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Eimes, P, C., and Simpaon, Murion J. C, (19715, brit. J. industr. Aded., 2oy 226236, ins0iatn

workers in Bollasd. 3. Mortalily 1940-66, Onc hundred ond seventy men weis Jechitilicd as
mahing up the (otal population of insulation warkers 2 sl n (Y8, 7708 oy ad Llalysis
of 4l 1he information uhout desthv that has emerued 1:0m i g 1Bese e Ui 1 108 Chi if
V0h, ¥ 1vd remdin umriaced, and (R meortulisy esgericns of i 1ML AT 19 MLl Wil
that oof crihar mun in Nevtharn Jestand over the perusd. ‘There were Y8 diuihe when mviy 37
wury vspevied, Tha number of deuthe OCCUrring Cuiive iiume eafnicis ihhtuphnnt I
period |94i0-bh and the inrouss wis satninally sgnafcam doring the per.od 19555 und
imwards, There wis un especiully high mortuiity (ornzared with other Northern irciand
miles) due 1o cancer of the lung, mevothehioma of e plc aru and Jemtancum., Cernoer of 1Se
pastrantestinul tract, and tibrotic Jesions of the jLags. 75 ritito of omerved over eaected
deaths was 2:6 for wll causes, 39 for wll cancers, and i 7-6 for cibvers of the lower respireiorny
tract und plaurs, Thane men finally clusiticd as dying lrom lung camer vhurwed evidensg of
Jung Rbrosie whetdas ihons claveilied asdying [1orn mest 5 iomta Gia mat, OB sarisons wi i
the group furled 30 show 2y relalionemp BEwaen agd e /5 CENNIIC 7 Giifu O 07 Ex 3 AUl
and the encevive mertahity, There were 1o fow momaioners o shomw § !

LI TS T MUY H
senoking,

The fint iwo studics (Wallace and Langlunds, 1971
Langlands, Waliuce, und Simpson, 1971) were con-
verned with the heulth of men still employed us
insulators; the third study is an attempt (0 evaluale
the deaths which have occurred in this ocvupational
group. For u complete picture of the oscuputional
haszard 11 would shho he necessury 1o find out the
proporion of men who hid 10 save this ocgup.-
ton for medical reusom other thun death. Bui
records giving the reusons why men chunged (o
hghter wurk or bacame unemploysd were non-
existent and informution about those who drew
sickness benefit was scunty und hard to come by,
Therefore, it was decided 1o restrict the enguiry to the
frequency und causes of death. As there were no
spevific regulaiions conceming the handling of
asdesios in Northern {reland 0 1o the time of the
CTQUITY, 1here were A0 officiel revordh of the aumbars

of mer erapioyed. Boeeause of this javk of offivial
rocognition, few patients were referred o the
POCUMOONIcsis Pancls and N0 spectal arrangements
were in existence for recording the catses of death
this grocp. The saquy was canductad an e
Magy =00 iaCNLHRCILON O 1A POPULIOR 4l Fisk,
158 dwntifivaiaon 0F i o Wik dud wives s
Bnaiy, bia anarysis O SGRTOI A n whidh Codia B
obtiiray sH0LT e Gualiy.

TG (B PPl d w1 Fiva, b PRSHTBNACY
avesiigation of the employers’ end trades anion
recovds wis maue, Work o the other two siudios had
dicaivn thai (30N FOLORUs WIS RO LOMPICIC Lid
DU JOLSNVELY 0SS 8D Lt Tunber Sach Wy
were draced, But otiter worl. on the malignent
Nazurds 6 Usbe i aposurs indicated a4 iong latent
PTOu (RA0A, Don, ung Hill, 1963 iimes, 1%,
8T L DV Nbeiie cOUd Do Snat oniy 1w
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Insubaiion workors i Bedast. g, Moctaidy 194065 027

working population could be studied over o loag
period. A compromise was achieved by choesing
1940 as the starting point, and this is & sucy of e
fate of ail mea known 1o have been cviployed o
insclation work in that year, irrespeiive of age and
PICYIOUS CXPCTiCNCE.

Meidoda

‘The pupulistion

A list of all the m.  cmphoyed ue insulators and i
caverers during 1940 was drawn up. The sourcen of
mformation were the trads wnion membenship lisis for
this pas cular trade (1T Insalation Hranch of the
Fransport and General Workers' Unionj and the bocals
and curd indexes of the various employers. These records
were incompicic butl were supplemented wiih information
obtuined by inlerviewing oiher insulalorn. A atensve
study of shim populiiion over the Just five yeurs makes ot
estremely unbikely thut she finad bt fabis as much av 89
short of the wotual total partulurly as this trade was
confined (0 men from a relatively small number of Jamilios
wha lived close (0 the shipyurd in Beifust.

