers in the inspired air rises, more would im­

pact in the major bronchi and more would sediment in the small airways, 

leading to an increased prevalence of bronchitis with attendant bronchial 

obstruction. Such obstruction could limit the penetration of the fibers 

into the airways, and at the same time, accentuate the bronchitis and 

bronchiolitis. In the presence of yet another irritant substance, such 

as cigarette smoke, which also leads to bronchitis, asbestos dust might not 

penetrate so deeply (blocked by the mucus secretation and the spasm) and 

hence its influence might be more evident at the level of the large and 

small bronchi than the alveolar level. 

Chrysotile, the only type of asbestos mined in Quebec, could by virtue 

of its physical characteristics perhaps also predispose to obstruction. Thus 

its curly configuration when fibers 30 microns and more are oriented parallel 

to the axis of the airways, makes impaction in bigger bronchioles more likely. 

It is evident that many of the possible factors operative in the deve­

lopment of the obstructive syndrome could be interrelated, for example, the 

relationship of d~st exposure and effort to the age of the worker. The dust 

exposure levels have changed considerably since the beginning of the century 

in the asbestos industry of the Eastern Townships. Thus, older subjects have 

had a greater dust exposure, possibly to longer fibers and under conditions 

of heavier physical work than the subjects who started in 1950. Such older 

men have possibly smoked fewer cigarettes or at least started at an older 

age th_fi current younger workers. These temporal changes may weIl have 

influenced the age prevalence of the different lung function profiles; thus 

there was more obstruction in the last three decades, but no great differences 

in total number of years worked were observed between the obstruction and the 
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restrictive profiles. 

Mixed pulmonary function profiles are present in at least 30% of the 
workers in this survey. The dominant profiles (both restrictive and obstruc-
tive) appeared to be uninfluenced by age, but since numbers were few conclu-
sions should remain guarded. Age did appear to related more to the undif-
ferentiated ab normal function which was found to increase with age. As in 

the obstruction, the changes in concentrations of dust throughout the years, 
the fact that many of these workers were doing heavy work not only in the 

industry but on their farms, and the fact that their smoking habits may have 
started at an older age, could have lead to this mixed undifferentiated 
function profile which reflects perhaps the equilibrium between the restric-

tive and obstructive forces. 

In conclusion, differences in the function profiles which individuals 
develop in relation to dust exposure may weIl be related to individual dif-
ferences in the clearance characteristics of airways and of parenchyma, 

individual differences in the penetration and deposition of chrysotile and 
dust, and the associated effects of effort and smoking on these processes. 
In theory, at least, different combinations of these factors could result 

in normal restrictive, obstructive and mixed pulmonary function profiles. 

4. REVIEW OF PERTINENT PUBLISHED DATA ON LUNG FONCTION PROFILES IN RELATION 
TO ASBESTOS EXPOSURE. 

Various aspects of the data in the present study have appeared in dif-
ferent presentations and publications: lung function and radiological appea-
rance (McDonald et al, 1968; Becklake et al, 1969, 1970); lung function and 
dust (Becklake et al, 1972); lung function and respiratory symptoms (Fournier-
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Massey et al, 1970); respiratory symptoms and dust (McDonald et al, 1972); 

and dust concentrations (Gibbs et al, 1972). As these have included data 

from similar investigations for comparison purposes, only points directly 

related to pulmonary function profiles will be reviewed in this last part 

of the discussion. 

Harries (1971) 

The first study that falls into this category is that of Harries (1971). 

A basic difference is the type of exposure - his study, also cross-sectional 

in nature, was conducted in a secondary industry on workers involved in the 

shipbuilding and refitting whereas the present survey was concerned with 

workers in the primary industry i.e. asbestos getting and milling. 

He reported that 74% of his 369 workers had normal lung function, 

about 9% with restricted TLC, 7% with a transfer defect alone, 4% with 

diminished TL and TLC combined, only 3% with obstruction and 5% with 

doubtful function defects. Although it is difficult to compare Harries' 

categories with the profiles of this series, it would seem that those 

working in the primary industry have more functional changes than those 

in the secondary one and that, in addition, more obstruction is to be 

found i.e. 14% as opposed to 3%. About the same amount of restriction 

was found in the two series. 

As in the present studies, normal radiographs could be ~cesent in 

any of his lung function categories. In contrast to the present resu1ts, ( 
where parenchymal changes were present in every profile subgroup, he did 

not find any in his obstructive categories. Our findings showed the pre-

valence of parenchyma1 changes in the obstructive group to be comparable 
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with that in the restrictive group. 

Light dust exposure in Harries' series did not alter function very 

much (82.5% fell in the normal category), but heavy exposure led to 54% 

abnormal function mostly characterised by a restricted transfer factor 

and/or a reduced TLC. In the present series, heavy exposure alone or 

with effort led to more obstructive or undifferentiated profiles. 

Although he did not specifically examine the relation of smoking 

to lung function categories, an examination of the mean results of the 

tests in each of his smoking categories reveals that TL and FEVl% are 

decreased in the heavy smoking group suggesting obstruction. The same 

trend was found in the present study. 

A few other interesting findings in his study that correlate weIl 

with the present one are: 

a) the longer exposure, the higher RV (corrected for age and height) 

b) the FEVl/FVC 7. is also lower in the men with heavy exposure 

c) RV is higher when pleural changes are present in radiological cate­

gories 0/0, a/l, and 2 and slightly lower in category l, whereas 

FEVl/FVC % is lower in every category. 

Murphy et al (1971), Ferris et al (1971) 

Murphy et al (1971) and Ferris et al (1971) also compared shipyard 

workers directly exposed to asbestos with a reference group less exposed 

to asbestos. Pulmonary function tests (Murphy et al, 1971) included FVC 

and its components, FEVl/FVC %, Peak Flow, DLCOSB and DLcoSS exercise, 

l 
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airways resistance, ventilation, C02 tension and Vn. Sirice the individual 

results were not available, a direct comparison with the profiles of the 

present study is not possible. However, they found the same frequency of 

obstructive disease by physiological evidence in both the exposed and the 

control groups, but the former had more important obstruction. The two 

groups also had the same proportion of clinical chronic obstructive res­

piratory disease, though the pipe coverers had more symptoms. The two 

groups, matched for age, duration of work in the industry and smoking 

habits, differed in the severity of chronic obstructive respiratory di­

sease, perhaps an effect of superimposed dust exposure in pipe coverers. 

These results were confirmed by Ferris et al (1971) who compared these 

pipe coverers to groups of pipe-fitters and welders exposed only intermit­

tantly to asbestos. 

Regan et al (1971) 

Turning now to the study of Regan et al (1971), her subjects are 

similar to those in the present study in that they also manipulated raw 

asbestos. Though these workers did not define primarily the function pro­

files, interesting conclusions can be found in their principal component 

analysis. Exposure, in terms of number of years since the first exposition 

to asbestos, was relatively important in differentiating health from disease, 

but smoking was not. They also report the surprising finding that exposure 

and smoking have also a very low power in the differentiation between "asbes­

tosis" and obstructive disease, and in fact, these variables are located in 

the obstructive side of the second component (obstruction - asbestosis); this 

observation perhaps confirms the suggestion that asbestos exposure can lead 

equally to obstruction as weIl as to restriction, or in fact to any func­

tional profile. 
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Muldoon et al (1972) 

The 1ast paper to be considered is that of Mu1doon and Turner-Warwick 

(1972), a report on 60 male and female subjects referred to the Pneumoconiosis 

Board, who were divided on the basis of specifie conductance and TLC into four 

groups which correspond to the fo11owing profiles of this study: normal, 

undifferentiated, restriction and obstruction. With the workers in their 

series being referred for compensation, it is not surprising to find on1y 

16% fa11ing into the normal category (as compared to 44.3% in the present 

study). The other profiles were as fo11ows: 4.0% undifferentiated (26.5% 

in this series), 42.7% restriction (14.9%) and fina11y 17.3% obstruction 

(14.3%). Un1ike the present series where the obstructive profile had a 

higher preva1ence of cough and sputum, no significant difference was found 

between their groups possib1y because they have more advanced disease. 

Eighty-five (85%) of the entire group had radio1ogical changes which 

was considerably higher than in the present series. The normal, restrictive 

and obstructive groups had about the same percentage of pleural and paren­

chyma1 changes, (83%, 88% and 85% respective1y) but the obstructive group 

had the highest preva1ence of parenchyma1 changes (77% as opposed to 67% and 

69% for the normal and restrictive groups respective1y) and the restrictive 

group the highest preva1ence for pleural changes (19% as opposed to 8% for 

the other two groups). However, the parenchyma1 changes were 1ess extensive 

in their obstructive group probab1y because hyperinf1ation is more advanced. 

These findings further confirm the conclusions of the present study that 

radio1ogica1 asbestosis may be associated with any type of profile,even 

obstruction. 
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As in the present study duration of exposure played little part in 

the differentiation of the profiles. Unlike this present series, no signi­

ficant difference could be demonstrated in smoking habits between the 

groups. 

In summary, the conclusions of the present study were compared to 

four recent investigations; only that of Regan dealt with the primary 

industry. AlI of these studies support the present one in concluding 

that asbestos exposure can lead to more than one type of pulmonary 

function profile. Furthermore, the obstructive syndrome is as frequent as 

the restrictive in those working in the primary industry, and although 

sometimes reported as less frequent in the secondary industry, it is still 

much more important than previously thought. 

There is good agreement that the radiological changes parallel the 

alt~ration in pulmonary function only in the advanced stages of the diseases. 

However, no agreement was found on the frequency of parenchymal changes 

in the different profiles. In both the present study and that of Muldoon 

et al (1972), they were more frequent in the obstructive profile. 

Clinical symptoms were more common in the obstructive syndrome in 

the present survey, less so in the other investigations.With regard to 

the influence of dust concentration and duration of exposure, effort and 

amount of smoking, little agreement was found on their relationship to 

function profiles. These factors were associated with increases in the 

prevalence of obstruction in the present study whereas perhaps only 

smoking appeared to be important in other studies. 
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7. CONCLUSIONS 

One thousand and thirty-four (1034) chrysotile asbestos workers, 
selected from 21 to 65 years of age in the Eastern Township Industry in 

Quebec, were studied by questionnaire, radiograph and pulmonary function 
tests at rest and on exercise. Their indus trial history was given in terms 
of years of work, years of dust exposure alone and corrected for physical 

effort. 

The analysis of the results was based on the definition of six (6) 
pulmonary function profiles: normal and undifferentiated abnormal function, 
definite and dominant restriction, and definite and dominant obstruction. 

The overall prevalence, age standardized, of these profiles in the working 
population was respectively 44.3% and 26.5%, 12.2 and 2.1, and 12.8 and 2.27. 

Cough, sputum and dyspnea were associated more frequently with the 
obstructive profiles, but present also in the normal, undifferentiated and 

restrictive ones. 

There was a comparable prevalence of normal radiographs in aIl of the 

profile groups; likewise the prevalence of small irregular opacities and 
pleural changes was similar in aIl groups; the restrictive profiles had 

a lower prevalence of changes compared to the normal, obstructive and 

undifferentiated ones. 

For a comparable number of years at work in the asbestos industry, 
more dust exposure, and more dust exposure and effort were found in the 

undifferentiated and obstructive profiles. A greater proportion of non-
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smokers had a restrictive profile while most of the subjects with obstruc­

tion were heavy smokers. Non-smokers having a light dust exposure had 

proportionately more restriction, whereas association of heavy dust expo­

sure and smoking led to more obstruction. 

The laws of penetration, deposition and clearance of particles and 

fibers, the physical and chendcal properties of chrysotile, and the dynamic 

concept of the respiratory system provide some explanation for the diffe­

rences in response to chrysotile exposure and for the finding of not only 

restrictive pulmonary function profiles but of normal, undifferentiated 

and, more surprising, obstructive profiles. 



( 

107 

8 BIBLIOGRAPHY 

Albert, R.E., Lipmann, M., Peterson, H.T. Jr. 
The Effects of Cigarette Smoking on the Kinetics of Bronchial Clearance in Humans and Donkeys. 
Inha1ed Particles III, Ed. N.H. Wa1ton, Unwin Brothers Limited. pp. 165, 1971. 

Amsler, R. 
L'asbestose pulmonaire. 
La Revue du Praticien, 8:1195, 1958. 

Anjilvel, L., Thurlbeck, W.M. 
The Incidence of Asbestos Bodies in the Lungs at Random Necropsies in Montreal. 
Canad. Med. Ass. J., 95: 1179, 1966. 

Arda1an, P. 
Atemmechanische und electrocardiographische Untersuchungen bei Lungenfibrose. 
Prax. Pneumo1., 22: 780, 1968. 

Aus tri an , R., McC1ement, J.H., Renzetti, A.D.Jr, Donald, K.W., Riley, R.L. and Cournand, A •• 
Clinical and Physiologie Features of Some Types of Pu1monary Diseases with Impairment of Alveolar-Capillary Diffusion. Am. J. Med., Il: 667, 1951. 

Bader, M.E., Bader, R.A., and Se1ikoff, I.J. 
Pu1monary Function in Asbestosis of the Lung. An Alveolo-capillary Block Syndrome. 
Am. J. Med., 30: 235, 1961 

Bader, M.E., Bader, R.A., Teirstein, A.S., and Selikoff, I.J •• Pulmonary Function in Asbestosis: SeriaI Tests in a Long-term Prospective Study. 
Ann. N.Y. Acad. Sc. 132: 391, 1965. 

Bader, M.E., Bader, R.A. and Teirstein, A.S. 
Presentation at Second International Conference on the Biological Effects of Asbestos. 
Dresden, April 1968. 

Bader, M.E., Bader, R.A., Teirstein, A.S., Miller, A., Selikoff, I.J. Pulmonary Function and Radiographie Changes in 598 Workers with Varying Duration of Exposure to Asbestos. 
Mt. Sinai J. Med. 37: 492, 1970. 

Baldwin, E. de F., Cournand, A. and Richards, D.W.Jr. Pulmonary Insufficiency, II. A Study of Thirty-Nine Cases of Pulmonary Fibrosis. 
Medicine, 28: 1, 1949. 

Bastenier, H. Decoster, A., Deno1in, H., Cammaerts, Ph. et Denolin-Reubens, R. Etude clinique et physiopathologique d'un cas d'asbestose pulmonaire. Acta Med. Leg. et Soc. 6 (1-2): Ill, 1953. 



( 

108 

Bastenier, H., Denolin, H., Decoster, A., et Englert, M. 
Etude de la fonction respiratoire dans l'asbestose pulmonaire. 
Arch. Mal. Professe 16: 546, 1955. 

Bates, D.V., Boucot, N.G., and Dormer, A.E. 
The Pulmonary Diffusion Capacity in Normal Subjects. 
J. Physiol. (London) 129: 237, 1955. 

Bates, D.V. and Christie, R.V. 
Respiratory Function in Disease, W.B. Saunders, Philadelphia, 1964 

Bates, D.V., Macklem, P., Christie, R.V. 
Respiratory Function in Disease, W.B. Saunders, Philadelphia, 1971. 
pp.143, 1971. 

Bates, D.V. Woolf, C.R., and Paul, G.I. 
Chronic Bronchitis. A Report on the First Stages of the Coordinated 
Study of Chronic Bronchitis in the Department of Veterans Affairs, 
Canada. 
Med. Serve J. Canada, 18: 268, 272, 278, 1962. 

Becklake, M.R. 
Pneumoconioses 
in Handbook of Physiology, Section 3: Respiration Vol. II. 
Amer. Phys. Soc. Washington pp. 1601-1614, 1965. 

Becklake, M.R., Fournier-Massey, G., McDonald, J.C., Rossiter, C.E. 
Relationships of Functional and Radiological Changes in Quebec 
Asbestos Workers. 
Paper presented by J.C. McDonald at the Second International Conference 
on the Biological Effects of Asbestos, Drusden, 1968. 

Becklake, M.R., Fournier-Massey, G., McDonald, J.C., Siemiatycki, J., 
Rossiter, C.E. 
Lung Function in Relation to Chest Radiographie changes in Quebec 
Asbestos Workers. 
Paper presented at the International Conference on Pneumoconiosis, 
Johannesburg, 1969. 

Becklake, M.R., Fournier-Massey, G., McDonald, J.C., Siemiatycki, J., 
Rossiter, C.E. 
Lung Function in Relation to Chest Radiographie Changes in Quebec 
Asbestos Workers. 1. Methods, Results and Conclusions. 
Bull. Physiopath. Resp., 6: 637, 1970. 

Becklake, M.R., Fournier-Massey, G., Rossiter, C.E., McDonald, J.C. 
Lung Function in Chrysotile Asbestos Mine and Mill Workers of Quebec. 
Arch. Environ. Health,24: 401, 1972. 

Bjure, J., SBderholm, B. and Widimsky, J. 
Cardiopulmonary Function Studies in Workers Dealing with Asbestos and 
Glasswool. 
Thorax, 19: 22, 1964. 



( 

109 

BHhlig, H., Bristol, L.J., Cartier, P.H., Felson, B., Gilson, J.C., Grainger, 
T.R., Jacobson, G., Kiviluoto, R., Lainhart, W.S., McDonald, J.C., 
pendergrass, E.P., Rossiter, C.E., Selikoff, I.J., Sluis-Cremer, G.K., 
Wright, G.W., 
UICC/Cincinnati Classification of the Radiographie Appearances of Pneu­
moconiosis. 
Chest, 58: 57, 1970. 

Bollinelli, R., Cayrol, L., Fregevre, J., Planques, J., et Jorda, 
Sur un Cas d'asbestose. 
Arch. Mal. Prof., 24: 660, 1963. 

Brasseur, L. 
L'exploration fonctionnelle pulmonaire dans le pneumoconios. des 
hol.d.lleurs. 
Bruxelles, Ed. Aiscia, S.A., 1963. 

Brodeur, P. 
The Magic Mineral. 
The New yorker pp. 117-165, Oct. 12, 1968. 

C~mner, P. and Philipson, K. 
Intra-individual Studies of Tracheobronchial Clearance in Men. 
Inhaled Particles III. Ed. W.H. Walton. Unwin Brothers Limited 
pp. 157, 1971. 

Clerens, J. 
Recherches sur l'asbestose pulmonaire en Belgique. 
Arch. Belg. Med. Soc. 9: 557, 1950. 

Cochrane, A.L. and Higgins, I.T.T. 
Pulmonary Ventilatory Function of Coal Miners in Various Areas 
in Relation to the X-ray Category of Pneumoconiosis. 
Brit. J. Prev. Soc. Med., 15: l, 1961. 

Comroe, J.H., Forster, R.E., Dubois, A.B., Briscoe, W.A., Carlsen, E. 
The Lung. 2nd Ed., Year Book Medical Publishers, Chicago, 1962. 

Cooke, W.E. 
Pulmonary Asbestosis. 
Brit. Med. J., 2: 1024, 1927. 

Cotes, J.E. 
Lung Function: Assessment and Application in Medicine. 
Oxford Blackwell Scientific Publications, 1965, pp. 342. 

Cotes, J.E., Rossiter, C.E., Higgins, I.T.T. and Gilson, J.C. 
Average Normal Values for the Forced Expiratory Volume in White 
Caucasian Males. 
Brit. Med. J., i: 1016, 1966. 



( 

110 

Dawson, A. 
Reproducibility of Spirometic Measurements in Normal Subjects. 
Amer. Rev. Resp. Dis. 93: 264-268, 1966. 

Dennis, W. L. 
The Effect of Breathing Rate on the Deposition of Particles in 
the Human Respiratory System. 
Inhaled Particles III. Ed. W.H. Walton, Unwin Brothers Ltd. 
pp. 91, 1971. 

De Rosa, R., Eliseo, V., Mole', R., Sesse, S. 
L'apparato respiratorio negli addetti alla lavorazione dell'amianto. 
Folia Medica (Napoli), 47: 637, 1964. 

Donevan, R.E., Palmer, W.H., Varvis, C.J., and Bates, D.V. 
Influence of Age upon Pulmonary Diffusing Capacity. 
J. Appl. Physiol, 14: 483, 1959. 

Dreessen, W.C., Dallavalk, J.M., Edwards, T.I., Miller, J.W., Easom, H.F. 
Triee, M.F. 
A Study of Asbestosis in the Asbestos Textile Industry. 
Public Health Bull. No 241, 1938; U.S.G.P.O. Washington, D.C. 

Eliseo, V. et Grieco, B. 
Comportamento della funzionalita'cardiorespiratoria nell'asbestosi 
polmonare durante sforzo al cicloergometro. 
Folia Medica (Napoli), 47: 1207, 1964. 

Enterline, P.E. 
Asbestos Dust Exposure at Various Levels and Mortality. 
Arch. Envir. Health (Chicago) 15: 181, 1967. 

Ferris, B.G. 
Epidemiological Studies on Air Pollution and on Health. 
Arch. Envir. Health, 16: 541, 1968. 

Ferris, B.G., Ranadive, V., Peters, J.M., Murphy, R.L.H., Burgess, W.A., 
Perdergrass, H.P. 
Prevalence of Chronic Respiratory Disease. Asbestosis in Ship Repair 
Workers. 
Arch. Envir. Health, 23: 220, 1971. 

Finley, T.N., Swenson, E.W., Comroe, J.H.Jr. 
The Cause of Arterial Hypoxemia at Rest in Patients with "Alveolar­
Capillary Block Syndrome". 
J. Clin. Invest, 41: 618, 1962. 

Fournier-Massey, G., Becklake, M.R. 
Lung Function in Relation to Chest Radiographie Changes in Quebec 
Asbestos Workers. 
II. Appendice: Epreuves de fonction respiratoire. 
Bull. Physiol. Path. Resp. 6: 661, 1970. 



( 

111 

Fournier-Massey, G., and Massey, D.G. 
Disposable Mouthpieces. 
Bull. Physio. Path. Resp. 7: 713, 1971. 

Fournier-Massey, G., et Massey, D.G. 
Différences ethniques de la fonction respiratoire: une étude chez 
les canadiens français. 
Un. Med. Canada, 101: 1155, 1972. 

Gaffuri, E. et Berra, A. 
L'insufficienza respiratoria nell'asbestosi. Comportamento dei 
volumi po1monari e della capacità di venti1azione in 30 casio 
Min. Med. J. 48(37): 1639, 1957. 

Gandevia, B. 
Pulmonary Function in Asbestos Workers. 
Am. Rev. Resp. Dis., 96: 420, 1967. 

Gernez-Rieux, C., Balgaires, E et Clacys, C. 
Considération sur les Troubles Respiratoires de l'Asbestose. 
J. Franc. Méd. Chir. Thor., 8: 193, 1954. 

Gernez-Rieux, C., Marchand, M., Mounier-Kuhn , P., Policard, A., Roche, L. 
Bronchopneumopathics professionnelles. Masson et Cie. 
pp. 15, 1961. 

Gibbs, G.W. 
Qualitative Aspects of Dust Exposure in the Quebec Asbestos Mining 
and Mi11ing Indus try. 
Inhaled Partic1es III. Ed. W.H. Walton. Unwin Brothers Limited. 
pp. 783, 1971. 

Gibbs, G.W., Lachance, M. 
Dust Exposure in the Chrysoti1e Asbestos Mines and Mills of Quebec. 
Arch. Envir. Health. 24: 189, 1972. 

Gilson, J.C. 
Man and Asbestos. 
Ann. N.Y. Acad. Sc., 132: 9, 1965. 

G1oyne, S.R. 
The Presence of the Asbestos Fibre in the Lesions of Asbestos Workers. 
Tubercle 10: 404, 1929. 

Goldman, H.I. and Beck1ake, M.R. 
Respiratory Function Tests: Normal Values at Median Altitudes and 
The Prediction of Normal Results. 
Am. Rev. Tuberc. 79: 457, 1959. 

Gracey, D.R., Nam, K., Cal1away, J.J., Buckingham, W.B. 
Pulmonary Complications of Asbestos Exposure. 
Chest, 59: 77, 1971. 

1 



.ll2 

Gregoire, F. 
Pulmonary Function Studies in Men Exposed for Ten or More Years to 
Inhalation of Asbestos Fibres. Presented before Seventh Saranac 
Symposium. 1952. 

Gregoire, F., Soucy, R., Lepine, C., Laberge, M.J. 
Comparative Physiological Studies in Chronic Pulmonary Diseases. 
Medical Services Journal, 14(9): 617, 1958. 

Gross, P., Cralley, L., Davis, J., De Treville, R., Tuma, J. 
A quantitative Study of Fibrons Dust in the Lungs of City Dwellers. 
Inhaled Particles III, Ed. W.H. Walton. Unwin Brothers Limited. 
pp. 671, 1971. 

Gross, P., de Treville, R.T.P., Cralley, L.J. 
Problems in the Pathology of Asbestosis. Pneumoconiosis-
Proceedings of the International Conference, Johannesburg, pp. 126, 1969. 

Hany, A., Burckhardt, P. and BUklmann, A. 
Zur Klinik und Pathophysiologie der Lungenasbestose. 
Schweiz. Med. Woch. 97: 597, 1967. 

Harries, P.G. 
The Effects and Control of Diseases Associated with Exposure to 
Asbestos in Devonport Dockyard. Thesis for Doctor of Medicine. 
Institute of Naval Medicine, Alverstoke, Gosport, 1971. 

Harrison, T.R., Editor. 
Principles of InternaI Medicine. 5th edition. 
McGraw - Hill Book Company, New York, Toronto, Sydney~ London, 1966. 

Heard, B.E. and Williams, R. 
The Pathology of Asbestosis with Reference to Lung Function. 
Thorax, 16: 264, 1961. 

Heise, D., 
Problems in Path Analysis and Causal Inference. Sociological Methodology, 
Jossey-Bass Inc., pp. 38, 1969. 

