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and Peter Westerholm

Vinyl chloride hzs proved to be the cause of sclerodermia, Raynaud's
disease, acro-osteolysis, liver damage and liver cancer Ouenangiosarc0m3X7)
in workers exposed to vinyl chloride monomer (VCM). Tnis has been proved
in investigations carried out in businesses producing polyvinyl chloride
(rvc) (5,8). Studies using animal experiments have resulted in reports
that inh2lation of VCM has given rise to malignant tumours in different
organs in rodenis (6,9,18).

In Sweden, in 1974, two cases of haémangiosa:coma of the liver were confirzes
in employees of a VCM and PVC-producing company (2). Subsequently, two
" further cases occurred in the same factory.

Studies (13,16) of different forms of ‘cancer indicate that workers
exposed to VCM in FVC-producing industries may run an increased risk
of dying from forms of cancer other than hzemengiosarcoma of the liver,
Earlier, an increased reie of-mortality from heari/vessel diseases (1)
vwas also observed in employees.of the PVC-producing industry.

This retrospective cohort study was carried out with the purpose of
surveying the pattern of morbidity end death in the PVC-processing
industry. In general thexe is a lower level of exposure to VCM in the FPVC-
processing industry than in the productiod industry. There are ca. 5,000
people employed in production in the FVC--processing industxy.

MATERTAL AND METHODS

For the investigation, information was collected from four PVC-processing
enterprises. The four enterprises all use PVC which, following the
addition of different chemicals, undergoes heat-treaztment to produce,
amongst other things, floaring, PVC-coated fabrics, pipes, and food

packaging. .

Collection of dzta

The following information was collected from lists of personnel
employed with the entexprises :

Staff number
Yame . .

tart and end of exposure (vear and month)
Class of exposure.
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The requirement for z persen to be included in the original cohort

is at least 3 months' employment, between 1945 and 31.12.74. Exposures
are classifi 4 as follows : Class 3 (high) : working in the blending
department; Class 2.(mediun) : heat-treatment machines; Class 1 (low) = _
other production departments. . \ ’

"
[}

The collected data was transferred to punched cards and magnetic tape
for statisticel processing. The magnetic tape was compared, at the
Central Office for Statistics (SCB),with the country's total population
and with the "Geath tape" for the period 1961-76, and checked against
the cancer register. The nuumber of persons who could not be found was
checked at the State Tax Dept. In all, 2073 pexrsons were included in
the original cobort. 103 persons had dropped out (5 %), of whom 70 °
have gone abroad, 5 appear in the State Tax Dept.'s register of .7
rmissing persons znd 28 could not be traced.

Study cohorts

For statistical purposes, the resulting cohort of 1970 persons was |
divided into 2 number of sub-cohorts (study cohorts) :

1. A11 persons with at least O months exposure. Follow-up period
from beginning of expasure up to 1976 inclusive.

2. A1l persons with at least 6 months”™ exposure, excluding those
who left before 1961. TFollow-~up period from beginning of exposure,
but not earlier than 1961, up to 1976 inclusive.

3. All persons with at lea;t 6 months* expogure, beginning not earlier
than 1961. Follow-up period from beginning of exposure up to 1976
inclusive.

4. All persons with at least 2 yeaxrs' exposure. Follow-up period from
two years after beginning of exposure, but not earlier than 1961,
and up to 1976 inclusive, but not more than 10 years after end of
exposure.

5.'All persons with at 1ea§t-2 years' exposure. Follow—up period from
10 years after beginning of "exposure, but not earlier than 1961, and
up to 1976 inclusive.

The lest two study cohorts were selected in order to investigate whether
there are any differences in the cause~of-death pattern with xzegard to
how long after the beginning of exposure death occurs. The object of
the first of the study cohorts is to shed light on the cause of death
occurring relatively early - e.g. accident caused by the work. The
object of the others is to shed light on eny causes of death occurring
after a fairly long period. TFor example, tumours caused by exposure

at work often have a long incubation period, as a rule 5-10 years

or longer.