Follow-up wax not casy becuuwe the original addranws
were often uscless because of war damage and murm
clearance, but fumily refationships often helped in tracing
those still living. All those still alive were interviewed,
Arrangements were made with the general pracitioners
and other doctors concerned with the care of he iiving
men 1o heep i indormed showt theis heslih, $uthe
e rng st the heginmmg of She enguny weic 1epntet
19 Ine comomer snd NECTOPwY wae caffisd ki whRigver
Povible. When desthe had wiready occurred , infov Maviim
wis ubluned from the neurcw aviiluble refaiive os Lo
dite and pisce of deah and previous ifinewmes iavoivin g
il admisvon or investigution, This was Zollowed u3
with the co-opcration of the Registrar General whe con-
firmed the place and date and gave the rugistered cuuse 7
deuih. Revords of the howprtals, Queen's Univinsicy
Department of Pathology, and the Forenwc Pathoiony
Iepanmen were then searched for addasmal infos.-
s, Hovpatal recorda, s-tays, puthological repccte, ar.
whete 1t wus available, the actual histologial Maieni)
were re-oaamined in ordet 1o determine L caune o death
in the ight of current dugnosx: criteria,

Honh (or the Srving and foc the dead s much w0 m-
Jt0m 3 wan yvaslable wan rocordad about cach ras (o
ing haduis). A family history was aivo taken 10 Mg sany
thal no relatives who were imulation worken fud een
minwed.

Methods of unelysis

I vidence of occupational effect on mortaity was sought
by comparivons within the group and by comparing ik
group wilh the male population of Northera Irctund sy a
whale,

It was not thought 1o be possible, with the resoliraes
dyusiable, to select and avestigate a control grous 6 e
working populition and follow is mortality 0 the sum
way.

Compurions withia e roup The mea wery Givaded s

grou aceording ¢ ihe age @ which they beeems
Insuiaton Lad this was taken 1o be their fint signsticant
CXIOMUIL O uaBLrios. On CAUmining the mutendal i was
found that very fow of the mes employss in 1940 il after
4 shors peniod of employrwent. The Mmagority conitnucd
Woraing Lhiil they aecame disabled wnd died, or until lhc)f
retired. Therefore, shome whaoined the industry young hai
[0 D40 CABORGEL AR 11108 Wite i lute (heshories:
eapeanre, The dimisuion of TWs aesoraing W ey 0
and 0 e ot NPy into L aadustey in shows (4 Lable
A sutvival cuives were comtrucied for eich af i
four yproups of aan who juired U 9 the ugs ol 20
{inciusive), 2! to 30, 3! to 40, and over 40 ycass (Fig. *
and Tadle 2). Age survivil cuswen dividing the men mito
pronia wecarding o Gwir Jucuiion of exposure wers
aiso cOMIFdCied DUt showes sifhor Taauhs, an ohe
sonvifichon of thase curves it s ite proporiuos, of Subs
QPG 0TIk Meviving each fiveeyoar ags porod hat i
ploited.

TAuLb
DINTRIEUTION OF MEN ACCOXDING TO Ali (N (940
AND AGE 47 ENTRY

i
]
t enitry !
Aeein - - R 77
194 Wy to 2 31-40) 4L - 3
K 4
(- X7l & L
Hwle i1 :
P : a i N
Weky )" ' ol
KA 3 ] i Y2
“ilal ¥ i e
S " " 4
SRfs 0t 5 5 4o
$5.59 B PR
K s5d over ' ¥} 3
Tinal 7" 35 b2 e 1 Jes

Compciam wills 1oy smardl prgshacte I SO
Inchassd Kegrirar Guonral wandly peovidod sabics of muk:
dealbn (o e whols proviaos 107 each yeor froen (v
omwards. The deaihs were intad 1a fivesyeor ax gooun
wah af ot of o iotdl popuiaiion for this age growy
Forthe selevant viar by on Lhe Ny AR HUS AT
Jgures for cuncens 0. 14 [y, mediastinum, and pictia
(NGs. 62-4) wind Jor cancer of sl types us weil 28 Jor
dezths due to @l causes.

Theimulatons were civided iRt the same fiveavear use
sroups for cac yaar of the study to give the *popuition
sk, 8ad ine noernber of Sesths ineach groun obsered
i cach year was recorded as ihe observed deaihs”. For the
pusose 00 the araiysis bath the Registrur General's
Tyarey and She Agune. or Lhe INLIAton wew apgcegaied
a0 fiveeyeus peniodn (Tadic 35 Tae fguze foc 'y meeted
Coutha Jor cach Jveeyar ivriaod wat obtained oy caleuliats
i 4 the expevted Ceashs for coon individuai vear aad then
~dUInE T DY penss Lageliar, 10 Wing Bk vl
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I, 1. inNuence of age al entry into insulation work on survival at &.Toren: ages: (o) ali deains i W younger
entry groups are included; (h) deathe ocvurring in the youager entry groum before the wge of 45 arc exciuded o
that al) groups start st 100% at the age of 45 and their survival from then iy more Sirlly compurusie. Jach
point on cach curve represents the peneatage of thoae at risk sucviving 10 (hat ¢,

o JuFcrenons berween observad and capecied sumbers of
deaths 3 was caloudased durectly from this difference and
the expected values,

Although this method makes due allowance for age and
sy and for the changing patiern for mortality s the
provinue duning the Last 23 years, no allowancoe is possibie
foe smwe Srovne Juseale, fur «ocal dass of for unakong

habits. Wiere fzunss Jor iins couniy 8oroush ol Gedwst
were avadadic thowe ane showa in dadles, Sut aaly
fragmentary .oformation ibout e vficct oF soqui ok
(Park, 1965<6) and cigarciic sooking (Wicken, 166, on
the pattern of mortadic, was Jvatdaode, Th alunoaton
war aaed 10t e Wl ol IR col ikt raun
from the cumtparison with the ponerus popuation,

TABLE 2
Deavns AND AGE AT TNTRY
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TABLE 3
PaRT 0f TaBLk 10 SHOW METHOD OF CALCULATING
Expt CTED DEATHS

