BRITISH_OCCUPATIONAL WYGIENE SOCIETY

COMITTEE ON HYGIENE STANDARDS

REPORT OF THE SUB-COMMITTEE ON ASBESTOS ON

.

AS
TUDY OF THE HEALTH EXPERIENCE IN TWO UX ASBESTOS FACTORIES

Introduction

The UK
e ':h:yﬁ::::;:.:‘:;\:: t!:r chr{;z:ua asbestos adopced for use
N ations, 9, was based
z:'::;:;d by the British Occupational Hygiene s::t::“li’": 6
toces ng a study on a cohort of men in an albutosyc . Li .
ty (Factory A), first employed since lst January :;;3 : d
n

ployed
still employe on 30th June 1966, with ac leasc 10 years® scrvice
in asbestos areas, The recommended standard was in the form of a

[

mz::hi:\:ar;ud exposure (dust concentracion in fibres per

consigacrs of 2ir mulciplied by the time of exposure in ;

urliug..im cn;ryhn one per cent risk of a worker exh Yieing
gns of the possible effect

z“ﬂ“ arrived ac was 100 ﬂbrt—yuu/:: Hiving anipor

lhi::.-y""/ml over a working life of ;0

nany c:ﬁn:::“n";d:n vhich has been quoted fn the literatu 4
es, t is unusual, of course, for e

sxposed for so long a period in wodern in&usuh‘ryp::::z::ual b

ure. The
giving an exposure of
years, and it {s this

This 1968 standard has b
een the sub
over the years, the main ones boingj::: ;:l;o::ﬁ:?: of ericictoms

a
) :::1:;3::‘ v;s.bia:-;d in :gu persons fulfilling the cohort
,» l.e. at least ‘'
not included if their expoluryea" et rinte 1903, were
a8 a result of leaving asbestos areas or death

Similsrly, persons reachi
ng 10 years' s
even by as litcle as one month, were -1:?:::1::::‘-

€}  The earliest sign of adverse effect was taken to be

presence of persisceac basal rales, but this is not e

ibicing the

be

¢ had ceased prior to 30th June 1966

30ch June 1966,

alvays so,

T
hete are other early signs which might well precede rales in

certain cases,

d)  The data had deen collected from one asbestos te

only.

¢) During the period covered

xtile fcé:ory

by the study, some crocidolite had

been used in the factory, exposure to which may have '

influenced the findings

f)  Asbestos-associsted cancer risks had not been considered
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Since 1968, a good deal of extra information has becoce avallable
on the adverse effects of exposurs to asbestos. Dlsgnoscle sathods
have improved, in particular the introduction of tung (unction
arasurements and the adoption of an agreed classification for the
assessment of asbestos workers X-vay filams (cthe ILO y/C 1971
Classification). In addition, considerably more experience has
been gained in dust sampling and analysis for the messurssant of
exposure and sooe data have become qyunlbh- from a second lactory
(Factory B). In this factory also, hovever, while the fibre used
“was principally chrysotile, some crocidolite~based yarn vas
processed at one stage during the study.

The first attempt to up-date the 1968 data was made by a reconstituted
Sub-Commictee betueen 1974 end 1976, using a group froa Factory A
extended to include men who had completed 10 years' service becwveen
30¢ch June 1966 and )1sc December 1972. Hen who had lelc the

tactory between those dates vere also included.

The work of the BOHS Sub-Committee vas to some degrese ovectaken by
events. An Advisory Commictee on Asbastos was sst up by the

Health & Safety Commission in 1976, and a Hedical Working Group of
this Comnittee was given the task of revieving all the available
{nformation on aphestos and health and making appropciace
recomnendations, 2Although the BOHS Sub-Commitcee's study vas still
at an early stage, it provided for the Medical Working Group an
interin statement in April 1978, ouclining the progress vhich had
been made up to that time and this was no doubt taken into account
by the Medical Working Group ,subaftting its report to the
Advisory Commitcee on Asbestos(S Uhen the Advisory Committee on
Asbestos issued its Final Reporc in Occober 1979, it recommended
chat the term "hygiens standard” should be replaced by "coatvol
limit"® for the assessmedt of exposure to asbestos dusg, because, in
ics view, there is no threashold below vhich exposure
entails ne risk to human health, Thay state that "chis nev concept

— {3 intended tO trepresenc a tealistic lavel of airborne concentration

S ant, closely associated with the relavant legisiacion, above

~~whIch no_person should be occupationally exposedT.

