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Abstract—Three groups of men and women employed at a Rochdale asbestos textile factory have
been followed to 3 June 1983 and their mortality compared with that expected at national and
Rochdale rates, i.c. (i) 145 men first employed before 1933 who had served 20 yr or more in scheduled
areas, (ii) 283 women first employed in 1933 or later who had served ten or more years in scheduled
areas, and (iii) a principal cohort of 321! men first employed between 1933 and 1974. Systematic
measurements of the ambient pollution in the workplace bave been made since 1951 either in terms of
particles ml™! or of fibres (of specified size) ml~* and estimates have been made of the average
concentration of particles (or fibres) to which individual members of the principal cohort were
exposed. From these data estimates have been made of the quantitative relationship between ambient
exposure and mortality from lung cancer and mesothelioma These results, together with other
published data, suggest that the lung cancer rate among chrysotile textile workers is approximately
doubled following & cumulative exposure of 100 fibre mi~ yr, irrespective of age at first exposure.
Chrysotile asbestos was used in the factory throughout, but some crocidolite (approx. |5.0%;) was used
between 1932 and 1968 and this may have contributed, perhaps substantially, to the observed
mesothelioma risk. For the purpose of risk prediction we have rather arbitrarily assumed that the
mesothelioma risk caused by a similar conceatration of pure chrysotile would have been roughly half
that observed in this factory. This implies that 35 yr chrysotile exposure at an average concentration
of 1 fibre ml~ ! might eventually cause mesothelioma in about ooe worker in 200 if exposure began at
age 20, although the risk would be substantially lower if exposure began later in life. If enforcement of
the current UK. control limit for chrysotile of 0.5 fibre mi~' results in an average level of
0.25 fibre ml~! in the workplace, these estimates suggest that the risk of eventually developing
asbestos-related lung cancer or mesothelioma to a man first employed at age 20 who works in the
asbestos textile industry for 35 yr may be about 0.8, This prediction is of doubtful accuracy,
however, as the exposure data were derived largely from static particle counts and the correlation
between particle and fibre counts is poor.

INTRODUCTION

QuavLitaTiveevidence of the risk of cancer from exposure to asbestos has been reported
on numerous occasions and has frequently been reviewed (see, e.g ACHESON and
GARDNER, 1979; RovAL COMMISSION, 1984; NATIONAL RESEARCH COUNCIL, 1984).
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There is, however, very little precise evidence of the size of the risk related to specific
measurements of pollution that is of any value for determining the relationship between
dose and effect. One of the few factories which might provide such evidence is a textile
factory in Rochdale which has used predominantly chrysotile, where two of us work
(TG and RC) and where measurements of pollution have been made systematically for
more than 30 yr. The factory has been the subject of several reports (DotL, 1955; Knox
et al., 1965; KNOX et al., 1968; PETO ¢t al.. 1977; and Peto, 1978 and 1980). These,
however, have been restricted to observations on small and selected groups and only
average dust levels have been included in them. except for one small case-control study
of recent employees who had developed lung cancer (PeTO, 1980). The same factory
featured (unnamed) in two reports by the BRiTisH OCCUPATIONAL HYGIENE SOCIETY
{1968, 1983) which considered the relationship between exposure and the incidence of
symptoms characteristic of asbestosis, but not mortality from cancer.

When, therefore, two of us (RD and JP) were asked by the Health and Salety
Commission to review the effects of exposure to asbestos on health, we thought it
worthwhile to extend the observations to include a larger and more representative
cohort observed over a longer period and to compile detailed individual job histories in
the hope that any excess mortality could be related to dust measurements specific for
individuals. We report now the results of our mortality study in detail. The many
difficulties in using these resuits to predict quantitatively the medical effects of exposure
to chrysotile asbestos are discussed elsewhere (DoLt and Peto, 1985).

MATERIAL AND METHODS OF INVESTIGATION

The factory
The factory was established in 1855 to weave cotton and it was not until 1879 that
experiments were started with asbestos. Over the next 30 yr techniques were developed
to produce a wide range of textile and non-textile asbestos products through adapting
the crafts of cotton carding, spinning, and weaving. and adding new processes. The
volume of trade increased steadily at first and then rapidly between 1900 and 1910
when processes were developed for making compressed asbestos fibre (asbestos and
rubber gasket material) rubberized conveyor belting, woven asbestos fabrics for brake-
lining manufacture and a range of plaited strings and ropes for sealing applications.
In 1920, the company amalgamated with three others. During the subsequent
depression it retooled and rebuilt, dispensing finally with cotton processing. The range
and quantity of products continued to expand in the 1930s and came to include yarns,
tapes, webbings, cloths, ropes, impregnated felts. packings and other jointing materials
for a great variety of applications. Non-asbestos industrial and transmission belting
was also developed at Rochdale. but these lines of production eventually grew so large
that they had to be transferred to a new factory at Hindley Green in 1949, The Hindley
Green factory also made railway locomolive asbestos insulation mattresses between
1958 and 1962, produced asbestos cement spray between 1959 and 1969, and shared in
the production of a range of asbestos textile and resinated asbestos felts from 1958 to

1972. when all asbestos production here ceased.

The developments in improved dust control that' occurred during the period
1950-1965 at the Rochdale factory have been described by BamsLin (1959) and HiLrs
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(1963). The main features of a large-scale programme of work covering both plant and
process changes included:

(a) The replacement of hand-mixing by enclosed drum mixing. An oil-emulsion was
also developed to be added to the fibre at the fiberizing stage to reduce dust levels at
downstream operations.

(b) The development of enclosed mechanical bag-filling units to pack asbestos fibre
into ‘impermeable’ bags and replace ‘hand-pomming’ methods of packing and the use
of hessian sacks.

(c) A complete re-design of the carding ventilation systems, to improve hood-
capture efficiency at the various dust-emission points and the conveyance of dust
through the ducting to sleeve filters, and the development of a ventilated system to
capture the dust emitted during “dusty’ card-stripping operations.

(d) Improved ventilation at the weaving operations.

(e) The provision of damping systems to damp yarn prior to certain doubling,
winding and weaving operations.

Additional measures have included the enclosure, by 1972, of all the carding units in
‘respirator’ zones to isolate them from the main (spinning) working area. The direction
of air flow was reversed so as to prevent dust from the more dusty processes being
drawn towards cleaner locations and the incoming replacement air from heated
plenum systems balanced to provide slight negative pressure in working areas.

In 1968 a range of asbestos textiles made by the ‘Fortex’ wet-dispersion process was
introduced. In this method, the raw asbestos is opened by a chemical process, formed
into a colloidal water-based dispersion and then extruded into a coagulating agent to
form a wet strand. The strand is then twisted and spun into a yarn. The process
therefore eliminates the need for the traditional mechanical opening and carding
operations and the textile products resulting from the Fortex process are inherently less
dusty than their conventionally made counterparts.

Asbestos textile production has continued at Rochdale to the present day, but the
last 10 yr have seen a gradual change-over to new substitute materials, such as glass
fibre and Kevlar, a synthetic aromatic polyamide fibre. This change has accelerated in
the past 3 yr, until now approximately one-third of the factory’s output is non-asbestos.
Accompanying these changes the total number of employees, shop-floor plus stafl, has
dropped from a peak of around 3000 in the mid-1960s to approximately 1250 in the
autumn of 1984.

Details of the types of asbestos used throughout this period are given in
Appendix A.

The populations studied

The population studied consists of three groups. The first is composed of 145 men
who had worked in scheduled areas in the factory for at least 20 yr, including some time
before 1933. These men had been identified and followed previously to the end of 1978
(PETO, 1980) and we have now extended observation of the survivors to theend of June
1983. The results are unfortunately of little value for the purpose of estimating the
quantitative relationship between exposure and risk, as no measurements of early dust
levels were made. All that can be said is that the conditions some time before 1933, when
the first Asbestos Industry Regulations (1931} came into force. were certainly very
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much dustier than they were subsequently. The second group. which has also been
followed up to the end of June 1983, consists of 283 women first employed in 1933 or
later who had been employed for 10 yr or more in scheduled areas and had been
followed previously to the end of 1974 (PETO et al., 1977).*

Our previous studies had also included men first empioyed in 1933 or later who had
worked in scheduled areas for ten or more years. For these, we have now substituted
two sub-groups: (A) men who were first employed in 1933 or later, who had ever
worked in scheduled areas or on maintenance (which is not a scheduled occupation but
involves periodic exposure) and had completed § yr total service by the end of 1974,
and (B) a | in 10 sample of all male employees first employed between 1 January 1933
and 31 December 1974, irrespective of where or how long they had worked. These two
sub-groups partially overlap, but duplication of the results is avoided by including in
the follow-up of the latter the experience of men who eventually completed 5 yr service
only for the period until that service was achieved. This combined group, totalling 3650
men (reduced to 3211 alter exclusions. ¢f. pp. 314-317), now constitutes the principal
cohort in our present study.

Sources of information for identification and follow-up

Information needed for identifying and following up the men and women in the first
and second groups was obtained from our previous records. Information required for
identifying men in the third group (principal cohort) was obtained by compiling a
register of all men and women who had ever worked in the factory since the end of 1932
from the personnel records held by the company in 1975. This included the names of
approximately 21 000 men and 10 000 women and constituted the frame from which
both our samples were drawn.

, The names of all the men and women on the original register provided by the
company were matched against the national mesothelioma register maintained by the
Health and Safety Executive; the few persons who were found in this way to have
developed a mesothelioma were noted, irrespective of their length and period of service.
Lists of 21} deaths and of all men who had developed symptoms of asbestosis that were
known to the company were also searched and all those men who had completed 5 yr
service between 1 January 1933 and 31 December 1974, including some scheduled or
maintenance work, but who had been missed when the original register was compiled,
were added to the cohort, as well as any other eligible individuals who were found
during further searches of factory records. The inclusion of these additional cases does
not greatly alter the overall results. Anahyses without them may, we suspect, slightly
underestimate the overall risk, while their inclusion probably overestimates it. Records
dating back 40-50 yr are inevitably lost occasionally for a variety of reasons, but the
records of men who have developed asbestos-related diseases may be more likely to be
taken to other departments for medical or legal reasons and subsequently miskiid.

To check the completeness and accuracy of the original register a 1 in 20 sample of
all male personnel records, a total of approximately 1100 individuals, was drawn and
compared with the register. The origina: register was compiled by several clerical

* Re-examination of employment records led 10 15 addibion of two men and the exclusion of one woman.
In previous reports there were 143 men in the first cohort and 2% women in the second cohont
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workers in the personnel department and records were held in various forms and in
several different files. A block of 79 consecutive names was missing and thesc were
added to the register. A further 24 Asian and 54 other names were. however, also
missing and the register therefore seems likely to have been seriously incomplete for
Asians, but approximately 95%, complete for other workers. The reasons for this
incompleteness include errors in the original compilation, mis-filing, temporary
removal, and inaccuracy in recording names and dates of birth.

Follow-up information about all men and women in the groups studied, which was
not already known to us from factory records and our previous studies, was obtained
from the National Health Service Register held by the Office of Population Censuses
and Surveys at Southport.

Identification and classification of mesotheliomas

Most suspected mesotheliomas among past employees were, of course, known to
the Company, but any among men who worked in the factory briefly, particularly in the
1930s and 1940s, might not have been. It was not surprising, therefore, that a few
additional cases were discovered from the national mesothelioma register, as described
previously, as well as from death certificates. The list of mesotheliomas among previous
employees, both male and female, that we were thus able to compile is, we believe,
complete within the limits set by the accuracy of medical diagnosis for cases occurring
since 1967, when the national mesothelioma register was established. In view of the
long induction period for this disease, it is unlikely that any asbestos-related cases
diagnosed in workers first exposed in 1950 or later have been missed, although one or
two in earlier workers may have been. All available diagnostic information on these
cases, including specialist reports on the microscopic appearance of the tumours, was
reviewed by one of us (RD)and the diagnosis of mesothelioma classified as ‘established’
on the basis of post-mortem evidence with or without histological confirmation (43
cases), ‘presumptive’ on the basis of death certificate information alone (3 cases),
‘uncertain’, because of conflicting evidence {1 case), or ‘incorrect’ (12 cases).* Details of
all suspect cases are included in Appendix B. Most of the ‘incorrect’ cases appeared on
company lists of possible mesotheliomas, but mesothelioma was mentioned on the
death certificate for only four (Appendix B, cases 101, 106, 109 and 112). The remaining
eight. all of whom died of lung cancer or asbestosis, appear to have been transferred in
error from other company lists of suspect deaths, as we could find no evidence that they
had mesothelioma.

Joh histories

For each individual in the principal cohort, a detailed work history was compiled
which included the section of the factory in which he had worked. the type of work
(carding, weaving, etc.), the detailed occupation (the actual machine used. if specified,
and categories of occupation such as autolathe setter, carding assistant, etc.). the
employment code number (which sometimes identified the job more specifically) and

* Dr Christopher Wagner of the MRC's Pneumoconiosis Unit and a member of UICC's mesothelioma
panel specislly reviewed a number of doubtful cases and Dr Anthony Newman Tavlor. lecturer in
occupstional medicine at the Brompton Hospital, advised on the diagnosis of choice i the rare case for
which the evidence was inconsistent.
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whether the job was scheduled. Previous work with asbestos before joining the
Company was also recorded, as well as work at the other local asbestos factory owned
by the Company at Hindley Green. If a man transferred to work at Hindley Green after
inclusion in the cohort, a note was made of the date of transfer, but no further job details
were recorded.

Presentation of results

In presenting our results we have adopted the following conventions. First, we have
attributed deaths to mesothelioma whenever this secemed to have been the most likely
cause after review of the available information, irrespective of the diagnosis on the
death certificate. Individuals who died of some other independent cause, but with a
mesothelioma present, have been classified as dying of the other cause (Appendix B,
cases 4, 17 and 33), but, as it happens, no such deaths occurred in the groups under
special study. When death was certified as due to mesothelioma, but review of the data
indicated that the diagnosis was incorrect, the revised diagnosis has been used instead
(Appendix B, cases 101, 106 and 112}. In all other instances, death has been attributed
to the cause to which it was attributed in the national statistics.