Year
Age group 1943-9 1950-4 1y3s-9
224
25-29 (1) $7 000
) 2
)15
(4) 0155
51
10-34 {1) 47 s00 (1) 47 700
@10 ) 12
[RIN} ] 14
(4) 0256 4) 0136
(5} 51
15-39 (1) 45 000 (1) 40 600
(2) 138 (2 10t
)17 (13
(4) 0-23 4) 0146
51 [)N)
40-44 (1) 44 500
(2) 169
) 16
(4) 0-285
52

(1) Estimated population in Northern Irelund of men in this
upe group in one of the flve yeurs concerned

(2) Deaths due to all causes among men in Northern Irelund
in this age group for the same year

{3) Number of insulation workers in this age group at the
beginning of the five-year period

14 Estimated number of deaths due to all causes which
should have occurred duning the five years. This s

[t

calculated by adding 3 for each of the individual

($] Oburved deaths due 10 all causes in this uoup of
Insulation workers in the five yean

Each five-year age group of men in 1940 forms 8 cohort whose
fute can be followed over the yeurs by moving diagonally
down the table to the right (see arrows). The number of men
suniving the group's five-ycur experience enters the square
dugonally down to the right.

The totals of the verucal columns give the observed and
espevted deaths for the whole group for each five-year period
(sce Table 4), and the horuzontal totals give the observed and
expected deaths in each five-ycar age group (Table §).

Results

Population

Onc hundred and scventy men were identified as
being employed as insulators or pipe coverers in
Northern Irelund in 1940, Five wers uniruced, leav-
ing 165 for unalysis. The distribution by uge at entry
and age in 1940 is shown in Table |. From this it is
soen thal there was a wide scatter of both age and
previous exposure at the time when the study started.

About ongsthind of the nwn juined the industry
before they were 2! years of age and another third
joined before they were 31, Although most of the rest
Jjoined before they were 41, 16 did not join until they
were older. There was no evidence that this puttern
of widely dilfering ages at entry had changed over the
previous 25 to 30 years.

Deaths

Between 1940 and 1966 inclusive 98 (59-5%,) of those
traced had died. Tuble 4 shows the distribution of
these deaths in time. As the population grew older
the mean ages of those dying tended lo rise, and the
proportion of the survivors who died in each yeur
also rose. As this pattern of changes was what might
be expected from following any group of assorted
ages over a period of years, the control studies were
needed to determine whether the death rate as a
whole, the rate of increase in death rate over the
years or the sudden increase from 15 to over 3°,
per year after 1950 differ significantly from that
expected.

Comparisons within the group The influence of age
at entry and consequently the duration of exposure
at a given age is shown by the survival curws (Fig. |)
and tabulated figures (Table 2). A cohort of men
joining an industry at an early age will contain some
sick men by the time they rcach the uge of 45 or 50.
These sick men are being carried by their mates. But
a cohort of men joining at the age of 40 or later will
have to be fit enough to do their shure of work.
Consequently the late entry group. being healthier,
will show a low initial morwlity compared with
earlier entries (Hammond, Selikoff, and Churg, 1965;
Newhouse, 1969). Thus, evcn adjusting for those
deaths which occur before the uge of 45, as has been
done in Fig. Ib, the slope of the survival curve of the
late entry group (over 40 years) shows the expected
difference from the others for the next 10 years
There is no consistent difference relating age of entry
or duration of exposure between the other three
groups. All four groups show a high mortality
beyond the age of 55 and, considering the small
numbers involved, the rates are remarkably similar.
Atthetimeof the study aly tive men had lived beyond
the age of 70 and these had died at 71 (4) and 72 (1).

Comparison with the geners! population When the
deaths occurring in each five-year period are com-
pared with those expected for the general population
adjusted for age, the significance of the figures is
revealed. Compared with Northern frelund mules
(Fig. 2) there is 4 progresaive divergence throughous
the period of observation. Al no stage is the experi-
ence of 1the insulators, who were all fit enough to
work in 1940, better than that of the population as a
whole. The divergence increuses with time. This

69£66001S
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TABLL )

Pant or Tastt 10 e METHOD ¢ CAICLLANING
Expi 18D Dratns

Year
Axe group 1945-9 1450-4 iy3s.y
U
P ] ,‘ (5o 57 Goe
o ne
h 1S
4 0153
IR \
WM (1 47 S 1) 47 00
212 21 102
[RIRY ] M 14
(4) U250 i4) 0-1)6
5 \(S) ] \
REERL ] (1) 45 000 (1) 40 611
2 138 ) 10
M1 (R R
4) 02} (4) 0146
81 \(s) 0
40-44 (1) 44 500
(2) 1oy
) 1a
4) 02§58
(32

(1) I'stimated population in Northeen lreland of men 10 this
age group in une of the five yeurs cuncerngd

(2 Deaths due 10 all cuuves among men 1n Nurthern Irclund
w this age group fue the winw Yoar

(M Numbet of imsulation worken in this age group at the
heganmg of the Hieyoar perand

4 Fatunated number of Jeathy due 10 all causes whxh
should have ovvurred Junag the tive deuns. This

M.

cabowlated by um'-‘l—m-’-—'neant U e scdenal
yoan

15) Obuwcned deaths due W all cavss 1 the group of
aulaton workers wn Lhe tive Yeans

Each ive-)enr age group of mes i 190 forms a cohort » hone

(ot can e Rllvacd vner the yous vy moriag daagonally

Jonn the Wi b W gt {rar arveass The aumber of men

wnnmg Wt greup™s InCAOr CACTRERC e the wraase

dugonally Joun w the nght.

