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OBJECTIVES

The main objectives of the investigation were to

study the prevalence of non-specific respiratory symptoms

in workers engaged in asbestos mining and processing, to

assess lung function and radiological changes in these

workers, and, particularly, to study the relationship
..

between concentration of airborne dust, length of exposure

and total exposure on one, and pulmonary impairment on the,

other side.

STUDY SITES AND POPULATION

Two asbestos (chrysot~l~) mines, two factories pro­

ducing asbestos' - 'cement products and one factory manu-

facturing asbestos - textiles an~.frictioQ materials were

studied.

A total of 1242 asbestos workers were examined as well

as a control group of 1950 workers (80l men and 1149 women)

with no know~xposure to asbestos and matching the study

group in age and sex distribution and socioeconomic sta-

tus. The ages of the asbestos workers were in the range

16-59 years, and their duration of exposure to asbestos

1-21 years.

The following typical operations were identified for

th~ purpose of asbestos fibre and total dust sampling and

assessment"of total exposures of workers:



Mines

mining

eJrilling

sorting

transportation

separation

crushing

milling, drying,'screening

packing
",

2

)

Asbestos - cement produ~tion

pipes

storing

mixing

pipe forming

pipe finish.ing

plates

storing

mixing·

", pIa te forming
;,

plate finishing.,

"I

millboard

mixing' ,

finishing

packing

Asbestos textile and friction material production

·textile' fr±ot±on; p~dducts asbestos tapes
, ,

fibre preparation mixing, coating,
extruding

pressing

( spinning forming, pressing, c.utting
baking --------

twisting cutting, drilling
~

weaving

finish-1~g

--
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Evaluation of exposure

Airborne par~icles were collected on millipore AA

(ilters (37 mm, 0.8 um pore size) by means or personal

.samplers (Casella, London) with millipore field monitors

as sampling heads, at the flow rate 1.2. - 2.0 l/min.

Personal samplers ~ere fixed on the working clothes

at ,the breathing zone whenever they did not interfere wi~h

the regular activities of the worker .. These workers were

randoml, selected at each typical working operation. Where.

the personal sampler could interfere with the work or it

was considered likely that the sample could be damaged,

the technicians - surveyors followed the worker holding
the sampling head of the personal sampler as close as

possible to his breathing zone.
,/

The number of samples collected at a typical operation

'depended on the variations of the concentrations during

work shift and duration of collection of individual sam-

ples which, in turn, was dependent on the dust levil.

Depending on the dust level, the sampl,~ were ,collected

through period~ from 1 minute to 3 hours. Sampling w~s

performed in toe· course of all the work shifts in the

seasons winter/early spring and summer/early fall. It was

planned to carry out sampling in all the four seasons of

the year, but testing the difference between .•variances of

concentrations obtained in various seasons did not give
J

'more significant dispersions of results between than

within seasons. It was therefore decided to carry out the
" .
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airborne dust samplin~ throtigh two' seasons of the year at

the site of each typiciL operation.

A total of 2116 sam~les were collect~d.

In order to coll_ct samples of optimal dust' density,

the sample wa~ checked tn the course of sampling w~t~ a

magnifying glass~under a simultaneous horizontal ill~m1-

q~tion with a strong p~ket torch. In such a way samples

with dust density suitable for counting were obtained in..
the majority of cases.

Fibre~ were sized and counted at 400 magnification,

using phase contrast illumination, with sample mounted in

high viscosity/solution of membrane filter material.
1~

Dimethyl phthalate and diethyl oxalate (1:1) were used as

mounting chemicals. Clean ,filter material was added to

reach the describ~d viscosity. F~bres greater than 5 pm

in length, with maximum diameter 3 pm, were counted using

a calibrated Porton reti~le. Only fibres wit~ an aspect

ratio greater than or equal to 3:1 were counted.

Total pariicles and fibres were counted simultane-

ously on the same sample.

Count concentrations were calculated in the usual

sta.ndard way on the "basis of the number of particles or

fibres within the Porton reticle, the area surface of the

. reticle, the. surface ar~a of the dust sample, and the
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volume of air from which the sample was separated. A

calculation sheet is presented as Annex I.

The daily weighted ~xposures to total particles and,

separately, fibres were calculated in the usual way on
.: .

the basis of mean concentrations measured during typical,
work cycles and ~he corresponding duration of exposures

to ~hese concentrations. All work shifts in both seasons

of the year were treated in the same way, and the final
-.,.'

characteristic exposure~at a typical operation was

d'escribed by the mean of all the weighted daily exposures.

A complete wo~k histor~ was obtained for each worker,
"

'including his/her length of stay at'each work place since
J

the beginning of his/her employment. On the basis of these

elements and the weighted daily exposures assessed for

each typical operation, the total exposure of each worker

was calvulated as the sum of the products of the time spent

at an operation and the corresponding weighted exposure.

Respiratory Symptoms

Information on chronic respiratory sumptoms and

smoking habits was recorded by a modified form of the

British Medical Research Council questionnaire. Data were

obtained by the interview m~thod, .in a standardized way,

without suggestive 'additional questions. In addition to

questions on respiratory symptoms (cough, expectoration,
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dispnoea~ wheezing and nasal c~tarrh), the questionnaire

contained questions on d~talled occupational history, past

illness ~nd some clinical findings (clubbed. finge~s,

bronchial ronGhi, wart~ ~n·the skin). Special attention

wa$ p~~d to chest illness in the last three y~ars precee­

ding the survey. The questionnaire is presented in Annex' II .

. ~... '

Definitions

Chronic cough and/or phlegm: cough and/or phlegm pro­
~

ductlon on most days for'at least three months per'year.

Chronic bronchi tis:· cough and phlegm on most days for

a minimum of three months in the year and 'for not less
"

than two successive years;

Dyspoea grades: 3 - shortness of breath when walking
- I

with other people at an ordinary pace on the level; grade

4 - shortness of breath w"hen walking at own pace on the

level.

