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chosen at random (rom the population of asbestos insulators in

was
Beifast and masched with a control series of men of similar occupational group with respect

10 age, height, and smoking habit.

Significantly more of the imulators complained of cough und sputum and hud basal ruics
on examination. Clubbing wis assessed by means of measurements of the hyponychial angke
of both index fingers. These angles were significantly greater in the group of insulators,

Twenty-one insulators had x-rays which showed pleural calcification with or without
pulmonary fibrosis; one control x-ray showed pulmonary fibrosis.

The insulators had no evidence of airways obstruction but static lung volume was reduced
and their arterizl onygen tension was lower than that of the controls and their alveolur-arterial

oxygen gradient was greater.

‘There is a comsiderable body of evidence that
cxposure (o asbeston may lead to symptoms and
wgne of lung diseare (Mcrewether, 1933-4; Wyers,
1849 Williams und Hugh-Jonmes, 1960b; Leathart,
1960; Bader, Bader, Tiersicin, and Sefikoff, 1965,
Hunt, 1963; Thomson, Pelzer, and Smither, '965).
However, other factors to which asbestos workers
are exposed - cigarette smoking and atm spheric
pollution - have been shown to play an ‘mportant
part in impairing lung function. Fo' exampie,
Fletcher, Eimes, Fairbairn, and Y ood (1959)
surveyed London posimen and forud that about
one-third of them complained ~7 mild exertional
dyspnoea and between one-tiurd and one-hall gave
< history of cough and sputum for ai least three
months in the year. Thus it is likely that some of the
drabihity found in usbestos workers i unrelated 1o
exposure 10 asbest o,

"This investigaton was carned out in the Department of
Thertupeutics, Inniituse of Clincal Scunce, Grosvenor Road,
Belfast (2.

In order to avoid overestimating the harmfy!
cffects of asbestos, compurison with a contro!
population is desirable and the controls should be
matched as far as possiblc with the asbestos workers,
not only for such factors as age and height, but also
for environment and smoking habit. The use only
of controls who denied all respiratory symptoms
would be quite unsatisfactory.

In the present survey we have investigated in
detail 50 men sclected at random fr~m 4 population
of insulation workers and have compared them with
4 control serics who were closely matched for age,
height, smoking habits, and general occupational
group but who had minima! exposure 1o asbestos.

Methods

Selertion of workers

The names and addresscs of all men working as imsulators
in Northern Ireland were obtained from iheir union
(membership of which is a condition for employment).
The aames were arranged alphabetically and numbered,
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213 Wilkem F. M. Wallace and Jean H, M. Langlands

Relection was made iaing random number lables. Men
who lived outshle a mdius of about 30 miles from the
centre of Reifest were saciuded. The home of sach man
visited and an appoiniment arranged. Those
fatled 10 attend were revinited and a further affort
made 10 encourage atiendance. In order to examing
imulators, 53 men wers selected. Of the thres who
not examined, one had suffered severs
and two refused to
represented M, of
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names of wversl men whose dals of birth
your of thai of the Insulator to he matched

of Reifast Corporation em-
men were then interviewed in turn until
who maiched the imulator in height to
smoking hahit (Medical
men wicied wers then
part In the survey, the purpose
ined to them: only two refused and
the controls worked
tranaport maintenance department, aix in
department (not In the gas works itneif), one was
two were studerd laboratory techaiciane,
these men had a very similar working
nvironment (0 the insulaton apart from
to asbesios.

lavestipations
The following investigations were undertaken:

Histary snd clinics) examination The Medical Research
Council long respiratory questionnaire (1960) was used.
Rhonchi and rales were sought and rales, If present, were
graded | if confined to the axilla, and 2 if present else-
where. Biood pressure was measured and the heart
suscultated.