Henderson, M. Apthorp, G.H. 
Rapid Method for Estimation of Carbon Monoxide in Blood. 
Brit. Med. J., 2: 1853, 1960. 

Heppleston, A.G. 
Emphysema in Relation to Dust Exposure. Pneumoconiosis -
proceedings of the International Conference, Johannesburg, p. 312, 1969. 

Holmgren, A., Freyschuss, V. 
On the Variation of DLCO with Increasing Oxygen Uptake during Exercise 
in Healthy Ordinarily Untrained Young Men and Women. 
Acta Physiol. Scand. 65: 193, 1965. 

Holland, W.W., Elliott, A. 
Cigarette Smoking, Respiratory Symptoms and Anti-Smoking Propagands. 
Lancet 1: 41, 1968. 

1 



113 

Holt, P.F., Mîlls, J., Young, D.K. 
Experimental Asbestosis with Four Types of Fibers. Importance of Small 
Particles. 
Ann. N.Y. Acad. Sc. 132: 87, 1965. 

Hourihane, D. O'B., Lessof, L., Richardson, P.c. 
Hyaline and Calcified Pleural Plaques as an Index of Exposure to 
Asbestos. 
Brit. Med. J. 1: 1069, 1966. 

Hunt, R. 
Routine Lung Function Studies on 830 Employees in an Asbestos Processing 
Factory. 
Ann. N.Y. Acad. Sc. 132: 406, 1965. 

Jaeger, M.J., Matthys, H. 
The Pressure Flow Characteristics of the Human Airways. Airway 
Dynamics. C.C. Thomas. 
pp. 21, 1970. 

Jodoin, G., Gibbs, G.W., Macklem, P.T., McDonald, J.C., Becklake, M.R. 
Early Effects of Asbestos Exposure on Lung Function. 
Am. Rev. Resp. Dis. 104: 525, 1971. 

Kiviluoto, R. 
Pleural Calcification as a Roentgenologic Sign of Non-Occupational 
Endemic Anthophil1ite-Asbestosis. 
Acta Radiol. (Stockh.) Suppl. 194, 1960. 

Kiviluoto, R. 
Pleural Plaques and Asbestos: Further Observations on Endemic and 
Other Non-occupational Asbestosis. 
Ann. N.Y. Acad. Sc. 132: 235, 1965. 

Kleinfeld, M., Messite, J., Kooyman, O., and Sarfaty, J. 
Effect of Asbestos Dust Inhalation on Lung Function. 
Arch. Environ. Health, 12: 741, 1966a. 

Kle infe Id , M., Messite, J., Shapiro, J. 
Clinical, Radiological, and Physiological Findings in Asbestosis. 
Arch. Int. Med. 117: 813, 1966b. 

Koelsch, von F. and Zoepfl, F. 
Ulrich Ellenbog: Von den Gifftigen besen Tempffen und Reuchen. 
MUn ch en , 1927. 

Kory, R.C., Callahan, R., Boren, H.G. and Symer, J.C. 
The Veterr~s Administration Army Cooperative Study of Pulmonary 
Function, 1. Clinical Spirometry in Normal Men. 
Amer. J. Med., 30: 243, 1961. 



( 

Krumholz, R.A., Chevalier, R.B., Ross, J.C. 
Cardiopulmonary Function in Young Smokers. 
Ann. Int. Med. 60: 603, 1964. 

Lal;!nnec, R.T.H. 
De l'auscultation médiate, Brausson et Chaudi, 1819. 

114 

Lane, R.E., Barner, J.M., Hickish, D.E., Jones, J.G., Roach, S.A. 
King, E. 
Hygiene Standards for Chrysoti1e Asbestos Dust. 
Ann. Occup. Hyg. Il: 47, 1968. 

Lanza, A.J. 
The Pneumoconiosis, Greene and Stratton. 
pp. 48, 1963. 

Lanza, A.J., McConnel1, W.J. and Fetine1, J.W. 
Effects of the Inhalation of Asbestos Dust on the Lungs of Asbestos 
Workers. 
Pub. Hea1th Rep., 50: 1, 1935. 

Lawther, P.J. 
Asbestos: Some Non Radio1ogica1 Aspects. 
Proc. Royal Soc. Med. 64: 833, 1971. 

Leathart, G.L. 
C1inica1, Bronchographic, Radio1ogica1 and Physio1ogical Observations 
in Ten Cases of Asbestosis. 
Brit. J. Ind. Med. 16: 153, 1959. 

Leathart, G.L. 
C1inica1, Bronchographic, Radio1ogica1 and Physio1ogica1 Observations 
in Ten Cases of Asbestosis. 
Brit. J. inde Med. 17: 213, 1960. 

Leathart, G.L. 
The Effect of Asbestosis on Pu1monary Function. 
Newcastle Medical Journal, 29: 30, 1965. 

Leathart, G.L. 
Pu1monary Function Tests in Asbestos Workers. 
Trans. Soc. Occup. Med., 18: 49, 1968. 

Lippman, M., Roy, A.E., Peterson, H.T.Jr. 
The Regional Deposition of Inha1ed Aerosols in Man. 
Inhaled Partic1es III. Ed. W.H. Wa1ton. Unwin Brothers Ltd. pp. 105, 
1971. 

Luton, P., Champeix, J. et Favre, P. 
Un Cas d'Asbestose Pulmonaire. 
Arch. Mal. Prof. 7: 299, 1946. 

Marchand et Fahr. 
Verh. Disch. Path. Ges. 10: 223, 1906. 

Marks, A., Cuge11, D.W., Cadigan, J.B., Gaensler, E.A. 
C1inica1 Determination of the Diffusion Capacity of the Lungs. 
Am.J. Med. 22: 51, 1957. 

1 

~ 



( 

Martt, J.M. 
Pu1monary Diffusing Capacity in Cigarette Smokers. 
Ann. Int. Med. 56: 39, 1962. 

115 

McDona1d, J.C., Beck1ake, M.R., Fournier-Massey, G.G., and Rossiter, C.E. 
Respiratory Symptoms in the Chrysoti1e Asbestos Mines and Mi11s of 
Quebec. 
Arch. Environ. Hea1th 24: 358, 1972. 

McDona1d, J.C., McDona1d, A.D., Gibbs, G.W., Eyssen, G., Rossiter, C.E. 
Morta1ity in the Chrysoti1e Asbestos Mines and Mi11s of Quebec. 
Arch. Environ. Hea1th 22: 667, 1971. 

McGrath, M.W. and Thompson, M.L. 
The Effect of Age, Body Size and Lung Volume Change on Alveo1ar 
Permeabi1ity and Diffusing Capacity in Men. 
J. Physio1. (London), 146: 572, 1959. 

McKerrow, C.B. 
Assessment of the Mechanica1 Function in Ventilation. 
Proc. Roy. Soc. Med. 46: 532, 1953. 

McVittie, J.C. 
Asbestosis in Great Britain. 
Ann. N.Y. Acad. Sc. 132: 128, 1965. 

Meinander, C.F. 
Die Kiukaisku1ture. 
J. Archeo1. Soc. Fin1and, 53: 165, 1954. 

Merewether, E.R.A. 
The Occurrence of Pu1monary Fibrosis and Other Pu1monary Affections 
in Asbestos Workers. 
J. Industr. Hyg. 12: 198, 1930. 

Miner, E.T. 
Preface. 
Ann. N.Y. Acad. Sci., 132: 5, 1965. 

Mostyn, E.M., He11i, S., Gee, J.B.L., Bentivog1io, L.G. and Bates, D.V. 
Pulmonary Diffusing Capacity of Ath1etes. 
J. App1. Physio1. 18: 687, 1963. 

Mu1doon, B.C., Turner-Warwick, M. 
Lung Function Studies in Asbestos Workers. 
Brit. J. Dis. Chest. 66: 121 (1972). 

Murray, H.M. 
Report of the Departmenta1 Committee on Compensation for Industria1 
Diseases (Cd 3495). 
Minutes of Evidence, pp. 127, 1907, H.M.S.O., London. 

Murphy, R.L.H. Jr., Ferris, B.G., Burgess, W.A., Worcester, J., Gaens1er, E.A. 
Effects of Law Concentrations of Asbestos. C1inica1, Environmenta1, Ra­
diologie and Epidemiologie Observations in Shipyard Pipe Coverers and 
Contro1s. 
New Eng. J. Med. 285: 1271, 1971. 



l. 

( 

116 

Needham, C.D., Rogen. M.C. and McDonald, I. 
Normal Standards for Lung Volumes, Intrapulmonary Gas Mixing and Maxi­
mum Breathing Capacity. 
Thorax, 9: 313, 1954. 

Pancoast, H.K., Miller, T.G. and Landis, H.R.M. 
A Roentgenologic Study of the Effects of Dust Inhalation upon Lungs. 
Association of American Physicians Transactions, 32: 97, 1917. 

Pellet, M. 
La fibrose interstitielle diffuse dans l'asbestose. Le Poumon 
et le Coeur, 21: 711, 1965. 

Pellet, M., Chevalier, R. Mme, Chevalier, R. 
Physiopathologie respiratoire de l'asbestose respiratoire. 
J. Med. Lyon, 45: 1611, 1964. 

poggi, G. et Carosi, L. 
Rapporti tra funziomalita'respiratoria e quadro radiologico dell'as­
bestosi. 
Folia Medica, 51: 33, 1970. 

Porin, J., April, J., Loyau, G. 
L'asbestose pulmonaire. 
Gaz. Med. 72: 3829, 1965. 

Ramazzini, B. 
Diseases of Workers. Translation from the Latin Text: De Morbis 
Artificum, 1713 by Wilmer C. Wright. 
Hafner Publishing Company, New York, 1964. 

Rankin, J., Gee, J.B.L., Chosy, L.W. 
Influence of Age and Smoking on Pulmonary Diffusing Capacity of 
Healthy Subjects. 
Med. Thorac. 22: 366, 1965. 

Read, J., Selby, T. 
Tobacco Smoking and Ventilatory Function of the Lungs. 
Brit. Med. J. 2: 1104, 1961. 

Read, J. and Williams, R.S. 
Pulmonary Ventilation. Blood Flow Relationships in Interstitial 
Disease of the Lungs. 
Am. J. Med., 27: 545, 1959. 

Regan, G.M., Tagg, B., Walford, J., Thomson, M.L. 
The Relative Importance of Clinical, Radiological and Pulmonary 
Function Variables in Evaluating Asbestosis and Chronic Obstruc­
tive Airway Disease in Asbestos Workers. 
Clin. Sc. 41: 569, 1971. 



( 

117 

Robin, E. 
Restrictive Pu1monary Diseases and Disorders of Pulmonary Diffusion. 
Princip1es of InternaI Medicine, Harrison, pp. 1521, 1958. 

Robock, K., Klosterk8tter, W. 
The Cytotoxic action and the Semiconductor Properties of Mine Dusts. 
Inha1ed Partic1es III. Ed. W.H. Walton. Unwin Brothers Limited. 
pp. 453, 1971. 

Roemheld, L., Kempf, H. and Welder, H.W. 
Untersuchungen aber die Lungenfunktion bei Asbestose. 
Arch. Klin. Med., 186: 53, 1940. 

Rosen, G. 
Introduction ta 1964 Reprint. In Diseases of Workers. 
Ramazzini, B. Hafner Publishing Company. New York, 1964. 

Rossiter, C.E., Bristol, L.J., Cartier, P., Gilson, J.C., Grainger, T.R., 
Sluis-Cremer, G.K. and McDonald, J.C. 
Radiographic Changes in the Chrysotile Asbestos Mines and Mills of 
Quebec. 
Arch. Environ. Health. 24: 388, 1972. 

Rubin, E.H., Rubin, M. 
Thoracic Diseases. 
W.B. Saunders Company, Philadelphia, 1961. 

Rubina, G.F., Garbagni, R., Scansetti, G. and Care1li, E. 
Aspetti di fisiopatologia respiratoria e circolatoria Nell'asbestosi 
po1monare. 
Med. Lavoro, 52: 515, 1961. 

Sanchis, J., Dolovich, M., Chalmers, R., Newhouse, M.T. 
Regional Distribution and Lung clearance Mechanisms in Smokers and 
Non-smokers. 
Inhaled Partic1es III. Ed. W.H. Walton. Unwin Brothers Limited. 
pp. 183, 1971. 

Sartore11i, E. 
Asbestosi grave con syndrome deI blocco alveolo-capi11are. 
Med. Lav. 48(5): 358, 1957. 

Sartore11i, E. 
Etude physiopathologique de 18 cas d'asbestose. 
Congrès International sur l'asbestose, pp. 117, Cagn 1964. 

Scansetti, G., Rubina, G.F. 
Analisi comparata della compromissione cardiovascolare e respiratoria 
ne11'asbestosi polmonare. 
Minerva Med. 51: 8, 1960. 

Schaaning, J., Va1e, J.R., Wessel Aas, T. 
Lungefunksjonsunderskelser ved Asbestose. 
Nord. Med. 73: 455, 1965. 

...:... ~"' ... _~ 
1-



( 

118 

Schepers, G.W.H. 
Contribution to Discussion. 
Ann. N.Y. Acad. Sc. 132: 437, 1965. 

Se1ikoff, I.J., Chung, J., Hammond, E.C. 
The Occurence of Asbestosis Among Insulation Workers in the United 
States. 
Ann. N.Y. Acad. Sc. 132: 139, 1965. 

Sigerist, H.E. 
Historica1 Background of Industria1 and Occupationa1 Diseases. 
Ann. N.Y. Acad. Med. (2nd series), 12: 597, 1936. 

Sluis-Cremer, G.K. 
Asbestosis in South African Asbestos Miners. 
Envir. Res. 3: 310, 1970. 

Smither, W.J. 
Some Observations on Asbestosis in a Factory Population. Pneumoco­
niosis - Proceeding of the International Conference. 
Johannesburg, Ed. H.A. Shapiro pp. 155, 1969. 

Smyth, N.P., Goodman, N.G., Basu, A.P., Keshishian, J.M. 
Pulmonary Asbestosis. 
Chest, 60: 270, 1971. 

Stone, M.J. 
C1inical Studies in Asbestosis. 
Amer. Rev. Tuber., 41: 12, 1940. 

Sudlow, M.F., OIson, D.E., Schroter, R.C. 
Fluid Mechanics of Bronchial Air-flow. 
Inhaled Particles III, Ed. W.H. Walton. Unwin Brothers Limited 
pp.19, 1971. 

Teirstein, A.S., Gottlieb, A., Bader, M.E., Bader, R.A., and Selikoff, I.J. 
Pulmonary Mechanics in Asbestosis of the Lungs. 
Clin. Res. 8: 256, 1960. 

Tepper, L.P., Radford, E.P. 
In Harrison's Principles of InternaI Medicine, Ed. Wintrobe et al. 6Ed 
McGraw Hill Book ·Company, New York, pp. 1324, 1970. 

Thomson, M.L., McGrath, M.W., Smither, W.J. and Shepherd, J.M. 
Some Anomalies in the Measurement of Pulmonary Diffusion in Asbestosis 
and Chronic Bronchitis with Emphysema. 
Clin. Sc., 21: 1, 1961. 

Thomson, M.L., Pelzer, Anne-Marie, and Smither, W.J. 
The Discriminant Value of Pulmonary Function Tests in Asbestosis. 
N.Y. Acad. Sc., 132: 421, 1965. 

Timbrell, V. 
The Inhalation of Fibrous Dust. 
Ann. N.Y. Acad. Sc. 132: 255, 1965. 



( 

119 

Timbrell, V., Skidmore, J.W. 

UICC. 

The Effect of Shape on Particle Penetration and Retention in Animal 
Lungs. 
Inhaled Particles III. Ed. W.H. Walton, Unwin Brothers Ltd. 
pp. 49, 1971. 

Report and Recommendation of the Working Group on Asbestos and Cancer. 
Ann. N.Y. Acad. Sc., 132: 706, 1965. 

Vaerenberg, C. 
Longfunktie bij longasbestose. 
Acta Tuber. Belg. 2: 92, 1964. 

VecChione, C. Mole', R., Eliseo, V., De Rosa, R. 
La diffusione alveolo-capillare nell'asbestosi. 
Folia Medica (Napoli), 47: 1090, 1964. 

Vorwald, A.J., Durkan, T.M., Pratt, P.C. 
Experimental Studies on Asbestosis. 
A.M.A. Arch. Indust. Hyg. 3: 1, 1951. 

Wallace, W.F., Langlands, J.H. 
Insulation Workers in Belfast. 10 Comparison of a Random Sample with 
a Control Population. 
Brit. J. Indust. Med. 28: 211, 1971. 

Wegelius, C. 
Changes in Lungs in 126 Cases of Asbestosis Observed in Finland. 
Acta Radiol. 28: 139, 1947. 

Whitfield, A.G.W., Arnott, W.M., Wate~house, J.A.H. 
The Effect of Tobacco on Lung Volume. 
Quart. J. Med. (N.S.) 20: 141, 1951. 

Williams, R. and Hugh-Jones, P. 
The Significance of Lung Function Changes in Asbestosis. 
Thorax, 15: 109, 1960. 

Wilson, R.H., Meador, R.S., Jay, B.E., Higgins, E. 
The Pulmonary Pathologic Physiology of Persons who Smoke Cigarettes. 
New Engl. J. Med., 262: 956, 1960. 

Wilson, T.A. and Lin Kao-Hong 
Convection and Diffusion in the Airways and the Design of the Bronchial 
Tree. Airway Dynamics. C.C. Thomas, pp. 5, 1970. 



( 

120 

Woitowitz, H.J. 
Berufliche Asbeststaubexposition und obstructive Ventilationsst8rungen. 
Int. Arch. Arbeitsmed. 27: 244, 1970. 

Woitowitz, H.J., SchHcke, G., Woitowitz, R.H. 
Zu den Auswirkungen von Pleuraverkalkungen bei Chrysotil-Asbestarbeitern 
auf die Lungenfunktion. 
Med. Welt., 22/Heft 22: 931, 1971. 

Woitowitz, H.J. 
Die BedeU-tung des Asbestos fur fUr die Asbertsmedizin und tlko1ogic. 
Deuts. Med. Wochen. 97: 346, 1972. 

Wood, W.B. 
Pulmonary Asbestosis. 
Tubercle, 10: 353, 1929. 

Wood, W.B. and Gloyne, S.R. 
Pulmonary Asbestosis. 
Lancet, 218: 445, 1930. 

Worth, Moers. 
Results of Function Analysis in Asbestosis. 
Paper presented at the Second International Conference on the Bio1ogical 
Effect of Asbestos, Dresden, April 1968. 

Wright, G.W. 
Functional Abnorma1ities of Industrial Pulmonary Fibrosis. 
A.M.A. Arch. Ind. Health, Il: 196, 1955. 

Wright, G.W. 
Asbestosis, In ''Princip les of InternaI Medicine", 5th ed., 
T.R. Harrison (Ed) , New York, McGraw-Hill Book Company, 1966. 

Wright, G.W. 
Asbestos and Health in 1969. 
Amer. Rev. Resp. Dis. 100: 467, 1969. 

Wright, W.C. 
Bernadino Ramazzini: De Morbis Artificum Diatriba (Diseases of 
Workers) • 
The Latin Text of 1713. Revised with translation and notes. Uni­
versity of Chicago Press, 1940, pp. 7. 

Zame1, N., Youssef, H.H., Prime, F.J. 
Airway Resistance and Peak Flow-rate in Smokers and Non-smokers. 
Lancet 1: 1237, 1963. 

Zolov, and Misheva. 
C1inica1 and Respiratory Physiological Observations in Asbestosis. 
Paper presented at the Second International Conference on the Bio­
logica1 Effects of Asbestos, Dresden, April 1968. 

,i 
1.: 



121 

9 - APPENDICES 

l - REVIEW OF THE LITERATURE 

II- METHODS 

III - RESULTS. 

( 



APPENDIX 1: REVIE\.J OF THE LITERATURE 

tAllLE 1 - 1 ktVIUI or Tilt: Jlr.SlRICTlve S'UiDkt& IN AS!lESTOS II0P..K.!KS 

Al.athor v YC 
rL'CIU:"\J!.Y "::OCT ur.: 

av ne AV' 1!IIC 
7UC SubJ. 

no. REl. % 1. % 1. % TLC 1./. % 

!fE!..lf1.!Y!-:.C" • ::2) 
t.lahnh:1' et .1 l f:o~' 1 6.3 40 U 
bOIatwn!clr , .1 H55 5 4.3 20 64 c..Uull , _1 1951 12 ~.3 751 t.~ 

H 3.:' 97 (,.? 
21 2.e 19 1.) 
22 1.L SI 0.7 
23 2.0 ~2 O." 
24 2.0 SI 1.3 
29 z.e. Sl 1.1 P.e .. J , al 1959. 1 5S 2.0 1.4 

("Ul"~ .. .al.lS~i:I) 2 7.0501.3 1.2 
4 4.S 40 1.6 1.4 
S 1.136 3.8 1.1 
6 1.8 1.S 
6 8.5 35 2.9 1.5 
9 32 2.9 1.6 

10 lO 1.5 1.3 
12 lS 2.8 1.9 
11 42 1.8 1.4 
13 14.0 1.7 1.2 

Il 4 19.0 78 1.9 2.2 
WUUa:a. & .. 1 1960. r 1 11.0 JO 2.1 1.4 

11 48 2.8 2.0 
JI II 2.6 1.1 
J8 7.8 47 J.J 1.4 

tiul'd •• 1 .1961. 6 SI 
a&dec •• 1 1961 1 ,;. 1- 56 

.2 1 fI' 6S Rubtao 1 .. 1 1961 l J.O 79 1.2 
4 2.9 as 1.7 
5 1.7 48 1.0 Tboa.oa & .1 1961 A- 2 85 ... 3 52 ... 5 75 

A 8 91 
416 86 
A J2 61 

&.:-1 :1 .... 111 , .:sI :ç(oJ r 1 u bJur .. , al 196. 11:1 104 7.5 1!' 3.1 !4 1.7 
12 l013.1 2J J.4 78 1.J 
13 J5 6.5 26 J.4 eq 1.7 
14 25 7.7 II 2.9 70 1.8 

De 10 ... , .1 1964 1 J.7 70 1.5 
2 J.2 86 1.8 
3 3.0 85 1.4 
4 J.8 91 1.4 
5 l.7 84 1.4 
7 J.4 901.5 
8 J.5 901.6 

12 3.4 8S 1.2 
13 l.6 89 1.6 
14 l.O as 1.5 
15 l.6 96 1.4 
17 l.4 as 1.6 
19 l.9 9J 1.5 
20 J.5 84 1.6 
24 3.3 86 1.7 
25 l.5 76 1.5 
26 l.O 75 1.6 
27 l.2 6) 1.8 
29 3.4 691.6 

Il .2 3.0 . ES 1,5 
4 2.' 57 1.3 
5 2.' 782.0 
7 l.9 '7J 1.5 • 3.g 78 1.4 , 

2.' 7J 1.8 
10 4.0 105 2.0 
11 2.8 es 1.4 
13 l.O as 1.4 ,.U.t , .-1 1<"(,4 190 :.6 81 1.5 

206 1.2 4: 1.1 
a'.h1c1eld , .1 1966b 1 69 

4 66 • 51 
11 54 
16 87 
17 41 
19 " 20 76 . Po,,' 1910 3 J.3 1.0 

• ccCC'l/oJn/l'lnll.; "oz 

69 49 
81 68 
84 4.1 81 
58 '.4 85 
86 r..l 82 
54 2.3 52 
85 2." 60 
18 J.) 60 
89 l.l 62 

3.4 
2.4 
2.9 
4.9 
3.3 
4.4 
4.S 
2.8 
4.6 
J.2 
l.O 
4.2 
J.S 
4.8 
l.6 
4.7 

37 84 
87 56 
74 7J 

4.2 
4.6 
2.7 

67 79 
66 57 
7J 74 
81 ~O 
66 79 
66 66 
45 4S 

4.8 
4.7 
5.1 
4.7 
5.2 
5.0 
4.4 
5.2 
4.1 
4.9 
5.1 
4.6 
5.2 
4.5 
5.0 
5.0 
5.4 
5.1 
5.0 
5.0 
4.6 
4.0 
4.0 

~'" 3.2 
4.9 
5.4 
4.4 
4.7 
6.0 
4.2 
4.4 

834.3 86 
31 2.3 56 
71 69 
46 56 ., 68 
67 55 
75 81 
71 59 
6l 50 
17 69 

3.2 

30 
29 
li 65 
21 74 
32 12 
31 34 
li 44 
40 48 
JO; 45 
41 LO 
48 33 
41 49 
22 105 
46 53 
lS 8a 
lS 9S 
46 SI 
41 7l 
44 46 
42 49 
54 58 
41 71 
42 87 
lO 54 
lO 91 
47 
J4 
25 
29 
J7 
J7 
26 
l6 
lO 
30 
25 
24 
32 
36 
28 
3J 
JS 
29 
36 
J2 
26 
34 
JI 
JI 
26 
li 
J3 
28 
l2 
28 
li 
J4 
30 
35 
45 
40 
3J 
40 
40 
27 
li 
l8 
33 
lJ 
31 
34 
4: 
J4 
43 
49 
3B 
29 
60 
43 
54 
30 60 

93 
42 

7 
10 
11 

6 
8 
5 

4 
0 
3 
0 
0 , 

5 
4 
0 
7 
4 
5 
4 
7 
5 
1 

5 
2 
3 
9 
8 
0 
1 
5 
4 
9 

6 
6 
6 
8 
7 
8 
7 
7 
7 
6 
86 
7 
7 
7 
5 
6 
7 
5 
5 
7 , 
6 
6 
6 
5 
9 
7 
6 

2 
9 
6 
4 
6 
1 
4 

"~Vl "LeD . ;.: 

76 
16 
71 
84 
71 
92 
82 
18 
80 9.9 39 
e4 9.B 39 
60 10.3 41 
18 13.8 41 
7S 11.2 68 
f6 lS.7 S3 
86 13.1 SB 
86 13.8 60 
71 16.8 66 
10 13.1 63 
76 17.2 72 
86 9.J li 
as 11.6 
as 19.6 
71 21.4 79 
81 18.2 
74 12.6 

9.()(SS) 

74 31.5 
76 22.2 
79 
86 .3 
84 46 
83 62 
79 90 

·80 57 
84 52 
73 
87 21.2 
78 15.0 
86 11.5 
79 
84 
73 
7J 
89 
85 
a8 
82 
as 
83 
82 
77 
sa 
82 
85 
87 
78 
86 
77 
76 
80 
89 
79 
82 
83 
89 
90 
81 
73 
U 
72 
71 27.3 
77 20.' 
89 19.9 
~1 13.3 
u 24.2 
82 9.2 
76 18.3 
78 19.9 
71 Il.0 

122 

A::111I'f1'rJt.(w;y 11t.I.STJO::::~ Lxz'm;r.'Il: 1.\l1l0l.1k":f r. :i.le f" "/6 ':.,.", A.: .. ' Ile .... r 8!' .. \ C r n Cy Cr ':('.d.. lJu:L 510 ''C r.,n • ,: a Yrli en r.r, M~ ru rc 

cr. 