Secondly, we have excluded all observations on men and women over 85 yr of age.
This has been our standard practice in epidemiological studies for the following
reasons: (i) the cause of death in very old people is often not investigated in great detail
and the diagnosis in this age group is more likely to be incorrect than at younger ages ;
{ii) the Registrar General does not give mortality rates for 5-yr age groups over 85 yr of
age and calculation of an expected number of deaths in this age group is liable to be
biased if the age distribution of the group is different from that nationally; and (iii) if
any men have died or emigrated without this fact being discovered, the numbers will
accumulate and could become a significant proportion of the total thought to be alive
with the rapid diminution in the number of true survivors in this age group.

Calculation of expected deaths

The mortality expected in the various groups studied has been calculated in the
usual way by multiplying the person-years at risk in each 5 yr age group in each
quinquennium by the corresponding sex, age and calendar specific mortality rates for
England and Wales as a whole. Mortality in Rochdale was not, however, identical with
that in the whole country and the extent of the difference differed for diflerent diseases
and at different times. The eflect of this on the validity of the comparison between the
observed and ‘expected’ rates is discussed in the next section in relation to Table 5.

RESULTS

Mesothelioma

A total of 34 men and 13 women who had worked at the Rochdale factory at some
time since it opened in 1902 were accepted as having died of mesothelioma (see
Table Bl, Appendix B). All the mesotheliomas were pleural except one, which was
peritoneal in origin and occurred in a man who worked in a high exposure area from
1926 until 1939 and had been exposed to asbestos for one year previously in another
factory (case 12) and may have been exposed to crocidolite. Eighteen were in men first
exposed before 1933, of whom 7 had worked for 20 yr or more in scheduled areas and
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are therefore included in our first (pre-1933) cohort. Fourteen of the 16 men who
started work in 1933 or later are included in our principal cohort. The remaining two
cases (cases 11 and 19) occurred in men who had worked at Rochdale for a year or less
after substantial exposure to asbestos elsewhere (one at Hindley Green) and would
therefore have been excluded from our main analysis had they chanced to be included
in our | in 10 sample of short-term workers (see below).

Five of the 13 women who developed mesothelioma were first employed in 1933 or
later. These five women had worked for 8.4, 3,0and 0 yrin scheduled areas. One of the
two women who had not worked in the scheduled areas had worked for 10 yr on
maintenance; the husband of the other had been employed for 2 yr as a weaver in the
factory 20 yr before her death. None of these cases qualified for inclusion in our female
cohort, however, as none had started work in 1933 or later and worked in scheduled
areas for 10 yr or more.

Men employed before 1933

Table 1 shows the updated results for the group of 145 men who have been studied
previously: that is, men who worked in scheduled areas in the factory for at least 20 yr,
including some time before 1933 (DoLt, 1955; PeTo, 1980). The numbers of deaths
observed and expected are shown separately for men with more or less than 10 yr
service before 1933. As in previous publications, a gross increase is seen in mortality
from lung cancer, mesothelioma, and asbestosis, which is greater (for lung cancer and
asbestosis) for men who had worked more than 10 yr before 1933 than for those who
had worked for less. The first AsBEsTOS INDUSTRY REGULATIONS (1931) had come into
force by the end of 1932 and the very high relative risk of lung cancer in men who had
worked for ten or more years before that date (13 observed against 1.58 expected) was
originally reported thirty years ago (DoLL, 1955). This cohort of 69 men has now been
followed to extinction, save for two men, one born in 1873 and one in 1874, who ceased
to be followed up at 85 yr of age (Table 1).

. The mortality from circulatory disease was also raised in these pre-1933 men,
particularly in the earlier sub-group, owing presumably to the effect of pulmonary
fibrosis on the heart, and there was a small and statistically non-significant increase in
mortality from gastro-intestinal cancer (7 deaths against 4.80 expected).

Women

Table 2 shows the updated results for the group of 283 women who had been
studied previously: that is, women who were first employed between 1 January 1933
and 31 December 1962 and who worked in scheduled areas for at least 10 yr. The
numbers of deaths observed and expected are shown separately for women who were
first employed before or after the end of 1950. The numbers of deaths are still too few for
any material conclusions to be drawn from them. It may be noted, however. that there
was an excess of deaths from lung cancer in women first employed before 1950 (4
against [.44 expected) and that one death from asbestosis also occurred in this group.
No deaths from lung cancer or asbestosis have as yet occurred in the small group who
were first employed alter 1950.

The occurrence of one death from asbestosis in a woman first employed between
1933 and 1950 and the increased mortality from lung cancer in men first employed at
the same period (see below) suggests that the small increased mortality from lung
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ciancer in women may well be occupational in engin. It 1s doubtful. however, whether
national rates are appropriate for calculating the number of deaths expected for lung
cancer in working women, a higher proportion of whom are likely to have been regular
cigarette smokers than in the population at large.

No mesotheliomas are shown in Table 2. despite the fact that a case was recorded in
an eligible woman in a previous publication (Ptro ¢ al., 1977). Deaths attributed to
mesothelioma had not been reviewed individually in previous reports and the
additional evidence that we now have shows that the certified diagnosis was probably
incorrect and that the diagnosis should have been carcinoma of the lunyg (Appendix B,
case 112).

Principal cohort

The number of men in our principal cohort and the numbers excluded for the
purpose of detailed study are shown in Table 3. together with their status at the time
follow-up ceased (30 June 1983). Men with Asiun surnames {(who were identified
independently without knowledge of the resuits of follow-up) were excluded because a
high proportion had emigrated or had not been traced and because of the evidence that
many were likely to have been missed when the original register was compiled (see
p. 309). Men who had previously been exposed to asbestos in the course of their work
were excluded because of the lack of information about the extent to which they had
been exposed. The 27 men in this group included six who had transferred from Hindley
Green, another local factory owned by the same company. The 86 men who were
transferred to Hindley Green after qualifving for inclusion in the study group
contributed to the man-years at risk and hence to the expected numbers of deaths up to
the date of transfer, but were excluded subsequently. Finally. the 17 men whose names
were discovered in additional searches after the compilation of the register from the
1975 personnel records were also excluded.

The effect of these exclusions can be assessed from Table 4. which shows the
numbers of deaths in these groups that were observed from asbestosis. mesothelioma,
lung cancer and all causes and the numbers expected from the two latter categories. The
few deaths that were observed in Asians were appreciably less than the number
expected at national rates and it seems likely that exclusion of these men has avoided
the introduction of bias due to the incompleteness of information about them. One man
who transferred to Hindley Green developed mesothelioma. Substantial amounts of
crocidolite had been used in this factory and quantitative measurements of the amount
of exposure, comparable to those made in Rochdale. have, therefore. not been included.
The inclusion of their experience would clearly have exaggerated the effect of
employment in Rochdale. The men with previous asbestos exposure must also be
excluded for the same reason. None of them developed mesothelioma. but three died of
asbestosis and the group expericnced a small excess ol lung cancer.

Whether the men whose names were discovered by special searches after the register
was compiled should be excluded is more debatable. One had died of asbestosis and this
group, as was to be expected, also suffered an excess of lung cancer. The records of men
who die of asbestos-related discase may be removed from the personnel department for
medical or legal reasons and subsequently inadveriently mislaid, while any history of
previous asbesios work may be more likely to be recorded in them. Excluding them
may result tn an underestimate of risk. but including them probably leids to an

10003172



Mortabty and measures of isbestos pollution

LT =1 — R+ 21 = ansodya snoiad yum vow (o) 3°3) y 01 g wol) paasdgsuen
1WNG Y1 FUBIYDS PUE g PUE Y U SEION YL Fuppe 4G PIUIRIGE 23T PAPRIS B JO SINGWINY 710 Y1 1RY) 05 g pue Y sdnoad yiog vy aeadde uvow xay)
‘uaase)y Aapputpy 1w wawkopdws snomard uipnpoug ,

gy (LS} 9% L LSl vt L1 o8l % 04 <l rey
Lot chie or $ (3 Ay} 9 $O01 131 L ANy
Isi 6811 8t <l oLy n n (344 < < S8 A a10)3q pag)
orl SOC $ 0 It (174 1 Y01 4 0 ydis 0y 150
p3aJosuad
91 9l | 0 0l 0 0 § 0 0 0PI pur 1340 J0 ¢ A3r 1w pai)
Lol Rl < 0 Ly I 0 LY o 0 P
0 19 0 0 ST 0 0 UML) KAPUIH 0L PILIDSUTY |
suonenpenb
(] «© £ nye v dnuid o1 paugsues g
SUDISNIIND  SUOISNIIXD uaa10) pAPPY  Japuinway  sutisy L ansodxa  apuinuiny  sumsy 2ansodxd smvig
Py RIVE Aappurgg SOISaqse soIsagse
uoed e g OF 1jNULSY SO SO |
FRIT LR TRITY] (V) asuvumuiew (4) apdwses ¥ oy

UL IO SEMR PINPIYIS Ut NUOS
yum wawfodwa sieak djow 3o ¢

THORL) EVALINITRG K0 SN SY RN KD NI 40 §R6] INNE OF 1Y SV f 1Y)

PHRL (R L' MMV M N VAN Y L 2 I ol EE TR A T b e =

IS0 | N . o =1 D ’ . .

10003173



5. Pevo, R. Dowr. COHermos, R Cravron, T. GOFFe and W. Binns

6

10003174

8CY 4] 8P'sT 8t (4414 £l 8TL €1 $asned 1y
; i . i — 0 . £ Sis015IQs Y
0 i - 0 - 0 BUWOKYIOSIW
€0 € 6617 £ €6’ 4 £9°0 { saaun> Buny
PNy Parsasq() pasaday PaAINQO parsaday PAAIRQO paradry PIAINQO Yieap jo asne)
JETLY: BV u3) £puiY . suBIsy amsodxa $0153q58
woy) passiy 01 pausdjsues) snonAug

S400UD AIANTIXI NL SOL5IASY 0L (ING SINLLINOS O) INA SISVISIA WON ANV SISNVD TIVY WOlS SHIVIO 3O WMNNN v 378V Y




Mortality and measures of ashesios pollution N7

overestimate. They are excluded from all subsequent tables except Table 16, where the
effect of their omission is shown in relation to the estimate of risk per unit dose.

All but 135 (4.2%;) of the 3211 men in our principal cohort (including the 86 who
were under observation in it until their transfer to Hindley Green) were traced
{Table 3). These 135 were regarded as lost to follow-up and hence did not contribute to
the man-years at risk or expected numbers of deaths from the date of leaving the
factory. The majority had been employed for less than 5 yr and, among those with 5 yr
service or more, only 31 (2.0%) were untraced.

MORTALITY BY CAUSE

The mortality of these 3211 men from different causes of death is shown in Table 5
in comparison with the mortality expected at national rates and that observed in
Rochdale County Borough in 1969-73, the period round the last census for which
detailed local mortality rates have been published. Separate figures are given in Table 6
for men with less than or more than 10 yr duration of employment in the factory and for
periods of observation less than or more than 20 yr after first employment.

The total mortality is higher than that expected from national mortality rates (SMR
1.14)* but slightly less than the rate in Rochdale towards the middle of the period of
observation (SMR 1.16). The mortality from circulatory disease was also slightly less
than that in Rochdale and so was the mortality from non-malignant respiratory
disease, despite the fact that it included seven deaths from asbestosis. Only for
mesothelioma and lung cancer was the mortality significantly raised in comparison
with both national and local Rochdale rates (SMR for lung cancer 1.31, P <0.011). The

TABLE 5. NUMBERS OF DEATHS OBSERVED AND EXPECTED IN 3211 MEN IN THE PRINCIPAL COHORT BY CAUSE,
COMPARED WITH THE MORTALITY IN ROCHDALE IN 1969-73

SMR in
Number of deaths Rochdale

Cause of death Observed Expected SMR in 1969-73
Mesothelioma 11 — —
Cancer of lung 132 100.45 1.31¢ 099
Cancer of oesophagus 11 6.59
Cancer of stomach 29 28.99
Cancer of colon/rectum 0 26.72
Cancer of larynx 4 2.58 o8 0.98
Cancer of kidney I 407
Other cancers 52 75.65
Asbestosis 7 .-
Other respiratory disease 169 129.72 } 1.36 } 145
Circulatory discase 536 46729 .15 118
Other discases 85 89.72 — —
Violence 56 41.17 - —
All causes 113 972.94 114 1.16

* We have expressed SMRs throughout this report as proportions of the expected mortality rather than
as percentages of it: that is 1.14 rather than 114. They are, therefore, essentially the same as relative risks.
t All significance levels are 2-sided.
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Mortality and measures of asbestos pollution 319

mortality from lung cancer in Rochdale was so close to the national rate- —even closer
than it had been previously when the workers in the factory were first studied and the
SMR (in 1946-49) was 0.96—that the difference between the Rochdale and national
rates is ignored in the rest of this report and the numbers of deaths from lung cancer in
various sub-groups are compared dircctly with the numbers expected from the national
rates without any correction for locality. .