Clubbing Impressions were made of the distal one and a
ha!f phalanges of the two index Angers of sach man and,
from these, casts of the digits were made. Clubbing was
smemed by mwasuring the hyponychial angle on each
cast. The methods used were those described by Regan,
Tags. and Thomson (1967),

Ashouies badion An sarly morning specimen of spulum
was examined for ssbesios bodies by counting under
- 240 megnification the number of bodies in an area
of | cm®' in two apecimens, one unstained and one
sained with methyl green and pyronine 1o show the
cefiular content. The sputum was positive for asbesion
wﬁm«m«nnmwm were seen n either
specimen,
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Chost x-ray A postero-anterior Alm was taken in fuil
inpiration. It was immediately checked for quality by a
radiologist and, if necesmary, repesied. Control subjects
who hed been x-rayed (maw radiography) in the previous
six monihe did not have & further xeray. In this way
there were 31 100mem Alme and 19 standard chest y-rays
for the SO controk. Flims wers read by (wo experts in
chedt r-rays and clawified under the hesdings glven

in Table 5 Recsuss not all (he contral xerays were
full-alze Hima, no attempt was made to usw the 1.L.0).
classification which was used in examining the Mx
of the entire proup of Insulation workers (Langla
Wallace, and Simpeon, 1971),

‘The use of the 100mm flims was not ideal but it was
feit that 1o take & further chest x-ray of men who had
recently had an x-ray which was considered normal
could not be justifled,

Respiratery fenstion tests Forced expimiory volume
in one sscond (FEV, ) and forced vital capacity (FY(')
were recorded on a Poulion Clasmleriype spirometer
(MuKerrow, McDermoti, and Clilson, 1960), Peak flow
rate (PFR) was messured on & Wright peak flow meter
(Wright and McKerrow, 1959), la thess tente, the mean
of the last three of five attempin was revorded. Arterial
onypen and carbon dioxide tensiom (P, ana Peuy) and
pH were eulimaled 07 Astrup appmraius on  blood
oblained by puncture of the warmed ear lobe { Langlands
and Wallace, 1948). Expired air was coliected in a Timot
spirometer aver a period of 2 minutes after washout an!
was amalysed for oxygen using a Servomex nxypen
analyser and for carbon dioxlde using 8 modified Haldane
apparaius (Campbeii, 1960). Atveolar Po, was cakculated
using the formula given by Comros and his colicagues
(1962) at pags 133, substituiing onypen for carbon
dioxide, as they sugpest.

Subdiviions of total lung capacity and transfer
factors (TI) for carbon monoxide in air and in oxygen
wers measured using the equipment described by Meade
and his colleagues (1963). From the resulits, the diffusing
capacity of the pulmonary membrane (Dm) and pul-
monary capiliary blood volume (Vc) were caiculated by
compuler, using formulas given by Cotes (1963). Single
bresth alveolar volume was used lo cal~ulate TI. The
transfer constant (or permoability coefficient) KI was
oblulned by dividing T by the single breath alveolar
volume.

Resuits

Exposare to ashestos

The duration of exposure lo asbestos of the in-
sulators varied from 4 to 48 years (mean +S.D.
16:1 £ 7S years). Details are given in Table 1. Of
the control subjects, 12 said they occasionally cut
asheslon shesting at their work and ono had
previously worked as an insulator for three years.

TABLE |
EXPOSURE OF INSULATION WORKERS TO ASBESTOR

Yeart of exposure Ne. of men
09 Ty T
10-19 32
20-29 1
-9 |
40-4% |
Tolal -96 -
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Mean differences between imsulatons and controis
with respect 10 age, heigt, surface area, and
smoking habit are hown in Tabls 2. The control
subjects werg 0n average 04 years older and 2 cm
taller than the insulators. Smoking habits were
wmalar. From perediction formulae based on age and
hoight for lung function tests (Cotes, 19635) the
controls would be expected to have a slight
advantage in tests related 10 lung volume.

TABLE 2
PrYSICAL CHARACTERIITICS AND SMOKING HAWTS
Monlotyrs | Contwolt | Dilference
Ntumlyl) »e »e -04
I-lm(m ] mn -2
Mesn arn (mP) 18 14 ~0-0)
Not-emebon 13 11 2
Ex-omebon L 1’2 -3
Smebers - grade | ] ' -
014 sigp. /day
Smekers - 2 13 12 1
(13-24 gign. /duy)
Smelkor - grade § 0 1] )
(28 ¢+ cign./day
Symptems and signs of chest disense

Thess are shown in Tabls 3. More insulators than
controls complained of dyspnoss, cough, and
sputum; the difference was stutistically significant
for cough and aputum (P < 0-01) and almost so for
dyspnoss (P < 0-10). In addition, the proportion
of insulators with more than the mildest grade of
symptoms was much higher, There was no difference
in the incidence of previous attacks of bronchitis.
Twice as many insulators as controls gave a history
of either previous pneumonia or pleurisy or tuber.
culosis but the difference did not reach a significant
level (P < 0-20). In the case of rales the difference
wis marked; they were noted in nine ‘nsulators
and in only one control (P < 0-02). There was no
difference in the incidence of rhonchi.