2.

The Work of the Present Sub-Comomfittee

It was decided in May, 1977 to further reconstitute the BOHS
Sub-Comnittee on Asbestos to review the information available up to
31st December 1976. The following sceps were taken:-

a) 1In sddicion to the cohort from Pactory A (all men), a second *
cohort was studied comprising sen and women from Factory B,
Some membars of the second cohort had worked on the production
of texciles and others on friction materials. :

b) 3oth cohiorts vere confined to people who had not been exposed
to asbescos before lst January 1951, because no dust exposure
information was evailable prior to that date, and who had at
least 10 ysars accunulated sxposure by Jist December 1976.
Efforts were made to trace those vho had lefr before cthat dace
so that they could recurn for an Xeray and clinleal examinacion,
and in the cose of those who had diud, the cause ol death was
ascertained as fav as possible. By doing so, it was hoped to
acer some of the criticisms of the 1963 scudy. .
.
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Efforts were made to calcula

te the dust exposure for each
ind{vidual in boch cohorts, year by year, :dju:nd on an
ogreed basis to ctake into account the changes in dust sampling

and analysis vh 3
b "“d; s vhich had caken place over the 25 year period of

At the outser, tha objective of the Sub-Covmi

revieyv the hyylene standard for chrylotil:v:t;:::o:.:u:: but
the health axperieuce over recent years has indicated th;:
such a review vould be of limited value if it did not take
sone account of palignancy. Long-term, vide ranging
prospective epidemiological studies of cohorts folloved
throughout ctheir lives would be nseded to support a hygiene
standard designed to reduce the incidance of malignancy
attributed to asbestos exposure sad, since malignancy has
multifactorial causes, paramecers other chan asbestos exposure
would need also to be recorded and considered. (The outstandin,
ozr’ur g.c:or is cigsrette smoking. There is a wealch of '
spidemiological evidence that smoking has a profound effect on
the incir'lence of luag cancer in asbestos exposed vorkers
muleiplying by many times the risk run_by smokers in :he'

general gqpuh:ion.)[l_n the cohorcs studied by the Sub-Committee

e)

Tho Medical Daxs

Medical information which was cade av
aflable to the Sub-C
is described in detail in Appendix 3. The main feotures ::::::“

"9

b)

detailed mortalicy records vere noc genarally available,

The Sub-Comnittec was therefore obli
" ged to confine irself
study of worbidity data with a view to obtaining a becter e

uad
dur.i:;nl';‘:i‘.‘s of the adverse e!fef.:s of asbestos exposure

Pairs of chest radlographs comprising th

1950 film and the hl’.elz pra -p1977 %ilw‘f::rﬁ:;!pz::zn-
These, along with "control” films were presented in :urn.:o
three physicians, vho were asked to classify them independencly
in accordance with the ILD U/C (1971) Incernational Classificati
of Radiographs of Poeumoconioses. e
All availsble information on medical exami

function measurements carried out over then;::::; :?d::‘emgzud
vas provided by the medicsl officers of cthe respective 4
companies. At Factory A, vorkers had been given chest
radiographs every threa years from 1951 to 1967 and every tvo
yeats thereafter. Lung function tescs were.lntroduced in 1967
and had been carried out svery two years, At Factory B, chast
rldi.cguyh: had been carried ouc every two years from l;!l
(unless ‘there vas an indication to X-ray more often) and lung

funcei
19:;f on tests had been carried out cvery two years since

In order to arrive at an agreed interprecs

ch:: sedical members of the Sub-Comi::u vﬁ:n.:‘f“:h::gmd::a;.
a Working Croup under the chairmanship of Dr. W.J, Suither "t
deteroine the first medics! indication or indicators of °
adverse effect of exposure Co oasbestos dust inhslacion”. A
full report of their deliberations Is given in Appendix 1,
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s) Factory A