The results recorded in Table 6 show that the excess mortality from mesothelioma
and from lung cancer was concentrated in men employed in scheduled areas for ten or
more years and in the period 20 yr or more after first employment (mesothelioma 3.9%,
of all deaths against 0.2% in all other men and at all other times; SMR for lung cancer
2.09 against 1.13 for all other men and at all other times), while the mortality from
asbestosis was more evenly spread over different periods after first employment (1.7%,
of all deaths 20 yr or more alter first employment in men employed for ten or more
years in scheduled areas against 3.5°%; less than 20 yr after first employment in the same
group of men and 0.1% in all other men). In contrast, the mortality from other
respiratory disease and from circulatory disease was, if anything, slightly diminished in
long-term employees (SMRs, respectively, 1.06 and 1.10 in men employed for ten or
more vears in scheduled areas against 1.38 and 1.16 for men employed [or less) which
conforms with the ‘healthy worker’ effect that is characteristic of stable employment
(Fox and CoLLIER, 1976). All other cancers showed a mortality rate that was somewhat
less than that expected for Rochdale (SMR 0.81 against 0.98), but the rate was slightly
raised for men employed in scheduled areas for ten or more years who were observed
20 yr or more after first employment (SMR 1.15 against 0.73 for all other men and all
other periods of observation). This increase, in long-term employees, is limited to
gastro-intestinal cancer, but is not quite statistically significant (SMR 1.53, P=0.1).

Lung cancer

The results obtained in Tables 5§ and 6 show that the men employed in the Rochdale
factory continued to suffer an excess mortality from lung cancer, even when they were
first employed after 1933. Moreover, the concentration of this excess in long-term
workers more than 20 yr after first exposure strongly suggests that it was occupational
in origin. Other factors may, however, have contributed to it as well. Local factors have
been excluded by the comparison with the SMR for Rochdale, but socio-economic
factors in general—and cigarette smoking in particular—could have played some part.
The information available about the smoking habits of the employees is too incomplete
for us to use, but the results of the survey carried out by the Health and Safety Executive
at the start of its national asbestos mortality study show that cigarette smoking was
somewhat more prevalent among asbestos textile workers than among men in the
country as a whole and that this could account for an excess mortality from lung cancer
of about 5% (DoLL and Pero, 1985; CARTER, personal communication). It might,
therefore, be responsible for much of the excess observed in men employed for less than
10 yr (SMR 1.11) and in men of all durations of employment less than 20 yr after first
exposure (SMR 1.09). It can, however, have contributed only a very small proportion
of the excess in men employed for more than 10 yr observed more than 20 yr after first
exposure (SMR 2.09). We shall, therefore, ignore the effects of smoking habits in
estimating the dose-response relationship except in so far as they may help to explain
anomalous findings in short-term employees.
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Table 7 shows the mortality from lung cancer in the principal cohort by duration of
employment in scheduled areas and time since first exposure, separately for men first
exposed between 1933 and 1950 and between 1951 and 1974. The results 20-34 yr after
first exposure for men first exposed between 1933 and 1950 are consistent with an
increase in relative risk with increasing duration of exposure. The trend is not
statistically significant, but the SMR (2.01)is significantly elevated for men with ten or
more years' exposure (24/11.95; P<0.01). No such trend is apparent beyond 35 yr after
first exposure, when the SMR actually falls from 1.23 (12/9.76) for less than 10 yr
exposure to 0.93 (4/4.30) for ten or more years' exposure. The results for men first
exposed in 195! or later suggest a rather different picture, the relative risk 20-32 yr*
after first exposure rising from 0.82 (7/849) for less than 10 yr to 4.17 (12/2.88:
P <0.001) for ten or more years' exposure.

The apparent difference between the trends observed in different periods is the
result of two factors: (i) a significantly elevated overall incidence in men first exposed
before 1951 with less than a year’s exposure (44 observed, 30.51 expected ; P <0.05) and
{ii) a greater relative risk 20-32 yr after first exposure in men with ten or more years’
scheduled exposure, who were recruited after 1950 (12 against 2.88 expected) than in
men with similar duration of exposure who were recruited earlier (24 observed against
11.95 expected). The increased risk in men employed before 1951 with less than a year’s
exposure seems likely to be due largely to chance or to selection bias, as the relative risk
was lower in men employed for 1-9 yr and it was not observed at a later period. The
reason for the increased relative risk of men with more than 10 yr exposure who started
work after 1950 is discussed later (pp. 39 and 40).

Mesothelioma

Fourteen men in the principal (post-1933) cohort died of mesothelioma. Three,
however, are not shown in Table 5: two cases (24 and 25) because the affected men died
after the last follow-up date (30.6.83) and one (case 27) because the man was transferred
to the Hindley Green factory before the disease was diagnosed (16 yr before death)and
is shown only in Table 4.

One of the remaining 11 cases in men who were included in the post-1933 cohort
seems virtually certain not to have been caused by asbestos exposure at Rochdale. The
affected man (case 14) had worked at Rochdale for only 4 months and died 4 yr later in
1951 at the age of 35. He had no known previous exposure and seems likely to be an
‘incidental’ case caused either by childhood exposure or by other or natural causes. In
North America, one third to a half of all mesotheliomas, or about one death in 3000 to
5000 men, cannot be related to asbestos exposure (McDONALD and McDoNaLD, 1980:
PETO et al., 1981) and, as the incidence of non-asbestos induced mesotheliomas is
presumably similar in Britain, the occurrence of one such case in any cohort in which
over 1000 deaths have occurred would not be remarkable. Our attribution of this case
to non-occupational causes is supported by the unusually young age at which death
occurred, which is characteristic of non-occupational cases possibly attributable to
causes other than asbestos (PETO et al., 1981). Alternatively. the diagnosis may be
incorrect. We have only the certified cause of death as ‘endothelioma of pleura’ and

* Follow-up closed in mid-1923 so that no deaths have been observed in this group of men more than
32 yr afier first exposure.
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have been unable to obtain any more specific information. This case was therefore
ignored in subsequent analysis of mesothelioma incidence.

The incidence pattern based on the 10 remaining cases is shown in Table 8 by
duration of exposure in scheduled areas and time since first exposure. Apart from the
marked effect of time since first exposure, the most striking aspect of these figures is the
low incidence among men who worked in scheduled areas for less than 10 yr. If men
with less than 10 yr exposure had suffered the incidence rates in each interval observed
in men with ten or more years' exposure, they would have been expected to contribute
; 25 mesothelioma deaths, whereas only one was in fact observed. This man had worked
for only 18 months in a dusty area in 1936-38, but was subsequently employed in non-
scheduled areas at Rochdale for over 30 yr (case 6). As with lung cancer, there is no
evidence of any reduction in risk after 1951, although there are too few cases for useful
analysis. If the overall rates are applied to the man-years in each interval since first
exposure for men first employed since 1950, the expected number of cases is
approximately one. One death from mesothclioma was, in fact, observed in the post-
1950 group, but two more have been observed in the 15 months since the follow-up
ceased (in men first employed, respectively, in 1952 with 24 yr employment in
scheduled areas and in 1959 with 20 yr employment on maintenance).

PERSISTENCE OF HAZARD AFTER 1950

Mortality from the three asbestos-related diseases in men first employed between
1951 and 1974 provides no reason to believe that the hazard was materially reduced in
that period compared with the hazard in the preceding 18 yr (1933-50). No deaths were
H recorded from asbestosis, but only two were expected at the rates previously observed

(see DoLL and PETo, 1985). The previous paragraph shows that there was no reduction
in the number of cases of mesothelioma, while the relative risk from lung cancer in men
"with ten or more years' exposure in scheduled areas observed 20-34 yr after first
exposure was actually increased (12 observed deaths with 2.88 expected against 24
observed deaths with 11.95 expected; 0.05<P<0.10). Possible reasons for this
difference are discussed later (pp. 39 and 40).

Long-term pattern of relative risk for lung cancer

The numbers of deaths from lung cancer in men employed in scheduled areas for
20 yr or more are shown in Table 9 according to date of first employment and time
since first exposure. The decrease in relative risk observed between men with more than
10 yrexposure before 1933 (8.23) and men with some but less than 10 yr exposure (1.76)
did not extend to men with no such exposure (1.70). A progressive reduction was,
however, seen in men observed 20-34 yr after first exposure (SMRs 15.56, 3.92 and
1.83).

The results shown in Table 9 suggest that the widely accepted assumption that the
relative risk for lung cancer increases or remains at its maximum level with the passage
of time after first exposure may be incorrect, as in each cohort the relative risk more
than 35 yr after first exposure is lower than between 20 and 35 yr. A similar reduction
was also observed in men who had been employed in scheduled areas for 10-19 yr since
1933, and Table 10 shows that the reduction in relative risk beyond 35 yr after first
exposure compared with that 20-34 yr after first exposure is observed at all ages (see
DoLL and Peto, 1985, for discussion).
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TABLE 9. OBSERVED AND EXPECTED NUMBERS OF LLNG CANCER DEATHS IN MEN EMPLOYED IN SCHEDULED
AREAS FOR 20 YR OR MORE BY DURATION OF SERVICE BEFORE 1933 AND TIME SINCE FIRST EXPOSURE

Duration of service before 1933
None (first employed
Years since 10 yr or more Some, but less than 10 yr 1933 or later)
first exposure Observed Expected Observed Expected Observed Expected

20-34 7 045 4 1.02 13 710
35 or more 6 1.13 3 295 4 291
All periods 13 1.58 7 397 17 10.00

TaBLE 10. LUNG CANCER MORTALITY IN MEN WITH PROLONGED EXPOSURE IN SCHEDULED AREAS, DIVIDED
BY YEARS SINCE FIRST EXPOSURE AND AGE

Period since first exposure

Exposure in Age 20-34 yr 35 yr or more
scheduled areas (yr) (yr) Observed Expected Observed Expected

20 or more, some before 1933 Under 60 9 099 1 0.57
60-69 1 043 3 1.99

70 and over } 0.05 5 1.52

10 or more, none before 1933 Under 60 6 3.63 0 0.28
60-69 21 7.30 2 1.63

70 and over 9 3.9 2 2.39

Total All ages 47 16.30 13 837

Case control comparison of occupational risks

For each lung cancer known to have occurred in men 20 or more years after first
exposure, 10 controls matched as closely as possible, and always within 5 yr, on date of
birth and date of first employment were selected at random from men in the cohort who
were still alive when the index case died. Ten eligible controls were found for all but 3
cases (2 with 7controls and 1 with 9). The 93 cases shown in Table 7 were included, plus
a further 4 who are known to have died since the follow-up date.* one who died at
85 yr of age and was therefore censored in the cohort analyses and 6 for whom lung
cancer was mentioned on the death certificate but was not the certified cause of death.
Duration of employment was calculated in six groups of scheduled areas, in
maintenance and in non-scheduled areas up to the date of death of the index case. The
overall results (Table 11) show a relative nsk of 1.76 for men with ten or more years®
exposure in scheduled areas compared with those with less, which is almost identical to
the ratio of the corresponding SMRs for deaths occurring 20 or more years after first
exposure (Table 7).%. The corresponding relative risk for the 24 cases first exposed in
1951 or later is 3.27, which is substantially lower than 5.05, the ratio of SMRs based on
the 19 cases beyond 20 yr after first exposure shown in Table 7. This reduction isdue to

* Deaths of men in the cohorts under investigaticn are recorded regularly by the Office of Population
Censuses and Surveys and our knowledge of them is unbiased by knowledge of their occupational history.

t The analyses took account of the matching, although with 10 controls per case unmatched analyses
would give almost identical results.
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the fact that only one of the lurther five post-1950 cases included in the case-control
analysis had worked for over 10 yrin scheduled areas. An analysis including scheduled,
non-scheduled and maintenance work showed no increase in risk for maintenance
(relative risk =1.08, based on S cases) or non-scheduled work (relative risk =0.33,
based on 2 cases). The numbers of cases with long exposure in the separate scheduled
areas are small (Table 12) and, although the relative risks for several of the larger areas
are greater than one, none is individually statistically significant.

A similar comparison against matched controls for the 12 mesothelioma deaths
(including the two that occurred since the follow-up date) that occurred more than 20 yr
after first exposure is shown in Table 13. This analysis is, however, restricted to
exposure occurring during the first 20 yr after first employment, as the induction period
for mesothelioma is very long and later exposure is unlikely to be relevant. The only
areas for which any cases occurred in men exposed for more than 10 yr were plaiting
and weaving (4 cases), Harridge Mill—a fibre warchouse in which dusty opening and
mixing operations were carried out and where crocidolite exposure may have occurred,
but dust measurements were not made—(3 cases), carding and spinning (2 cases), and
maintenance (1 case). The man with over 10 yr maintenance work had never been
employed in a scheduled occupation, but both of the men with 5-9 yr non-scheduled
exposure had also worked in Harridge Mill (one for 16 months and one for over 12 yr).
There are too few cases to justify formal calculation of relative risks for individual
areas, but the much higher risk in men exposed for more than 10 yr is again evident
(relative risk 14.7; P <0.001).