Lung Function Testing
-',

Pulmonary function testing included measurement of,

ventilatory capacit~

From the. 'f;arced expiratory spirogram recorded with a

spirometer (Pulmonor, Jones Medica} Instrument Company),

the forced vital capacity (FVC) and the one-second forced
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ex~fratory vol~me (FEVI~ were obtained and the r~tio

FE~l/FVC~ was'calculated .

•~ Maximum expiratory flow-volume (MEFV) curves were

recorded with a "portable flow-volume spirometer (Peters,

Mead and Van Ganse, 196i). The maximum flow rates at 501

and the last 25" ~f the 'control vi tal capaci ty (MEF50l,

MEF25~) and peak expiratory flow (PEF) were read from these

curves. Three forced expiratory spirograms and three MEFV
~

curves were reco~ded for each sUbject, and the mean of the

two highest values was us~das the result ot the test.

Normal values
II

FVC and FEVI were compared with predicte~ normal va­

lues of Morris, Koski and Johnson (1971). PEF, MEF50% and

MEF25" were compared with the normal values of Cherniack

and Raber (1972) ..

-X-ray survey

Radiological evaluation of the respiratory tract was

made on the basis of one,x-ray of the thorax in the

posterior anterior projection, usIng the standard techni-,
que. As the 'x-rays were taken in the field, employing

x-ray equipment available on the spot, the equipment was

not of exactiy the same type or model. However, the same

batch of films and chemicals were used, and identical

developing techniques ap~lied. Sanix-5 films (35.6 x 35.6 ern)
,

tif t~e Fotokemika Co., Zagreb, w~re used. X-~ay exposures

I,

"
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were made at 80-85 kilovolts and 15-20 milliamperseconds.

Develop~ng was performe~ at 200 C through 7 minutes.

As equipment available in the field was not of high
. I

-quality at some sites, tne focus-film distanoe of at least

180 cm could not always be achieved. As a consequence,

magnifying of al~ anatomical structures and ~athological

details resulted in some. x-ray films.

'.:>

The films were ~ead by three independent readers

(one from the c9untry, two from England) using the full

ILO/UC classification of radiographs of pneumoconioses

(ILO, 1971).
II

Asbestos bodies

Asbestos bodies'were ide~tified in smears prepared

from workers' puta on standard microscope slides. Slides
-, '

were dried, dehydrated in alcohol and put in DPX. Three

hundred fields were scanned at 80mangification, whereupon

everybody suspected to be an asbestos body was checked

at 320 and 800 magnifications.

Phase contrast illu~ination was used by means of a

microscope "Carl Zeiss-Opton".

Statistical analysis

,
Regressiori in~ correlation analyses were' mainly used.

Graded radiological changes and changes in lung function

tests were treated as continuous variablesan~ regressed
.

on ,the exposure indices (years of exposure, weighted
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total exposure in fibre-years and total particle-years)

and age.

All the statistical analyses have been done using the

MINITAB statistical package (except the Shapiro-Wilks

te~~s for normality of distribution Gf residual variations)
.. .' .~ ...
a~~he Clinical Research Center, Harrow,U.K. (Dr.Charles

E.Ro~siter). The ~istog~ams, analyses etc. are presented

in four Annexes as produced by MINITAB, with annotations

added.

RES U L T S

•
• t "

RESPIRATORY SYMPTOMS AND. SIGNS

Symptoms and signs of a total of 1146 asbestos

workers (897 males and 245 females) have been analysed.

The results are presented in the Annex III, pp. 2-33.

Distribution of basic data, exposure indic~s and symptoms

Distribution histograms of age and smoking habit are

presented on page 2 of the Annex III. Distributions of

workers among the five plants studied and the distribution

histograms of durations of exposure to asbestos, year~

when first emp~oyed in plant, fibre-years and total

particle-years of exposure are shown on pages 3 and 4.

The distributions of ~he presence or absence of

chronic cough, chronic phlegm, chronic bronchitis,
.. p.'

asbestos bodies in the sputum and dyspnoea of various
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grades are presented on page 5.

Average exp_~~ure indices for groups without and with

symptoms or signs

. The tables on pages 6-8 illustrate the re~at10nships

be~ween abs~nce or pres~nce of chronic cough, chronic phlegm,

chronic bronchitis, asbestos bodies and dyspnoea of various
..

grades, and mean age, duration of exposure to asbestos',

, fibre-years and total particle years, for each symptom or

sign, .9leparately for mares and" females and combined.

Both male and female asbestos workers with cough,

phlegm or bronchitis we~e olde~ compared to those without
I

the symptoms, and they ~had all the mean exposure indices
, ,

higher (duration of exposure, asbestos fibre-years and

total particle-years). Increasing dyspnoea grades were

related to increasing mean age, but not to exposure indi­

ces except for part1cle-~ears.·

Prevalence of symptoms and signs by age and exposure groups

In order to calculate the prevalences of symptoms and

signs in different age groups and exposure groups, the

indices of age, duration of exposure, and total exposure,
,

expressed in asbestos fibr.e-years and total particle-years,

have been re-grouped as shown on page 9.

Prevalences of cough, phlegm, bronchitis, asbestos

.bodi~s and dyspnoea (3+) by age (5 age group~: 15-64 y~ars),

years of exposure (6 groups: 1 to 20 years), fibre-years

(7 groups: 5 to 160 fibre-years), total particle-years

(7 groups: 500 to 16000 particle-years), sepa~ately for
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male non-smokers and smokers, and female non-s~okers and

smokers, and combined, are presented on pages 10-13. Pre~

';
valences are expressed as proportions of positive findings.

The prevalen,Qes of all the re,apiratory symptoms incre-
,',

'ase steadily, wi th age both in· noq-smokers and smokers

(page 10). The prevalences are higher in smokers than in

non-smokers. The ·pa ttern of dependence' of the prevalence

on age is similar in non-smoking men and women; the number

of female smokers was small. The prevalence of asbestos

bodies is not related to age.