The wtah of the rverucal colatnen gne Ut vdwened ened

opocted dostin s the abhuic group e aach Ine-yoar peewnl

wor Tabie 45 amd i hnaontsl woteh g the ednervod and

opasod doaths m cach fne-rcar apt preug (Table S0

|

Pupulntion
Onc humdred amd xcventy mce wore abentified as

bang cmployc! as ulalon o pya CoveTers m
Narthera Inchand @ 1980, Fve wese emtracod, loen-
mg 163 for amalyws. The deusnbumon by age at catry
and 2gt = 1990 1 shoun s Tabie |. From thes 8
wocn that theve was 2 wade scatver of both age and
pec oms ayponare Al thee hene when the shndy starsod

Abuut one-third of the men pwnad the indunts
befure they were 21 yean of age and anuther thurd
Joined before they were 31, Although most of the revt
Joined befure they were 41, 16 did nut jun unul they
were older. There was no evidence 1hat this pattern
of widely ditfering agey st entry hud changed over the
previous 28 W 30 yean.

Dasthe

Bcracen 1960 and 1966 mimse J8 199 5° ) of thow
waced had dued. Tabie 4 shous the dntnbution of
thewe deathne e (i As the population grew oldes
the mean ages of thowe dying tended to me, and the
propurtion of the survivors who died 1a each year
also rose. As this patiern of changes was what might
be eapecied from following any group of svsorted
4ges over 4 periad of years, the contro! studics were
needed to determine whether the death rate as &
whole, the rute of increase in death rute over the
years or the sudden increuse from | ¢, to over 3,
per year afler 1950 differ signiticantly from that
expected.

Compurhsons within the growp The influence of uge
ut entry and conseyguently the dutution of eapusure
ut u given age is shown by the survival curva (hig. 1
and tubulated ligures (Table 2). A cohort of men
joining un industry at an early uge will contain some
sick men by the time they reuach the age of 45 or 30
These sick men ure being carried by their mates. But
u cohart of men joiming at the age of 40 or later will
have 10 be it cnough 10 do their shure of wark.
Consequently the late entry group. beng healthaer.
will show a low initisl morality compared with
cariier entnwes (Hammwend, Sctibotl, and Churg., 1908,
Newhownse, 19090 Thus, cven adpnting for those
denths whah oocur befure the age of 435, & has boce
done in Fig. 1b, the dope of the suwn wval curve of the
late entry group tover 40 years) shows the expected
difference from the others for the next 10 years
There 1s no cunsisicnd datferene relating age of entry
or duration of c\posure eteaen e otihur three
sroups. AN four groupe show a hegh martabiy
beyoed the age of S5 and. comudenng the small
numbers wvoihved, the Tabes are remmarbabhy sndar.
At Ue e of the stwndy < saly tne mem hand Ined beyond
Une age of 20 amd these hand Jood 2t VLt amg 2400

Comgarivnn with the geneeal puguintion W Mo W
Joaths aowrTng m oach Sheraar reread arce o
parcd wuth thase expevsad for the goncral pogulatag
aljanied for age, the ugmticane of the Bgures ©
revoslol. Comgparad with Mvthera brddamd sales
CFg. 1 Uacee v 3 prvgroane Jdnenponae tarowmginret
the porad of Obstalnon. Al 80 Siage » e V-
oo of the msakators, who were ab 88 cmwgh W
work m 1900, beracy shes thist of W pupatatas & 2
whale. The dnoargeace mvoswts nuth tome  Thes

0LESHEO0LS



¥

230 P.C. Elmes and M. J. C. Simpsim

TABLE 4
DrATHS IN FIVi-YEAR DERIODS
Period
l 19404 ' 1943-9 19804 1953.¥ 1vnir-4 1965-6

t’\-l-nsk . V MS ) 158 148 122 {1 "
Deuthe n 7 n b} 1] L
Mean age at death tyr) 03 Si-é b2 340 LR

*o dying year 1-2 o9 k3 ] kR 57 41
Deaths expected (N1 males) 5-34 34 69 77 9-0 Vi
Significance 0l>P>005 | P>01 | P 00UE] Pe OOl [P 000 |0t >P 008
SMR? 180 129 6l 274 RERS 162
Deaths expected (Belfust only) 72 [

ISMR

standardized mortaluy ratio. Although the numben are too small 10 give the precise meuning to this ratio which it

has fur lurge populations. it gives an idea uf the order of the dilference vbserved.

10C 4
0
3
: ]
v
s
§ ]
& R
0. ~ex-=gxpected (N}
— 0 b3t ved
oy

RO 144 9O G4 9N 904 A

Yeor
FiG. 2. Survival of insulation workers at $-year intervals
compared with the male population of Northern Ireland
adjusted for age. By the end of 1966 only 419/ (67 men)
survived compared with 73°. (121 men) expected to
survive.

information is shown in more detail in Table 4 and a
similar comparison by age in Tuble S. To show the
order of the difference, standardized mortality ratios
(SMRs) are also shown in these tables although the
numbers involved are insuflicient to give the ratios
much precision. The significance of the ditferences is
statistically valid but no allowance is made for the
environmental and social factors.