Lung cancer mortality in relation to dose and duration of exposure in the principal cohort
Exposure data. Our estimates of dose-specific risk are determined largely by the
exposure data for the period 1951-60, which we have also used as a basis for assessing
exposure levels between 1933 and 1950. These early measurements were in particles per
millilitre (p m1~?) and we have therefore presented the results in these units. Many of
the particles counted were not asbestos fibres and, hence, it is uncertain how far the
observed relationship provides a reliable guide to the effects of modern conditions
measured in fibres per millilitre (fml™'). To present the results in this way,
measurements in f ml™! taken since 1961 have had to be converted 1o p ml~*. The
results cannot, however, have been much aflected by any error in this conversion, as
dust levels were substantially higher between 1933 and 1960 than in later years.
The exposure data available to us are in many respects similar in quality to those
relating to chrysotile miners and millers in Quebec (MCDONALD et al., 1980; DAGBERT,
1976) and have the advantage that the dusts to which the employees were exposed are
likely to have included a smaller proportion that was not asbestos and they are
probably superior to any availabie for other cohorts in which a substantial increase in
risk has been observed. Routine sampling of particle counts using a thermal
precipitator at 23 fixed sampling points began in 1951 and between 18 and 25 samples
were taken annually at each sampling point in the years 1952-1955. The number of
sampling points, sampling [requency and method of measurement varied in later years
(see pp. 328 et seq. and Appendix C). Detailed studies of the results of parallel methods of
measurement of both particles and fibres were conducted in 1977, although we suspect
that the comparison of routine measurements obtained by different methods in
successive years may provide a more reliable (although still far from satisfactory)
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TABLE 13. COMPARISON OF DURATION OF EXPOSURE DURING THE 20 YR FOLLOWING FIRST EMPLOYMENT, OF
MESOTHELIOMAS AND MATCHED CONTROLS IN VARIOUS OCCUPATIONS®

Duration of employment

Under 5 yr 59 yr 10 yr or more
Area Cases Controls Cases Controls Cases Controls

Plaiting and weaving 8 110 0 S 4 ]
Carding and spinning 95 2 14 2 11
Doubling 12 113 0 5 0 2
Harridge Mill 9 117 0 0 3 3
Fiberizing 12 113 0 3 0 4
Other scheduled areas 12 118 0 ] 0 |
All scheduled arcas 2 64 0 25 10 31
All non-scheduled areas except

maintenance 10 108 2 8 0 4
Maintenance 1} 109 0 5 ! 6

* One man has been excluded—see footnote to Table 8 and text.

conversion factor. We have, therefore, used the conversion obtained from comparison
of the measurements in 1960 and 1961 when measurements were made respectively in
p ml ™' by the Casclla thermal precipitator and in f ml ™! by the Ottway long-running
precipitator: thatis 1 f ml~!= 35 p m!~' (see Appendix C and Dovt and Peto, 1985).%
Annual averages at selected sampling points between 1952 and 1972 (shown in
Figs 1(a) to (d)) suggest that the substantial variation sometimes observed between
average levels measured with the same instrument in successive years is due more to
real differences in average levels than to random error, as there is a marked correlation
between the patterns of fluctuation observed at different sampling points within the
same area. Such changes did not usually occur at the same time in different areas,
however, and they seem unlikely to have seriously biased the overall averages for 1960
and 1961 on which our particle to fibre conversion is based. The marked change for
‘cheese winding' shown in Fig. 1(a), when the membrane filter results for 1965 were
compared with those for previous and succeeding years, was due to moving the
sampling point and indicates the great importance that the choice of sampling point
may have. '

Individual exposure estimates. Selected sampling points that provided similar
results were grouped together, giving the classification into four categories for each 5-yr
period since 1951 that is shown in Table 14. The mean values for 23 sampling points for
the periods 1951-1955 and 1956-1960 on which this categorization is based are given in
Table 15. For each period, jobs were assigned to the category that was judged to be
most representative by a senior stalf member in the Health Physics Department at the
factory (RC). For most jobs this was unambiguous, as in many areas the majority of
sampling points gave results in the same range and most occupations involving
exposure exclusively or predominantly in such areas could be assigned with reasonablie

t This conversion factor was used by two of the authors in their report to the Health and Safety
Commission (DoLL and Peto, 1985). The results of a study conducted by the Company it 1977 and cited by
the British Occupational Hygiene Society (1983), suitably modified to correspond 10 counting without a
microscope eyepiece graticule, were similar (1 fml™'=30pml~')
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FiG. 1. Amount of asbestos in the factory air in particles per ml averaged over each year from 195210 1972 at

two sampling points for doubling and cheese winding (Fig. 1(a)), two sampling points in spinning (Fig. 1(b})),

three sampling points in the carding area (Fig. 1ic)) and sampling points for beaming. cloth looms and listing

tape looms (Fig. 1(d)). Measurements were taken with a Casella thermal precipitator (1951 -60), an Ottway

long-running thermal precipitator (1961-64). a membrane filter (1965), and cither a membrane filter or a

Royeo automatic particle counter (1966 -72). Resuits 1aken since 1961 are converted to particles per mi to
correspond to Casella TP measurements (se¢ text)
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Mortality and measures of asbestos pollution 3

_ TABLE 5. AVERAGE PARTICLE COUNTS {p ml™ ') IN 1951-55 AND 1956-60

Period
1951 -55 1956 -60
Samphing point Number Number
of of
Block Operation Mcan samples Category® Mean samples Category*
B 40 end cards 11459 88 VH 701.3 55 H
B Inter spinning 507.4 88 H 268.1 36 M
B 60- 80 end cards 809.6 88 VH 4355 52 H
B Roving frames 454.7 89 H 254.3 37 M
B Inter doubling 3829 89 M 2117 30 L
K Opening machines 211.0 87 M 167.0 24 L
D Crightons 450.3 88 H 3959 30 M
D NRA felt cards 610.6 89 H 3526 S0 M
D Fibre rope braiding 2768 89 M 1739 54 L
D Mixing Aoor 461.6 89 H 368.7 k1] M
D Electrical sliver cards 4494 89 H 400.7 54 M
D Inter spinning 358.1 89 M 266.2 29 M
E Flying doubler 260.0 89 M 218.8 4 L
E Beaming 2028 89 M 254.3 28 M
E Fine spinning 161.6 87 L Not sampled —
E Cheese winding 269.3 89 M 2429 35 L
E Fine cards 189.4 87 M Not sampled —
E Pirn winding 2808 88 M 195.5 28 L
u Dry plaiting 1480 84 L 1419 30 L
F Ordinary looms 1530 86 L 158.3 17 L
F Cloth weaving 156.5 87 L 137.7 45 L
F Big looms 219 86 L 2130 17 L
F Listing looms 119.4 87 L 103.7 29 L

* Mean levels were averaged to obtain the average exposure levels for each category (VH = very high
H = high M = Medium L =low)shown in Table 14. A further 11 sampling poinis (average 125.6 p ml~!) also
contributed to the average for the ‘low" category for 1956-60.

confidence. Jobs that involved substantial exposure at various levels, or in areas where
sampling was not conducted, were assigned on the basis of personal judgment. The
primary basis for classification was the ‘prefix number’, a 3- or 4-digit employment code
that specified the area and type of employment. When this was not recorded, the block
and department coding was used. Jobs for which the block and/or department were not
specified were classified individually.

This procedure suffered two major limitations. First, no routine measurements
were taken -before 1951, so that the assignment of exposure categories for men
employed between 1933 and 1950 was less firmly based. There were few major process
changes between these dates and most earlier jobs could be assigned 1951-55 exposure
levels with reasonable confidence. In some areas, however, conditions had improved
and a higher category (again at 1951-55 levels) was assigned for pre-1951 exposure.
The second, and more important, difficulty was the absence of reliable data for the
highest exposure levels. The highest measured levels in 1951-55 were recorded at two
sampling points in the carding department (Fig. 1(c)), but other jobs in areas where no
samples were taken, including loading and stacking operations and work in the
Harridge Mill fibre warehouse, were known to involve very high exposure;; these were
arbitrarily assigned the average observed in the two highest carding levels in 1951-55.
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* One man excluded—see footnote 10 Table 8 and text.

Mortahty and measures of asbestos pollution 339

TasLe 21. COMPARISON OF OBSERVED AND PREDICTED MESOTHELIOMA INCIDENCE, BASED ON A CUBIC
RESIDENCE TIME MODEL WITH LINEAR DOSE-RESPONSE, BY (A) CUMULATIVE DOSE DURING THE FIRST 10 vr
OF EMPLOYMENT AND (B) TOTAL CUMULATIVE DOSE

A. Men who completed 10 vr total B. All men, by tota! cumulative dose
Cumulative service, by cumulative dose during
dose the first 10 yr service

tpml~'yr) Observed Predicted Observed Predicted
< 1000 0 0.28 0* 0.83

1000 ~ S 1.93 2 0.90

2000 — 0 0.85 ! 1.00

3000 - 0 1.13 1 1.29

4000 — 2 2.55 ] 112

5000 or more 3 3127 s 4.87

Total 10 10.00 10 10.00

* One man has been excluded—see footnote to Table 8 and text.

published in reasonable detail are that of chrysotile miners and millers in Quebec
(MCDONALD et al.. 1980) and that of the chrysotile textile workers in South Carolina
studied independently by MCDONALD et al. (1983) and DEMENT et al. (1982); and in
both cases detailed exposure data were described elsewhere (DaGBerT, 1976, and
Dement, 1980) and only briefly summarized in the main reports. If linear
dose -response is assumed, the dose-specific risk estimate, at least for lung cancer, can
be estimated quite adequately from the average exposure and overall excess risk of
long-service workers (PETO, 1978); but, if detailed exposure data are not presented, it is
difficult to distinguish reports based on very sparse {and in some cases virtually non-
existent) measurements of exposure taken more than 15 or 20 yr ago from the few for
which there are extensive particle counts and some basis for their conversion to fibre
counts. Even the best historical exposure data, and certainly our own, are seriously
deficient in several important respects and an appreciation of these limitations is
central to any assessment of the resulting risk estimates. The heaviest exposures were
rurely measured, particle and fibre counts correlate poorly and it is not known whether
a reduction in either implies a proportional reduction in the concentration of
carcinogenic fibres. many of which are not counted by optical microscopy.

The lung cancer rate that we observed in men first employed in 1951 or later
remained high in spite of the large reductions in measured particle counts that occurred
in many areas between 1951 and 1960. The risk did not become substantial until at least
20 yr after first exposure, however, and our observations are therefore in effect limited
to men first employed before about 1960. Further follow-up will be needed to show
whether workers first employed in 1960 or later sulfered a detectable increase in risk.
The reasons for this difference between our results for men first exposed before and after
the end of 1950 are not clear. One possibility is that changes in processing or in the raw
fibre used increased the proportion of long but very fine fibres released that were
invisible with the optical microscope. Exposure to crocidolite may also have varied.
The annual amount used did not change much (sce Appendix A), but the way in which
it was processed may have done. Alternatively, the apparent difference may be, at least
In part, an artefact due to changes in the methods of measurement of pollution. The
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conversion factors that have scemed appropriate may not have reflected adequately the
carcinogenicity of the particles and fibres that were measured. The difference in the
dose-specific estimates of risk (which is just statistically significant, whereas the
difference between the relative risks actually observed 20-34 yr after first exposure is
not quite significant} is due in part to the lower particle counts observed after about
1955 and our assumption that certain processes entailed higher exposure between 1933
and 1950 than between 1951 and 1955. It may be, too, that the ratio of fibres to particles
in the ambient pollution (which was measured in terms of particles until 1961)
increased with the reduction in general atmospheric pollution, thus exaggerating the
amount of asbestos to which the pre-1951 employees appear to have been exposed.

The majority of long-service employees who began work in or before 1950 were still
employed in 1951 and would also have been exposed for some years to the post-1950
conditions and the most plausible expianation of the difference in the relative risks is
that it is largely, or even entirely, due to chance and that the difference in the trends in
risk with estimated dose is further inflated because exposure to the most carcinogenic
fibres was not reduced as much as the changes in particle counts between 195§ and 1960
would suggest. Our belief that this is the case is strengthened by the fact that the 11
additional cases of lung cancer that we were able to use for the case-control analysis in
Table 11 included only one man with more than 10 yr scheduled service, who was first
employed after 1950, against 4 with less than 10 yr, thus producing a lower relative risk
in comparison with men with short exposure than that shown in Table 7. If this
interpretation is correct, the estimate of relative risk based on the pooled data is more
accurate than that based on men first employed since 1951, but our estimated fibre
counts for the period before 1961, when the change from particle to fibre counting
occurred, may be too high.

Our dose-specific risk estimates, which were given on pp. 332 and 334, were given in
terms of particles per ml. If we assume a conversion factor of 35.3 particles per fibre, asis
suggested in Appendix C, these are equivalent to an increase in SMR of 0.0054 per
fmi~! yr for the entire cohort and of 0.0150 per f ml~ ! yr when analysis is restricted to
men first employed in 1951 or later.

The only other study of textile workers that provides clear evidence of quantitative
effects of exposure to chrysotile asbestos is that reported by McDonaLD et al. (1983). If
we accept their suggested conversion factor of one million particles per cubic foot
(measured with midget jet impingers) to six regulated f ml~' (DoLL and Pero, 1985),
the quantitative relationship that they obtain for lung cancer (an increase in SMR of
0.0125 per fml~ ! yr)is intermediate between those we estimated for our post-1932 and
post-1950 cohorts. In view of the many assumptions that have had 10 be made in
deriving these estimates, the consistency of the results is striking and suggests that for
the purposes of prediction it would be sensible to use a rounded-off intermediate
estimate of the effect given by

SMR=1+00I'x{ml™ " yr.