90 r 47 14B 47 · -. - 1 11 ~ • 7.5 r 49 lS3 83 • • 20 • .. 5S 163 12 1.18 J 
55 17068 2 
52 173 68 2 
50 U? 56 l 41 159 71 3 53 167 78 J 48 110 63 3 l.1 r 51 4 .. 14 10 ~ 17.1 F S6 3 .. l.S 12 • 11.8 r 52 3 .. lS 4 li 4.0 li 53 0 11 5 9.9 H SO 4 , 

lB 8 1. 5.1 If 47 2 • 2S 2 H 6.9 1( 48 2 •• 10 5 
7.5 If 44 2 •• 11 6 N 9.1 If 41 1 · 11 6 S 20.5 r 31 2 .. 3 4 M 12.0 r 51 J • Il 6 1. 7.2 If 55 4 .. 16 4 
8.7 H 50 3 •• 16 6 

If 60 3 .. 18 10 ~ If 4l 1 • 14 2 
If 39 J C 22 4 
If 41 

10 
1 32 .. 

90 71 48 .. 14 - +-91 78 43 .. ... 12 . .... -90 41 1.80 Z 
81 S9 1.49 2 
86 58 1.80 3 

1( 50 165 44 - -1 - • , .. 
r 60 152 65 - - 2 ... 3.5 + r 50 lS2 68 • 3 - • 13 .. 
If 60 17384 - • 2 .. · 17 • If 50 175 16 + - 1 t: ~ 26 • ~ 45 170 10 - • l -- 25 · 95 86 H SO 161 55 • '! • • • 30 .. :::).; ~6 1.4 ~3 173 .. 

1""~ 63" 2.3 " 168 .. 9lx 94x 47 168 .. 
96" 96" 46 164 • 

40 10 1 
27 • 1 
28 • 1 
27 5 1 
li 15 1 
40 8 1 
4l • 1 
3S 11 1 
38 14 1 
l8 , 1 
33 7 1 
41 • 1 
l7 3 1 
l5 7 1 
J4 • l 
44 15 1 
38 , 1 
48 13 1 
l7 4 1 
55 -, 2 
41 10 2 
49 24 2 
55 15 2 
l4 a 2 
33 , 2 
45 14 2 
40 14 2 
52 16 J 

95 '0 If 62 .. .. .. 
90 6S F 45 

45 ... - 23 • 72 · - - 54 :1 • 57 - • - 14 2 • 47 .. - . • 22 ... • 40 ... - - 18 -68 .. .. .. 46 2 • 54 - - - 32 · • " .. -- - 37 .. 76 ..... .. JO 1 



123 

0 PCUk1KAU n~:"~I,~ 

~c ~ Ylol 
A!mtr.nt'(1l.C'ICY fl\'I:!ôT\C':"'. [!'Cros:'la: ~.;!~l~;f~~·cJ 1 ru 

Mtbol' 7"~ VUbJ., f YC av TU: aVI ... c ~"1 .DLef s.--:a; Â8.~ Ht \o't aAA C Jo' B Cy CI' U"rl. Uuuc ao. a 1: L % L % L % t'l.Cu. Z 
vrM ca W: JI~ ... rc 

gS11tI9:,IVE - I.V 0I Ttc N(l~'tA1s (nu - 16) 

&ader. al 1%1 

1 

6 ,. f 77 104 81 li 120 10.0 9l 89 67 ~ - 11 .. -12 f - 65 100 7l II 101 95 95 6] 

~ 
0 13 . · 15 J • 81 '" 77 28 118 96 95 ]8 0 4 -- 0 16 • ft 82 100 86 28 99 9S '6 54 1- · 8 .... ... • ca ... , .1 1961 5 4S 97 69 49 62 82 18.0 " 45 ... 2 2 . 'l'boaaoa •• 1 1961 .. 4 Sl 102 6S ]7 79 65 " 45 160 52 1.53 • • 2 • · 12 · A 11 79 107 as l8 70 65 l' 50 151 S6 1.51 - - 1 · 12 c A- 12 73 101 79 30 86 24 " 45 lS~ 57 1.5J • - 2 +. 8 .... A H 75 97 80 29 72 68 " ~O 168611·7(1- - - · 12 · A lS 62 93 72 39 77 60 " 60 168 S3 1.60,. 0 - · 17 · " A 21 Il 103 89 35 77 59 l' 60 168 S9 1.B • • 2 .. 13 A 25 68 lOS 78 39 75 91 " 50 183 66 1.67 -. - - 13 &1elafc1d a d-1966b 

~I 
92 90 S9 46 8S 19.3 64 - - - 40 ~ 62 93 74 50 93 16.9 54 • · - 20 .. N 72 102 74 36 82 21.7 41 · . - 18 -EtaDT & .1 1967 3.7 702.1 5.6 95 36 70 94 94 41 171 70 + · - 6 . 

HSIRlCIrvE - Iscœrt.n[ DAIA (no· l:!) 

Cen..I-l1euJl ... 11954 1 rJlO.5 12 1.8 S6 2.1 3.9 54 7l t7 86 " " 2 19 3 1916.0 2.1 40 1.4 3.S 40 - tS 8S l' 44 1 1] c:.flul'1 .. al 1951 26 2.11 810.l 203.1 6l 10 - SO 174 61 3 .Jure •• 1 1964 8 "0 6.9 63 7l15.2 98 2.7 50 168 
~ "l'local11 1964 4 71 l8 76 24.0 " " 60 1 5 78 28 as 18.1 97 " 44 1 12 Il 61 15 10.2 " " S6 2 14 n 62 80 7.2 95 " 52 2 11 S9 5S 7l 6.7 96 " 6S l Y •• re::abttr& • al 1964 "37 2S U 73 6.0 

2 100 22 U· 74 10.0 
l 40 - II 76 
4 '54 l2 54 88 8.0 
5 79 2S 49 13 7.5 
6 91 20 54 73 6.0 , Sl 14 11 82 S.S 

10 63 lO 14 71 8.0 
11 69 14 54 81 7.5 .VeccbJoo •• al 1964 AC 76 l7 S~ 78 17.8 37 .. 1 ,V 7A lO 60 8l 14.0 40 7 2 le: 80 57 55 78 12.7 55 11 2 IF 80 II 79 78 21.8 14 9 2' li! 79 14 SI 8l 19.1 14 16 2 DVC 71 Sl 74 82 ll.l 42 11 2 ,C SO 56 69 81 11.3 58 15 2 AC 78 44 66 79 lS.S 49 24 2 CV 69 l4 72 76 27.5 " 15 1 av 86 l4 59 a7 22.l 61 , 1 Il 65 4S 71 77 20.1 SI 11 1 JIll 90 31 60 82 18.S 61 6 1 cc aa lO la 82 2~.S l7 3 1 D:<V " 32 62 79 15.1 S5 15 2 

• cc~O/D1n/rdlç 

VoIIU: 1 0 3 - lEYIDI OF nu: AlVE01AltoClJ'JUARY ILOCa:: sn.'Dp.a~ 1:, ASBESTOS vor.l:I:r.s 

'l/I..'IOIal!\' n..~"'CTIar A."'tHRO?OLOCT Qt:ESTIOl<:I. EXPOSCRE IPAnIO:'OC'Y ::CC Au'hol' " ... ~ 1 SUbJ·1 f 
t vc av TU: aVI >:31: FEYl DLeo Sac Oz tlll. Sex .Ace Ht t.", CS.\ C paCy Cr loIorlt. Oust (10 rc SIO ao. a E L :r: L z L Z TU: LIa % Z . Z a E "U ca k.s H2 )'1'& PC 

<no ~ 1'·1 1 

1 
arad & al 19S9 rf 5 7.0 39 3.2 2.1 S.l 19 87 72 10.2 39 2.9 " 4S 3 - 9 7 L (\IUU ..... D, 19Ge) (' 6) 
VUUAC. l. al 19(,0 27 11.0 37 3.2 2.0 S.I 39 86 7~ 24.4 72 J " S2 1 . 10 -IoIde-r , .1 1961 ~ •• S 1. 86 1e9 9l 29 131 91 86 " 

o _ 0 10 .- 'p, 5 4.5 1~ 117 142 120 29 120 95 86 42 · .. 13 .. · 8 4.1 13 97 5~ 56 2~ 86 96 91 ~6 ..: · 2~ .... · 9 4.4 14 ~8 91 96 23 8S 97 92 36 0 13 ... " 10 ~.9 15 90 115 96 29 106 9S 92 SI · · 6 ... .. I~ l.3 15 124 12~ 12S 2S C6 95 9S l7 0 · 7 ... -TbOIUOD et al 1961 7 108 79 101 18 77 83 H 4S 168 42 1." 
o __ 

11 -17 99 97 98 23 71 " " (5 173 57 1.69 • • 2 .. 9 .. 20 J05 9l 103 21 77 S, Il 45 170" 1.91 - - 0 11 -29 99 93 97 30 72 77 " 55 170 8~ 2.01 
o __ - 16 -37 116 115 116 30 71 83 H 65 168 4? I.S6 • • 1 - .. 11 2 38 112 118 1l~ 32 76 59 Il 50 173 S9 1.71 • • 1 - · ~ · Pellet 1. al 1965 2U) 3.6 100 1.5 100 S.l lOQ 27 82 97 '2 " 53 + U.1Qfcld , .1 J5G6 12 9l 98 88 32 79 20.4 4S - - - 18 .. ( 

-



124 

mIDI OF TIIE O>STIUCTIVE ST!<D= IX ASIESTOS "O=.as 

'ULM"".n ruNCTICIf AIm.la'OLOCT ~t.'ESTI():(N. txPOSl'l! •. \DloLO<.Y : Cc: Autbor 7 .... SubJ. f V VC IV ne 1\'/ KIIC FEYI .Dt.c~ s.t Oz ~/., SC .. A~. lit \le aM p a c,. Cr 'orL Du.t SIO PC S10 QO. a E L Z L 1 L Z TLC LI. Z Z a z 7U ca" K~ ~ .. l'e.; 

OBSTWCTIV[ (n~ • U 

".tcaSer & .1 19)) 6 ]7 7.1 70 202 102 4S U " U ,. 
'8 175 51 1.97 • 741 27 H :07 94 55 66 66 91 ,. 61 164 70 1.77 · CaU.rl •• 1 lU7 1 ].9 109 1.6 10] 5.' 10J JS 79 68 " 171 65 1.76 1 5 J.9 112 ].6 236 7.5 150 08 70 " 56 16865 1.74 1 9 4.0 ID' 1.7 ICO 5.7 IN :9 SO 66 52 176 7J 1.88 1 ID 2.0 59 Z.9 27~ 4.9 110 ~y J, 59 47 16] 50 1.52 2 14 2.5 72 2.] 155 4.S 93 4S 31 52 61 16] 65 1.70 2 :6 3.0 88 1.4 96 4.0 91 3: 58 65 62 165 61 1.67 3 Sanarelll 1957 1 2410.8 47 76 1JI 9l 42 65 " s.\ " 3 7 b .. d , .1 19!9 t1 1 49 1.6 2.9 4.5 65 :5 36 J 18.6 Il 59 , .. 14 14 R C'l11U._ , al, lS.O) J 40 1.5 2.5 4.0 6: J6 67 8.7 ]5 18.2 Il 46 4 .. ZZ 1] R 6 46 3.Z 1.9 5.1 J7 " " 12.4 4J 7.6 Il '5 2 -' 12 11 7 7.5 34 3.6 2.8 6.5 43 92 69 n.8 ,] 4.3 Il ,. 3 .. 24 4 H 9 10.8 31 2.8 2.7 5.' " 72 66 18.4 67 3.6 Il '4 2 ~- 32 6 H 111l1iPa • 01 1960 :0 7.0 36 ].0 1.7 4.7 l6 sa " 21.6 ,. 
" 2 - 8 1 (R) 2Z 9.7 31 3.8 1.1 '.9 35 " 64 22.a 74 JI " 0 · 16 26 10.0 29 4.0 2.4 '.8 42 81 sa 21.] 73 JI 41 0 · 21 28 11.' ]5 3.5 1.7 '.1 33 7] 62 29.5 100 JI 48 0 - 23 29 9.' ]0 2.7 2.6 '.2 " " " 19.2 69 J JI 48 1 ~ 15 30 13.3393.l 2.7 6.0 " '0 " 21.0 " ,. 5] 3 17 3 40 42 2.5 2.7 5.2 '2 35 46 15.8 ,. 65 2 · 4 -lublllo. al 1961 1 4.] 10] 2.] 6.] 36 71 60 25.6 U 1.64 1 11a-..o1l & al 1961 A 18 Il] 172 127 l2 62 24.3 85 Il 40 lB] 65 1.86 ... 1 - z 6 " 19 104 161 Ils l2 " 2l.9 85 ,. 45 183 74 1.95 ---- - 16 A 26 ] .. ~2 1.9 115 5.2 99 54 1S.8 tO H 5C 17e 1.7:! A 19 74 III 92 " " 17.8 85 JI 50 168 59 1.68 .. -- k 30 .Jure •• 1 1964 7 3611.7 .. , 91 2.0 6.5 l2 66 Il.8 92 94 JI 51 172 . 11 28 9.' 253.9 87 2.7 6.6 42 '8 '.4 9a ,. 48 180 • De loti. & al 1964 1 10 3.2 85 1.6 4.8 ]) 30 32 44 17 1 21 3.7 9S 1.' 5.2 28 7l 70 32 1 1 22 3.4 85 1.6 5.0 lZ 60 64 " 12 1 28 1.2 72 2.8 4.0 70 40 5] 51 Il 1 1 1 1.6 72 2.9 5.7 51 52 6l 54 10 2 ~all.t 1 .1 1964 235 1.3 74 2.2 22S l.S 110 63 10 r 60 lU 2.1 b' l.O :;;;, S.l 110 53 55 JI " • 187 4.9 l.1 86 1.5 150 4.6 100 ]2 32 93 ts JI 39 .. 273 1.8 69 z.e 124 J.S 90 51 43 t7 '8 r 53 .. 604 4.1 1<;4 1.4 108 5.5 100 25 71 97 97 JI j5 -634 3.6 93 1.8 146 5.4 100 II 66 JI 39 586 4.6 113 2.2 159 6.8 120 ]1 6S n t7 JI 4] -Udo.ldcl •• 1 U66 15 101 118 107 42 64 13.1 '2 .- 15 4 

C!sn.UCT1\~ - tNCO!'WLETl DA.T~ (no - 27) 

t;eorMa-Jtteu.z & .119S4 2 1618.0 36 2.8 78 2.8 5.9 47 78 t3 86 JI 4S 1 15 c:.lfud & al 1957 17 3.1 67 2.0179 5.1 90 40 3l 174 " 1.89 18 2.1 57 1.5 127 l.6 91 II 42 165 76 1.84 "der & .1 1961 13 5.8 9 107 121 112 27 87 98 ts 67 11 .... . .. SaZ'toraU1 1964 1 82 28 61 20.2 '0 JI " 1 3 69 39 " 19.5 t7 JI 49 1 
, 

61 34 50 25.4 t7 H 51 1 8 7Z 53 37 22.1 " JI 49 1 , 
61 31 " 20.5 96 JI " 2 10 70 47 S7 21.4 98 Il 67 1 21 7S 40 " 10.6 " JI 59 1 13 49 39 50 12.0 97 JI 27 2 15 " 35 62 14.0 97 JI 31 3 17 41 34 47 9.1 9l JI 59 ] 18 44 49 31 8.2 88 JI 69 3 \'.eI'CQ~er& , el 1964 7 66 U " 60 7.5 'S 90 8 59 25 54 69 8.0 Yeccbloae & .1 1964 Cl 85 32 66 64 28.1 :14 • lOl 91 33 68 60 18.l U 14 1'0.11 • al 1970 2 2.3 34 17.0 • 11 4 66 ,. 

~ ...... · 37 5 89 ,. 
• 11 6 az , J • lZ 7 76 , J . ~ 20 8 57 f ./ 4.0 • • 20 , 1 90 ,. 
• l2 10 H , 

J. .. 22 

• c.cCO/aln/fll'ifJ! 

( 



125 

TAIU 1 - , .. EE,\'lN OF ~txr.n sYx:Jla'ttr. IN ASar.STOS \l'\1tg:J:S 

IL'UlCI'UY n~C'no:c ANtlI~OI'CLOCT ~V~srIO~. t:~OSU.E Jl.AO 1 otoc:T '·Cr. 
Autbol' 7"ï SUbJ., f V \'C' av UC' ~VI "te FEY1 D1Co .... o. V/Q SCilI. A,. lit \:r. 8~ ~ l' 3 Cr Cr '.:~"'r1l. uu.t 511) rc ::c 

00. ~ E L Z L : L % rLC LI. 1 : . z .. ,. 
lU CD.':' K: yu l''';; 

I:!u:rn .. rlt!".DL:t!ts~~ïl.L..E.t_S~ (nI,) • 43) 

a.accnler , al 19S5 1 6.6 50 120 67 50 n '7 " p 55 16' II 1.7C • , 6.: 11 59 160 M 41 19 11 91 p 57 1" 64 1.7C · a 42 5.' 48 U5 70 52 la 61 9' r 53 162 II 1./9 · 9 40 6.8 22 62 181 9: U 42 71 90 P 52 156 54 1.52 .. 
Cafturl •• 1 1957 16 3.1 95 2.1 62 5.2 65 2: " 55 51 16/ ,. 1.61 2 

1 :7 2.8 61 1.7 118 <.5 15 37 S5 (SS) 4' 179 91 2.1: 3 
Ku" .... 1 1951 1 9 4.2 76 131 92 35 69 90 Il.J( 9) 9' K '8 1.79 • .. U • 
16 .. ..1 L .1 l~~~ 1 1 c.8 l'J :l._ 2.1 0.5 .7 .2 7: 1!..9 49 ?& ~ 59 

1 2 '43 l.l 1.5 :.3 J.8 60 67 Sl 6;' lO J9.9 K 4~ 4 .. Il 2 .. 
J.&du' •• 1 1961 U 5.1 14 68 III 92 JS 81 9J ,. 48 ~ - Il .... .. 

Il 4.0 9 70 115 64 41 IlJ 95 96 ,. 
~ · a ..... ... 

a •• rJ & .1 It;:~ 1 J 41 III 65 (·z 11 67 8.7 JS 85 ~ 46 · 4 12 · Thoc.:aoDi ... 1 ISbi .. 10 13J 68 95 22 51 97 K 60 163 6J 1.;1 • • 2 .. + le • .. 13 80 U5 95 37 72 66 K JS 165 S5 1.62 • • 2 - · 18 · ... 22 100 M 95 27 58 Il K 55 16866 1.76 • • l - .. 19 2 ... 2' 74 105 84 39 67 79 K 50 168 70 1.80 · . - .. 15 
It. 27 " 109 '2 II 6S ta K 45 16S 64 1.73 - -- 1: lS 
It. 30 ao 105 &7 ]J 57 68 K 60 183 7~ 1.94 

• - 3 · 12 .. 
.\ 11 6J 86 68 29 6S ]J p 40 152 77 1.7' - .. 2 .. - 15 · It. l~ 18 U " 17 " &8 " 5S 168 6J 1.71 • • 1 - · 6 • 
1- 16 65 'l 7l Ja 54 66 K 50 17S 63 1.7l ... 1 • 21 .. 

Il. I.œ& & al 196' 1 l' 4.0101 1.3 5.l n 75 15 46 • 1 
1 • :!.6 662.0 4.6 43 53 16 5e 15 l 

•• 11 .. , 01 19'0 129 3.2 '4 1.0 '20.6 90 30 40 K S~ 
216 2.1 79 1.4 80 3.5 fO J4 " F 56 
ll2 2.3 92 1.5 al l.1 90 3~ 41 r 60 
us 1.~ 54 1.S 93 J.' 66 45 61 tz 92 K 62 
2el 1.S: SO 2.4 175 3.? 90 62 .5 96 98 p 71 · 2es 1.3 76 0.8 99 1.1 el JS 69 89 87 P 45 · 217 1.3 40 1.7 " 1.0 60 57 40 a9 ea K 66 .. 
222 2,0 S5 1.9 lce 1.9 72 4& .a '1 ~9 K S3 ! 
'~I 2.S 7û Il.9 n ).-\ ~c :: tA 91 92 li 50 

Uo1..tc1d , al 1966 : 68 65 JI 56 "5 1.3 77 - .. • 5S l :j , 71 130 BI 41 as 41.' 39 - - - 18 1 • 9 71 107 8< ,. 6S 19.6 40 - - - H 1 
10 16 103 79 4J 6217.'; 57 - - • 3S 3 
14 " U4 n 16 .1 2'.4 52 - - - 25 1 
18 66 al 71 4& 6& 13.0 63 - .. • 3a 1 Il 
21 45 &6 60 58 5811.6 61 - • · J6 3 

"D71 al 1967 2 1.4 17 1).6 2.0 l~ 3!l 35 e? u 5~ 163 59 · · .. 14 · J 1.4 700.1 2.1 35 33 30 a9 77 4' 170 76 4" ..... 1~ · • 5 3.5 15 1.5 5.0 75 30 14 94 S5 J9 179 77 · · a · .. .0,,1' al 1970 1 3.6 1.0 3.0 4.0 15 •• · ... + 2' 2 
U 1.2 l.2 3.4 65 n SO + · 31 2 

l!!!!:P - J'~D~It:A!01't.T OlSTPt:CTr:E (ne· :.5) 

".tCAler 1 al 19S5 2 3.7 22 76 209 110 U 41 10 p 56 155 56 1.5' .. 
Cau"l'! & .1 1957 2 4.a 101 1.a 153 6.6 117 :6 ue " ~l 176 71 1.&6 1 

1 5.0 112 2.0 143 7.0 .:0 29 105 69 44 ln ee 2.0J 1 
4 4.6 SB 1.' 154 6.5 110 29 12S 90 29 170 7l I.S3 1 
6 3.6 '7 2.2 197 S.& 121 JS 83 76 48 176 55 1.67 1 
7 4.' III 2.3 186 6.7 12' :!' liS .1 46 172 te 1.60 1 

• 4.3 " 1.& 153 6.1 1~ 29 lU ., 2& 176 66 1.~2 1 
11 2.9 '8 2.' 21S 5.& 135 SO 61 76 56 US 51 1.48 2 
13 3.2 '5 2.8 le7 6.0 12; 46 78 82 55 171 S7 1.66 2 
19 2.7 61 l.6 201 S.3 '4 49 56 70 4' 154 " 1.~S 2 
25 1.6 47 2.1 140 3.7 70 61 25 SO 59 154 71 1.70 3 

VSIUar:.a ... 1 1960 15 U l.5 l.O 4.S U 6l 68 15.1 36 17 1 
~Cl' 10 al 1961 1 S3 171 76 44 81 95 e3 35 · ... 11 ... .... 

7 6.017 71 162 112 3S 113 " 90 • 62 10 .. · Bur.' .1 1561 2 51 U8 &1 51 25 36 8S K 5' 5 12 · 4 U 111 101 62 as 69 12.& S3 K 54 · 3 • · 1$ • 
nooaOD •• 1 U61 .. 1 72 146 8' 35 65 64 F 40 16& ., 1.45 • • 1 - · 4 • 

It. JJ " 131 81 34 69 49 K 45 173 69 1.8J - - 1 - ... 16 • 
1t.J5 85 95 6& 33 68 92 K 60 1~8 67 1.77 • • 1 - • 1) + 

_Jure & .. 1 19G4 9 28 9.0 4.0 " 3.0 7.0 4J .211.3 97 40 18S .. 
De .0 .. , .1 1964 n 12 3.1 U 1.7 5.0 34 53 sa 42 12 
t.llce , .1 19G4 271 96 124 130 2& 76 P 48 
Udnfeld & .1 19~6 13 42 140 71 61 68 JO.5 63 • - 2 15 ... 
1\007 , .1 1967 6 4.1 st 1.6 5.7 9& 2a 6& 9S 9& 46 171 70 · 6 

• 4.4 S9 1.' 6.3 15 39 " t1 al 59 16060 • .. 10 • 
• ccco/r.1Q/r.zJSl1 

1 
\ 



126 
TAnu: 1 - 6 .. r.rvll:lo: OP' ~:I!".n.l!.-\~.;:(l~·S l'UUlO:,AR'( FU::CTlnô tu ASC::STOS 1I0r.IV:KS 1 

'UU100ARY FUNCTIOS ,crrUItOPOLocY QU!:STIO~~. IEX,!tO~:'· • .:l: ! ".\OlCLCoG't 1. ';1: AuthGf .url ~~~J.! r ,·c lV TLC ovl .. 'tue n:,vl D~O s..c 0, 9f(~ S.a At_ lit \,;t nSA. CP as C, Cl'Ilo:or~ Duat: S10 l'e sIoi !olr L % % L % TLC LIa % : . % a • yu ca .:0: H2 yu PC ',\.:J. 
1 • 

!!.Q.~~\h (no - III 1 

CoattuC'l , .1 19S7 :0 3.7 89 1.4 109 5.1 94 27 85 76 49 178 71 1.89 
RuJ & .. 1 19!19 1 3 10.0 LI l.5 1.4 5.9 40 91 71 9.' 40 7.1 K 64 .. 11 
(\iUU.~ , al, lCjbC) 
"1111.01" , .1 1\.;. ... 23 10.0 3.: 4.0 1.8 5.8 32 109 75 16.' 