The divergence becomes of obvious significance
after 1950, as might be expected from the sudden
increase in mortality in the workers at that time.
Table § shows that thegreatest difference between the
workers and the general population occurs between
the ages of 50 and 59 years.

Causes of death

Table 6 shows the causes of death observed both as
given on the death certificate and as revised in the
light of all available information. There werc
number of differences in detail between these two
lists and there were ulso a number of cases where the

TABLE §
DEeATHS BY AGE

|
Up 1o 39 SO 44 I 4549

LYRINN 183 [RLJ 136
Deaths obsened S ¥ 12
Deaths eapected

(N.L} 32 X0 423
Signslicanve O5>P>02|001>P 0001 | P<OwUI
SMR' tS6 267 84

Age
21 andd
Sir-54 33-3v 6604 63-89 wler
111 ¥2 4 i K
M 21 1 ¥ [
62 70 60 41 a0
P<G-001 { P<0-00} | 001 P 0001 | 01> PUvS
29 2y 200 170 240

'See fuotnote 10 Tuhle 4.
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TAHBLL 6
CLASMHCATION o1 Catsey oF Diati
Death | Revoved | Clarsefication
wertihis | e wsnl in
cate wunalysn
Muligaant 45
U'pper respiratory ! | |
Lower respiratory 28 24} 2
Pleural mesothelioma | 4
Pentoneal nwsathelioma 0 k] IS
GaMrointestinal [R) 12f
Geaitounnary | 1 1
Non-mulignam n
Kespirutory
Tuberculovin ] 6 6
Other lung discase 27 26 6
Cardiovaswular th l_l} 1
Other [ 8 -

Nate: The death certificate diagnosis was revised onfy when
detinite evidence way available, There reimam among the
lomer respiratory cancers mine cases which may hase heen
pleural mesothehomas, und among the gastromiestinad cases
twa which may have been perstoncal mwsothchomas. The
esdence was insufficient 1n these cases to justify reclassitica-
ton. The effect of transfereing four cases frum nan-malignunt
to malignant and increasing the number of lower resprratary
and pleurul cancer Trom 26 1o 28 on stalntical anilysis i
divussed in the tevd,

tinal diagnosis remained in doubl. This alfected
particularly the diagnosis of mesothelioma; the
Registrar General recorded only one plearal case,
but three other pleural und three peritoneal cases
were diagnosed on the busis of postmortem findings.
There were also nine carcinomas of the lung which on
review could have been pleurat mesotheliomas, and
one case classified as a carcinomatosis peritonei
wlnch might have been a peritoneal mesothelioma.
Because of these diflicultics only 4 much broader
classification wus used for the statistical analysis, In
this classitication cuncers of the lung and pleura ure
grouped together and peritonea) mesotheliomas are
included in the gastrointestinal group of malignancy,
Using this broader classification, the differences
between the death certiticates and revised diugnoses

are less important. The revised diagnoses were used
in the comparisons which follow. The effect of raising
the number of cancer deaths from 41 te 45 and lower
respiratory cancers from 26 10 28 on the statistical
signiticance of any ditTerences observed will be shown
to be negligible.

During the first 10 years there were six deaths due
10 tuberculosis, Evidence of healed disease was
found in some later deaths but the disappearance of
signiticant tuberculosis coincides with the avail-
ability of satisfactory antituberculosis treutment, The
other change in the patlern of causes of death with
time (Table 7) is the increase in the proportion of
mulignant deaths, This increase with time is to be
expected in an ugeing population and it is necessary
10 compare this group with the general populution v
determine ity signilicance.

Malignant disease The comparison between the
observed deaths duce to cancer of all types and deaths
due to the same cause in the populations both of
Northern Irclund and of Belfast in particular is shown
in Figure 3. There is u marked increase from 1950

14 <
13 4
12 4
4
10 4
9 1 .DMefved

8 1 m&"n"]upeued

On

Number of deaths
-t

40 1945-  1950-  1955- 1960~ 1965
"4 R

w4 ‘9

Yeor
fib. 3. Deaths due 1o cancer of all types oceurning in
insulation workers in cach fiveeycar period compared
with deaths expected for age-matched males in Northern
Ireland as a whole and 1n the county Borough of Beltast,

b4 ~ and'th

TABLE 7
CHANGES IN CALSES OF DEATH BEIWEEN 1940 AND 1964

1944 [As AR 195u-4 1yss.y 19his4 1S54 lotal

Canver (3l 1ypen)

Tuherculosis

Son-tuherculows chrunse lung discaswe
Other causes

- A
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onwards and from then on cancer deaths are nearly
cight timws more frequent than expected. The tigutes
are given in Table 8.

Twenty<cight of the 45 deathy were clasilicd as
cancers of the larynx, lung or pleura, which repre-
swnts 75°% of the eacess deaths due 10 malignuant
discase, The distribution of these deaths by age as
compared with Northern Ireland males is shown in
Table 9. For the whole group these cuncers were 17
timws nlore frequent thun expected.