Statistical methods

The final analysis was czrried out on the basis of two methods. In Method A
the observed armd anticipated number of deaths/cases of cancer (cancer
incidence) was calculated on the basis of the calendar y ar, and in

Method B, the'observed/anticipated anrmal risk of death was calculated

on th basis of the risk year.




Method A .
——— -
For each pefson, a caleulation’is carried out of the "annual contribution

to the anticipated number of deaths" by dividing each individual's dealh
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expectation by a small part of each calendar year, in accoxdance with
the formula :

e . x x !p
n == qw Px_1’y_1 LRI L B N a_b

-
.

where e is the coniribution to the anticipated nuzber of deaths during

year x at the age of y and - is the risk of death throushout the countzv
for those who were y years old during year x. The survival probdadility

is pxy =1 - qu. HEowever, for the first risk year,.the survival
probability is calculated as p, =1 - %qab’ as it can be reasonably
assured that on averarge exposure began in the middle of the year.

The individual eiy has been added up to E where Exy is the anticipated
number of deaths during year x emongst those who are (oxr would have

been) aged y. Corresponding sums have been carried out for the observed
number of deaths. 3By taking all_ages‘into account for z certain year,

the expected/bbserved number of déaths that year is obtained.

As each annual total consists of a rela{ively srzall number, a2s time goe§

on, the years have been ndded to each other (accumulated) to give a better
picture of the developmeﬁt. " The accumu}ated annuzl sums show the deéelopmen
up to and including the yeaf‘té which the sum relates. In order to
fecilitate comparison of different sub-groups, the accurulated sums

have been converted to percenteges of the number of persons included

-in the follow-up up to the present.

The expected number of deaths from a specific cause, e.g. heart infarction,
has been ealculated by multiplying Exy by the proportion of deaths from
heart infarction in relation to all deaths throughout the country during

year x at age ¥. The pumbexs thus obtained have been added up for two
periods, 1961-1968 and 1969-1976. The reason for division into these
particuler perivds is a thorough revision of the cazuse-of-deaih

classification which was fixst applied in 1969.
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person concerned survived the previous yvear (ref 3) :

T

To exapmine whether the total minber of deaths deviates from the exx?ect d

figure to an extent “too great to be attridbuted to chance, an I-2 test has
been used. The observed distribution of deaths amongst different causes
wvas checked egainst that expected by means of an X2 test.

Calculations were carried out in the same way for the incidence of cancer,

except that the following formula was "used :

ew — rxa’ St Bx_."y_..l X wevs ! B ab E 3 P x_1'y 1* -ou-.- R Pa-b

whexe rﬂ constitutes the xisk of a tumour being dizgnosed =zt age y.

duri X = 1- and
ing year x, 8., Toy Pry
somewhat more complicated formula takes into accountthe fact that a

‘denotes survival probability. This

person's risk of cancer at a certain time is calculated with reference

to the probability of his surviving up to that time.

i

Method B

The beginning of exposure or the time when the risk is seéen as stzrting
conatitutes the starting point.(t‘j.me = 0) and time is calculated in
risk years. The observed rigk of death during a risk year (x,x + 1)

is calculated in accordance with the fom}a 9 = 1 - Py where P, is
the probability of surviving the current risk year, provided that the

-
=) 2

1
- 1/2a} ;\/;df + 4(N_-1/2n ) (s_+ 1/2v)
2 (Nx - 1/2nx) )

In the formuls, N is the number of persons alive at the beginning
of risk year Xx, B, is the mumber of persons who survived the risk year

P, =

(= Nx + 1), whilst Vo is the number of persons who éropped out of the
follow-up during a risk year, as the closing dzte (31.12.76) occurred
during their risk year. d is the number of persons who would have

dropped out of the cohort but died, end n. is the sum of Vo and d;:.

e
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The expected ;isks for each risk yeéar have been calculated as the
average value of the risks of deathmentioned in Method A above, .
qu' gince sccount was taken of when the follow-up started. For

8 person whose follow-up started in year g and who was b years old,
the rigk during the first follow-up year was calculated as

QG = 1/2 gy + 1/293 4 1,p- The average risk during the first
risk year was calculated as the average value of all such risks aQe
The developmeni over the period is illustrated by calculating the
accurmlated probabilities of survival on the basis of the observed
and expected annual probabilities. The formula ' .
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expresses the probability of surviving from the beginning of the follow-up

until a point in time Xx. .