25 8.7 28 3.0 1.0 5.0 '0 8; 74 22.1. 
1 

...... IDO •• 1 1961 2 2.9 91 1.8 4.7 38 94 71 37.0 " 60 1.54 D.l.o .. 1964 1 6 4.6 1121.0 6.6 JO 91 76 J5 9 1 
9 J.3 92 1.5 4.8 II 73 72 '5 14 1 11 4.8 110 2.0 6.8 19 88 78 38 5 1 16 4.4 110 2.1 6.5 32 88 86 41 9 1 23 3.0 85 1.5 4.5 33 60 7J 50 15 1 1 J 5.0 108 2.0 7.0 28 90 73 .33 8 1 

~SOCIÂTED DISEASES (no. ZJ) 

.... 15 , al 1959 III 8 9.8 59 1.9 3.6 5.5 66 46 1'.' 56 11.8 K 52 ... II us (VllUaQ •• al. 1960) 
WlUt... ... , .1 1960 36 1.1 2.1 '.3 .9 72 82 18.0 K 45 2 2 CoL 37 11.4 40 2.9 1.4 '.3 33 69 73 12.1 K 63 19 Il C.L 39 2.9 2.6 5.4 47 84 74 12.6 " 47 · 21 ::c H .. r4 1 al 1961 1 43 65 52 46 .8 75 11.2 K 50 . 18 . ::::C.J ThoCl.$oQ , .1 1961 A 6 67 63 66 29 79 40 F 50 lS:!: 64 ... J - . , n . C.t A 9 63 59 59 25 83 61 " 50 16S 57 - - 2 - 16 Cre A 23 10' 62 97 26 72 80 H 50 170 96 9 0 '1: :, 55 132 SS 35 54 57 K '0 16S 54 1.61 •• 3 - 7 l'i. Pallet' _1 1964 ::. ... 2.2 f,:t J.'" 2V. 5.2 11t) ~7 J' 96 96 " 53 :t.. 45(' ù.? :a 60 ~4 F 49 '. 497 2.4 62 1.7 125 '.1 120 41 77 96 94 Il 54 

.LLk ~17 3.1 91 1.7 117 4.8 100 35 77 K 47 
T~ 

561 5.3 121 2.2 167 7.S 13Q 29 78 98 98 K.34 B&4ec & al 1965 • 72 141 91 80 K 66 0 3 S 63 92 94 82 Il 42 2 1 6 66 89 

" 67 2 2 Ibo)' .. .21 1967 1 70 4.3 8S 84 65 74 95 93 '8 17~ 92 + 4 60 2.S 49 .16 28 60 95 54 S5 17' 72 . PoUL & al 1970 12 1- 2.0 1.1 3.1 JS 47 la + (.) 13 
31 17 87 r J. 15.0 20 Cr.te:.,. et al 1971 1 3.1 63 3.~ 109 6.3 80 50 65. 39 7J 14.0 44 K 4. IY", 

a CoJ,e: Brc: BrcncÏl1cct.:u.1s; Col: t.lncer; Col!S: Brc.an C:tncer: CaL: Lune; ~~ccr: C.aS: Stor..:lch ~:1CCri Lo: Lobecto:11: L~: Lun, RecccUon: 110. tw.oth~41o",,,,; I~; ::.l.tt.:.l St.nod_: 0: Obe.Ur: PE: PleurAl [ffualon: Tb: ':'uucrculoa1a. 

L-.:.r-c..~,"LErE D,\TA (no - ,H) 

Vo'" 1929 i 1:6 Il.7 
1.6 1\ 59 7 

fI 
aoeohù4 1940 1.' 27 K 67 157 67 11 

2 t 12.4 0.8 16 F 62 148 63 la 
3 2J 8.1 1.6 SI Il E2 174 71 15 
4 27 10.8 1& 1.0 37 K 60 163 64 22 
51:2 6.1 12 1.2 27 r 49 lSJ 5:' 19 2/3 
6 17 10.2 60 2.0 47 H S4 162 75 l' 2/3 
7 2. 8.4 1.1 28 1\ S2 162 48 10 2/3 
8 25 16.5 1.0 29 F 40 15Sel 13 2/J 
9 18 10.8 1.. 38 r SI 160 78 · la 2/3 

la 30 6.3 20 1.2 '4' Il 53 116 70 la 2/3 
11 13 ".4 60 1.7 72 r 46 163 77 15 2 
12 23 8.1 64 1.9 S7 ,. 57 155 79 · 18 2 
13 20 10.5 5: 1.4 32 r " IGC' :~ · 11 2 
14 24 5.4 40 1.1 21 F 64 154 59 · 13 2 
15U 6.6 1.8 43 F 30 16061 S 1/2 
17 15 4.1 76 2.4 67 K 36 162 67 7 1 
18 IS 4.1 40 1.9 47 F 40 163 67 12 1 

Caffur1 , .1 1957 30 1.8 66 53 155 43 1.3~ 
z..athal'l 1960 1 39 1.8 41 6.8 95 1.0 K 65 1.65 S 3 

2 33 1.6 40 4.9 94 0.7 1\ 65 1.53 3.5 2 
3 40 2.6 56 7.3 90 0.8 H 60 1.62 3.5 2 • 1.. 33 4 •• 84 0.8 Il 54 1.53 • 2 
5 25 1.6 57 10.8 92 1.0 K 54 1.'9 • 2 
6 27 1.9 33 10.4 90 0.8 Il 53 1." 3 1 
7 29 2.2 64 •• 7 9 • 0.8 Il 53 1.75 3 2 
8 34 2.2 62 7.7 94 0.8 Il 51 1.55 3 2 
9 26 1.6 33 5.3 92 0.7 F 52 1.55 3 3 

la 31 1.7 23 8.1 89 0.9 F 48 1.C.O 3 2 
1111 3.2 72 36 •• 90 0.9 H 6' 1.5) 22 
12 l', 2.0 84 10.3 91 0.8 K 63 1.95 36 
13 2. 2.3 76 12.9 96 0.8 K 62 1.85 " 14 la 3.' 115 12.9 0.8 H 52 1.65 18 
15 lb 2.7 116 14.7 0.8 Il " 1.9! 23 
16 26 3.2 96 18.4 0.7 K 48 1.eO • 17 21 3.5 134 15.9 0.8 Il 46 1.64 29 
18 18 3.8 106 6.9 0.7 Il 46 1.77 II 
15 2S 2.9 89 11.9 1.0 " 4' 1.67 30 
20 7 4.5 12' 15.3 Il 39 1.50 , 
21 20 3.7 104 13.0 1.0 1\ 35 1.62 1 

Pellet' 01 1964 :9') 1.8 91 97 9& F 56 
'~G 1.3 52 63 r 
5S5 97 70 F 40 

5..:Inol'elU 1564 1 '1 27 7D 3893 Il 4' 1 
I~d.r , .1 196~ 1 43 ES 93 48 2 3 

2 34 62 87 65 43 3 , 
3 37 65 ~2 C4 35 3 3 
7 56 7. ~5 91 62 • 1 
C 81 77 94 92 4~ 1 1 

( 70 79 97 ~1 36 0 2 
10 ~1 89 9~ 9~ 51 1 2 '\, 
D 74 es ~6 94 6) 0 1 
13 02 81 67 a 3 
1~ 72 7J 96 !2 38 0 CIl 

PO,"cl , .1 1970 Il 
, 

16.0 31 3 
1~ * .. ,J 4- II 
l' 91 1- ll.2 2? 

SctCh , .1 1.71 ~ 
, " 1\ 63 6 . c~CIJ/,"",n/u,IUc 



1 
\ 

TULt. 1 - 7 - k::\'lL" or c~'cx;p FL1,;CTIO:' Sl"lJUIJ::S IN ASDE~70S UOl~KI:f:S 

J .. r 1:: 0
• 

S\lbJ • 

.Ç-':_~..Lt~ (no· 2116?) 

Stone: 1?0 13 

y vc 
.. E L % 

"d,ht 1955 
Crc,olrc 'al 1958 

",, " ~ " .t 
12 6.7 20 70 138 8B 37 

~tt~rt l'.1(,C 1: 1.9 52 
)C2 11 3.2 

Sc_une! 1.1 1960 8 

12 

14 

Turac.cla. • al 1960 10 

E1~eo • al 1964 17 

J:'C .. 
7. 
3~ 

LcaÛ1.ôlrt 19G5 31 

41 

Scbaaa.1A1 &.1 1965 

'lboasoa. , r.1 1965 

11 

19 

56 

c:.a4.da 1967 

20 

16 

12 

29 

16 

'erri. , al 

.JoJoJa. • _1 

IturpbJ • al 

P.cpa.' ,d 

"oltovltz 

1970 5!:lB 

.. 112 
o 29 
• , 7 
N l?O 

1970 64 

68 

U 

1971 61 

6J 

61 

1971 3~9 

Spr '0 

Lo; 98 

St. 4) 

Jat .176 

1971 11 
13 

1971 101 

U71 210 

1971 11 
11 

9.0 48 

9.4 42 

54to 
lOB 
43to 
90 
40to 
70 
50to 
90 

5Cto 
123 

JOto 
110 

1Sto 

125 '1., 2.9 =.4 
2.0 to 
3.7 

3.0 td ,., 

Il 
Il 
+ 

73t029to 
121 60 
59t021to 

130 59 
44t032 to 
82 46 

4.6 38 97 
~.8 :4 :27 

25to 
44 

lOto 
4B 

97 83 112" 
~4 !z ~2 

36 36 3.8 
!:a :.7 
29 4.4 
!, ~.~ 

.a. 
.a. .. 
" Il 

" 

105 89 112" 
~ 7 !2 ~ 6 

96 75 123" 
~l =4!S 

13 lOto 
50+ 

81to 
126 

3.8 

3.8 

4.0 

" 

13 1.tito 
t058 6.' 

27 1.7tft 
t053 5.1 

21 1.8to 
1058 6.3 

23 2.2to 
t050 .2 

13 1.Gto 

0.6to 
4.4 
1.0to 
4.3 
0.6to 
3.8 
O.?to 
3.4 
0.7to 
4.4 

3.0to 
8.8 
3.0to 
7.4 
l.Sto 
8.0 
J.6to 
8.8 
l.4to 
8.6 t055 6.4 

4.4 
4.1 
3.9 

99 1.8 
95 1.5 
U 

89 6.3 98 
76 6.0 94 

4.3 103 

2.3 
2.6 

12 to 
63 
21to 
62 
12to 
60 
17to 
56 
12to 
64 
29 128 
25 128 

3~ 
U 
4J 

• ccCO/.1D/..u~ ( )a Il_ber of aubJecu " Z prodlcted v,duc 

65 
l <1 

Ex<cO 94 92 
8.0 26 

15.335 
"'lto 

106 
39to 
85 
37to 
76 
82to 

124 

N Il 

'" 

70 

11.0 to 
32.6 
l.Sto 

17.8 
1Ii.0co 

37.3 

~7 
22to'.5c.o 
8Z 19.0 

401>14.0to 
7~ 21.5 
77 24.0 
!l .!1.0 

76 27.0 
~2 12.0 
75 21.0 
il t2 
79 
~2 

75 
~10 

" 
" 
R 

• 
78 21.8 

77 23.2 • 

76 23.~ • 

28c08.6to 
97 46.0 
"'Otog.oco 
88 41.0 
51t09.6 
n 44.0 
4Gt.16.0to 
90 45.0 
29t09.0to 
95 48.0 

::(6)::(6) 
o/tl0)'(3) 

60to 
100 

IDS 78 32.0 sa 18.0 S5 
lOS 81 32.0" 17.0" 

n 

24.5 
79 
72 

80 
76 

) no of .ubJ ect. 

127 

Ah~IIROPOLoct QCE5TIO:::i. [XPŒC((C RADIOLor;y 
ex Ale He. \:t B? C , • Cy Cr _orlc. Dy.e. SIO PC :010 

7ra ca Ka H2 J'u PC 

H 

H 
K 

" 40to 
60 

6K 33 to 
6P 73 
6K 45 to 
8r 72 
K 

28to 
52 
34 to 
55 

"<2.0to 
>60 

K 52 to 
70 
52 168 

51 174 

32to 
77 

l1to 
69 
39to 
63 
~O 
~9 
41 
:9 
51 

Il 38to 
72 

F l~to 

K <20to 
no 

K 2nto 
29 

K 30to 
39 

K 40to 
49 

If 50to 
59 

K ~O 171 82 

K 50 172 85 

H 50 17077 

H 18to135to 
70 195 

K 3StolS4to 
70 155 

K 19to150to 
6~ 192 

" 18to152 
65 lCS 

K 19to135to 
69 198 

K 43 172 8l 
K 4) 171 82 
K 42 17S 76 

K U 176 79 

44 169 
K 63 169 77 
K 63 169 70 

••• 

5<0 
16 

7to 
27 
15 to 
32 

2<0 
17 

6 to 
15 
l to 

SC 

1 to 
36 
'14 

14 

18) (9) (11) 14+ 

(5) (2) (3) 

(8) (4) (5) 

(9)(9) 

(19)(19) 

18to 
40 
19to 
38 
15to 
7 , 
~9 

......... (3:;') Sto 
39 
lta 

24 

1<B) 
2(9) 
3(2) 
0(6) 
1(3) 
1(:) 
2(9) 
3(') 
o 

(25)(21) 

.. 

(1-4 ( :(.)O-1(4flW) 
5-9 ( '·d ~-) 
C_19('7!~~5)(3') (8) 

O-'H 93~ 
. ,j=l~(!1& 
.Q- (4~ 

lto 
47 

(l:;n:.)JJ)(2a) 1to 
47 

27%27).14)\':13) lto 
J6 

(3l.JU) (!) Ho 
32 

(J~:rJJ)Jl) U1i ho 
7 

3C(~) (1) l 31 
1 3 5) (0) 1 161 

C2S:Xl~1~1;)(~J) 17 ....... 

<'ll3U3) (5) 7 • 

8 
~3 

o 0 0 

000 

o 0 0 

o 0 0 

1 (12) 
2. (le) 
1 ( 7) 
2.( 4) 
1 ( 1) 
2.( 5) 

(l3)103)1~) • 

(4)(1(.)(0) 

(3) (77) (~) 

(/.) (6) (7), 

(2) (~4)(3) 

o 0 a 
o 0 0 
1(3l) 
2( 9) 
3( 4) 
lU!!) 
2( 2) 

111 
(11) 1 



\. 

( 

128 

TABLE 1-8 - REVIEW OF SPECIFIC MECHANICS IN ASBESTOS WORKERS 
(exposed as range or mean and standard deviation). 

FIRST YEAR NO. 1 OTHER Cst Cdyn RESISTANCE 
AUTHOR SUE.! CRITERIA insp. exp. 

SEX L/cmH20 L/cmH20 cmH20/LPS 

- absence 
Leathart .115 -.662 
Leathart .090 -.290 
Gandevia .133 -.310 
Woitowitz 

Jodoin 1971 <.llOD.y. .245 +.020 2.1 +0.2 
> 1l0~. .157 +.010 1. 9 +0.2 

resence 
.025 -.064 

total 

1.0 -10.0 
1.5 - 6.5 

Rubins .055 -.148 4.1 -8.2 2.3 -3.6 
hypervent. .032 -.105 

Leathart 1965 4lM .130 -.313 
Woitowitz 1970 16M 1.8 - 9.0 

7F 1.0 - 8.5 

Pleural changes - absence 
Woitowitz 19711 Il 1 

Pleural changes - presence 
Woitowitz 1971/ Il / 

Miscel1aneous 
Leathart 1960 6 
Teirstein 1960 10M 
Vaerenberg1964 10 6M - 4F 
Bader 1965 2lM 
Hany 1967 6M 
Arde1an 1968 9 
Woitowitz 1970 46M c:40yr W<1y 

65M <10 
4lM :>10 
3lM 40 
61M 
70M 
23F <40 ..... ly 
33F -<-10 
16F ~10 
13F >40 ...::1 
38F ~10 

28F ~10 
21 FEVlfFVC78 
10 " 75 

* P < 0.05 

3.0 of. 1.0 

3.5 + 2.8 

-IJ 
.023 -.095 

.055 -.100 
.020 -.270 
.030 -.170 1.5-8.0 3.0-12.0 
.058 +.026 

2.1 
2.3 
2.2* 
3.1 
2.4 
2.8* 
1.9 
2.7 
2.7* 
2.5 
3.5 
3.4* 
5.4(1. 8-9 .0) 
4 • 7 (1. 8-7 • 5 ) 
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APPENDIX II METRODS 

PULMONARY FUNCTION LABORATORY 

The 1aboratory contained the fo11owing pu1monary function equipment: 

a Collins c10sed helium circuit modified for recording mixing efficiency 

and measuring DLcoSS; a Stead Wells spirometer; a HbCO circuit; a DLCOSS 

circuit with a recorder, an 02 and C02 analyser trolley; two current sta­

bi1izers; and a balance with height sca1e; chemica1s, disposable items 

and test gases were purchased in one lot. 

Disposable plastic mouthpieces were used at rest and on exercise for 

obvious reasons in such a large survey. They have been shown to be the 

equivalent of reusable mouthpieces (Fournier-Massey and Massey, 1971). 

However, for the expiratory flow-rates the Collins là" cardboard on es were 

chosen. 

Measurements 

The fo11owing measurements were made in this sequence: 

1) RhCO was measured by the Henderson and Apthorptechnique (1960). Each 

seated subject, connected to the circuit by a disposable mouthpiece, washed 

the nitrogen from hi~ 1ungs by breathing 100% 02 from a simple open circuit 

(Fig. II - 1) for three minutes. At the end of this time, he was instructed 

to take a maximum inspiration and hold his breath. A three-way tap was then 

turned and he exhaled through a C02 absorber, previous1y washed out with 02' 

into an empty bag and re-breathed from this bag for a further three minutes. 

At the end of the second three minutes, the patient was asked to expire 

fu11y into the same bag and then the tap was c1osed. 
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FIGURE II-I-CIRCUIT FOR MEASURING CARBOXYHEMOGLOBIN 
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The contents of the bag were analysed" for CO using an infra-red meter, 

and for 02. The initial HbCO% was then calculated using Dahlstrom's 

(1955) equation: 

HbCO% ~ M x 100 x PCO 
P02 + (M x PCO) 

where M ; 231 and PCO and P02 are the partial pressures of CO and 02 

in the equilibrated bag. The 02 content of the gas (F02) in the equi-

librated bag which the subject rebreathed was assumed to be 92% as 

suggested by Henderson & Apthorp (1960). Being done at the onset of 

the experiment, this correction was applied to the DLCOSB. 

Backpressure of CO for the resting Dca measurement was calculated 

" from the recorded uptake of CO up to the midpoint of the measurement i.e. 

three minutes from the start of the test which last six minutes. 

CO uptake during resting DCO = ~ (FICO - FECO) x time 

where V minute ventilation 

FICO - inspired CO fractional conc. 

FE CO - expired CO fractional conc. 

CO Hb after 3 minutes breathing= (CO uptake)/2)/1.34 

SCO (% Rb combined with CO) = CO Hb/Total Hb 

= CO Hb/ (Wt. in Kgs x 1.01%) 

= CO Hb/(Wt. in Kgs x .0101) 

VD :0 VT (FECO - FACO) 
(FICO - FAco) 

FAa2 = FE02 VT - FI02 VD 

VT - VD 

PAa2 = PB - 47) FA02 

1. Beckman Oxygen Analyser. Beckman Instruments, Montreal, Quebec. 
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and it is assumed PAa2 = Pa02 

PC'co at end of resting = PAa2 x SCO 

210 x (lOO-SCO) 

This value for PACO was subtracted from the denominator of the equation 

for Dca. 

The calculation for the back pressure of CO for exercise Dca is as 

follows: 

co uptake during the exercise Dca = V (FIeo - FE co) x time 

co Hb = co uptake during rest T (CO uptake)/1.34 
2 

Sco co Hb/(Wt in Kgs x .0101) 

If we assume PA02 on exercise = 100 mm Hg 

then PC'CO 100 x SCO 

210 x(100-Seo) 

2) The FRC was measured using a Collins1 nine liter C10sed Helium Circuit 

modified to enab1e an index of mixing efficiency to be ca1cu1ated at the 

same time. 

The circuit consisted of a nine liter spirometer with an e1ectrical1y 

drivenkymograph, an externa1 C02 absorption canister and a b1ower, a11 

mounted on a two-she1f trolley. The b10wer circu1ated gas in the circuit at 

approximate1y 60 1iters/min. The three-way tap at the mouthpiece enab1ed 

the subject to breathe either to the room or into the circuit. The central 

core of the spirometer was sea1ed off to reduce circuit dead space. From 

1. W.E. Collins, Boston, Mass., U.S.A. 

l 
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the main circuit, a by-pass 1ine carried gas across the katharometer at 

about 100 cc/min. The readings of the katharometer were recorded on a 

Rustrak1 recorder with the speed so chosen as to be able to superimpose 

its recording paper on that of the Collins paper. A three-way stopcock 

permitted He to be introduced in the circuit and a two-way stopcock served 

the same function for 02. A thermometer was mounted in the tubing just 

beyond the spirometer. A counterweight was p1aced on the be11 to balance 

it when the b10wer was werking. The dead space of the circuit was 3.5 L. 

The katharometer was a1ways 1eft on but the b10wer was started on1y 

15 minutes before the first subject. The circuit was rinsed with room air 

by raising and 10wering the be11 severa1 times and one liter of air was 

1eft in the be11. The test voltage to the katharometer was adjusted. The 

katharometer was then set to read zero,and 200 cc of 02 and 700 cc of He 

were added to the circuit, producing an indicator reading of about 13%. The 

initial temperature was read. The same switch started the kymograph and 

the recorder. 

The seated patient, breathing through a disposab1e mouthpiece, was then 

switched into the circuit at the end of a quiet expiration, and asked to 

breathe norma11y. When the concentration of He was stable between his 1ungs 

and the circuit, he was asked to empty his 1ungs comp1ete1y and after te con-

tinue to breathe norma11y for one more minute. 

ensure that complete equi1ibrium was attained. 

This 1ast procedure was to 

The switch was then c10sed, 

the subject disconnected, but the kymograph 1eft running for another minute to 

verify the absence of 1eaks on the circuit. 

1. Rustrak, Manchester, N.H., U.S.A. 
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3) The VC was then measured on a Stead-Wells spirometer. The standing 

subject,using a plastic 3/4" disposable mouthpiece, breathed normally into 

the 02 filled spirometer equipped with a C02 absorbent canister. After 

two or three minutes, when the baseline was steady, he performed a maximal 

inspiration followed by a maximal expiration, breathed quietly for one 

minute, and then performed a maximal expiration followed by a maximal 

inspiration. 

The plastic mouthpiece was replaced by the cardboard là" disposable 

Collins mouthpiece, the by-pass valve was turned and three forced vital 

capacities were done. 

4) The subject then performed a DLCOSB on the modified Collins Helium 

circuit. 

A 30 liter bag-box unit was connected to the spirometer by corrugated 

tubing and a five-way valve. Air containing about 0.3% CO and 10% He was 

put in the bag in the morning after three rinses. The initial FI was 

measured before the first subject in the morning and in the afternoon. 

If the FICO and FIHe were different from expected values, the bag was 

emptied, rinsed and refilled and/or circuit checked. The He was analysed 

on the katharometerl and CO on an infra-red analyser2 • Sodalime and Drierite 

were put on the sampling line to protect the analysers from C02 and hunddity. 

The subject was attached to the circuit through a disposable plastic 

mouthpiece. While breathing room air through a three-way valve, he was 
( 

1. Katharometer, W.E. Collins, Boston, Mass., U.S.A. 
2. CO analyser, Beckman Instruments, Montreal, Quebec. 
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instructed to do a maximal expiration and to hold his breath. At that 

point the valve was turned to permit a maximal inspiration of the bag 

mixture and the kymograph automatically started at the speed 32 mm/sec •• 

The subject then took a maximal inspiration, held it for 10 seconds during 

which the valve was turned to the expiratory line, and then slowly performed 

a maximal expiration into the box. When about 750 ml. entered the expiratory 

line, the valve was turned to colle ct about 1000 ml. in a 1 liter rubber bag 

attached to the five-way tap. The valve was then turned back to th~ expira­

tory line to record the end of the expiration. The subject was detached from 

the circuit and the expiratory sample analysed in the same way as the inspira­

tory sample. 

5) The subject then performed a DLCOSS at rest and at two levels of exercise 

on a Pengelly-Bartlettl circuit which consists of two tLol~eys, the first one 

or the diffusion circuit equipped with a dry gas meter, a pneumatic damping 

system, a sampling circuit and a CO analyser; the second one, or analyser­

recorder circuit, with 02 and C02 analyser and Weelco recorder. The gas was 

delivered through a high flow, low resistance EIder demand valve directly 

from the tank. 