Clubbing

Measuroments of the hyponychial angle of both
index fingers are summarized in Tabie 4. The reuson
for omitting measurement on some digits was that
the subject pressad the end of his finger against the
busc of the container in which the impression was
made and the subsequent cast was therefore dis-
torted. The insulators had a significantly greater
angle in both left and right index fingers, indicating
a shift from the normal towards the clubbed range.

Ashestes bodies
Sputum from 42 insulaton was examined and

Insusstion workers in Bellave 313

TABLE 3
SYMPTOMS AND SIGNS OF UHESY DISFANF
Clinical /mwr : Inswiarory | Cuntrols| L4

Dyvpnocu! |

maild (grude 2) 6 15

mor wvere ! |

tgrades M$) X b . ] i

combned ’ 23 B : 0:10.. P> 009
Cougts - :

grade | 9 10

grade 2 A T

combined ; n [ ] . 001
Spulumt - | . A

srade | oo

srede I

combdined 31 i &3 <001
——— { -
Previous chent ill- | !
A - ‘ i

beonchitis : R I

preumonia A B

pleutisy [

tuberculosis Y

last lhmcomhu\od ! i6 i 3 lI 0:20: ?:- 0410
Rllu - {

grade | i R ‘ H i

grade 2 . 1 : [V

vombined | 9 ' [ ~$02
Rhonchi b2 b2

P was obtained by using Billewicz (1964) pairod * test.
The grading is that recommended in the Instructions for the
use of (he Modicul Research Councyi questionnsire (1960).

webestos bodies were soen in nine cases. No asbestos
podies were scen in 27 control sputa examined.

Radloiogical findings
These are summarized ir Tadle 5. Only one coairo.

TABLE 4

HYPONYCHIAL ANGLES OF INSULATORS AND
ConTroLs COMPARED

{
H Insulutury Cuntrols
I (deyrees) (degrees)
Leﬂ mdcx ﬂn;cr i 1860 : 1263 180 L 0884
| 2-485
P <0-01
Right index finger H s 1260 1804 - 1-6Gl
] 2433

P , ~002
|

Leoft index finger &4 pairs; right index Anger 45 pairs: mcans
 andsrd orrom,
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214 Williom F. M. Wellace and Joan H. M. Lunglonds

TABLE §
Ranworogical Finoincs

hnﬁhn'(awoll

I-lny;ndr

1 Normal 12 ¥
2 Powbly absormal 17 12
} Pieurs! calcrication only 1 ]
4 Abnormal - ? eurly asbestonis L) [}
$ "Fibrows’ - ? slypica) ssbesiosn s ]
6 Asbestosn 9 ‘ 1]

T e l P 0

Combining grades ) 10 6, P < 0-001 (Billgwicz (1964) paired
e

Because wome of the control x-rays were 100mm filma, the
1.L.0, classification was not used,

had definite abnormality. His v-ray suggested the
presence of diffuse Abrosis not typical of asbestosis.
He gave no history of exposure to asbestos or
other dusts and no explanation for the abnormal
x-ray was found.

In marked contrast, 21 of the 30 insulators had
definitely abnormal x-rays. Of these, 14 showed
definite x-ray evidence of fibrosis and one showed
pleural cakification only. The fact that 31 of the

50 contro] x-rays were 100mm films could nave
biased the comparison since these alms were Cieurly
from & supposedly norma! population., itis, however,
feh that any bias from this sowce couid account Jor
only a very small part of thc marked difficrence
_ Aween the two Zroups in the incidencs of w.iiaile
<bnormality recorded jointly by :wo experienced
observers of chest x-rays.