The Casella Thermal Precipitator (T.P.) vas used [rom 1931 to
1960 and all monitoring was scatic, f.e. the sampling vas
conducted vith a free~-standing sampling instrument having the
air inlet at head height and the inscrupent placed in a fixed
position, nest the operative, but without interfering wich his
movements in carrying out his task. The samples after
nashing” of the coverslips were counted at high magnificacien
(800-1000 x) under dark ground reflected light using a & o
objective. WMMM_
particles judged to have an_egquivaient diameter of 0.5 va and___ .
above were Included in the count. Berween 1960 and 1964, che
Tong Running Thermal Precipitator (LRTP) was used and again
sonitoring was stscic. Wich this instrument it vas possible
to count fibras at aboutr 500 x magnification and the results
were expressed in fibres/ml using the convantion thac only
£ibres greatar than 5,us long and having an aspect ratio
greater than J to | wers counted. Lscer (circa 1970) wvhen
guidance notes on counting wvere pudblished for ourside bodies,
a further convention 1imicing the count to fibres less cthan

3 .um in dismeter, vas recomnended. This is not considered to
have affected the Factory A counts to any significant degree.
From 1964 to 1974, static monitoring continued, but using s
membrane filcer sampling instrumant or a Royco Automatic Particle
Counctar (set to give similar ocumerical results). The membrane
€iltar samples ware counted at about 500 x pugnification under
phase ‘contrast condirions and the results were sgain expressed
in fibres/ml. After 1974, membrane (ilters vere used
exclusively and a change in techniqus was introduced in thac’
counting was restricced to the ares within a British Scandard
GCraticule (B.S. 3625 = 1963) mounted in the microscops
eyepiece, instedd of covering whole cicroecope fialds of view,
This had che effect of increasing the number of fibres counced
per unit area of the slida by a factor of about 2 (Backett et
al 1976), 8o the fibre concentrstions calculaced in the 1960's
(used in the 1968 BOHS study) wouli ueed to be moleiplied by 2
to compare them with counts taken t. day. In an attempt to
understand the early figures and reiate them to 1977 meabrane
¢ilter counts, en investigation vas carried out runaning all
{nstrunments side by side. The samples obtained from the oldar
{astruments vere counted using {dentical techniques to those
eaployed in the factory when those.instruments vere in use.
Bearing in mind thet considarable extrapolation was nacessary
becauss conditions and processes in the tactory ars to-day
very different, the following approximace’ relationships vere
derived:~

1977 Yeabrane Filter = 0.07 TP
1977 Membrane Filter « 2.2 LRTP
1977 Henbrane Tilter = 2 x 1964-74 Meambrane Filcer,

b) Factory 8

The Ovens Jet Impinger was in use ia 1951 and continued to be
used roucinely until 1959. Up so 1956, che "ashed” coverslips.
| vers counted at s magnificstion of 900 - 1000 x and no,
* differentiation was made between gibres and particles. After

this date, the couat .
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wvas limited to particles of vize groster than 1 .um and from
Januatry 1958, {ibres longer than 5 um vere recorded as well.
Becween 1958 and 1961, the Long Running Thermal Precipitacoer
(LRTP) was used on an exporimencal basis for comparison with
the Owens Jet.

After trials, the mecbrane filrer sampler came into use in
July 1961 and in June 1963, phase contrast was introduced,
i{ncreasing the counts by a factor of about 1.6, The use of an
eyeplece graticuls in the forn of a 7 vm Miller Square began
in 1971 and this was replaced by a circular graticule, 6 mm in
diamerer, in 1974, In contrast with the experience of
Factory A, no increase in count vas observed as compared with
councing full microscope fislds.

In addition to membrane £ilters, the Royco Instrument was
widely used from 196) onwards. It is claimed that by careful
calibration of che instrumenc sgainst membranes, che Royco was
more relisble than microscope counting.