This estimate, it will be noted, is derived from observation of two cohorts of textile
workers, one of which was exposed only to chrysotile while the other (reported here)
was also exposed to small amounts of crocidolite. As, however, the amount was so small
(5.0% of the amount used for the manufacture of textiles between 1932 and 1968: see
Appendix A) and there is no clear evidence that crocidolite and chrysotile produce
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:22ly the different risks of cancer of the lung, two of us used this estimate in their report to the
: 1n the Health and Safety Commission (DoLL and Peto, 1985) to indicate the hazard from
“zz8 the chrysotile. The dose-specific risk estimate for mesothelioma based on our data may,
sure is however, be too high for pure chrysotile, as there is consistent evidence that crocidolite
.~ about causes a greater hazard of mesothelioma than chrysotile. MCDONALD et al. (1983),
221933 indeed, did not observe any pleural mesotheliomas in their study of chrysotile textile
“zrticles workers in South Carolina and the one peritoneal case that they did observe may have
~ 1961) been caused by previous exposure to amphiboles. DotL and Peto (1985) therefore
1:ng the suggested that, for the purposes of predicting the incidence of mesothelioma following
xposed. exposure to a given amount of chrysotile, the risk estimate calculated from the
-erestill Rochdale data should be halved. This rather arbitrary assumption constitutes an
-1950 unecasy compromise between the South Carolina results, the observation of several
-~.sks is cases among Quebec chrysotile miners and millers (MCDONALD et al., 1980) and the
ends in data reported here; further data on the mesothelioma risk in chrysotile workers who
n.ogenic suffered a substantial excess of lung cancer would be valuable.
+3 1960 The current control limit for chrysotile in the UK. is 0.5 f mi~! and. where this is
:the 11 properly enforced, average levels are unlikely to exceed about 0.25fml™'. The
:lvsisin corresponding predicted life-long risks of dying of lung cancer or mesothelioma, based
«zs first on the models that we have adopted and assuming a conversion factor of 35 particles
verisk per fibre, are shown in Table 22, which is reproduced from DoLt and PeTo (1985).
If this These predictions, which are calculated from current male death-rates in England and
'$ more Wales for lung cancer and other causes, suggest that the risk to men first employed at
= fibre age 20 who are exposed for 35 yr will be approximately 0.8%. The mesothelioma risk is
»unting likely to be similar in smokers and non-smokers, but for lung cancer the risks for
smokers will be about 509 higher than those shown in Table 22 and, for non-smokers,
Zaenin less than 109 of those shown.
re asis The observation in this study that there were very few mesotheliomas in men with
)34 per less than 10 yr exposure compared with those with more (1 against 25 expected at the
‘cred to rates for the latter) is of particular interest, as it is still widely believed that short
exposure can cause a substantial risk of mesothelioma. A similar effect of duration of
hative exposure was observed among Australian crocidolite miners (HoBss et al., 1980). The
¥33).0f mesothelioma risk caused by short exposure thus seems to be extremely low, except
sic foot
. 1985),
MR of TaBLE 22. PREDICTED NUMBERS OF ASBESTOS-INDUCED DEATHS DUE TO LUNG CANCER AND
)32 and MESOTHELIOMA OCCURRING BEFORE AGE 80 YR AMONG 1000 MEN IN CHRYSOTILE TEXTILE

MANL FACTURE EXPOSED TO A LEVEL OF 0.25fmi ™",

I'Ede n (Based on England and Wales male death rates in 1981-82 for lung cancer and all causes.
~at for Dott and Pero, 1985.)
~ediate
Age at first Duration of exposure (yr)
exposure {yr) : 5 15 25 35

— 20 Lung cancer 093 279 4.62 6.29

-extie Mesothehoma 053 112 .34 140
3 here) 3 Lung cancer 0.94 279 448 5.66
> small Mesothehioma 0.23 0.46 0.53 0.54
65 see 40 Lung cancer 093 - 264 385 424
A Mesothelioma 0.08 0.15 0.16 0.17
~oduce
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perhaps for very heavy exposure 1o amosite (SEIDMAN ¢t al., 1979) or 1o crocidolite in
manufacture (JONES et al., 1980).

The limitations of the models that we have fitted for lung cancer and mesothelioma
and of the corresponding predicted risks for diflerent durations of exposure and ages at
first exposure are discussed in DoLL and PeTO (1985). Two important qualitative
predictions of these models are that the relative risk for lung cancer will be almost
independent of age at first exposure and that the ratio of the excess lung cancer risk to
the mesothelioma risk will increase sharply with increasing age at first exposure. Both
are confirmed by our results for men first exposed at different ages who worked for ten
or more years in scheduled areas (Table 23) and by comparable observations on North
American insulation workers (PETO er al., 1982). This qualititative consistency is.
however, rather weak evidence for other more specific assumptions implicit in these
models. There are too few mesotheliomas in this cohort for the cubic residence time
model to be tested critically, but our data on lung cancer do not conform precisely 1o
the predicted pattern in relation either to the passage of time or toduration of exposure.

TABLE 23. LUNG CANCER AND MESOTHELIOMA MORTALITY 20 OR MORE YEARS AFTER FIRST
EXPOSURE AMONG MEN EXPOSED FOR 10 OR MORE YEARS IN SCHEDULED AREAS

Age at first Ratio of lung
exposure Lung cancer Mesothehoma cancer excess
(yr) Obs. Exp. SMR Obs. to mesothehoma
Under 25 3 1.45 2 2 08
25-4 14 6.88 203 3 24
35 or over 23 10.79 21 4 11
Total 40 19.13 209 9 23

The reduction in relative risk that we observed beyond 35 yr after first exposure, which
has also been observed in other studies (WALKER, 1984) seems likely to be real, but the
effect of different durations of exposure and. in particular, the risk to short-service
workers. is less clear. The elevated risk in our study in men employed for less than a vear
before 1951 (44 observed, 30.51 expected: Table 7)seems unlikely to be occupational in
origin, as it was unrelated to time since first exposure and did not occur in men
employed for between | and 9 yr. We. therefore, suspect that this excess was caused by a
combination of chance and selective bias, perhaps because some of these transient
employees left the factory because of respiratory symptoms or smoked more heavily
than the rest of the workforce or the local population. A disproportionate excess of lung
cancer following short-term exposure that is too large to be readily attributable 1o
chance or bias has. however. been observed in several other cohorts exposed 1o a
variety of substances (DoLi and Peto, 1985). This is an anomaly that merits further
study. but 1s beyond the scope of this report,

Whatever the assumed model. the SMR for lung cancer can be estimated either as
we have done, by comparing the observed mortality with the expected number
calculated from local or national rates. or by using the data on workers with low
cumulative doses to estimate the true underlying rate in the workforce studied in the
absence of its occupational exposure. Such an internal control group may be more
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Conditions in carding had greatly improved by 1956, but no material change occurred
in these other dusty areas and they were allocated the same (1951-55) level from 1933 to
1960.

The dust levels (in p ml~ ') for each category shown in Table 14 for the period
1951-60 were calculated by averaging the results for the corresponding sampling
points, with the exception mentioned above of ‘very high’ for the period 1956-60. The
measurements (taken in fml~?) since 1961 were in certain areas very much more
variable than the earlier particle counts, however, and the sampling points were
changed several times between 1961 and 1972. It was, therefore, difficult to select an
appropriate set of sampling points that could be regarded as representative,
particularly for the higher exposure levels. For example, the annual means for 1966 at
different sampling points in one area ranged from 1.5 to 35.6 fml~' and the annual
means for the unloading platform in 1964, 1965, 1966 and 1967 were 3.0, 11.5, 30.0, and
16.4 fml~?, respectively. The levels assumed for different exposure categories for this
period (from 20 f ml ™~ ! for *very high’t0 2.5 f ml~ ! for ‘low’—see Table 14) were chosen
as an approximation to the averages for the jobs assigned to them, but they were not
formally calculated. They seem likely to be approximately correct, however, as they
correspond quiteclosely in each category apart from the Jowest to the observed average
particle counts for 1951-60 (assuming a conversion factor of 35 particles to one
regulated fibre*: see Appendix C).

We observed little or no excess risk before 20 yr after first exposure and ignored
exposure in the S yr preceding death in all dose-response calculations. Our results are
therefore dominated by the pre-1961 exposure estimates, so that any error in more
recent estimates or in their conversion to particle counts cannot have greatly influenced
our dose-response analysis.

Dose-response relationship

To allow for the delay between exposure to asbestos and any resulting increase in
lung cancer mortality, man-years and deaths are allocated in the following analyses to
categories of duration of exposure, average dose and cumulative exposure with a lag of
5 yr. Thus, for example, if a man achieved a cumulative exposure of 1000 p ml~ ' yron 1
July 1958, the man-years that he contributed up to 1 July 1963 (and his death, if he died
before that date) are allocated to the first cumulative dose category (under
1000 p m!~ ' yr). These analyses also differ from those in previous tables in the
treatment of duration of exposure. Men were classified according to duration of service
in scheduled areas in earlier analyses, whereas the dose-response analyses are based on
total duration of employment in the factory.

Lung cancer mortality occurring 20 or more years after first employment is
analysed by cumulative exposure in Table 16. Results are shown both overall and
separately for men recruited in 1951 or later. The data are consistent with a linear
increase in relative risk with increasing cumulative dose, the model that we have used as
a basis for risk prediction (DoLL and PET0, 1985) and the combined results suggest that
the SMR is increased by 1.53 x 10~ * per p ml™ ! yr. The corresponding estimate based

* For the purpose of controlling exposure 1o asbestos. fibres are counted under the optical microscope
that are more than 5 ym long and have aspect ratios (that is ratios of length to diameter) of more than 3o I,
These are referred to here as ‘regulated fibres’.

10003195



Al & -

0
[ 3
-
™
[~
o
Qo
-

333

11 2QRL U UMOYS S{0JIUOD PIYDIEW JY) JO 58I XIPUT 3Y) JO YIEIP 3y} 210§3q 3K § 01 dn SAUNSOAXI IANTINWND ) WOJJ PIIEINfES d1am 3K , _jw d Ul Sasop eI 4
(mep

m 1e), O x gL1 10 (vyep 0561 -150d) , QO X 66'p LOIIQ PIPNIUL Ik SISED (PUOIIPPE IYL UIYM $IVWHISS ITNbS-1Yd> Wnunuiw 34| (e1ep ) +-01 X L¥'I puR(BILP OS61

3 -s0d) , 01 % 19°¢ Jo sanjea saatd y Jo sajewnss pooyiaxy walwixew 3uisn poyiauw JaNeUIIIfE Uy 21Enbs-1yd Jo njra wnwu B 3413 O) ST 05 PILIY SPM BjnWIO) 3y )

unnun eiep IR) Q1 X £5°| O (riep 0561-150d) , _OF X PT¥ =Y 233UM (IS0 UBIW) ¥ + | = NS13 SANRIIY :BINULIO) ) WO PIILINOIEI IR SIIQUWINU PIDIP33 ,

w 106 Byl 9% (96} t6 6€1 oriny o) 6t feog

] L1506 L2 Y (rgo1) €801 174 I 74 I€€8 68§ aey oS sy ¢ 3low 10 0oUs

< 1334 8L (oc'v) (14 4 (T ot otry "z (180 080 sy p — 000y

@ vt 98 (89°¢) 9¢ 9 9 96t 9wl (09°0) 650 0 0 = 000t

m st 6 (399) 099 @ 1 1474 £97 621 6C1 ) 7 - 000

m 60¥1 e (89°¢) 9L g) 8 LRyl 141 {e6'1) 66’1 ) ¢ = 0001 ,
153 60 LyoE t6$°62} €567 () »n 661 (8¢ 1149 1 4% $) s 0001 >

- .
=

.. sop PP pardadxy PIAIXQO »op «PRRIPAG paxedxg PAAIISQO Gk d) N
= UL juedp sop :
t 3918] 10 €561 19)1e] SO [§61 AnenwIn Y '
s pIsodia 153y pouag

(*sasayiuasnd ul umoys $13quInu PaI>adYD Pu’ ParIsqo Y1 $IAIT 11oYod [edidunsd oY) ur papndul Jou Sased 3jqIdia Jo uoIPPY)
WA G 0 DYDY YOS ONENOTTY SO0 JALVINAND AW CINTIWAOTIWY LSYI4 WALAY SUVAA JHOW HO 07 ALITVAMOW BIINVD ONNT G31I3dXT ANV QIAYIKQ 9f 318V ]

> b Q [V ) 3 o - L ] R - ) -
BS BEEREESSSITLESEINE BHLR S2tEEgsds ZEEEER &
b oy rem 3 P ] - Ow ¢ -] c (= - ~.
=" rp.mwca6nvr0elﬂ Osmn aumr-unfc e _ = g Y
32 QBEF - ,220EdgHEEwlo E=T¢ v



334 J. Pero. R. DovL. C. Herwn, R, CLavTon, T. GOFFE and W. Binns

only on men first employed in 1951 or later is, however, substantially higher
(4.24 x 10™*) and the difference beiween the estimates is statistically significant
(P <0.05). The effect of including the 1~ eligible men who were missed when the original
register was compiled (Table 3)is also shown in Table 16. This would probably lead to
a slight overestimation of the risk, but the effect would in any case not be large.

Relationship with duration of exposure

The effect of duration of exposure, separate from level of exposure, is examined in
Table 17. Each man's average exposure level throughout his period of employment was
calculated by dividing cumulative dose by duration of employment up to that date, and
a man exposed at different levels may therefore transfer several times to a higher or
lower exposure level during employment, although not afterwards. As in Table 16 each
transfer between exposure or duration categories is actually effected 5 yr after it
occurred. The overall results suggest little or no excess risk when men are employed for
under 10 yr and no increase with increasing duration of employment beyond 20 yr at
any exposure level. At the highest level (over 400 p m!~') the risk appears to be
virtually unrelated to duration of exposure owing to the excess in men exposed for less
than 1 yr (12 observed, 7.60 expected, P=0.2). The pattern of the results in Table 17 is
not materially altered by restricting analysis to deaths occurring 20-35 yr after first
exposure and cannot therefore be attributed to the correlation between duration of
exposure and time since first exposure. The corresponding results for non-malignant
respiratory disease (Table 18) show a similar pattern to those for lung cancer, except
that death from asbestosis occurred only in men who had been employed for ten or
more years. ‘

An excess of lung cancer in short-service workers occurred only in men first
employed before 1951 (see Table 7). We therefore analysed the overall mortality
experience of men first employed before 1951 who worked for less than 10 yr, divided
by duration of scheduled and total service (Table 19). The results for lung cancer tend
to suggest that the excess is not asbestos-related, but there are too few men with no
scheduled service to provide an adequate comparison group. For non-malignant
respiratory disease the risk was rather greater among men with scheduled service, but
again the difference does not approach statistical significance. The interpretation of
these and other similar data is discussed more fully elsewhere (DoLL and Peto, 1985).