1sag functics tests
A comparison of the mean results for controls and
‘nsulators is given in Table 6. The predicted &if-
fereaccs shown are cakulated from formulae given
by Cotes (1965), apurt from the Ki (McGrath and
Thomson, 1959) and Dm .-.i Ve (Hamer, 1962).
in the tests of siatic Jung volumes the insulaton
had smaller volumes than ihe controls in all cases.
For residual volume (V) and total lung capacity
(TLC} differences were statisticaily significant and
greater than predicted. In the tests of dynamic iung
volumes, however, the insulaios and controls
showed no significant differences. The insulators’
FEV, JFVCY, was slightly less than the corircis
ard their mean PFR was the same as that of the
controls, although iheir predictud value was siight!y
less. In tosts whick provide an indicatron of the
eitwiency of the iungs with respect 1o gas exchange
trhe insuiators had poc.os resulis. For arterial Po,
anc alveolar-arterias oxygen diference {A-aPo,)

TABLE 6
LuNG FuNcTioN TESTS
i ! !
Test Inswigtors Controls Difference [ P ! Predicted difference
l Mean (3.5 ! due tv age and hewht'
e e e e —— e —— e [ e e e r———e _
Staric lune volumes ! |
1IC iy 274 27 —0:04(0-11; | 070 -P~0:60 |
ERV (1) 1-4) 1-57 -0-14(0-10) ; 020 ~P~0-i0 |
VC (1) L) 636 —0:19(0-13) ’ 020 P -0-i0 | -0-70
RY (1) 1188 118 ~0-23 (0-11) « 008 -0-07
TLV (1) $-71 616 -0450017) | - 00t -0i9
Dvaamic lung volumes B ! ! :—— T
FEV,4(1.) 308 320 | 0450010 | 02 P00 ~06-G7
FVC(l.} 422 438 . =0-i3¢0°13) 0:30 -P 022 -0-10
FEV,JFVC *, 124 736 1 -12 9 060 P -6-50 o2
PFR (1./min) "4 925 | -0 (164 | 100 P 090 -5
Teats related 1o gut exchange ‘ i
Minute volume ().) 73 805 | 068r035) | 020 -P .G-10 !
Voivy 389 354 38 2 020 P 010 !
T (mi/min‘'meHy) 200 2 <11 7 | 020-P 010 | -0-6
KI (mi/min/mmHyg/1.) 443 434 ~009(0-12) | 0:50°-P -040 | 0-02
Dm (mi/min'mmMg) ns 40 -0:2 090 -P -0-80 | 02
Ve {miy 430 L L 010 -P 005 | 0
A-aPu, (mm) 240 15-8 &6 (27 < 0-0; i
Po, (mm) 56 e | -79 29 <0061 |
Pro, (o) 33 339 i G4 (1)) 070 P 060
' 1

Dm and Vc were analysed in recipcocal.

'Cotes {1965); McGirath snd Thomeon (1939) (K1); Hamer (1942) (Dm amd Vi),
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the differences were ugnificant (P < 0-00; und
P~ 0:0] respectively).

In summary, the insulators had, on average, lungs
which were smalier and lew efficient at gas cxchangy
thun the controls but air flow wes unaffected.

Discussion

The validity of the present comparison of irsulators
with matched controls depends on two main
assumptions - firstly, that the sumple of insulators
was representative and, secondly, that the control
serics was appropriate. As the entire population of
insulation workers was eventually cxamined {Lany-
lundser o/., 1971) it is possible to compare the pre.ent
sample with the compiete population (Table 7). The
sample examined appears to be representative.

TABLE 7

PreseNT SanmrLE OF INsULATORS COMPARED
wITH EnTine POPULATION

Present sample | Entire popuiati
No. examined 350 B _2.52_ T
No. not examined ] 2
"« Examined o4 9
Ape (yn) -4 405
Height (¢m) 169 169
Faposure (yr) 16-1 164
Smoking habit
0 1026°,) 40 (16"
o« , :(;32,) MA2°n
grade (10*) 50(20",)
2 13Y(26%) 80 (32°,)
3 10(20%,) 51 (207,)

The controls closely matched the insulutors in
age, height, and smoking habit. As skilled tradesmen
they were of similar sociul cluss. Some of the
controls had occaslonal contact with asbostos und
une had worked as an insulator for three yeurs.
This contact with asbestos probably reflects :hc
widespread use of the material. The exclusion of a
control subject becuuss of contact with usbesios
would probably not be justified since contact with
asbestos has been shown o be very common in
Belfast where Elmes and Wade (1965) found
asbestos bodies in the lungs of 20 1o 25%, of .aun
al necropsy.