Mesotheliomas Towards the end of the penod
covered by the survey an intensive scarch was being
made for mesotheliomas in Northern Irelund, but a
maximum of |2 new cases was recorded for any year.
As these cases were derived from the whole popula-
tion of Northern Irelind the expecied incidence for a
group of 165 men is negligible even when considered
as a proportion of the 98 deaths. Thercfore all the
seven confirmed cases (four pleural and three
peritoneai) must be considered in eacess of expests
ation and this incidence is highly signiticant,

Other cuncers  There remain 17 deaths due o non-
respiratory malignant disease. For Northern Iretand
males the expected figure was 5-16 deaths, The

threcfuld eacess i lughly sigmificant (x* 2804,
P D-008) Comparisons with the general popula-
tion under more precise diagnostic headings were not
made because of doubts about the previse diagnoss
in many cases. ut 15 (including three pentongal
mesotheliomias) were classilied as gastromtestinal in
ongin. The revised diagnoses i these Cases were
three  mesothehiomas,  four  carcinomas  of  the
stomach, four of the colon, two of the rectum, vne of
the head of pancreas, and one lymphosarcoma of the
small intestine. Of thewe, one classitied as gastric and
one as rectal carcinoma could have been meso-
thehomas,

Non-malignant disease There were 53 Jeaths due to
non-malignant discase when only 30-9 were expected.
This ditference is  highly significunt (y* - 181
P < 0-005). The mortality was higher than expecied
throughout the period of observation; the sharp rise
from 1950 onwards noted for malignant discuse was
not sen, The 13 curdiovusculur and eight other non-
respiratory Jeaths were rather fewer than expected.
and the excess lics among those 26 cases classiticd as
lung discase other than wberculosis. 1t is difticult (o
put these into precise didgnostic Cutegorics »o 4s to
compare them with the expected death rates for the

TABLE 8
DeatHs bur 10 ALL Tyers O CANCER IN Fivi-vEAR Prtons
1y46i-4 IR AR JAALR] 1v3s.9 198054 1vi-n dertal
RYNIINY 168 155 ] 122 102 7 1S
Deaths t 1 [R] ' 14 ) 444
Fapecied Northern frelund males 0 605 [V LT R] 1-27% 152y 1147 0174 aR
&M_R‘ 16$ i 1020 ppit] L) ki) [0
Helfast only 1466 2:241
For the whole group x*  234; P - 0-0008
1Sev foatnote to Tabke 4.
‘41 regintered deaths due o all types of cancer.
TABLE 9
Deatns pre 10 Caneek OF THE LARYNX. LUNG, AND PLLURA BY AGH
Ape

Upiod4 45-dv 5054 55-%y A 850y T denal
LYNTNY 1y [R1} ! 52 4 1 L] 16%
Observed deaths H 2 4 7 6 § b o
l_\m;lcd N [RIRY ' 141 G248 O 442 (LR} (a3 omn 1 ain
SMR? ; 400 v Xiu 18301 20U N80 17043
For the whake group even o three deaths were eapevted ¥ UL P s

ee foutnate ta Table 4.
136 registerad deaths Jue 10 ke L diers
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population as a whole. Asbestosis was nentioned on
the death certilicate and regarded as a contnibutory
cause of death in nine cases, one being a case of
tuberculosis. There were 11 other cases with radio-
logical evidenve of fibrosis but no histological
information. In cight cases there was no evidenee
whether ashestonis or other fibrosis was present or
not. So that although there is strong presumptive
evidence that pulmonary librosis due to ashestosis
vontributed to the excewive mortality among this
group of men. ity numerical importance cannot be
avssed.

Pulmonary fibrosis und mallgnant disease In 40 of
the deaths there was radiological or postmortem
evidence of extensive fibrosis (excluding tuberculosis)
canily sufticient to have justitied their certification us
canes of asbestonis, Twenty-two (5541 of thewe
patients died of cancer; 16 (40°,) of lung, five
gastrointestinal, and one of lurynx. There were no
cases of pleural or peritoncal  mesothelioma.
Conversely, of those 24 cases finally cluassitied as
carcinoma of the lung, there was no information
about live, and extensive fibrosis in 11, The reniain-
ing cight all showed some tibrosis on veray or
histological examination. There were no cases of
carcinoma of the bronchus known to have no lung
fibrosis. Of the seven mesothehomas, one pleural
case showed no lung librosis ut all, the other pleural
and three peritoneul cases shuwed minimal Rhnsals
on histological examination only, and none showed
rudiclogical evidence of tibrows,

InHuence of other emvironmenial fuctors

The primary analysis of the deaths among this small
group of men s based an a comparison with the
whole male population of Northern Ireland. How-
ever, these men lived and worked in a densely
populited area of Beifast and belonged to the skilled
and semiskifled social ¢lass. On the grounds of both
domicile and social class their mortality and particu-
larly their mortality from lung cancer might be
expecied to be above that of the population of
Northern Ireland as a whole, The third factor is the
possihility that this group of men smoked more
cigareties than other men in Northern fretand.
Tuking cach of these environmental fuctors in turn
and considering alyo the ¢ifect of reclassifying the
catsey of death, their importunce cun be estimated
ds follows:

Domicile The total deaths ¢expected for Belfust
males for 1950-4 and 1960-4 shown 1in Table 4 are not
sutticiently  different from Northern rcland as a
whole 1o alier the signiticance of the ditTerences
observed. No figures were available in the Registrur
General's tables for cancer of the lung in Belfust
mules, but Wichen (1966) analysed the data avaituble

for 19612, He gives a tigure of 197 deaths due to
lung cancer per 1000 living for men over the age of
AS years iving in *laner Belfast' compared with 100
per Northern Breland as a whole, tlaner Belfast
produced 258 of the ¥73 lung cuncer deaths analysed.)
This would bring the expected ligure for cancer of the
lung in insufation workers from 1-64 10 3-23 where 28
were observed (Table 9). The difference remans
highly signiticant (y* = 193; P < (-0005) and would
not be aess significant if the desth certitiate tigure of
26 observed cawes were used.