The patterns of prevalences related to years of

exposure to asbestos (page 11) are similar, to those rela~

ted to age except for phlegm and bronchitis· in non-smoking
.f

~

men which are hardly related to duration of exposure. The

prevalences of dyspnoea ,in both men and women smokers are

related to duration of exposure while those in non-smokers

are mu~h less.

The relationships between the prevalences of respira-

tor~ symptoms and indices of exp6sure level (fibre-years

and total particle-years) are less well pronouriced, parti-

cularly for separ~te groups of men and women, smokerS and

non-smokers ,pages 12 and 13).

Relation between symptoms and age, exposure duration and
i

exposure indices by sex and smoking habit
~,

The exposure indices have been transPorm~d into

logarithms (to base 10).; Distribution histograms of the

transformed indices (duration of exposure, fi~re-years
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and total particle-years) are presented~onpage 14.

On pages 15-33, the presence or absence of chronic

cough, chronic phlegm, chronic bronchitis, asbestos bodies,

dyspnoea grade 3 and dy~pnoea grades 4 or above is related

to age, duration of exposure, fi~re-years and total parti-

. c1e-years for male non-smokers, female non-smokers, male

smokers and female smokers.

As expected, cough is most significantly related to

smoking .,.habi t and age (page 15). It is related to duration ., -- -- ---­

of e~posure in a similar way· (page 16). Women had higher

total exposure (fibre-years and total particle-years) than

men although they were younger and had shorter average du-

ra tion of exposlJre" (pages 17 'and 18).

Phlegm is also most significantly related to age and '

smoking habit (page 19). It is approximately well related

to duration of exposure (page 20) and particle-years

(page 22); the relation to fibre-years is less significant

(page 21).

Chronic bronchitis is,.~f course, related to smoking

habit and age (page 23). The relations to duration of

exposure (page 24) and particle-years (page 26) ar~ similar.

Asbestos bodies are not related to either age (page 27),

or d~ration of exposure (page 21) and total particle-years

(page 33) and, to a lesser degree, fibre-years (pa~e 32);

Summary of main fihdings

1. Each symptom ·analysed was more common in males

than in females and in smokers than in non-smokers.
~.
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2. ~mong non-smokers, th&:relations of chronic cough,

chronic phlegm, chronic bronchitis and dyspnoea grade 3 or

grades~ 4+ were similar for the two sexes.

·3. Asbestos bodies ~ere recorded in 41 of the 897 men. "

4. Chronic cough was most significantly related to
.;

smoking habit and age, t~ a lesser degree to duration of

expos,uz:oe, and ·,least to fibre-years and particle-years.

5. Chronic phlegm was most significantly related to
.

smoking habit and age. The relations to duration of

exposure and total particle-years were equal.

6. The pattern of the dependence of chronic bronchitis

on smoking habit, age and exposure indices was similar to

that of chronic phlegm. Chronic bronchitis was most signi­. ,
or

ficantly related to smoking habit and age, with duration

of exposure and particle-yea~s following an approximately

~qual level of significance.

7. Dyspnoea (grades 3 and 4 +, resp.) was ~ost signi-

ficantly related to smoking habits and age, followed by

duration of exposure and,total particle-years, and, to a

lesser degree, fibre-yearS:~

8. All the symptoms were founp much less related to

asbestos fibre-years than .to total particle-years.

9. Asbestos bodiea were not at all related t~ age,

duration of exposure or either of the two indices of

total exposure level.

10. Excluding those fbr asbestos bodies, the relations

of respiratory symptom~ to tpe indices of asbestos or total

particle exposures accounted for additional variation in

. '



14

tbeir prevalence compa~ed to that accounted for by sex

or smoking.

LUNG FUNCTION TESTING

PREDICTION EQUATIONS

The control group consisted of 801 men and 1145 women
..

with no known occupati~nal exposure to asbestos or any

ot~e~ dust. Subjects with respirato~y symptoms (cough,

phlegm~ bronchitis, dyspnoea) were. excluqed. Subjects in

the age r~nge 2§~64 years'were included in the arialysis.
" .

Thus the analyses were performed .on data collected in 518~

men and 861 women.

,The regressipn analyses were done, for each, sex, for

FVC,. FEVl , Peakflow, MEF50% and MEF25~ on

~e and Heigh1;.
,',

Age, Height and Cigarettes smoked per day
,

Age, Height, Cigarettes, and their 3 interactions

Age and Height for non-smokers and smokers separately

Age and Height (non-smokers) and Age, Height and

Cigarettes/day (smokers)

The extent to which each extra term in the equations

added to the precision of the prediction was the basis for
..\

the selection of the' regression equation to be used for the

prediction of expected "normal" lung function for the

asbestos workers.

The results are presented in the Annex IV.
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For each lung function test the distribution of re­

siduals is shown; the probabilities have been calculated

from the Shapiro and Wilks test for the normality .

......

Forced vital capacity

A satisfactory fits were obtained by the regression'

on age and hetght alone. None of the other regression
.,

equations fitted significantly better. The results .are

~shown'on pages '3 and 4 Of the Annex IV.

~.

The prediction equations for ~en and women, repre-

ctively, are as follows (FVC in litres, age in years,

height in metres):

FVC (men) = 4.626 - 0.0325 age + 6.17 height.,
FVC (women) = 2.832 - 0.0224 age + 4.50 height

Forced expiratory volume in one second

The forced expir,ator'y ,volume was found to signifi­

cantly depend' on smoking in addi tion to age and height.

A single relation to age and height was found acceptable

for smokers and non-smok~rs. The results of statistical

analyses are shown on pages 5 and 6 of the Annex IV .

. The prediction equations are as follows (smoking

in oigarettes/day):

FEV1(men) = -2.647 - 0.0351 age + 4.51 height­

- 0.00307(smoking),
FEV1(women)= -1.516 - 0.0275 age + 3.40 height­

0.00244 (smoking)

, .