Thus the comparison between insulutonn and
controls appeans valid and should reveal the effccts
of exposure 10 insulating asbestos as distinct from
lhe_eﬂecu of living and working in ar industiiul
environment.

The features which were commoner in the in-
sulators and may be presumed to be due 10 expos

ok
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to avhesion were a history of cough und spuium
amd the prosence of rales, increased hyponychii
anglkess, v-ray signs of pleural cakificat.on and’or
pulmonary fibronis, o reduction in slutic lung
volume, a reduced arteral oxygen tenmon, and an
increased alveolur-urterial oxygen difference. Those
are the features gercrally associated with asbestosss.
The clinical findings of Gyspnoea, cough, sputuni,
clubbingz, and ruies have been commcnicd on
repeatediy (Olver, 1927: Sciler, 1928: McShane,
1930; Mcrewether, 19334 Lynch and Smith, 1935,
Lansa, 1938; Wycn, 1949; Knox, 1958; Perry, 1963;
Leachart, 1964; Hutchinson, 1965). in the present
study, dyspnoca was commoner in the insuiators
but the diffex.- * was not quite significant at the
conventional icvel of ® < 0-05. Measurement of the
hyponychial angle has becn shown hy Regan ez ol
{1967) to be u satisfactory index of clubbing. it is
of interest that their mean result for normal fingers
(187-0) wus greater than the present results in
insulutors (184:6, 186:0) which, in turn, werc
significantly greater than the present resuits in
controls (180-4, 181-1). Diugnosis of asdusiosis oy
x-ray appearances has been shown 10 be uncertain
in the individual case (Williams and Hugh-Jones,
1960e). However, in the present comparison of
groups of individuals therc was a very clear
diffcrerice, with only omrc abnormal x-ray in thc
control scries and 21 in the exposed serics. A reduced
arterial oxygen tension and a raised zlvecicr-arterial
oxygen difference have been reported by & nuraber
of workers (Wright, 1955; Williams and Hugh-Jones,
1960b; Bjure, Siderhoim, and Widimsxy, !964).
Reduced lung volumes without airway obstruction
werc also found. These arc also consistent with ...
present study.

Without the coniroi group it wouid have bocn
possible, from the radiological abnormiuiitics, o
suspect the presence of asbestosis in the population
of insulators. Because a contrel group was used, it
was poss:ble to prove that the rudicic jical abnos-
malition :n this population were usocisied with
symptonts, signs, and abnormalities of lung functicrn.
1t must be pointed out that the average dis:urbance
in lung function compared with the ceatrols was
refatively mild despite the large oacess of abpormal
chost xerays. in addition there was only 4 small
excess incidence of Jyspnoea. This suggests that
much of ihe dyspnoca was Jue to fictors other than
asbestos and i3 in keeping with the conciusion of
Lunglands and 1cr collcagues (1971) that smoxing
was ussociuted with w greater impairment of iung
function than was x-ray abnormality.

Coaclusions

The present study suggests that the o owing
features are uscful in the diagnosis of asbestos:s in
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& pogulabon  an abnormal chest x-ray, the presence
of cough, sputum, clubbmng (anewed by meauring
tie hyponychial angie). and rales, and lung function
tents whichh show a decrease in stalic volume, a
reduced anienal orygen lovwion, and increascd
alvenlur-artenal oxygen diffesence but no evidence
of wrways obsiruction. Because abnormalities in
these respects may occur fairly commonly i any
industrial population and becaune techniques vary
somewhat from laboratory 10 laboratory, use of a
controf series 1s important,

This investigation was sugpesied and encouraged by
Professors O. L. Wade and P. C. Elmes. Assistance in
Questioning and examining the men was given by Mr.
J. Collins, Mrs. M. Simpaon, Miss A. Stevenion, and
Miss S. Whecler. Specimens of sputum were examined
oy Miss D. P. Bell. Chest x-rays were taken under the
supervision of Dr. J. O. Y. Cole and resd with his
assistance and that of Professor Elmes. The computer
programme was written by Dr. J. D. Merett, Employers,
trades union and individual men co-operated willingly.
One of us (W.F.M.W.) was supported by s Royal
Victoria Hospita! Research Fellowship and a Research
Fellowship from the Chest and Heart Association. We
wish to thank Miss M. Wilkinson for typing the
manuwkript
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