If no discrepancy is found be%@een observed and expected risk, the observed
and expected risks for each risk year should be equally gre;tu In order
to illustrate whether there are changes over the period, the observed risk
series has been establighed by 2 3~-part sliding average, i.e. the risk for
year 2 is the average value for the years 1-3, the risk for year 3 is the
average value of the risks for years 2-4 etc. The series established in
this way has been diuidfad by the expected risks, year foryear, thus
obtzining a risk quota. Ig no .discrepancies are found, this risk quota
will be c¢ca. 1, or, expressed es a percentage, 100. An increasing series
indicates a xisk increasiné wvith exposure, and a series which is constant
at first, but after some years begina to increase, indicatesa that the
exposure must reach a certain level before there can be a question of an

increase in risk.

PESULT .

The original cohort was relatively young at the beginning of exposure.

Age distribution into different classes of exposure is shown by Table 1.
There are certain differ;nces between the classes of exposure. In Class 1
(1ow), 41.7 % were younger than 35 years at the beginning of exposure,

in Class 2 (mediun), 47.7 %, and in Class 3 (high), 50.6 %. The duration
of exposure also differs according to the Class of exposure (Takle 2).

e
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It should however be noted that the table includes cases still sudject
to exposure on the last. date for inclusion in the ccohort (51.12.74),

- which explains a certain tendency towards short periods of exposure.

Notwithstanding this, Exposure Class 3 includes longer periods of

exposure On average.

The cohort as a whole shows up no noteworthy increase in the total

risk of death compared with the average for the couniry, nor was

there any indication of this in the sub-groups compéising the .

study cohorts.

Study cohort 1, which includes all-those with at least 6 wmonths'
exposure, and with tﬁé risk calculated from the beginning of exposure,

is somewhat remarkadle insofar as the expected number of deaths is '
significantly higher than that.observed in 1964 (Fig. 1). Further
comments on this are contained in the discussion. Study cohoxt 2 (Tabdles
-3 and 4, Fig. 2) includes i)ersons with at least 6 months' exposure, exc:.in.
those whao left before 1951. The calcwlation of the risk is carried out
from the beginning of exposure, but not earlier than 1961, and up to

the end of the follow-~up period (4976).. The number of deaths obsexrved

is somewhat lower than expected — in Exposure Class 2 much lower. Classes
2 dnd 3 are relatively small end with ‘this type of analysis are subject
to rzndom developments. To prevent chance ‘developmenis affecting the
result, the classes have been combined; +this applies to 21l the study
cohorts. Table 4 shows the distribution amongst differen: causes of .
death. The observed end expected number of deeths during the period
1961~68 is relatively sm2ll -~ only a few cases, a2nd as the cause—of-death
classification was changed in 1969, as mentioned previously, the period
1961—6é is not shown separately. The picture is broadly the same as

for the period shovm -~ 1969-76. Tahle 4'shows that the observed number
of deaths, in particular from tumours of the digestive organs, heart
infaretion and accidents etc. is somewhat higher than expected. However
the discrepanzies are not significant. Study cohort 3 (Tables 5 and
Figs. 3-5) which apply to those who started in 1961 or later but who
otherwise fulfil the same criteria as study cohort 2, shows a similaz

picture.
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An analysfs of Study Cohort 3 in accordance with method B (Fige 4-5)
indicates that the annual risk during .the first years af exposure is
somewhat lower-than expected , but after ca. 10 years there is an

increase in risk, so that the observed risk is higher than expected.