\

-.
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Peakflow

The regressions of peakflow values on independent

variab~es were· not sa tisfactory. This is best shown by

the distribution of resiguals after fitting the best

regression lines and confirmed by the normal plots and the

Shapiro-Wilks test for the normality of distributions of

residuals· (fo~ men~ page 7 ,. for women page 8).

The data were reanalysed after transforming the ori-

ginal peakflow values to logarithms (pages 9 and.lO).

This removed much of the skewness but did not give a sa-

tisfactory distribution of residuals\f~r women (distri-

bution and Shapiro-Wilks test on page 10).

A comiined regression equation for smokers and

non-smokers fitted neither the male data nor femal~ data

satisfactorily, separate regressions were therefore fitted

for smokers and non-smokers. The following are the best·

fi t regression' equations (peakflow in Ii tres /min) :

men non-smokers log e (peakflow) £ 2.108-0.00311 age +

+ 0.022 height

men smokers 10g~. (peakflow) = 0.321 - 0.00168 age +

+ 1.038 height

women non-smokers log e (peakflow) = 0.934 - 0.00409 age +

+ 0.631 height

women smokers log e (peakflow) = 0.848 - 0.00040 age +

+ 0.627 height

Maximum expiratory flowa~ 501 v~tal capacity

A single regression equation for smokers and

non-smokers did not describe the results
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satisfactorily; therefore, separate equations for smokers

an~.non-smokers had to be developed. In addition, smoking

(cigarettes I day) had to be inc luded as a pre'dictor vari­

able for men smokers (p~ges 11 and 12).

The following are the best fit regression equations:

. men non-smokers
.,

men s'mokers

women non-smokers

women smokers

MEF50% = 2.61 - 0.0307 age + 2.65

height

ME.F50% = -9.05 - 0.0508 age + 10.03

height 0.03068 smoking

MEF50% = 1. 35 - 0.0282 age + 2.917

height

MEF50~ = 5.30 - 0.0542 ag~ + 1. 032

height

Maximum expiratory flow at 25~ of vital capacity

The regressions of MEF25% values on the independent

variables were not satisfactorily. This is shown by the

distributions of residuals after fitting the b~st regre-

ssion lines and confirmed by the normal plots and the

Shapiro-Wilks test for normality of distributions.of re­

_siduals (pages 13 and,l4).

The data were reanalysed after transforming the
, ~

MEF25% values into natural lqgarithms (pages 15 and 16).
" I~"":f.

The residuals were satisfactbrily normally distributed.

Single regression equations for fitting the data OQ smo­

kers ad non-smokers,::'did not prove satisfactory; separa.te

equations were therefore developed for smokers and, . ":, <;. t
non-smokers. For men smokers, ·i t .was found necessary to

include smoking(~ig~r~ttes/day)as an independent vari-

"" ~ -..,.
"':'- -!.



men smokers

men non-smokers
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able. . '

The following are the best fit regression equations:

log e (MEF25%) = 0.486 - 0.01796 age +

+ 0.552 height

iog e (MEF25%) =", -0.02563 age + 1. 642

height ~ 0.00453 smoking

women non-smokers' log e (MEF25%) = 0.401 - 0.02269 age +

women smokers

, '

+ 0.720 height

log e (MEF25%) = 0.754 - 0.02652' age +

+ 0.540 height

BASIC DATA ON ASBESTOS WORKERS AND 'EXPOSURES

Out of 1233 subjects exposed to asbestos, 1126
(888 men and 238 women) underwent lung function testing.

The ,resul tsare presented in Annex V, pages 2-63.

Distribution histograms of age and smoking habits are

shown on page 2 of the Annex V. Distributions of workers

among the plants s~udied and the distribution histograms

of duration of exposure"years first employed in plant,

fibre-years and total particle-years of exposure are shown

on pages 3 and 4.

PREDICTIONS OF NORMAL LUNG FUNCTION VALUES IN STUDY GROUP

Predicted values of forced vital capacity (FVC.P),

forced expiratory volumen·in one second (FEV1.P), peakflow

(log e peakflows : LPFL~.P), maximum expiratory flow at

~O% vi tal capacity (MEF50%. P). and maximum expiratory flow

at 25% vital capacity (log e MEF25% : LMEF25%.P) were

calculated for each asbestos worker using the prediction

equations developed from data on the control groups
(pages 6-8 'of this Annex).

In addition, predicted values of FVC and FEV1

-,



·.'

19

(FVC.PR, FEV1.PR) were estimated ~rom nomograms developed

by Morris, Koski and Johnson (1971) and C.E.C.A. (1971).
. ·f:

Prediction relations proposed by Cherniak and Raber (1972)

were used to estimate the predicted normal values of peak­

flow, MEF5~ and MEF25% (PFLW.PR, MEF5~.PR, MEF25%.PR}

for all the asbestos workers.

The relations between the predicted values calculated

by means of the prediction equations developed from data

on the control groups (~ndices of lung function P) and

, those derived' on the basis of published information (indi­

ces of lung function PR), a&'well as the corresponding

correl'ation, coeffic'ilents, are presented on pages 5-110f

~ ~~he Annex V. Practically all the correlations were satis­

factory.
"

Comparing the results of the analys~s based on the

prediction equations developed,on control data and those

based on the ptlblished equations, the former yielded

somewhat better relations Q~,indices of lung function de-
J

ficit expressed as differences (lung function test.

D = lung function value m~asured - lung function value

predicted) to (asbestos) dust exposure. For the statisti-

cally less satisfactory ratio indices (lung function

test.R = lung function value measured/lung function value

predicted%) the fits were about equal. Only for peakflow

the pUblished relations proved to yield slightly better

fits, but these results were not considered reliable enough

because of the considerable number of subjects both in the

control and study group who failed to do thepeakflow test.