Social cluss  Insulation workers are a mixed group
of seimiskilled and skilled workers and if 1t is assunwed
that they represent a group, half of whom are skilled
and half seniskitied, then allowance can be made for
social class based on the dula for Northern reland
given hy Park (1965-6) and Wicken (1966), both baused
on the 1961 census. Their figures for class HI and IV
manual workers give an averiage SMR of 975 for all
deaths, 100 for all cancers, and 114 for cuncers of the
luny. Thereture adjustment of the eapected figures for
soctal class alone would not atfect the significance of
the ditferenices observed tn insulation workers.

Smoking habits There were 46 men in the group
whose smoking habits were not known, and of the
remainder only five did not smoke. Comparions
within the group fsee Table 1) showed 1hat neither
of the two deaths in non-amokers waa duy (o camer
Ihere was o sigiiticant ditference between the
death rates observed due to respiratory  cancer
between those who smoked more und those who
smoked less than 20 cigarcttes per day.

Tauking thowe whose smoking haluts were knovwn
wnd compasing them with the people surveyed by
Wicken (19661 in Inner Belfast (Table 1), it is
evident that the insulators were heavy sinokers.
These figures indicate that the expected frequency of
tung cancer for the insulators should be [-26 tinwe
that for Inner Belfast,

These three fucton are interrelated m that the
population of Inner Belfast contains g higher
proportion of social classes IV, V, and VI than
Northern Ireland as a whole and that these sovial
clawses abvo smoke more. Therefore 1o make an
usttmate of the combined ctlects of the three factors
by regurding them s independent tends to exaggerate
the result, The tiguoes given in Table 12 are as neat an
approximation as is pussible with the inivrmation
avitlable but must still be an overestimate of the
combined effect. The numbers of deaths expexted are
incrcased by factors of 108, 122, and 283 for alt
deaths, all cancers and respiratory cancers, but 1n
wpite of this the ditferences between obswerved and
expevied would remain highly sigmiticant even if the
death certsticate tigures of 41 due o all cancers and
26 due to lower resperatory cancer bad been used.
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TABLE 10
SMOKING HARITS AND MORTALITY

A1 ik | Deathe

Deaths (resp. cancer)

{all canses) Ohserved tLxpected ] [/ A
Non-smoken s 2 0
{ eae than 20 dus with pipe sml gx-siobers [} i [}] 0 hz I;
Maore than 30 day 52 Pl 9 (i3 |
Not known 46 { 29 9 0 462 19-§

Nare There i no sigmiticant difference hetween the frequency of cancer of the lung

amohing groups (6> P2 -5 (n both cuses).

TABLF 1!

Knows SuokinG HARITS coMPARED wiTh *ISNFR
BrtbAST MALFS

foner Belfant
Crgaeettes ki *. Jisularors
Males ANY4 4 Tac tiwr! nens )
A e e cancer)
None 18, 1% 42", 1%
110 -, 74 N30
122 RI [N S8 ()
n 16", 02 200", 12%)
Other (pipe, et) 7=, LY [ R ] ]
TABLE 12

SINHICANCT b FXCESS MORTALITY ADICSTID TOR
Soctar U ass, DoMic 1, aANn SMokinG

All Al Resparator
CAen canm ery caner
Rasie prediction
IN reland males) 16 (2] | 6d
Adstment factort 1R 122 e
Adiusted prediction 40 X-18 dnd
Ohwergd 9K 484 N
v DA 1679 121 o
P 00008 [ - 0 114 111

"Ndhwstment Lactor i produced by muluplung iogether the
SMR
andinidual factorns (_l—l_il—) forr socnl class, donuale, aad

smokme Inothe case of smobing, only the diference
smoking hubis hetween men domicitel in Inner Belfase and
he il st workers wan Lihen into conuderion

HOhe teures 41 and 26 are wabatituted Tor the 48 and M
i M for all cancers and resprenon, camver the varrespang.
e hares toc oy T are TV od 101 o 1. 00008 0 hath

or death due to all causes in the two

Duration of the risk

Although the higher mortality in insulators appears
to have been present throughout the whole period, it
became significantly different from the rest of the
population from 1950 onwards. If the exposure to
asbestos dust took a finite time (say 25 years) to
produce death, then the increase 1n deaths from 1950
onwards might have been due to a deterioration in

working conditions in about 1928,

In Fig. 4 the

deuths are plotied at five-year intervals, comparing
the expericnce of those who started before 1920 with
those who started between 1920 and 1930 and those
who started after 1930, 1f there was a marked change
in conditions of work in the period hefore 1940, then
there would be a synchronaus change in all three
curves. bigure 4 shows thut there was a progressise
increase in mortality in all three groups s the tme

Dect™s zer OO 1 v ng
5

P up to 1920
esx-= 1921 - 3O
@ QY — 40

.'.'
0 [P
L I
X '
10 4 : ¢
[ TN i
o] .
G40 44 1345 0 10O 99 R/ 1960 b
Yeor
b o Comparison of pumber of desths due to all

vauses per 100 tiving insulation workers ouetrring in cach
flvesyeinr period for thewe men who started work up tie
1920, 1921, and 19440,
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passed, the increase being steepest 1n thase who had
heen in the industry longest and who were therefore
older. There is no evidenee of a synchronous change
i the direction of the curves companble with a mark-
ed change in working condiions,