In study cohort 4 (Table 7) which relates to the period of comtinuous

exposure or a relatively short time after the end of the -exposuxe, i.e.
the "short-term perspective", there is en Increased risk of death {xom
heart infzzetion. In this case the rigk from other causes is somewhat

lower than expected.

Finally, in study cohort 5 (Table 8) there is an indication of an increase
in the risk of death as regards.tumeurs, but also heart infaretion. -
Discrepancies beiween the observed and expected number is however not

statistically establishedat the 5 % level.

The result with regard to mor%élity can be sumnarised as follows :
Taken 23 a2 whole, there is'no appareni increase in mortality in the
gtudy cohorts. On the other hand, thEEE_5EE:igg;gaiigna_gf_a_ahiggi

in the cause-of-death pattern as compared with the average for the
country. This ghigj ie chiefly expressed by the fact that the nucber .

of heart infarctions is evidently higher during continuous exposure or

within a relatively short time after exposure ended. There is also’an

indication that the risk of death from tumours can be increased amongst

persons, with a long incubation period (Tables 7 and 8).
e B .

¥With regard to cancer morbidity there is no definite increase in siudy
cohort 2 (Table 9 and Fig., 6). With regard to tumours of the digestive
oxgans, 11 cases were observed, as against 8.5 expected. The differences

are not statistically established. One of the 11 cases of tumour was

cancer of the liver.

DISCUSSION

A notevorthy finding of the analysis of the total mortality for the
cohort (Fig. 1j is the fact that the number of deaths at the beginning
of the observation period (1947-64) is significantly lower than that
to be expecied in relation to the averag for the country. This

et}
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discrepancy 1; 50 great that it cennhot simply be aitributed to chance,
noxr can it be wholly ascribed to the so~called "heai?hy worker effect"”.
Theoretically it is of course poasible’ that with regard to wmortality l
and connected factors, the selected cohort diffexs co;siderably frox
the population of the country as & whole. EHowever & more likely
explanation is that the list of persons available in the comphny
concermed at the time of this investigation was incomplete with
regard to persons employed during an earlier period. A list of
persons froo which for example in the mid-1960s persons who left

{ts employ before 1960 were removed, may result in the sbove-mentioned
discrepancy. The company concerned has stated that, to its knowledge,
no such "thinning out"” was carried out.

Should this "thinning out" have .takén place after all, this would have
resulted in a loss of persons with a long observation period at the

time of the follow-up. In this investigation the risk caleulations

have been restricted so that they begin no earlier than 1961. This

reans limiting the analysis to the grouvp of surviving employees, beginni:
in 1961 so that the risk of & loss can certzinly be eliminated.. Howeve!‘
this restriction means that the aﬁalysis is wealkened, es sections of the
cohort with long follow-up periods are excluded. This priﬂcipally zeans
that there is less posaibility-of.detecting an increased incidence of

cancer, should one exisgt.

Heart-infarction mortality (ICD 410.90) is increased in the cohort.

This increase appears most clearly in the categoxry of the total
cohort with at least 2 years' employment, where the analysis is

concerned with the period following two years from the beginning of
employzent: and extending to a maxiomm of five years afier termination
of employment. It thus deals with those deaths from heart inferction

which, with regard to time, occur relatively close to the period of

employment. It is not possible on the besis of such observations to —#?
draw the conclusion that the increase is caused by exposure to vinyl '%D

<

chloride. The observed increase in mortality from heart infarction

is however so marked, that in combination with mown fects concerning
nowerEs -

vinyl chloridg's toxic properties, it must be taken into account. Q‘ ///

e T
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There is no reason to assume that varying diasgnostics, standards

or practicé in the filling-in of death certificates alone can

provide an explenation. Disregarding the possibility of a chance °

local phenomenon, a natural conclusion is therefore that the increased
frequency can %e ascribed to either a selection of individuals susceptible
to risk, ox an outbreak of risk factors in the employee's immediate

environment. In theory, a combination of these is, of course, 2lso

possible. : .

r

In this connection it should be noted that many risk factors in the
case of heart infarction are comnected with enviromnment in the sense
that they constitute part of the life style in the present-day social
environment of an industrialised country. Cigarette sncking,.éhysical
inactivity, overweight, high bloodf}ipid content thus constitute
environmental factors which are connected with social behaviour.