For all the above reasons,. only the results based on

the prediction equations. developed from the data on the

qontrol groups are' shown on pages 12-63 of Annex V.'. '

r'
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CORRELATIONS BETWEEN LUNG FUNCTION DEFICIT AND

INDEPENDENT VARIABLES

Correlations between the indices of lung function

deficit and age, height, duration of exposure, fibre-years,

total particle~years and" smoking, respectively, are pre-
.

ceded in two tab~es on page 12, separately for male and

.femaie asbestos workers.

The highest correlation between an index of lung

function deficit and an exposure index was found for the

duration of ex~osure (of the order of 0.2), similar io

correlation between the indices of lung function deficit

and age. The correlations with asbestos fibre-years and

total particle-years were much lower, rarely exceeding

0.1.

DISTRIBUTIONS OF INDICES OF LUNG FUNCTION DEFICIT

Histograms distributin~ distributions of the 12 indi-

ces of lung function deficit (FVC.D, FEV1.~~PFLW.D,

MEF50.D, LMEF25.D, PFLW.D, MEF25.D; FVC.R, FEV1~R, PFW.R,

MEF50.R,MEF25.R), separately for male and female asbestos

workers, are on pages.13-21 of the Annex V.

Taking into sccount that the expected n-ermal values

of the "difference" indices (D) is zero, and that negative

values indicate lung function values poorer than normal,

the distributions of all the indices, for both men and

women without exception, show that asbestos workers had
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lowered lung function ..

The expected normal value of the "ratio" indices (.R)

being 10~ and lower values indicating p~orer lung function

than p~rmal, the distributions of .all the indices, for

both men and wo.men, also show that asbestos workers had

lowered values of all the l~ng function indices measured.

REGRESSION ANALYSES

Regression analyses were performed of each index of

lung function deficit on years of exposure (first regre­

ssion) and on exposure years plus any other independent

variable for which the pa~tial regression coefficient was

significant~y different from zero (second regression).

The results of the regression a~alyses, together

with histograms showing the distributions of residual

variations about the regressibnlines, are shown on pages

23-63 of the Annex V.

Regression analysis for FVC.D

In addition to exposure years, only the parti~l re­

gressi6n coefficient for h~ight in men (pages 23,2~) and

for age in women (pages 46,47) were significant. The first

·and second regression equations were as follows:

men FVC.D = -0.169 - 0.0135 exposure years

FVC.D = 1.13 - 0.0145 exposure years ­

- 0.7430 height



Women- FVC.D. = 0.323 ~ 0.016 exposure years
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men

FVC.D - - 0.605 - 0.0292 exposure years +

+ ,0.0116 age.

Distribution of residuals were satisfactory.

Regression analysis for FEV1.D

In'-addi tion 'to exposure years, the partial regression

coefficients for age, height and smoking in men (pages

2~,26) and none for women {page 48} were significantly

different from zero. The first and se~ond regression

equations, respectively, were as follows:

FEV1.D = -0.0664 - 0.0175.exposure years

FEV1.D = 1.88 - 0.0124 exposure years - 0.0061 age ­

- 0.991 height - 0.0039 smoking

women FEV1.D = -0.373 - 0.0099 exposure years

The distributions of residuals were acceptable.

Regression analysis for' LPFLW. D.

The residual variatioQ~ about the regression line

were not normally distributed. The linear regression ana-

lyses applied were not satisfactory (pages 27,28,49,50).

Regression analysis for MEF50.D

In addition to exposure years, the partial regr~ssion

coefficients for age, height and smoking for men (pages

29, 30), while none for women (page 51) were 'significantly

'different from zero. The first and second regression

equations, respectively, were as follows:
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men MEF50~D = -1.30 ~ 0,04223 exposure years

MEF50.D = 10.6 - 0.0223 exposure years - 0.0204
age ~ 6.22 height ~ O~0406 ~moking

women."MEF50.D = 1.50 + 0.0148 exposure years

Regression analysis for LMEF25.D

The partial ~egression coefficients for- age, height

and smoking for men (pages 31,32), while more for women

(page 5~), were significant. The following were the first

and second regression equations, respectively:

men LMEF25.D = -0.266 - 0.0127 exposure years

LMEF25.D = 0.939 - 0.0056 exposure years - 0.0065

ag~ - 0.534 height - 0.0081

smoking

women LMEF25.D = -0.535' - 0.0113 exposure years

"

The distributin of residual variations was good for

the first regression for men; not so for the other

equations.

Regression analysis for PFLW.D

In addition to those for exposure years, the partial

regression coefficients f.orage, height and, smoking for

both men and women were significantly different from zero

(pages~33,34 and 53,54 resp.). The first and second re-

gression equations for men were the following:

PFLW.D = -2.44 - 0.0135 exposure years

PFLW.D = 3.44 - 0.0017 exposure years - 0.0138 age ­

- 3.03 h~ight - 0.0145 smoking
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The distributions of residual variations about the

regression lines for women were not normal.

Regression analysis for MEF25.D

...
The distributions of residuals about the regression

lines were not normal.

Regression analysis for ~VC.R

The partial regression coefficients for age for women
~

was significantly different from zero. The distribution of

residual variations about the regression lines were normal.

The regression equations were as follows (pages 37 and 57, 58):

men FVC.R = 97.0

women FVC.R = 92.4

FVC.R = 86.6

0.326 exposure years

0.560 exposure years

0.827 exposure years + 0.239 age

Regression analysis for FEVl.R

In addition to those f6r exposure years, the partial

regression coefficients for age, height and smoking. for men

(pages 38, 39), while none for women (page 59), were signi-

ficant. The following were the first and second regressions:

women FEVl.R = 84.4'- 0.501 exposure years

The distribution of residuals were satisfactory.
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Regression analysis for PFL~.R

The partial regression coefficients for age and

smoking ','were significantly different from zero for men

(pages 40,41) and women (pages 60,61), but the residual

variations about regression for wo,en were not normally

distri buted. The -first and second regressions for men were

as follows:

PFLW.R = 69.2 - 0.266 exposure years

PFLW.R = 11.8 0.0160 exposure years - 0.228 age ­

- 0.-146 smoking

Regression analysis for MEF50.R

The coefficients for age, height and smoking for men

were significantly different from zero. The distribution

of residual variations about regression for women (page 62)

were better than those for men (pages 42,43). The regre­

ssion equations are the following:

men MEF50.R = 81.1 - 0.873 exposure years

MEF50.R = 208.0 - 0.370 exposure years - 0.479 age ­

- 60.7 height - 0.584 smoking

women MEF50.R = 12.5 + 0.0963 exposure years

Reg~ession analysis for MEF25.R

The residual variations about regression lines were

not normally distributed indicating that the applied
I .

linear regression analyses were not satisfactory (pages

44,45 and 63).
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Summary of main findings

1. The distribution of all the indices of lung

function deficit (both the "difference" and the "ratio"

indices), for both male and female asbestos workers,

showed that asbestos workers had all the lung function

values measured lower than predicted for population

without exposure' to dust.

2. The .highest correlation between an index of lung

function deficit and an index or~~~osu~e to asbestos was

jfound for the duration ·of exposure (of the order 0.2).

3. rhe correlations between an index of lung function

deficit and asbestos fibre-years or total particle-years

were much lower, rarely exceeding 0.1.

4. In no case did asbestos fibre-years or total parti­

cle-years add significantly to the explanation of the

lung function deficit after allowing for the duration of

exposure to asbestos.

5. Smoking contributed significantly to the explana­

tion of the reduction of all indices of lung function

except FVC, even though the specific prediction equations

used contained terms for the effect of smoking. This

suggests a possible potentiating effect of smoking in the

case of asbestos fibre (or specific total dust) exposure.



27

X-RAY SURVEY

Five hundred fifty one X-rays of male and 214 of fe-.
,male asbestos workers, for whom the evaluations of total

asbestos exposure -could be made I were analysed. The resul ts

are presented in the Annex VI, pages 2-50.

Compa~ison of readers

'J'

Histograms of each reader's readings of X-ray variab-

,les and tables of the X-ray variables in te'r-rela ting rea­

dings by the three readers are presented on pages 3-28.

Results are presented of the assessment of film quality

and visibili ty of parenc,hyma; . the readings of profusion,

predominant size and second size of small opacities; the

readings of lafge opacities (no sizes B or C were found);

pleural thickening: di!fuse, plaques, width, face on,

extent, diaphragm thickening, costqphrenic angle; pleural

calcification: diaphragm, wall, other, extent.

With few exceptions, the agreement among the three

readers was acceptable.
---------~

Basic and exposure data

Histograms of age distribution, smoking hapit and

distribution among the five plants studied are shown on

page ?9. Distributions of duration of exposure to asbestos,

years when (irst employed and total exposure in asbestos

fibre-years and, total particle years are presented on pages

30 and 31.
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Representative X-ray scores

The medians of the readings of the three readers were

taken as representative and included in all the- subsequent

.analyses.

The ditr1butions of- the medians of radiographic scores

are presented on pages 32 and 33. The distributions are
, ~

shown for profusion and predominant'size of small opaci-

ties, large opacities (only one' positive case, size AI),

pleural thickening - extent, diaphragm thickening (only

one positive easel), costQphrenic angle, and. pleural

calcification - extent (only three positive cases!).

Regression of X-ray indices on age and exposure indices

The results of stepwise regress~on analyses of radio-
,

graphic indice~ on age and indices, of exposure (duration

of exposure, fibre-yesrs and total particle-years), for

male and female asbestos workers, are presented on pages

35-39.

For e~ch r~diographic index, the best fit regression

equation has ~een calculated. The distributions of resi-

dual variations about the regression are presented. Regre-

ssion coefficients are given for small opacities - profu-

sion, pleural thickenin~-extent and costophrenic angle.

The residual variations about the best regression

line are not normally distributed, indicating that the

method of regression analysis applied could not adequate-

ly describ~ the relations between the radiographic
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indices, pn~ age and indices of exposure.

Average age and exposure indices for different X-ray scores .

The relations between radiographic scores and the mean

values of age and indices of exposure to asbestos (duration
I

of exposure, asbestos fibre-years and total particle-years).
are shown on pages 40-45. The relations are shown for eight

classes of the profusion of small opacities, five classes

of the extent of pleural thickening, diaphragm thickening,

costophrenic angle and four classes of pleural thickening.

No significant conclusions can be derived from the

results obtained.

Prevalence of radiographic findings by age and exposure

Age groups and groups by duration of exposure,

fibre-years and total particle-years have been regrouped

as shown on page 64.

On page 47, the prevalences in five different age

groups are shown, for men, women and combined, of small

opacities 0/1 plus and 1/1" plus, large opacities A plus,

pleural thickening-extent right and left 1 plus, diaphragm

thickening right and left, costophrenic angle right and

left, and pleural calcification-extent right and left

1 plus. The prevalences of small opacities, pleural thic­

kening, thickening 09bostoPhrenic angle and pleural

dalci.fication show tendencies of increase with age.

The prevalencies of the, same radiographic indices
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in six groups of exposure duration, for men, women and

combined,are presented on page 48. Unlike in the case of

age, t~e prevalences of the majority of radiographic indi-

ces do not seem to be related to duration of exposure,

except for small opacities the prevalence ~f whiqh shows'

a general tendency to increase with increasing duration of

eXposure. ~

The preva~ences of radiographic indices in seven

groups of fibre-years and seven groups of total particle-

-years, respectively are shown on pages 49 and 50, respe-

ctively. Only the prevalences of small opaci~ies were

related to the indices of exposure, particular~y to total

particle-years.

Summary of main findings

1. Prevalence of small opacities of category 1/0 or

more was 10.5% (men: 13.6%) .and that of small opacities

,1/1 or more 4.7% (men 5.8%); prevalence of pleural thic­

.ken1ng of category 1 or more was 6.8 (men 8.7%); prevalen-

ce of obliteration of costophrenic angle was 3.3% (men

4.8% ).