Diffusion circuit (Fig. II-2) 

Inspired volume was measured using a Parkinson and Cowan dry gas meter, 

type CD 4, with a pointer resolution of 36 degrees/L.. This had been connec­

ted to a Sanborn bellows to provide a form of flow change integration first 

suggested by McKerrow (1953).:~ The improvement in dynamic behavior of the 

volume measurement system provided by this technique increases the accuracy 

of the volume measurement.~ and reduces the total effective airflow resistance. 

1. Pengelly, D., School of Medicine, Hamilton, Ont., Canada. 
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FIG. II - 2 -
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Because of the unidirectional gas flow through the inspired system, 

an average negative pressure is created within the system during steady 

ventilation which is less than the negative pressure peaks that would other­

wise be produced without the "damping" effect of the bellows. This negative 

pressure increases from zero at the start of a run to seme constant value at 

the end of a run with the result that the bellows become somewhat compressed 

and the circuit volume of the measurement system is different from that at 

the start by the amount the bellows is compressed. 

To overcome this difficulty, a spring return system aided the return 

of the bellows to the static position by applying a practically uniform 

sma1l force over the full range of the bellows travelo At the static 

or end position of the bellows, a switch was activated, which causes 

the green "end" light to be illuminated on the control panel. Thus 

volume readings taken when this light was illuminated would not suffer 

from inaccuracy due to bellows compression. 

Since the bellows oscillated at the respiratory frequency, a velocity/ 

force transducer has been incorporated in the spring return mechanism which 

activates a switch when the respiratory cycle reverses phase. This switch 

activates an electromagnetic digital VeederRoot counter which was energised 

only when ventilation was being measured. The counter could be reset to zero. 

Respiratory valves used were the 120 degree valve made by H.W. Creager 

modified with an aluminium core which had the lowest resistance in a1l po­

sitions. AlI piping was either 3.1 cm. dia. copper or 3.2 cm. dia. flexible 

plastic, wire reinforced. This plastic tubing has a resistance of 0.2 cmH20/L/ 

sec/metre. The plastic mouthpiece valve had an effective dead space of 
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20-30 ml. owing to the divider in the central portion, and had an inspiratory 

and expiratory resistance of 0.35 cmH20/L/sec. 

It has been found experimentally that a baffle-plate type of mixing 

box was a most effective method of integrating the fluctuations in FE 

within tidal excursions. Tests on this box at tidal volumes of 0.3 L 

to 3.0 L show that it would perform this function adequately at rest 

and on exercise. 1t was preferred to the propeller type because of its 

simplicity. 

In order to produce a constant volume of end-tidal sample per cycle, 

a modified Rahn-Otis sampler has been used. Driving pressure for the sample 

container was produced by the sampling pump and switched by electromagnetic 

valves controlled from the respiration counter switch. This has the advan­

tage of a sufficiently large constant-volume sample without the added cost 

and complication of an electronic time-delay unit. 

The respiratory circuit contained only three respiratory valves, la­

belled A, B, C. (Fig. 11-2). Valve A allowed the selection of unmeasured 

(for volume) inspired test gas or alternatively test gas which has passed 

through the volume measurement system. Valve B allowed the inspired gas 

to the subject to be either from room (ambient) air or from the test gas 

(60 lbs/pi2 ) supply. Valve C allowed the mixed expired gas to exhaust to 

ambient, or to a collection bag attached to one outlet of the valves. 

The sampling system (Fig. 11-2) was controlled by electromagnetic valves. 

These were actuated by a manually operated program selector, which either 

activated them directly, or through an automatic system for end tidal 
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sampling. There were six positions of the selector: 

1. Off: the whole sampling system was inactivated. 

2. Air Sampling - ambient air was admitted to the inlet manifold of 

the analyser through Valve 5, which was energised (open). 

Valves 2, 4 and 1 were energised, opening the pump outlet to ambient, 

connecting the sampler to negative pressure and allowing negative pres­

sure to be applied to the analyser outlet. 

3. Zero (C02 correction) - mixed expired air was admitted to the inlet 

manifold through Valve 6. Valves 2, 4 and 1 were energised, as they 

were in aIl positions except 1 and 6. 

4. Inspired - inspired gas was sampled from the inspired side of the 

mouthpiece valve. Valve 7 was energised. 

5. Mixed expired - same as position 3. 

6. End Tidal - Valve 3 was opened, allowing the analyser to exhaust 

to ambient. During expiration Valve 1 was opened, allowing the pump 

to suck from Valve 3 and ambient. Valve 2 was closed, and aIl avai­

lable positive pressure was diverted through Valve 4 to empty the 

sampler through its one-way valve to the inlet manifold. During 

inspiration, Valve 1 was closed, and negative pr~ssure was diverted 

through Valve 4. The pump exhausted through Valve 2. Valve 3 re­

mained open. The sampler sucked through its one-way valve from the 

expiratory side of the mouthpiece valve. 

The respiratory counter could be used in positions 5 and 6 of the 

selector. It was automatically activated upon rotation of manual tap A 

to the volume measurement position, and re-activated when in the other 

position. Tae counter light was energised with the counter during expi­

ration. 
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The ''measure volume" 1ight was energised in positions 2 through 

6 when the "end" switch was operated at the 1imit of be110ws descent. 

This system wa.s comp1eted by a recorder-analyser circuit on a second 

trolley and consisted of one 021 and C021 ana1ysers, and a Whee1co2 recorder. 

A pump with a circulation of some 150 ml/min. drew inspired, expired and 

a1veo1ar samp1es through the two ana1ysers where the Oz and C02 were 

direct1y measured. The volume, C02, CO, and 02 concentrations were recor­

ded on the Wee1co four-point recorder. 

Diffusion Test: 

The test at rest or on exercise 1asted six minutes. 

The seated subject was connected to the circuit and during the first 

minute, whi1e he was breathing ambient air, the minute volume and the 

content of CO, 02 and C02 in the expired air was recorded. The subject 

then breathed a .13% CO mixture in air for three minutes and the inspired 

CO was recorded. 

During the fifth and the sixth minutes, the subject was switched into 

the volume measuring circuit and the FE CO and FAco were recorded. The pulse 

was counted during the 1ast minute. 

The subject was disconnected from the circuit at the end of the sixth 

minute. The volume reading was taken on1y when the rubber be110w was com­

p1ete1y down as indicated by a green 1ight on the central 1ine. Respirations 

1. Beckman, Instruments, Montreal, Canada. 

2. Barber Coleman, Montreal, Canada. 
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were read on the counter. The technicians subtracted one from this number, 

one respiration being counted when the valve was turned on. 

The subject then exercised on a bicycle ergometer at 200 KMm. The 

procedure was the same as at rest except that FA was not measured. 

A second exercise was done at 600 KMm for the subjects between 20 

and 40 years of age, and 400 KMm for the subjects over 40 years. If the 

pulse on the first exercise was over 120 beats per minute, the second 

exercise was cancel1ed. This was based on Ho1mgren's evidence that the 

maximal stroke volume (and probab1y maximal Dca is obtained when the 

heart beats at 120/min. (1965). 

CAL CULAT IONS 

The ca1cu1ations were done in the fo11owing sequence: from the 

Stead-We11s spirometer tracings ERV and IC were ca1cu1ated and transfer-

red to the raw data sheet where the addition of the two values gave VC. 

o~ "' .. !> 
The highest~FVCwas then chosen. A correction was done to de termine 

the starting point for the ca1culations and a perpendicular 1ine was p1aced 

between the upper and lower horizontal 1ines de1ineating the height of the 

FVC. (Kory et al, 1961). From this 1ine, the FEV75' FEV1 and MMF 25-75 

were found, either by using the mask especia11y prepared for this or by 

a simple ru1er, and the values were entered on the raw data sheet. This 

section was comp1eted by adding the circuit temperature and the water vapour 

( 
pressure for that temperature. 

The next step in ca1culations was the FRC. The initial and the final 

temperature and helium concentrations having been recorded during the per-



( 

142 

formance of the test itself, the switch difference, the oxygen difference 

and the ERV were calculated. The Rustrak paper its recording of the 

decrease in helium concentration during the test was attached to the Collins 

paper and directly aligned with the ventilation tracing. From this tracing, 

90% of the decline in helium concentration and the number of breaths ta 

achieve it were calculated. The tidal air was estimated by putting two 

parallel lines at the inspiratory and expiratory limits of the first 10 or 

15 breaths. 

The DLCOSB was recorded on the same chart paper as that of the helium 

test. The IV was calculated from the point where the subject was turned 

into the circuit to the highest point where he started to hold his breath. 

The time in seconds was calculated from the point delineating half the 

inspiration time to the point delineating 2/3 of the expiratory time in the 

bag. These values were transferred ta the raw data sheet. 

The three DLcoSS' rest and exercise, were then calculated. First 

the volume was checked on the paper recording and then values for C02 

and 02 were calculated for the last minute of the test. If the six or 

seven points were not strictly in line, a mean of the slope was taken. 

The values of FIco, FECO and FACO recorded on the Wheelco paper were compared 

with those read by the technicians. In those very few cases where six points 

of the alveolar CO were not in a stable line, a mean was substituted for the 

value read on the analyser. 

Calculations were done by computer and program for the IBM 360-50 

using Fortran language is listed in Table 11-1. The formulae used for 

predicting normal (i.e. expected) values are listed in Table 11-2. 
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t1 
10 
71 
7Z 
13 

1 fEVl I-Vl. FI:Vl MNF OIFFLSING CAPACITY AT REST AND EXERCIPULMC260 2SE 1 
PULl-:C270 3 U2H HT Iii PUlMt:280 4 -I-VC SU-H K VASU SS- EXT PACü VCO RATE VE PULN0290 5vOZ VT 1 ~X,4hCATE,06X,4HLC~U,4X,bh(PUeOJ,5H (vel III 2e READ :,OC&, H~cl,MeA~~I,NAM~S.NAMcC,ALE.hr,dT,HDY,MMTH,MY~,Ptl,TENP,PUl~C390 IP",", '1, ~.2, ~3, C4, ;'5, :'6, SEi{V ,XKAY,Ul,u2,U3,G4,OS PUlMC400 50CfjC~(;,{j1Al (Ab,Il,2Ab,f2.(),2F4.1,312,F4.1,F3.I,F2.0, 5X, 511, 13, PUL~I()430 1 f3.1,11,14X.~!11 
PUl~0440 • K~AiJ 51l10, ~1i.C.i,N'-M(iJ2, ri, 1',11, ERV1, VIC, ve, FEV75, FEVI. FVC, PUU.,C450 1 ,(.~NF, 12, Pn2, l'HEL, FHE2, T3, Sr.lJ, 02ù. ERV~, VTI, BR90 PUU~r4bO S,llCCFLk.1I\T , A6, Il, bX, F3.1, 1-2.0, 3F3.2, 41'3.2, 71., F3.1, F2.C, PUL}\c47: IlF4.2, F3.1, ~t'~.2, f4.3, F4.3, F2.G 1 PULN0480-Hl HT * 2.~4 
PULt-:04<:iO wl = WI * 0.4535 PUlMOSOO PFEVVC ( PH,V1 1 PFVC 1 .. 100. PUU:C510 PVC C.0640Hr - O.Oj1*AGE - 5.335 PUlMCS20 ~I-kC =0.051 * HT - 5.1~ PULM0530 PJlC = 0.J~~~HT -O.Ol:'.A~t:- 9.167 PUl~05~O PUV = PTLe - PVC 
PUlMO~50 ~f~V1~ = (131.2 -1.7U*AGE + 1.005* HTI ~ O.Bd) 1 40. PUlM0560 P~tVl O.O~5 * HT - O.033*AGE - 1.l2 PULMO~70 i'~VC =.(I:){)/;I oQ< Hf - 0.032 oQ< AI.>E - 3.02 PULM('5ilO PI-VCP b5.~5 - O.lû~ oQ< A~c 
PUL~0590 PhMF = 2.Dlb - O.C41*AGE t 0.)2 oQ< Hf PUl~C~CO MXP b5. - ( AbE - 30.1 12. PUlMC610 

~IE " Il' 
i'ot:Û::'t 
1'''­
CHl! 
'KTl 

.CKP1 
C"PT! 
I-l: V 15 
f t:lll 
f \/e 
XMi"~ 
MftV1P 
M~VC;P 

Rl.GO~ - 0.341 * AGI: - 0.322 « HTI 2.54 
Q.4!>7 * tlT - 0.299* AllI.: - 3/i.l 

- Ç.G3Ù * Aut + 5.7tl = 31<).1 (l7~. + TIl 
= (l73. + 121 l , 273. + 131 = ( Pb - finI 1 1 ( Pil - 41.1 

'-HPI oQ< CI<T 1 
l- Ev 7; * '''''Tl 

1-1.:111 * l..: ... Tl 
FVC oQ< CI~PT 1 

'" X,..i1f· 00< l.HPT 1 = (,.EVl lI-v~1 * 11)0. 
PFvCP 

PUl.-:f"ZO 
PULMC'l;.4 G 
PUU"'ft.50 
PULMvt>oO 
PUL~:Ob7 0 
PUL /'106:30 
PULMCb'-}O 
PUU:CI;I70 
PULMCùt>ù 
PuLPoO!l90 
PUUI0'700 
PULMO':;IO 
puu:ono 
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fAlCC(31, l'lCCJ(31, FECO (31, 
H'N ( 31 , TSC( 31, f-ECU2( 31, 

TlME(31, TTlMEDI, 
vee( 31, MEXT(31, VTt3/, 
XPACU(3I, YPACu( 31, XPCCu( 31, 

FCùI-tU, FI HE, FICOS6, 
rA(.ûSU , FI02, 
FICGI 1.1, F éCU' 11 , FA2CO, 
rMNI11, TSC(11, f ( 11 

F4.2, F4.1, 
f-3.1, 3X. F4.2. 
2F~.2. Fl.O, F2.0, 

155 

l~b 

1~1 
Itll 
162 

{ 10 
"' '" 164 

11:5 
lù6 
lôT 
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17.1 VENTII) (V211) - Vlllll 1 TIMéII) 171 ft' 1 N ( 1 1 F ( 1 lIT 1 ME ( 1 1 
172 "~l.)ulll Vf.I,TlII * L5rPD 173 vdTP~III vE~r'll ~ thPT1 174 'vTI!) VUTf':'I,,'1 f-Mlt.1I1 
175 If-' féC2111 • é.~. 0.0) GO TO 149 200 Féeuz / 1) HLOZllI 1 H,O. 
201 FEU2'LI H:02111 1 100. 
l02 Il';2111 'vSTPUU) « FL02 - vSTPOlll * " 1.0 "'FW2) l , 1.-2 I-EI..LJ2111 - Fél;Z(I1 Il * FE02'll 203 vL TO 150 
204 14~ VuZI1I 0.0 
2C~ 150 ALCAulLI LUA~'I)-

C 1'0" .(LUlIL.I(11 LLOAD'I1 
C. If-' LUt.ùl1l • EIJ. 0 1 GO Ta 190 

ZOc> PVUZ'!) 0.410'" O.CCJl3*XLOAU(1I 207 I.>e lIJ <!CC 
<!10 190 PV02(11 0.00 
211 lee eUalNl.E 
212 IF 1 FII.CII) .LT. 5.CC J lEiW(!1 = .Tf~UE. 
Zl~ lt' , HeC(!1 .(,E. ol.1l .AÔ\U. fleùlll. LT. 100.0 GO TU 220 22U !~ , Fle~'11 .('~.4Z.3 .A~~. FleUII'. LT. bl.BO La TO 230 223 IF , t'leC(lI .GE.G.CO .AM. 1'-1(.0111. LT ... 2.30 GO TO 240 22b 220 F IeOI l) (FlClJ'Il - 9.0 1 9 0.00015tH 

227 
2~ù 

2.31 
232 

ZH 
234 
237 
242 
~4~ 
251) 

251 
252 

253 
254 

255 
256 
2~7 
261 
262 
26~ 
270 
2H 
27b 

277 
300 

301 
~C:2 

.?C.3 
JC4 
3C7 
.312 
.H5 
~2;) 

1 Il L. 
Gu rn 20C 

2JC FIeU'11 
1 /10. 

..iU TU 2be 
240 FleU'I) 

1 /l0. 

F ICCI li 

f leOII) 

- 4.0 * 0.0001~38 

* 0.0001395 

20C FEeuClI = FE.~OClI - FAICOIII 
IF ( FHCIl) .Lf. 5.00U' lE,{UII) = .TlhJE. 
IF ( FEtelll .LE. 6I.U .AN';. FEeU'I). LI. 100.0 IF , FELG/L) .~~.~2.3 .A~v. FECOIII. Lf. 61.80 IF ( FEeLIII .• LE.O.DO .AN';. FECulll. LT. 42.30 270 FLCO(II (Fi:Cù(1I - 9.0 j • O.00015ù1 1 Ile. 
"C TU 310 

ZIlC FéCU(11 
1 Il L. 

GL TL 310 
290 H:CU( 11 

l 110. 
31G l'1t:xru) 

MKAléll1 
320 ceNI 1 t-ouE 

FA2L.ü 
IF ( FA2Lü 
IF IrA2~C 
If (FA2t.O 
If / /-A~<"U 

330 FA2t.G 
1 110. 

uG TO 37C 
3'oC FA2LU 

1 /le. 
.. li rù 37C 

350 l'A2~u 
1 110. 

370 CCl\TINl.é 
li- ( FAtC!>ô 
If 1 f-ALCStl 
IF ( FAl.C5li 
Lf- ( F'\(.L~tI 

31lC FA<..G5U 
i /10. 

C.U Hl 420 
~SC l'AC05U 

1 /la. 
(,U TU 42C 

4CC f.\CU!>lI 
1 11tJ. 

HeC(11 - 4.0 * 0.0001538 

HeC(I) >0< o .OC' 0 13'J !) 

, (FleD!l) -FECO( 11 1 1 Fleo, II 
~ATE (11 

/-A2tO - fAleü (11 
.LT. 15.C:OI LE~ù'lJ = .TRUE. 

.LE. bl.U .AI,u. fA2eü • LT. 10{).0 

.~(.42.3 .A~O. FA2CO • LT. bl.80 

.GE.O.CO .A~U. FA2<..ü • LT. '02.30 
(FA~eC - 9.0 j • 0.0001561 

fA2LO 4.0 9 0.0001538 

fA2tO >0< 0~00C139~ 

.E~. o. 1 vG TU 420 
.t.E. bl.1l .AM). FAcosa 
.1..1:.42.J .A!\u. FACü~e 
.LI:.v.l'O • Al\..;. FACO~u 

(f-AtùSU - 'i.O J 9 

f AtCSll - 4.0 

• LT. 100.0 
• L T. 1.1. tlO 
• Ll. 42.30 
O.OOOl:;!:!1 

>0< 0.0001538 

I-At.CSl! * C.000139!1 

GO TO 270 
GO Ta 280 
Gu ra 290 

* 100. 

GO TO 330 
Ga TO 340 
GO TO 350 

<>0 TO 3aO 
GO TO 390 
LO TG 400 

PULM 1520 
PUL Ml !:>JO 
PULMI!:>90 
PULMlt.10 
PULMI6~ 0, 

PU(MÙ40 
PUUIl650 

PULMl840 

PULM2020 

PULM214Q 
PULM2150 
PULM22ùO 
PULM2210 

PULM2340 
PULM23dO 



c 
"-
C 

3Z!> 

326 

317 
J-'Z 
. HJ 
334 
B!) 
. Hô 
~37 
340 
341 
344 
3-.5 
34t> 
341 ' 

'35':> 
.:151 
35l 
.:153 
3!)4 
355 
35é 
351 
3t>\) 
361 
~6l 

3é3 

C 
C. 
C 

3é.4 
365 
366 
3b7 

37" 
C 
C 
C. 
C 

371 
.:112 
3H 

314 
37~ 
376 
371 

Lo!Jol 
"4" j 
IoC .. 

4LS 
4C6 
Lo07 

lolO 
C 
C 
C 

411 
( 41l 

..... 413 
410 
-411 
lolO 
411 
It,a 
-4l3 

~IFrUSI~G CAPACITY - SINGLE UREATH 

4le CG!W$ù 
1 110. 

.. 5C FvCO 

FeOH~ • 0.U001395 

eOHssa * 130. 1 92. 

IF'~dCaS~.hE.O.1 GU TC 470 
4e.C ~ L'i.11 f\I..E 

i.)( ... u!>(}=o • 
$Ol\=ù. 

Y':':.~I=O. 
vISu=G • 
ùe TO 51'J 

47C ;: C,.., Tl ~H .. E 
1 r , YI. (, E. 1. j) Gù T ù 480 
VûSU 0.1~5 + 0.0d* VI 
Ge TO 49C 

4dr. vuSU 0.15 + 0.06 * VI 
4SC fAHE FAhE • 0.95 

fA~USd = FALOSb * o.~s 
vl=Vl*J.C,S,U: 
vl:'tj=vl·c~pn 

SCC yASti =, vl • C"PT1 - 0.07 -VDSu) * FIHE IFAHE 
vASil1=\IASù+YùSb 
VASJ V4:'u * 0.0006 *' IPd - 47. 1 760. 
F1LUSo=ltlCI..~ti-S.CJ .o.onOI5dl/lC. 
Fueu = (FILOS~ • fAHE 1 Fl~E 1 FVCO 

146 

$u~ ( e.u. 1 TIMel) * ALûG ( Fuca IIFAeuSB FVCO ) J 
ÙL(JSU ( vASe * lOGO. * SOK ) 1 1 Pd - 47. ) 

510 r'1<lI~T 5Cl0, MH1, "T, \/e, FRe, l'V, TLe, MX, Fi:V75, FEY1, FVC, 
2 MfEvlP,XMMf ,ùLUSd,Sû~,VASbl ,V'SB 

5010 fU,,1-iAT , 111, J'où.l, f11.2, JI-'5.2, 14, F9.2, F6.2, F5.2, 15, f5.2 
l ,f6.1,FS.2,F5.2,2H (,F4.2,lH) ) 

521) 

GIFFLSI~û CAPACITY AT ~EST 

1 = 1 
XV~O =~STPU(l)*fICG(l) - (VSTPO(lJ -IO.2*V02(!)JJ*FECOIIJ 
'\I~IJ( Il = xv.:..c * 1000. 
CO/l\1 1 ( 210. Ç< 100. * CùhtlS!:l) 1 ( 0.92 + 210. * COHBsa » 

1 * a.C1CI * ~T -10. 
COllili = (vCLlll*flhN( IJ )/1.3 .. 