It is a well-kmown fact thai the risk of coronary heart disease veries
according to the total risk factors amongst other things, Other risk
factors which may be mentionea.include hereditary characteristics and
high blood pressure: In this connection it should be rexexbered that

the causes of coronary diseese include many factors, and in this respect

the disease is connected with environment. It should also be borne in
mind that the total risk increasep when several risk factors, known or
unknown, are combined (15,17).

. It has not been possible o establish -the distribtution of such already -
Q}Jﬂ known risk factors for coranary disease in the cohort examined inm
’ gJﬂ£JM&\ comparison with the populapion of the country in generml. No continued

. ”VQY w” analysis of the question of causal relationship between imzediate
P -

o

i{u}. o db#}énvifonment 2nd ‘heart-disease morbidity ean therefore be carried out

y & qg'fg’ wvithin the context of this study.

R

jb’hyﬁwq In this study, exposure classes 2 and 3 constitute sub-cohorts which
?%1. are too szall to give rise to meaningful discussion of heart-infarction

! risks in relation to different levels of exposure within the processing

industry. In this commection account should also be taken of the fact

that the exposure classes in the study are based on interviews with

,0.€00 S¥H

employees concerned with the work environment between ten and fifieen
years ago. It thus deals with an environment which has since undersone

changes. There are no objective classification critexria with regard

to exposure, e.g. in the form of environmentel measurements. The _

E-L

distribution into .exposure classes is therefore impaired by uncertainty. - &8
- . el Tl
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Animal tests have shown that the toxicity picture in rodents with .

chronic exposure to VCM involves blood vessels. In addition to
heamangiosarcoza of the liver and other oxrgans (6,9), inhalation

of VCM also seems to lead to telangiegtasis (6) of the liver in mice,
vwhich may lead to death in haemocoele., Changes in sinus cells have

been observed in liver biopsies of VCM-exposed workers (14). Capillary -
changes in the.skin of the fingers have also been observed (10,11,12)
both in VCM-exposed workers with other diseases inveolving vessels, such
2s acro-osteolysis, Raynaud's disease and seclerodermia and in VCM-exposed
workers without such diseases. An over-representation of cases of death
from heart/vessel diseases has 2lso been observed in a study of the, PVC- -
zamufacturing industry (1). Aniral.experiments and earlier medical
studies of people exposed to VCM thus support the assumption that the
increased risk of heart infarciion .observed in this study could be

ascribed to VCM exposure. .-

Vith regard to tumour mortality and morbidity, the resvlt is unclear.
There are certain indications of an increase but the differences
have not been established by statistics. Two possibilities can de

considered here :

1. There is in reality no increase in the risk of tumours.

2.  There is an increased risk of tumours in the works itself. The
result neither confirms nor denies %his. Tumouxrs only appear
after a long incubation period. The majority of the persons
“included in the study @id not begin their exposure until the
'60s or 70s, and could therefore not be followed up for a sufficiently
long time. A careful follow-up of this cohort during the coming
S-year period should considezably clarify this question.

In this connection it is interesting that in a recently pudblished
mortality study (4) of over 4300 deaths in the American PVC-proc ssing
industry there is an over-representation of cancer mortality (all cancer),

and in particuler cancer of the stomach/intestines in both sexes.

-
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Personnel lists ﬁere collected {ron fd;r FVC-processing enterprises

for production_ﬁoxkers with at least 3 months' employment between 1945
‘and 31.12.1974. Of 2073 persons, 103 could not be followed up, e.g.
because they had gone abroad.” The remaining cohort of 1670 individuals
was analysed and compared'with the population of the country with regaxnd
to mortality in different diseases end to éancer mozbidity. .