Discussion

The follow-up of 165 men out of u group of 170
from 1940 10 1966 has shown a high premature
mortality compared with the population of Northern
Ireland. This mortality is so far in excess of expect-
ation that it cannot be accounted for hy other known
factors such as smoking, domicile or social class, The
cxeess of deaths is thought te be due to some factor
related 10 their work, Similar mortality has been
deseribed ky Hammond ¢ al. (1965) in insulation
warkers in New Yark where a smaller proportion of
the work is related ta <ships, The pattern alsa
resembles thatshowninworkersemplaoyed in asbestos
factones  hefore  the introduction  of  protective
measures and who have survived into the present
crie (Knox er al., 1965, Newhouse, 1969). The
exweswne mortality appears 1o he due to the inhal-
ation of asbeston dint, There 18 no quantititive
mformation about the amount of dust expewure these
isulation workers received other than by inference
Irom the severity of their occupational disease. They
are hnown to have been exposed to three of the mian
commiercial types, namicly, chrysotle, amosite, and
crowdolite. They are unbkely to have had much
exposure o anthophsllite.

The complete patiern of deaths in these insulation
workers st not be reveated untid they have adl dicd.
Fhis study shows that the excess of deaths wis
ready occurningat the heginnmg of the period under
study and  had reached  statstically  significant
proportions after only 15 years. An excess of deiths
due to dhronie non-tuberculons tung discase was
occurnng throughout the peried. 1o at least eight of
these cases ashestonis appears to have been g
wonirshatory cause of death and lung fibrosis due to
this catse niay have contributed in at east 11 more
of the 26 deaths 1 this category, This incidence of
fatul lung tibrosis is fower than that encountered in
wertan factory groups before precautions were Laken
but hegher than that predicted for workers employea
m o factones onls  after precantions were  taken
tRtian e af 1965 Smyther, 1965,

Sumernicilly tore important as o caise uf premoa.
tore death was madignant discase. The deaths due 1o
caneer of all ivpes st eaeevded  evpectation sig-
mihcantly i the period 19504 and altogether ihont
W deaths i enveess of expectation oceurred. There
appears 1o be no particolar reason why these deaths
Pogann Do waewdd wnpwe itoonn ab thla time othiv thin
the Tact that the men were reaching the saseeptible
AUC U INGTEISIE b

A oueht e evpected P the b scdence of

lung fibrons (Huchanan, 194S), the commonest
mabignant cause of death was lung cancer. The
precine numbers cannot be given hecituse of difficuit-
ies in retronpective dragnonis, There were 2K cases
clasiticd as cancers of the larynx, lung or pleura of
whom four were probably mesotheliomas, The
exeess of respiratory neoplasms begian 10 appear in
men over the age of 45 and increased 1in frequency
with age. Making every passible allowance for other
factors the mortality was 28 (or 26 if the registered
cause of death is used) instead of the predicted 4-64,
i.c.. ncarly 6 (51} times that expected (Tahle 12), The
findings suggest that men developing tibrosis arc
more likely to dic with primary bronchial cancer
whereas mesotheliomas may occur with minimal or
no evidence of ashestosis. There were oo few non-
smokers to confirm the suggestion that lung cancer
seldom, if ever, occurs in non-smokers (Sclikoff.
Churg, Hummond. and Kaffenburgh, 1968).

Mcsotheliomas appear as a relatively frequent
fatal tumour. Although only onc case was recorded
on the death certiticite, three other pleural and three
peritoncal cines were diignosed in retrospect and
there may have been others among those in whom
the information was insufficient. This is similar 10
the expericnce of Newhouse and Wagner (19691
Although the proportion of bronchial carcinomi 1o
pleural mesothehioma muty e similar to the | ondon
studdy, the proportion of peritoncal mesotheliomas is
lower, Ascertainment of peritoncal mesotheliomas js
even lower in the generil population in Belfast
(Fimes and Wade, 1968),

Cancer of the lung and mesothelionis do nit
iceount lor all the excess of deatha: i signiticint
excess of other cancers remiin, as was found by
New house (1969), and most of these appear (o be in
the gistromtestinad tract (Hianmond o7 al | 1965),

Ax the men grom older the pattern of ciuses of
death changes. In the tinal analyws there may b o
larger proportion of deaths due o cother caises’,
particularly to cardiovascular discase. The excess
deaths due to fibrotic tung fesions and 1o cancers of
the lung and gastromntesinal tract may he less
frequent and  mesatheliomas ipartly beciause of
necrapsy and therefore more precise diagmous) may
appeiar more freguent 1wl beof interest 1o see how
many of this group of men live beyond the age of 70,

The Merewether and IPnice report was issued in
1930 and the regutations for factory asbestos workers
came into foree m 193311 the insulation workers had
been follomed prospectinely even from 1940 therr
hazard would have been recognized by 1985,

s investigintion s mude possehie by the provision of
Lepnla foennny 60 DeiIsh ) oangiite € oot § onpbangs wonl by
the solfomge ielp ot the workees thennehuas ther emplosers,
thei wmpeon, the statl oof the Reginhiar Genera) tND, and
muomuetade dochivis amd hespaial racords petsonnget,
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Statnstical advice was given by the Depariment of Medical
Statistics of Queen's University, Belfast,
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