Other radiological findings were much less frequent.

2. Linear regression analysis was not appropriate

for relating the radiographic indices to dust exposure.

3. Prevalences of practically all the radiographic.,
indices increased with age.
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4. Only the prevalences of small opacities increased

more or less consistently with duration of exposure to

asbestos, asbestos fibre-years and total particle-years.

There was no consistent pattern of the relation of

pleural thickening to indices of exposure.

FAMILY MEMBERS

It is stipulated in the plan of operation that

attempts will be made to study lung function in a group

of family members of asbestos workers who are not occupa­

iionally exposed to asbestos but who live in the vicinity

of asbestos industry or mines. Hundred-sixteen adult fa­

mily members were examined (62 men and 54 women). No

increase in the prevalence of chronic bronchitis as compa­

red with that found in other unexposed population samples

in Yugoslavia was observed. Their mean measured and pre­

dicted values of FVC, FEVl and MEF 50% are presented in

Table 1 along with the results of significance testing

of differences between the mean predicted and measured

values.

. .
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Table 1

Mean measured and predicted values of FVC, FEVl

male and female inhabitants

N FVC FEVl MEP50%

Meas- Pred,- P Meas- Pred- p, Meas- Pred- p
ured ictea ured icted ured icted

Male 40 4469 4601:> o. 05 3454 3610 :> 0.05 5.0 5.7 >0.05
~rnokers (103.8) (452.1) (932.6) (487.8) (2.3) (0.5)

Male
non 22 4937 5082''>0.05 4050 4065 >0.05 5.6 6.0 ::> 0.05
smokers 006.1 ) (514.1) (876.1 ) (475.6) (1. 8) (0.4)

Fema Ie
non 54 3181 3492<0.05 2543 2721 .> 0.05 3.8 4.5 -- 0.05<,

smokers (732.6) (505.4) (637.4) (461.9) (1. 3) (0.4)

Numbers in parentheses are standard deviations.

No slgnif~cant differences were found between the mean

predicted and measured values in male examinees irrespec-

tive of their smoking habit. The diference observed in

nonsmoking females is of doubtful significance because it

was very difficult to obtain satisfactory collaboration in

functional tests in this group and the difference is likely

to be ~he consequence of technically unsatisfactory blows,

and thus an artefact.
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RETIRED WORKERS

Twenty-five retired workers were examined. Eighty per

cen~ of them had spent more than 15 years in asbestos mi-

ning or processing. The results of their lung function

testing are presented in Table 2 as the mean difference

between their predicted and measured values, and the
, .
standard error of this difference. The results of the

t-testing of the difference between the predicted and

measured values are also presented in the Table (t-test

for· paired variables).

·Table 2

The mean differences between predicted and

measured FVC, FEV1 and MEF50% values in

retired workers (M = 25)

FVC MEF50%

d 639.6
s 499.9
t 6.39
p <'0.01

.<

332.0
428.1

3.87
<0.01

l.~

0.92

9.82
<0.01

As can be seen from Table 2, the mean values of all.
the three measured lung function tests in the group of

retired workers were significantly lower than the normal

values expected for their ages and heights (P~O.Ol).
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NEW~!'10RKERS

The plan of operations called also for lung ~unct~on

measuremen-ts in a group of new workers at the very begi-

nning of their asbestos exposure followed by periodic

repeaeed measurements in the course of the study. A group

.of 32 women in the asbestos spinning and weaving sections

in Ploce were followed thr~ugh four years. The differences

between their FVC and FEVI measured in their first and

their fourth year of employment are presented in Table 3.

Table 3

The mean differences of FVC and FEVl measurements

in the first and the fourth year of employment in·

a group of women newly employed in asbestos spi­

nning and weaving
- 't

FVC FEVI

N 32 32

d 233.8 125.6

s 265.8 296.2

t 4.97 2.39

P <:0.01 <0.05

The mean annual decline in the group of new workers

of both FVC, and' FEVl was greater then would be expected

from the prediction equatiqns.

,"'

"
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DIS C U S S ION .A N 0
I

CON C L U S ION S

A total ,of 1242' asbestos workers we're studied, emplo-

yed in two chrysotile mines, two plants producting asbes-

tos'-cement products and one plant manufacturing asbestos

textile and friction materials. In addition, a control

group of a total of 1950 subjects without significant

dust exposure were examined.

The results have been. presented in the main body of

the Report with 'details of statistical analyses in six

Annexes.

Surprisingly enough, there was more evidence of re-

lations to exposure, after allowing for smoking, for

iespiratory sumptoms than for either the lung function or

radiographic changes. Th~ prevalence of all there3pira-

tory symptoms were mo~t significantly related to smoking

habit and age, but there was also a strong relation to

duration of exposure and total particle-years, particula-

rly in the case of chronic cough and dyspnoea. As all the

sump toms were much less related to asbestos fibre-years

than to total particle-years, they are most likely the

effect of the general exposure to particles rather than

the specific exposure to asbestos fibres.

The distributions of all the indices used to express

lung function deficit (1 "difference" and 5 "ratio" indi-

ces), for both male and female asbestos workers, without

," ,
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exception showed that asbestos workers had lung function

values lower than expected for a population of.correspon­

ding sex, age, and height distribution with no significant

exposure to dust. However·, the only index of exposure which

contributed significantly to lung function red~ction was

duration of exposure and an index of lung function deficit

was of the orde~ of 0.2,· w~ile that between asbestos

fibre-years or total particle-years and an index of lung

func~ion deficit exceeded 0.1 rarely. Highly significant

lung function reduction was found in retired workers after

allowing for their age. Greater average annual decline of

lung function than expected on the basis od prediction

equations was found in the cou~se o~ the first four years

of employment in 32 newly ~mployed female workers. In

contrast, no significant differences between measured and

predicted lung function values were found in a group of

116 family members.