The Effect of Personal Sampling

Towards che end of the period covered by the study, from about
1974 onwards, personal ssmpling was being increasingly used

for biological monitoring. As experience was gained, fc

becams apparent that cthe results of personal samples did not
generally relace numerically to the results of static samples
in cthe same wvorking area, even for samples taken simultaneously.
The Sub-Commitree therefore made a study of the informacion
available in chis fiald as detailed in Appendix 2 and accepted
the following conclusions:-

(1) When identical sampling methods and simultaneous
sampling is undertaken and the distances between the
static and pevsonal sampling points are reasonably
small, most of the personal sampling results obtained
in a given wvorking location ars higher than those
obtained from static cests,

(1) The differences between the two types of results tend
to be greater vhen the static sampling poiants are
relatively remote from the dust emission poiats (e.g.
when background static sampling is adopted).

(iif) In certain csses results froo static sampling may be
higher than thoss from personal ssmpling, due to
factors such as the positioning of the scacic sampling
point with vespect to air extraction sysceams.

3. The Groups Studied

a)

Factory A

300 men met the criteria for inclusion in the study, but mwo
medical records were avaflable for $ of them. Tha present
study is thecrefore concerned with 295 men. Tt was recognised
that the 10 year restrictlon might have resulced in bias if
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many persons vith less than 10 yesrs exposurs had suffered
sdverse med{cal effects because of such exposure. A random 5%
sample was therefore taken of all those who had commenced work
in the factory during the 26 yesrz covered by the study. This
gave 850 names, bug vhen women snd those who had nsver worked
with asbestos were excluded, 437 men were left, 13 of vhom had
vorked for more than 10 years. 14 of these were in the study
group, one having been inadvertently omitted In cthe original
recard search. Of the remaining 472, 71% had lass thaa one
yeat's exposure up to the end of 1976 and only about 6X had
vorked for between 5 and 10 years. Of 16 men who had left the
factory for medical reasons, ans had worked with asbestos for
3 years and the vemaining 15 had less than one year's
exposure. The conclusion reached from this sampling exercise,
. therefore, was that it seemed unlikely that the criteria for
adnissf{on to the study had excluded many who had alresdy
suffered serious health effects arising from their exposure.

b) Factory B

Alcthough at least 499 persons met the criteria for inclusion
in the study, some had to be excluded becsuse of incomplete
' medical and radiological data. In the end, only 351 persons
for wvhom two serial chest radiographs were available were
considered, comprising 32) men and 28 women. Information was
. provided for 1361 persons who had been exposed since
14 Januaty 1951, but for less than 10 years. The pattern of
exposurs in this group was different from that of Facrory A,
227 having been axposed for less than one year, ss againet
71Z, and 721 for 1 to 5 years, as against 22X, There wvas also
a considerable contrast betwean the factories in the
sub-groups vho had left asbestos areas on medical advice. I[n
Factory B, of 171 such pervons, 106 (62X) had only been
exposed for from L to 3 years., One reason for this difference
wvas that a number of people vere adviscd to leave asbestos
atess in the early 1960s on the appearance of early signs of
lung funccion abnormality. These persons vere lost to the
study, although some may have developed these abnormalicies as
s resulr of their exposure. . vas also possible thet some
had completed more than 10 yea  exposure at the time of
withdraval,

CE ot en oo

6§, The Radiologicsl Data

Factory A and Factory B

The earliast (post 1950) and latest (pre 1977) chesc radiographs
for the 295 men from Factory A and the 35! persons from Factory 3
were made available for the study. In addition, 160 chest
radfographs from 160 persons employed at the factories, but with no
known direct exposure to asbestos were also provided. These,
together vich the 1292 films from the exposed groups, vere pooled
and scrranged in random order, :
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The Clinical Data

Factory A

Available lung function and anthropometric measurements,
information on smoking habits and vecords of whether or not
chest sounds had been heard were taken from the modfcal
records of the 295 men. Thare were nc lung function daca
available for $6 of them but all'of these had attended for
oedical examination ac least once during che study perfod. At
least two sets of lung functfon measurements were avalilable
for 184 men in the group.