Quantitative relationship for mesothelioma

We have adopted a ‘cubic residence time’ model for mesothelioma which predicts
that subsequent incidence is increased by each brief period of further exposure by an
amount proportional to the intensity and duration of that exposure and to the cube of
the time since it occurred (DoLt and Pevo, 1985). This implies that the death rate at age
t caused by prolonged exposure that began at age ¢, and ended at age 1, at a constant
level L will be given by the equation

k-L-[(t=1,)* -t —1,)*].

where k is a constant. Denoting ages at starting and ending the jth period of
employment by t,; and t,, respectively and the corresponding exposure levelinp ml ™!
by L, the overall death rate at age ¢ will therefore be
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Mortality and measures of asbestos pollution N
1it)=k- Z Lf[(f"u)"’ (1—‘21)‘]-
i

The model was fitted by computing the formula for 1(t) for each year of observation and
period of employment fof each man and choosing k so that the total predicted number
cqualled 10, the observed number. The predicted numbers of cases calculated in this
way are shown in Table 20. The corresponding estimate of k is 3.52 x 10~ !2, Thus, for
example, the predicted death rate 40 yr after first exposure for a man who worked
continuously for 15 yr at a level of 350 p ml~' (which corresponds to approximately
10 fmi~"'; see Appendix C)and then left is k- 350 - (40*-25*) or 2.7 per 1000 p.a. There
are too few cases to test the model stringently, but the observed and predicted numbers
in Table 20 are in reasonable agreement for different times since first employment. For
duration of employment, however, the resuits suggest that men exposed for less than
10 yr suffered a rather lower risk than that predicted (1 observed, 4.25 predicted), in
which case the risk for men who worked in scheduled areas for ten or more years may
have been underestimated. Restricting analysis to men with ten or more years'
scheduled service increases the estimate of k to 5.50 x 10~ '2. The predicted number of
cases in men first exposed in 1951 or later up to the end of June 1983 is 1.31, compared
with | observed and a further 2 since follow-up closed.

There are too few cases for the effects of exposure level, duration of exposure and
time since exposure to be examined in detail. In an attempt to assess the extent to which
estimated exposure levels correlate with risk, at least in long-service workers, we have
compared the numbers observed and those predicted by our model, restricting the
analysis to men who completed 10 yr total service, and tabulated by the total dose (and
hence average exposure level) up to the date of completing 10 yr service. If our model is
even approximately correct, this early exposure is very much more important than
subsequent exposure, and this comparison should therefore indicate whether low
cxposure is more or less dangerous than a linear dose-response would imply. The
results are consistent with linearity (Table 21), but again there are too few cases for it to
be tested critically. The corresponding comparison for all periods of service, tabulated
by total cumulative dose (right-hand part, Table 21) shows an excellent correspon-
dence between observed and predicted numbers at each level, but this comparison does
not provide a very useful test of the model, as total cumulative dose gives equal
weighting to any exposure, irrespective of when it occurred, and is also dependent on
duration of exposure.

Expected numbers based on a fourth rather than third power residence time model
are also shown in Table 20. The fit is virtually identical to that for the third-power
model in relation to duration of exposure and slightly better in relation to time since
first exposure. The difference in relation to overall predicted risk is, however, marginal,
and much larger numbers would be needed to estimate the exponent precisely.

DISCUSSION

The detailed examination of the mortality patterns and exposure data in this report
are. perhaps, as important as the actual risk predictions, which are similar to those
based on an earlier analysis of a smaller study in this factory (PETO, 1978). The only
other cohorts in which a substantial excess risk has been observed and for which the
original particle counts and the basis for theic conversion to fibre counts have been
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* One man excluded—see footnote to Table 8 and text.
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Tast 21. COMPARISON OF OBSERVED AND PREDMCTED MESOTHELIOMA INCIDENCE, BASED ON A CUBIC
RESIDENCE TIME MODEL WITH LINEAR DOSE-RESPONSE, BY (A) CUMULATIVE DOSE DURING THE FIRST [0 YR
OF EMPLOYMENT AND (B) TOTAL CUMULATIVE DOSE

A. Men who completed 10 yr total B. All men, by total cumulative dose
Cumulative service, by cumulative dose during
dose the fiest 10 yr service

tpml~!'yr) Observed Predicted Observed Predicted
< 1000 0 0.28 0 0.83

1000 - s 193 2 0.90

2000 - 0 0.8s 1 1.00

3000 - 0 113 1 1.29

4000 - 2 e 2.55 1 1.12

5000 or more 3 7 5 487

Total 10 10.00 10 10.00

* One man has been excluded—see footnote 10 Table 8 and text.

published in reasonable detail are that of chrysotile miners and millers in Quebec
(McDonNaLD et al., 1980) and that of the chrysotile textile workers in South Carolina
studied independently by McDoONALD et al. (1983) and DeMENT et al. (1982); and in
both cases detailed exposure data were described elsewhere (DaGBerT, 1976, and
DeMENT, 1980) and only briefly summarized in the main reports. If linear
dose-response is assumed, the dose-specific risk estimate, at least for lung cancer, can
be estimated quite adequately from the average exposure and overall excess risk of
long-service workers (PeTo, 1978); but, if detailed exposure data are not presented, it is
difficult to distinguish reports based on very sparse (and in some cases virtually non-
existent) measurements of exposure taken more than 15 or 20 yr ago (rom the few for
which there are extensive particle counts and some basis for their conversion to fibre
counts. Even the best historical exposure data, and certainly our own, are seriously
deficient in several important respects and an appreciation of these limitations is
central to any assessment of the resulting risk estimates. The heaviest exposures were
rarely measured, particle and fibre counts correlate poorly and it is not known whether
a reduction in either implies a proportional reduction in the concentration of
carcinogenic fibres. many of which are not counted by optical microscopy.

The lung cancer rate that we observed in men first employed in 1951 or later
remained high in spite of the large reductions in measured particle counts that occurred
in many areas between 1951 and 1960. The risk did not become substantial until at least
20 yr after first exposure, however, and our observations are therefore in effect limited
to men first employed before about 1960. Further follow-up will be needed to show
whether workers first employed in 1960 or later suffered a detectable increase in risk.
The reasons for this differcnce between our results for men first exposed before and after
the end of 1950 are not clear. One possibility is that changes in processing or in the raw
fibre used increased the proportion of long but very fine fibres released that were
invisible with the optical microscope. Exposure to crocidolite may also have varied.
The annual amount used did not change much (see Appendix A), but the way in which
it was processed may have done. Alternatively, the apparent difference may be, at least
tn part, an artefact due to changes in the methods of measurement of pollution. The

B I T TP,
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conversion factors that have seemed appropriate may not have reflected adequately the
carcinogenicity of the particles and fibres that were measured. The difference in the
dose-specific estimates of risk (which is just statistically significant, whereas the
difference between the relative risks actually observed 20-34 yr after first exposure is
not quite significant) is due in part to the lower particle counts observed after about
1955 and our assumption that certain processes entailed higher exposure between 1933
and 1950 than between 1951 and 1955. It may be, too, that the ratio of fibres to particles
in the ambient pollution (which was measured in terms of particles until 1961)
increased with the reduction in general atmospheric pollution, thus exaggerating the
amount of asbestos to which the pre-1951 employees appear to have been exposed.

The majority of long-service employees who began work in or before 1950 were still
employed in 1951 and would also have been exposed for some years to the post-1950
conditions and the most plausible explanation of the difference in the relative risks is
that it is largely, or even entirely, due to chance and that the difference in the trends in
risk with estimated dose is further inflated because exposure to the most carcinogenic
fibres was not reduced as much as the changes in particle counts between 1951 and 1960
would suggest. Our belief that this is the case is strengthened by the fact that the 1]
additional cases of lung cancer that we were able to use for the case-control analysis in
Table 11 included only one man with more than 10 yr scheduled service, who was first
employed after 1950, against 4 with less than 10 yr, thus producing a lower relative risk
in comparison with men with short exposure than that shown in Table 7. If this
interpretation is correct, the estimate of relative risk based on the pooled data is more
accurate than that based on men first employed since 1951, but our estimated fibre
counts for the period before 1961, when the change from particle to fibre counting
occurred, may be too high.

Our dose-specific risk estimates, which were given on pp. 332 and 334, were given in
terms of particles per ml. If we assume a conversion factor of 35.3 particles per fibre, asis
suggested in Appendix C, these are equivalent to an increase in SMR of 0.0054 per
fml~! yr for the entire cohort and of 0.0150 per f m1~® yr when analysis is restricted to
men first employed in 1951 or later.

The only other study of textile workers that provides clear evidence of quantitative
effects of exposure to chrysotile asbestos is that reported by MCDONALD et al. (1983). If
we accept their suggested conversion factor of one million particles per cubic foot
(measured with midget jet impingers) to six regulated f ml™*! (DoLL and Peto, 1985),
the quantitative relationship that they obtain for lung cancer (an increase in SMR of
0.0125 perf ml™! yr)is intermediate between those we estimated for our post-1932 and
post-1950 cohorts. In view of the many assumptions that have had to be made in
deriving these estimates, the consistency of the results is striking and suggests that for
the purposes of prediction it would be sensible to use a rounded-off intermediate
estimate of the effect given by

SMR=1+001xfml"* yr.

This estimate, it will be noted, is derived from observation of two cohorts of textile
workers, one of which was exposed only to chrysotile while the other (reported here)
was also exposed to small amounts of crocidolite. As, however, the amount was so small
(5.0% of the amount used for the manufacture of textiles between 1932 and 1968: see
Appendix A) and there is no clear evidence that crocidolite and chrysotile produce
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different risks of cancer of the lung, two of us used this estimate in their report to the
Health and Safety Commission (DotL and Pero, 1985) to indicate the hazard from
chrysotile. The dose-specific risk estimate for mesothelioma based on our data may,
however, be too high for pure chrysotile, as there is consistent evidence that crocidolite
causes a greater hazard of mesothelioma than chrysotile. McDoNALD et al. (1983),
indeed, did not observe any pleural mesotheliomas in their study of chrysotile textile
workers in South Carolina and the one peritoneal case that they did observe may have
been caused by previous exposure to amphiboles. DoLL and Pero (1985) therefore
suggested that, for the purposes of predicting the incidence of mesothelioma following
exposure to a given amount of chrysotile, the risk estimate calculated from the
Rochdale data should be halved. This rather arbitrary assumption constitutes an
uneasy compromise between the South Carolina results, the observation of several
cases among Quebec chrysotile miners and millers (MCDONALD et al. 1980) and the
data reported here; further data on the mesothelioma risk in chrysotile workers who
suffered a substantial excess of lung cancer would be valuable.

The current control limit for chrysotile in the U.K. is 0.5 f ml~ ! and, where this is
properly enforced, average levels are unlikely to exceed about 0.25fml~'. The
corresponding predicted life-long risks of dying of lung cancer or mesothelioma, based
on the models that we have adopted and assuming a conversion factor of 35 particles
per fibre, are shown in Table 22, which is reproduced from DoLL and Pero (1985).
These predictions, which are calculated from current male death-rates in England and
Wales for lung cancer and other causes, suggest that the risk to men first employed at
age 20 who are exposed for 35 yr will be approximately 0.8 %;. The mesothelioma risk is
likely to be similar in smokers and non-smokers, but for lung cancer the risks for
smokers will be about 509, higher than those shown in Table 22 and, for non-smokers,
less than 109 of those shown.

The observation in this study that there were very few mesotheliomas in men with
less than 10 yr exposure compared with those with more (1 against 25 expected at the
rates for the latter) is of particular interest, as it is still widely believed that short
exposure can cause a substantial risk of mesothelioma. A similar effect of duration of
exposure was observed among Australian crocidolite miners (HoBss er al., 1980). The
mesothelioma risk caused by short exposure thus seems to be extremely low, except

TABLE 22 PREDICTED NUMBERS OF ASBESTOS-INDUCED DEATHS DUE TO LUNG CANCER AND
MESOTHELIOMA OCCURRING BEFORE AGE 80 YR AMONG 1000 MEN IN CHRYSOTILE TEXTILE
MANUFACTURE EXPOSED TO A LEVEL OF 0.25 f ml ™"

(Based on England and Wales male death rates in 1981 -82 for lung cancer and ail causes.
DotL and Pero, 1985.)

Age at first Duration of exposure (yr)

exposure (yr) 5 15 25 35
20 Lung cancer 0.93 219 4.62 6.29
Mesothelioma 0.53 1.12 1.4 1.40

3 Lung cancer 0.94 279 448 5.66
Mesothehoma 0.23 0.46 0.53 0.54

40 Lung cancer 0.93 264 185 424
Mesothelioma 0.08 0.15 0.16 0.17
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perhaps for very heavy exposure 10 amosite {SEIDMAN el al.. 1979) or 1o crocidohite in
manufacture (JONEs ¢t al., 1980).

The limitations of the models that we have fitted for lung cancer and mesothelioma
and of the corresponding predicted risks for different durations of exposure and ages at
first exposure are discussed in DoLL and Peto (1985). Two important qualitative
predictions of these models are that the relative risk for Jung cancer will be almost
independent of age at first exposure and that the ratio of the excess lung cancer risk to
the mesothelioma risk will increase sharply with increasing age at first exposure. Both
are confirmed by our results for men first exposed at different ages who worked for ten
or more years in scheduled areas (Table 23) and by comparable observations on North
American insulation workers (PETO er al., 1982). This qualititative consistency is.
however, rather weak evidence for other more specific assumptions implicit in these
models. There are too few mesotheliomas in this cohort for the cubic residence time
model 10 be tested critically, but our data on lung cancer do not conform precisely to
the predicted pattern in relation either to the passage of time or to duration of exposure.

TABLE 23. LUNG CANCER AND MESOTHELIOMA MORTALITY 20 OR MORE YEARS AFTER FIRST
EXPOSURE AMONG MEN EXPOSED FOR 10 OR MORE YEARS IN SCHEDULED AREAS

Age at first Ratio of lung
exposure Lung cancer Mesothelioma cancer excess
(yr) Obs. Exp. SMR Obs. to mesothelioma
Under 25 3 1.45 2 2 0.8
25-34 14 6.88 203 3 24
35 or over 23 10.79 213 4 kR
Total 40 19.13 209 9 23

The reduction in relative risk that we observed beyond 35 yr after first exposure, which
has also been observed in other studies (WALKER, 1984) seems likely to be real. but the
effect of different durations of exposure and, in particular, the risk to short-service
workers. is less clear. The elevated risk in our study in men emploved for less than a year
before 1951 (44 observed, 30.51 expected: Table 7)seems unlikely to be occupational in
origin, as it was unrelated to time since first exposure and did not occur in men
employed for between 1 and 9 yr. We. therefore, suspect that this excess was caused by a

“combination of chance and selective bias. perhaps because some of these transient

employees left the factory because of respiratory symptoms or smoked more heavily
than the rest of the workforce or the local population. A disproportionate excess of lung
cancer following short-term exposure that is too lurge to be readily attributable 1o
chance or bias has, however. been observed in severial other cohorts exposed to a
variety of substances (DoLL and PeTo, 1985). This is an anomaly that merits further
study. but 1s bevond the scope of this report.