As to radiographic changes, prevalence of small

opacities of category od 110 or more was 10.5% and of

category III or more 4.1%, prevalence of pleural thicke­

ning of category ~ or more 6.8 % and the prevalence of

thickening of the cOstro9hrenic angle 3.3%. Other radio­

logical findingsAwere far less frequent. Prevalences of

practically all the radiographic indices increased with

age, but only the prevalences of 'small opacities showed

significant relations to duration of ~xposure, total

particle-years and asbestos fibre-years for smokers and
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non-smokers. However, even though the regression ana-

lysis suggested that th~ significant relation to the

; exposure indices are largely due to their correlation

with age. As to the pl~ur~l thickecing,after "al16wing

for smoking there ~emained a residual relation to age but

not to the indices of exposure .
...

Table 4

Prevalence of some lung function deficits, radio­

graphic indices and symptoms for smokers an~

non-smokers (males only)

Prevalence %

Index" Smokers Non-smokers
....

FVC 70% pred. 2.5 3.9

FEVI 70% pred. 6.9 5.8

Peakflow 70% pred. 63.3 48.2
'.

MEF 50 70% pred. 52.7 31.9

MEF 25 70% pred. 55.4 35.8

Small opacities 1/0 + 17.0 8.8

Small opacities 1/1 + 6.5 4.8

Pleural thickening (R~ght ) 11.1 5.7

Pleural tkickening (Left) . 9.9 6.6

"Cough 49.0 19.2

Phlegm 37.5 16.4
. ,

Bronchitis 16".1 13.8

Dyspnoea (grade 3 +) 43.2 31. 4

As has been found in many other studies of asbestos



38

workers, smoking was the most significant contribution

to health impairment, however defined, in our study too.

Table 4 shows, for males by smoking habit, the prevalences

of some respiratory symptoms, th~ proportions of sUbj~cts

with lung function test~'less than 70~ of predicted, and

the prevalences of smafl opacities 1/0 +, and the preva­

lence of pleura! thickening on the right and left. Except

for FVG, which is recognized as not being aff~cted by smo-
•

king, all indices show worse values for smokers than non-

-smokers. However, the predicted values for lung function

take into account the effect of smoking on lung function.

Therefore, the increased prevalences of low values rela­

tive to the predicted among the smokers must reflect the

additional interaction between smoking and exposure to

(asbest~s) dust. Nevertheless, the correlations between

the reduction of lung function indices and the indices

of exposure were all low and were not increased by con­

sidering compound smoking exp?sure indices. Obviously,

the form of the interaction between smoking and exposure

~ effects cannot be simply described.

Summarizing, respiratory symptoms showed most eviden­

ce of response to (asbestos) dust. Lung function and

radiographic changes, while eXisting, were much less re­

lated to exposure. There was, however, some evidence of a

harmful ~ffect of simultaneGUs smoking and exposure.
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Annex II

QUESTIONNAIRE ON RESPIRATORY SYSTEM

...

No. CATEGORY OF SUBJECT

City

1. Exposed

2. Retired

3. Family member

4. Control

Mining

Confection

En t e r pis e .

Name .......................•..

Age .

Date of interview:

Interviewer

Day Month

Sex

Year

M F

. ..:.-

RESPIRATORY SYMPTOMS

COUGH

Do you usually cough when you get up in the morning in winter? Yes No

Do you usually cough when you get up in the morning in summer? Yes No

Do you usually cough during the day ~r at night in winter? Yes No

( Do you usually cough during the day or night in summer? Yes No

Do you cough on most days for as much as 3 months each vear? Yes No

PHLEGM

Do you usually bring up phlegm when you get up in the morning
in winter? Yes No

Do you usually bring up phlegm when you get up.in the morning
in summer? Yes No

Do you usually bring up phlegm during the day or night in
winter? Yes No

Do you usually bring up phlegm during the day or night in
summer? Yes No

Do you bring up phlegm on most days for as much as 3 months
each year? Yes No
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How long have you had this cough and/or phlegm?

less than 2 years

two years or more

Have you ever coughed up blood?

BREATHLESSNESS

Yes' No

Are you ever troubled by shortness of breath, when
hurrying on the level or walking up a slight hill? Yes No

Do you get short of breath walking with other people
at an ordinary pace on the level? Yes No

Do you have to stop for breath when walking at your
own pace on the level? Yes No

Are you short of breath on washing or dressing? Yes No

WHEEZING

c

Does your chest ever sound wheezy or whistling?

• Does your chest sound wheezy occasionally apart
from cold?

Does 'your chest sound wheezy regularly during
the day or night?

Ha ve yo,u ever had a t tack of shortness of brea th?

When did you have it the first time

before 30 yrs of age

at the age of 30 or later

do you still have it

NASAL CATARRH

Do you usually hav~ a stuffy nose or catarrh in
the winter?

Do you usually have this in the summer?

Do you have this for as much as 3 months a year?

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No
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CHEST ILLNESS

During the past 3 years have you had any chest illness that
has kept you of work, indoors at home or in be1?

(

(

PAST ILLNESS

Have you had:

Bronchitis

Pneumonia

Pleurisy

Pulmonarytuberculosi5

Bronchial asthma

Other chest diseases

SMOKING HISTORY

Do you smoke?

Have you ever smoked

YWS NO Age

Yes No

Are you troubled by shortness of breath while
working in dust?

Number of cigarettes smoked daily Now Previously

At what age did you start ~egular smoking

At what age did you stop regular smoking
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OCCUPATIONAL HISTORY

Name of the industry

Number of years exposed to dust

Type of the industry

Type of the work

Asbest /asbest used fort:

textile

friction material

,,
, asbest-cernent

isolation material

\

(

Have you ever been exposed to dust, gas

and/or fumes?

Exposure duration of exposure

CLINICAL FINDINGS Yes

Clubbed fingers

Bronchial roncl1i

Warts on the skin

ANTHROPOMETRIC MEASUREMENTS

Standing height /crn/

Circumference of the chest /crn/

type of work

No