Yactory B

Similar information to the above was made available for che
351 persons in this group. No lung function data were
avsilable for 38 of them. The records indicating tha praasence
or absence of chest sounds at the latest medical exsmination
were included for study, but earlier assessments of whether
this condition had or had not occurred were not studied.

The Dust Exposure Data

Factory A

An estimote of exposure to asbestos dust year by year was
provided for each man, without knowledge of his medical
history. Using the conversion factors given in Paragraph 4 (a),
these exposures were expressed as fibre-years per cubic
centimecre, assuming static sampling by membrane filcer and
‘counting to the 1977 standard method. No attempt was made At:
convert to personal sampling, bocause of the uncertainties
attending such conversion (see Paragraph 4 (c) and Appendix 2).

Factory 8

Information was given on the time worked by the persons
concerned at the various factory locations and measurements of
dust concentrations at some of these locations were provided.
There were, however, many gaps in the trecords and examinacion
showved thet tho information available might provide reasonably
reliable estimates of cumulative dust exposure for only 161 of
the group. As will be scen, this put some restriction on the
analysis of the Factory B data. .

s mrtasa e M*

pattern was the relatively frequent assessment of
abnormality by Reader 3 among the later films from
Factory B. Overall, however, parenchymal abnotmalities
were noted in a higher proportion of the Factory A
group than for Factoty 3.

(i1) Pleural Abnormalicies

Taking an average of the observations of the three
ceaders, 4.4% of the £ilms showed obliteration of the
costophrenic angle, 2.11 shower pleural thickening and
0.41 pleural calcification. MHore abnormslities were
seen on filas from Factory A than from Factory 8, but
it is important to note thac the differences betueen
readers were larger than the differences between
factories.

(11i) Technical Qualicty of Radiographs

There vere large differences between readers in their
judgement of the quality of the radiographs, but all
three were less satisfied with the films from Factory A
than with those from Factory B. That the more frequent
assessment of parenchymal change in the Factory A filns
uvas oot due to this cause alone vaa confirmed by
asseasing scparately a sub-group of film pairs of good
quality. These variations in film quality did not

affect the pattern of assessmenz of pleural abnormalities.

(iv) Small Opacicies and Smoking Mabies

All readers detected smal’ opacities more frequently in
Factory A samong smokers aud ex-smokers than among
non-smokers (about 117 higher). Nevertheless, small
opacities were also detected on about 121 of the
non-smokers' Films, indicacing that the changes seen on
the later films wera not wholly atcributabla to
smoking. Mo such’ {nformation could be gleaned from the
Factory B films, becaus: Resders 1 and 2 judged only a
marginally higher propor- ‘on of combined opacities in
the later films than in the controls. It should be
noted, however, that Reader ) classified 181 of these
films into category O/l or higher, compared with 61 of
the controls.

9. Aonalysis of cthe Daca

y) Radiological Changes and Dust Exposure

a) Radiological Results

(1) Parenchymal Abnoroalities

The distributions of film classifications by factory,
reader end type of opacity for beth the earlier and
later films of the pairs revealed systenmatic diffecrences
becwaen che three readers in cheir interpretacion of
the distinction between small rounded and small
irregular opacities. Less variabilicy was found for
“combined opacities" and this parameter was therefore
used in the analysis, One deviation from the general