Whatever the assumed model, the SMR for lung cancer can be estimated either as
we have done. by comparing the observed mortality with the expected number
calculated from local or national rates. or by using the data on workers with low
cumulative doses to estimate the true underlying rate in the workforce studied in the
absence of its occupational exposure. Such an internal control group muy be more
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appropriate in some circumstances, but we have preferred to use population-based
SMRs in the analysis of our data, for four reasons. First, short-term workers may sufler
consistently higher mortality than long-term workers, as they constitute a self-selected
sub-group. As noted above, we suspect that this occurred 1n the present study. Second.
the assumption that the observed dose-response will be linear may be wrong. either
because the model is incorrect or because short-term workers suffer high exposure due
to differences in work practices or in the jobs that they are given compared with
experienced workers in the same area. Our third reason for relying on general

" population rates is that the majority of the lung cancers in our study occurred in men

born between about 1890 and 1930. and the corresponding British lung cancer rates are
among the highest in the world. owing to the high proportion of life-long smokers in
Britain. It would therefore be surprising to find an occupational group whose
underlying SMR for lung cancer in men exceeds the national average by more than
50%. although in other countries and among British women. this might not be true.
The fourth reason is that our study gave a dose-specific risk estimate based on men first
exposed since 1951 that was higher than that among men first exposed between 1933
and 1950. An excess risk in short-term workers occurred only in men first exposed
before 1951, however, and an internal analysis of relative risk would thus increase (and,
in our opinion, exaggerate) this discrepancy.

The small excess of gastro-intestinal cancer observed in this study was not
statistically significant. A review of these and other data suggests, however, that such
excesses have been consistently observed among asbestos workers. together with a
similar small excess of cancers of many other sites; DoLL and PeTo (1985) suggest that
much, and perhaps all, of these excesses may be due to mis-diagnosis of lung cancers or
mesotheliomas that presented clinically as cancers of other types.

In conclusion, we should perhaps emphasize again that our exposure estimates are
determined largely by static particle counts taken between 1951 and 1960 and estimates
of particle counts for the period 1933-1950 when no routine measurements of any kind
were taken. We have converted these to fibre counts in an attempt to predict the effects
of current regulations, but the resulting risk estimates are necessarily of doubtful
accuracy.

Acknowledgements We are most grateful to Dr D. Lane. Chest Physician at the Churckill Hospital, Oxford,
and Dr A. Newman Taylor, Lecturer in Occupational Medicine at the Brompton Hospital, London, for
advice on clinical aspects and. to Dr Newman Taylor. for reviewing complex case histories; 1o Dr J. C.
Wagner of the MRC's Pneumoconiosis Unit. Penarth. for reviewing the histological material from individual
cises and ta Mr W. H. Walion for advice on the interpretation of asbestos parucle and fibre counts.

We would also like 10 thank Dr K. P. Duncan. Dr J. T. Carter and the stafl of the Health and Safety
Exccutive for the support they have given throughout our work and Dr F. G. Ward for information relating
10 the findings of the Pncumoconiosis Medical Panel.

The computing involved in preparing the onginal register of names of employees in the factory and in
matching them against the national mesothelioma register was carned out by Mrs Ireae Stratton. We were
abo assisted throughout by the factory staff at all fevels and in paruicular by members of the Personnel
Department. who gave the fullest co-operation despite the heavy demands made on them. Mr N. Rhodes.
Director and General Manager, Mr S. Marks, Personnel Director. and Mr R Sykes, Senior Munager (Safety
and Environmental Control) provided a mass of detailed information. without which we could not have
varned out the study.

We are parucularly grateful to Mes Catherine Harw ood. who typed many versions of the report expertly
and with the minimum of defay

10003204



344 J. Pero. R. DotL. C. Hermon. R. CLavton, T. GorFrr and W. BiNss

REFERENCES

ACHESON, E. D. and GARDNER, M. J. {(1979) The ill effects of asbestos on health. Asbestos: Final Report of the
Advisory Committee, Vol. 2. HMSO. London.

ASBESTOS INDUSTRY REGULATIONS (1931) Asbestos Indusiry Regulations: Statutory Rules und Orders, 1931,
No. 1140. HMSO, London.

BaMBLIN. W. P. (1959) Dust control in the asbestos textile industry. Ann. occup. Hyg. 2. 54-74.

BRiTisH OCCUPATIONAL H YGIENE SOCIETY (1968 ) Hygiene standards for chrysotile asbestos dust Amn. occup.
Hyg. 11, 47-69.

BriTisH OCCUPATIONAL HYGIENE SOCIETY (1983} A study of the health experience in two UK asbestos
factonies. 4mn. accup. Hyg. 27.1-28

DAGBERT. M. (1976) Etudes de Correlation de Mesures d Empoussicraye dans indusirie de T 4miaone
Document $ {Beaudry Report). Quebec Comite d'Etude sur la Salubrite dans I'Industne de I'Amianice,
Montreal.

DeMeNT, ). M. (1980) Estimation of dose and evaluation of dose- response in a retrospective cohort mortahity
study of chrysotile asbestos texiile workers. (Doctoral dissertation.) University of North Curolina.
DemeNT, ). M., HAarRis, R. L. Symons. M. J. and SHy, C. (1982) Estimates of dose -response for respiratory

cancer among chrysotile asbestios workers. Ann. occup, Hyu. 26, 869-887.

Dotr. R. (1955) Morality from lung cancer in asbestos workers. Br. J. ind. Med. 12, 81-86.

Dout. R. and PF10, J. (1985) Effects on Health of Exposure to Ashestos. A report to the Health and Saferv
Commission. HMSO. London.

Fox, A.J. and CoLLiEr, P. F.(1976) Low mortahty rates in industrial cohort studies due to selection for work
and survival in the industry. 8r. J. Prev Soc. Med. 30, 225-230.

Hiis. D. W. (1965) Economics of dust control. Ann. N.Y. Acad. Sei. 132, 322334

Hosbs. M. S. T.. Wooowarn, S. D.. MureHy, B., Musk, A. W. and ELoer. J. E. (1980) The incidence of
pneumoconiosis, mesothelioma and other respiratory cancer in men engaged in mining and milling
crocidolite in Western Australia. In Biological Effects of Mineral Fibres (Edited by WaGNEr. J. C. and
Davis, W.) IARC Scientific Publications No. 30, Vol. 2. pp. 627 -635. International Agency for Research
on Cancer. Lyon.

Jones, J.S.P..SMiTH, P. G.. POOLEY, F. D.. BERRY. G, SAWLE. 5. W., AGGARWAL, A, WiGNaLL, B. K. and
MaDELEY, R. ). (1980) The consequence of exposure to asbestos dust in wartime gas-mask factory. In
Biological Effects of Mineral Fibres (Edted by WaGNER, ). C. and Davis. W.) IARC ‘Saentific
Publications No. 30, Vol. 2, pp. 637-653. International Agency for Research on Cancer, Lyon.

Kxox.J. F..DotL, R. and HitL. 1. D. (1965) Cohort analysis of changes in incidence of bronchial carainoma
in a textile asbestos factory. Ann. N.V. dcad. Sci. 132, 526 515

Kwnox. J. F.. Howmres, S.. DoLL. R. and Hie, 1. D. (1968) Mortality from lung cancer and other causes
among workers in an asbestos texule factory. Br. J. ind. Med. 25, 293-303.

McDoNaLD. A . D.. Fry, ). S., WooLLEY. A. ). and McDoxaLn, J. C. (19%3) Dust exposure and mortality in
an American chrysotile textile plant. Br J. ind. Med. 40. 361 367.

McDoNaLp, J. C., LiopeLL, F. D. K., Gises G. W., EvsseN, G. E. and McDonaLp, A. D. (1980) Dust
exposure and mortality tn chrysotile miming. 1910-75. Br. J. ind. Med. 37, 11-24.

McDosap, A. D. and McDosawn, J. C. (1950) Mabgnant mesothehoma in North America. Cancer 36,
1650- 1656.

NATIONAL RESFARCH Cotscir. (19%4) A hesitorm Fibers: Non-occupational Health Risk «. Committee on
non-occupational health risks of ashestiform tibers. National Research Counal. National Academy
Press. Washington. DC.

Pet1o, J. (197%) The hygicne standard for chrysotile asbestos  Lancer i, 383- 389

Prio, J. (1950} Lung cancer mortality in relaton to measured dust levels in an asbestos texule fuctony. In
Bivlogicul Effects of Mineral Fibres (Edited by WaGNER. J C. and Davis, W) IARC Scientific
Publications No. 30, Vol. 2, pp. 829 B836. Internauonal Agency for Research on Cancer, Lyon

Pero J. Do, R, Howarn, S, Vo Kistis LS and Lrwinsons, Ho CL(1977) A mortality study among
workers in an English asbestos factory. Br. J. Ind. Med. 34, 169-173.

Peto. ). Hixorrsox, B E.and Pk, M. C 11951) Trends 1n mesothelioma incidence in the Umited States
and the forecast epidemic due to asbesios exposure duning World War 1. In Bunbury Report 9.
Quantification of Occupational Cancer. (Edited by Sc isupiRyax, M. and Pero, R.y Cold Spring Harbor
Laboratory. New York

Prio ). Stovas  H oand Stikois. 1 200192 Mesothehoma mortahiy i asbestos workers implications
for models of carcinogeness and sk assessment 87 S Cancer 35, 124 135

Rovar Comanssion on Matters of Health and Safety Ansing from the Use of Asbestos i Ontana (1984)
Report of the Rovel Conmnsacn on Matto s of Mealth and Safete Ariomg tromn the U e of Avbevion i
Omario Ontano Mimstry of the Attorney General. Toronto

10003207



~ oA the

. 1931,

Keup.
»Teslos

© e
= ante.

~ality
L
tratory

S:fety

- aork

~ceof
1ling
o and
earch
. and
3 In
r=ufie

Somad

Mortahiy and measures of asbestos pollutien 148

Sttpsan. H., SELIKO#F, 1. J. and Hamstosn, E. C. (19791 Short-term asbestos work exposzre and long-term
observation. Ann. N.Y. Acad. Sci. 330, 61-90.

WatkiR. A M. (198d) Declining relative risks for lung cancer after cessation of asbestos sxposure S o cup.
Med 260 422425,

APPENDIX A
USE OF AMPHIBOLE ASBESTOS IN THE ROCHDALE WORKS

The asbestos textile works in Rochdale has used chrysotile as its principal raw asbest > from the time 1t
started until today. Before 1965 most was imported from Rhodesia: from 1965 to 1980 all czne from Canada:
since 1980 Canadian chrysoule has predomnated. but a smail amount has come from Zimbabwe.

No amosite was used at any time for production purposes.® but some crocidohte was - sed between 1932
and 1969. Direct purchase of crocidolite began in 1932 and the amount then bought lastec unul 1944, when
purchases again began to be made and were continued until 1951. The fibre was uses 10 manufacture
crocidolite fibre rope and a small amount of carded felts for subsequens resinating with prenolic resins: the
former involved fiberizing the asbestos as recerved from the mines, carding it. and braid:=2 round the fibre
core. Between 1933 and 1958 crocidolite was also purchased by another firm and made into crocidolite yarn
which was sold to the Rochdale works, where it was doubled (i.c. the strands were twisted :ogether ). wound
into packages and, mostly. converted into plaited packings for use as an acid-resistant sealing material.
Beginning in 1956 more crocidolite was bought and mostly transferred to the factory at Hindiey Green where
crocidolite yarn and fabric were made. which replaced that previously purchased from elseahere. From then
on until the use of crocidolite ceased, some 25 tonnes of the amount purchased each year aere used for the
continued production of fibre rope. A small amount of crocidolite cloth was also rubber-coated at Rochdale
for the manufacture of acid-resistant joints. The amounts purchased by the two firms and used at the
Rochdale works each year between 1932 and 1968 are shown in Table A.1. The total amo.at purchased for
usc over the 37 yr amounted 1o 10 322 tonnes (or 279 tonnes 'yr), which was approximatels 2.6°, of the total
amount of asbestos purchased over the same period and approximately $°, of the amcunt used for the
manufacture of textiles.

* A few hundred pounds were used for research in the early 1950s.
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TABLE A 1. AMOUNT OF CROUIDOLITE ASBESTOS PURCHASFD FOR USE af
THE ROCHDALF WORKS

Short tons

Purchased elsewhere for

Purchased manufacture of yarn for
Year directly sale 10 Rochdale works
1932 1106 0
1933 0 53
1934 0 340
1935 0 269
1936 ! 107
1937 0 0
1938 0 291
1939 0 430
1940 0 245
1941 0 306
1942 0 223
1943 0 0
1944 2 100
1945 X 687
1946 10 224
1947 10 336
1948 10 158
1949 0 173
1950 10 402
1951 10 172
1952 0 820
1953 0 390
1954 0 183
1955 [ 289
1956 80 3
1957 120 391
1958 140 28
1959 100 0
1960 70 0
1961 225 0
1962 228 0
1963 190 0
1964 270 0
1965 279 0
1966 328 0
1967 242 0
1968 254 0
Total 3702 6620
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APPENDIX B
LIST OF MESOTHELIOMA CASES
Detarls of 59 men and women who were reporied 10 have developed sor possibly 1o have developed) a
mesothelioma are listed in Tables B.1 and B2, according to whether the dragnosis of mesothehoma was
accepted or rejected.