CCrtul LC"<l GI15 AT START 
Cultul = CC".} It-.CKtASE IJliKINIi DCU AT REST 
COHu2 = tLHd HALFWAY TH~U 

L(H~3 = C~hd ~ATu~ATIC~ PEN CEhT HALFWAY TH~U 
CCHd2= eCHJ+CUhBI/2. 
Cl'tlt.l3 = LI,;ItuL Il;,).CI01* "T«10 • 
fC~ü3 = ( ( 100. 1 ( p~- 47. JI. CùHd3 J 1 

1 1 210. * 1 IGe. -. CU11il3) J-
XpeeC(rJ= fC'ü~ * (P~ - 47.) 
Xi'.\(.ù(l) = (fA;:CO * ( i'B - 47. ) 1 -- XPCCùlI) 
~I..US~(II= YL~(l) 1 XPACOII) 
PDl..üSS(i) = ((1';.0:; - 0.279 * AGE + O.Hl5 * ( HT 1 2.54 )) 

1 * 273. 1 310. ) 
li- 1 .:"U 1. li:kUI 1) ) Gû TO 520 
'Je,"" 1 J =C. 0 
".'ACOll) =c.u 
OLO:'SIIJ=C.O 
."Il " T ( 1 J 0 
l'u':u:.Sll) = 1).0 

CLlH 11'.1..10 

LH fI" \!SI Nù eJlPALITY Oll EH eK T - ST EAOY SlATE 

iJC 640 J=l,Z 
1 = 1 + 1 
If ( LIJAU(I) .hE. 0 J 1.10 TO 570 
~Cü:.!>ll) = o. .'Ii' It r , 1 ) =0 
vGO( 1) o. 
,(P/.", ... ( 1 J (l. .1"/. TL 1 1 ) " 0 
11U 1 P ~, 1 ) 0 

PULH2550 
PlJLH2SbO 
PULM2~7C 

PL!lM204'O 

PuLM2'>50 
PULM2t.60 
PULK~611:: 

PULM2oélO 
PULM2690 
PULM2700 
PlJLM2710 
PULM2720 
PULM2730 
PULM2740 
PULM27:,O 
PULM276Q 
PULM277C 

PULM2180 
PULM2790 
PULM2610 
PULM2b20 
PULM2t!40 

PULH2890 
PULM2C;OO 
PULM2920 
Pl.;li"'2'>~O 
PlJLM29"O 
PULl13C40 
Pl.JL:~30:>O 

PlJLH3120 
PULM3130 
PULM3140 
PULM3150 
P Ulo'131 00 
PULM~170 

PULM321C 
Puun2lC 
PULH3240 
PULM3250 
PULM320û 
PULM3270 
PULMJ2élO 
PlJUB300 
PUU13320-
PULI-I3330 
PULM3340 
PULM:;35Q 
PULM3300 
PULM3400 

PULM3410 
PULM3415 
PULM3420 
PULM3425 

PlJLN3'dO 
PULr-:3440 
f'lJU'034:>0 
PlJLIH460 
PUL Mj4 70 
PUUH4:Hj" 
PULH3490 
PULN3500 
P uL N:3:>1 0 
PUU.;3Sl0 
PULM3~30 

PUUH~',O 
l'ULM3550 



42 1, 

4L::> 
. 42() 

lot!. 7 
430 
431 
4 :;'0 
4J7 
<,4(; 
441 
44~ 
4';J 

44 .. 
4 .. 7 
4SÛ 
4:>1 
4!>2 

4~3 
454 
loS!> 
.. ::>u 
457 
400 
4cl 

462 
4(:3 
4b4 
4<>5 
4bo 
4Tf 
472 
473 
47 .. 
415 
41e.. 
417 
SùC 
5O:i 

510 

SU 

516 

517 

54!4 

S.!!) 
5<:7 
!>~'J 
:i.:s1 

5.)4 
. !i35 

( 
'" 53é 

!lJ7 
!:40 
!lI,l 
~44 
!J"t!> 
!:4() 
S47 

VU~II) = o. 
Id III =CI. 
vUIl) = o • 
PULU!.>SII) {J.O 
l..ü TC (dC 

5(0 1/' / /-1(,LIll • cl.<. 0.1 GO TO 623 
!)7~ If/11H11 .Ge. l.!> 1 GU TC !>UO 

vvlIl 0.12:' + Û.Oll ~ VTIII + 0.07 
(.U Tu 5CiC 

5dO vull1 = 0.15.0.00 ç vTCII + 0.07 
59C "CUII) = V~IPull) ~ ( FlCU/1I - FECtJCIl1 '" 100Ô. 
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YP/ICuIII=(( VTIII ~ /-EeOlIJ - vv/ll '" FIeUI!)), (VTIII -VDCIIII 1 ~ 1 l':l - 47. 1 
IF 1 J.d .• 21 GG TO 610 
L(j1t3l1 1 vCO/II * fTI1Ï\/j)' l' 1.34 
Cl.HJl2 = CU/lU + LUilIl + I.LlttlEl 1 2. 
('LHII!:3 = LGhU[2 , / V.0101 '" wT * 10. 1 
FL(.LJE:..s = 1 1 lCO. 1 1 PU - 47. 1 l '" COHbE3 l , 1 1 210. '" 1 1C(). - (.[J/iUU 1 1 
XPLCû( II = r-CCL[:'; '" ( Pu - 4l. 1 
XPALLIII = YPALOIII - XPCLOIII 
';L Tû czt: 

610 l.l t: ë 1 = 1 ve (. 1 1 1 .;. TT 1" t-. 1 1 1 l , 1.34 
CüH2= \-CHU + LCtlbl + CÙHbEl + Cüf:t:1 , Z. 
eU!::EJ = COl:b! 1 1 (o.OlLl '" ~,r '" 10. 1 
fC-GèI:.> = 1 1 lee. , 1 l'B - 41. 1 1 * (.UEE3 J , 1 1 210. * 1 100. - CLJEE3 1 1 
.<PCCLIII= /-LLi:!:3 " 1 pe - 47. 1 
"PALUIII = YPALCIII - XI'CCGlll 020 JCL~:)(11 = vc..C(l) , ! XI'ACO!II 

621 PuCu~~III = 35.C-- 0.497 ç AGE + 9.946 * PV02CIJ IF ( .I;CI. "I:I<U(II 1 GO TO 625 
'b23 Vc..UII)=C.O 

,( PA C III 1 1 = C • 0 
JLUS:,ILI=().O 
111: X TIll = 0 
f>ULü:'~III = 0.0 

oZ; "Lj~ 1 l f\\it: 
OjO C(.I~TINlJE 

!~IJ.é~.l' üÛ TC 640 
~Hlr~(0,5G2CJ ~Uy,M~TH,MYR, 

l 'LOACILJ, POc..tJ~SILI, uCùSSCLI, ~EXTILI, XPACûCl', VCoClI, 
Z ~lkATEIL', 
l V~TPSILI, VC21L1, VTlLI, l=1,11 

5J20 FU~MATI7~,3Ij,lb7, 
2 4,(,lHI,f ... l,lHI,F5.1, 
2 I4,F5.Z,Fé.2,I4,F5.1,F5.Z,F5.2J • \tiUTElc,5('Z21 ~Ef{v,X~AY,'-Îô, 
1 1 LCt.~ILI, POc..G~SILI, IJC,J:>SIl), ~EXTIlJ, XPACOIU, VCOClI, Z l'I<ATI:(U, 
1 ,VUTPSIL), VlZIU, VTlll, l=Z,21 S022 FGKMA1If12.1,l2,13, ' 
1 lôo,'tx,Utl,F4.1,lHI,f5.1, 
2 14,F5.2,fô.Z;14,F5.1,F5.2,F5.ZJ httlTElé,5G241 
1 (LL to ù(L1, PüCCSSIL), IJCUSSIl), NE.<TClJ, XPACOIU, Vc.ocu, 2 l'II<.ATEILI, 
1 "'lTf'~ILI, VCZIU, VTILI, l=3dJ 5024 fOK~AT(le3, 
1 4),.,lhl,f't.l,lH).F5.1, 
Z 14./-5.2,Fo.2,14,F5.1,F5.2,f~.ZI 640 CCNTIN..;f: 

',;KI Tc: lu t5C~ol 
50Zo FLKM~1/1~ ) 

If ( (,'1Ô\C1.L\oI.I',I\U21 .MW. INr,Ol.ël.l.~\Nù3) .ANO. (NNU1.ECI.MN04J 1 .AI.u. li/lt ... {(j1.1:~.lJ .M~U. (/>'CAKI.J2.E:",.ZI .Ar.o. (H(.Ak03.Ei.I.31 Z • Ai,;iJ. 1,·,CAkt,,4.t: ... ·• /.I 1 vU TC 6:>C 
wKl Tllb,~C2&1 M~Jl,~CANUl,MNU2t~"AKU2,~~U3,MLAhV),hNù4tMC.AK04 !>:)2t.: /-ù;':,'~/.H H:X, .3:>/,zi..iU,IIF1LilJILJj'~ Li<. SE·../ut:NCt:: EKKUf{ 1 ~X,A()tl5, 3 ( '4oX.Ab,l~ ) ) 
~u lU 10 

uSO ~LI.TIM;[ 
LIf\c"'LIt-.t:il 
IHLIi\t.LO.S J GU TIJ 10 
CL lU ~o 

Lee' \/kl Il.:I(J,~(OZI LAI\DO 
SIl/il 
ct-.:) 

PULM3560 
PULM35/0 
PULM3:,!i0 

PUUI3590 
PULM35'J 1 
PULt'.35'92 

,PULM3610 
PUlIo13b20 
PULt136.30 
PUL M364 C 
PULM31.>50 
PUUI3660 
PULt1367C 
PULM36dO 
PUUI36YO 
PULM3700 
PULM3710 
PUlM37Z0 
PULM3730 
PULM3740 
PUlM3750 
PULM3700 
PULM3770 
PULH37bO 
PULM3790 
PUlM3!;OO 
PULM3&lO 
PUUI3ë20 
PUlM3d90 

PülM3é:i92 
PULM3&94 
PULM38Y6 
PULH31:l97 

PUlM3898 
PULM3900 
PULM3940 
PULM3950 

PUlM3970 

PUlM3980 
PUlM4000 

PUlM4020 _ 
PULM4030 

PUlM40'.O 
PUlM40cO 

PUlM401:l0 

PULM4130 
PUL~14140 
PUlM4150 
l'ULM4100 
PULt14101 
PULM411.>2 
PULH .. lb3 
PuLN41c4 
PUU14!'05 
PUUI4106 
PULI"4!67 
PULM41t>t) 
PUU1"170 
PUUI41tlO 
PIJLN"1<;O 
PULI14!'J5 
"'ULW,~lO 
PulN'.230 



( 
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TABLE 11-2 - REGRESSION EQUATIONS FOR PREDICTED VALUES OF PULMONARY 

FUNCTION IN MEN 

Ht cm ~ Ht (inches) x 2.54 

Wt Kgs Wt (lbs) x 0.4536 

FEV1/FVC 7- (PFEV1/PFVC) x 100 

VC L. = 0.064 Ht - 0.031 Age - 5.335 

FRC L. = 0.051 Ht - 5.18 

nc L. = 0.094 Ht - 0.015 Age - 9.167 

RV L. = TLC - VC 

FEV75 L/min = ( (31. 2 - 1. 78 Age + 1.065 Ht) x 0.88) /40 

FEV1 L. = 0.035 Ht - 0.033 Age - 1.12 

FVC L. = 0.508 Ht - 0.032 Age -,3.02 

FVCP = 85.35 - 0.169 Age 

MME' L/sec = 2.018 - 0.041 Age r 0.02 Ht 

ME % = 65 - (Age - 30) /2 

DLCOSB * = 0.457 Ht - 0.299 Age - 38.1 

KCO ccCO/min = -0.038 Age + 5.78 

DLCOSSrest * = ( (18.05 - 0.279 Age + 0.185 (Ht'/2.54) ) 273/310 

ExtCO % = 82.085 - 0.341 Age - 0.322 ( Ht'/2.54) 

DLcoSSexercise * = 35.0 - 0.497 Age 0/- 9.946 \r02 

V02 L/min = 0.410 0/- 0.0023 x load in KMm 

* ccCO/min/mmHg 

inches. 
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QU;!::3EC ASBESTOS STUDY - r:JESTIONNAIRE 

NO. DE L'ETUDE: ",our mois année 
Date de l'entrevue 

Date de naissance 
NOM ..................................... 

(Nom de famiUe) 
M F 

Sexe DO ..................................... 
(Prénoms) 

Grandeur 
(à i pouce moins) 

F. A. Autres 
Langue maternelle 

1 1 
Envergure 
(à i pouce moins) [ 
Pesanteur 

Nom de l'enquêteur .................... (à i livre) 

Posez chaque question tel que redigée. Inscrivez un X dans la case correspondante 
après chaque question. Dans le doute ina;jz'ivez 'NON'. 

INTRODUCTION Je vais vous pose:;::- ql1elql1cs questions prir..cipalement sur votre thorax. 
Veuillez s'il vous pla~t atten,1re que j'aie posé la question complète. 
J'aimerais Gue vou~ ré~vndiez paL 'OUI' ou par 'NON' toutes les fois 
que ce sera possible. 

TOUX 
1. A n'importe quel moment de votre réveil junqu1à ce que vous 

sortiez, habitllellement toussez .... vous dE:.uX fcis 011 plllS l'hiver? 
Tenez compte de la tou~ en fumant la première cig~ette~ ou lors 
de la premiè"re sortie. Exclugz z.~ r:cttoyaçje de gorge ou une 
simp le toux. 

3. 

5. 

Touas.ez-vous habituellement pr:mdant la jo~rnée - ou la nuit -
en hiver? 
Ne pas tenir compte d'une toux o~ao8ior.elle. 

Si 'Non' au:::; questions 1 et 3 passez à la question 6. 
Si 'Oui' à 1 ou 3: 

Toussez-vous comme ça presque tous les jours (touteD les nuits*) 
pendant trois mois ou plus chaque année? 

Pour les sujets qui travaillent la nuit. 

DO 
Oui Non 

DO 
Oui Non 

DDD 
Oui Non N.A. 
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, - SECRETIONS PULHONAIRES 
\, .6. A n'importe quel m.oment de votre réveil jusqu'à ce que vous 

sortie;z, ave:::-·vous habituel1er.:ent des crachats qui viennent 
des bro~ches l'hiver? 
Tenez compte des sécpétions qui viennent des bponc.hes seulement. 
Comptez les sécrétions en fumant la première cigapette ou lors 
de la première sortie. Comptez les sécpétions avalées. 
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DO 
Oui Non 

8. En hiver, le jour ou la nuit avez-vous habituellement des crachats? 0 0 
Acceptez deux ou plus. Ou~ Non 

Si 'Non' aux questions 6 et 8 passez à la question 12a. 
Si ' c!li' à 6 ou 8: 

10. Pendant trois mois ou plus chnque année continuez-vous à avoir 
ces crachats pl:'esql.le teus les jours (le.s nuits*)? 

000 
~ Pour les sujets qui travaillent la nuit. 

12a. Pendant les trois ùe~nières années, y a-t-il eu une période au 
cours de 1aque11e VOllS avez souffert d'une toux et des crachats, 
(plus que d 'habitude:!.:) qui oni: durés trois semaines ou plus? 

Si ~l.TI')'.' if. la question 12a passez à la question 13. 
Si 'O:l.i" à la question 12a: 

Pou:.." les sujP-ts qui ont habituellement des sécrétions. 

Oui Non N.A. 

Non D 

Oui - une fois D 
12b/c Avez-veau eu r-1:;s <1 '1:1',2 t?lle periode? 

13. Avez-vous déjà cra~h§ '::1.! sang? 
Si 'Non. 1 à la quest':on 13 passez à la qU,estion 14a. 
Si 'oui' à la question 13. 

13a. Est-ce que c'âtait au cours de l'année dernière? 

DIFFICULTE DE lA r(!;S::'IHA'rIŒ~ 

Oui - deux fois 0 
ou p1us 

Non 0 

Oui - l'année 0 
dernière 

Oui - mais non 0 
l'année dernière 

14a. Avez-vous ci;-ïa:-di'ffi:c~llté à respirer quand vous vous 
dépêchez st:.::' un ~err2.in ~ ',:lt on quand vous marchez sur une 
pente 1égè:::-e? 

Incapacité· 0 
Si 'Non ~ à la q1!,p.stion 14a passez à la question 15a. 
Si 'oui' à Za question 14a: 

14b. Avez--vous de b. di~'::fi.:::.!lté ~ re::;pirer qua~d vous marchez avec 
d'autres pé::rse::mes ée vot1:'e age sur un terrain plat? 

Si 'Non' à la question 14b passez à la question 15a • 
. Si 'oui' à Za question 14b: 

14c. Etes-vous obligé de vous arrêter pour prendre votre respiration 
quand vous marchez d'un pas ~égu1ier sur un terrain plat? 
.. Inc:apac:ité èe maX'o71Cr causées pour toutes autres raisons sauf 

celles du coeur et des poumons. 

Non - 8. 0 

Non - b. 

Non c. 

Oui c. 

o 

o 
o 
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RESPIRATION SIFFLANTE 
15a. Est-ce que vous observez un sifflement ou une sibi1ance dans 

votre thorax? 
Si 'Non' à la guestion 15a passez à la question l~.A 
Si 'Oui' à la question 15a. 
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Non D 

15b. Est-ce que ce sifflement ou cett~ sibilance survient presque Oui, mais c==J 
tous 1es,joùrs, - toutes les nuits? pas presque tous 

les jours (les nuits) 

Oui, presque tous '0 
les jours (les nuits) 

16a. Avez-vous déjà eu la respiration coupée en même temps 
qu'un sifflement? 

Si 'Non' à la question 16a passez à la question 1'1. 
Si 'Oui' à la question 16a: 

16b. Votre respiration est-elle abaolument normale entre les attaques? 

fONDITIONS ATMOSPHERIQUES 
17. Les conciitions atmosphériques affectent-elles votre thorax? 

Insczoivez 'Oui' seulement si le mauvais temps affecte 
zoégulièzoement le thozoax. 

Si 'Non' à la question 17 passez à la question 18. 
Si 'Oui' à la question 17: 

l7a. Les conditions atmosphériques vous coupent-elles le souffle? 

l7b. Spécifiez quelles conditions atmosphériques, e.g. la brume, 

Non 0 

Non 0 
Oui D 

Non 0 

Oui 0 
Non 0 

l'humidité, le froid, la chaleur, autres ••••••••••••••••••••••••••••••••••••••• 

CATARRHE 
18. Avez-vous le nez bouché ou le catarrhe, ou des secretions 

habituellement l'hiver? 

19. 

20. 

Cela vous arrive-t-il l'été? 
Si 'Non' aux 7Uestions 18 et 19 passez à la question 21. 
Si 'Oui' à la 'question l8 ou 19: 

Est-ce que cela vous arrive presque tous les jours, pendant 
troi~ mois ou plus, par année? 

DO 
Oui Non 

DO 
Oui Non 

DDD 
Oui Non N.A. 
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~:.'\·L.·.~·~::~~ ~.~l~ ·:'1.1·~1~:':"~~ ._- ----
21. Durant h:s trois èernü'l:es années avez-vous eu de.> maladies du 

thor:lx qH':~ vous O::lt cr..pêc1-.i:! de re.-nplir votre tr<:tvail rfgulier 
p~nclant !1r!1.'" ser.:!irl(~. ûJ pJ.l~S? 

Di '::0;,' à la qu<:s:;ioi'l. 21 p~sscz 2" la qu:::.stion 22. 
Si 'Oui' à Za quest;·i.on 21: 

ZIa. Au cours ,J'une de ces lr.al<.dies aV27,·-V0:.15 (m plu.:.: de c::a:::'~at:3 
que cl 'habitude:' 

Si 'No.v:.' u: lu. q!WS·i;i.-77/ 21a pascoz à. la. q:wstion 22. 
Si 'Oui' à. ?a qU(38tion 2~a:· 

21b. Combien de maladi'3s de ce gerx2 aVeZ-7GUS C!'l'~S POU cours des 
trois derniires Qpn§es? 

AVEZ VOUS DEJA EU: 
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Non 0 

Non 0 

1 maladie 0 
2 ou plus 0 
maladies 

22. Un traumatfs~e, un accide~t O~ 
D l.· 

2ï. TU:1'2n:1.11ose pulmonaire? ••..•..• 
I~· une opérntion élU tllOX'::l}:'? ...... . 

23. Haladie de coeur/angine/douleurs 
à la p~itrinc CaUS8p.s p~T. ~n 1 ~ 

28. L'asthna bronchique? ••••••••••• 

effort? •......••.....•.•••••••. 

24 Bronchite? •..•....•..•.•..••..• 29. Em?h;1 sèmf~? ••••••••••••••••••••• 

25. Pne'JffiOn ie? .................... . 30. nr0r:.chectas:'e? ..•.............. 

26. Pleuresie? ...........•.•...•... 31. D'aatres troubles pulmonaires? . ................................. . 
*~ Code: O-non; l-une fois; 2-2 fois; ....... 9-9 .foi.$ ou plus. 
* Code O-non; l-·oui. 
Donnez les X'en~eignemeni;s pertinents c.près chaque réFonse affirmative. 

INTRODUCTION J.:! va:'s maintenant vous poser quelG.ues questio::ls d'ordre général. 

INCAPACITE 
33a. Avez-vous déjà souffert des ciûuleurs dan~ 125 articulations? 

33b. Au réveil reSSei1t2Z-'10l1S dr:s ra:..deurs ou des courbatures :lans 
les muscles ou lec articulations? 

Si 'O~i' d la question JJb: 

Est-ce que votre conàition change à mesure que la journée 
progresse? 

33c. A'!ez-vO\!s déj!l. eu les articulations enf1éGs? (Excepté les cas 
d'enflure provenant de blessures ou d'accidents.) 

33d. Avez-vovs déjà s~uffert d'arthrite, de rhumatisme ou d'autres 
maladies de ce genre? 

=::J 0 
Oui Non 

on 
Oui Non 

fil I! ï 
Non Mieux Pire 

Du 
Oui Non 

DO 
Oui Non 

34. Avez-vous Ge la dif~icul:é à mouvoir vos membre~ et/ou votre corps? C!O 
ùui Non 



FmfER ---
35a. 

35b. 

35c. 

( 

Avez-vous déjà funê? 
Si 'Non' à la question 35a passez à la question 38. 

Fumez-vous maintenant? 
Si 'Non' à la ques·tion 35b passez à la question 35a. 

A quel âge avez-vous commencé à fumer régulièrement? 

Combien de cigarettes fumez-vouG habituellement? Jour de travail 

Fin de semaine 

Combien de tabac à pipe fumez-vous habituellement par 
semaine? 

Combien de cigares fumez-vous habituellement par semaine? 
Spéaifiez gros (G) ou petit (P) 
Passez à la question 38. 

Avez-vous jamais fumé une seule cigarette ou plus par jour 
(ou un once de tabac ou plus par mois) pendant un an? 

Si 'Non' à la question 35a passez à la question 38. 
Si 'Oui' à la Cf'.œstion 35a. 
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1 1 1 1 
Oui Non 

DO 
Oui Non 

(âge) 

livres 
onces 
paquets 

DO 
Oui Non 

A quel âge avez-·vous commencé à fumer régulièrement? ................. 
(âge) 

A quel âge avez-vous cessé de fumer la dernière fois? 
(âge) 

Option: Est-ce que c'était au cours du mois passé? DO 
Oui Non 

Combien de ciga:::-ettes fumiez-lTous par jour quand vous avez cessé? 

Jour de travail ............. 
Fin de semaine 

livres Combien de tabac à pipe fumiez-vous par semaine quand vous 
avez cessé? .......... . onces 

Combien de cigares fumiez-'vous par semaine quand vous avez cessé? 
Spéaifiez gros (G) ou. petit (P) 

paquets 

......................... 
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::age 6 

EM?LOI 
38. Par quelle compagnie d'amiante êtes-vous e~ployé? 

39. 

40. 

41. 

·~2 • 

.......................................................... 
Depuis combien de temps êtes-vous à l' el:1plci cIe cette compagnie? années 

Pour quelles autres compagniès d'amiante avez-vous travaillé? Aucune o 

Avez-vous déjà travaillé ail18urs? 
Si 'Non' à la question 4l terminez l'entrevue. 

Avez-vous déjà travaillé dans une mine de charbon? 

dans une mine d'or? 

dans '.Ine mine de cuivre? 

dé!ns qllelqu' .?.u.tres compagnies 
lU::"nières? 

................... 

LJ 1 1 
Oui Non 

1 1 1 1 
Oui Non 

i 1 1 1 
Oui Non 

nu 
Oui Non 

DO 
Oui Non 

Si ' Oui' spécifiez ••..•••..••••.••..•.••.•.•••••••.•.. 

avec des gaz i~4i~ants ou des 
émanations chimiq~es? 

DO 
Oui Non 

Si 'Oui' spécifiez .................................... 

quelqu'autres er.lplois ou il y 
avait de la poussière? 

Si 'Oui' spécifiez 

DO 
Oui Non 
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QUE BEC ASBESTOS STUDY - QUESTIONNAIRE 

SURVEY NUMBER l 1 1 1 1 1 

NAME ............................................................... 
(Surname) 

(Firost name) 

Fr E 0 
Hother tongue 

NAME OF I~nRVIEWER 

Date of interview 

Date of birth 

Sex 

Standing height (in) 
(to the lin. below) 

Span (in) 
(to the iin. below) 

Weight (lbs) 
(to the ilb.) 
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/4 

t 1 /4 

/4 

Use the aatual wording of eaah question. Put X in appropPiate squaroe aftero each 
question. rihen in doubt roeaord 'NO'. 

PREAMBLE l am going ta ask you sorne questions, mainly about your chest. l should 
like you ta answer 'YES' or 'NO' whenever possible. 

COUGH 
1. Do you usually cough first tbing in the morning (on getting up*) 

in the winter? 

3. 

5. 

Count a aough with firost smoke oro on first going out of dooros. 
Exalude alearing throat or a single aough. 

Do you usually cough during the day - or at night - in the winter? 
Ignore an oaaasional aough. 

If 'No' to both questions 1 and 3~ go to questicn 6. 
If 'Yes' to either question 1 or 3: 

Do you cough like this on most days (or nights*) for as much as 
three months each year? 

PHLEGM 
6. Do you usually bring up any phlegm frOID your chest first thing in 

8. 

the morning (on getting up*) in the winter? . 
Count phlegm with the firost smoke oro on first. going out of doors. 
Exalude phlegm from the nose. Count swallowed phlegme 

Do you usually bring up any phlegm from your chest during the day 
or at night - in the winter? 
Aaaept twiae oro more. 

If 'No' to both question 6 and 8~ go to question l2a. 
If 'Yes' to eithero question 6 or 8: 

* For subjeats who worok by night. 

DO 
Yes No 

DO 
Yes No 

DDD 
Yes No N.A. 

DO 
Yes No 

-DO 
Yes No 
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10. Do you brin,; up phl~gm like this on most days (or nights*) for as L-l 0 0 
much as thr~c months each year? (* For subJeats who wOl,7<. by night) Yes No N.A. 

1201. In the past three years have you had a period of 
and ph1egm 12scing for three weeks or more? 

(incr~ased*) cough 
No D 

If '1.'0' to q!ic::;tion 12a~ go to q'.A.estion 13. 
If 'Yes' to q,!estiœz 12a: Yes - l period 0 

l2r;/c.Have you had more than one such period? 
* Por subjects who usualZ.y have phZegm. 

Yes - 2 or more 0 

13. Have you ever coughed up blood? 
If 'No' to C{..<.estioiZ ;3~ go to question 14a. 
If 'Yes' to question 13: Yes -

l3a. Was this in the past year? Yes - not 

BREATHLESSNESS 

l4a. Are you troubl~à by shortness of breath when hurrying on 
level gro.md or ,,-alldng up a slight hill? 

If 'No' to question 14a~ go to question 15a. 

If 'Yes' to question 14a: 

14b. Do you get short of breath walking with other people of your 
own age on I~vei ground? 

If '!lo' to question 14b~ go to question 15a. 
If 'Yes' to ~.A.estion 14b: 

14c. Do you have to stop for breath when walking at your own pace 
on levei ground? 
* DisabZed from ùiaZking by any conditions other then heart or 

Zung disease. 
l-1HEEZING 
15a. Docs your chest ever sound t~heezing or whistling? 

in 

in 

periods 

No 0 
past ycar 0 
past year Il 

Disabled* 0 
No - a." D 

No - b. 0 

No - c. D 
Yes - c. 0 

No 
If 'No' to question 15a~ go to question 16a. 
If 'Yes' to question 15a: Yes, but not most 

days (or nights) 

Il 

o 
15b. Do you get this most days - or nights? Yes, most days 

(or nights) 
o 

16a. Have you ever had attacks of shortness of breath with wheezing? No attacks r==J 
If 'No' to q~estion 16a~ go to question 17. 
If 'Yes' to question 16a: 

I6b. Is/was your breathing absolutely normal between attacks? No c=J 

HEATHER 
17. Does the weath~= affect your chest? 