. Cone'd....
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(1) Factory A

In an effort to relate profusion of combined small
opacities with cumulated dust exposure, four measures
of exposure wers examined for each individual. The
first (E ) was the cumulative exposure from commenc ing
wvork in asbestos acreas up to the time of the sarlier of
the tvo films and the second (£, ) was the exposure
lacurred between films, The third measure (E ) was the
cunulative exposure from commencement up to Cthe later |

film f.e. !‘ + Eb' The fourth measure (!d) vas an
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atteapt to spproximste the exposute up to the point

vhen the observed change occurced and wvas :-kn: to be

E, + 1/2E,. No sasociation could be found becween

radiological change and B, or E, separstely,

; vu: :scoch:::n with £, but the strongest vas with
and it wvas this owasureé of axpo

dmuy adopted, . posure vhich vas

There vas

(i) Factory B

As referred to in Paragraph 5 (d) (ii

which the dust dsts had been eollcc(ui.(;:.r::{o:; s
together with the nusber of changes which had been n;dc
over the period of the study, precluded any attempt to
estimate cunulacive dust exposures for {ndividuals
Reliable information on time worked, howvever ovcr.thc
period of the study, was available for 187 p;nonn who
had definitely worked previously in occupations with
potentisl exposure to dust other than asbestos and for
128 persons with no such prior exposure. AN assessaent
vas oade of changes in profusion of comdined small
opacicies for boch of these sub-groups, related to time
in years spent working with asbesces. Readers 1 end 3
recorded moce radlological change becween pairs of
films for persons with longer periods of axposure to
asbestos, but Reader 2 did not show this trend,

¢) . Lung Function Changes and Dust Exposure
1) Factory A

Of che 295 men in the group, one se A
messurements wvas .v-nan:ptor )9 :n:!:::nto::as:trn
for 184 of them. An attempt vas made to correlats the
latest measurement recorded with the cumulative dust
exposure up to that time, using & linear multiple
regression model to take sccount of sge, height
and ::okl:g hab(;;‘.' The ling function ed:"h'
considered were » FVC, CTF and the ra

Only for FEV, and FIC d1d the dust svporsre conebiie’
nlgnlﬂcan:l} at the 62 level; neithet with GIT nor
with F!VI/WC was any correlation observed.

velghe

(1%) Faceory B

Despice the difficulty sssociated with-che dus
t d
the information from Factory B was examined {urr.h::.;n
the hops that it might be possible to proceed to e
case-control study. Unfortunately, this analysis had
:o b; -b::lndoncd because the sub-sot of date suitable
or Jecailed study was seriously blassed
{see also 5 (a) (1) above). 7 ¢4 spidealologlcally

The Criteria for Adverse Effect

— i OV G LT

Further analyses vere made in res
ponse to advice from th
aenbers of the sub-comaittee on what constitutes tho-ur:t:::k“
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sedical {ndication of adverss effects of exposure to scbestos dust
.(App-ndﬁx 1), Despite certain difficuletes Ln appTylny thése™™ = -
Istommendations, seven statistical criceria vere defined. Six of
them reflect approximately some of cthe sugzescions from the

Medical Working Group. The seventh (vate of reduction in FEV,) was
included becsuse earlier analyses {andicated rhat this measure of

ghan the other indices of funceion under consideration.

.'nu Qccurrence of Adverse Effects

) Fagccoty A

0¢ the 235 men in the group, the results from 163 of them oet

- e )
va
e one or more of the seven criterla. The total number of

occutrances vss 274, The most frequently occurring effect was
¥ (FEV, /FVC << 0.70), being presenc in I11 men and in 52 of
then it was accompanied by at least one of the other
categories of adverse effect, The Jistribution of men with

i l * ons, two and with three or more effeccs was 58, 26 and 16
par cang ‘tespectively. : - -

hXN b
/.r-\f;\/ ,b)  Pacrory3 . !#'é_ 7
o~ 02 the )31 pacsons in the group, the results from 183 C

e TRIC A

(134 men, 9 voomen) metr one or more of the seven criteria. The
total number of otcurvences was 257, As in Facrory A, che
wost frsquently occurring effect vas F, being present in
83 macbars of the group. Because thers were fewer radiological
changes recorded for Factory B, there waa a smaller number
with effects A and B, but the distribucion of poryons with
‘one, two and with three oc mote effects was nat dissimilac

. from Factory A, bcing‘ﬁ_i. 19 and 15 per cent respectively.