60.£00 S?H

The risk of death from heart infarction was higher in the cohort. This
increase is shown most clearly in the sub-cohort with at least 2 yeaxs'
exposure, where the enalysis was concermed with evenis occurring during
exposure or shortly after. The.risk of heart infarction in comnection

with vinyl-chloride exposure is discussed in relation to earlier studies
of the effect of vinyl chloride on vessels. There is.also en indicetion
Bf en increased risk of morbidity and mortality in comnection with ftumours
of the digesitive system. This has not been established by statistics. A
future follow-up of this study is necéssary:%o clarify whether there is

any increazsed rigk of tumours in the FVC-processing industry.

Key words : Retrospective cohort study, vinyl chloride, PVC-processing

in@ustry, cancer, tumours of the digestive system, heart infarction.
“ : '
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Exposure Class .

1 2 )

Age 13
-19 « 1.6 2.0 8.9 2.1
20-24 7.5 14,6 16,3 9.2
25-29 13.5 15.7 21.4 14,4
30-34 19.1 15.4 17.0 18.3
35-39 17.0 13.2 10.7 15.9
40-44 13.7 2.6 9.8 13.3
A5-49 1.1 7 12,4 8.9 11.3
. 50-54 8.0 7.8 s.4 7.8
55-59 5.1 3.9 1.8 4.7
60-64 2.6 2.0 1.8 2.4
&5~ 0.7 0.3 0.0 0.6
No. of 100 % 100 % 100 % 100 % l
P pexrsons (1501 st) (357 st) (112 st) (1970 st)

- .

e i

Table 1. Age distribution in the original cohort at the beginning
of exposure (%). ’ .

.

Exposure Class

1 2 3’

Months 1-3
-5 13.1 0.3 0.0 10. 1
6-23 38.4 8.4 8.9 31.3
24-59 25.0 17.4 10.7 22,8
60-119 15.3 45.7 15.2 20.8
120- 8.2 28.3 5.2 15,1
: 100 % 100 % 100 % 100 % i

Teble 2. Exposure-period distribution in the original cohort (%).




No. of deaths Quota

Cohoxt No.: Approx. 95 % conf.
r i Ohs. Exp. interval
' Exp. kloss 1 1303 53 55.5 0.95 to.2

Exp. kless 2 356 14, 21.9 0.44 ¥ 0.34

Exp. kloss 3 112 'S 10.3 0.70 t0.47

Exp. kloss 1-3 7 1771 73 0.84 to.19 .

— .

——

87.8
' !

e oaw s - - . . ————

Table 3. Expected and observed number of deaths a3 =t 31.12.76

awmongst those with 2t least 6 months' exposure, excluding
those who left before 1961. Calculation of risk from the
beginning of exposure, but not before 1961.

Study cohort 2
(1771 persons). . .

‘ Observed i Exvpected Cuota
Valignant tumours 140~209 .. 17 14.0 1.21
Tumours of the digestive . 8 4.9 1.63
system 150-159 .
Heart and vessel diseases VII 22 24.3  0.91
Heart infarction 410.90 15 10.0 1.49
Accidents, suicide ete. XVII 3. 9.2 1.42

Table 4. Expected end observed number of deaths from certain causes

during the period 1969-1976 in those with at least 6 months!
exposure excluding those who left before 1961. Calculation

of risk from the beginning of exposure, but not eaxlier than
1961. Study cohort 2 (1771 persons).
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Cohort No. No. of deaths Quota ° Approx. 95 % conf.
"  Obs. Exbp. © " interval
Exp. Class 1 1139 43 41.2 . 1.04 + 0.31
Exp. Class 2 247 4 11.7° 0.3%4 + 0.34
Exp. Class 3 42 1 1.8 not not
- calcul— calculated
ated
Exp. Clams 1-3 1428 .48 54.7 0.88 + 0.25

Table 5. Expected and observed number of deaths as at 31.12.76 in those
with at least 6 months! exposure beginning not earlier than
1961. Calculation of rxrisk from beginning of exposure.
Study cohort 3 (1428 persons).