OnZy record 'J'es' if adverse tùeather definiteZy and reguZarZy 
OŒ.A.SeS ahest symptoms. 

If 'No' to question 17~ go to question 18. 
If 'Yes' to question 17: 

l7a. Does the weather make you short of breath? 

Yes D 

No 0 

Yes D 
No D 
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lïb. Spcci':y type (lE ,.:,'<1ther, (:!.g. fog, damp, cold, heat, other •.••••••••••.•••• 

!-:ASlIL CATA~Œ!! 

18 Do you usu311v hnve A stuffy nosc or catarrh at the back of 
your nose ja the \·!1nter? 

19. Do you have this in the su:nmer? 
If 'Ho' to both quest7:ons 18 ar.r7 193 go to question 21. 
If 'l'es 1 '/;0 eii;her question 18 or 19: 

20. Do you h<2ve this on IT!ost days for as much as three months 
each year? 

CHEST ILIlŒSSES 
21. During th," ]l::~;:: L~l?:"ce yem:s h<'lve you had any chest illness 

Hhich h:::'5 kC[J~ :;<:t' f::::om you'c usual activities for as much as 

If ':.'0' '1:0 '!'.:estion 21.., go to qu.estion 22. 
If 'Ies' to question 21: 

21a. Did you b1inci up more p~llegm th an tlsua1 in any of these il1nesses? 
If 'iVo' to C;L!estion 21a.., go to question 22. 
If '.res' to question 21a: 

21b. Hml many illnecses lil:e this have you had in the pa st 
three years? 

Hll.VE YOU EVEIl Iù\I>: 

DO 
Yes No 

DO 
Yes No 

000 
Yes No N.A. 

No 0 

No D 

1 il1ness 0 
2 or more 0 
illnesses 

22. An injury or operatioù affecting 
your chest? ........•.••••.•.•.. D'; 

27. Pulmonary tuberculosis? ••••.••• 

23. 

24. 

25. 

26. 

Heart troub~c/cngina/chest pain 
on exert =. 0:1. ? .........•••••••... 0:-

Bronchitis? .......•....•.•.•.•• 

Pneumcn 5.a? ........•..•.•••....• 

Pleurisy? .........•.••.••.••... 
................................ 0*1< 

· .............................. . 
28. Bronchial asthma? ••.••••••••••• 

· .............................. . 
29. Emphysema? .•...•.•..•..•••..••• 

· ........... ~ .................. . 
30. Bronchiectasis? •••••••••••••••• · .............................. . 
31. Other chest trouble? ••••••••••• 

· .............................. . 
** Code: O-no; l-oncc; 2-twice ••. 9-nine or more times. 
* Code 0-',,:.; l-yes. 
gi!le relevant datails after eaah positive answer. 

PRE!~1BLE l <".:n nm'l going to ask you a few more genera1 quest ions. 

DIS1:BILITY 

0** 

33a. Have you ever had pain in any joint? DO 
33b. Do you usually vake up tvitl: stiffness or aching in your 

joints or muscles? 

Yes No 

DO 
Yes No 
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If '.Y..::s' to J:5":.J: 

33c. Ha'Je you CV2!" h",.l s'.;~J.l:l.ng 0;': any j oLI1::S, otl-'er than as 
the result of an in~u"7? 

33d. H~"I."c JT C'.1 e,'c::: h.:-.ù art~-:!."iti3 C~ rheuli:-::tic!u or anotner disease 
oi t!lnt type:.? 

34. Ha"e you ally èifiicul~y i,-. ü:~ving y 0'.: 1:" :'o...1-:1y and/or Iimbs fuIIy? 

]:'OB:\CCO S:10KIl'G 
35a. Have you ev,::!!" S:;:l)!::';!d'~ 

If 'No' ta crœ.;;tian S{;~., go :;a qz:estion 38. 

35b. Do you smo~e nO'7? 
If 'No' to question 35b~ go to CftA.estion 350. 

How old were you uher:. yl)~ Gta;:i:ed s:::o:dr..g regularly? 

HO~l many cigar!;,=~es è::- y:::u l~~unll~T Slï.O:~e per worl-:ing day? 
on \-]eekends? 

Ho·,] nnny cigars do you m:::ual:i.y smol~e per ~..reek? 
Speoify Zarg.a (L) 01' s:-:-:a7.."l (S). 
Go ta question 38. 

35c. Have you ever Sl!:Ok8d as ffiuch a:: one c:.rprette e day (or one 
ounce of tobacco ê. r.,Q!l.th) for .:::: lO~1g as a ye:lr? 

If 'No' i;o questioH 350 .. go to qu9stion 38. 
If 'Yes' ta C['v!est·{.on 350: 

How old ~7ere you when yo·.1 started smok:!.ng regularly? 

How old \-;ere you -;rn0n you lest gave up smoking? 

OptionaZ: l':as tIns .. ;ith~n tile last ffiCi.lth? 

How m2.ny ciga::ettes per day vrere you smoking before you gave up? 
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0 0 0 
No Better 'vorse 

LJ ! 1 
Yes 1:0 

0 1 l 
Yes No 

D CJ 
Yes No 

1 ln 
Yes No 

·00 
Yes No 

· .............. . 
(age) 

pounds 
• •••••••• • ounceR 

pkts 

OC 
Yes No 

· .............. . 
(age) 

· .............. . 
(age) 

OC! 
Yes No 

.................. 
at weekeï:lds 

How much pipe toèacco were you smoking per week before you 
gave up? 

How many cigé1rs ?er ·,:..,.:k t.ere you sm;:.!dng before you gave up? 
Specify "large (L) or DmaZî (S). 

per working day 

pounds 
ounces 
pkt!l 
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TABLE III-I - MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS 
FOR THE INDIVIDUAL AND COMBlNED SURVEYS 

, 

1967 1968 1967-68 

Mean -f- S.D. Mean :t S.D. Mean -1- S.D. 

No.subjects 871 163 1034 
Age yrs 46.1 11.6 62.0 1.4 48.6 12.2 
Height cm 168.9 6.5 164.9 6.4 168.3 6.7 
Weight kgs 73.1 11.5 69.2 12.2 72.5 11. 7 
Tests chosen for Erofi1e definition: 
RV % P 101.9 43.6 105.9 25.3 102.6 41.3 
TLC % P 98.5 13.4 98.9 14.3 98.6 13.5 
FEV75 % P 98.8 18.8 99.5 21.1 98.9 19.1 
FEV1%FVC % P 102.3 10.4 99.5 10.9 101.8 10.5 
MMF % P 92.4 45.3 74.6 32.5 89.6 44.0 
Other tests: 
VC % P 90.5 14.2 88.7 15.2 90.2 14.4 
FRC % P 102.1 38.4 96.4 20.0 101.2 28.3 
FEV1 % FVC 79.1 8.3 74.3 8.2 78.4 8.4 
ME % P 94.9 23.7 89.3 23.6 94.1 23.8 
FVC L 3.9 0.9 3.1 0.7 3.8 0.9 

No.subjects 308 159 467 

DLCOSB * 29.0 7.9 24.6 5.4 27.5 7.4 
Keo cc/min 4.7 1.1 4.5 0.8 4.6 1.0 
VA L 5.6 0.9 5.1 1.0 5.5 0.9 

REST 
No.subjects 865 159 1024 
DLCOSS * 12.7 4.5 9.6 2.7 12.2 .4.3 
ExtCO % 42.0 6.4 37.2 6.4 41.3 6.6 
V L/min 9.6 2.5 9.4 2.4 9.5 2.5 
V02 L/min 0.27 0.05 0.26 0.05 0.27 0.05 

200KMm 
No. subjects 766 128 894 

DLcoSS * 23.5 6.1 17 .8 3.7 22.7 6.1 
ExtCO % 40.0 5.8 35.9 5.3 39.4 5.9 
V L/min 19.6 3.6 19.1 3.0 19.5 3.5 
V02 L/min 0.73 0.13 0.71 0.08 0.72 0.13 

400KMm 
No.subjects 368 37 405 
DLCOSS * 28.2 5.7 23.4 4.0 27.8 5.7 
ExtCO % 35.9 4.6 31.4 5.0 35.4 4.8 
V L/min 30.5 4.8 33.3 5.1 30.8 4.9 
V02 ·L/min 1.22 0.16 1.31 0.10 1.23 0.16 

600KMm 
No.subjects 153 153 

( DLCOSS * 36.3 6.4 36.3 6.4 
ExtCO % 37.5 4.4 37.5 4.4 
V L/min 36.5 4.6 36.5 4.6 

V02 L/min 1.63 0.20 1.63 0.20 

* ccCO/min/mmHg 

lJ 



TABLE 1II-2 - MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS IN NORMAL A!D 
GROUPED IN DECADES 

NORMAL 
21-30 yrs 31-40 yrs· 41-50yrs. 51-60 yrs 61+ yrs 21-30 yr~ 
Mean:r S .D. Mean '!: S ~D. Mean-:tS~D~ . Mean ~. S ~D. Mean± S ~D. Mean± S .l. 

1/ subj. 54 93 106 89 72 29 
Age yrs 26.3 2.7 36.4 2.7 46.0 2.6 55.7 2.9 62.6 1.3 26.1 2.5 
Ht cm 172.4 4.8 170.8 6.7 169.3 6.9 167.7 6.2 165.8 6.0 171.6 6;2 
Wt Kgs 72.2 9.3 72.9 10.3 75.2 12.0 72.8 11.4 71.6 12.5 73.5 11.1 
Tests chosen for Erofi1e defiIiition: 
RV 7. P 89.8 17.5 94.4 20.4 98.4 15.6 100.2 17.5 99.5 14.9 85.9 23.0 
TLC 7. P 97.5 7.9 99.4 9.1 98.3 8.6 98.5 8.0 97.3 7.8 97.7 11.6 
FEV75 7. P 99.3 9.2 101.4 9.3 99.5 13.0 103.3 11.5 105.9 13.0 95.5 13.6 
FEVl7. 7. P 103.5 5.8 102.9 6.0 102.8 6.6 103.4 6.6 103.9 6.5 99.7 8.9 
MMF 7. P 102.3 15.1 99.6 16.1 90.8 18.6 89.0 18.0 85.6 21.6 90.9 21.9 
Other tes ts : 
VC 7. P 91.8 10.5 93.9 10.3 91.9 10.9 91.9 9.4 90.8 10.2 95.2 10.4 
FRC 7. P 87.7 13.6 90.3 14.3 89.3 13.5 92.7 14.0 91.1 15.1 85.9 15 J.1 
FEV1 7.FVC 83.5 4.7 81.2 4.8 79.5 5.0 78.3 5.0 77.4 5.0 81.1 6

1
5 

ME 7. P 89.4 22.0 95.6 20.5 95.·6 23.4 97.1 21.9 94.9 22.9 93~8 16 .5 
FVC L 4.9 0.5 4.5 0.5 4.0 0.6 3.6 0.5 3.2 0.5 5.0 o .7 

Il subj. 17 35 37 40 50 6 
DLCOSB * 35.3 6.5 31.9 7.1 31.8 9.9 29.4 7.8 25.9 3.9 31. 7 7~2 

Keo 5.2 0.7 4.9 0.7 5.2 1.3 4.8 1.2 4.5 0.6 5.0 1+1 
fiA L 6.3 0.6 6.0 0.8 5.6 0.7 5.7 0.6 5.3 0.7 5.9 1~4 

REST 
Il subj. 54 93 105 89 69 29 
DLCOSB * 14.5 3.7 14.3 5.4 13.0 4.0 11.6 3.7 10.6 2.7 15.6 6 12 
ExtCO 7. 44.4 5.5 43.7 5.5 42.4 5.9 41.2 6.1 40.2 6.8 44.7 5~7 
V ... 9.2 3.1 9.2 2.0· 9.6 2.1 9.4 2.1 9.1 2.4 11.0 4~8 
V02 t- 0.28 0.06 0.28 0.05 0.28 0.05 0.26 0.05 0.26 0.05 0.29 0.07 

200KMmin 
Il subj. .52 90 88 78 55 29 
DLCOSS * 29.5 4.9 26.1 3.9 23.0 4.9 20.9 4.3 18.8 3.7 30.1 5.3 
ExtCO 7. 44.5 4.0 43.3 4.0 39.7 5.0 37.9 4.6 36.7 4.9 43~8 5i6 
fi 4- 18~6 2.9 18.4 2.7 19.4 3.2 20.2 3.6 19.6 3.8 20.2 419 
flo2 + 0.73 0.12 0.70 0.14 0.72 0.12 0.74 0.13 0.74 0.13 0.74 0.i1 

1 

400KMmin 

34.9
8

5l9 
{I subj. 6 32 65 38 17 
DLCOSS * 32.7 3.9 30.7 4.5 28.9 5.8 26.4 4.5 23.4 4.1 
ExtCO 7. 37.8 5.1 37.6 4.1 36.3 4.4 35.1 4.3 32.5 3.5 38.9 5io 
fi 

1 

+ 31.1 6.1 29.9 4.5 30.3 3.8 30.2 4.4 31.2 5.3 30.1 4~5 
V02 + 1.28 0.11 . 1.22 0.18 1.23 0.15 1. 24 0.12 1.26 0.20 1.19 0.30 

1 

600KMmin 
{I subj. 42 44 15 

( DLCOSS * 38.0 5.4 33.7 4.8 39.5 7~4 
ExtCO 7. 38.0 3.9 36.0 3.5 37.4 418 
fi + 36.7 4.0 37.5 4.5 38.6 5b 
flo2 ... 1.67 0.15 1.59 0.27 1.68 o.io 

i 
1 

* ccCO/min/mmHg "f- L/min cc/min 



ONCTION TESTS IN NORMAL A!D UNDIFFERENTAITED PROFILES SUBJECTS 

UNDIFFERENTIATED 
61+ yrs 21-30 yr~ 31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs 
Mean± S ~D. Mean± S .F. Mean:t S .D. Mean:t" S.D. Mean:t: S .D. Mean± S .D. 

72 29 46 59 76 82 
62.6 1.3 26.1 2.5 35.7 2.7 45.4 2.8 56.5 3.2 62.5 1.3 

165.8 6.0 171.6 6;2 170.0 5.8 168.2 5.4 167.2 5.8 163.5 6.2 
71.6 12.5 73.5 11.1 73.1 11.3 70.4 10.7 72.1 11.0 67.4 13.7 

99.5 14.9 85.9 23.0 93.5 25.0 113.7 32.0 98.0 23.3 101.8 25.8 
97.3 7.8 97.7 11.6 92.8 15.4 99.2 15.7 94.9 17.7 98.1 17.9 

105.9 13.0 95.5 13.6 92.7 16.9 100.0 16.4 100.1 20.5 103.9 21.2 
103.9 6.5 99.7 8.9 103.5 8.0 101.2 5.9 104.2 7.5 103.9 7.1 

85.6 21.6 90.9 21.9 91.3 26.2 103.5 28.6 80.5 24.5 79.6 21.2 

90.8 10.2 95.2 10.4 86.0 15.5 92.8 16.8 87.3 18.7 90.3 19.0 
91.1 15.1 85.9 15l,1 83.3 18.7 90.5 20.3 91.8 20.5 96.1 21.6 
77.4 5.0 81.1 6

1
5 82.0 6.2 78.5 4.5 78.4 5.8 77.5 5.3 

94.9 22.9 93~8 16 .5 94.2 20.3 92.8 19.0 99.0 21.9 92.8 28.5 
3.2 0.5 5.0 o ,7 4.1 0.8 4.1 0.8 3.4 0.8 3.0 0.7 

50 6 11 21 33 60 
25.9 3.9 31. 7 7~2 32.1 3.9 28.4 6.0 25.5 6.5 22.3 5.5 
4.5 0.6 5.0 1+1 5.2 0.8 4.5 0.8 4.6 1.3 4.4 0.9 
5.3 0.7 5.9 1~4 5.8 0.7 5.9 1.0 5.2 1.0 4.7 1.0 

69 29 46 58 76 81 
10.6 2.7 15.6 6~2 14.3 3.7 12.2 3.7 10.5 3.0 9.1 2.6 
40.2 6.8 44.7 517 44.2 5.8 42.0 5.9 40.0 4.9 36.8 6.7 
9.1 2.4 11.0 4~8 9.8 2.8 9.4 1.9 9.0 1.8 9.2 2.1 

0.26 0.05 0.29 0.07 0.28 0.05 0.27 0.05 0.25 0.04 0.25 0.05 

55 29 46 53 65 56 
18.8 3.7 30.1 5.3 26.4 5.8 21.8 4.1 19.7 4.0 17.4 3.8 
36.7 4.9 43~8 5i6 42.6 5.1 39.3 4.3 37.0 4.6 34.9 6.0 
19.6 3.8 20.2 419 18.6 2.6 19.6 2.4 20.1 2.9 19.9 3;8 
0.74 0.13 0.74 0.i1 0.73 0.12 0.72 0.12 0.73 0.11 0.70 0.12 

1 

17 
34.9

8
5l9 

13 38 35 20 
23.4 4.1 31.1 5.8 27.3 4.7 25.5 4.6 24.6 3.5 
32.5 3.5 38.9 510 37.6 3.3 36.1 4.5 33.9 3.9 32.3 5.4 

1 

31.2 5.3 30.1 4L5 29.1 3.1 29.5 4.4 31.2 3.0 33.7 6.4 
1.26 0.20 1.19 0.:30 1. 23 0.10 1. 22 0.16 1.20 0.15 1.25 0.19 

1 

15 23 
39.5 7~4 35.1 5.6 
37.4 418 37.0 4.3 
38.6 sb 36.3 4.5 
1.68 o.io 1.61 0.20 

i 
1 



TABLE III-3 - MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS IN RESTRICT: 

DEFINITE RESTRICTION -. -
" - 21-30 yrs 31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs 21-30 yr: 

Mean:t" S.D. Mean:t S.D. Mean;t: S ~D~ 'Mean ± S .D. Mean::!:'S.D. Mean+- S.l 

/1 subj. 18 24 28 33 17 3 
Age yrs 26.6 2.7 36.5 2.6 45.0 3.2 56.0 2.8 62.8 1.4 26.3 3 
Ht cm 172.0 6.3 171.3 4.2 171.5 4.6 168.5 5.8 164.9 4.7 172.5 7 
Wt Kgs 78.7 13.0 78.0 8.9 77.5 12:6 80.1 10.8 74.7 12.0 70.5 6 
Tests chosen for Erofi1e definition: 
RV r. P 65.6 14.8 75.5 15.2 78.0 14.6 80.6 12.2 80.0 16.1 95.3 34 
TLC r. P 90.5 9.8 89.9 9.0 90.3 10.3 89.5 11.2 90.4 11.7 94.3 18 
FEV75 r. P 107.5 10.4 109.1 10.4 112.7 12.9 115.5 15.5 123.1 17.2 109.0 18 
FEV1r. % P 110.8 3.7 112.2 3.4 112.0 5.8 115.0 4.8 115.1 5.2 117.0 4 
MMF r. p 128.8 12.2 135.0 16.1 132.8 22.0 135.0 20.1 135.8 29.1 134.3 15 
Other tests: 
VC r. P 91.8 13.6 89.3 11.0 90.4 12.1 90.9 13.4 92.2 14.2 87.7 15 
FRC r. p 69.5 13.5 74.4 16.8 75.6 15.0 76.8 15.3 75.2 15.5 87.3 33 
FEV1 r. FVC 89.4 3.3 88.6 2.7 87.0 4.6 86.9 3.4 85.7 3.9 94.3 3 
ME r. p 104.7 32.4 99.7 21.1 101.0 33.5 102.4 25.1 94.5 15.7 89.7 11 
FVC L 4.8 0.5 4.3 0.6 4.1 0.7 3.5 0.6 3.2 0.5 4.7 1 

/1 subj. 5 7 10 11 15 1 
DLCOSB * 36.9 9.4 31.0 4.7 29.0 4.7 25.6 5.2 26.1 4.8 36.3 
Keo 5.9 1.6 5.6 0.9 5.0 0.7 4.6 0.8 4.9 0.7 4.6 
VA L 5.8 0.6 5.2 0.9 5.4 0.7 5.1 0.9 4.9 0.7 7.3 

REST 
/1 subj. 18 24 28 33 17 3 
DL~O * 17.4 4.6 17.4 6.9 12.6 3.7 12.4 3.4 10.2 2.8 11.1 
Ex C~S % 46.4 5.9 44.6 6.7 41.6 5.5 41.8 6.0 38.3 6.8 38.0 ! 
V + 10.4 2.4 11.7 3.4 9.9 2.3 9.6 2.2 9.6 1.9 9.3 ( 

V02 + 0.31 0.06 0.31 0.06 0.27 0.05 0.27 0.05 0.27 0.02 0.27 0 

200KMmin 
/1 subj. 18 24 25 28 15 3 
DLCOSS * 30.9 5.6 28.1 7.0 22.9 5.2 20.7 4.4 19.4 4.5 29.9 
ExtCO % 44.9 5.7 43.9 5.7 39.8 ' 4.1 38.2 4.1 36.5 5.3 44.0 
V + 20.3 3.9 19.0 4.9 19.4 3.0 20.2 2.7 20.5 3.0 18.3 
V02 + 0.79 0.16 0.75 0.10 0.68 0.16 0.74 0.13 0.78 0.09 0.75 0 

400KMmin 
/1 subj. 3 10 19 16 3 1 
DLCOSS * 37.1 4.0 31.0 3.8 28.9 5.2 25.6 3.9 25.1 3.6 35.6 
ExtCO r. 41.3 6.1 38.5 4.6 36.1 4.2 34.4 3.1 32.0 3.6 41.0 
V + 28.4 6.2 30.0 6.5 31.1 4.3 31.2 3~4 34.4 3.8 27.9 
V02 + 1.17 0.16 1.21 0.18 1.25 0.13 1.23 0.16 1.40 0.08 1.18 

600KMmin 
/1 subj. 8 9 1 
DLCOSS * 38.7 8.2 37.2 10.5 38.7 

>i( 
ExtCO % 40.5 4.2 39.9 7.0 42.0 
V + 34.1 3.0 33.5 4.1 30.3 
V02 + 1.70 0.11 1.60 0.21 1.51 

* cCCO/min/mmHg + L/min cc/min 



NCTION TESTS 

61+ yrs 
Mean:!:"S.D. 

17 
62.8 1.4 

164.9 4.7 
74.7 12.0 

80.0 16.1 
90.4 11. 7 

123.1 17.2 
115.1 5.2 
135.8 29.1 

92.2 14.2 
75.2 15.5 
85.7 3.9 
94.5 15.7 
3.2 0.5 

15 
26.1 4.8 
4.9 0.7 
4.9 0.7 

17 
10.2 2.8 
38.3 6.8 
9.6 1.9 

0.27 0.02 

15 
19.4 4.5 
36.5 5.3 
20.5 3.0 
0.78 0.09 

3 
25.1 3.6 
32.0 3.6 
34.4 3.8 
1.40 0.08 

i 
1 

1 

IN RESTRICTIVE PROFILES, SUBJECTS GROUPED IN DECADES 

1 

21-30 yr~ 
Mean +- S .p. 

3 i 
26.3 3.11 

172.5 7.
1

9 
70.5 6.11 

• 1 

1 

95.3 34.\2 
94.3 18.19 

109.0 18.14 
117.0 4.4 
134.3 15.10 

87.7 15.7 
87.3 33~2 
94.3 3.8 
89.7 11.19 

1.11 4.7 
i 

1 
36.3 
4.6 
7.3 

3 , 

11.1 2.15 
38.0 8.9 
9.3 0.3 

0.27 0.0!2 

3" 

29.9 8.1 
44.0 7.iB 
18.3 3.,9 
0.75 o.:llb 

1 
35.6 
41.0 
27.9 
1.18 

1 
38.7 
42.0 
30.3 
1.51 

\: 

DOMINANT RESTRICTION 
31-40 yrs 41-50 yrs 51-60 yrs 
Mean + S.D. Mean:r S .D. Mean -t S.D. 

3 
35.3 4.0 

167.5 4.8 
78.9 10.9 

65.0 18.7 
84.0 25.2 
98.7 22.9 

112.3 5.5 
164.3 86.1 

87.0 26.4 
75.6 27.0 
89.0 2.9 

138.3 21.1 
3.8 0.9 

1 
23.6 
4.7 
4.6 

3 
14.8 0.9 
52.7 5.0 
7.7 1.0 

0.27 0.01 

3 
28.3 4.1 
46.7 5.5 
18.2 2.5 
0.73 0.12 

2 
35.5 12.9 
41.0 9.9 
31.9 5.4 
1.63 0.06 

3 
45.3 3.8 

171.2 2.2 
64.7 6.3 

104.3 9.5 
110.7 3.5 
140.7 10.1 
115.7 4.0 
182.3 15.6 

105.3 12.3 
98.0 14.7 
90.0 3.6 
96.7 27.5 
4.8 0.4 

2 
33.5 10.5 
5.2 2.3 
6.1 0.7 

3 
16.1 2.4 
47.7 10.4 
11.97.9 
0.31 0.08 

3 
24.7 1.7 
44.3 3.8 
17.5 3.5 
0.76 0.13 

2 
31.9 4.3 
43.5 2.1 
23.4 1. 7 
1. 26 0.13 

11 
55.5 3.2 

168.0 7.3 
73.4 10.5 

103.2 17.7 
105.6 15.8 
129.5 22.7 
114.2 5.5 
139.5 22.8 

101.4 22.7 
97.5 1B.5 
86.5 4.6 

100.6 13.1 
3.9 0.8 

3 
25.6 5.6 
3.7 0.4 
6.3 0.7 

11 
11. 4 2.9 
40.1 4.5 
9.4 2.5 

0.26 0.05 

9 
20.3 1.6 
38.2 2.0 
19.9 3.1 
0.68 0.11 

6 
25.6 0.7 
35.8 1.0 
30.2 1.9 
1. 29" 0.11 

61+ yrs 
Mean:t" S .D. 