12, !ntargnu:ion‘ of the Dsta on Adverse Zffects

This was only possible for Factory A, for which cumulative dust
exposures vere availasble, The probability of che occurrence of an
adverse sffeact before the correspondi-s dust exposure had been
sccunulaced was estimated usfng the 1 . sduct-Limit" (or "Life-Table")
method.

The probabilicy/axposure resules vere plotced on lopiseic/log
scales end the patterns for adverse affects A, B, C, D, E, Fand G
ere shown in Figures &, 6, 7, 8, 9 and 10 of Appendix J. The
results are sumnsrised in Figure 1] In the form of a plot of
estimsted probabilitles that at lesst one of thé seven sdverse
effects may occur by the exposure shown. WUhen more than one effsct
wvas present in the ssme man, that occurring earliest was used. It
will be seen that five persons showed an adverse effeocc at
axposures less than 25 fibre-years/al. In twvo cases tha effect
concerned vas E (unususl rate of change in Cas Transfer Factor)
with one each for C {unusual rate of change in FEV ), F (FEV
and G (chest sounds), At first sight, the graphs &ugscl! thie ge
night be appropriste to fic straizht lines to the inuivitual
observations, thus postulating a logistic model for the various
adverse effect/exposure relationships, but the deviacions below
abour 100 fibre-years/ml {50 fibre-years/al by 1968 standsrds)
preclude this. It vould therefore be unwise to use such fitted
1ines to make predicrions vhecre exposures have been below this level,
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Conclusions

e i
Lty
B |

p—

(1) As fac os Factory A is concerned, it appears unlikely thae

the criteria for adeission to the study (not less than
10 years exposure) excluded many who had suffered serious
healch effeccs arising from chelic axposure.

The data from Factory B must be .regarded as biassed foc
epidenislogical purposes because the medical care policy vas
to temove persons from exposure whenaver examinacion
indicated eerly signs of lung funceion abnormalicy, These
persons vere not included in the scudy of Faccory B, yet
some of them may have Jeveloped the signs as » result of
their exposure to asbestos.

The radielogical results tor Factory A showed an associacion
betwveen the occurrence of parenchymal changes and estinaces
of cumulative axposure to asbestos Just up to the approximate
point in cize at which the changes were likely to have
occurcad. Although it was not possible to astimate
cunulative dust axposures for most persons from Factory 8,
there was soma evidence that longec peciods of exposure vere
associsted vith higher chances of Jdeveloping small opacicies
on thest radiographs.

Small opacitles were detected more frequently among smokers
and ex-smokers, but the psreachymal changes observed in the
group could not be actribuced wholly to smoking habics.

Ovecrall, the three readers judged 5.32 of tilms from
Factory A and ).8% of thoso trom Pactocy B as shoving
obliteration of the custophrenic angle, resulte vhich vere
not significantly different from observations on the 160
radiographs of persons vho had not been exposed to asbestos.
The same was true of other pleucal abnstaalities vhich wece
racorded avan less frequencly. .

Standardised levels of FEV. and FVC apong men who had
asccumulated celativaly -xprru in Pactory A ware lover
then the levels among those who had recelved only low
exposures snd the correlacions with dust exposure were
statistically significant at the 6% laevel. Any auch
_apparenc corralations with Cas Transfar Factor and with
FEV. /EVC could easily bave arisen by chance in vieu of the
ctasidual vatiabilicy fa the daca, .

The results suggest that for cunulative exposutes, based on

statlc tests, (see Paragraph & (c)) up to about 23 fidbre~years/ol, -

. the prodadilicy that any one of the seven defined events

occurs is less than 2T. For exposures losa than S0 fibre-years/al,

the estizated probabilicy is less than 7% and for exposures
up to 100 fibre-years/ml tho probadility increases to

17 - 202, Uc¢ eust be recognisad, however, that the
scatistical definicions of cha eveacs concerned are based
broadly on guidelines suggestad by the Sub-Cormittee’s
Medical Advisers ragarding “tha earliest index that the
chest of an asbestos vorker was sdversely affected from
whatever cause™; they do not consticute ciinical diagnoses

of asbescos-related diseasa. .
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