Certified cause
Only the underiying cause of death is cited. unless mesothehoma appeared in some other position on the
certificate.

Diaynastic category
(1} Established:
ta) Dragnosed macroscopically at operation or post mortem examination and diagnosis confirmed
histologically.
tby Diagnosed macroscopically at post mortem examination. no histological evidence available.
tc) Diagnosis confirmed histologically by Dr Chnistopher Wagner. despite an element of doubt in
some other reports.
(2) Presumptive: Diagnosis based solely on death certificate attribution.
(3) Uncertain: Diagnosis suggestive of mesothelioma, but evidence conflicting.
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APPENDIX B. NOTES

Subsequently employed at Hindley Green, 1949 10 1967, non-scheduled work throughout.
Previously employed by another asbestios company. 1930 to 1937,

Previously employed by another asbestos company. 1922 1o 1923

Only known previous employment as a mill labourer tnot ashestos) 1928 10 1939, Army
1940 - 1946.

Clinical history: Apnil 1956 breathlessness 4:12

November 1956 X-ray of chest, some opacity L. lung base. elevated diaphragm and
paradoxical movement. Bronchoscopy normal apart from  some displacement.
Bronchogram normal.

May 1957 L. laryngeal palsy. X-ray of chest bilateral pleural shadow Bronchoscopy L.
bronchus rigid and shightly reddened.

July 1957 Chest opened: extensive tumour over L. pleurs invading chest wall. diaphragm.
and pencardium, unresectable. No clear indication of primary site.

Histology: small spheroidal cclls with large nucler and some mitoses, both layers of pleura.
Vigorous fibroblastic activity. Tumour in branchial fat consistent with bronchial primary
Hospital letter June 1971 “diagnonis of endothelioma has been made”.

No matenial available for review.

Subseyuently employed at Hindley Green, 1949 1o 1971,

Previously employed at Hindley Green, 1945 to 1951

Maintenance work throughout period of employment.

Also employed at Hindley Green, 1957 to 1969.

Employed as a telephonist or clerk throughout. No known exposure to asbestos at work
clsewhere, but possible cxposure at home, as her husband was employed as an asbestos
weaver for 2 yr 1n the mid-1950s.

Maintenance work throughout period of employment.

Post mortem examination. Neoplasm involving apex of right pleural cavity. spreading into
neck tissue and upper part of right upper lobe including the bronchus. Numerous small
neoplastic deposits in the right visceral and parietal pleurae. small deposits in anterior
mediastinal. paratracheal, and subcarinal lymph nodes. Small pearly plaques in left parietal
pleura and upper diaphragmatic surface. Small neoplastic deposits in right adrenal and a
large neoplastic mass in the left adrenal. Histology: perivascular nodular fibrosis of lungs
with heavy deposits of carbon and occasional asbestos bodies: pleural neoplasm showed

“papillary adenocarcinoma consistent with diagnosis of mesothelioma. Diagnosed meso-

thelioma due to asbestosis. Reviewed by Dr Christopher Wagner ‘'l am quite certain that this
is not a mesothelioma, but is a poorly differentiated carcinoma.'

Clinical history: 1980, diagnosed cor pulmonale and perforated duodenal ulcer; May 1981,
persistent shadowing right middle and lower lobes of lung, no tumour on bronchoscopy:
February 1982, shadowing left upper lobe of lung suggestive of tuberculosis, but tuberculosis
excluded; December 1982, left apical lesion spread to pleura and possibility of mesothelioma
considered. Radiotherapy for carcinoma of bladder.

Paost mortem examination October 1983. Left pleura 1s grossly thickened and replaced by
fleshy pink tumour lining whole ofleft side of thoracic cage, left diaphragm and large part of
pericardium. Left lung largely destroyed by cavitating tumour. Right pleura slightly
thickened. Liver contains multiple secondary deposits. Bladder thick and shaggy. but no
remnant of tumour. Diagnosed disseminated pnimary mesothelioma of left pleura.
Subsequent histological examination: oat cell carcinoma of lung with well developed
asbestosis. Pneumoconiosis Medical Panel diagnosed oat cell carcinoma of lung and
asbestosis.

Subsequently employed at Hindley Green, 1957 1o 1969.

Climical history: March 1973 pain R. shoulder 4,12, malaise 6-12. recent difficulty in
swallowing. Too ill for special examinations and died within a week of admussion.

Post mortem examination: tumour infilirating upper lobe R. lung. secondary deposits in R.
adrenal. Severe coronary atheroma with scarring in anterior wall of R. ventricle.
Histology (Dr Christopher Wagner): features compatible with mesothelioma of epithelial
type. evidence of asbestosis in lungs. Pneumoconiosis Medical Panel diagnosed carcinoma
of lung on macroscopic appearance.

Post moriem examination. Scar below left ear, site of previous radiotherapy. Large tumour in
upper lobe nght lung smaller tumour in lower lobe with deposits throughout left lung.
Histology : two opinions, (i) appearances consistent with mesothelioma. (i) tumours all look
alike and do not have the structurc of s mesothelioma. In places cylindromatous
appearances, in others a carcinoid picture: probably secondary deposits from previous
tumour below left car, would fit with mahgnant salivary tumour. Reviewed by Dr
Christopher Wagner: adenocystic carcinoma.
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APPENDIX C
R. Dote and J. PeTo
CONVERSION OF PARTICLE TO FIBRE COUNTS

Measurements of the amount of “asbestos” in the factory air have been made routinely since 1951 as
follows:

Period Instrument Method of evaluation Parameter Unit
1951-60 Casella thermal Incinerated, x 1000 Panticles tincluding pmi~!
precipitator (CTP) dark field fibres)
1961 -64 Outway long runnirg  Not incinerated, x 500 Fibres >Sumlong. fml™’
thermal precipitator  light field ratio length 1o
(LRTP) diameter> 3:1
1965-74 Membrane filter x S00 phase contrast, Fibres >5umlong. {ml™?
sampler full field | ratio Jength 1o
diameter>3:1
or
Royco automatic Automatic Fibres >Sumiong, fmi!
particle counter (RPC} ratio length 10
diameter> 3:1
1975 to date Membrane filter x 600 phase contrast, Fibres >Sumlong. fml~!
sampler graticule grid count ratio length to

diameter>3:]

The particles obtained by the CTP were counted down to a diameter of0.5 um. They are not the same as
the particies counted in North America. where the instrument used was normally a midget jet impinger.
Counts in North America were usually expressed as so many million particles per cubic foot imppcf).
Arithmetically | mppcf=135.3 p ml~ !, but the counts cannot be equated in this way, because the instruments
used operated on different principles and give different readings for the same degree of pollution.

Both the LRTP and the RPC can provide counts equivalent to those obtained with a membrane filter
sampler. The RPC, however, counts parixcles as well as fibres and is calibrated against the membrane filter
sampler under fixed conditions. In certa:n areas parallel RPC and membrane filier results correlated so
poorly that the RPC was not routinely used.

Data collected before 1961 in the form of pml - ! have somehow 1o be converted to fmi ™!, where fstands
for the fibres defined by regulations: that 5. more than 5 um long with ratio of length 10 diameter more than
3:1. The conversion from one to another is. however, of uncertain validity and the use of a single conversion
factor under different conditions may give rise to serious error. Analysis of the results of comparative
measurements made simultaneously at the Rochdale factory in 1977, which were reported by the CovwiTTEE
ON ASBESTOS OF THE BriTisH OccupaTional HYGIENE SOCIETY (1983). led to the conclusion that. using the
graucule grid method referred to below, membrane filter counts were related 10 particle counts by the CTP by
the formula

fri~'=0071pml~'+06.

For reasons which are discussed in deta:t elsewhere, we did not think it appropriate to use this formula in
our report to the Health and Safety Commasion (Dot.L and Peto, 1985) but preferred to use the relationship
derived from comparing the average results obtained by the CTP and the LRTP in routine practice af the
same sampling points in the 2 yr 1960 and 1961, which included higher readings more typical of earlier
periods than the parallel measurements made in [1977. These average measurements are illustrated in
Fig. C.1. We have preferred. 100, not to denve the relationship from the regression equation, as random error
in the onginal measurements will tend to fla:1en the slope below its true value and increase the constant in the
equation, giving an overestimate of the fibre count at very low levels and an underestimate at high levels. even
ifthe underlying refationshipis in fact linear_and it is preferable to constrain the fitied line to pass through the
origin to avoid this bias. The simplest way t~ achieve this. and the one that we have adopied. is to use the ratio
of the averages of the results obtained by ¢ two methods. This is a robust procedure. particularly when
random vanation on both measurements i large and is not dominated by one or 1wo extreme vatues. Thus,
for example. the correlation between the 1960 pariicle and 1961 fibre counts is haived when the highest
reading is omitted (see Fig. C.1) but the ratio of the averages is hardly altered. falling from 34.0 10 33.0
particles per fibre. As nt happens (perhaps coincidentally), regression analyses of the 1977 parallel
measurements gave a similar conversion focror, although the formula cited above is dilferens. because an
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FiG. C.1. Relationship between amount of aimospheric pollution in 18 different parts of the factory measured
in particles per ml by the Casella thermal precipitator in 1960 and in fibres per ml measured by the Otiway
long running thermal precipitator in 1961.

allowance was made for converting the counts made by the older *full field’ method to those made with the
graticule grid, as is discussed below. In our report 1o the Health and Safety Commission (DoLL and PeTa,
1985) we took as the conversion factor, 1 f=35.3 particles. as this had the corollary of equating | f mi~* with
| mppcland much of our discussion was concerned with comparing the results obtained in Britain and North
America. For the present purpose a factor of 34 would have been more logical, but the eflect of the change
would have been trivial and not justified by the precision of the estimates.

Two further changes that have complicated comparison of current levels with those measured in the past
are the introduction of the graticule grid method of counting fibres and the substitution of personal sampling
for static background sampling of selected areas. The former has certainly helped to reduce intra- and inter-
observer errors in counting and resulted in approximately doubling the number of fibres counted in
Rochdale (BECKETT et al., 1976); but it did not always appear to have the same effect elsewhere and, in our
report {Dowt and PeT, 1985). we preferred to ignore it. 1t is possible, too, that it was counteracted by the
change from static to personal counters.

The personal sampler requires measurements 1o be made by an instrument attached to the coat lapel of an
individual worker and has sometimes been regarded as again approximately doubling the counts, but it is far
from clear that this is a proper generalization. SreeL (1979). in the report of the Advisors Committee on
Asbestos, accepted a factor of 2 as representative, but pointed out that the factor could vary from about 1 to
10. In arcas where static measurements (and hence, ambient levels in the building) are Jess than about
1 fml "} personal measurements have usually been found 10 be considerably higher than the static figures,
rerhaps because occasional work practices or proximity to emission sources make a substantial
contribution, in such circumstances, 1o the total inhaled dose. The few observations for which the static
measurements exceeded about 1.5 f ml~ ' have, however, shown no clear lendency for the corresponding
personal measurements 1o be higher, as is shown in Figs 3 10 6 of Appendix 2 to the BRITISH OCCUPATIONAL
BYGiFNe: Sociery's (1983) report.

We have, however. used the detailed observations that were made in the Rochdale works. on which one of
the Biumish OccupaTionat HYGIENE SOCIETY's (1983) figures was based, (0 test the hypothesis that the ratio
between the results obtained by personal and static sampling (and hence the conversion factor that relates
measures of pollution obtained by the two methods) teads to diminish as the amount of poliution increases.
We have, therefore, plotted the logarithm of the ratio against the logarithm of the geometn: mean of each
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Fi16. C.2. Relationship between measurements of ambient pollution by asbestos fibres obtained

simultaneously for static samples and nearest operative’s personal sample in the factory in 1977: logarithm of

ratio of measurements (personal to static) plotted against logarithm of geometric mean of each pair of counts.
Unreliable observations based on very low values for either static or personal samples shown as O.

pair of observations® and show the results in Fig. C2. The correlation is extremely poor {r= —0.051) owing,
however, to two outlying points that are based on exceptionally low and unreliable static sample readings.
The four points with unreliably low readings (two static and two personal samples) are indicated separately
in the figure and, if they are disregarded, the correlation sirongly suggests that the ratio diminishes as the
mean increases and becomes less than one (ie. the personal samples fall below the static) when the geometric
mean of the readings approaches 2 fml~ .

We have noted. 100, that measurements at the Rochdale factory in 1971, when average dust levelsin many
areas exceeded 2 f mi~?, were reported as being consistently lower for personal than for static samples in
most areas when yearly mean levels were compared (SMITHER and LEWINSOHN, 1973) and, for the purpose of
converting measurements taken at the static sampling points in this factory to those that would have been
obuained by personal sampling in 1971 or earlier, these figures suggest that the past measurements would be
more appropriately halved than doubied.

Itis impossible to determine precisely what effect these two changes have had on the comparison between
regulated fibre counts as now carried out and previous pollution measured as particles. They may cancel cach
other out and we have preferred 10 ignore them.

* To test the hypothesis that the difference between two measurements, x, and x,, of the same quantity,
both with normally distributed random error, 15 independent of q. the true value, it is usual to calculate the
correlation between the arithmetic mean of the measurements §(x, + »,) and the difference (x, ~ x3). This
avoids the spurious positive correlation between the initial reading x, and the observed charge (x, ~ x,) that
is produced by regression to the mean. Fibre counts, however, ase distributed approximately log normally
(DaceenT, 1976). If, therefore, we designate the logarithm of a personal count p and a parallel static
measurements s by x, and x,, respectively, a useful test of the independence of the personal to static ratio and
the true dust ievel is provided by the correlation of the logarithm of their ratio, x, — x,, aganst the logarithm
of their geometric mean, {(x, + x;)/2.
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