3 
62.7 2.1 

.170.3 10.9 
• 85.1 7.5 

91.7 21. 7 
86.3 21.6 

108.0 33.8 
118.0 4.4 
124.7 17.2 

81.3 18.8 
77.0 19.2 
88.0 3.6 
80.7 27.2 
3.0 1.5 

2 
22.3 2.6 
4.1 1.1 
5.3 2.0 

3 
13.1 4.5 
43.7 10.4 
10.9 2.0 
0.30 0.05 
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TABLE III-4 - MEANS AND STANDARD DEVIATIONS OF PULMONARY FUNCTION TESTS IN OBSTRUCTI E PRe 
1 ,;, 

DEFINI TE OBSTRUCTION ", 

21-30 yrs 31-40 yrs 41-50 yrs 51-60 yrs 61+ yrs 21-30 yrs 31-
Mean:!: S .D. Mean'" S .D. Mean +s .D. Méan:t S ~D. Mean'f. S.D. Mean.±' S.D Mea 

Il subj. 8 9 35 53 50 
Age yrs 27.3 2.1 35.5 2.3 45.8 2.7 56.2 3.0 62.7 1.4 32 
Ht cm 170.3 7.4 168.7 6.9 168.6 5.2 166.1 5.6 165.3 6.5 177 
Wt kgs 67.5 11.4 68.7 7.3 69.3 12.8 70.2 12.3 70.0 11.0 95 
Tests chosen for Erofile definition: 
RV 7. P 130.9 41.2 128.2 9.4 133.8 25.0 143.7 24.8 139.7 22.7 79 
TLC 7. P 110.1 11.5 107.3 8.1 107.4 11.1 111.6 11.9 108.5 10.5 91 
FEV75 7. P 80.9 10.5 80.5 14.2 79.5 16.0 79.2 18.0 78.2 17.3 69 
FEVl7. 7. P 87.6 9.5 89.7 5.6 87.4 10.3 87.6 12.1 86.4 9.4 82 
MMF 7. P 64.3 15.9 66.9 12.0 55.1 17.7 47.8 18.3 40.9 15.9 75 
Other tests: 
VC 7. p 91.6 14.4 89.9 10.7 87.6 14.0 87.9 14.4 85.6 13.6 94 
FRC 7. P 107.6 18.7 106.8 15.5 109.9 16.4 115.3 17.7 114.2 15.6 73 
FEV1 7. FVC 70.5 7.6 71.1 4.5 68.0 8.0 66.3 9.0 64.4 7.1 65 
ME 7. P 79.8 26.2 90.3 24.3 81.5 26.6 87.8 25.9 79.4 21.1 125 
FVC L 4.9 0.9 4.3 0.8 3.8 0.7 3.2 0.6 2.9 0.6 4 

Il subj. 5 7 9 28 37 
DLCOSB * 36.6 2.5 32.8 4.8 30.3 7.4 23.6 5.8 23.1 6.9 
Keo 5.6 0.5 5.0 0.5 4.5 0.8 3.9 0.8 4.1 0.9 
VA L 6.2 0.9 6.1 1.2 6.2 0.7 5.6 0.9 5.2 0.8 

REST 
Il subj. 8 9 34 52 49 
DLCOSS * 16.7 6.8 14.0 3.4 11.4 3.4 10.8 4.1 9.0 2.5 16. 
ExtCO % 45.6 4.5 47.6 4.3 39.6 8.2 39.4 7.7 35.4 6.1 42. 
V + 10.9 4.1 8.4 1.1 9.9 2.9 9.1 1.9 9.9 2.6 10. 
tr02 + 0.32 0.10 0.27 0.04 0.26 0.05 0.24 0.05 0.26 0.04 

200KMmin 
Il subj. 8 8 33 40 41 
DLCOSS * 33.1 5.2 26.8 5.4 21.9 6.4 19.0 5.6 17.5 4.0 23. 
ExtCO 7. 45.3 6.3 43.6 4.9 37.7 6.8 36.1 6.4 34.4 4~8 41. 
V + 21.5 10.1 18.3 2.9 19.8 3.4 20.0 4.2 20~2 3.8 19. 

V02 + 0.71 0.22 0.77 0.10 0.66 0.12 0.71 0.16 0.71 0.12 0.4 

400KMmin 
Il subj. 2 2 23 20 ' 12 

DL~OSS * 36.7 3.1 30.3 3.8 28.9 4.8 24.1 4.7 24.9 7.4 
Ex CO % 40.0 5.7 36.5 7.8 35.3 5.3 32.8 4.7 31.5 7.5 
V + 29.5 4.5 31.2 7.8 32.0 7.5 31.6 5.0 '34.7 7.0 
tr02 + 0.90 0.0 1.24 0.04 1.20 0.13 1.24 0.17 1. 26 0.17 

600KMmin 
Il subj. 3 5 

~. DLCOSS * 36.1 4.9 37.7 5.6 26. 
'- ExtCO 7. 39.0 7.2 38.4 4.0 35. 

V 04- 33.8 7.7 36.2 5.2 32. 
tr02 + 1.51 0.10 1.71 0.10 1.0 

* cCCO/min/mmHg + L/min cc/min. 
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ON TESTS IN OBSTRUCTI E PROFILES, SUBJECTS GROUPED IN DECADES. 

DOMINANT OBSTRUCTIVE 
yrs 21-30 yrs 31-40 yrs 4l-50 yrs 51-60 yrs 61+ yrs 

J.j: S .D. Mean.±" S.D Mean:tS .D. Mean-#- S.D. Mean -± S .D. Mean± S.D. 

50 1 6 12 10 
.7 1.4 32.0 44.5 1.9 55.8 3.7 62.6 1.3 
.3 6.5 177 .8 165.3 4.0 169.9 8.4 168.3 7.2 
.0 11.0 95.5 72.0 5.6 70.6 9.2 70.8 12.5 

.7 22.7 79.0 118.2 26.4 131.3 27.1 129.2 24.9 

.5 10.5 91.0 92.3 17.0 104.8 23.7 100.7 25.0 
2 17.3 69.0 69.2 21.6 85.7"29.9 79.6 35.0 
4 9.4 82.0 91.3 13.0 91.6 12.7 90.1 13.8 
9 15.9 75.0 46.0 17.4 57.7 21.1 49.2 19.1 

6 13.6 94.0 71.8 25.0 82.8 23.2 77.3 25.9 
2 15.6 73.0 91.7 6.1 105.8 19.9 111.1 21.3 
4 7.1 65.0 71.0 10.0 69.3 9.6 67.1 10.3 
4 21.1 125.0 95.5 22.6 95.2 27.6 92.4 21. 7 
9 0.6 4.9 3.1 1.2 3.4 1.1 2.9 1.1 

7 2 4 7 
1 6.9 29.8 9.5 20.2 4.8 27.0 6.9 
1 0.9 5.7 1.1 3.5 0.2 4.2 0.9 
2 0.8 4.8 0.6 5.3 1.3 5.9 1.0 

9 1 6 12 10 
0 2.5 16.8 12.2 5.7 10.1 2.2 8.8 4.0 
4 6.1 42.0 41.0 10.1 38.9 5.6 36.8 4.4 
9 2.6 10.6 10.1 2.1 9.9 1.7 9.2 2.6 
:, 0.04 0.31 0.07 0.27 0.04 0.25 0.09 

l 

li 
1 6 11 6 

5 4.0 23.6 19.9 6.9 19
1

2 3.5 17.6 3.6 
+ 4~8 41.0 36.7 9.4 35 5 4.7 36.0 4.2 
~ 3.8 

1 

19.9 20.3 5.0 21.8 4.3 18.7 2.2 
l 0.12 0.45 0.75 0.14 0.76 0.08 0.71 0.07 

4 6 2 
7.4 26.0 3.0 26.6 5.0 22.0 3.0 
7.5 37.3 3.4 34.2 3.3 29.5 3.5 
7.0 26.9 2.3 32.4 6.7 33.8 2.1 

; 0.17 1.17 0.02 1.30 0.11 1.27 0.04 

1 
26.3 
35.0 
32.1 
1.03 
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TABLE 111-5 - PREVALENC§kOF RESPIRATORY SYMPTOMS IN PULMONARY FONCTION 
PROFILES, SUBJECTS GROUPED BY DECADES 

PULMONARY DECADES No. COUGH PHLEGM COUGH & BREATH- CREST 
FONCTION yrs Subj. PHLEGM LESSNESS ILLNESS 
PROFILE 3 months 3 months 3 months same age 

NORMAL 
21-30 54 35 35 26 10 6 
31-40 93 38 45 31 9 8 
41-50 102 52 41 34 12 15 
51-60 87 61 58 39 22 16 
61+ 71 54 52 40 27 18 

UNDIFFER. 
21-30 28 61 46 36 18 4 
31-40 45 49 40 31 7 Il 
41-50 59 53 39 28 19 14 
51-60 72 49 44 30 22 15 
61+ 82 68 49 41 34 15 

RESTRICTION 
definite 

21-30 17 38 19 13 13 0 
31-40 23 26 48 17 4 9 
41-50 29 38 34 21 21 17 
51-60 33 36 39 21 21 15 
61+ 18 44 39 33 28 17 

dominant 
21-30 3 33 0 0 0 0 
31-40 3 0 33 0 0 33 
41-50 2 0 0 0 0 0 
51-60 11 40 50 40 20 30 
61+ 3 33 33 33 67 67 

OBSTRUCTION 
de fini te 

21-30 7 50 17 17 0 0 
31-40 9 89 33 33 11 Il 
41-50 35 91 69 66 29 26 
51-60 52 64 48 38 36 16 
61- 46 67 44 56 42 15 

dominant 
21-30 
31-40 1 0 0 0 100 0 
41-50 5 80 40 40 20 20 
51-60 12 83 50 42 17 8 
61+ 9 67 56 56 33 22 
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TABLE 111-6 - PREVALENCE % OF RADIOLOGICAL CHANGES IN PULMONARY 
FUNCTION PROFILES, SUBJECTS GROUPED BY DECADES. 

PULMONARY DECADES No. NORMAL SMALL IRRE- PLEURAL SMALL IRREG. OPAC. 
FUNCTION Subj. GULAR OPAC. CHANGES & PLEURAL CHANGES 
PROFILES yrs AL ONE AL ONE COMBINED 

NORMAL 
21-30 54 100 
31-40 93 86 4 10 
41-50 107 82 5 11 2 
51-60 89 73 1 20 6 
61+ 72 61 3 28 8 

UNDIFFER. 
21-30 29 97 3 
31-40 47 87 2 11 
41-50 59 76 7 12 5 
51-60 76 62 13 17 7 
611- 82 50 13 22 15 

RESTRICTION 
de fini te 

21-30 18 100 
31-40 23 91 9 
41-50 29 94 3 3 
51-60 33 79 6 6 9 
611- 18 61 Il 17 11 

dominant 
21-30 3 67 33 
31-40 3 100 
41-50 3 100 
51-60 Il 91 9 
61+ 3 100 

OBSTRUCTION 
definite 

21-30 8 100 
31-40 9 89 11 
41-50 35 74 20 6 
51-60 53 58 8 30 4 
61+ 49 67 8 10 15 

dominant 
21-30 
31-40 1 100 
41-50 6 33 17 33 17 
51-60 12 42 16 42 
61+ 10 30 10 30 30 

TOTAL 
CHANGES 

14 
18 
27 
39 

3 
13 
24 
37 
50 

9 
6 

21 
39 

33 

9 

Il 
26 
42 
33 

67 
58 
70 
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TABLE III-7 - PREVALENCE OF MEN WITH DUST l '7200, DUST II > 200, AND 
SMOKING WITHOUT AND WITH STANDARDIZATION FOR TOTAL PO­
PULATION. (Age standardization) 

PULMONARY No. 
FUNCTION Sub j • 
PROFILES 

NORMAL 407 

UNDIFFER. 286 

RESTRICTION 

definite 120 

dominant 22 

OBSTRUCTION 

definite 149 

dominant 27 

DUST l 

200 d~. 
% 

25 
(21)* 

33 
(23) 

24 
(20) 

9 
(3) 

41 
(25) 

60 
(39) 

DUST II 

200 dy. 
% 

14 
(12) 

19 
(10) 

14 
(12) 

9 
(3) 

15 
(28) 

40 
(21) 

o 
% 

12 
(11) 

8 
(10) 

20 
(19) 

23 
(12) 

4 
(4) 

7 
(3) 

SMOKING 
Cigarettes/day 
1-20 21+ 

% % 

30 58 
(29) (60) 

32 59 
(29) (61) 

33 48 
(33) (48) 

40 49 
(36) (41) 

23 73 
(16) (80) 

26 67 
(23) (75) 

* ( ) Preva1ence % standardized for total population. 
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TABLE III-8 - PREVALENCE % OF MEN WITH DUST II AND SMOKING IN EACH PROFILE, WITHOUT AND WITH STANDARDlZATION FOR TOTAL 
POPULATION. (Age standardizatioh) 

PULMONARY DUS T II FUNCTION No. 
PROFILES Subj. < 200 d.;r. ::> 200 d.y, 

0 1 - 20 21 "1- 0 1 - 20 21"1-Cig/day Cig/day Cig/day Cig/day Cig/day Cig/day 
% % % % % % 

NORMAL 407 10 33 43 1 7 6 
(11)* (33) (44) ( .5) (6) (6) 

UNDIFFER. 286 7 33 41 1 9 9 (10) (36) (45) (1) (3) (6) 

RESTRICTION 

definite 120 18 33 36 2 6 6 
(17) (34) (38) (1) (5) (6) 

dominant 22 19 50 13 6 12 
(6) (84) (4) (2) (4) 

OBSTRUCTION 

definite 149 6 19 48 14 13 
(5) (18) (62) (9) (6) 

dominant 27 4 12 42 25 17 
(.5) (12) (49) (13) (12) 

* ( ) Preva1ence % standardized for total population. 

j 
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TABLE 111-9 - DECADE DISTRIBUTED FONCTION PROFILES CORRELATED WITH 
DUST l AND DUST II - MEANS AND STANDARD DEVIATIONS 

PULMONARY DECADES No. WORK DUST l DUST II 
FUNCTION Subj. 
PROFILES yrs yrs #. cLy. 

Meanz S .D. Mean~ S.D. Mean 1: S. D • 

NORMAL 
21-30 54 4.1 3.5 Il 11 5 5 
31-40 93 12.9 5.7 96 161 59 119 
41-50 103 18.1 7.5 162 240 88 116 
51-60 90 24.3 8.1 274 348 173 277 
61+ 72 30.1 8.8 328 474 220 422 

UNDIFFER. 
21-30 28 3.5 2.5 15 15 7 7 
31-40 46 11.8 6.3 87 117 38 45 
41-50 59 17.7 6.7 133 166 83 98 
51-60 75 25.1 10.2 296 355 162 245 
61+ 81 31.5 8.8 530 704 315 524 

RESTRICTION 
definite 21-30 17 5.1 2.8 18 13 5 5 

31-40 23 13.7 8.9 55 56 45 57 
41-50 29 16.3 7.0 162 242 103 143 
51-60 33 26.3 10.2 310 413 153 154 
61+ 17 30.9 8.9 193 105 83 5 

dominant 21-30 3 1.5 1.6 10 15 2 3 
31-40 3 15.0 4.4 75 46 42 44 
41-50 3 18.3 4.5 105 39 102 81 
51-60 Il 22.3 14.4 161 238 162 245 
61+ 3 28.3 9.6 261 267 363 441 

OBSTRUCTION 
definite 21-30 8 5.5 3.1 28 40 10 11 

31-40 9 14.4 6.5 152 210 135 244 
41-50 35 18.4 7.5 183 224 105 166 
51-60 52 24.6 9.9 378 615 181 255 
61+ 49 37.7 7.7 613 660 481 901 

dominant 21-30 
31-40 1 7.2 14 14 
41-50 6 22.5 5.5 354 196 277 133 
51-60 12 25.2 9.7 318 280 179 220 
61+ 9 31.1 9.8 354 487 228 251 
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TABLE III-ID - PREVALENCE r. OF YEARS OF WORK WITH DUST l AND DUST II 
IN EACH PULMONARY roNCTION PROFILE. SUBJECTS GROUPED 
BY DECADES. 

PULMONARY DECADES No. WORK DUST INDEX DUST INDEX 
FUNCTION Subj. Yrs Dust yrs Dust yrs 

Yrs 0-1 1-10 10-30 30r <.200 >200 <200> 200 

NORMAL 
21-30 54 20 67 l3 100 100 
31-40 93 1 31 68 87 l3 95 5 
41-50 102 18 75 7 77 23 86 14 
57-60 89 2 71 27 60 40 76 24 
6H 72 53 47 57 43 76 24 

UNDIFFER. 
21-30 28 14 86 100 100 
31-40 48 2 38 60 81 19 100 
41-50 59 2 15 81 2 81 19 92 8 
51-60 76 1 12 57 30 57 43 76 24 
6H 81 42 58 46 54 59 41 

RESTRICTION 
Defini te 

21-30 17 6 94 100 100 
31-40 23 39 57 4 100 96 4 
41-50 29 17 83 72 28 86 14 
51-60 33 12 52 36 61 39 70 30 
61+- 17 41 59 53 47 88 12 

Dominant 
21-30 3 67 33 100 100 
31-40 3 100 100 100 
41-50 3 100 100 100 
51-60 11 9 73 18 91 9 91 9 
61+- 3 33 67 67 33 67 33 

OBSTRUCTION 
Definite 

21-30 8 88 12 100 100 
31-40 9 22 78 78 22 89 11 
41-50 35 11 83 6 74 26 86 14 
51-60 52 4 67 29 63 37 73 27 
61+ 49 2 33 65 35 65 53 47 

Dominant 
21-30 
31-40 1 100 100 100 
41-50 6 83 17 33 67 67 33 
51-60 l3 8 46 46 31 69 62 38 
61-f- 10 50 50 50 50 50 50 

II 
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TABLE III-Il - PREVALENCE 7. OF SMOKERS IN EACH PULMONARY FUNCTION PROFILE BY DECADE. 

PULMONARY DECADES No. SMOKERS EX-SMOKERS FUNCTION Subj. 0 1-10 11-20 21 .... Total 1-10 11-20 21 .... PROFILES yrs 

NORMAL 21-30 54 15 4 28 53 85 2 2 7 31-40 93 16 7 22 55 84 1 2 6 41-50 102 9 6 18 67 91 2 1 6 51-60 87 6 10 23 61 94 2 2 9 61+ 71 14 14 21 51 86 8 3 15 Total 407 12 8 22 58 88 3 2 9 

UNDIFFER. 21-30 28 25 4 14 57 75 
31-40 45 9 7 15 69 91 2 9 41-50 59 8 12 24 56 92 3 2 10 51-60 72 4 8 25 63 96 1 18 61+ 82 5 16 24 55 95 4 7 Total 286 8 10 22 59 92 1 2 10 

RESTRICTION 
Definite 21-30 17 24 24 4 47 76 18 31-40 23 26 9 17 48 74 4 13 41-50 29 7 14 28 51 93 3 3 14 51-60 33 24 6 21 48 76 3 3 18 61+ 18 22 6 33 39 78 6 6 Total 120 20 11 22 48 80 2 3 14 

Dominant 21-30 3 33 33 34 100 
31-40 3 33 67 100 33 
41-50 2 50 50 100 
51-60 Il 18 10 36 36 82 18 10 61+ 3 67 33 33 
Total 22 23 18 18 41 77 5 9 5 

OBSTRUCTION 
Defini te 21-30 7 14 14 72 86 

31-40 9 100 100 
41-50 35 3 26 71 100 6 51-60 52 10 2 12 76 90 8 61+ 46 9 26 65 100 2 ~ 13 
Total 149 4 4 19 73 96 1 8 

Dominant 21-30 
31-40 1 100 100 
41-50 5 20 20 60 100 20 20 51-60 12 8 8 17 67 92 17 61+ -9 Il 22 67 89 22 Total 27 7 7 19 67 93 4 19 

TOTAL 1011 11 9 21 59 89 2 2 10 

Total 

Il 
9 
9 

13 
26 
14 

11 
15 
19 
11 
13 

18 
17 
20 
24 
12 
19 

33 

28 

19 

6 
8 

15 
9 

40 
17 
22 
23 

14 

.li , , 
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TAULE III - 12 - ASSOCIATlO.'IS D&'tI.'EE!1 ATtiOSPUERIC POLLUTION (DUST. ClCAlIE17CS) ANt BIOLOGICAL PAMliETERS OF IltALTlI (PUlJIo.'\ARY FU::CTlo.'l. X-RAYS AI:D Si't'J>To.'1S) 
SUBJECTS CROUPED ny DECADES 

ECADES DUST Il CIG. StBJ. . NOR.'IAL U:;DIFFERENTIATED 'llESTRICTIVE OBSTRUCTIVE 
"'5 d.y. JDAY 

DEFINITE 1 DO:IINAIlT '1 DEFINlTE 1 DOm::A.'1T No X-RAYS SYllP"COMS X-RAYS SYIll'TmIS X-RAYS SY.'IPTONS X-RAYS SYMI'TOHS X-RAYS SYl1PTo.,:S X-P..\YS. SYHr.o.'IS 
No 510 PC SIO C P CP Br :10 SIO PC SIO C P CP Br No 510 PC SIO C P CP Br No 510 PC SIO C P CP Br .;10 SIO PC SIO C P CP Br IliO SIO PC SIO C P CP Br 

&PC &PC &PC APC 1 • &PC &PC 
1 

21-30 -200 0 20 8 131 8 3 J 3 3 .. li -1-10 10 3 2 4 3 1 111 -11-20 29 19 883 1 7 2 8 4 J 3 2 1 2 - -21+ 49 24 13 13 10 3 12 8 6 4 3 8 J 1 - 5 4 2 J l -
200t 0 -

1-10 -
11-20 -
2h -

: 31-40 -200 0 25 15 1 JI 3 1 1 4 6 1. ' 1 2 1 - - -1-10 15 8 2 3 4 1 2 2 1 l - -11-20 42 24 . 2 3 9 13 8 2 11 1 6 8 S 3 5 1 24 JI 1 1 1 1 1 -21+ 86 41 1 2 . 22 19 16 5 27 1 2 14 12 9 1 10 3 S l 1 - 7 1 8 JI JI l 1 l 
200 .. 0 - - - - - - -1-10 1 1 1 - - - - -11-20 3 2 1 332 - - - 1 -21i 2 2 l l l - - - - -

41-50 -200 0 15 8 1 5 1 3 3 3 31 2 1 - - -1-10 26 6 1 3 1 1 2 13 2 2 242 3 laI l 1 3 233 a 3 -11-20 55 25 1 3 13 la 8 2 14 2 1 8 S 3 4 ' 9 1 3 3 1 3 - 6 1 8 4 4 2 1 1 Z 1 l 21+ 103 48 3 5 2 31 22 19 8 24 2 2 12 9 8 S lu 1 S 4 4 3 - 19 3 18 13 la S 1 1,1 l 1 200+ 0 1 1 l - - - -1-10 3 2 Z 1 
, - - - -11-20 10 3 332 1 1 l 2 1 1 - ,3 l 1 1 1 1 l 21 .. 16 8 2 8 3 5 1 4 1 222 l 1 . -
1

2 1 222 l 1 1 
51-60 -200 0 21 4 1 2 2 Il l 2 2 1 1 7 1 1 i 2 l l l 6 2 2 3 Z -1-10 23 11 1 2 1 6 3 J 1 S 2 1 Il 2 Il JI 3 1 1 2 1 1 1 l 1 1 1 l 11-20 50 14 1 3 ? 5 4 J 21 1 5 124984 4 1 121 1 3 1 7 1 6 2 2 2 1 1 1 21. 109 38 9 1· 26 20 18 6 31 6 4 2 la Il 6 ? 8 421 1 2 l Z l 1 24 3 8, 16 13 Il 6 6 1 43' l 200 .. 0 3 - 2 1 1 1 1 1 1 Z 1 1 - - -1-10 9 6 1 1 S 3 Il 2 1 1 2 1 1 - li -11-20 21 6 4 5 4 3 6 1 4 Il 3 3 1 1 l l 1 l l l 2 2 4 J 3 :1 1 l l l 21+ 32 9 1 1 ? 6 S 4 9 3 1 ? ? 8 7 1 S S 3 3 - 1 1 431 4 1 1 1 l l l 
~1. -200 0 15 7 2 '3 3 2 4 2 1 1 1 1 1 3 1 2 1 1 1 1 1-10 16 9 1 1 3 4 1 l 7 1 2 8 2 3 1 1 1 1 - ,1 1 1 1 1 l -11-20 44 16 3 1 9 la ? 2 16 2 4 1 12 12 8 {: 5 1 3 3 2 2 - 1 7 4 J 4 3 -21 .. 70 23 1 9 3 H 14 13 ? 26 2 4 1 18 9 ? ? 6 1 2 4 3 3 1 - 113 1 1 1 la la 9 7 2 1 1 Z, , 

200? 0 7 3 1 1 l 1 2 1 1 1 3 1 1 1 1 - -1-10 15 3 2 1 2 1 10 3 2 2 9 8 8 S - - 1 2 1 1 1 1 11-20 25 5 2 3 3 2 2 8 2 4 2 1 S S 2 - 1 , l l l 8 1 1 ? ? ? 1/ 3 2 l 21+ 33 7 1 1 S 4 4 4 12 1 4 3 8 4 3 S 1 l Z l Z - 11 1 2 5 S S 4 3 2 2 " 2 1 

..... 
...... 
o 