Obsexved Expected Quota

Malignant turouvrs 140-209 . 9 9.7 0.93
Tumours of the digestive systenm - 4 3.3 1.20
150-159 : ,

Heart and vessel diseases vII' 16 16.2 0.99
Heart infaretion 410.90 ° 14 L 11.2 1.25
Accidents, suicide etc, XVII - 11 7.3 1.5

Table 6 . Observed end expected number of deaths from certain causes
during the period 1969-1976 emwongst those with at least 6
months' exposure beginning 1961 or earlier. Calculation of
risk frox the begimning of exposure, tudy cohozt 3
(1428 pexsons). . .

-
-

Observed Expected Quota

Malignant tumours 140-209 5(9) 7.4 (8.9) 0.68 (1.01)

Tumours of the digestive

systen 150-159 2 (4) 2.6 (3.2) 0.78 (1.27)

Heart ‘end vessel disezse 15(16)  12.7(15.8) 1.18‘(1.01)

Heart infarction 11(12) 5.4 (6.6) 2.03%(1.82%)
Accidents, suicide ete. XVII 4 (5) 4.6 (5.1) 0.87 (0.97)

* p <0.05

Table 7. Obsexved end expected number of deaths from certain causes
during the period 1969-T76 amongst those with at least 2 years!'
exposure beginning not earlier than 1961, Calculation of risk
from beginning of exposure. Study cohort 3 (1428 persons).
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Observed Exvected ouota

Malignant tumours 140-209 9, 6.0 1.51 .
Tumours of tﬁe_digestive ) ‘

system 150-159-- . 4 2.2 1.85
Beart and vessel diseases VII 12 11.1 1.08
Beart infarction 410.90 . 8 4.5 1.77

-

Accidents, suicide etc. XVII 2 2.5 0.79

Pable 8. Observed and expected numbexr of deaths from certain causes
during the period 1969-76 in those wiih at least 2 years!
exposure. The calculation of risk is carried out from
ten years afier the beginning of exposure.- Study cohort 5.
(680 persons).

Observed Expected Quota.

Malignant tumours (total) . 51 44.6 1.14

€1.£00 SBY

Tunours of the digestive :
system (150-159) . 11 8.5 1.29

Table 9. Observed znd expected number.of cancer cazses during the

period 1961-76 in those with at least 6 months' exposure excluding
those who left before 1961. Risk caleulation froam the beginning of
exposure, but not earlier than 1961. Study cohoxt 2 (1771 persons)
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Fig., 1
Accumuleted proportion of deaths in 9. Expecied value calculated
from beginning .of exposure. Study cohort 1 (1970 persons).

The percentage for 2 given year has been calculated as

100 x number of persons dvinz up to the given vear inclusive
number of persons beginning exposure up to the given year inclusive
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Fig. 2 | -
Accunulated proportion of deaths in %. Expected value calculated
from 1961 inclusive. Study cohort 2 (1771 persons).

The percentage for a given year is’ calculated as in Fig. 1.

(This elso applies to Fig. 3 and Fig. 6, which relates to cases of
cancer). . :
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Accumulated proportion of deaths in % of those whose exposure began in
1961 or later. Study cohort 3 (1428 persons)
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Fiz. 4 The observed rlsk of death per risk year at different times
after the beglnninﬁ of expressed as a percentage of the corresponding
expected risk in those whose exposure began in 1961 ox later.

Study /cohor‘ 3 (1428 persons).
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Fig, 5 AccumJla»ed survival probability in % for those whose exposure
began in 1961 or later and who have at least 6 months' exposure.
Study cohort 3 (1428 persons):’ =
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Fig. 6 Accumulated proportion of cancer cases in % Study cohort 2
(1771 p

ersons).
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